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Background: In this study, the total volume of the thoracic segments of the spinal
cord and volume densities of grey matter and white matter were examined by
using stereological methods in adult geese having a weight of 3-4 kg.
Materials and methods: Ten geese were used as material without sex discrimi-
nation. All animals were perfused with 10% formaldehyde. In addition, after
perfusion, the geese were kept in 10% formaldehyde for 1 week. Afterwards,
thoracic spine was removed and thoracic part of spinal cord was excised. 5 um
thick sections were taken from these tissue samples by microtome. The cross-
sectional series were obtained by sampling from each segment at 250" section.
Twelve sections were taken from tissue specimens of every segment. The sections
were stained by using haematoxylin-eosin and photographed on a microscope.
Results: By using the Cavalieri's Principle, the volume densities (volume fractions)
of thoracic segments of spinal cord, volume of white matter, and volume of grey
matter in segments were calculated.

Conclusions: In the study, total volume of the thoracic segment, volume of white
matter, and the volume of grey matter, and the ratio of these volume values to
each other were calculated. The SHTEREOM 1.0 software was used for calculating
the volume of section specimens. (Folia Morphol 2019; 78, 1: 145-152)
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INTRODUCTION

Stereology is a technique used, not only in biolog-
ical research, for three-dimentional interpretation of
two-dimentional images [25, 27, 30]. Unlike biased
methods used in morphometric studies, new stereo-
logical methods are “unbiased” [17]. The “efficiency”
principle is as much important as the “unbiased”
principle in stereological methods [17]. Efficiency
can be defined as reaching reliable results in a short
time. This principle is based on “Systematic Random
Sampling” (SRS) performed for the structures that
need to be basically examined under separated com-
ponents in such sampling, all components of that

structure are allowed to be sampled with probability
sampling [17, 29]. Many various methods are used
to calcuate total volumes of organs or structures
or count components [8, 11, 14, 20, 30]. The Cav-
alieri's method is commonly used in stereology to
calculate total volume [12, 13, 17]. This method can
be applied to calculate the volume of any structure
having distinguishable borders macroscopically or at
microscopic magnifications regardless of their correla-
tions with their surrounding structures [12, 17]. It is
a frequently preferred method in the stereology to
calculate the areas of cross-section images by using
a point grid [25]. After counting the total area of
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projections of the examined area in cross-sections,
the total volume is calculated by multiplying with the
mean thickness of cross-section used to obtain total
area value, slices or cross-sections [7, 11]. The spinal
cord (SQ) is a part of the central nervous system that
controls the voluntary muscles of the limbs and trunk
and receives sensory information from these regions.
It also controls most of viscera and blood vessels of
thorax, abdomen, and pelvis. The cord is made up of
a series of segmental components, but it is actually
a continuous cylinder of central nervous tissue in adults.
The SC occupies most of the cross-sectional area of
grey and white matters [10]. The geese belong to the
subfamily Anserinae of the family Anatidae from the
order Anseriformes of the class Aves [1]. Following
the literature review in the study, it was determined
that there was a limited number of anatomical stud-
ies on morphology of the SC of geese and there was
no stereological studies on this subject. The purpose
of this study conducted on thoracic segments from
the SC of adult geese was to determine grey matter,
white matter, and total volume values of thoracic
segments. Cavalieri's Principle was used to determine
these values. The volume calculations on SC was
important because of the lack of volume studies on
nervous system of poultry. The obtained volumes and
reference findings were determined and presented as
original article to contribute to the global knowledge
inventory. The aim of this study was to provide basic
data for anatomical, histological, stereological and
neurobiological studies conducted towards nervous
systems of birds.

MATERIALS AND METHODS

Final report of the research project detailed was
approved by Van Yuzuncu Yil University Animal Re-
searches Local Ethic Committee in the session held on
09/29/2016 (Decision Number 2016/09). In this study,
10 healty 1-year-old geese having a weight of 3-4 kg
were used as material without sex discrimination.
Geese were obtained from poultry breeders in Van
region. Anaesthesia was applied to them by ketamine
hydrochloride (50 mg/kg IP) at anatomy laboratory [2].
For the fixation of the materials, 10% buffered for-
maldehyde solution was used by perfusion tech-
nique in intracardiac method. The geese were kept
in 10% formaldehyde for 1 week. Soft tissues around
the vertebral column were removed. There were
9 thoracic spinal segments in geese. Thoracic spinal
segments were separated from other parts of SC.
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Figure 1. Shtereom 1.0 programme.

