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Abstract

Temporary crating is considered as a step towards improved welfare in lactating sows. Therefore, the aim of this study was to investigate
effects of confinement period (CP) and farrowing pen-type (PT) on health-related measures. Four hundred and thirteen sows were kept in
five PT with four CP each: CP 0-sows were not confined; CP 3-sows were crated postpartum for three days; CP 4- and CP 6-sows were crated
from a day prior to expected farrowing until day 4 and 6 postpartum, respectively. Alterations in different body regions were recorded when
sows were moved to the pens and in weeks 1, 3 and 4 postpartum. CP 6-sows displayed significantly more lesions on their back than CP 0-
and CP 3-sows. Odds ratios of teat lesions were markedly higher in CP 4-sows than in all other CP. Pen-type P (Pro Dromi) resulted in more
neck/back/body side injuries, claw horn changes and lame sows compared to all other PT. High odds ratios were also found for neck injuries
in PT K (Knick), shoulder sores in PT K and T (Trapez), injured teats in PT F (Flügel) and body side injuries in PT S (SWAP). The types of
lesions found in the present study are similar to those reported for crates caused by pen structures. While an overall assessment of pig
(Sus scrofa domesticus) production husbandry systems must also take piglet welfare into account, this study showed that keeping confine-
ment periods as short as possible improves sow welfare and systems should be adapted to also cater for the needs of sows. 
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Introduction 
Since the 1970s, pre-partum and lactating sows across the
world have been kept in farrowing crates to reduce required
space, provide a safe working environment, reduce workload
and reduce piglet mortality (for a review, see Edwards &
Fraser 1997). Piglet mortality is particularly high during the
first few days of life (Dyck & Swierstra 1987; Marchant et al
2001). The main reason for piglet death is crushing by the
sow (from birth until weaning: 29.1% of liveborn mortality in
Kielland et al 2018, 55.0% in Kilbride et al 2012 and 74.6%
in Marchant et al 2001). Some studies have shown the risk of
crushing to be higher in free farrowing pens compared to
crates (Marchant et al 2000; Weber et al 2007; Kilbride et al
2012; Hales et al 2014). In pen systems, early piglet losses
are lower when the sow is confined for the first days after
farrowing (Moustsen et al 2013; Hales et al 2015; Olsson
et al 2018; Nicolaisen et al 2019).
The effects of crating on sow welfare have been investigated
previously (Cronin et al 1994; Lawrence et al 1994; Jarvis

et al 2001), and more recently public concern has increased.
To date, Norway, Sweden and Switzerland have banned
farrowing crates completely, whereas in Denmark 10% of all
lactating sows must be loose-housed by 2021. In Austria, the
public’s demand for improved sow welfare has led to an
amendment of the Austrian animal welfare legislation (1
Tierhaltungsverordnung [BMGF 2004], amendment BGBl II
Nr 61/2012 [BMG 2012]). The amendment states, inter alia,
that from 2033 crating of sows will only be allowed until the
end of the ‘critical phase of life’ of piglets. By 2033, all
farrowing pens on Austrian farms must then measure at least
5.5 m2 with a minimum length of 1.6 m and the crate must be
adjustable in width and length to the individual sow.
So far, research into the effects of temporary confinement
on sows and piglets has focused mainly on piglet mortality
(Moustsen et al 2013; Hales et al 2015). Therefore, little is
known about the effects of temporary crating on sow
welfare. In general, designing a farrowing and lactation
environment that fulfils multiple, sometimes divergent and
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changing needs of sows and piglets as well as of farmers is
an ongoing challenge (for a review, see Baxter et al 2011).
Farrowing crates have been reported to cause serious skin
lesions (Boyle et al 2002), which can be observed in crated
gilts as soon as 24 h after placement (Boyle et al 2000).
Space allowance and floor type are considered two of the
most crucial risk factors for injuries (Baxter et al 2011).
More specifically, important floor characteristics are slip-
resistance, abrasiveness, surface profile, hardness, slat
width and thermal resistance (Baxter et al 2011). Confined
sows often hit the crate when lying down or standing up
(Troxler & Weber 1988; Harris & Gonyou 1998), which has
been linked to increased injury rates (Bonde et al 2004).
Moreover, sows in farrowing crates show greater preva-
lence of skin lesions on the udder and injured teats as well
as limb alterations compared to sows kept in free farrowing
pens (Verhovsek et al 2007).
As part of a larger project (Pro-SAU) investigating the
effects of different durations of confinement and pen design
on piglet mortality, sow and piglet welfare, economic effi-
ciency and occupational safety, this study focuses on health-
related measures of welfare in lactating sows. We examined
selected parameters of physical appearance in sows to draw
conclusions on the effects of temporary crating of variable
duration in five different farrowing pen-types on sow health
and welfare. The hypothesis was that within the observed
set-ups of temporary confinement, confinement period and
pen-type have significant effects on the selected health-
related measures of sow welfare. 

Materials and methods

Ethical statement
Pro-SAU was authorised by the Committee of Animal
Experimentation of the Austrian Federal Ministry of
Science, Research and Economy (GZ: BMWFV-
68.205/0082-WF/II/3b/2014) according to the Austrian

Tierversuchsgesetz 2012, BGBl I Nr 114/2012 (BMWF
2012) and by the Ethical Committee of the University of
Veterinary Medicine Vienna. 

