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Abstract 

In this study volume density of gray and white matter of cervical segments of spinal cords of rats were investigated 

using stereological method. Twelve male Wistar albino rats were used in the study as two different age groups 1 

month and 5 months. All animals were fixed by perfusing 10% buffered formalin. Rats were dissected and spinal 

cords of rats were removed. In the study cervical segments of 1 and 5 months age rats were obtained. One of the 

first 15 section were selected randomly when the sections were taken. And following every 50th section was 

determined by systematic random sampling. Thus, 8-10 sections of 5µm thickness were obtained from cervical 

segments of each animal’s medulla spinalis. These sections were stained by hemotoxylin eosin and they were 

photographed at microscope. Densities of volumes of all tissue of cervical segments of whole spinal cord and white 

and gray matters were calculated using dotted area ruler by Cavalieri Principle. SHTEREOM 1.5 package 

programme was used for counting dotted area. In addition, the volume vales of total cervical segment, volume 
values of the white matter and the gray matter and the ratios of these volume values to each other were evaluated 

in the study. 
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Bir Aylık ve Beş Aylık Erkek Ratlarda Medulla Spinalis’in Servikal 

Segmenti Üzerine Yapılan Morfolojik ve Stereolojik Bir Çalışma 
 

 

Öz 

Bu çalışmada ratlarda medulla spinalis’in servikal bölümünün ak ve gri madde ve tüm dokunun hacim yoğunlukları 
stereolojik yöntem kullanılarak araştırıldı. Materyal olarak 1 aylık ve 5 aylık olmak üzere iki farklı yaş grubundan 

altışar adet erkek Wistar Albino ırkı ratlar kullanıldı. Materyaller % 10’luk tamponlu formaldehitle perfüze 

edilerek tespit edildi. Daha sonra ratlar diseke edildi ve medulla spinalis’leri açığa çıkarıldı. Çalışmada 1 aylık ve 

5 aylık ratların medulla spinalis’lerinin cervical bölümlerinden segmentler elde edildi. Kesitler alınırken ilk 15 

kesit arasından rasgele bir tanesi seçildi. Onu takip eden her 50.kesit sistematik rasgele örnekleme yöntemiyle 

belirlendi. Böylelikle bir hayvanın medulla spinalis’inin cervical segment’inden 5µm kalınlığında 8-10 kesit 

alındı. Bu kesitler hematoksilen eosin boyama tekniği ile boyanarak mikroskop altında fotoğraflandı. Cavalieri 

Prensibi kullanılarak noktalı alan cetveli sayesinde medulla spinalis’in cervical bölümünün her bir segmentinde 

tüm dokunun, ak madde ve gri madde kısımlarının hacim yoğunlukları hesaplandı. Noktalı alan sayımı için 

SHTEREOM 1.5 paket programı kullanıldı. Ayrıca araştırmada cervical segmentin tüm hacminin, ak madde ve 

gri madde hacim değerleri ve bu hacim değerlerinin birbirlerine oranları hesaplanarak değerlendirildi.  
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1. Introduction 

 

1.1. Rat 
 

Rats, generally being active at nights, are the mostly preferred animal group in biomedical studies 

because they easily adapt to laboratory setting where they live in, are easy to raise, can be reproduced 
into a large number in a short time, and have small physical structures [1, 2]. 

 

1.2. Spine 

 
Spine is a multifunctional organ that has support and motional function, also undertakes the duty to 

protect spinal cord found in it and spinal roots separating from spinal cord [3, 4]. The spine starts with 

atlas, which is the first cervical vertebrae, and continues until the last sacral vertebrae. It is studied under 
five different parts. These parts are cervical, thoracic, lumbar, sacral, and caudal parts [5-7]. 

 

1.3. Spinal cord (SC) 

 

The part of central nervous system in vertebral canal is spinal cord [8]. The spinal cord originates from 

spinal cord bulb at the level of foramen magnum without showing a macroscopic borderline and 

terminates with conus medullaris [6]. Even though spinal cord is cylindrical, this cylindrical structure 
can not maintain this shape throughout its all length. It has two distinct extensions in two separate 

regions including lumbar and cervical parts [3, 7]. Cervical enlargement is an extention in cervical 

region, lumbal enlargement is an extention region in lumbal part [7]. Cervical enlargement forms by 
involvement of C6-7-8 and T1-2 segments in all domestic mammals (except for pig), C5-6-7-8 and T1 

in human and pork [6]. The spinal cord is divided into five parts including cervical, thoracic, lumbar, 

sacral, and caudal parts [3].  

