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Introduction

 The morphometry of the leg bones in artiodactyls is a 
common tool in order to study their history and evolution 
as well as, to investigate their  potential role in pathological 
conditions of the extremities [4, 12, 15].  Metapodial bone 
study on these species can be a great help since they are 
usually well conserved in archaeological excavations and 
their measurement allows for recovery of some parameters 
we need to characterize a population, such as the evaluation 
of the size of the animal [6].

Furthermore, the osteological examination of these 
bones can reveal differences within and between species. For 
example, Rowley-Conwy [11] used distal metacarpal and 
distal and proximal metatarsal measurements to differentiate 
sheep and goat from excavated bones. Metapodial bones were 
also widely used for the determination of changes in size and 
other morphological properties during the domestication 
process [3,14, 16].

Davis [4] measured the bones of adult female Shetland 
sheep skeletons and provided a useful data set for male, 
females and castrates. 

Guintard and Lallemand [6] recorded the measurements 
of the metapodial bones in 34 ovine breeds. The authors 
claimed that the metapodial measurements of their study 
showed a great homogeneity. Onar et al. [9] provided a 
dataset measurements of both ovine and caprine metapodials 
unearthed from eastern Anatolia. Vann and Grimm [13] 

studied ovine metapodial bones from the late 18th to 19th 
centuries, excavated from southern Britain. An extensive and 
well documented assessment of the reliability of the criteria 
used to identify postcranial bones in sheep and goats has 
been published by Zeder and Lapham [17].

The Karagouniko sheep originates from Central Greece 
and is mainly raised in the region of Thessaly. It is a typical 
lowland breed of thin-tailed mixed-wool type. These sheep 
are distinguished for their relatively high milk production 
and adaptation to marginal conditions [8]. On the other 
hand the Hellenic goat is the main breed which is raised in 
Greece. It is an indigenous breed which is also called Capra 
prisca [1].

The objective of the study was to publish a set of sheep 
and goat metapodial measurements in order to facilitate 
comparisons with other ovine and caprine measurements 
and to help the interpretation of metrical data. In this study 
the metapodial bones of a Greek sheep breed “Karagouniko” 
and a Greek  goat breed were used. The recorded data will 
add information on the profile of the metrical parameters of 
both the sheep and goat.

Material and Methods 

The distal extremities of the limbs from 30 female ewes 
and 30 female goats aged more than 2 years (median age 
3.7 years) based on the number of permanent incisors teeth 
were used in the study. The samples were collected from a 
slaughterhouse and immediately identified (fore-hind limb) 
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and grouped according to the animal. Consequently, the 60 
metacarpal and 60 metatarsal bones from each species were 
prepared for study by successive boiling, cleaning, degreasing, 
washing, and drying.  A total of 17 linear measurements 
(fig.1) were performed at each bone with the aid of caliper.

GL: Greatest length [5]
Bp: Width of proximal end [5]
Dp: Depth of proximal end [5]
d: Mid-shaft width of diaphysis [6]
e: Mid-shaft depth of diaphysis [6]
SD: Smallest width of diaphysis [5]
DD: Smallest depth of diaphysis [5]
Bd: Width of distal end [5]
Dd: Depth of distal end [5]
Be: Greatest width of metaphysic [6]
De: Greatest depth of metaphysic [6]
DIM: Antero-posterior diameter of the internal trochlea of the medial 

condyle [3]
DEM: Antero-posterior diameter of the external trochlea of the medial 

condyle [3]
DIL: Antero-posterior diameter of the internal trochlea of the lateral 

condyle [3]
DEL: Antero-posterior diameter of the external trochlea of the lateral 

condyle [3]
WCM: Medio-lateral width of the medial condyle [3]
WCL: Medio-lateral width of the lateral condyle [3]

 

Also, the ratios d/GL according to Guintard and 
Lallemand [6], SD/GL (slenderness index) according to 
Boessneck et al. [2] and the metapodial (metacarpal and 
metatarsal) DEM/Dd index according to Hillson [7] were 
calculated. 