Study animals and management
This study was conducted between April 2014 and August
2016 on three teaching and research farms (A, B, C) in
Austria. Farm A’s herd consisted of 600 sows including
‘PIC’ - crossbreeds and F1 crosses (Landrace × Large
White), farm B’s herd consisted of 55 Large White sows and
farm C’s herd consisted of 120 Large White and
Landrace × Large White sows. Parity of animals included in
the study ranged between 1 and 8. Piglets were weaned at
three weeks of age on farm A and at four weeks on farms B
and C. All herds were managed as an all in, all out system,
but other routine management procedures were farm-
specific. Procedures, such as induction of farrowing (only
after 116 days of pregnancy) and cross-fostering (12 to 36 h
postpartum), were carried out according to best practice
procedures as defined in a project handbook (Heidinger et al
2017). Sows on all farms were under farm-specific restricted
feeding regimes. All of them were provided with predefined
amounts of enrichment and nest-building material that could
be chewed, investigated and moved around as required by
the Austrian Tierhaltungsverordnung (BMG 2012). 
Experimental design

Each farm was equipped with at least three out of five
different experimental PT, all allowing temporary confine-
ment of sows: Flügel (F), Knick (K), SWAP (S), Trapez (T),
Pro Dromi (P). Pen-types F, K, S and T were available on
farm A with four pens each; PT F, K and T were available
on farm B with two pens each; and pen-types F, S, T and P
were available on farm C with four pens each. Dimensions
of PT were the same across all farms. For detailed descrip-
tions of all PT see Table 1 and Figures 1–5 in the Appendix
(supplementary material to papers published in
Animal Welfare: https://www.ufaw.org.uk/the-ufaw-
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Table 1   Characteristics of pen-types. 

Crate dimensions excluding trough, with minimum and maximum values for length × width where applicable; width measured at rear end.

Pen-type Pen dimensions Crate design Crate dimensions Described in Appendix

F (Flugel) 5.50 m2 (2.10 × 2.62 m) Telescopic design; width and length
of both side elements adjustable;
rear door as wings

(1.57–2.02) × (0.49–0.67) m Figure 1

K (Knick) 5.50 m2 (2.10 × 2.62 m) Telescopic design; length of both side
elements adjustable; width adjustable
on one side

(1.25–1.85) × (0.71–0.81) m Figure 2

S (SWAP) 6.00 m2 (2.00 × 3.00 m) Crate formed by side wall and hinged
swing fixed to the front wall of the
pen; width modified by adaptation of
a flexible element in the back

1.86 × (0.55–0.99) m Figure 3

T (Trapez) 5.50 m2 (2.20 × 2.50 m) Flexible wings in the rear for length
adjustment; crate equipped with a
wheel for width adjustment 

(1.70–1.90) × (0.63–0.72) m Figure 4

P (Pro Dromi) 7.29 m2 (3.36 × 2.17 m) Side elements serve as pen walls when
the crate is open; fixed to trough 
construction when crate is closed

1.92 × 0.62 m Figure 5
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journal/supplementary-material on the UFAW website).
Data were collected during 27 and 19 batches on farms A
and B, respectively. Sows stayed in the farrowing pen from
approximately five days before the expected parturition date
(on group-level) until weaning. On farm C, in ten out of 23
batches, sows and piglets were moved to standard farrowing
pens approximately ten days after farrowing (short batches),
thus reducing the length of the study period. This approach
was implemented to increase the sample size specifically
around the first days of lactation which are particularly
relevant for piglet survival. In all farms, all gilts of a group
were assigned equally to all pen-types and after that pens
were filled up with sows randomly assigned to treatments.
Most of the sows participated in the experiment more than
once (see Data collection in the Appendix:
https://www.ufaw.org.uk/the-ufaw-journal/supplementary-
material). Severely sick animals (eg sows with lameness
score > 1) were excluded from the trial before entering the
experimental pens. For further details on the experimental
set-up, see Table 2.
An assessment protocol was developed based on previous
projects (Leeb et al 2010) and other animal-based welfare
assessment protocols (Welfare Quality® 2009). The
following parameters were included: shoulder sores, skin

injuries (separately scored for the body regions: neck, back,
head, ears, shoulder, side, hindquarters, legs, front udder
region, rear udder region and vulva), teat injuries (number
of injured front/rear teats, number of partial/missing
front/rear teats), swellings of hind limbs, alterations of
(dew) claws and lameness. Examinations were carried out
when the sows were moved to the farrowing unit (day [D]1)
and 4–7 days (D2), 17–20 days (D3) as well as 25–28 days
(D4) after farrowing. A detailed description of data assess-
ment is provided in Data collection in the Appendix
(https://www.ufaw.org.uk/the-ufaw-journal/supplementary-
material). In total, 2,177 assessments of 413 animals were
considered for statistical analysis (see Table 2).
Confinement periods

Four different confinement periods (CP) were applied: in
CP 0 sows were not confined at all. In CP 3 sows were
crated from the end of farrowing to day 4 after farrowing,
resulting in a median duration of 2.92 days (min = 1.98,
max = 3.65; n = 85 sows for which exact time of closing and
opening the crate are available) of confinement. In CP 4,
sows were confined from a day before the expected
farrowing date until day 4 after farrowing (median
duration = 5.02 days, min = 2.85, max = 9.01; n = 88 sows),
and in CP 6 from the day before expected farrowing date to
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Table 2   Number of batches and sows for each farm and combination of confinement period (CP) and pen-type (PT). 

