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1. Introduction
The spinal cord (Medulla spinalis) has particular importance 
for the central nervous system because of its diseases and 
poor prognosis. The volumetric changes in the spinal cord 
are physiopathological changes occurring as a result of 
injury. Paralysis may emerge due to loss of coordination 
and sensation depending on the rate of lesion resulting 
from these physiopathological changes [1]. Particularly 
lumbal segment of the spinal cord is more prone to the 
formation of physiopathological changes because of its 
mobility. There are studies that have been conducted to 
assess and characterize such microstructural damage in 
the spinal cord using morphometric, histopathological, 
or medical diagnostic imaging methods [2, 3]. The rabbits 
are one of the commonly used laboratory animals in 
these studies [4–6]. The spinal cord is also an organ that 
is macroscopically or microscopically affected by factors 
such as age and disease just like other organs. It has been 
reported that quantitative data are more effective than 
qualitative data in the evaluation of the morphological 
changes in this organ [7].  

The stereological and morphometrical methods 
based on effective sampling of biological tissues have 

been frequently used since 1980 for efficient calculation 
of volume, surface area, length, and count parameters of 
the tissue without prejudice [8–10]. These techniques are 
applied for calculation of volume, surface area and cell 
count [11] particularly in the brain [12,13] and spinal cord 
[14]. However, more detailed data have been obtained 
using stereological research methods in poultries [15–19], 
horses [7] and rats [20]. On the other side, morphometric 
studies [21,22] and microscopic developmental studies 
[11] have been conducted on the spinal cord in rabbits. 
However, no study that has determined the volume rates 
of gray matter and white matter in the lumbal segments of 
the spinal cord based on sex in the New Zealand rabbits 
has been encountered in a detailed literature review. Thus, 
the aim of this study is to identify the volume values of 
pars lumbalis of the spinal cord in terms of sexin New 
Zealand rabbits.

2. Materials and methods
2.1. Materials
Totally 12 New Zealand rabbits (Oryctolagus cuniculus) 
(6 females and 6 males) were used as experimental 
materials in the study to determine the morphometric and 

Abstract: In the study, 12 (6 females, 6 males) healthy adult New Zealand rabbits were used to examine the morphometrical and 
stereological values. White matter, gray matter and total segment volume of the segments in the pars lumbalis were calculated by 
Cavalieri’s principle. The findings were grouped according to sexand statistically evaluated. As a result, 38% of the length of the spinal 
cord in rabbits belonged to the pars lumbalis. The morphometric parameters were not statistically different between male and female 
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there was no statistically significant difference (p > 0.05). However, the volume of each segment was greater in male rabbits than in 
females. In bothsexes, when the correlation values of the volume were compared with the weight and head-tail length of the rabbit, it was 
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stereological values of the lumbal segments of the spinal 
cord. The age range of the rabbits was 9–12 months. The 
reliability of the data was assured by preferring the rabbits 
that were raised under the same circumstances and were 
healthy. The animals were euthanized in accordance with 
ethical rules. The biometric data (body weight, head-tail 
length,sex) of all the animals were taken before starting 
the dissection procedure. In the dissection procedure, 
primarily soft tissues that stretch from the atlas to the 
first caudal vertebra and were located on the dorsal of the 
vertebral column (columna vertebralis) were removed. 
Then, the rabbits were kept in the fixation solution 
(10% formaldehyde solution) for 6 days. Following this 
procedure, the vertebral column was carefully broken 
from the region arcus vertebra and the spinal cord was 
exposed completely, and removed from the trunk. 
2.2. Segmentation and tissue monitoring
Before starting the segmentation procedure, the overall 
length of the spinal cord removed from the vertebral 
channel or canal (canalis vertebralis) was measured 
by digital caliper and the volume of pars lumbalis was 
calculated by Archimedes’ principle. Then, segmentation 
of the lumbal region of the spinal cord was performed. 
In the segmentation process, the vertebral canal in 
which each segment was located was determined as the 
boundary. Following the segmentation procedure, each 
segment was placed into a cassette and recorded. Next, 
primarily macroscopic measurements (weight, length, 
and diameter) were conducted. The length of the segment 
was measured from the median line, and its width was 
measured from the median line in a laterolateral direction 
with a digital caliper. The segments were fixed within 10% 