 

1.4. White and Grey Matters 

 

Two areas, grey and white matter, are distinguished from cross section surfaces of spinal cord. While 
grey matter (GM) is the central part of spinal cord and is the butterfly or H-like here, white matter (WM) 

is located outside grey matter and surrounds it and appears in lighter color [3, 9]. The grey matter is 

centrally located in spinal cord. Its all sides is surrounded by white matter central canal is located in the 
middle of grey matter. This canal proceeding along the length of spinal cord terminates by opening to 

back to end of  fourth ventricle [10]. The white matter generates outer part of spinal cord. It appears 

white due to excessive myelinated fibers. It is composed of a great number of glial cells [3, 10]. 

 

1.5. Stereology 

 

Stereology is a discipline which is open to interpretation about concrete three dimensional characteristics 
of three dimensional objects thanks to data obtained from their two dimensional cross section images or 

projections (volume, length, area, particle number, etc.) as well as including a chain of objective methods 

[11, 12]. One of essential conditions required to increase reliability of data in biological studies 
conducted is to correctly carry out the sampling stage. Sequential random sampling method is 

implemented separately in every stage of stereological study including sampling of the tissue which is 

planned to studied (tissue sampling), histological cross sectioning (section sampling), and examination 

of these cross sections under microscope (area sampling) [13-17]. Owing to stereological studies, quality 
and accuracy of numerical measurements can be observed by calculating coefficient of error (CE) [18]. 

Gundersen et al. [19] reported that a CE value around 5% and lower is sufficient for reliable results of 

a stereological study. 

 

1.6. Cavalieri’s Principle 

 

Significant numeric values which are used frequently consist of volume of an organ, volumes of different 
components belonging to an organ, and also volume ratios of these components to one another or the 
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whole structure [15, 20]. For calculating total volume of objects the Cavalieri principle is usually used 

in stereology [14, 15, 21]. Mathematical equation used in the calculation is stated as follows [15, 21, 

22].  

 

V𝑟𝑒𝑓 ∶ Total or reference volume of the structure studied   
∑ ai :Total surface area of projection or total projections of the cross section number 

           : Mean thickness of cross section or slice  

  

 Total volume can be achieved by the equation Vref=  ∑ aix . In the study applying these 

procedures, total volume of the studied structure is found to be effective and objective [13, 20, 

23]. 

 
2. Materials and Methods 

 

2.1. Animals 

 

By Van Yuzuncu Yil University Animal Researches Local Ethic Committee the final report of the 

research project detailed above was approved in the session held on 12/26/2017 (decision number 

2016/09). Healty young male Wistar Albino rats that had a weight of 50-60 gr and were 1 month old 

and healty adult male Wistar Albino rats that had a weight of 150-200 gr and were 5 month old were 

used in the study. 50 mg/kg ketalar was administered i.p to ensure deep anesthesia in animals [24]. 0.5 

cc heparin was injected to ventriculus sinister while hearts of rats were beating under anesthesia. The 

right ventricle of heart was also cut to let the blood stream out. 0.9% physiological saline solution was 

administered as intracardiac through a cannula simultaneously until the blood running out from right 

ventricle became clear (for 5 minutes). Animals were ensured to be fixed by administering formalin with 

10% buffer for 10 minutes using the same method. Rats were dissected after perfusion and fixation 

processes.  

 

2.2. Dissection and removal of spinal cord 

 

Soft tissues around spine of rats were removed by using clamp, scalpel, surgical scissors, and micro-
scissors. Separate tissues were obtained from each spinal cord’s cervical segment of all animals (Figure 

1, Figure 2). Tissue processing procedure was then applied to these tissues [25]. 

 

 
Figure 1. Dissection of cervical segment of rat (5-month-old) 



M. Candan, G. Çakmak / BEÜ Fen Bilimleri Dergisi 9 (1), 143-156, 2020 

146 

 
Figure 2. Dissection of cervical segment of rat (1-month-old) 

 

2.3. Method of Sampling 

 
A preliminary study was carried out to determine the number of animals and cross sections, and sampling 

before starting the study. It is reported in existing studies that each group needs to consist of minimum 

5 animals to obtain coefficient of error which is approximately 0.05 in stereological studies to be 
conducted [11]. Pilot study revealed that the number of animals and cross sections numbers, and 

sampling method were convenient. Segments were removed from spinal cord’s cervical parts of 5-month 

old and 1-month-old rats for the preliminary study. Tissue samples were taken from these segments. 