Figure 2. Tissue specimen of the thoracic spinal segment of geese
(x4 objective magnification).

A pilot study was conducted to determine the number
of animals, sections, and sampling. It was determined
that SHTEREOM 1.0 Package programme was ade-
quate for this method (Fig. 1) [12]. 5 um thick tissue
sections were cut. Averagely, 12 cross-sections were
taken from the thoracic segment of the SC of each
animal. Sampling was performed systematically and
randomly at the ratio of 1/250 by starting from a ran-
dom one among the first 15 cross-sections and taking
following every 250t cross-section. The sections were
stained using haematoxylin-eosin staining method and
closed by lamellas [19]. The stained sections were pho-
tographed at x4 objective magnification (Figs. 2, 3).
The estimation process was performed using Shtere-
om 1.0 programme [24]. By using the point field scale
at x4 magnification, surface and volume of white
matter, grey matter, and total volume of thoracic
segment of geese were estimated (Fig. 1). The number
of points were used as volume value of segments [17].
In this study, there is no cross-gender comparison in
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Figure 3. Tissue specimen of the thoracic spinal segment of geese
(x4 magnification).

order to expand the field of study. It will be useful to
conduct a study aiming to compare gender-related
volume values in thoracic segments.

RESULTS

When mean volume values of thoracic segment
were examined, it was observed that the highest
value belonged to the first segment (3.753 mm?3).
This value decreased beginning from the segment T2
and the values of the segments T5 and T6 were the
lowest ones. While this value was 2.585 mm? for the
segment T5, it was 2.500 mm? for the segment T6.
An increase was determined again for mean values of
thoracic volume as from the segment T7. This value
increased to 3.008 mm? in the segment T9 (Table 1).
When the white matter values of the thoracic seg-
ment were examined, the first thoracic segment had
the highest mean value (2.343 mm?). Mean volume
value of the white matter was identified to be 2.139,
2.091, and 2.039 mm? for the segments T2, T3, and
T4. A decrease was revealed in the segments T2, T3,
and T4 in terms of the white matter values. While the
decrease in the value continued also in the segments
T5 and T6, a distinct increase was observed in the
segment T7. This value was calculated as 2.089 mm?3
in the segment T8; whereas, it was 2.110 mm?3 in the
segment T7. It was observed that the mean volume
value of the white matter in the segment T9 was
2.190 mm? and this value increased in the segment
T9. The segment T6 had the lowest value in terms of
the white matter volume (1.184 mm?) (Table 2). When
mean volume values of grey matter in the thoracic
segments of geese were examined, it was found that
the segment T1 had the highest value (0.943 mm?3).
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While mean volume values of the grey matter de-
creased in the segments T2, T3, and T4, the lowest val-
ue was 0.587 mm? and belonged to the segment T5.
This value showed a certain increase in this value from
the segment T6 to T8. This value was 0.706 mm?3 in the
segment T9 (Table 2). When tables of the grey matter/
/the white matter ratio were examined, the highest mean
ratio was 0.392% and belonged to the segment T1.
This value decreased in the segments T2, T3, and T4
and increased to 0.366% in the segment T4. This value
decreased to 0.332% in the segment T5. The ratio of
the grey matter to the white matter increased in the
segment T6 and decreased again in the segment T7.
While this value was 0.358% for the segment T8, it
was measured as 0.333% for the segment T9. The
lowest the grey matter/the white matter ratio was
0.332% and belong to the segment T5 (Table 2).
As the white matter/the thoracic SC volume ratio was
examined, the highest mean value belonged to the
segment T9 and was measured as 0.739%. The lowest
value was 0.639% and increased from the segment
T1 to the segment T7. While this value was 0.659%
in the segment T2, it was 0.734% in the segment T7.
Although the white matter/the thoracic SC volume
ratio decreased in the segment T8, this value increased
again in the segment T9 (Table 1). When the thoracic
segments were examined in terms of the grey matter/
the thoracic SC volume ratio, the segment T6 had
the highest volume ratio (0.258%). This value was
followed by the segment T8 (0.257%). The lowest
volume ratio belonged to the segment T5 (0.237%);
whereas, volume ratio of the segment T1 was 0.246%.
While this value of the segment T1 decreased in the
segments T2 and T3, it increased in the segment T4
(Table 1). The newest and unique methods of stereo-
logical examinations were applied on thoracic SCs of
geese. It was hoped that this study may be a reference
study for other anatomical and stereological studies
at neuroanatomy on birds. This study was aimed to
obtain the basic data about the thoracic segments for
neuroanatomy on the poultry. The upper limit for coef-
ficient of error (CE) and coefficient of variation (CV) is
0.05and 0.10, respectively [12-15]. Values at Tables 3
and 4 and these limits indicate that the study has
a sufficient precision for a typical stereological design.
The values calculated at the Tables 3 and 4 showed
that the numbers of animals were sufficient for this
stereological study. All values of CE under 0.05 and
all values of CV were under 0.10.
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Table 1. Volume values of the thoracic spinal cord of geese (VVSC) (mm3), Volume ratios of the white matter/the spinal cord in the
thoracic spinal segments of geese (WM/SC) (%), Volume ratios of the grey matter/the spinal cord in the thoracic spinal segments of