formol-alcohol solution, and dehydrated in a graded series 
of ethanol (70%, 80%, 96%, 100%: 1 h each). Then, the 
segments were passed through a series of methyl benzoate 
and benzene, and then completely blocked by paraffin 
[23]. The segments were subjected to a routine histological 
process and then completely blocked by paraffin. Following 
the blockade process, the method that will be applied 
in stereological volume calculations was determined by 
conducting a pilot study.
2.3. Pilot study
The coefficient of error is 0.05 and below this value is an 
important parameter for the reliability of the research 
[24]. The pilot study determined the number of the 
required sections and sampling technique to obtain an 
approximately 0.05 or a lower coefficient of error (CE) in 
the stereological studies. Then, the microtome sectioning 
procedure of segments was continued based on the 
sampling technique. In the preliminary study, 5μm-thick 
tissue sections were taken from each lumbal segment. 
The sampling procedure was randomly and systematically 
performed at a rate of 1/200 by beginning from a randomly 
selected section among the first 30 sections and taking 
the following 200th section. The method determined in 
the pilot study was applied in all the lumbal segments. 
Accordingly, 10–16 sections were obtained by sampling at 
the rate of 1/200 and the numbers of the sections taken 
from each segment were also recorded (average 2550.65 ± 
485 sections for each segment).
2.4. Staining of the sections
The sections were stained with Luxol Fast Blue (Figure 1) 
[25] and Hematoxylin Eosin (Figure 2) [17] and stains.

Figure 1. The male rabbit (E3) in the L5 segment, the point count process 
in the Gray matter (painting with Luxol Fast Blue). 
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Figure 2. The images of the sections that paint with Hematoxylin Eosin taken 
under 2 magnification in the dissection microscope in male rabbit, a. Dorsal 
horn (Cornu dorsale, gray matter), b. Ventral horn (Cornu ventrale, gray 
matter), Arrow. Central channel (Canalis centralis), d. White matter

2.5. Microscopic measurements and volume calculation
Each segment was photographed under 2X magnification 
of the light microscope (Leica RM, 2135, Nussloch, 
Germany). The photographs were transferred to the Image 
J software and primarily morphometric data (laterolateral 
diameter and dorsoventral diameter) of the central 
channel of the segments were measured. The values were 
recorded in the Microsoft Office Excel program. Following, 
volumetric measurements were performed by Cavalieri’s 
Principle (Figure 1) [24]. 

2.6. Statistical analysis
The descriptive statistical values of the data and comparison 
between sexand segment values were calculated by 
using the SPSS (Version 20.0) software package. The 
comparison between the sexwas carried out by applying 
the “Independent Samples T” test. The significance level of 
the difference between the segments was determined using 
“The Kruskal Wallis Test” while the difference between 
the mean values was determined by applying the “Tukey” 
test as the “Post Hoc” test. “Pearson’s correlation test” was 
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performed between biometric values of the rabbits and 
white matter, gray matter and volume values of the lumbal 
segments in terms ofsex.

3. Results
Table 1 shows the descriptive parameters of the rabbits. 
As shown in the table, mean values of the descriptive 
parameters belonging to the male and female rabbits 
were similar and no statistically significant difference was 
present between these values (p > 0.05). In the rabbits, 
38% of the spinal cord length belonged to pars lumbalis. 
The segments L1, L2, L3, L4, L5 and L6 of pars lumbalis 
were located towards to cranial of the same lumbal 
vertebra channel, however, these segments slightly shifted 
towards the cranial. On the other side, approximately 1/3 
of the segment L7 shifted towards the cranial of the same 
vertebra channel. Conus medullaris terminated at the level 
of the second sacral vertebra. 

