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Summary
Objectives: To evaluate correlation be-
tween Sow Caliper measurement and 
backfat depth (BFD), and to determine 
the ideal caliper measurement that pre-
dicts optimal BFD prefarrowing to sup-
port performance of lactating sows. 

Materials and methods: Multiparous 
sows (n = 928, Parity 1-9) were group 
housed in pens from day 35 to 109 of 
gestation. Caliper measurements, BFD, 
visual body condition scores (BCS), and 
body weight were recorded upon sows’ 
entry and exit of gestation pens. Sub-
sequent farrowing performance was 

recorded. Caliper measurements were 
classified into five categories: category  
1 = 4.0 to 8.0 units, category 2 = 8.5 to 10.0 
units, category 3 = 10.5 to 12.0 units, cat-
egory 4 = 12.5 to 14.0 units, and category 
5 = 14.5 to 18.0 units. 

Results: Caliper measurement was cor-
related positively with BFD (r = 0.71-0.75; 
P < .001) and BCS (r = 0.67-0.75; P < .001) 
on days 35 and 109 of gestation. Based 
on sow performance over one repro-
duction cycle and BFD recommenda-
tions, caliper category 4 on day 109 of 
gestation was deemed ideal for prefar-
rowing sows. The estimated lower and 
upper limits of BFD for prefarrowing 

sows in caliper category 4 were 15.6 and 
18.0 mm, respectively. Caliper measure-
ments explained about 55% of variation 
in BFD of gestating sows prefarrowing. 

Implications: The Sow Caliper can be 
used to evaluate body condition of ges-
tating sows. To maintain body condition 
and reproductive performance, caliper 
measurements of 12.5 to 14.0 units are 
recommended for prefarrowing sows 
across parities, excluding gilts. 
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Resumen - Evaluación del Caliper para 
Hembras para medir la condición cor-
poral de cerdas gestantes

Objetivos: Evaluar la correlación entre 
la medición del Caliper para Hembras y 
la profundidad de la grasa dorsal (BFD), 
y determinar la medición ideal del cali-
per que predice la BFD óptima antes del 
parto para respaldar el rendimiento de 
las cerdas lactantes.

Materiales y métodos: Se alojaron en 
corrales grupos cerdas multíparas  
(n = 928, paridad 1-9) desde el día 35 al 
109 de gestación. Las medidas del Cali-
per, la BFD, el puntaje de condición cor-
poral visual (BCS) y el peso corporal se 
registraron cuando las cerdas entraron 
y salieron de los corrales de gestación. 
Se registró el rendimiento del siguiente 
parto. Las medidas del Caliper se cla-
sificaron en cinco categorías: categoría 
1 = 4.0 a 8.0 unidades, categoría 2 = 8.5 
a 10.0 unidades, categoría 3 = 10.5 a 12.0 

unidades, categoría 4 = 12.5 a 14.0 uni-
dades y categoría 5 = 14.5 a 18.0 unidades.

Resultados: La medición del Caliper se 
correlacionó positivamente con la BFD  
(r = 0.71-0.75; P < .001) y la BCS (r = 0.67-0.75; 
P < .001) en los días 35 y 109 de gestación. 
Según el rendimiento de la cerda durante 
un ciclo reproductivo y las recomendacio-
nes de la BFD, la categoría 4 del caliper en 
el día 109 de gestación se consideró ideal 
para las cerdas en preparto.

Los límites inferior y superior estima-
dos de la BFD para cerdas preparto en 
la categoría 4 del Caliper fueron 15.6 y 
18.0 mm, respectivamente. Las medicio-
nes del Caliper explicaron aproximada-
mente el 55% de la variación en la BFD 
de las cerdas gestantes antes del parto.

Implicacións: El Caliper para Hem-
bras se puede utilizar para evaluar la 
condición corporal de las cerdas ges-
tantes. Para mantener la condición cor-
poral y el desempeño reproductivo, se 

recomiendan medidas de caliper de 12.5 
a 14.0 unidades para cerdas antes del 
parto en todas las paridades, excluidas 
las primerizas.
 

