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ABSTRACT 

Cull sow physical conditions were associated with on-farm production records. Sows (923) within one integrated U.S. 
production system were evaluated at two harvest facilities. Physical conditions evaluated at harvest were analyzed by 
parity, culling code and production measures. Farm culling codes were categorized into poor body condition (BC), old 
age (G), lameness (L), other (O), poor litter performance (P) and reproductive failure (R). Production measures included 
lifetime pigs born alive (LPBA), pigs born alive in the last litter (PBALL), pigs per sow per year (PSY) and weaning to 
culling interval. The L culling code had a greater (P < 0.05) prevalence of cracked hooves when compared to the other 
five culling codes (30.9% vs. 18.7%). Sows without front cracked hooves tended (P = 0.07) to have greater PSY (0.80) 
when compared to sows having front cracked hooves. Females without rear digital overgrowth had more (P < 0.05) 
PBALL (0.54) and tended (P = 0.06) to have increased PSY (0.80) when compared to sows with rear digital overgrowth. 
Sows without shoulder lesions had greater (P < 0.05) LPBA (2.01) when compared to sows with shoulder lesions. Re-
gression coefficient estimates for percent lung lesion involvement were positive and tended (P < 0.10) to be different 
from zero for LPBA (0.06) and PSY (0.03). Females with severe teeth wear tended (P ≤ 0.10) to have fewer LPBA 
(1.36), PBALL (0.45) and had fewer (P < 0.01) PSY (1.10) when compared to sows without severe teeth wear. Sows 
culled for BC and L had lower (P < 0.01) backfat when compared to sows from the other four culling codes (1.83 and 
2.04 cm vs. 2.47 to 2.85 cm, respectively). Multiple cull sow physical conditions evaluated at harvest had associations 
with on-farm reproductive measures. 
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1. Introduction 
Poor sow lifetime productivity in commercial pork pro-
duction systems can lead to economic inefficiency and 
animal well-being concerns [1]. In the United States, 
reported annual breeding female culling rates are near 
50% [2,3]. 

Traditional culling studies are based on retrospective 
farm data as they are relatively easy and economical to 
obtain. Producers are typically limited to reporting one 
reason for culling individual sows by their record keep-
ing software. Additionally, these reasons are typically 
based on external signs or indications and do not incor-
porate information from internal and external body sys-
tems evaluation. Culling may be the result of multiple 
factors. Evaluating cull sows at harvest offers researchers 
an opportunity to confirm farm data and further identify 
factors related to sow culling. However, few studies in-
vestigating reasons for sow culling in harvest plants have 

been reported in the scientific literature [4,5]. 
Post-mortem reproductive organ examination offer 

potential information concerning sow reproductive fai- 
lure. Foot lesions, disease, body condition and other body 
system problems may contribute to sow culling from 
commercial pork operations. Therefore, information from 
harvest plants can be used as a diagnostic tool to evaluate 
these lesions and further understand why sows are culled. 
The objective of this study was to relate the cull sows’ 
physical conditions at harvest with on-farm production 
records within an integrated US pork production system.  

2. Materials and Methods 

2.1. Animals and Housing 

Housing and animal care information is reported to pro-
vide the reader with management information with re-
spect to how animals were housed and fed leading up to 
their harvest. A total of 923 sows from 8 farms within a *Corresponding author. 
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single large integrated US pork production system were 
evaluated. Gestation sows were housed individually with 
solid concrete flooring in the front half and concrete slats 
in the rear half of the pen. Throughout gestation females 
were fed a gestation diet according to body condition [6] 
and had ad libitum access to water. Estrous detection was 
carried out once daily using fence-line boar contact. Fe-
males were bred using AI at 12 and 36 h after first de-
tected estrus. Farrowing stalls contained either cast iron 
or wire metal slatted flooring. Sows were provided ad 
libitum access to feed and water throughout lactation. 
Gestation and lactation diets were balanced to meet or 
exceed NRC requirements [7]. 

2.2. On-Farm Data Collection 

The Data collected from production records included sow 
identification, parity, first conception date, first farrow- 
ing date, lifetime pigs born alive (summation of pigs 
born alive across parities), pigs born alive in the last litter 
(prior to culling), farrowing and weaning dates, culling 
date and culling code. Data derived from on-farm pro- 
duction records included pigs per litter (lifetime pigs 
born alive)/(number of parities in the herd), non-produc- 
tive days per parity [(culling date − first litter conception 
date) − (number of parities in the herd × 114)]/(number 
of parities in the herd), weaning to culling interval (cull- 
ing date − last weaning date) and pigs per sow per year 
[(lifetime pigs born alive)/(culling date − first litter con- 
ception date) × 365]. First litter conception date was used 
to calculate non-productive days per parity instead of 
herd entry date because of the variation in entry date to 
first conception (32 ± 47 d).  

Farm culling codes were categorized into body condi-
tion (BC), old age (G), lameness (L), other (O), poor 
litter performance (P) and reproductive failure (R). Body 
condition included the farm codes poor body condition 
and unthrifty. Old age contained the farm codes old age 
and parity. Lameness consisted of the farm codes downer, 
injury and lameness. The culling code O included cesar-
ean section, not found, other illness, prolapse, sudden 
death and unknown. Poor litter performance was com-
prised of farrowing complications, low number born 
alive, low number weaned, mastitis, poor milking ability 
and retained pigs. Reproductive failure included the farm 
codes abortion, did not conceive, no heat and not in pig. 
All farms culled sows on a weekly basis. No gilts (parity 
0 females) were included in the study. 

2.3. Harvest Data Collection 

The Harvest facilities were chosen to represent the range 
of sows typically sent to market in the US. Because the 
type of sows harvested by individual facilities is driven 
by varied purchasing criteria based on anticipated pro- 
ducts from those facilities, we chose two different Mid 

western plants for data collection. Plant 1 (n = 281 sows) 
harvested a thinner type of sow and Plant 2 (n = 642 
sows) harvested a heavier conditioned sow. Based on 
body condition score, ultrasonic backfat and ultrasonic 
loin muscle area we achieved our goal of evaluating a 
wide variety of cull sows. Twelve trips, six to each har-
vest plant, were made. Feet, shoulders, reproductive 
tracts, lungs, teeth and body condition were visually 
evaluated on individual harvested sows. 

Front and rear foot lesions were evaluated and re-
corded by a trained technician. The technician examined 
each foot for the following abnormalities: 1) claw and 
hoof wall cracks (cracked hooves) including side-wall 
lesions, white line and toe cracks [8]; 2) pad (heel) le-
sions [8]; 3) the presence of abscesses on any foot sur-
face; 4) abnormal overgrowth conditions (digital over-
growth) as defined by upward or inward toe curvature or 
excessive hoof growth (2 cm longer than a normal toe); 
and 5) missing dew claws.  