Table 2 shows mean of the length, diameter and weight 
of the segments. Accordingly, the segments L1, L2, L3, 
L4 and L5 were long whereas the segments L6 and L7 
were remarkably short. The diameters of the segments 
increased from L1 to L6 whereas the diameter of L7 
relatively decreased. Intumescentia lumbalis was located 
at the segments L5, L6 and L7. However, the diameter 
of segment L7 got increasingly narrowed toward the 
caudal. It was observed that the weights of the segments 
increased from L1 to L5 while the weights of segments 
L6–L7 relatively decreased. The difference between 
morphometric parameters of the male and female rabbits 
was not statistically significant (p > 0.05).

Table 3 shows the volume of the lumbal segments. The 
highest and the lowest volume belonged to the segments 
L5 and L7, respectively. It was observed that the volume 
of the lumbal segments increased from L1 to L5 in both 
sexeswhereas these values declined from L5 to L7. The 

Table 1. The average and standard deviation values of the descriptive parameters of the female and male New Zealand rabbits. 

Descriptive parameters Female rabbit Male rabbit p values

Body weight (gr) 1816.66 ± 416.7 1900 ± 497.9 0.760
Head-tail length (mm) 365.83 ± 21.39 368.00 ± 32.07 0.893
Total length of the spinal cord (mm) 275.33 ± 27.36 275.83 ± 38.44 0.980
The length of pars lumbalis of the spinal cord (mm) 106.61 ± 5.47 105.51 ± 4.01 0.700
The weight of pars lumbalis of the spinal cord (gr) 1.65 ± 0.32 1.78 ± 0.21 0.412

Comparision between gender: p > 0.05

Table 2. Mean and standard deviation of morphometric values of lumbal segments.

Segment Morfometric parameters
Female rabbit
Ort ± Sd

Male rabbit
Ort ± Sd

p values

L1
Length (mm) 16.43 ± 1.10 16.57 ± 1.84 0.875
Diameter (mm) 4.24 ± 0.59 4.63 ± 0.43 0.209
Weight (g) 0.20 ± 0.04 0.21 ± 0.03 0.528

L2
Length (mm) 16.33 ± 0.83 16.98 ± 1.50 0.380
Diameter (mm) 4.48 ± 0.43 4.77 ± 0.26 0.191
Weight (g) 0.21 ± 0.04 0.24 ± 0.04 0.294

L3
Length (mm) 16.61 ± 0.94 16.60 ± 1.02 0.721
Diameter (mm) 4.71 ± 0.40 4.76 ± 0.37 0.835
Weight (gr) 0.23 ± 0.06 0.25 ± 0.04 0.481

L4
Length (mm) 16.48 ± 0.87 16.57 ± 1.36 0.901
Diameter (mm) 5.05 ± 0.35 5.10 ± 0.38 0.826
Weight (gr) 0.26 ± 0.06 0.27 ± 0.05 0.776

L5
Length (mm) 16.08 ± 1.42 15.32 ± 1.09 0.324
Diameter (mm) 5.53 ± 0.49 5.67 ± 0.64 0.681
Weight (gr) 0.30 ± 0.06 0.30 ± 0.06 0.864

L6
Length (mm) 13.16 ± 2.11 12.53 ± 2.65 0.657
Diameter (mm) 5.93 ± 0.46 6.14 ± 0.14 0.323
Weight (gr) 0.26 ± 0.05 0.27 ± 0.04 0.915

L7
Length (mm) 10.98 ± 1.65 11.20 ± 2.46 0.863
Diameter (mm) 5.48 ± 0.59 5.83 ± 0.47 0.294
Weight (gr) 0.17 ± 0.04 0.22 ± 0.09 0.280

Comparision between genders: p > 0.05
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Table 3. The average volume and standard deviation of pars lumbalis of the spinal cord in female and male rabbits. (p values for male 
and female comparison).

Segment Female rabbits (mm3) Male rabbits (mm3) p values (between genders)

L1 112.20 ± 25.47 126.16 ± 27.71 0.376
L2 120.94 ± 31.25 139.24 ± 33.34 0.359
L3 127.94 ± 35.84 145.55 ± 28.30 0.342
L4 134.23 ± 34.97 154.29 ± 34.53 0.526
L5 150.30 ± 43.16b 161.24 ± 40.17a 0.626
L6 140.32 ± 35.14b 134.31 ± 20.19 0.768
L7 73.73 ± 25.25a 96.06 ± 54.38b 0.374
Total 867.18 ± 188.34 956.89 ± 135.93

Letters indicate statistical significance resulting from within-group segment comparison (p < 0.05). No statistical differences between 
sex (p > 0.05). 

difference between the volume of the lumbal segments in 
terms of sexwas not statistically significant (p > 0.05).  