Cross sections having a thickness of 5µm were obtained from the cervical segment tissue samples. 
Averagely 8-10 cross sections were taken from spinal cord’s cervical segment of every animal. Section 

sampling was organized to perform randomly and systematically at the ratio of 1/50 by starting from a 

random one among the first 15 cross tissue sections. Every 50th cross section were taken following. 
Sampled cross sections were then included in the study. Cross section processes by microtome were 

continued based on sampling rates and method in the pilot study after histological processing for spinal 

cord of rats. To obtain cross sections in the number determined in the preliminary study, cross sections 

were taken separately from each of cervical spinal segments blocked by being embedded into paraffin. 
Hematoxylin-eosin staining method were used to stain the cross sections obtained from tissues [25] 

(Figure 4, Figure 5). Since the spinal cord is a considerably little structure, there was no need for 

stereological stepping. Pointed area and after that area volume were calculated by numeric aperture 
(NA)=0.25, objective x 4 magnification. For this calculation Shtereom 1.5 software was used (Figure 

3). The Cavalieri’s principle was utilized for the calculation in the program [14, 26]. Total spinal cord 

volume, the total volume of grey matter, and volume of the white matter of the 8 segments generating 
the cervical part of spinal cord were calculated in the present study. 

 

 
Figure 3. Shtereom 1.5 packaged software 
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Figure 4. Tissue specimen of cervical segment of 1-month old rat 

X4 objective magnification (Hematoxylin eosine) 

 

 
Figure 5. Tissue specimen of cervical segment of 5-month-old rat 

X4 objective magnification (Hematoxylin eosine) 

 

2.4. Equation of volume density 

 

Volume ratio of white matter in every segment: The number of points corresponding to white matter/the 
number of points corresponding to the whole cervical segment  

Equation of total volume: Volume data of 8 segments were added together for total volume of segments.  

Equation for volume of cervical segment: Volume ratio X reference volume of cervical segment  
Equation for reference volume of cervical segment: Inter-section distance X actual area of the point X 

the number of points  

The equation below was used for calculating volume of relevant structures in the study.  

Volume (V)= ∑ 𝑃𝑖.a/p. (KÖO). (AÖO).  
∑ 𝑃𝑖 : Total number of points 
a/p : Area represented by single point  

KÖO : Cross section sampling ratio  

AÖO : Step sampling ratio  
t͞  : Mean thickness of cross section  

 

3. Results 

 

All volume, volume values of the grey and white matter of spinal cord’s cervical segments of six 1-

month-old male rats and six 5-month-old male rats, as well as ratios of GM volume to WM volume, 

ratios of WM volume to all volume measurements of cervical segment, and ratios of GM volume to all 
volume measurements of cervical segment were separately in this study. As 1-month old male rats were 

evaluated in terms of the overall volume as a result of the calculations, all volume values of cervical 
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segment of C1 were observed to be higher than all other segments. C4 value was determined to be 2.102 

mm³. The lowest cervical segment volume value belonged to C8 which was found to be 1.067 mm³ 

(Table 1). The highest mean volume from white matter measurements of cervical segment of 1-month 
male rats shown in Table 2 was 1.018 mm³ which belonged to the segment C1. The highest volume of 

white matter was 1,009 mm³, which belonged to segment C4, as well. As grey matter values of one 

month-old male rats were examined, it was remarkable that volume measurements of segments C1 and 
C4 were higher than volume results of other segments. This value was calculated to be 0.851 mm³ for 

segment C1. C8 was the segment with the lowest volume in grey matter, which was found to be 0.393 

mm³ (Table 2). When ratios of grey matter volume measurements of cervical segment to volume values 

of white matter for one-month old male rats were examined in Table 2, the highest mean ratio was 
determined in segment C4 as 0.85. The lowest grey matter/white matter ratio was established in segment 

C8 with 0.64. When examining ratio of white matter volume values to volume results of whole spine in 

cervical segment in one-month old male rats, it was revealed that the highest ratio was 0.60 and 
determined in segment C8. The lowest ratio of volume was identified in segment C1 with 0.42 (Table 

1). When examining the ratio of volume value of grey matter to spinal cord volume value in Table 1, it 

was seen that the highest value was 0.43 and belonged to segment C7. The lowest GM /WM ratio was 
0.33 and regarded to segment C2.  