Shoulder lesions were evaluated and assigned to one 
of the following categories “none”, “abscess”, “abrasion”, 
or “open” lesions. Lesion score was classified as “none” 
if the skin appeared normal over the point of the shoulder, 
an “abscess” lesion score was assigned when an opened 
or closed abscess was present, an “abrasion” lesion score 
was designated when fibrous tissue nodules were evident 
at the point of the shoulder [5] and an “open” lesion 
score was designated when an open, draining or healing 
sore was apparent at the point of the shoulder [5]. 

Reproductive tracts were removed from the carcass by 
harvest plant personnel and visually inspected immedi-
ately by the research veterinarian. From the macroscopic 
ovary examination sows were classified as normal (cor-
pora lutea, corpora hemorrhagica or mature follicles were 
present), cystic (multiple follicular cysts, >1.5 cm in di-
ameter without corpora lutea or corpora hemorrhagica) or 
acyclic (no corpora lutea, corpora hemorrhagica and 
small follicles covering less <50% of ovary). Pregnancy 
status was determined and fetal tissues, if present, were 
classified as normal, decomposed or mummified. 

The thoracic and abdominal cavities and organs were 
visually evaluated for lesions by the research veterinarian. 
The presence or absence of peritonitis, pleural adhesions 
and lung lesions were recorded. If lung lesions were pre-
sent, a total lung involvement percentage estimate was 
made. Lesions other than those previously mentioned 
were noted when visual evidence was present. 

Teeth were evaluated by a trained technician. Top and 
bottom teeth were counted and scored for severity of 
wear. The following three definitions were used to cate-
gorize teeth wear: Minimum, sharp points present on 
molars and incisors; moderate, points on molars and in-
cisors worn but grooves between points still evident; 
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severe, no points or grooves present on molars and inci-
sors. 

A National Swine Improvement Federation certified 
real-time ultrasound technician measured backfat, long-
issimus muscle area, and longissimus muscle depth from 
a cross sectional 10th rib image using an Aloka 500 V 
SSD ultrasound machine (Corometrics Medical Systems, 
Inc., Wallingford, CT). At both plants, ultrasound eva- 
luations were performed ante mortem while sows were 
restrained in a chute prior to harvest.  

Body condition score (BCS) was evaluated using a 
scale of 1 (thin) to 5 (fat) [6]. At plant 1, BCS was evalu-
ated as sows were suspended from a gambrel with their 
backs facing the observer. At plant 2, BCS was evaluated 
just prior to stunning as the animal was in a standing po-
sition. Technicians evaluating BCS were consistent across 
plants and visits, and had extensive livestock evaluation 
experience. 

All data were recorded and reported at the sow level. 
In this study, attributing “left,” “right” or “bilateral” 
characteristics to lesions in paired organs did not provide 
additional information as to cause or source and was not 
reliably obtained given the carcass fabrication process. 
Additionally, for the present study we did not find value 
in determining side or bilateral characteristics. 

2.4. Statistical Analysis 

The Statistical analyses were carried out using SAS [9]. 
Harvest facility data and on-farm production data were 
analyzed by parity and culling code. For the models 
comparing culling codes, parity was not included. Be-
cause so few culled sows had produced 10 or more pari-
ties, records from parity 10 and greater (n = 67) were 
combined into a single classification (10).  

The GLIMMIX procedure can analyze response vari-
ables with a non-normal distribution while incorporating 
random effects into the model. Therefore, PROC GLIM-
MIX was used to analyze binary traits by parity and 
culling code. All models included the evaluator of the 
trait as a random effect.  

The PROC MIXED procedure was used to analyze 
teeth number and body composition data by parity, cull-
ing code and body condition score. All models included 
the evaluator of the trait as a random effect. Parity was 
included as a fixed effect when analyzing backfat, long-
issimus muscle area and longissimus muscle depth by 
culling code and BCS.  

The PROC MIXED procedure was used to analyze 
lifetime pigs born alive, pigs per litter, pigs born alive in 
the last litter, non-productive days per parity, weaning to 
culling interval and pigs per sow per year mean by parity 
and culling code. The models for parity and culling code 
included farm as a fixed effect. 

3. Results 

3.1. Feet Lesions 

Physical characteristics and production LS MEANS by 
parity are shown in Table 1. The probability for front 
and rear heel lesion presence was different (P < 0.01) 
between parities. Both front and rear heel lesions gener-
ally increased as parity increased. Front heel lesions 
ranged from 11.0% in parity 2 to 48.8% in parity 9 and 
rear heel lesions varied from 46.7% in parity 1 to 75.8% 
in parity 7. Physical characteristics and production LS 
MEANS by culling code are shown in Table 2. Front 
heel lesions were different (P < 0.01) between culling 
codes. Old age had the greatest likelihood for front heel 
lesion presence (49.2%). Physical characteristic contrasts 
(binary traits) and solution estimates (for continuous 
traits) for sow productivity traits are shown in Table 3. 
The weaning to culling interval for sows with no front 
heel lesions was longer (P < 0.01) when compared to 
those with front heal lesions (9.9 d).  

The probability for cull sows having cracked front 
hooves was different across parity of the sows and was 
generally greater in younger parity females. Front 
cracked hooves ranged from 36.6% in parity 2 to 12.9% 
in parity 5. The likelihood for the presence of front 
cracked hooves found on cull sows differed (P < 0.01) 
among the culling codes. Sows within the L culling code 
had a greater probability for the presence of cracked 
hooves (P < 0.05) than the other 5 culling codes com-
bined (30.9% vs. 18.7%). Cull sows without cracked 
hooves on their front feet tended (P = 0.07) to have more 
pigs per sow per year (0.80) when compared to sows 
with cracked hooves on the front feet. Sows without front 
cracked hooves had a shorter (P < 0.05) weaning to cull-
ing interval (5.4 d) when compared to sows with front 
cracked hooves.  

The likelihood of rear digital overgrowth differed (P < 
0.01) between parities with older sows generally having a 
greater frequency among the cull sows evaluated. Rear 
digital overgrowth varied from 8.3% in parity 1 to 52.3% 
in parity 10. The probability for cull sows having rear 
digital overgrowth was different (P < 0.01) between cul-
ling codes. Sows culled for BC, G and O had a greater (P < 
0.05) incidence for rear digital overgrowth when com-
pared to sows culled for P and R (35.7%, 35.7% and 
33.9% vs. 18.6% and 15.8%, respectively). Cull sows 
without rear digital overgrowth in comparison to those 
with had more (P < 0.05) pigs born alive in the last litter 
(0.54) and a trend (P = 0.06) for increased pigs per sow 
per year (0.80). 

3.2. Shoulder Lesions 

The presence of shoulder lesions on cull sows differed (P < 
0.01) between parities with older parities generally hav-
ing a greater occurrence. Cull sows with shoulder  
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Table 1. Physical characteristics and production LS MEANS by parity for 923 cull sowsǂ evaluated at two U.S. harvest facili-
ties. 