Résumé - Évaluation du calibre pour 
truie pour la mesure de l’état corporel 
des truies gestantes

Objectifs: Évaluer la corrélation entre la 
mesure du calibre pour truie et la profon-
deur du gras dorsal (BFD), et déterminer 
la mesure idéale du calibre qui prédit le 
BFD optimal pré-mise bas pour soutenir 
la performance des truies en lactation.

Matériels et méthodes: Des truies multi-
pares (n = 928, parité 1 à 9) ont été héber-
gées en groupe dans des enclos du 35e au 
109e jour de gestation. Les mesures du 
calibre, du BFD, les scores de l’état cor-
porel visuel (BCS) et le poids corporel ont 
été enregistrés à l’entrée et à la sortie des 
truies des enclos de gestation. Les per-
formances de mise bas ultérieures ont 
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Sows are managed to maintain body 
condition which optimizes welfare, 
performance, and longevity.1 Sows 

that are too thin or too fat are usually 
removed from the breeding herd sooner 
than desired due to either compromised 
animal welfare or poor reproductive per-
formance. Thin sows may farrow and 
wean lighter weight pigs due to insuf-
ficient nutrients for litter development 
and milk production, and have prolonged 
wean-to-estrus intervals due to sup-
pressed hormone levels.2,3 Sows that suf-
fer from severe malnutrition with poor 
body condition experience compromised 
welfare and should be euthanized.4 On 
the other hand, excessive body condition 
of sows during gestation can negatively 
affect litter size, litter weight, and litter 
uniformity at parturition.1,3,5 In addition, 
fat sows are vulnerable to lameness that 
compromises animal welfare and repro-
ductive performance.6 

Body condition is important to sow wel-
fare and performance, but it is not easy 
to measure accurately. Traditionally, 
sow condition has been evaluated by 
visual scoring, which is subject to hu-
man errors resulting in low repeatability 
(agreement among measurements by 
the same observer) and reproducibility 

(agreement among observers).1,7,8 Mea-
suring backfat depth (BFD) is another 
way to evaluate sow condition, which 
is more reproducible than visual scor-
ing,1,8,9 but requires equipment and add-
ed labor. Previous work8,9 demonstrated 
that BFD is poorly or moderately corre-
lated (r = 0.30-0.60) with visual body con-
dition score (BCS), suggesting that visual 
scoring is not a reliable measurement 
of body condition for sows. Regardless, 
visual scoring is still used widely in the 
swine industry due to its simplicity and 
no need for specialized equipment. 

Recently the Sow Caliper, a simple me-
chanical tool, has been used by pork 
producers across the world to measure 
body condition of sows.10,11 The Sow 
Caliper is supposed to measure both 
backfat and muscle mass which dictate 
body condition.10 Compared to visual 
condition scores, caliper measurements 
are more objective, which may result in 
a better measurement of body condition. 
However, limited research has been 
conducted to evaluate how Sow Caliper 
measurements are related with BFD and 
performance of sows. This study was 
conducted to evaluate the correlation 
between Sow Caliper measurement and 
BFD. In addition, the optimal range of 
Sow Caliper measurements prefarrow-
ing for sows to maintain reproductive 
performance and BFD was assessed.

Animal care and use 
The University of Minnesota Institu-
tional Animal Care and Use Committee 
reviewed and approved the experimen-
tal protocol for this project (IACUC No. 
1406-31590A). 

Materials and methods
Animals, housing, and 
management
This study was part of a larger project 
conducted at the University of Minne-
sota’s Southern Research and Outreach 
Center in Waseca, Minnesota using 928 
pregnant sows from 20 contemporary 
breeding groups. Details about animal 
management in this study have been 
described previously.12 During data col-
lection, the sow herd did not have major 
health issues and all sows enrolled in 
the study were deemed healthy by visual 
assessment. 