The data was analyzed using the statistical software 
MedCalc version 9.0. Paired samples t-test was run for 
the comparison of the data obtained between for each 
measurement between the left and the right  metapodials  as 
well as for the comparison of the slenderness and metapodial 
indexes between metacarpal and metatarsal bones within 
each animal species. Independent samples t-test was used for 
the comparison of these indexes between sheep and goats. 
In order to evaluate whether the slenderness and metapodial 
indexes can be used for the differentiation of metacarpal and 
metatarsal bones between sheep and goats, the optimal cut-
off values for these parameters yielding the highest sum of 

diagnostic sensitivity (DSn) and diagnostic specificity (DSp), 
the area under the curve (AUC, an indicator of test accuracy) 
and its 95% confidence interval (CI) were determined by 
receiver operating characteristic (ROC) analysis using [13]. 
A significance level of P≤0.05 was used in all comparisons.

Results 

The mean values of the osteometric data of the sheep 
and goat examined in this study, as well as the Standard 
Deviation (SD) and the Coefficient of Variation (CV) are 
given in tables I, II, III and IV. No significant difference was 
observed between left and right metapodials (P<0.05; data 
non shown), so 60 metacarpals and 60 metatarsals for each 
species were used for the osteometric data analysis. 

In sheep metacarpals at the present study, the largest 
variation was recorded for SD (CV: 8.27) and the lowest one 
(CV: 3.17) for the WCM measurement. Similarly, in sheep 
metatarsals the lowest variation was also recorded in WCM 
(CV: 3.32) but the highest one in DD (CV: 6.41). In goat 
metapodials, the maximum variation was detected in DEL 
in both metacarpals (CV: 9.32) and metatarsals (CV: 6.47) 
and lowest one in metacarpal Dp (CV: 3.43) and metatarsal 
Bp (CV:3.54). 

In sheep, the average metacarpal (DEM/Dd) index was 
significantly higher than the metatarsal one (mean±SE: 
67.61±0.41% and 62.69±0.52% for metacarpi and metatarsi 
respectively; P<0.05). However, no significant difference was 
observed between metacarpal and metacarpal index in goats 
(mean±SE: 57.92±0.76% and 57.56±0.62% for metacarpi and 
metatarsi, respectively; P>0.05). 

Furthermore, according to ROC analysis the optimum 
cut-off point for metacarpal index for the differentiation 
of these bones between sheep and goats was 61.99%. The 
corresponding value of DSn and DSp for this cut-off point 
was 100% and 100% respectively (AUC: 1.000, 95% CI: 0.940 
– 1.000). The optimum cut-off point for the metatarsal index 
was 59.44% with DSn and DSp 93.33% and 93.33% (AUC: 
0.978, 95% CI: 0.901 – 0.997).

 In both sheep and goats the metapodial slenderness 
index (SD/GLx100) was significantly higher (P<0.05) in 
metacarpal and metatarsal bones at the present study (Table 
v). Significant differences (P<0.05) were also recorded in 
both metacarpal and metatarsal bones between sheep and 
goats (Table v). ROC analysis revealed that slenderness index 
of metacarpal and metatarsal bones can also be used for 
the differentiation between sheep and goats. The optimum 
cut-off point for metacarpal bones was 12.36% (DSn: 100%, 
DSp: 100%, AUC: 1.000, 95% CI: 0.969 – 1.000) whereas for 
metatarsal was 9.53% (DSn: 100%, DSp: 100%, AUC: 1.000, 
95% CI: 0.969 – 1.000). 