 Parity 

 1 2 3 4 5 6 7 8 9 10  

Trait n = 124 n = 74 n = 74 n = 71 n = 106 n = 113 n = 101 n = 100 n = 93 n = 67 P-value

Front feet            

Heel lesions, % 24.4b 11.0a 17.6ab 24.3bc 37.6cd 43.8d 41.0d 44.4d 48.8d 47.0d 0.01 

Cracked hooves, % 17.9ab 36.6c 32.4c 27.1bc 12.9a 18.8ab 17.0ab 13.1ab 16.3ab 15.2ab 0.01 

Digital overgrowth, % 0.0 0.0 2.7 1.4 1.0 1.8 3.0 5.1 9.8 6.1 0.19 

Rear feet            

Heel lesions, % 46.7a 57.5ab 67.6bc 67.7bc 72.6c 70.4bc 75.8c 67.4bc 74.4c 56.9ab 0.01 

Digital overgrowth, % 8.3a 9.6a 12.7a 27.9b 27.5b 30.6b 33.3b 32.7b 40.0bc 52.3c 0.01 

Cracked hooves, % 9.2 20.6 11.3 20.6 17.7 17.6 12.1 10.2 18.9 7.7 0.10 

Missing dewclaws, % 1.7 2.7 2.8 10.3 5.9 7.4 4.0 5.1 12.2 7.7 0.07 

Abscesses, % 0.8 0.0 8.5 5.9 1.0 2.8 2.0 3.0 3.3 0.0 0.32 

Shoulder lesions            

None, % 90.3bc 97.3c 86.5ab 80.3a 86.8ab 80.5a 86.2ab 83.0ab 85.0ab 74.6a 0.04 

Abrasions, % 8.1 0.0 10.8 15.5 8.5 15.0 10.0 12.0 8.6 22.4 0.17 

Open, % 1.6 2.7 2.7 4.2 4.7 3.5 4.0 5.0 5.4 1.5 0.90 

Ovaries            

Normal, % 85.3 90.4 82.2 84.3 84.6 78.2 88.0 86.9 89.9 85.1 0.48 

Acyclic, % 13.1 4.1 11.0 10.0 7.7 7.3 5.0 5.1 5.6 6.0 0.33 

Cystic, % 1.6 5.5 6.9 5.7 7.7 14.6 7.0 8.1 4.5 9.0 0.11 

Pregnancy            

Pregnant, % 1.6a 9.6bc 4.1abc 5.7abc 6.7abc 4.5abc 12.0c 12.1c 2.3ab 3.0ab 0.03 

Systemic lesions            

Lung involvement 1% - 10%k 0.8 1.4 9.5 8.5 2.8 5.3 8.9 7.0 6.5 12.0 0.10 

Lung involvement > 10%l 6.5 1.4 1.4 4.2 5.7 6.2 8.9 4.0 1.1 3.0 0.29 

Pleural adhesions, % 5.7 5.5 5.4 5.7 7.7 1.8 5.0 4.0 4.5 10.5 0.62 

Teeth wear            

Minimum, % 63.6c 21.6b 7.4a 3.0a 0.0a 2.0a 1.0a 1.0a 0.0a 0.0a 0.01 

Moderate, % 30.5a 64.9cd 75.0d 52.9bcd 57.5cd 47.0bc 42.4ab 40.2ab 36.1ab 23.8a 0.01 

Severe, % 6.0a 13.5b 17.7b 44.1cd 42.6c 51.0cd 56.6de 58.7de 64.0de 76.2e 0.01 

Teeth no.            

Top teeth, no. 20.9a 21.0a 21.8b 21.7b 21.9b 21.8b 21.8b 21.8b 21.8b 21.8b 0.01 

Bottom teeth, no. 21.1a 21.7b 22.0bc 22.2c 22.1c 21.9bc 22.1c 22.0c 22.1c 22.1c 0.01 

Production            

Lifetime pigs born alive 9.9a 20.5b 33.8c 44.9d 55.4e 64.7f 74.7g 86.8h 97.2i 108.8j 0.01 

Pigs per litter 11.1bc 10.6ab 11.3c 11.1bc 11.0bc 10.7abc 10.6ab 10.8abc 10.6ab 10.2a 0.05 

Pigs born alive in the last litter 10.5cd 11.1de 11.0de 11.8e 10.4cd 9.7bc 9.9bc 9.2ab 9.2ab 8.3a 0.01 

Non-productive days per parity 47.6ef 51.2f 44.9e 38.4d 38.6d 33.9c 31.5bc 30.0ab 27.2a 27.9ab 0.01 

Weaning to culling interval, d 38.6c 48.2de 50.0e 40.6cde 40.0cd 26.5b 22.7b 21.8b 9.5a 11.4a 0.01 

Pigs per sow per year 24.3a 23.9a 26.2b 26.9b 26.6b 26.7b 26.8b 27.3b 27.5b 26.5b 0.01 

ǂSows were from eight farms within one integrated US pork production system and harvested at two midwestern sow harvest facilities. abcdefghijRow means with 
different subscripts differ (P < 0.05). kSows with lesions involving 1% - 10% of their lungs. lSows with lesions involving >10% of their lungs. 
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Table 2. Physical characteristics and production LS MEANS by culling code for 923 cull sowsǂ evaluated at two US midwest-
ern harvest facilities. 