Briefly, gestating sows (Large White × 
Danish Landrace; TOPIGS Inc; Parity 1-9) 
were housed in pens (42-51 sows/pen) with 

an electronic sow feeder (ESF) on fully 
slatted floors from day 35 of gestation. 
Sows remained in their designated ESF 
pens and were managed as static groups13 
until day 109 of gestation. Throughout 
the gestation period, each sow was pro-
vided 2.25 kg of a gestation diet daily, 
which was adjusted biweekly according 
to BCS of the sow to try to achieve a visual 
condition score of 3 at parturition.14 For 
sows with body condition below or above 
the desired score, 227 g feed per day was 
added or reduced, with the maximal daily 
feed addition or reduction of 454 g. On 
day 109 of gestation, sows were moved 
to confinement farrowing accommoda-
tions with ad libitum access to water and 
fed 2.25 kg daily of a lactation diet in a 
dry feeder. After parturition, sows were 
allowed ad libitum access to the lactation 
diet and water throughout lactation. To 
keep the feed fresh, sows were fed twice 
daily to their appetite, and feed intake 
was monitored. 

Piglets were crossfostered within 24 
hours after birth to achieve a litter size 
between 11 and 13 piglets. The mean (SD) 
piglet weaning age was 18 (1.5) days. All 
diets were corn-soybean meal based in 
mash form and were formulated to meet 
or exceed nutrient requirements of the 
National Research Council for gestating 
and lactating sows.15 Room temperature 
was controlled by a heating system and 
exhaust fans and maintained as close 
as possible to thermoneutral conditions 
for sows in both gestation and lactation 
accommodations. Lights in each room 
were on for 10 hours daily starting from 
6 am in both gestation and lactation 
accommodations. 

Data collection
Body weight, BFD, BCS, and caliper 
measurement. Individual body weight 
(BW) and BFD were recorded for sows 
on days 35 and 109 of gestation, and on 
the day of weaning. Backfat depth was 
measured at the last rib, 6 to 7 cm off the 
midline on both left and right sides16 us-
ing an ultrasonic scanner (Lean-meater, 
Renco Corp) by the same trained em-
ployee throughout the study. Visual as-
sessment of BCS and caliper measure-
ment were recorded on days 35 and 109 
of gestation after measurement of BFD. 
The method for visual assessment of BCS 
followed those of Coffey et al14 using a 
scoring system of 1 to 5: score 1 = emaci-
ated; score 2 = thin; score 3 = ideal; score 
4 = fat; and score 5 = obese, with 0.5 as a 
minimum score.8 

été enregistrées. Les mesures du calibre 
ont été classées en cinq catégories: caté-
gorie 1 = 4.0 à 8.0 unités, catégorie 2 = 8.5 à 
10.0 unités, catégorie 3 = 10.5 à 12.0 unités, 
catégorie 4 = 12.5 à 14.0 unités et catégorie 
5 = 14.5 à 18.0 unités.

Résultats: La mesure du calibre était cor-
rélée positivement avec le BFD (r = 0.71-
0.75; P < .001) et le BCS (r = 0.67-0.75;  
P < .001) aux jours 35 et 109 de la gestation. 
Sur la base des performances des truies 
sur un cycle de reproduction et les recom-
mandations de BFD, la catégorie de calibre 
4 au jour 109 de la gestation a été jugée idé-
ale pour les truies avant la mise bas. Les 
limites inférieures et supérieures estimées 
de BFD pour les truies avant la mise bas 
de la catégorie 4 étaient respectivement 
de 15.6 et 18.0 mm. Les mesures du calibre 
pour truie expliquent environ 55% de la 
variation de BFD des truies gestantes avant 
la mise bas.

Implications: Le calibre pour truies peut 
être utilisé pour évaluer l’état corporel 
des truies gestantes. Pour maintenir la 
condition corporelle et les performances 
de reproduction, des mesures de 12.5 à 
14.0 unités sont recommandées pour les 
truies avant la mise bas dans toutes les 
parités, à l’exclusion des cochettes.

Journal of Swine Health and Production — September and October 2021246



The Sow Caliper used in this study has 
been described by Knauer and Bait-
inger.10 The arms of the caliper were 
3.5 cm long, and the maximal distance 
between the two arms was 26.0 cm. The 
range of caliper measurement was be-
tween 1.0 and 30.0 units, with each unit 
equal to 5.0 mm. The caliper measure-
ment was taken at the same location 
where BFD was measured.10 Both visual 
assessment of BCS and the caliper mea-
surement were conducted by the same 
researcher throughout the study to avoid 
discrepancy among researchers. The re-
searcher recorded BCS before taking the 
caliper measurement, and did not have 
any knowledge about BFD of the sow at 
the time of BCS assessment. Measure-
ments of BFD using the ultrasonic scan-
ner and body condition using the caliper 
were carried out in gestation stalls the 
day before sows entered ESF pens and in 
farrowing stalls on the day that sows en-
tered farrowing rooms and at weaning. 