CP 0-sows were not confined; 
CP 3-sows were crated postpartum for 3 days; 
Sows in CP 4 and CP 6 were crated from a day prior to expected farrowing until day 4 and 6 postpartum, respectively;
Pen-types (PT): F: Flügel, K: Knick, P: Pro Dromi, S: SWAP, T: Trapez;
Breeds: PIC (Hybrid), LW (Large White) and crossbreds of Landrace and Large White (LR × LW).

Farm Batches (n) Sows (n) PT Breed CP

0 3 4 6

Sows Gilts Sows Gilts Sows Gilts Sows Gilts

A 27 190 F PIC 14 6 20 5 19 6 24 8

K PIC 20 7 18 6 17 6 18 8

S PIC 14 3 14 3 18 6 10 6

T PIC 15 6 19 3 14 6 23 6

B 19 72 F LW 9 2 6 2 5 3 6 0

K LW 9 2 7 1 7 1 8 0

T LW 8 2 8 0 5 2 8 0

C 23 151 F LW 12 0 10 1 11 1 12 1

LR × LW 3 1 2 3 2 2 1 3

P LW 11 0 9 1 11 1 5 3

LR × LW 3 2 4 2 1 4 3 4

S LW 12 2 10 4 13 0 12 1

LR × LW 1 3 1 3 1 1 2 1

T LW 10 2 12 0 3 4 12 0

LR × LW 3 1 3 1 5 4 1 2
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day 6 after farrowing (median duration = 6.15 days,
min = 4.93, max = 10.00; n = 74 sows). 
Design of farrowing pens

Five different farrowing pen-types (PT) were investigated.
Three pen-types had been developed by partners from
Austrian scientific and advisory institutions, housing-
construction companies and farmers (pen-types F, K, T) and
two were already commercially available on the European
market (S, P). All PT fulfilled the minimum Austrian legal
requirements at the time of the study. Features of pen-types
are described in Table 1. Due to slipperiness of the floor,

some modifications as described in Figure 5 in the Appendix
(https://www.ufaw.org.uk/the-ufaw-journal/supplementary-
material) were made during the experiment.
Data processing and statistical analysis

Prevalences of injuries in certain body regions, but espe-
cially lesions of high severity (score 2) were too low to
allow modelling as ordinal or nominally scaled responses.
We therefore aggregated lesions of different body parts
(Table 3), and scores 0, 1 and 2 were dichotomised into 0/1
by merging scores 1 and 2 to score 1. Prevalences of the
parameters ‘swelling of front/rear udder region’, ‘vulvar
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Table 3   Total number of observations within scores of parameter, total and relative number of observations unequal
to 0 and ‘combined parameter’ (where applied).

1 Count measure;
2 Only score 1 possible;
* Not considered for statistical modelling.

Parameter Score n > 0 % > 0 Combined parameter

0 1 2

Injuries head 2,031 123 15 138 6.4 Injuries head region

Injuries ears 2,092 71 7 78 3.6

Injuries neck 2,060 100 17 117 5.4

Injuries back 1,881 227 65 292 13.4

Shoulder sore 1,994 124 45 169 7.8

Injuries shoulder 1,931 183 55 238 11.0 Injuries body side

Injuries side 1,920 175 68 243 11.2

Injuries hindquarters 1,904 191 62 253 11.7

Injuries front udder region 2,072 60 22 82 3.8 Injuries udder region

Injuries rear udder region 1,420 421 294 715 33.5

Number of injured front teats 1,977 1 1 179 1 Number of injured teats

Number of injured rear teats 1,458 1 1 694 1

Number of partial/missing front teats 2,137 1 1 17 1 Number of partial/missing teats*

Number of partial/missing rear teats 2,057 1 1 93 1

Swelling in region of front udder* 2,147 8 2 8 0.4 Swelling(s) in region of udder*