 Culling Codee  

 BC G L O P R  

Trait n = 90 n = 322 n = 83 n = 60 n = 73 n = 295 P-value 

Front feet       

Heel lesions, % 31.8bc 49.2d 29.6bc 15.0a 41.4cd 23.3ab 0.01 

Cracked hooves, % 25.0bc 14.4a 30.9c 15.0ab 15.7ab 22.9bc 0.01 

Digital overgrowth, % 4.5 4.7 1.2 1.7 1.4 1.7 0.24 

Rear feet        

Heel lesions, % 64.3 70.4 57.9 59.3 65.7 64.3 0.26 

Digital overgrowth, % 35.7c 35.7c 26.3bc 33.9c 18.6ab 15.8a 0.01 

Cracked hooves, % 16.7 12.4 18.4 11.9 11.4 16.2 0.57 

Missing dewclaws, % 7.1 5.7 5.3 11.9 4.3 4.8 0.44 

Abscesses, % 3.6 1.6 6.6 1.7 2.9 2.4 0.31 

Shoulder lesions        

None, % 73.3a 82.6b 83.1ab 85.0ab 79.5ab 93.9c 0.01 

Abrasions, % 16.7b 12.7b 8.4ab 15.0b 17.8b 5.1a 0.01 

Open, % 10.0c 4.0b 7.2bc 0.0a 2.7abc 1.0a 0.01 

Ovaries        

Normal, % 83.0 87.1 81.5 85.0 81.9 86.2 0.71 

Acyclic, % 10.2 6.0 9.9 10.0 11.1 6.6 0.45 

Cystic, % 6.8 6.9 8.6 5.0 6.9 7.3 0.98 

Pregnancy        

Pregnant, % 6.7a 4.1a 4.9a 28.3b 4.2a 4.5a 0.01 

Systemic lesions        

Lung involvement 1% - 10%f 9.8 12.9 11.2 5.8 10.5 6.8 0.49 

Lung involvement >10%g  5.6 5.3 8.4 3.3 6.8 2.0 0.15 

Pleural adhesions 5.6 5.4 7.3 8.3 4.2 4.5 0.81 

Teeth wear        

Minimum, % 7.1b 0.4a 9.7bc 8.6bc 9.4bc 14.1c 0.01 

Moderate, % 47.9 36.4 46.3 48.0 37.6 42.0 0.27 

Severe, % 41.2a 63.6b 37.5a 40.3a 48.0a 35.1a 0.01 

Teeth wear        

Top teeth, no. 21.5ab 21.7b 21.6ab 21.4a 21.6ab 21.5a 0.05 

Bottom teeth, no. 21.8ab 22.1b 22.1b 21.7a 21.8ab 21.7a 0.01 

Production        

Average parity 4.8c 8.0d 4.1b 4.5bc 5.0c 3.5a 0.01 

Lifetime pigs born alive 47.4b 86.5c 44.3ab 48.4b 49.8b 38.8a 0.01 

Pigs per litter 11.2bc 10.7ab 11.0bc 10.6abc 10.3a 11.0c 0.02 

Pigs born alive in last litter 10.6c 9.5b 10.8c 10.3bc 8.4a 10.7c 0.01 

Non-productive days per parity 32.4ab 30.5a 35.0b 40.7c 31.6ab 48.5d 0.01 

Weaning to culling interval, d 22.8bc 15.3a 25.1c 42.9d 15.2ab 57.9e 0.01 

Pigs per sow per year 28.2c 27.1bc 26.8bc 24.8a 25.9ab 24.8a 0.01 

ǂSows were from eight farms within one integrated US pork production system and harvested at two midwestern sow harvest facilities. abcdRow means with 
different subscripts differ (P < 0.05). eBC = body condition, G = old age, L = lameness, O = other, P = poor litter performance, R = reproductive failure. fSows 
with lesions involving 1% - 10% of their lungs. gSows with lesions involving >10% of their lungs. 
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Table 3. Physical characteristic contrasts (binary traits†) and solution estimates (continuous traits‡) for sow productivity 
traits¶ on 923 cull sowsǂ evaluated at two US midwestern harvest facilities. 

 LPBA PBALL PSY WCI 

Trait 
Absence – 
presence 

P-value 
Absence – 
presence 

P-value 
Absence – 
presence 

P-value 
Absence – 
presence 

P-value 

Front feet        

Heel lesions† –0.45 0.55 0.18 0.42 –0.51 0.19 9.9 0.01 

Cracked hooves† 0.50 0.57 0.00 0.98 0.80 0.07 –5.4 0.05 

Digital overgrowth† 0.22 0.92 0.35 0.55 –0.07 0.94 0.8 0.89 

Rear feet         

Heel lesions† –0.66 0.39 –0.26 0.23 0.22 0.55 –1.3 0.58 

Digital overgrowth† 0.94 0.27 0.54 0.03 0.80 0.06 –1.1 0.67 

Cracked hooves† 0.26 0.79 –0.14 0.65 –0.55 0.29 0.1 0.99 

Missing dewclaws† 2.15 0.16 –0.02 0.97 0.40 0.60 –6.4 0.16 

Abscesses† –2.00 0.37 –0.08 0.91 –0.33 0.76 4.3 0.54 

Shoulder lesions         

None† –2.01 0.04 –0.14 0.64 –0.04 0.93 –10.6 0.01 

Abrasions† 2.09 0.07 0.36 0.27 0.29 0.65 12.1 0.01 

Open† 1.06 0.57 –0.32 0.55 –0.88 0.41 5.8 0.30 

Ovaries         

Normal† 0.68 0.50 –0.27 0.36 0.11 0.82 –5.6 0.06 

Acyclic† –0.41 0.76 0.24 0.53 –0.51 0.45 11.2 0.01 

Cystic† –0.89 0.53 0.24 0.54 0.33 0.63 –1.4 0.74 

Pregnancy         

Pregnant† –0.13 0.93 0.80 0.06 1.10 0.14 –13.5 0.01 

Systemic lesions         

Lung 1% - 10%†a –1.93 0.19 –0.44 0.31 –0.95 0.20 2.3 0.61 

Lung > 10%†b –2.49 0.13 –0.45 0.36 –1.20 0.14 9.6 0.06 

Pleural adhesions† –1.58 0.30 0.13 0.77 0.26 0.74 –1.8 0.70 

Teeth wear         

Minimum, %† –1.00 0.50 –0.24 0.58 –1.10 0.15 11.6 0.01 

Moderate, %† –0.92 0.22 –0.32 0.14 –0.66 0.08 0.0 0.99 

Severe, %† 1.36 0.10 0.45 0.06 1.10 0.01 –3.5 0.15 

Teeth no.         

Top teeth, no. ‡ 0.20 0.61 0.17 0.13 –0.14 0.50 3.64 0.01 

Bottom teeth, no. ‡ 0.07 0.82 0.04 0.67 –0.08 0.61 –0.51 0.59 

BCS‡c –0.28 0.53 0.09 0.47 –0.26 0.24 4.57 0.01 

10th rib backfat‡ –0.04 0.93 –0.00 0.99 –0.62 0.23 4.65 0.01 

LMAd, cm2 ‡ –0.12 0.02 –0.01 0.51 –0.49 0.01 0.44 0.01 

LMDe, cm‡ –1.02 0.04 –0.08 0.57 –1.54 0.01 3.26 0.03 

Lung, %‡f 0.06 0.09 0.01 0.46 0.03 0.06 –0.26 0.01 

¶LPBA = Lifetime pigs born alive, PBALL = Pigs born alive in last litter, PSY = Pigs per sow per year, WCI = Weaning to culling interval. ǂSows were from 
eight farms within one integrated U.S. pork production system and harvested at two Midwestern sow harvest facilities. aSows with lesions involving 1% - 10% 
of their lungs (presence) compared to sows with no lung lesions (absence). bSows with lesions involving >10% of their lungs (presence) compared to sows with 
no lung lesions (absence). cBCS = body condition score (possible range 1 to 5, Patience and Thacker, 1989). dLMA = Longissimus muscle area. eLMD = Long-
issimus muscle depth. fTotal lung involvement from lesions. 
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lesions ranged from 2.7% in parity 2 to 25.4% in parity 
10. The probability for the presence of shoulder lesions 
on cull sows was different (P < 0.01) between culling 
codes. Sows culled for R had the lowest (P < 0.05) like-
lihood for shoulder lesions when compared to the other 
five culling codes (6.1% vs. 15.0% to 26.7%). Sows 
without shoulder lesions had greater (P < 0.05) lifetime 
pigs born alive (2.01) and averaged more (P < 0.01) days 
from weaning to culling (10.6 d) when compared to sows 
having shoulder lesions.  