Figure 1: Morphometric measurements of the Karagouniko sheep and 
Hellenic goat metapodials. Views of the left metacarpus: A) Dorsal, B) 
Proximal, C) Medial, D) Distal.
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Measurement Mean SD 95% CI CV 
GL 149.71 7.08 145.63-153.80 4.73
Bp 27.09 1.83 26.03-28.15 6.77
Dp 19.63 0.93 19.09-20.16 4.71
d 16.71 1.33 15.94-17.48 7.99
e 12.28 0.55 11.96-12.59 4.44

SD 16.06 1.33 15.29-16.83 8.27
DD 11.59 0.67 11.20-11.97 5.75
Bd 29.01 1.08 28.38-29.63 3.74
Dd 18.79 1.00 18.22-19.36 5.31
Be 29.58 1.16 28.91-30.25 3.91
De 15.25 0.61 14.90-15.60 3.99

DIM 15.76 0.87 15.26-16.27 5.52
DEM 12.71 0.75 12.27-13.14 5.92
DIL 15.80 0.93 15.26-16.34 5.87
DEL 12.12 0.84 11.64-12.61 6.96

WCM 13.61 0.43 13.37-13.86 3.17
WCL 12.94 0.65 12.56-13.31 5.03

DEM/Dd % 67.61 1.53 66.73-68.49 2.26
SD/GL % 10.75 1.08 10.12-11.38 10.08
d/GL % 11.19 1.10 10.56-11.82 9.85

Table I: Mean, standard deviation (SD), 95% confidence interval (95% CI) and coefficient of variation (CV) for the dimensions (mm) of the 60 ovine 
metacarpal bones used in the study.

Measurement Mean SD 95% CI CV 
GL 161.57 9.01 156.37-166.77 5.58
Bp 23.96 1.35 23.18-24.75 5.64
Dp 24.34 1.07 23.72-24.95 4.40
d 14.59 0.86 14.10-15.09 5.89
e 13.47 0.83 12.99-13.95 6.12

SD 14.01 0.78 13.57-14.46 5.55
DD 12.52 0.80 12.06-12.99 6.41
Bd 27.69 1.02 17.10-28.28 3.69
Dd 18.83 0.88 18.32-19.33 4.65
Be 27.36 0.94 26.82-27.91 3.44
De 15.89 0.86 15.40-16.39 5.40

DIM 15.58 0.72 15.16-16.00 4.64
DEM 11.84 0.67 11.45-12.23 5.69
DIL 15.46 0.72 15.04-15.87 4.65
DEL 11.31 0.46 11.05-11.58 4.03

WCM 12.71 0.42 12.46-12.95 3.32
WCL 12.08 0.51 11.79-12.38 4.20

DEM/Dd % 62.89 1.94 61.77-64.02 3.09
SD/GL % 8.70 0.72 8.29-9.12 8.30
d/GL % 9.06 0.76 8.62-9.50 8.44

Table II: Mean, standard deviation (SD), 95% confidence interval (95% CI) and coefficient of variation (CV) for the dimensions (mm) of the 60 ovine 
metatarsal bones used in the study
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Measurement Mean SD 95% CI CV 
GL 119.50 6.47 115.40-123.62 5.41
Bp 26.85 1.10 26.15-27.55 4.09
Dp 18.18 0.62 17.78-18.57 3.43
d 17.78 0.89 17.22-18.34 5.00
e 11.62 0.61 11.23-12.00 5.25

SD 17.03 1.00 16.40-17.67 5.87
DD 10.92 0.69 10.48-11.36 6.34
Bd 29.76 1.49 28.82-30.70 5.00
Dd 18.03 0.80 17.52-18.53 4.44
Be 29.93 1.32 29.09-30.76 4.41
De 14.57 0.92 13.99-15.15 6.32

DIM 14.61 0.81 14.10-15.12 5.51
DEM 10.44 0.69 10.00-10.88 6.62
DIL 14.77 0.84 14.24-15.30 5.66
DEL 10.02 0.93 9.42-10.61 9.32

WCM 13.86 0.65 13.44-14.27 4.71
WCL 13.38 0.75 12.91-13.86 5.57

DEM/Dd % 57.92 2.62 58.25-59.59 4.53
SD/GL % 14.26 0.50 13.94-14.58 3.53
d/GL % 14.89 0.50 14.57-15.21 3.39

Table III: Mean, standard deviation (SD), 95% confidence interval (95% CI) and coefficient of variation (CV) for the dimensions (mm) of the 60 caprine 
metacarpal bones used in the study.