Swelling in region of rear udder* 2,121 31 2 31 1.4

Injuries vulva 2,045 101 2 101 4.7

Vulval scarring/missing parts* 2,104 51 2 51 2.4

Injuries legs 2,024 118 9 127 5.9

Swellings hind legs 2,097 61 2 61 2.8

Claw length* 2,116 40 2 40 1.9

Infection of claws/’panaritium’* 2,071 61 2 61 2.9

Changes claw horn 1,795 275 2 275 13.3

Alterations dew claws* 1,487 634 2 634 29.9

Lameness 1,967 166 6 172 8.0
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scarring/missing parts’, ‘claw length’, ‘infection of
claws/panaritium’ were generally too low to allow for
hypothesis testing (see Table 3 and Data collection and
Table 1 in the Appendix: https://www.ufaw.org.uk/the-
ufaw-journal/supplementary-material). 
Data processing and statistical analyses were carried out
using SPSS 22.0 and 24.0 (IBM Corp 2013, 2016, Armonk,
New York, USA) and R version 3.3.2 (R Core Team 2013).
The following R packages provided additional functionality
for statistical analysis: ‘car’ (Fox & Weisberg 2011),
‘MASS’ (Venables & Ripley 2002), ‘ggplot2’ (Wickham
2009), ‘lme4’ (Bates et al 2015), ‘aod’ (Lesnoff & Lancelot
2012), ‘lattice’ (Sarkar 2008), ‘vcd’ (Meyer et al 2006,
2017), ‘vcdExtra’ (Friendly 2017), ‘MuMIn’ (Barton 2017),
‘piecewiseSEM’ (Lefcheck 2016), ‘DHARMa’ (Hartig
2016). To avoid carry-over effects from the gestation pen,
all parameters of sows with score 1 on D1 (including also
D2–D4) were omitted from further analyses. Dichotomised
binary response variables were analysed with generalised
linear mixed models using function glmer from package
lme4 with a logit-link function. We employed a significance
cut off of 5% after multiple testing correction according to
Holm (1979) when applicable. Type of farrowing pen,
confinement period and the interaction between these two
main effects were always included as categorical fixed
effects in the full model. Farm, breed and individual sow
number were fitted as random intercept effects.
Additionally, to model progression of lesions during the
observation period, we added a random slope effect with
repeated measures on D1–D4 for each sow within parity
(‘litter ID’), whereas assessment days (D1–D4) were fitted
as continuous effect. Depending on Bayesian Information
Criteria of competing models, age of sow was defined either
as a categorical (‘sow/gilt’) or as a continuous (‘parity’)
effect recorded as age in litter numbers. Additional factors
(BCS, lameness, mastitis metritis agalactia, litter size) were
included whenever considered as potentially influencing.
The parameter ‘number of injured teats’ was negatively
binomially distributed and modelled with function
‘glmer.nb’. Applying the principle of parsimony, we
performed backward model selection based on the Bayesian
Information Criterion (BIC) to create final models that
included significant fixed effects only.
The following equation indicates the mathematical formula
for statistical modelling:
Y= PT + CP + PT × CP + D + age + breed + farm + sow
number + litter ID + other + e  
Where, PT signifies fixed categorical effect of pen-type
with 5 levels, CP is the fixed categorical effect of confine-
ment period with 4 levels, PT × CP the interaction of PT and
CP, D the fixed continuous effect, age the fixed continuous
effect recorded in litter number or as categorical effect with
levels gilt and sow, breed the random effect with 3 levels,
farm the random effect with 3 levels, sow number the
random effect with 413 levels, litter ID the random slope
effect for each sow within parity with repeated measures on
D1–D4, other the fixed categorical effect BCS (2 levels),

lameness (2 levels), mastitis metritis agalactia (2 levels) or
fixed continuous effect litter size and e the residual effect.

Results
Total and relative numbers of scores for all assessed param-
eters are presented in Table 3, and Table 1 in the Appendix
(https://www.ufaw.org.uk/the-ufaw-journal/supplementary-
material) indicates prevalences and frequencies for D3.
Overall prevalences exceeding 10% were found for injuries
of the back, shoulder, side and hindquarters, changes of claw
horn and alterations of dew claws. Injuries of the rear udder
region (715/2,135 observations with score > 0) and injured
rear teats were also found frequently (694/2,652 observa-
tions with > 0 injured rear teats vs 179/2,156 observations
with > 0 injured front teats). For other parameters, the preva-
lence of observed alterations was less than 2% (swelling in
region of front/rear udder, claw length). Partial/missing front
teats were also rarely found (17/2,154 observations with > 0
partial/missing front teat), whereas prevalence for
partial/missing rear teats was higher (93/2,150). Injuries of
the head, ears, neck, front udder region, vulva and legs,
shoulder sores, vulval scarrings/missing parts, swellings of
hind legs, infection of claws and lameness were observed in
2–10% of all assessments. 
Risk factors for all parameters which were affected by both or
either of the main treatment effects CP and PT, are shown in
Table 4. The interaction of the two main effects was never
significant and therefore excluded from the final model.
Confinement period had an effect on two of the clinical welfare
parameters, whereas PT was associated with eight parameters.

Effect of confinement period (CP)
Results for significant pair-wise comparisons between
different CP are summarised in Table 5. The risk for devel-
oping injuries of the back was higher in CP 6-sows compared
to CP 0- (OR 2.20; P < 0.05) and CP 3-sows (OR 1.51;
P < 0.05). A higher risk for teat lesions was found in CP 4-
sows than in all other CP (OR 1.41–1.60; P < 0.001).

Effect of pen-type (PT)
Odds ratios, confidence intervals and P-values of signifi-
cant pair-wise comparisons can be found in Table 6. The
risk for shoulder sores was more than 2.7 times higher
(P < 0.05) for sows in K and T pens compared to S pens.
Sows in P and K pens had higher odds ratios for injuries
on the neck compared to at least two other pen-types
(F vs P OR 3.64; P < 0.05; S vs P OR S-P 9.17; P < 0.001;
T vs P OR 4.79; P < 0.001; S vs K OR 7.13; P < 0.01;
T vs K OR 3.82; P < 0.001) and sows in F, K and P pens
contracted more injuries on the back than in T pens (T
vs F OR 2.50; P < 0.05; T vs K OR 3.12; P < 0.05; T vs P
OR 5.10; P < 0.001). Odds ratios for back lesions were
especially high in P pens. Additionally, high levels of
injuries on the body side were found in P pens when
compared to all other pens (F vs P OR 2.74; P < 0.05;
K vs P OR 3.81; P < 0.001; S vs P OR 1.60; P < 0.05; T
vs P OR 3.24; P < 0.001), but also in S pens when
compared with K and T pens (K vs S OR 2.39; P < 0.05;
T vs S OR 2.03; P < 0.05). There was a significant overall
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effect of the pen-type on injuries of the udder (P < 0.05),
but pair-wise comparisons did not reveal significant
differences between specific pen types. In pair-wise
comparisons to F, S and T pens, rates of pathological
changes of the claw horn of hind limbs were higher in P
pens (F vs P OR 2.70; P < 0.05; S vs P OR 2.83;
P < 0.001; T vs P OR 3.21; P < 0.001) as were odds ratios
of lameness when compared with K, S and T pens (K vs
P OR 2.98; P < 0.001; S vs P OR S-P 1.88; P < 0.05; T vs
P OR 5.07; P < 0.001).