The probability for the presence of open shoulder le-
sions on cull sows was different (P = 0.01) between cull-
ing codes. Open shoulder lesions were greatest among 
sows culled for BC (10.0%) and L (7.2%). 

3.3. Reproductive Tracts 

Grossly normal appearing ovaries were not different (P > 
0.05) between parities and culling codes among the cull 
sows evaluated in this study. The weaning to culling in-
terval was shorter (P < 0.01) for sows with acyclic ova-
ries when compared to those without (11.2 d).  

The likelihood for pregnant females among cull sows 
evaluated differed (P < 0.05) between parities and culling 
codes. There were more (P < 0.01) pregnancies in the O 
culling code when compared to other 5 culling codes 
(28.3% vs. 4.1% to 6.7%). Sows that were observed 
pregnant at culling tended (P = 0.06) to have fewer pigs 
born alive in their last litter (0.80) when compared to cull 
sows that were not pregnant. Sows that were not preg-
nant at culling had fewer (P < 0.01) days from weaning 
to culling when compared to cull sows that were found to 
be pregnant (13.5 d). 

3.4. Respiratory Systems 

The probability for cull sows with lesions involving 1% 
to 10% of the lungs, greater than 10% of the lungs or 
pleural adhesions did not differ between parities or cull-
ing codes. Sows with lesions that involved greater than 
10% of the lung tissue tended (P = 0.06) to have a shorter 
weaning to culling interval (9.6 d) when compared to cull 
sows with no lung lesions. However, this difference was 
not observed (P > 0.05) among cull sows where lung 
lesion involvement was from 1% to 10% when compared 
to sows without any lung lesion involvement. Regression 
coefficient estimates for percent lung lesion involvement 
were positive and tended (P < 0.10) to be different from 
zero for lifetime pigs born alive (0.06) and pigs per sow 
per year (0.03) and negative (P = 0.01) for weaning to 
culling interval (−0.26). 

3.5. Teeth Evaluation 

Minimum, moderate and severe teeth wear among the 
cull sows evaluated differed (P < 0.01) among the pari-

ties evaluated. Severe teeth wear increased as parity in-
creased among the cull sows evaluated. Minimum teeth 
wear ranged from 63.6% in parity 1 to 0.0% in parity 9 
and 10. Severe teeth wear varied from 6.0% in parity 1 to 
76.2% in parity 10. Minimum and severe teeth wear were 
different across (P < 0.01) culling codes. Cull sows re-
moved for G had a lower percentage of sows with (P < 
0.01) minimum teeth wear and greater percentage of 
sows having (P < 0.05) severe teeth wear when compared 
to sows culled from the other 5 culling codes. Cull sows 
with moderate teeth wear tended (P = 0.08) to have more 
pigs per sow per year (0.66) in comparison to those 
without moderate teeth wear. Sows with severe teeth 
wear tended (P < 0.10) to have fewer lifetime pigs born 
alive (1.36), pigs born alive in last litter (0.45) and less 
(P < 0.01) pigs per sow per year (1.10) when compared 
to sows without severe teeth wear. 

Top and bottom teeth number differed (P < 0.01) be-
tween parities among the cull sows evaluated in this 
study. Cull sows from parities 1 and 2 had fewer (P < 
0.01) top teeth and sows in parity 1 had fewer (P < 0.01) 
bottom teeth when compared to cull sows from older 
parities. 

3.6. Body Condition and Composition 

Cull sow body composition LS MEANS by parity, cull-
ing code and body condition score are presented in Table 
4. Backfat and BCS were not different (P > 0.05) be-
tween parities among the cull sows evaluated in this 
study. However, BCS for the cull sows was different (P < 
0.01) between parities within harvest plant. As parity 
increased, BCS from sows harvested at plant 1 tended to 
increase while BCS from sows harvested at plant 2 
tended to decrease. Longissimus muscle area and depth 
from the cull sows were different (P < 0.01) between 
parities. Longissimus muscle area generally increased 
from parity 1 to 5 (44.8 cm2 to 47.8 cm2) and then pla-
teaued (Table 4). 

Cull sow backfat, longissimus muscle area, longis-
simus muscle depth and BCS were different (P < 0.01) 
between culling codes. Sows culled from the breeding 
herd for BC and L had less (P < 0.01) backfat when 
compared to sows having other on-farm culling codes 
(1.83 cm and 2.04 cm vs. 2.47 cm to 2.85 cm, respec-
tively). The BC culling code had the smallest (P < 0.01) 
longissimus muscle area (41.2 cm2), longissimus muscle 
depth (4.91 cm) and lowest (P < 0.05) body condition 
score (2.37). Sows culled for L had a lower (P < 0.05) 
BCS than G, P or R sows. The R culling code had the 
greatest (P < 0.01) BCS. 

Backfat, longissimus muscle area and longissimus 
muscle depth were different (P < 0.01) between body 
condition scores from the cull sows evaluated in this 
study. With each increase in body condition score, back- 
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Table 4. Body composition trait LS MEANS by parity, culling code and body condition score for 923 cull sowsǂ evaluated at 
two US midwestern harvest facilities. 

 Parity  

Trait 1 2 3 4 5 6 7 8 9 10 P-value

Backfat, cm 2.61 2.54 2.65 2.22 2.56 2.59 2.53 2.35 2.65 2.63 0.21 

LMAf, cm2 44.8a 45.3ab 46.3abc 45.6abc 47.8bcd 48.0cd 49.2d 47.1bcd 47.0abcd 47.7bcd 0.01 

LMDg, cm 5.26a 5.29ab 5.30ab 5.27ab 5.53bc 5.58c 5.73c 5.51bc 5.53bc 5.61c 0.01 

BCSh 2.98 2.99 2.98 2.71 2.89 2.87 2.94 2.80 2.85 2.85 0.29 

 Culling Codei  

 BC G L O P R P-value     

Backfat, cm 1.83a 2.60b 2.04a 2.62bc 2.47b 2.85c 0.01     

LMA, cm2 41.2a 47.2bc 46.5b 47.0bc 46.3b 48.8c 0.01     

LMD, cm 4.91a 5.53bc 5.37b 5.47bc 5.44bc 5.60c 0.01     

BCS 2.37a 2.92c 2.60b 2.78bc 2.86c 3.09d 0.01     

 Body Condition Score  

 1 2 3 4 5 P-value      

Backfat, cm 1.07a 1.76b 2.71c 3.64d 4.68e 0.01      

LMA, cm2 35.2a 43.2b 48.9c 51.8d 54.4d 0.01      

LMD, cm 4.19a 5.13b 5.70c 5.84d 6.01cd 0.01      

ǂSows were from eight farms within one integrated U.S. pork production system and harvested at two midwestern sow harvest facilities. abcdeRow means with 
different subscripts differ (P < 0.05). fLMA = Longissimus muscle area. gLMD = Longissimus muscle depth. hBCS = Body condition score (possible range 1 to 
5, Patience and Thacker, 1989). iBC = body condition, G = old age, L = lameness, O = other, P = poor litter performance, R = reproductive failure. 

 
fat increased (P < 0.01). Longissimus muscle area in-
creased (P < 0.01) from body condition score 1 to 4, but 
not 4 to 5 (P = 0.19).   