geese (GM/SC) (%)
Number of Number of animal
segment G1 G2 G3 G4 G5 G6 67 G8 G3  GI0  Means
T WSC 3208 5230 4272 3532 2975 2291 3568 2398 5577 4483 3753
WW/SC 0702 0506 0550 0646 069 0692 0640 0755 0653 0.557  0.639
GM/SC 0198 0261 0225 0225 0210 0268 0257 0236 0297 0286 0.246
T2 WSC 4922 4737 3395 3462 3361 2347 2750 2477 1890 4173 3.351
WM/SC 0458 0624 0694 0658 0674 0678 0744 0723 0768 0573  0.659
GM/SC 0222 0232 0183 0238 0211 0264 0279 0244 0281 0295 0.244
T3 WSC 3.492 2570 4,097 4,570 3.343 2.582 2232 3.693 2.506 2.158 3.124
WW/SC 0709 0734 0618 0614 0678 0673 068 0618 0773 0673 0.677
GM/SC 0228 0216 0184 0326 0195 0233 0260 0247 0220 0296 0.240
T4 WSC 3473 2551 3096 4992 2496 2847 2115 3393 2407 2433 2980
WM/SC 0724 0702 0803 0564 0697 0681 0675 0592 0756 0757 0.695
GM/SC 0223 0204 0184 0340 0231 0251 0279 0277 0210 0286 0.248
T5 WSC 3507 2891 3201 2413 2666 2538  1.881 2550 2658 1548 2585
WW/SC 0576 0780 0762 0755 0725 0730 0693 0747 0728 0682 0717
GM/SC 0199 0181 0199 0246 0216 0211 0285 0240 0230 0365 0.237
T6 WSC 2878 3212 2930 2462 2436 2867 2297 1767 2393 1765 2500
WW/SC 0628 0746 085 0722 0770 0742 0723 0702 0757 0.681 0.732
GM/SC 0236 0215 0270 0299 0222 0217 0255 0299 0247 0323 0.258
T WSC 2905 2893 3318 3505 2658 2862 2203 4106 2077 2433  2.896
WM/SC 0696 0777 0850 0679 0762 0721 0676 0625 0735 0824 0734
GM/SC 0235 0243 0278 0197 0237 0215 0278 0255 0275 0275 0.248
T8 WSC 3.482 2.038 3.440 3.527 2617 2.725 5.036 1.980 2.900 1.512 2.925
WW/SC 0750 0789 0809 0678 0709 0724 0600 0733 0738 0.694 0722
GM/SC 0196 0311 0257 0195 0212 0256 0256 0258 0271 0361  0.257
T9 WSC 4897 1973 3467 3975 3372 2795 2191 1997 3638 1.776  3.081
WM/SC 0656 0932 0844 0616 0774 0695 0671 0738 0777 0692 0739
GM/SC 0222 0273 0265 0.198 0.188 0252 0282 0261 0196 0293 0.243
Statistical analysis DISCUSSION