Other significant effects 
The following factors affected parameters, which were also
affected by CP and/or PT (see Table 4): low BCS was linked
to increased odds ratios of shoulder sores (score 0–1 OR 4.16;
P < 0.001). In general, the likelihood for alterations increased
with time. The later the sows were assessed, the higher were
the odds ratios (assessment day+1 OR ranging from number
of injured teats 1.17 to shoulder sores 2.02, respectively, all
P < 0.001). Increasing parity of the sow was associated with a
higher risk of development of shoulder sores

© 2020 Universities Federation for Animal Welfare

Table 4   Odds ratios (OR), 95% confidence intervals (CI) and P-values of significant effects for parameters with significant
effect(s) CP (confinement period) and/or PT (pen-type). 

The higher the OR, the higher the odds of having a lesion, eg thin sows have a more than four times higher odds ratio of having shoulder
sores than sows with normal BCS.
* OR, 95% CI and P-values shown for significant pair-wise comparisons in Tables 5 and 6.
** Pair-wise comparison not significant.

Parameter Significant fixed effect of OR 95% CI P-value

Shoulder sore BCS (thin) (0 vs 1) 4.158 1.801 to 9.600 < 0.001

Assessment day (increase by 1) 2.022 1.725 to 2.370 < 0.001

Parity (increase by 1) 1.215 1.061 to 1.391 0.005

PT * * 0.037

Injuries neck Assessment day (increase by 1) 1.308 1.109 to 1.542 0.001

PT * * < 0.001

Injuries back Assessment day (increase by 1) 1.577 1.421 to 1.751 < 0.001

Gilt/sow (0 vs 1) 3.40 1.934 to 5.978 < 0.001

PT * * < 0.001

CP * * 0.021

Injuries body side Assessment day (increase by 1) 1.434 1.265 to 1.625 < 0.001

PT * * 0.004

Injuries udder Assessment day (increase by 1) 1.780 1.608 to 1.970 < 0.001

Gilt/sow (0 vs 1) 1.696 1.134 to 2.536 0.010

PT ** ** 0.010

Changes claw horn Assessment day (increase by 1) 1.548 1.338 to 1.791 < 0.001

Gilt/sow (0 vs 1) 3.588 1.698 to 7.584 < 0.001

PT * * 0.006

Lameness Assessment day (increase by 1) 1.284 1.111 to 1.485 < 0.001

Parity (increase by 1) 1.251 1.078 to 1.452 0.003

PT * * 0.008

Number of injured teats Assessment day (increase by 1) 1.165 1.084 to 1.252 < 0.001

Litter size (increase by 1) 1.071 1.022 to 1.123 0.004

PT * * < 0.001

CP * * < 0.001
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(parity+1 OR 1.21, P < 0.01), injuries of the back (gilt/sow
OR 3.40; P < 0.001) and the udder (gilt/sow OR 1.70;
P < 0.05), changes of claw horn (gilt/sow OR 3.59; P < 0.001)
and lameness (parity+1 OR 1.25; P < 0.01). Teat lesions
increased with litter size (litter size+1 OR 1.07; P < 0.01).

Discussion
This study is one of the first to examine the effects of
temporary crating of sows in differently designed farrowing
pens. With 413 animals involved, it provides a solid
database to reliably identify factors affecting sow health. In
general, prevalence of pathological alterations are in the
range of or lower than those reported in previous studies on
sows housed in different environments (eg Bonde et al
2004; KilBride et al 2009b; Lambertz et al 2015). While
previous studies commonly presented results from one
farm, the current study included three different research
farms, thereby improving external validity.
Nevertheless, some compromises had to be made between
a balanced dataset, the requirements of the overarching
project and statistical modelling. To save experimental
time without losing information on piglet mortality
during the first week of piglets’ lives, farm C ran ten short
batches. Hence, assessments during those batches were
only conducted on days 1 and 2. During long batches,
data were collected on farm C in contrast to the other
farms on D4, in addition to D3. Although this led to an
unbalanced dataset, it was carried out to gain information
on the development of lesions until weaning. To save on
degrees of freedom, to correctly model the covariance
structure in our data and be able to use observations from
all assessment days (including D4 on farm C), we fitted a
random intercept and slope for sows. Therefore, pair-wise
comparisons of different assessment days are not
available and a linear increase of odds ratios with time is
indicated for all parameters, as observations with score 1
at D1 were excluded from the analysis.