 
Table 1. Volume values of the cervical (C) spinal cord of 1-month-old male rats (Q) (VVSC) (mm³), Volume 

ratios of the white matter/the spinal cord in the cervical spinal segments of 1-month-old male rats (WM/SC) (%), 

Volume ratios of the gray matter/the spinal cord in the cervical spinal segments of 1-month-old male rats 

(GM/SC) (%) 

 
 
 When whole spinal cord’s mean volume values in cervical segments of 5-month old male rats 

were viewed, it was seen that the highest volume was 2.565 mm³ and regarded to segment C1. The 

lowest value belonged to segment C8 and was 1.566. (Table 3). In Table 4, examination of white matter 
values of 5-month-old male rats revealed that the highest mean volume value was 1.248 mm³ and 

belonged to segment C2. The lowest volume value was calculated as 0.866 mm³ and belonged to 

segment C8. When examining the volume values of the grey matter determined in cervical segment of 
5-month old male rats (Table 4), it was observed that volume value of segment C1 was 0.714 mm³. The 

lowest value of the volume was 0.349 mm³ and belonged to segment C8. While the highest GM /WM 

volume ratio in 5-month old male rats was 0.62 for segment C3, the lowest mean GM /WM volume ratio 

was 0.33 for segment C8 (Table 4). When WM/SC volume ratios were examined in Table 3, it was 
revealed that the highest mean WM/SC value was 0.55 and this value was determined in both segment 
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C6 and segment C8. The lowest mean WM/SC value belonged to C5 segment and determined to be 

0.45. When the ratio of volume of the grey matter to volume of whole spinal cord in 5 month-old male 

rats was evaluated, the highest volume ratio belonged to segment C3 and this value was determined to 
be 0,30. The lowest volume ratio was determined in segment C8 with 0.21 (Table 3). 

 
Table 2. Volume values of the white matter of the cervical (C) spinal cord of 1-month-old male rats (Q) 

(VVWM) (mm3), Volume values of the gray matter of the cervical spinal segments of 1-month-old male rats 

(VVGM) (mm3), Volume ratios of the gray matter/the white matter in the cervical spinal segments of 1-month-
old male rats (GM/WM) (%) 

 
 
Table 3. Volume values of the cervical (C) spinal cord of 5-month-old rats (Q) (VVSC) (mm³), Volume ratios of 

the white matter/the spinal cord in the cervical spinal segments of 5-month-old rats (WM/SC) (%), Volume 

ratios of the gray matter/the spinal cord in the cervical spinal segments of 5-month-old rats (GM/SC) (%) 
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Table 4. Volume values of the white matter of the cervical (C) spinal cord of 5-month-old rats (Q) (VVWM) 

(mm3), Volume values of the gray matter of the cervical spinal segments of 5-month-old rats (VVGM) (mm3), 

Volume ratios of the gray matter/the white matter in the cervical spinal segments of 5-month-old rats (GM/WM) 

(%) 

 
 

 Cervical part of columna vertebralis in 1-month and 5-month-old male rats consisted of 7 

vertebrae. In addition, 8 cervical segments were determined. Volume value increased for segments C2, 
C3, C4, and C5 when volume of whole cervical segment was evaluated in 1-month-old male rats. 

Volume value was also higher for segments C2, C3, C4, and C5 when evaluating the volume of cervical 

segment’s grey matter in 1-month-old male rats. As volume value of white matter of cervical segment 
in 1-month-old male rats was evaluated, the highest values were determined in segments C2, C3, C4, 

and C5. Thus, segments C2, C3, C4, and C5 were considered to create the extension region called as 

cervical enlargement. When evaluating the volume of whole cervical segment in 5 month-old male rats, 

this value was observed mostly in segments C3, C4, C5, C6, and C7. Examination of white matter 
volume value of 5-month-old male rats revealed that values of C2, C3, C4, C5, C6 were higher compared 

to the other segments. Values of segments C3, C4, C5, and C6 were determined to be higher when 

examining grey matter in terms of the volume value. In the present study, this extension peaked at 
segment C3 in 5-month-old male rats, there was a considerable decrease in volume after segments C4, 