Regression coefficients for longissimus muscle area 
and depth were different (P < 0.05) from zero for lifetime 
pigs born alive (−0.12 and −1.02, respectively) and pigs 
per sow per year (−0.49 and −1.54, respectively). The 
regression coefficients for BCS, backfat, longissimus 
muscle area and longissimus muscle depth for weaning 
to culling interval were positive and different (P < 0.05) 
from zero (4.57, 4.65, 0.44 and 3.26, respectively). 

3.7. Production Data 

Lifetime pigs born alive, pigs per litter, pigs born alive in 
last litter, non-productive days per parity, weaning to 
culling interval, and pigs per sow per year differed (P < 
0.05) between parities and culling codes from the cull 
sows evaluated in this study. 

Lifetime pigs born alive increased (P < 0.01) as parity 
increased. Among the sows evaluated, pigs per litter 
were lower (P < 0.05) in parity 10 when compared to 
parities 1, 3, 4 and 5 (10.2 vs. 11.1, 11.3, 11.1, and 11.0, 
respectively). When evaluating the production records 
from the cull sows in the present study, pigs born alive in 

the last litter varied from 11.8 in parity 4 to 8.3 in parity 
10. Non-productive days per parity generally decreased 
with increasing parity, ranging from 51.2 d in parity 2 to 
27.2 d in parity 9. Pigs per sow per year was lower (P < 
0.05) in parities 1 and 2 when compared to other parities 
(24.3 and 23.9 vs. 26.2 to 27.5, respectively).  

Sows culled for G had greater (P < 0.01) lifetime pigs 
born alive when compared to the other 5 culling codes 
(86.5 vs. 38.8 to 49.8, respectively). Sows culled for R 
tended (P < 0.10) to have the fewest lifetime pigs born 
alive (38.8). Females culled for P had the fewest (P < 
0.01) pigs born alive in last litter (8.4) when compared to 
the other 5 culling codes. Sows culled for G had fewer (P < 
0.01) pigs born alive in last litter when compared to the 
BC, L and R culling codes (9.5 vs. 10.6, 10.8 and 10.7, 
respectively). The R culling code had greater (P < 0.01) 
non-productive days per parity when compared to sows 
from the other five culling codes (48.5 d vs. 30.5 to 40.7 
d). Culling codes O and R had the fewest pigs per sow 
per year (24.8 and 24.8, respectively). However, assum-
ing each sows’ first farrowing was at one year of age and 
adding 60 days to herd life to account for gilt develop-
ment, pigs per sow per year was greatest (P < 0.01) in the 
G culling code (25.8) and lowest (P < 0.01) in the R cul-

Copyright © 2012 SciRes.                                                                                OJVM 



M. KNAUER  ET  AL. 145

ling code (21.7).  
Culling code information by parity from the sows 

evaluated in this study is presented in Table 5. Repro-
ductive failure was the most common culling code in 
parities 1 to 5 (66.1%, 58.1%, 52.7%, 39.4% and 37.7%, 
respectively). Sows not detected in estrus (no heat) was 
the most frequent farm culling code in parity 1 (41.1%) 
and did not conceive most common in parities 2 to 5 
(39.2%, 36.5%, 25.4%, and 27.4%, respectively). Body 
condition was the second most frequent culling code in 
parities 1 to 3 (11.3%, 12.2%, and 16.2%, respectively). 
In parities 6 to 10, G was the most common culling code 
(30.1%, 60.4%, 71.0%, 81.7% and 86.6%, respectively).  

Front missing dew claws, front feet abscesses, perito-
nitis and shoulder abscesses were found in 2/908 (0.2%), 
7/903 (0.7%), 16/895 (1.7%) and 3/920 (0.3%) of sows, 
respectively. Due to the relatively low incidence rate in 
each of these conditions they were not further evaluated. 

4. Discussion 

4.1. Feet Lesions 

The probability for front and rear heel lesions was asso-
ciated with increased parity. These findings are in gree- 
ment with Brooks et al. [10] who reported heel lesions 
increased with increasing sow age.  

Multiple factors are thought to influence heel lesions. 
Gjein and Larssen [8] suggest foot lesions may increase 
as body weight increases in older parities. This is sup-
ported by Lindemann et al. [11] who reported foot le-
sions were positively correlated with body weight in 
nursery pigs. In the present study, front heel lesions were 
associated with fewer days from weaning to culling. 
These results are supported by Gjein and Larssen [12] 
who reported the proportion of claw lesions decreased 
from the first to second month after farrowing. This sug-
gests that front heel lesions may resolve during gestation.  

Perhaps floor quality influenced feet and leg injuries. A 
study by MAFF [13] revealed concrete floors that were 
too slippery or too rough caused injuries in gestating 
sows. With concrete that was too slippery, sows tended 
to show swollen tendons, whereas with rough concrete, 
sows often exhibited abrasions on the pressure points of 
the feet. The same study reported foot problems with 
concrete slats having rough edges or slats set too wide 
apart. Gjein and Larssen [8] observed wet floors with 
accumulation of manure were associated with increased 
heel lesions.  

Early parity sows had a greater likelihood for the 
presence of front cracked hooves. This could be ex-
plained at least in part by biotin deficiency. Studies have 
shown corn-based diets to be a good source of biotin, but 
deficiencies contributing to cracked hooves have been 
demonstrated in studies utilizing diets based on cereal 
grains other than corn [10,14]. In the current study, corn 
based diets were fed indicating that any biotin deficiency 
would have had to occur because of low sow feed intake 
either in gestation, lactation or both. However, feed in-
take information was not available in the present study so 
it is not possible to determine whether a biotin deficiency 
occurred. Simmins and Brooks [14] suggest a young, 
immature sow may be more likely to enter biotin defi-
ciency at certain times in the breeding cycle (such as 
lactation) and hence, more prone to cracked hooves.  

Facilities are another factor that can affect cracked 
hooves. Although facilities were similar in the present 
study, different gestation housing and flooring systems 
have shown to result in cracked hooves differences 
among the breeding animals. On concrete, sows housed 
in stalls generally have fewer rear cracked hooves when 
compared to sows housed in loose housing systems [15]. 
Comparing sows housed in concrete stalls or in deep lit- 
ter bedding, the latter has been shown to produce fewer 
foot lesions on sows housed in this manner [12]. 

 
Table 5. Culling code information by parity for 923 cull sowsǂ evaluated at two US midwestern harvest facilities. 