Measurement Mean SD 95% CI CV 
GL 126.74 5.86 123.02-130.46 4.62
Bp 22.10 0.78 21.60-22.60 3.54
Dp 20.33 0.78 19.84-20.83 3.83
d 14.62 0.80 14.11-15.12 5.46
e 12.12 0.64 11.71-12.52 5.26

SD 13.92 0.70 13.48-14.37 5.01
DD 10.88 0.65 10.47-11.29 5.94
Bd 26.56 0.95 25.95-27.16 3.59
Dd 17.34 0.78 16.84-17.84 4.51
Be 26.57 1.09 25.88-27.26 4.09
De 14.88 0.77 14.39-15.36 5.17

DIM 14.02 0.71 13.57-14.47 5.03
DEM 9.98 0.62 9.59-10.38 6.20
DIL 14.10 0.75 13.62-14.58 5.31
DEL 10.02 0.65 9.61-10.43 6.47

WCM 12.54 0.52 12.21-12.87 4.14
WCL 11.64 0.46 11.35-11.94 3.97

DEM/Dd % 57.56 2.14 56.19-58.92 3.72
SD/GL % 11.00 0.51 10.67-11.32 4.67
d/GL % 11.55 0.72 11.09-12.01 6.26

Table IV: Mean, standard deviation (SD), 95% confidence interval (95% CI) and coefficient of variation (CV) for the dimensions (mm) of the 60 caprine 
metatarsal bones used in the study.
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Discussion

The distribution of the coefficient of variation in 
metapodial measurements of sheep and goat bones has been 
reported to provide useful data for breed determination 
[6,10], for the differentiation between males and females in a 
given species and also for the differentiation of close related 
species [10].

The low variability observed in both species was somehow 
expected taking into consideration the uniformity of the 
animals used in the study.

Hillson [7] suggested the metapodial (DEM/Dd) index as 
a useful tool for the differentiation of sheep and goat bones 
since their values differ significantly. Guintard and Lallemand 
[6] calculated the DEM/Dd index in their ovine metapodial 
samples.  In accordance to their observations, both the 
metacarpal (DEM/Dd) index (mean±SE: 67.61±0.41% and 
57.92±0.76% for sheep and goats respectively; P<0.05) and 
metatarsal (DEM/Dd) index (mean ±SE: 62.69±0.52% and 
57.56±0.62% for sheep and goats respectively; P<0.05) in 
goats was significantly higher compared to sheep   at the 
present study.

The metapodial slenderness index (SD/GLx100) which is 
important for skeletal constitution evaluations has been used 
to separate slender individuals from more corpulent ones 
[3,16] and provides a useful tool for the assessment of the 
animal’s morphology.

Guintard and Lallemand [6] used Bp of the metacarpals 
as a proxy for size, categorizing breeds as “heavy” (greater 
than 27mm) or “light” (less than 27mm) and the GL for 
characterizing them as “tall” (greater than 135mm) or 
“short” (less than 135mm). Based on the data obtained at the 
present study, the “Karagouniko” sheep although cannot be 
categorized either heavy or light since the mean Bp of the 
metacarpals is 27.09 mm, can be definitely characterized as 
tall since the mean  GL is 149.71 cm.

Conclusions

The main purpose of this study has been to publish a set 
of standard parameters of Karagouniko sheep and Hellenic 
goat metapodial bones. These breeds belong to two important 
local breeds of the Mediterranean basin that have not been 
influenced by the Anglo-Saxon ones in terms of breeding since 

the 19th century and their morphotypes are certainly close 
to those that can be found on ancient archaeological sites. 
The presented standard measurements showed an important 
homogeneity. These osteometric features add information 
which could be useful to various scientific disciplines, 
such as comparative anatomy, taxonomy, biomechanical 
engineering, as well as zooarchaeology and palaeontology. 
However, further work of this kind needs to be done, based 
upon larger samples and with different breeds.  
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