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INTRODUCTION 
CT scanners are available in some countries for scanning small and medium sized animals, 
providing excellent opportunities for breeders of meat sheep. Young et al. (1999) showed that 
near perfect predictions of lean weight and fat weight in the carcass could be obtained for live 
sheep by using live weight and tissue areas from three CT scans as predictors (R2 > 96 %). 
Jones et al. (2002) further showed that good in vivo measures of muscularity could be derived 
using measurements taken on the same CT scans. Estimates of phenotypic correlations 
between the CT and carcass measures of muscularity were in the range of 0.45 to 0.60. 
Measures of muscularity are of interest as a method to quantifying the shape of a carcass 
objectively and independently of fatness. However in the past, measures could only be 
obtained by dissecting the carcass (Waldron et al., 1992), and thus could not be incorporated 
easily into selection programs. The findings of Jones et al. (2002) provide a means of 
overcoming this problem. 
Due to the high cost associated with CT scanning, it is only likely to be cost effective as part of 
a two-stage selection program, where a subset of animals are CT scanned following a 
screening of the larger population using less costly methods. Ultrasound measurements of 
muscle (UMD) and fat depths (UFD) and live weight at scanning (SLW) are routinely 
recorded on farm as part of breeding programs for sheep and therefore are ideally suited for the 
initial screening. 
For a suitable selection program to be developed, genetic parameters for the different CT 
measures are required. Whilst the CT and carcass measures of tissue weight can be considered 
as the same traits, the same is not true for the measures of muscularity. The aim of this study 
was to obtain a consistent set of genetic parameters for CT measures of composition and 
muscularity, carcass measures of muscularity, live weight and ultrasound measurements for 
Suffolk sheep that could be used to develop a selection program. 
 
MATERIALS AND METHODS 
Data for the study were obtained from two sources.  
Data set 1. Live weight and ultrasound records (at approximately 150 days of age) collected 
between 1990 and 1999 as part of the Suffolk Sire Referencing Scheme (SRS) for the Suffolk 
breed in the UK, were available. Between 1997 and 1999, 980 lambs from this scheme were 
also CT scanned (one-fifth in 1997 and two fifths in each of 1998 and 1999). CT scanning was 
done within two weeks of the ultrasound scanning. The CT scans taken included a longitudinal 
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scan of the body and three cross-sectional scans, through the 8th thoracic vertebra (TV8), 5th 
lumbar vertebra (LV5) and the ischium bone (ISC), as described by Young et al. (1999). 

CT image analysis was performed using the STAR 
software, which was developed jointly by BioSS and 
SAC. Weights of lean (LEAN) and fat (FAT) in the 
carcass were predicted using the approach of Young 
et al. (1999). Linear measurements of spine length 
(SPL) were taken on the longitudinal scans, and of 
longissimus dorsi (LD) depth on the LV5 scan (BCT). 
Thigh length (L), width (W) and popliteal fat 
thickness (P) were measured on the ISC scan as 
defined in Plate 1. Three CT measures of muscularity 
described by Jones et al. (2002) were derived ; these 
were for the loin (BSPLCT) = (BCT/SPL)*10, the hind 
leg (WPLCT) =((W-P)/L)*10, and whole carcass (TMSPLCT) = (√(LEAN/SPL3))*100

Plate 1. Measurements ta
the ischium CT scan. 

L 

P

 
Data set 2. None of the lambs in data set 1 were slaughtered, therefore data set 2 w
obtain estimates of correlations with the dissection measures of muscularity. Data ar
trial in 1997 involving 50 male and 50 female lambs from the SAC Suffolk flock. O
the lambs were slaughtered at each of 14, 18 and 22 and two fifths at 26 weeks o
lambs were ultrasound and CT scanned 24-72 hours prior to slaughter. Three CT m
muscularity were derived, as described above. Three dissection measures were der
measurements taken on the left side of the carcass. These were for the loin (BSL) =
hind leg (3MFL) = (√(3M/FL3))*10, and whole carcass (TMSL) = (√(TM/SL3))*100
B is LD depth at the 12th rib (mm) ; SL and FL are carcass side and femur length re
(cm) ; 3M is the combined weight (g) of the semitendinosus, semimembran
gluteobiceps muscles dissected from the hind leg ; TM is twice the total weight of 
side (kg). Jones et al. (2002) provides further details about these carcass measures.  
 
Statistical Analyses. A mixed-linear animal model was fitted to describe the CT, l
and ultrasound measures. The fixed effects were contemporary group (combined 
flock, year, birth season, sex, and management group), litter size reared and dam a
scanning (CT or ultrasound as appropriate) was included as a linear covariate, alon
random effects of animal and residual. All genetic analyses were conducted using 
(Gilmour et al., 1998). Pedigree information included a total of 67 961 animals, of w
were directly related to lambs with CT information.  
Dissection measures of muscularity were considered solely as selection objectives,
only genetic correlations between them and the other traits were required 
development. Since the number of lambs in data set 2 was insufficient for genetic
phenotypic correlations obtained with the dissection measures were used as approxi
the genetic estimates. The phenotypic estimates were taken as the correlation between
after fitting the effect of sex and a linear regression on age. Genetic variances for the
measures of muscularity were obtained using phenotypic estimates and by 
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heritabilities to be 0.05 higher than that estimated for the corresponding CT measure in the 
genetic analysis.  