C5. Segments C3, C4, C5, and C6 were considered to create cervical enlargement in 5-month-old male 

rats. As mean volume was calculated for whole cervical segment in 5-month-old male rats in this study, 
the obtained value was about 2.259 mm³.  A mean volume value of about 1.615mm³ was obtained from 

the calculation of the mean of all cervical segment volume values in 1-month-old male rats. When 

arithmetic mean of all volume values of cervical segments in 5-month and 1-month-old male rats was 

compared, volume values were determined to be lower for 1-month-old rats. Segment C4 was the one 
where volume value of grey matter was the highest in 1-month-old male rats. When it was compared 

with all volume values, it was determined that segments C2 and C4 had the highest total volume. When 

comparing white matter volume value with all volume values, it was determined that segments C2 and 
C4 had the highest volume. In terms of overall volume values, the white matter volume and the volume 

of grey matter, the highest value in C2, C3, C4, and C5 segments, where cervical extension took place,  

was in parallel to each other. The highest grey matter value belonged to segments C1, C3 and C4 in 5-

month male rats. The highest white matter value belonged to segments C1, C2, and C4. Overall volume 
was determined to be the highest in segments C2, C3, and C4. Segments with increased the volume of 

white and grey matter, overall volume volumes were in parallel with each other. 
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3.1. Statistical Analysis  
 

When all spinal cord volume values were investigated, it was seen that there was not any statistical 
differences between 1-month and 5-month-old rats in terms of all segments studied (except for C8); 

whereas, there was a numeric increase. When examining segments in 1-month-old rats, the highest value 

belonged to segment C1 and the value of segment decreased as the order of segment increased (except 
for C3, C5) (P<0.01). The lowest value was determined in segment C8. As segments of 5-month-old 

rats were investigated, it was determined that the highest value was for C1 segment and segment value 

decreased as the order of segment increased (except for C3)  (P<0.01). There was not any statistical 

differences among segments C1-6, C4-7, and C7-8 (Table 5). 
 

Table 5. Measured values at 1 st and 5 th months for all segmental volume at male rats 
Segments 1. month 5. month Sig. 

C1 2.499±0.330a 2.565±0.082a - 

C2 2.134±0.164ab 2.484±0.131a - 

C3 2.036±0.198ab 2.519±0.287a - 

C4 2.103±0.197ab 2.465±0.172ab - 

C5 2.059±0.313ab 2.397±0.214ab - 

C6 1.749±0.184bc 2.234±0.330ab - 

C7 1.314±0.206cd 1.850±0.149bc - 

C8 1.067±0.099d 1.567±0.051c * 

Sig. ** **  

-: Insignificant, *: P<0.05, **: P<0.01 

a, b, c, d: The difference between the averages expressed in different letters in the same column is significant 

 
 It was observed that there was no statistical difference in all segments (except for C8) between 

1-month and 5-month-old rats studied in terms of the volume values of WM. On the other hand, there 

was a numeric increase.  When segments of 1-month-old rats were determined,that was seen the highest 

value was belonged to segment C1 and the segment value decreased as the order of segment increased 
(except for C4) (P<0.05). The lowest value was determined to be in segment C8. As segments of 5-

month-old rats were examined in terms of WM volume values, the highest value belonged to segment 

C2.  Segment value decreased as the order of segments increased (C4 and C6) (P<0.01). (Table 6). 
 

Table 6. Measured values at 1st and 5th months of white matter volume in male rats 

Segments 1. month 5. month Sig. 

C1 1.019±0.081a 1.213±0.061a - 

C2 0.933±0.082ab 1.249±0.032a ** 

C3 0.905±0.024ab 1.154±0.135a - 

C4 1.010±0.137a 1.186±0.063a - 

C5 0.919±0.103ab 1.032±0.048ab - 

C6 0.816±0.079ab 1.065±0.100ab - 

C7 0.678±0.095bc 0.916±0.029b * 

C8 0.619±0.045c 0.867±0.034b ** 

Sig. * **  

-: Insignificant, *: P<0.05, **: P<0.01 

a, b, c: The difference between the averages expressed in different letters in the same column is significant 

 

 There was no statistical difference between 1-month and 5-month-old rats in all segments 
(except for C8) studied in terms of GM volume values; besides,  a numeric decrease (except for segment 