Reproductive performance and lacta-
tion feed intake. Standard production 
data including farrowing rate (number 
of sows farrowed/number of sows as-
signed to the study × 100), total and live 
litter size, stillborn pigs per litter, litter 
size after crossfostering, litter size at 
weaning, and litter weight at birth and 
at weaning were collected for all sows. 
Sows that farrowed and weaned a litter 
and were mated within one week after 
weaning were considered to have com-
pleted the study. Completion rate (num-
ber of sows completing the study/num-
ber of sows assigned to the study × 100) 
was recorded. Feed added to each feeder 
was weighed and recorded daily from 
the day of farrowing to the day of wean-
ing. Average feed intake during lactation 
was calculated for each sow by dividing 
the total feed provided by the number of 
days between farrowing and weaning. 

Data analysis
Data were analyzed using the SAS soft-
ware version 9.4 (SAS Institute Inc). The 
Correlation procedure with Spearman 
coefficient was used to analyze correla-
tion of caliper measurement with BFD, 
BCS, and BW for days 35 and 109 of ges-
tation separately. The Regression pro-
cedure was performed to predict BFD 
using caliper measurements for days 35 
and 109 of gestation separately, with a 
quadratic regression based on goodness 
of fit for each statistical model. 

To evaluate the optimal caliper range for 
BFD and sow performance, caliper mea-
surements were classified arbitrarily 

into five categories based on caliper 
measurements in this study. Caliper 
measurements were classified as: cat-
egory 1 = 4.0 to 8.0 units; category 2 = 
8.5 to 10.0 units; category 3 = 10.5 to 12.0 
units; category 4 = 12.5 to 14.0 units; and 
category 5 = 14.5 to 18.0 units. Descrip-
tive data for BFD and BCS for each cali-
per category were summarized for days 
35 and 109 using the Univariate proce-
dure and are presented in box whisker 
plots. Sow caliper category on day 109 
was used to evaluate effects of caliper 
category prefarrowing on sow reproduc-
tive performance. 

The FREQ procedure with Chi-square 
test was used to analyze farrowing rate 
and completion rate. Data were tested 
for normal distribution using the Uni-
variate procedure. The Glimmix proce-
dure was used to analyze BFD, BCS, and 
litter size with the Gaussian, Poisson, or 
negative binomial regression distribu-
tion to fit the data. The Mixed procedure 
was used to analyze the data of sow feed 
intake during lactation, sow weight, and 
litter weight. 

Sow parity was classified into 4 catego-
ries: parities 1 and 2; parities 3 and 4; 
parities 5 and 6; and parities 7 to 9. All 
models include caliper category, parity 
classification, and their interaction as 
fixed effects, pen as a random effect, and 
sow as the experimental unit. Differences 
among means were tested by the Tukey 
test adjusted for multiple comparisons. 
Significant differences were identified at 
P < .05 and trends at P < .10. Data are re-
ported as least squares means (SE). 

Results
Caliper measurements, BFD, BCS, and 
BW on day 35 of gestation were recorded 
for 898 of 928 sows. Thirty sows with 
missing caliper measurements were ex-
cluded from data on day 35 of gestation. 
On day 109 of gestation, the same mea-
surements were recorded for 871 sows. 
Fifty-seven sows were culled due to 
health or animal welfare problems or 
failed pregnancy between days 35 and 
109 of gestation and were excluded from 
data collection on day 109 of gestation. 

Caliper measurement, BFD, BCS, 
and BW on days 35 and 109 of 
gestation
Descriptive data. Medians of BFD in-
creased with caliper category on days 
35 (Figure 1A) and 109 (Figure 1B) of 
gestation. Within each caliper category, 

BFD varied about 10.0 to 15.0 mm from 
the minimum to the maximum for both 
days. Fifty percent (25 to 75 percentile) 
of sows in caliper category 4 had BFD 
between 14.5 and 20.0 mm on day 109 of 
gestation, which is close to the recom-
mended range for BFD.8,16,17 Similar 
to BFD, BCS medians increased with 
caliper category on days 35 (Figure 2A) 
and 109 (Figure 2B) of gestation. A wide 
range of BCS was observed within each 
caliper category for day 35 of gestation. 
For sows in caliper categories 2, 3, and 5, 
BCS varied from the minimum 1.5 to the 
maximum 4.5 on that day. On day 109 of 
gestation, 50% of sows in caliper catego-
ry 4 had BCS between 3 and 4.