In this study, Duncan test was used for statisti-
cal analysis. When volume values of the thoracic SC
were examined statistically, there was no significant
difference between the segments ranging from the
segment T1 to the segment T9 (Table 5). It was found
that there was no statistically significant difference
between the segments T1, T2, T3, T4, T5, 76, T7, T8,
and T9 in terms of volume values of the white matter
(Table 5). When volume ratios of the grey matter were
examined statistically, it was determined that there
was no difference between the segments T2, T3, T4,
T7, T8, and T9; whereas, a statistically difference was
observed between the segment T1 and the segments
T2, T3, T4. P < 0.01 and p < 0.05 were found to be
positively correlated with live weights of animals at
T3 and T4 segments, respectively (Table 6).
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In the study conducted by Begiim et al. [3], on the
SC, they segmented the SC along with the vertebral
column and then decalcified it. In a study conducted
on poultry from the breed leghorn [4], it was report-
ed that segmentation of the SC was not necessary
before decalcification and it could be decalcified as
a whole. In the present study, the SC was removed
by removing arcus vertebrae from vertebral column.
Vertebral column was also used as a guide for the
segmentation of the SC. In the present study, it was
determined that the thoracic area, a part of the SC,
could be segmented under the guidance of verte-
bral column in geese without using decalcification
method. The studies [6, 9, 10] have reported that the
number of the thoracic vertebrae is 9 in duck, 9 in
goose, and 7 in chicken, pigeon and, quails. In a study
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Table 2. Volume values of the white matter of the thoracic spinal segments of geese (VWWM) (mm?), Volume values of the grey mat-
ter of the thoracic spinal segments of geese (VWGM) (mm?), Volume ratios of the grey matter/the white matter in the thoracic spinal
segments of geese (GM/WM) (%)

Number of Number of animal
segment G1 G2 G3 G4 G5 G6 G7 G8 G9 G10  Means
T WWM 2253 2651 2350 2282 2071 1587 2285 1811 3643 2500  2.343
WGM 0637 1368 0963 0798 0625 0616 0918 0566 1657 1283  0.943
GMWM 0282 0516 0409 0349 0301 0388 0401 0312 0454 0513  0.392
T2 WWM 2257 2960 2357 2278 2266 1502 2048 1791 1453 2393 2.139
WGM 1097 1102 0622 0827 0711 0621 0768 0606 0532 1233 0811
GM/WM 0486 0392 0263 0363 0313 0390 0375 0338 0366 0515  0.380
T3 WWM 2476 1887 2533 2807 2268 1740 1531 2285 1938 1453  2.091
WGM 0798 0560 0757 1493 0653 0603 0581 0915 0553 0640  0.755
GMWM 0322 0294 0298 0531 0287 0346 0379 0400 0285 0440  0.358
T4 WWM 2516 1791 2487 2820 1741 1940 1428 2012 1820 1843  2.039
WGM 0775 0521 0572 1702 0577 0715 0592 0943 0507 0696  0.760
GMWM 0308 0290 0229 0603 0331 0368 0414 0468 0278 0377  0.366
T5 WWM 2022 2256 2440 1823 1935 1853 1305 1906 1936  1.057  1.853
WGM 0698 0526 0637 0595 0577 0517 0537 0612 0612 0566 0587
GMWM 0345 0233 0261 0326 0298 0279 0411 0321 0316 0535  0.332
T6 WWM 1808 2398 2503 1780 1876 2128 1661 1242 1812 1203 1841
WGM 0680 0693 0792 0737 0542 0623 0587 0530 0593 0571  0.634
GMWM 0376 0288 0316 0414 0288 0292 0353 0426 0327 0474  0.355
17 WWM 2022 2248 2822 2381 2027 2065 1491 2570 1528 2006  2.116
WGM 0683 0705 0925 0691 0631 0617 0613 1051 0573 0671 0716
GMWM 0338 0313 0327 0290 0309 0298 0411 0408 0375 0334  0.340
T8 WWM 2613 1610 2783 2392 1856 1973 3026 1453 2142  1.050  2.089
WGM 0685 0635 0887 0690 0556 0700 1293 0511 0787 0546  0.729
GMWM 0262 0394 0318 0288 0299 0354 0427 0351 0367 0520  0.358
79 WWM 3216 1860 2843 2450 2610 1943 1472 1475 2827 1230 2190
WGM 1092 0540 0920 0788 0636 0706 0618 0523 0716 0522 0706