Confinement period
Confinement period had an effect only on skin injuries on
the back and teat lesions. The low number of effects found
supports a study from Lambertz et al (2015) who did not
find differences in skin lesion prevalence in sows that were
crated from farrowing until weaning, 14 or 7 days post-
partum. In our study, we observed that back injuries
increased the longer the sows were crated. The type of skin
lesions investigated arose as a result of direct body contact
with the physical environment. For example, gilts housed in
gestation stalls showed higher skin lesion scores when
entering the farrowing crates than gilts in pens (Boyle et al
2000). More specifically, Anil et al (2002) suggested that
back lesions in sows in gestation stalls occur when the back
is pressed forcefully against the bars on the sides of the stall
during lateral recumbence because of inadequate stall width
in relation to the height of the sow. In the present study,
back injuries might have been caused by the lowest hori-
zontal metal bars of the crates as well as the pins attached to
these bars. The longer the sow is crated, the more lesions
can therefore be expected. We found more than three times
higher odds ratios in sows than in gilts. Sows’ body dimen-
sions increase with age (McGlone et al 2004; Moustsen
et al 2011) and requirements for husbandry systems change
along with body proportions so that previously appropriate
constructions of housing might not fulfil the needs of older
sows. It is important therefore that the crate is adjustable in
width, length and height, and pen dimensions are aligned
with the maximum size of sows.
With regard to teat lesions, prevalence was higher in the rear
compared to the front region of the udder. This is in accor-
dance with the work of Edwards and Lightfoot (1986) who
noted that such lesions are caused by the back claws when
the sow struggles to stand on perforated flooring. Teats can
become damaged particularly during events of getting up
and lying down when they can get trapped between (long)
claws and the pen floor (Verhovsek et al 2007) or in
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Table 5   Contrasts represented by letters for parameters with significant effect confinement period (CP). 

CP 0-sows were not confined; 
CP 3-sows were crated postpartum for 3 days; 
Sows in CP 4 and CP 6 were crated from a day prior to expected farrowing until day 4 and 6 postpartum, respectively;
Alphabetical order of letters in columns 2–5 correlates with respective odds ratios. 
Odds ratios (OR), 95% confidence intervals (CI) and P-values are shown for significant pair-wise comparisons. 
The higher the OR is, the higher are the odds of having a lesion, eg CP 6-sows have 2.196 higher odds ratio of having shoulder sores
than CP 0-sows and a 1.512 higher odds ratio than sows in CP 3.

Parameter CP Sign, pair-wise comparison OR 95% CI P-value

0 3 4 6

Injuries back a a ab b 0–6 2.196 1.324 to 3.643 0.012

3–6 1.512 0.953 to 2.399 0.010

Number of injured teats a a b a 0–4 1.600 1.257 to 2.037 < 0.001

3–4 1.514 1.192 to 1.924 < 0.001

6–4 1.410 1.124 to 1.769 < 0.001
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Table 6   Contrasts represented by letters for parameters with significant effect PT. 

Pen-types (PT): F: Flügel, K: Knick, P: Pro Dromi, S: SWAP, T: Trapez. 
Alphabetical order of letters in columns 2–6 correlates with respective odds ratios. 
Odds ratios (OR), 95% confidence intervals (CI) and P-values are shown for significant pair-wise comparisons. The higher the OR, the
higher the odds of having a lesion, eg sows in PT K have 2.755 higher odds ratio of having shoulder sores than sows in PT S.
* Pair-wise comparison not significant.