C3) was determined. In 1-month and 5-month-old rats, the difference between segments C4 and C8 and 

other segments was significant, respectively (P<0.05). 
 When segments of 1-month-old rats were investigated, the highest value was determined for 

segment C1 and segment value decreased as the order of segment increased (except for segment C4) 

(P<0.001). In addition, while there was not any statistical differencesamong the segments C1-C4, it was 
different from others; while there was not any statistical differences among the C2-C7 segments , it was 

different from others; and the lowest value was belonged to segment C8.  
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 When segments of 5-month-old rats were examined within themselves, it was determined that 

the highest value belonged to segment C3 and segment value decreased as the number of segment 

increased (except for segment C3) (P<0.001). Also, there was not any statistical changes between the 
C1-6, C2-7, and C7-8 segments (Table 7). 

 
Table 7. The grey matter values were measured at 1 and 5 months in male rats 

Segments 1. month 5. month Sig. 

C1 0.851±0.082a 0.716±0.056a - 

C2 0.722±0.063ab 0.620±0.044ab - 

C3 0.718±0.029ab 0.732±0.037a - 

C4 0.785±0.022ab 0.668±0.041ab * 

C5 0.674±0.055bc 0.603±0.071ab - 

C6 0.637±0.048bc 0.561±0.070ab - 

C7 0.522±0.059cd 0.492±0.084bc - 

C8 0.394±0.013d 0.350±0.007c * 

Sig. *** ***  

-: Insignificant, *: P<0.05, ***: P<0.001 

a, b, c, d: The difference between the averages expressed in different letters in the same column is significant 
 
 GM/SC volume ratios were determined to be statistically insignificant between 1-month and 5-

month-old rats in terms of all segments studied, except for segments C1, C2, and C8 (P<0.01). As 

GM/SC volume ratios were evaluated within themselves for segments of 1-month-old rats, the difference 
between segments was revealed to be insignificant.  

 When GM/SC volume ratios for segments of 5-month-old rats were examined statistically, the 

difference between segments was determined to be insignificant (Table 8). 
 

Table 8. GM/SC ratio is the volume measurements at 1 and 5 months in male rats 

Segments 1. month 5. month Sig. 

C1 0.352±0.031 0.473±0.019 ** 

C2 0.335±0.025 0.507±0.031 ** 

C3 0.365±0.038 0.492±0.050 - 

C4 0.383±0.040 0.488±0.030 - 

C5 0.348±0.041 0.452±0.041 - 

C6 0.370±0.023 0.555±0.095 - 

C7 0.433±0.075 0.530±0.042 - 

C8 0.380±0.036 0.552±0.030 ** 

    

Sig. - -  

-: Insignificant, **: P<0.01 

 

 The difference between segments was revealed to be statistically insignificant as WM/SC 
volume ratios were evaluated for 1-month and 5-month-old rats (Table 9). 

 
Table 9. WM/SC ratio is the volume measurements at 1 and 5 months in male rats 

Segments 1. month 5. month Sig. 

C1 0.425±0.042 0.473±0.019 - 

C2 0.438±0.036 0.507±0.031 - 

C3 0.465±0.053 0.492±0.050 - 

C4 0.492±0.076 0.488±0.030 - 

C5 0.485±0.075 0.452±0.041 - 

C6 0.488±0.066 0.555±0.095 - 

C7 0.538±0.061 0.530±0.042 - 

C8 0.600±0.074 0.552±0.030 - 

Sig. - -  

-: Insignificant 
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 GM/WM volume ratios were statistically significant between 1-month and 5-month-old rats in 

segments studied in terms of segments C1, C2, C6 and  C8 (P<0.01). GM/WM volume ratios between 

segments of 5-month-old rats were statistically insignificant (Table 10). 
 

Table 10. GM/WM ratio is the volume measurements at 1 and 5 months in male rats 

Segments 1. month 5. month Sig. 

C1 0.828±0.031 0.570±0.047 ** 

C2 0.778±0.045 0.488±0.039 ** 

C3 0.790±0.031 0.620±0.060 * 

C4 0.853±0.123 0.555±0.037 * 

C5 0.757±0.074 0.555±0.065 - 

C6 0.802±0.078 0.495±0.041 ** 

C7 0.792±0.071 0.568±0.110 - 

C8 0.648±0.055 0.398±0.012 ** 

Sig. - -  

-: Insignificant, *: P<0.05, **: P<0.01 
 

 Two-simple T Test was used for comparison of volume values in 1-month and 5-month-old 
male rats. For comparing the volume values among the cervical spinal segments One-Way Anova test 

was utilized. Statistical analysis was carried out by SPSS packaged software. 