GMWM 0339 0293 0323 0321 0243 0363 0419 0354 0251 0424 0333

Table 3. The values of coefficient of variation (CV) of thoracic Table 4. The values of coefficient of error (CE) for the whole
segments of geese segment, the white and grey matter
Segment Total White Grey Animal Total volume White matter Grey matter
numbers cv matter CV matter CV numbers CE volume CE volume CE
T 0.2828 0.2299 0.3780 G1 0.0201 0.0242 0.0407
T2 0.2885 0.0200 0.2883 G2 0.0221 0.0253 0.0407
T3 0.2530 0.2046 0.3578 G3 0.0203 0.0231 0.0434
T4 0.2643 0.2015 0.4568 G4 0.0203 0.0244 0.0389
T5 0.2095 0.2079 0.0896 G5 0.0220 0.0256 0.0456
T6 0.1834 0.2197 0.1303 G6 0.0204 0.0268 0.0448
T 0.2023 0.1866 0.2010 G7 0.0233 0.0278 0.0433
T8 0.3278 0.2835 0.2978 G8 0.0231 0.0273 0.0439
T9 0.3249 0.2979 0.2489 G9 0.0225 0.0257 0.0439
G10 0.0245 0.0297 0.0430
Mean CE 0.0218 0.0259 0.0428
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Table 5. Statistical analysis of volume values of whole thoracic segment of spinal cord (SC), white matter (WM) and grey matter
(GM) (mean + standard deviation) and values of GM/WM, WM/CS, GM/CS in the geese

Goose thoracic Goose thoracic Goose thoracic Goose thoracic rate  Goose thoracic rate  Goose thoracic rate
SC volume WM volume GM volume of GM/WM of WIWI/SC of GIVI/SC
T 3.753 = 0.354 2.343 = 0.175 0.943 = 0.119° 0.393 + 0.026 0.640 + 0.025° 0.246 = 0.010
T2 3.351 = 0.322 2.140 = 0.139 0.812 + 0.078* 0.380 + 0.024 0.659 + 0.029> 0.245 = 0.01
T3 3.124 + 0.264 2.092 +0.143 0.755 + 0.090* 0.358 + 0.025 0.678 + 0.017* 0241 = 0.014
T4 2.980 + 0.264 2.040 = 0.136 0.760 = 0.113% 0.367 + 0.034 0.695 = 0.023%*¢ 0.249 = 0.015
T5 2.585 +0.181 1.853 = 0.129 0.588 + 0.018 0.333 + 0.027 0.718 = 0.018* 0.237 = 0.017
T6 2501 = 0.153 1.841 = 0.135 0.635 + 0.028 0.355 + 0.021 0.733 = 0.019° 0.258 = 0.012
T7 2.896 = 0.195 2.116 = 0.132 0.716 = 0.048® 0.340 = 0.014 0.735 = 0.022° 0.249 = 0.009
T8 2926 + 0.320 2.090 = 0.197 0.729 + 0.072® 0.358 = 0.024 0.722 = 0.019® 0.257 = 0.016
T9 3.008 + 0.326 2191 £ 0.218 0.706 + 0.059* 0.333 +0.019 0.740 + 0.030° 0.243 = 0.012
P 0.069 0.462 0.097 0.692 0.018 0.969
abcThe difference between the averages expressed in different letters in the same column is significant
a, b, c — means in the same column followed by different letters are different by the Duncan test (p < 0.05).
Table 6. Spearman correlation coefficients between weight and thoracal segments.
T T2 13 T4 15 T6 T T8 T9 Weight
T 1
T2 0.183 1
T3 -0.316 0.093 1
T4 -0.304 0.141 0.845** 1
T5 -0.023 0.272 0.496 0.264 1
T6 0.183 0.347 0.120 0.047 0.699* 1
7 -0.487 0.053 0.760% 0.693* 0.318 -0.058 1
T8 -0.1M -0.176 0.141 0.088 0.087 0.234 -0.224 1
T9 -0.0M 0.140 0.551 0.494 0.663* 0.397 0.021 0.392 1
Weight 0.144 0.402 0.780** 0.7113* 0.606 0.567 0.430 0.287 0.605 1