Correlations and predicting BFD from 
caliper measurement. Caliper measure-
ment was correlated positively with BFD, 
BCS, and BW on days 35 and 109 of gesta-
tion (P < .001 for all coefficients; Table 1). 
Spearmen correlation coefficients indi-
cate strong correlations between caliper 
measurement and BFD for both days. 
Similarly, strong positive correlations 
between caliper measurement and BCS 
were observed for days 35 and 109 of 
gestation. Correlations between caliper 
measurement and BW were moderate for 
both days. Quadratic equations for pre-
dicting BFD with caliper measurements 
were BFD (mm) = 6.458 + 0.052 × [Caliper 
measurement (unit)]2 for day 35 of ges-
tation, and BFD (mm) = 6.244 + 0.060 × 
[Caliper measurement (unit)]2 for day 109 
of gestation. The coefficients of determi-
nation (R2; both P < .001) were 0.524 and 
0.553 for days 35 and 109 of gestation, 
respectively.  

Effects of caliper category on BFD, BCS, 
and BW. On day 35 of gestation, BFD, 
BCS, and BW increased with caliper cat-
egory (all P < .001; Table 2). Similarly, on 
day 109 of gestation as caliper category 
increased, BFD, BCS, and BW increased 
(all P < .001). Sows in caliper category 4 
had average BFD 15.8 and 17.2 mm for 
days 35 and 109, respectively, which are 
close to the recommended BFD for ges-
tating sows.1,9,16 

Effects of prefarrowing caliper 
category on farrowing and 
lactation performance
There were no differences in farrowing 
rate or completion rate among sows in 
different caliper categories measured on 
day 109 of gestation (Table 3). As caliper 
measurements increased, average daily 
feed intake (ADFI) of sows during lacta-
tion decreased (P < .001). Feed intake was 
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Figure 1: Distribution of backfat depth within each caliper category for sows on days A) 35 and B) 109 of gestation  
(x = median; box = 25 to 75 percentile; whisker = minimum to maximum; dot = outliers). Caliper readings were categorized 
as: Category 1 = 4.0-8.0 units; Category 2 = 8.5-10.0 units; Category 3 = 10.5-12.0 units; Category 4 = 12.5-14.0 units; and 
Category 5 = 14.5-18.0 units. 1 unit = 5 mm.
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Figure 2: Distribution of visual body condition score (BCS) within each caliper category for sows on days A) 35 and B) 109 
of gestation (x = median; box = 25 to 75 percentile; whisker = minimum to maximum; dot = outliers). Category readings 
were categorized as: Category 1 = 4.0-8.0 units; Category 2 = 8.5-10.0 units; Category 3 = 10.5-12.0 units; Category 4 = 12.5-
14.0 units; and Category 5 = 14.5-18.0 units. 1 unit = 5 mm. Visual body condition score: Score 1 = emaciated; Score 2 = thin; 
Score 3 = ideal; Score 4 = fat; and Score 5 = obese (Coffey et al14), with a minimum score of 0.5.
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Table 1: Correlation of Sow Caliper measurement with backfat depth, visual body condition score (BCS), and body weight 
of gestating sows 

Spearman coefficient*

Caliper measurement No. of sows Backfat Visual BCS Body weight

D 35 of gestation 898 0.713 0.665 0.517

D 109 of gestation 871 0.751 0.750 0.516

* All coefficients are significant (P < .001). 
 