When tested, the genetic and residual covariance matrices for the traits were found to be non-
positive definite. Modified, positive definite matrices were obtained by setting negative 
eigenvalues to be 1X10-5, and then multiplying the eigenvectors of the original matrix by the 
new vector of eigenvalues. 
 
RESULTS AND DISCUSSION  Table 1. Summary statistics 

for the in vivo measures 
 

 Mean CV%  
Ultrasound data  
N. lambs 49595 
Age (days) 148  
SLW (kg) 56.6 10.9 
UMD (mm)  30.4 8.8 
UFD (mm)  3.7 33.0 

CT data  
N. lambs † 944 
Age (days) 160  
Predictions   
LEAN (kg) 13.03 9.6 
FAT (kg) 6.27 22.0 
Muscularity    
BSPLCT 6.72 8.9 
WPLCT 6.09 8.9 
TMSPLCT 9.19 5.0 
† mean live weight 53.4 kg  

A summary of the data used in the genetic analyses is 
shown in table 1. Means and CV for the dissection 
measures from the phenotypic analysis were 5.71 and 
9.3 % respectively, for BSL, 4.12 and 4.9 % for 3MFL, 
7.20 and 3.6 % for TMSL. 
Genetic parameters obtained from the modified covariance 
matrices are shown in table 2. Heritability estimates for 
each of the traits were moderate to high (0.30-0.46). 
Estimates for the dissection measures of muscularity were 
similar to those of Waldron et al. (1992). 
Correlations of predicted lean weight with UMD and 
predicted fat weight with UFD were high, as were those 
between both tissue weights and SLW. The estimates were 
similar to those reported in the literature for actual carcass 
measures of lean and fat weights (see Simm et al., 1987).  
Each of the CT and dissection measures of muscularity 
were positively associated with UMD and lean weight, 
whilst genetic correlations with fatness measures (UFD 
and FAT) were low relative to their standard errors, and 
frequently not significantly different from zero. 
Correlations between the CT and dissection measures of 
muscularity were all positive, but highest between the 
corresponding measures. 
These results suggest that measures of muscularity could be incorporated into a selection 
program that included increasing lean weight and reducing fat weight amongst its selection 
objectives, without large detrimental effects on current responses. Given the parameters 
reported here, small correlated improvements in muscularity would be expected by simply 
selecting for increased lean weight. However, higher responses could be achieved by including 
muscularity in the selection objective and directly selecting on the CT measures. Correlations 
between the different dissection measures of muscularity were positive but not high. This 
implies that if improving muscularity in different parts of the carcass is considered important, 
more than one measure (e.g. loin and leg) may need to be included amongst the selection 
objectives, and consequently more than one CT measure used as selection criteria. 
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CONCLUSION 
The results of this study show that CT can be used to improve selection responses in changing 
carcass composition, and also can be used to select for improved muscularity. The parameters 
reported here can now be used to develop selection programs that make best use of this 
technology. 
 
Table 2. Estimates of genetic parameters † 
 

SLW UMD UFD LEAN FAT BSPLCT WPLCT TMSPLCT BSL 3MFL TMSL 

SLW 0.30 
(0.01) 

0.55 0.50 0.91 0.85 0.33 0.30 0.34 NR NR NR 

UMD 0.41 
(0.02) 

0.32 
(0.01) 

0.31 0.48 0.40 0.57 0.30 0.33 NR NR NR 

UFD 0.42 
(0.02) 

0.23 
(0.03) 

0.35 
(0.01) 

0.25 0.60 0.18 0.13 0.10 NR NR NR 

LEAN 0.92 
(0.03) 

0.53 
(0.09) 

0.14 
(0.11) 

0.45 
(0.09) 

0.64 0.34 0.23 0.39 NR NR NR 

FAT 0.70 
(0.06) 

0.31 
(0.12) 

0.64 
(0.08) 

0.46 
(0.14) 

0.41 
(0.09) 

0.28 0.16 0.16 NR NR NR 

BSPLCT 0.23 
(0.14) 

0.89 
(0.07) 

0.17 
(0.14) 

0.31 
(0.18) 

0.28 
(0.19) 

0.37 
(0.10) 

0.27 0.55 NR NR NR 

WPLCT 0.22 
(0.14) 

0.21 
(0.13) 

-0.07 
(0.14) 

0.30 
(0.17) 

-0.13 
(0.18) 

0.17 
(0.20) 

0.40 
(0.09) 

0.19 NR NR NR 

TMSPLCT 0.47 
(0.14) 

0.51 
(0.13) 

-0.06 
(0.16) 

0.54 
(0.17) 

0.10 
(0.22) 

0.54 
(0.15) 

0.34 
(0.20) 

0.35 
(0.10) 

NR NR NR 

BSL 0.19 0.41 -0.03 0.28 0.01 0.44 0.33 0.33 0.42 NR NR 
3MFL 0.33 0.38 0.12 0.38 0.15 0.39 0.58 0.27 0.21 0.46 NR 
TMSL 0.20 0.43 -0.05 0.32 -0.03 0.37 0.39 0.44 0.55 0.44 0.36 
† Heritabilities (s.e.) on the diagonal, phenotypic and genetic correlations above and below the diagonal respectively. 
Standard errors for phenotypic correlation are all less than 0.04 
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