 Parity 

Culling code 1 2 3 4 5 6 7 8 9 10 

 n = 124 n = 74 n = 74 n = 71 n = 106 n = 113 n = 101 n = 100 n = 93 n = 67

Body condition, % 11.3 (2)a 12.2 (2) 16.2 (2) 14.1 (3) 8.5 (6) 10.6 (4) 5.9 (4) 9.0 (2) 4.3 (3) 7.5 (2)

Old age, % 1.6 (6) 1.4 (6) 2.7 (5) 5.6 (6) 12.3 (4) 30.1 (1) 60.4 (1) 71.0 (1) 81.7 (1) 86.6 (1)

Lameness, % 10.5 (3) 10.8 (3) 14.9 (3) 21.1 (2) 14.2 (3) 8.0 (5) 5.9 (4) 5.0 (4) 1.1 (6) 0.0 (5)

Other, % 4.8 (5) 10.8 (3) 10.8 (4) 9.9 (4) 9.4 (5) 7.1 (6) 6.9 (3) 4.0 (5) 2.2 (4) 0.0 (5)

Poor litter performance, % 5.7 (4) 6.8 (5) 2.7 (5) 9.9 (4) 17.9 (2) 21.2 (3) 3.0 (6) 2.0 (6) 2.2 (4) 3.0 (3)

Reproductive failure, % 66.1 (1) 58.1 (1) 52.7 (1) 39.4 (1) 37.7 (1) 23.0 (2) 17.8 (2) 9.0 (2) 8.6 (2) 3.0 (3)

ǂSows were from eight farms within one integrated US pork production system and harvested at two midwestern sow harvest facilities. aCulling code rank 
within parity. 
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Increased front cracked hooves appeared to be associ-

ated with the L culling code in the present study. This 
association is supported by Simmins and Brooks [14] 
who observed infected side-wall cracks often led to 
lameness. Perhaps mitigating cracked hooves would help 
prevent lameness among breeding herd females. 

The probability for the presence of front and rear digi-
tal overgrowth among cull sows increased as parity in-
creased. It has been postulated that pastern angle de-
creases as the sow gets older [16], which may reduce 
hoof wear. Rear pastern angles are smaller than front 
pasterns [16] which may contribute to the greater inci-
dence for rear digital overgrowth when compared to 
overgrown front hooves (or toes) in the present study. 
Flooring and nutrition have been reported to be associ-
ated with overgrown hooves. Newton et al. [17] and 
MAFF [13] reported that pigs housed on plastic slats had 
a greater overgrown toe incidence when compared to 
pigs housed on concrete slats. Nutritionally, Jørgensen 
and Sørensen [18] reported sows reared on higher feed-
ing levels during gilt development experienced longer 
dew claws.  

In the current study, cull sows without rear digital 
overgrowth had greater pigs born alive in their last litter 
and exhibited a trend for increased pigs per sow per year 
(P = 0.06) when compared to sows with overgrown rear 
toes. The explanation may be that sows with rear digital 
overgrowth spend less time feeding in lactation and eat 
less feed [19] which can reduce subsequent reproductive 
performance. Decreased lactation feed intake is known to 
reduce subsequent litter size [20] and increase wean-
ing-to-conception interval [21]. 

4.2. Shoulder Lesions 

The probability for shoulder abrasions among cull sows 
generally increased as parity increased. In agreement 
with the present findings, Davies et al. [22] found shoul-
der lesion incidence increased as parity increased. In the 
current study, sows with shoulder abrasions tended (P = 
0.07) to have fewer lifetime pigs born alive. In contrast, 
Davies et al. [22] found no association between shoulder 
lesions and total number born. In the present study, sows 
with shoulder abrasions averaged fewer days from 
weaning to culling than sows without shoulder abrasions. 
Davies et al. [22] reported that shoulder lesions devel-
oped during lactation and healed rapidly during the fol-
lowing gestation. The occurrence of shoulder lesions is 
believed to be a multifactorial event affecting post-par- 
turient sows [22]. Environmental factors including poor 
body condition, reduced activity level, lameness, moist 
skin, soiling of the floor and flooring type have been ob-
served to increase the risk of shoulder lesions [5,22,23]. 

4.3. Reproductive Tracts 

The likelihood that cull sows had normal appearing ova-
ries did not differ between culling codes. Sows culled for 
R had an 86.2% probability of having grossly normal 
ovaries. In contrast, Dalin et al. [24] and Einarsson et al. 
[25] reported that the percentage of sows with normal 
ovaries but were culled for reproductive reasons (69.4% 
and 52.6%, respectively) was lower than in the present 
study. The underlying reasons sows have normal appear-
ing ovaries but are culled from the breeding herd for re-
productive failure are unknown. It is possible that this 
occurrence can be explained by variation in breeding 
management or stockmanship [26], poor estrous symp-
toms [27], genetic lines [28], or other reasons.  

When compared to the present study, Heinonen et al. 
[4] reported a greater prevalence of acyclic ovaries from 
cull sows (25.1%). Einarsson et al. [25] and Dalin et al. 
[24] reported that sows culled for reproductive disorders 
had an acyclic ovary incidence of 24.7% and 17.0%, re-
spectively. These values are greater than the likelihood of 
acyclic ovaries from sows culled for reproductive reasons 
in the current study (6.6%). In the present study, weaning 
to culling interval was shorter for sows with acyclic ova-
ries when compared to sows without acyclic ovaries. 
These results may be influenced by sows culled during or 
immediately after lactation. This is supported by Einars-
son et al. [25] who reported 69% of sows harvested dur-
ing weeks 1 to 3 of lactation and 97% of sows harvested 
day 0 or 1 post-weaning were acyclic.  

Cull sows with cystic ovaries when harvested did not 
differ between parities in the present study. Castagna et 
al. [29] reported numerical, but not significant differ-
ences for cystic ovary presence between first litter and 
multiparous sows (1.0% vs. 2.6%) in an on-farm study 
using a real-time transcutaneous ultrasound. The same 
study reported sows with cystic ovaries had greater re-
turns to estrus following insemination (34.0% vs. 7.7%) 
and lower farrowing rates (52.2% vs. 90.0%) when 
compared to sows without cystic ovaries. Similarly, Wa-
berski et al. [30] reported that a greater percentage of 
sows with cystic ovaries had failed to conceive following 
insemination (14.6% vs. 5.2%) and lower farrowing rate 
(62.8% vs. 83.7%) when compared to sows without cys-
tic ovaries. The same study reported sows with ovarian 
cysts or cyst-like structures were more likely to be culled 
(9.6% vs. 2.9%) when compared to sows without ovarian 
cysts. 

Cull sows that were pregnant at harvest tended to have 
fewer pigs born alive in their last litter when compared to 
sows that were not pregnant at harvest. Perhaps farm 
managers attempted to cull the least productive sows 
when exceeding breeding targets. However, there was no 
difference in lifetime pigs born alive between pregnant 
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and non-pregnant sows in the present study. This sug-
gests sows should not be culled based on single litter 
performance. Walker et al. [31] reported litter size has a 
low repeatability (r = 0.14) providing further evidence 
sows should not be cullied based on performance from 
one litter. 