Parameter PT Sign, pair-wise comparison OR 95% CI P-value

F K P S T

Shoulder sore ab b ab a b S-K 2.755 1.126 to 6.740 0.025

S-T 2.706 1.270 to 5.765 0.006

Injuries neck ab b bc a a F-P 3,644 1.585 to 8.377 0.014

S-K 7.134 2.062 to 24.676 0.002

S-P 9.174 2.711 to 34.810 < 0.001

T-K 3.518 1.497 to 8.266 < 0.001

T-P 4.790 1.932 to 11.879 < 0.001

Injuries back bc bc c ab a S-P 1.822 0.991 to 3.348 0.023

T-F 2.488 1.408 to 4.395 0.015

T-K 3.120 1.749 to 5.851 0.029

T-P 5.099 2.597 to 10.011 < 0.001

Injuries body side ab ac d b a F-P 2.738 1.299 to 5.772 0.041

K-P 3.810 1.612 to 9.003 < 0.001

K-S 2.388 1.192 to 4.786 0.038

S-P 1.596 0.761 to 3.346 0.041

T-P 3.242 1.527 to 6.882 < 0.001

T-S 2.032 1.120 to 3.720 0.038

Injuries udder a a a a a * * * *

Changes claw horn ab bc c ab a F-P 2.696 1.698 to 7.584 0.050

S-P 2.834 1.297 to 6.193 < 0.001

T-K 2.227 1.133 to 4.375 < 0.001

T-P 3.209 1.508 to 6.829 < 0.001

Lameness ab a b a a K-P 2.984 1.171 to 7.604 < 0.001

S-P 1.880 0.833 to 4.243 0.012

T-P 5.074 2.038 to 12.630 < 0.001

Number of injured teats b a a a ab K-F 1.567 1.192 to 2.059 0.012

P-F 1.611 1.153 to 2.249 0.041

S-F 1.669 1.285 to 2.168 0.001
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between slats. Therefore, type of flooring together with
claw length as well as slat width play an important role in
the development of teat lesions (Edwards & Lightfoot
1986). Crated sows cannot choose the type of flooring they
stand or lie on, which might be detrimental for udder health,
especially during postural changes. Thus, it seems reason-
able to assume that the likelihood of teat injuries would
increase with confinement duration. In this respect, it is
important to consider that particularly during the nest-
building phase, behaviour of sows confined one day before
expected farrowing may differ from that of loose-housed
sows or sows crated immediately following farrowing
(Hansen et al 2017). Crated sows perform more postural
changes (Damm et al 2003) which might lead to teat
damage. That would explain why odds ratios of teat lesions
were significantly higher in CP 4- than in CP 3-sows, but it
does not explain why a significantly greater number of teat
lesions was also found in CP 4- than CP 6-sows. The
reasons why this type of lesion was explicitly pronounced in
CP 4-sows compared to all other confinement periods
cannot be explained from the present study.
The observation that the number of injured teats increases
with litter size is in accordance with previous findings
(Lewis et al 2005; Norring et al 2006). In large litters, the
amount of milk per piglet is lower than in small ones
(Auldist et al 1998) and therefore piglets in large litters fight
more over teats, leading to more udder damage (Milligan
et al 2001; Baxter et al 2013; Rutherford et al 2013).
Overall, the few effects found regarding period of confine-
ment can be explained by comparatively small differences
in duration. Furthermore, as the actual farrowing date often
did not match exactly with the expected date, there would
be an overlap between the different confinement periods so
that, for example, a sow which was crated according to CP 4
could be crated for a longer period of time than a sow in
CP 6. From a scientific perspective, it would have been
interesting to have examined the effect of actual duration of
crating as a continuous variable on sow health. For future
studies it would be useful to assess sows more frequently to
be able to make more specific statements regarding the
development of lesions. However, our aim was to identify a
strategy for temporary confinement and to test different pen
systems that would work for a whole range of sows inde-
pendent of breed, age, size, behavioural features and
previous experiences. Therefore, we preferred a large
sample size of animals over more frequent examinations on
one sow and defined CP as a categorical variable. 

Type of pen
For PT, more significant effects were found than for CP.
This may be explained by the fact that all sows were loose-
housed longer than they were crated so that lesions due to
overall pen design and equipment had more time to evolve
than those caused by the crate. 
Shoulder sores can trigger pain (Dahl-Pedersen et al 2013)
and subsequently also modify lying behaviour (Larsen et al
2015). They are multifactorial in nature, mainly caused by
the interaction of body condition, lying behaviour and

flooring (Bonde et al 2004; Cleveland-Nielsen et al 2004;
Rolandsdotter et al 2009). The main mechanism involved is
thought to be external pressure against the spine of the
shoulder blade, which is covered only by skin and subcuta-
neous fat (Jensen & Svendsen 2006; Herskin et al 2011). In
the present study, prevalence of shoulder sores was compa-
rable with previous findings: 10% prevalence among sows in
86 herds kept in- or outdoors (KilBride et al 2009b); 34%
among sows in farrowing crates (Zurbrigg 2006); 12% in
sows in farrowing crates (Bonde et al 2004). Solid floors
provide more surface area to support the tuber of the scapula
than slatted floors and therefore reduce pressure and
shearing forces applied to this region (Zurbrigg 2006). This
may explain why sows in PT S with the highest ratio of solid
floor of all pens were less likely to develop shoulder lesions
than sows in PT K and T. In the latter two pens, high propor-
tions of slatted floor together with certain behavioural traits,
especially lying behaviour during the time the sows were
kept loose, might have caused more shoulder sores.
However, conclusions regarding lesion-inducing structures,
such as flooring of respective pens are speculative, as pen-
types as a whole were compared and thus conclusions of the
effects of particular components of the pen structures cannot
be drawn. Thin sows were more likely to develop shoulder
sores than sows with a normal or high BCS. This finding is
in agreement with former studies (Davies et al 1997; Bonde
et al 2004; Salak-Johnson et al 2007). It can be explained by
the fact that a lower BCS is negatively correlated with the
thickness of soft tissue covering the tuber scapulae, which
can be regarded as a determinant of the risk of developing
shoulder lesions (Davies et al 1997).
Parity also had an impact on decubital ulcers. As already
observed by Rosendahl and Nielsen (2004) and Zurbrigg
(2006), in sows, the risk of developing a lesion increases
with age. Older sows tend to be larger and heavier than
younger ones and would alter their posture less often, espe-
cially when space allowance is restricted (Davies et al 1996,
1997; McGlone et al 2004). Higher bodyweight as well as
longer duration of uninterrupted lateral recumbency means
more pressure on the skin over the scapula (Davies et al
1996, 1997). At the same time, decubital ulcers that heal
during the gestation period might provoke an increased risk
of developing a new lesion during the next parity (Davies et
al 1996; Rosendahl & Nielsen 2004). Moreover, compared
with the other modelled parameters, assessment day had the
highest impact on decubital ulcers, with the risk of devel-
oping a shoulder sore increasing more than twice from one
assessment day to the next. This finding might be linked to
long lying bouts, especially during early lactation and
therefore persistent pressure on the shoulder and decreasing
body condition score and bodyweight until weaning
(Zurbrigg 2006).
In pens K and P an unfavourable arrangement of the area in
front of the trough could be the explanation for high odds
ratios as regards neck injuries. In K, the distance from the
trough to the floor was only as high as the rostral part of a
sow’s head so that she could get stuck between these two
elements and the first pin of the crate, resulting in abrasive
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lesions of the neck that emerged from postural changes
during feeding. Similarly, sows in P could get stuck with
their heads between the floor and brackets mounted at neck
height to the lowest bar of the crate. 
Both confined and free sows were able to use the crate in the
same way as farrowing rails and sloping walls are used by
free sows as supportive surfaces to transition between
standing and lying (Blackshaw & Halgelsø 1990; Damm
et al 2006). Regarding the development of back lesions, this
might explain the lack of effect of an interaction of CP and
PT despite the fact that both main effects were significant.
The high likelihood of back lesions found in PT P might be
due to forceful pressing against the bars when lying laterally
(Anil et al 2002) or rubbing during lying-down or standing-
up movements. The distance between the lowest bar of the
crate and the floor was highest in pen-type T (40 cm) and
smallest in P (30 cm), which might explain why there was
five times the odds ratios of back lesions in P. 
S and P were the two pen-types with higher odds ratios for
injuries of the body side compared to at least two other
pens. At the same time, these two pens were the only that
had sloping walls, which may be suggestive of sloping
wall edges having some sort of impact on the develop-
ment of such lesions.
Lameness is one of the main reasons for culling of sows in
intensive management (for a review, see Heinonen et al
2013). It can have a major impact on health and welfare of
sows and, at the same time, causes considerable economic
loss (Anil et al 2005). Mean prevalence in conventional
herds has been reported to range between 9.7 (Pluym et al
2011) and 24.3% (Knage-Rasmussen et al 2014) in
gestating sows and Bonde et al (2004) observed 15% lame
sows kept in farrowing crates. We found 8.0% lame sows
across all farms and assessment days. However, lame sows
with a score of 2 might be underrepresented by these
numbers since severely lame sows were immediately
excluded from the trial and prevalences among gestating
and lactating sows could have been considerably higher (cf
Zurbrigg & Blackwell 2006: 18% of gestating sows lame
with 4.9% severely lame animals). 
Lameness occurred in P pens in many cases together with
changes of claw horn, which have been described as one
potential reason for lameness (Dewey et al 1993). Slatted
floors can be slippery (Edwards & Lightfoot 1986), leading
to increased prevalence of limb lesions, including claw
abnormalities and subsequent lameness (Heinonen et al
2006; Anil et al 2007; KilBride et al 2009a). The proportion
of slatted floor was high in P pens and, although not scien-
tifically confirmed, the plastic floor was reported by the
farm staff to be slippery. Nevertheless, a potential effect of
farm must be taken into account as pen-type P was only
available on farm C and was also used during routine
farrowing events. This also raises the question of whether
findings might have been impacted by pathological alter-
ations from earlier production cycles that were initially