Table 2: Mean (SE) backfat depth, visual body condition score (BCS), and body weight of sows in different Sow Caliper 
categories on days 35 and 109 of gestation

 Caliper category* P value

 C1 C2 C3 C4 C5  

Mean parity (SD) 5.1 (2.2) 4.7 (2.3) 4.5 (2.3) 4.2 (2.5) 4.3 (2.5) -

Day 35 of gestation 

    No. sows 102 225 259 241 71 -

    Backfat depth, mm 9.5 (0.3)a 11.1 (0.2)b 13.0 (0.2)c 15.8 (0.2)d 19.3 (0.4)e < .001

    Visual BCS† 2.4 (0.1)a 2.8 (0.1)b 3.1 (0.1)c 3.4 (0.1)d 3.8 (0.1)e < .001

    Body weight, kg 184.8 (1.9)a 198.8 (1.4)b 209.0 (1.4)c 222.5 (1.4)d 240.4 (2.6)e < .001

Day 109 of gestation 

    No. sows 83 186 253 260 89 -

    Backfat depth, mm 9.8 (0.4)a 11.8 (0.3)b 14.0 (0.3)c 17.2 (0.3)d 20.5 (0.4)e < .001

    Visual BCS† 2.4 (0.1)a 2.8 (0.1)b 3.1 (0.1)c 3.5 (0.1)d 3.9 (0.1)e < .001

    Body weight, kg 214.8 (2.4)a 229.9 (1.8)b 240.8 (1.7)c 252.7 (1.7)d 267.5 (2.6)e < .001

*  Sow Caliper measurements were recorded on days 35 and 109 of gestation separately. C1 = 4.0-8.0 units; C2 = 8.5-10.0 units;  
C3 = 10.5-12.0 units; C4 = 12.5-14.0 units; and C5 = 14.5-18.0 units. 1 unit = 5 mm. 

†  Score 1 = emaciated; Score 2 = thin; Score 3 = ideal; Score 4 = fat; and Score 5 = obese (Coffey et al14).
abcde Least squares means within a row without a common superscript differ (P < .05). Comparisons were performed using the Tukey-
Kramer test adjusted for multiple comparisons. The Glimmix procedure was used for analysis of backfat depth and visual BCS.  
The Mixed procedure was used for analysis of body weight.

highest for sows in category 1, and low-
est for sows in caliper categories 4 and 5. 
At weaning, BFD and BW increased with 
caliper category (P < .001). Loss in BFD 
and BW during farrowing and lactation 
was lowest for sows in caliper category 
1 and highest for sows in caliper catego-
ries 4 and 5. Sows in caliper category 2 
tended (P = .055) to have more stillborn 
pigs than sows in caliper category 5. 
Caliper category did not affect litter size, 
litter weight at birth, or litter size after 
crossfostering, except that sows in cali-
per categories 1 and 2 weaned heavier 
litters than sows in caliper category 5 
(P = .03). There were no interactions be-
tween caliper category and parity classi-
fication for any variables measured. 

Discussion 
In this study, we evaluated whether a 
Sow Caliper can accurately measure 
body condition of gestating sows by 
examining associations of caliper mea-
surement with BFD, BCS, and BW. Data 
were collected at two stages of gestation: 
early gestation (day 35) and prefarrow-
ing (day 109 of gestation). Strong positive 
correlations between caliper measure-
ment and BFD indicate that caliper mea-
surements reflect BFD at both stages 
of gestation. Quadratic equations were 
developed to estimate BFD from caliper 
measurement for early gestation and 
again prefarrowing. The coefficients of 
determination (R2) indicate that caliper 
measurement explains 52% and 55% of 
variation in BFD early in gestation and 

prefarrowing, respectively. In general, 
the predicted BFD from these equa-
tions is consistent with descriptive 
data (Figure 1) and the data in Table 2, 
indicating that the predictions are ac-
ceptable. These equations may be spe-
cific to the genotype of sows involved in 
this study because body conformation 
of individual sows18 may contribute to 
variation in caliper measurements. In-
deed, these equations need to be further 
tested, but they provide a simple tool for 
producers to predict BFD from caliper 
measurements. 