*p < 0.05; **p < 0.01

on morphological characteristics of the SCin chicken,
pigeon, and duck, it was stated that the number of
the thoracic segments was 6 in pigeon, 7 in chicken,
and 8 in duck [16]. Likewise the previous studies,
the present study also revealed the presence of
9 thoracic vertebrae in geese. Areas and area ratios of
cross-section of the white matter and the grey matter
in lumbal segments of the SC were represented as
a parameter in morphometric studies on horse [5, 26],
donkey [21], ape [28], human [18], and rat [22]. The
present study revealed morphometric and stereologi-
cal results by calculating the total volume of thoracic
segments, the white matter volume, the grey matter
volume and their volume ratios among geese. In the
study by Haziroglu et al. [16], it was determined that
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area values of the segment C4 in chicken and duck
were larger compared to the other segments and the
white matter/the grey matter ratio of the segment C1
was lower than the other segments. When the grey
matter/the white matter volume ratio of the thoracic
segments was examined in the present study, it was
found that while the highest value belonged to the
segment T1, the segment T5 had the lowest ratio.
Rahmanifar et al. [23] reported that the thoracic
part had the minimum amount of the grey matter
in adult ostrich. Similar to the results of the study by
Rahmanifar et al. [23]; even though volume values
of the grey matter of the thoracic segments in geese
were generally low in the present study, mean volume
value of the white matter was higher compared to
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the grey matter. In a study on poultry [4], the cervical
enlargement was stated to be composed of C13, C14,
C15, and T1 and T2. The present study also revealed
that the segments T1 and T2 involved in the forma-
tion of the cervical enlargement area. In a study by
Haziroglu et al. [16], it was explained that the cervical
enlargement was shaped by the segments C13, C14,
C15, T1 and T2 in chicken, the segments C12, C13,
C14, C15, T1 and T2 in duck, and the segments C11,
C12,C13,T1 and T2 in pigeon. In the present study. it
was determined that the segments T1 and T2 involved
in the formation of the cervical enlargement.

CONCLUSIONS

In conclusion, it was determined that all segments,
the grey matter and the white matter showed differ-
ences between the thoracic segments of the SC in
terms of volume values and these differences caused
statistically significant results. It was revealed that it
was possible to calculate volumes of the grey matter
and white matter in the thoracic part of the SC in
geese from poultry by using stereological methods
and more correct data could be obtained using phys-
ical dissector method while making all these calcu-
lations. It was also found that the sampling method
used in the present study might remain insufficient
to calculate parameters such as volume and number
concerning whole SC as used for the thoracic part of
the SC and it was needed to determine a sampling
strategy for each segment as in the present study. It
was thought that repeating the available studies, on
the segment of the poultry evaluated with previous
methods, within the scope of stereological meth-
ods would make contribution to the science. The
requirement of CE of 10% or below in calculation
of the volume values using Cavalieri's principle is
accepted as an important parameter in terms of the
reliability of the study [12, 15]. In the present study,
CE was evaluated individually for calculations of total
segment volume, the grey matter volume and, white
matter volume and this value reported was reliable. As
aresult, it was seen that total volume of the thoracic
segment was the highest at first thoracic segment.
And the white matter of the thoracic segment had
the highest volume at first thoracic segment. Also,
volume of the grey matter was the highest at first
thoracic segment. It was shown that total volume of
the thoracic segment, volume of the white matter,
and the grey matter were parallel at the first thoracic
segment. The lowest volume of the thoracic segment
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was observed at sixth thoracic segment. The white
matter had the lowest volume value at sixth thoracic
segment. But the lowest volume of the grey matter
was observed at fifth segment. Upon the literature
review, any data about stereological study could not
be found. So, there was no reference literature about
stereological study on the thoracic segments of geese.
This study revealed volume values of the white and
grey matters and total volume of the thoracic SC of
geese by using the Cavalieri’s Principle, which is the
last stereological and morphometric method. We
believe that the results of this study may be used
as a reference data. It was especially determined
that stereological data, obtained as a result of the
study, made a significant contribution to calculation
of volume values of the area by evaluating these
data within themselves. In this study, there was no
gender comparison in order not to expand the field
of study. It would be useful to conduct a study aiming
to compare gender-related volume values of thoracic
segments.
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