subclinical (when the sows were moved to the farrowing
unit for the experiment) but subsequently became clinical.
Especially in the two parameters ‘lameness’ and ‘changes of
claw horn’, the effect of ‘farm’ might have had an impact on
the results as farm C was affected by a lameness problem
caused by wall cracks of the claw horn during the entire
experimental period. 
More damaged teats were observed in F than in K, P and S
pens. This can be attributed to the high ratio of slatted floor
in the back of the pen in combination with low space
provision. These pen characteristics might have been
relevant for lesion development when the sows were kept
loose. Perforated flooring is considered to cause more teat
lesions than a solid floor (Edwards & Lightfoot 1986). Low
space provision in the back area of the pen, which seemed
to have been preferred by the sows when they were not
crated, in combination with further restriction of space
caused by three farrowing rails might have led to modified
behaviour with a detrimental effect on the udder. According
to Curtis et al (1989), getting-up and lying-down events in
a sow of 250 kg live weight require an area of at least
2.20 × 0.86 m (length × width). Compared to these condi-
tions, the width of the overall F pen (2.10 m without taking
farrowing rails into account) is too small.
Effects of pen-type were diverse and were not restricted
to one particular type. However, some of the health-
related alterations we found have major significance for
animal welfare, as the European Food Safety Authority
(2007) lists claw damage, shoulder lesions and teat
damage as considerable welfare risks in farrowing sows.
They can cause pain and, in the long term, lead to reduced
productivity and premature culling. Except for S, all of
the tested pens led to increased likelihood of alterations of
these parameters. Sows in PT P were prone to claw horn
lesions, those in K and T had comparably high odds for
shoulder sores, whereas PT F led to more injured teats.
Therefore, regarding the health-related parameters of
sows investigated here, PT S can be recommended.
Additionally, pen elements in PT F, K and T should be
adapted to reduce lesions. In PT P, a complete redesign of
the pen might be necessary as several elements, such as
the floor and crate, are dysfunctional. As already
discussed in earlier studies, flooring and structuring are
inseparably linked to the development of lesions in sows
kept in farrowing systems (Edwards & Lightfoot 1986;
Baxter et al 2011). Features such as pen dimensions and
space allowance and elements that restrict movement
(bars, pins, farrowing rails) require particular attention.
Future studies should take into account these findings and
investigate the development of lesions on the basis of
genuine crating times as opposed to predefined confine-
ment periods. Also, different structural elements of
farrowing pens (eg flooring) that might cause lesions in
sows should be tested separately from other, potentially
harmful pen elements.

© 2020 Universities Federation for Animal Welfare



Temporary confinement and pen-type affecting sow health   349

Animal welfare implications
This study is one of the first to investigate the impact of
periparturient temporary crating on selected parameters
of sow health. Additionally, it compared different types of
farrowing pens which allowed the possibility of crating
the sow. The results pinpoint specific regions of the body
that are particularly susceptible to injuries caused by the
farrowing crate as well as structures of farrowing pens
that lead potentially to lesions. Therefore, it provides
important information for legislative authorities as well as
housing construction companies and farmers for decision-
making and management.

Conclusion
This study revealed that the length of temporary crating
of the sow around parturition affects a number of specific
health parameters. If confinement for a few days is
applied then attention should focus on crate measure-
ments in relation to individual sow dimensions and
adjustability of the crate in terms of width, length and
height. Nevertheless, appropriate dimensions in relation
to individual sow measurements and lesion-causing
features of farrowing accommodations (eg flooring, bars,
rails, pins) have also to be considered when the sow can
move freely in a pen, as our results confirm the effect of
pen-type to be even more important for sow well-being
than the duration of temporary confinement.
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