4.4. Respiratory Systems 

In comparison to the present study, lung lesion presence 
in cull sows has been previously reported to be greater 
(21%) by Ritter et al. [5] and even greater in market pigs 
[32,33] (75.0% and 79.5%, respectively). In the present 
study, the presence of lesions on the lungs from cull sows 
tended to be associated with increased lifetime pigs born 
alive and pigs per sow per year. Therefore, high produc-
ing females appear to be more susceptible to lungs le-
sions. Sows with lung lesions (greater than 10% lung 
involvement) may be identifiable as they were culled 
earlier post-weaning when compared to sows culled with 
no or few lung lesions. Knauer et al. [34] reported the 
presence of lung lesions was greater in cull sows with 
poor body condition. Thus maintaining proper sow body 
condition may mitigate the presence of lung lesions in 
high producing females. 

4.5. Teeth Evaluation 

Cull sows having severe teeth wear when compared to 
cull sows without teeth wear tended to have fewer pigs 
born alive in the litter prior to culling and had fewer pigs 
per sow per year. These results support the findings from 
Sekiguchi and Koketsu [35] who reported females with a 
high frequency of vacuum chewing during gestation 
produced fewer total number born (11.7 vs. 12.6) and 
tended to have fewer pigs born alive (10.6 vs. 11.3) when 
compared to those that did not vacuum chew. Perhaps the 
present results indicate severe teeth wear, when corrected 
for parity, is an indication of stress due its association 
with poor reproductive performance. Other studies have 
reported that stressors reduce reproductive performance 
[36,37]. High ambient temperatures have been reported 
to decrease embryonic survival after fertilization [36]. 
Hemsworth et al. [37] reported farms with timid sows 
were associated with lower total pigs per sow per year 
when compared to those farms without timid sows. In 
that study, the authors defined timid as the time sows 
took to resume feeding after hand contact from the ex-
perimenter.   

Cull sows in parities 1 and 2 had fewer top teeth and 
cull sows in parity 1 had fewer bottom teeth when com-
pared to sows that were culled at other parities. These 
results are supported by Pond and Mersmann [38] who 
report pigs’ full permanent dentition is acquired when 
they are approximately 18 months of age (parity 1 and 

parity 2). 

4.6. Body Condition and Composition 

Body condition and backfat were not different between 
parities in the present study. In contrast, Gjein and Lars-
sen [15] and Bonde et al. [23] reported older sows were 
in better body condition than younger sows. One differ-
ence between the two studies was that sows were housed 
in gestation stalls in the present study and in gestation 
pens in the Gjein and Larssen [15] and Bonde et al. [23] 
studies. Gestation stalls typically allow for greater indi-
vidual sow feed management when compared to group 
gestation sow pens. It is possible that the relatively 
widespread gestation stall use in the present study ex-
plains the consistent sow body condition observed across 
parities. 

Sows culled for L were leaner and had poorer body 
condition than G, P and R sows. These results are sup-
ported by Bonde et al. [23] who observed severely lame 
sows were often in poorer body condition. Serenius et al. 
[39] reported skeletal locomotion had a negative genetic 
correlation with lean percentage in Landrace (−0.31) and 
Large White (−0.24) gilts. This correlation suggests lean 
gilts may be predisposed to lameness. However, selecting 
gilts with good structural conformation, feeding sows to 
an appropriate body condition and providing them with 
good care are management strategies to mitigate loco-
motor or lameness problems. In the current study, R sows 
had the heaviest body condition. These sows likely gain- 
ed body condition from additional days on feed from 
weaning until culling.  

Both backfat and longissimus muscle area increased as 
BCS increased from the cull sows evaluated in the pre-
sent study. However, backfat had a greater impact on 
distinguishing body condition scores 4 and 5 when com-
pared to longissimus muscle area. Collectively these re-
sults suggest muscling explains more variation in thinner 
cull sows in comparison to overly fat cull sows. 

Lifetime pigs born alive and pigs per sow per year in-
creased as longissimus muscle area and depth at culling 
decreased among the cull sows evaluated in this study. 
Perhaps sows producing fewer lifetime pigs born alive 
and pigs per sow per year were able to maintain higher 
body protein stores due to reduced production. Tarrés et 
al. [40] reported maternal Duroc gilts that had loin 
depths greater than 5.0 cm at first farrowing tended to 
have poorer length of productive life than sows with less 
muscle. Holm et al. [41] reported negative genetic corre-
lations between lean meat content in gilts and parity 1 
and 2 number born alive (−0.12 and −0.24, respectively) 
in the Norwegian Landrace sow population. In the pre-
sent study, body condition score, backfat, longissimus 
muscle area and longissimus muscle depth increased as 
the number of days between weaning to culling interval 
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increased for the cull sows evaluated. This suggests sows 
gained body condition from weaning their last litter until 
they were culled. 

4.7. Production Data 

Sows culled at parities 1, 3, 4 and 5 had more pigs per 
litter compared to sows culled at parity 10. These results 
are in agreement with Rodriguez-Zas et al. [42]. Non- 
productive days per parity and weaning to culling inter-
val decreased as parity increased. These results are sup-
ported by Dagorn and Aumaitre [43] who found weaning 
to mating interval and weaning to culling interval de-
creased as parity increased. Pigs per sow per year was 
poorest in parities 1 and 2. These results are supported by 
Lucia et al. [44] who reported pigs weaned per day per 
mated female increased as parity increased. Hence, the 
inefficiencies from sows culled in early parities appears 
costly to the production system. 

Sows culled for R tended to have the fewest lifetime 
pigs born alive (38.8) when compared to other culling 
codes in the present study. These results are supported by 
Lucia et al. [45] who reported sows culled for reproduc-
tive failure had the lowest lifetime pigs born alive. The R 
culling code had the most non-productive days per parity 
(48.5 d) which is agreement with Lucia et al. [45].  

Reproductive failure was the most common culling 
code in parities 1 to 5 among the sows culled in the pre-
sent study. This is in agreement with several other stu- 
dies where reproductive failure was the most frequently 
reported culling reason in early parities [45-47]. Within 
the reproductive failure category, females not showing 
estrus appears to be a larger problem among gilts than 
sows [4,48] and younger than older sows [46]. The cur-
rent study reported anestrous the most common reason 
parity 1 females were culled but in parities 2 to 5 sows 
the most common removal reason was did not conceive. 
Serenius et al. [49] reported first farrowing interval to be 
lowly heritable (0.10 to 0.11) indicating the majority of 
variation in rebreeding is due to environmental factors. 
Identifying and correcting suboptimal farm specific fer-
tility factors offers an opportunity to improve culling for 
reproductive failure and hence, sow lifetime productivity. 

Old age was the most common culling code in parities 
6 and greater. These results are in agreement with several 
other studies that reported old age was the most common 
culling code in higher parities [45-47]. When culling for 
productivity does not occur, the natural life span for 
swine has been estimated to be 12 to 15 years of age [38]. 
Sows culled younger than their natural life span should 
be culled for reproductive failure, poor litter performance, 
or some other productivity reason rather than being 
culled for old age in order to better understand the rea-
sons high parity sows are removed from the breeding 
herd. 
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