The BFD associated with each caliper 
category was not consistent across both 
stages of gestation. A specific caliper 
unit was related to a lower BFD in early 
gestation compared with prefarrowing. 
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Table 3: Least squares means (SE) of performance parameters of sows in different Sow Caliper categories

 Caliper category* P value

 C1 C2 C3 C4 C5  

No. sows assigned† 91 200 267 274 96 -

No. sows weaning a litter§ 81 182 245 254 85 -

Farrowing rate, %‡ 91.2 93.0 94.4 95.3 90.6 .41¶

Completion rate, %** 75.8 84.5 82.0 84.7 79.2 .29¶

Lactation ADFI, kg†† 7.29 (0.17)a 6.85 (0.14)b 6.63 (0.13)b 6.08 (0.12)c 5.77 (0.18)c < .001

At weaning§§

    Backfat, mm 9.3 (0.4)a 10.7 (0.3)b 12.7 (0.3)c 15.0 (0.3)d 18.1 (0.4)e < .001

    Body weight, kg 214.2 (2.7)a 224.0 (1.9)b 235.0 (1.8)c 243.6 (1.8)d 257.3 (2.9)e < .001

Change during farrowing and lactation‡‡

    Backfat, mm -0.6 (0.3)a -1.0 (0.2)ab -1.3 (0.2)b -2.1 (0.2)c -2.4 (0.3)c < .001

    Body weight, kg -0.5 (1.8)a -6.2 (1.4)bc -5.8 (1.4)b -9.2 (1.3)cd -10.0 (2.0)d < .001

Litter size, No.

    Total born 14.7 (0.4) 14.9 (0.3) 14.5 (0.2) 14.3 (0.2) 14.8 (0.5) .49

    Born alive 12.6 (0.4) 12.5 (0.3) 12.3 (0.2) 11.9 (0.2) 12.7 (0.5) .33

    Stillborn 1.5 (0.2)fg 2.0 (0.2)f 1.7 (0.1)fg 1.7 (0.1)fg 1.2 (0.2)g .055

    After crossfostering 11.1 (0.4) 11.3 (0.3) 11.1 (0.2) 11.2 (0.2) 11.1 (0.4) .94

    Weaned§§ 10.3 (0.4) 10.5 (0.2) 10.2 (0.2) 10.4 (0.2) 10.1 (0.4) .90

Litter weight, kg

    At farrowing¶¶ 16.9 (0.5) 17.3 (0.3) 16.8 (0.3) 16.5 (0.3) 17.4 (0.5) .19

    At weaning§§ 64.0 (1.3)a 63.5 (0.9)a 61.6 (0.8)ab 62.0 (0.8)ab 58.8 (1.5)b .03

*  Sow Caliper measurements recorded on day 109 of gestation were used. C1 = 4.0-8.0 units; C2 = 8.5-10.0 units; C3 = 10.5-12.0 units;  
C4 = 12.5-14.0 units; and C5 = 14.5-18.0 units. 1 unit = 5 mm. 

†  For sows that were culled before day 109 of gestation, caliper measurements recorded on day 35 of gestation were used for 
categorization. 

§  Sows that farrowed and weaned a litter.
‡  Sows that farrowed as percentage of the total number of sows assigned to the study.
¶  Chi-square test (χ2 = 2.5, df = 4 for farrowing rate; χ2 = 5.0, df = 4 for completion rate).
**  Sows that completed the study as percentage of the total number of sows assigned to the study. Sows that farrowed and were 

subsequently mated within a week after weaning their litters for the next breeding cycle were considered to have completed the 
study. 

††
 From the day of farrowing to the day of weaning.

§§ Mean (SD) weaning age of piglets was 18 (1.5) days.
‡‡ From day 109 of gestation to the day of weaning.
¶¶ Weight of live born.
abcde Least squares means within a row without a common superscript differ (P < .05). Comparisons were performed using the Tukey-

Kramer test adjusted for multiple comparisons. The Glimmix procedure was used for analysis of backfat depth and litter size. The 
Mixed procedure was used for analysis of ADFI, body weight, and litter weight.  

fg  Least squares means within a row without a common superscript tend to differ (P < .10).
ADFI = average daily feed intake.
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For instance, the mean BFD correspond-
ing to caliper category 4 was 15.8 mm at 
day 35 of gestation and 17.2 mm at day 
109. The quadratic regression equations 
also predict lower BFD on day 35 than 
on day 109 for the same caliper measure-
ment. This discrepancy suggests that 
gestation stage may influence the rela-
tionship between caliper measurement 
and BFD. Thus, results from this study 
may only be applicable for sows in early 
gestation and prefarrowing. Relation-
ship between BFD and caliper measure-
ment during other stages of production 
needs to be assessed in future research. 