 

4. Discussion 

 

In the present study, cervical segments of spinal cord were dissected, but spinal cord could not 

distinguished from spine completely. Because, it assisted to give name for cervical vertebrae of spine 
by cervical segments. Begum et al. [27] segmented spinal cord along with spine. Dissection stage of the 

present study is similar to the study by Begum et al. [27]. 

 In various studies in the literature [5, 28-30] the cervical segments’number in rats was stated to 
be 8 cervical segments which was one more than the number of cervical vertebrae. The cervical 

segments’ number was 8 in the present study, as well.  

 In the study conducted on Leghorn chicken, enlargement of cervical segment was found to be 
composed by C13, C14, C15, T1, T2 segments [31]. Baumel [32] and Haziroglu et al. [33] stated that 

cervical enlargement in poultry was created by the the first two thoracic segments and last three cervical 

segments. Nickel et al. [34] reported that it was composed of the last two cervical and T1, T2, and 

sometimes T3. Zeman and Maitland [5] indicated that the expansion of cervical segment in rats started 
from segment C4 and continued to segment C8. In the present study, segments C2, C3, C4, and C5 were 

observed to form the extension part, which is called as cervical enlargement, in 1-month -old male rats. 

This study revealed that the extension peaked at volume of segment C3 in 5-month-old male rats, there 
was an apparent decrease in volume value after segments C4 and C5. It was determined in the present 

study that cervical enlargement corresponded to segments C3, C4, and C5. There was no study in the 

literature identifying the segment where cervical enlargement is located in male rats based on the age.  
In the studies on intertransversal cross sections of spinal cord from Leghorn chickens, it was determined 

as a result of volume calculations that total volume of white matter was 1007±127 mm³ in females and 

1400.7±94.1 mm³ in males. Measurements of grey matter indicated that volume of grey matter was 

241.4±26.8 mm³ in females and 311.4±23.4 mm³ in males. When total volume of grey matter was 
compared to total volume of spinal cord in the study, the results were obtained as 19.36%±0.882 in 

females and 18.19%±0.706 in males [31]. 

 In the current study, it was revealed that the white matter’s total volume was 0.861 mm³ in 1-
month-old male rats; whereas, the white matter’s total volume was 1.081 mm³ in 5-month-old male rats. 

While total volume of grey matter was 0.662 mm³ in 1-month-old male rats, volume value of grey matter 

was 0.591 mm³ in 5-month-old male rats. Thus, total volume of grey matter was determined to decrease 

in 5-month-old rats. However, volume value of grey matter in 1-month-old male rats was higher than 
volume of grey matter in 5-month-old male rats. 

 In the study on Leghorn chicken [31], volume ratio of grey matter was found to be higher at 

pars caudalis and lumbosacral part in females; this was the highest at caudal part in males. Rahmanifar 
et al. [35] studied on ostrich and identified that grey matter was found most intensively in pars lumbalis. 
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In a study which was on Leghorn chicken [31], cervical part was revealed to be a part where grey matter 

to whole spinal cord ratio was the lowest in females and males, the highest ratio was at thoracic part.  

Rahmanifar et al. [35], in their study on mature ostrich, stated that cervical part had the lowest of the 
ratio of grey matter and the lowest amount of the grey matter was more intensive in  thoracic part and 

lumbar part compared to cervical part. In the present study, on the other hand, mean ratio for the grey 

matter’s volume to spinal cord’s total volume was found to be 0.36 in 1-month-old male rats. This ratio 
was 0.25 for 5-month-old male rats. This volume ratio was higher in 1-month-old male rats than 5-

month-old male rats, it decreased in adult rats, and also the grey matter’s volume was smaller in 5-

month-old male rats.  

 In morphometric studies on horse [36], ape [37], donkey [38], human [39] and rat [40]. areas 
and white matter’s and grey matter’s area ratios in lumbal segments of spinal cord were represented as 

parameter. In conclusion; volumes and volume ratios of all cervical segments, spinal cord’s white and 

grey matters in 1-month and 5-month-old male rats were obtained using morphological and stereological 
methods in the present study. The results were given in tables. The results of the present study were 

considered to contribute to the global literature. We also concluded that the present study can shine light 

on further studies.  
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