Backfat depth between 18 and 20 mm is 
recommended for gestating sows before 
farrowing.16,17 Generally, it is recom-
mended that a commercial herd should 
have less than 20% sows with BFD lower 
than 15 mm before farrowing.8 In the 
current study, caliper category 1 repre-
sents emaciated condition of sows, with 
more than 50% of the sows in this cat-
egory having BFD lower than 10.0 mm on 
day 109. Backfat depth below 10 mm may 
represent emaciation,8 and emaciated 
sows present animal welfare concerns.3 
Sows in caliper category 2 are also con-
sidered thin because about 50% of sows 
in this category had BFD lower than  
11.6 mm prefarrowing. On the other 
hand, sows in caliper category 5 rep-
resent over condition, with 50% of the 
sows in this category having BFD greater 
than 20.1 mm prefarrowing. According 
to recommendations for BFD, sows in 
caliper category 4 were deemed optimal 
for body condition in the current study, 
with 75% in this category of sows having 
BFD above 14.5 mm. Using the quadratic 
equation at day 109 of gestation, the esti-
mated lower and upper limits of BFD for 
sows in caliper category 4 are 15.6 and 
18.0 mm, respectively.  

Sows in caliper category 4 had lower ADFI 
and lost more BFD and BW during lacta-
tion, compared to sows in caliper catego-
ry 3. However, these differences between 
sows in both caliper categories did not 
influence their litter performance. The 
number and weight of piglets farrowed 
and weaned were similar between sows 
in caliper categories 3 and 4. While sows 
in caliper category 3 performed well, 
their BFD was lower than the recom-
mendation, with more than 50% of the 
sows in that category having BFD lower 
than 14 mm prefarrowing. It is worth-
while to note that in this study we only 
evaluated sow performance over one 

lactation. Severe loss in ADFI, BFD, and 
BW during lactation can be detrimen-
tal to subsequent reproductive perfor-
mance, such as reduced litter weight and 
litter uniformity.2,19 The long-term effect 
of Sow Caliper category on performance 
of lactating sows needs to be evaluated 
in future research. 

Caliper category 4 (12.5 to 14.0 unit) is 
slightly lower than the caliper range of 
14 to 15 units recommended by Knauer 
and Baitinger11 based on litter size at 
weaning. We did not observe any differ-
ence in litter size weaned among sows 
in different caliper categories in the 
current study. One must recognize that 
the current study only included sows 
(parity 1-9) and did not include gilts. The 
recommended Sow Caliper range from 
this study may only apply to sows that 
have farrowed at least once and does not 
apply to gilts. Gilts need more backfat 
than mature sows to support maternal 
development and litter performance.20,21 
Therefore, the fact that no gilts were in-
cluded in the current study may partially 
explain the recommended caliper range 
lower than that recommended by Knau-
er and Baitinger.11 

In general, caliper measurement re-
flects BCS as indicated by positive cor-
relations between the two variables on 
days 35 and 109 of gestation. The aver-
age BCS corresponding to the optimal 
caliper category 4 at prefarrowing was 
3.5, which was slightly higher than the 
optimal BCS 3.0. This suggests that visual 
body condition scoring may overestimate 
body condition of gestating sows. Similar 
results were reported previously8,9 that 
BCS overestimated body condition on 
commercial farms. For instance, the av-
erage BFD for sows in BCS 3 was 13.7 mm 
during gestation,8 which is lower than the 
recommendations for BFD of gestating 
sows.16,17 Apparently, the Sow Caliper can 
measure body condition of gestating sows 
more accurately compared to visual body 
condition scoring. Caliper measurement 
was only moderately correlated with BW 
in the current study, suggesting that cali-
per measurement is not a good indicator 
of BW. Moderate correlations between 
caliper measurement and BW were re-
ported previously.11 

Implications
Under the conditions of this study:

•	 Sow Caliper measurements were 
correlated strongly with BFD and 
BCS. 

•	 The recommended caliper range 
for prefarrowing sows is 12.5 to 14.0 
units.

•	 Sow Caliper measurement explains 
about 55% of variation in prefarrow-
ing BFD. 
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