Table 4 shows the mean volume and standard deviation 
values of the white matter. As given, the highest and the 
lowest volume of the white matter belonged to the segments 
L4 and L7, respectively. It was observed that the mean 
volume of the white matter increased from the segment L1 
to L4 in both sexes whereas these values decreased from 
the segment L4 to L7. The volume of white matter was 
higher in the male rabbits, however, this difference was not 
statistically significant (p > 0.05). 

The evaluation of the data given in Table 4 revealed 
that the highest and the lowest volume of the gray matter 
belonged to the segments L6 and L1 in both sexes, 
respectively. The volume of gray matter increased from 
segment L1 to L6 while its volume relatively declined in 
segment L7. Accordingly, there was no statistical difference 
between males and females.

The comparison between the volumes of gray matter 
and white matter of the same sexaccording to their 
segments revealed the presence of statistically significant 
differences (p < 0.05) (Table 4). However, there was no 
difference in the volume of the same segment according 
to sex(p > 0.05).

The highest and lowest volume rate of gray matter/
segment shown in Table 4 belonged to the segments L7 and 
L1, respectively. It was also detected that the volume rate 
of gray matter/segment increased significantly towards the 
caudal (p < 0.05).

According to Table 5, the largest laterolateral diameters 
of the central channel were measured in the segments L5 
and L6 in the female rabbits while the largest laterolateral 
diameters were determined in the segments L4 and L5 in 
the male rabbits. The largest dorsoventral diameter of this 
canal was assessed in the segments L6 and L7. When male 
and female rabbits were compared in terms of dorsoventral 

diameter of the central channel, it was observed that the 
value of the segment L4 was statistically significant (p < 
0.05). 

Table 6 compares the mean volume of pars lumbalis 
of the spinal cord, which was removed from canalis 
vertebralis after fixation process using formaldehyde, 
calculated with Archimedes’ principle and the mean 
volume calculated according to Cavalieri’s principle after 
histological procedures. The shrinkage ratios were 17.93% 
and 18.56% in female and male rabbits, respectively. 

Table 7 shows the correlation values of some parameters 
taken from male and female rabbits. Accordingly, the ratio 
of gray matter to pars lumbalis generally showed a negative 
correlation with the given values in the lumbal segments 
of the spinal cord in both male and female rabbits. In 
bothsex, the correlation between volume (volume of pars 
lumbalis, volume of gray matter and white matter) and 
weight was not statistically significant (p > 0.05). Likewise, 
the correlation between the values of head-tail length and 
volume of pars lumbalis was not statistically significant 
(p > 0.05). There was a positive correlation between the 
overall weight and volume of the lumbal segments (p < 
0.05). However, no significant correlation was detected 
between the volume of gray matter and segment weight or 
rabbit weight (p > 0.05).

4. Discussion
The gray and white matter of the central nervous system 
are characteristics measured and compared between 
animal species. Gray matter is the region of input-output 
processing units (neuronal somato). White matter consists 
of myelin tracts that connect neurons. Decreased gray and 
white matter volumes serve as a diagnostic measurement 
in neurological disorders [26, 27]. For example, in 
neurodegenerative diseases of the spinal cord, death of 
motor neurons may cause a decrease in gray matter volume 
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Table 4. The average volume and standard deviation of the white matter, gray matter of the lumbal segments and gray matter’s ratio of 
total segment in female and male rabbits. (p values for male and female comparison) (S: segment, T: total).

S Female 
rabbit

Male 
rabbit

p Female rabbit
Male 
rabbit

p Female 
rabbit Male rabbit p

White matter (mm3) Gray matter (mm3) Gray matter’s ratio (%)

L1 91.65 ± 23.6a 105.57 ±24.83a 0.330 20.19 ± 4.38a 20.58 ± 3.10a 0.982 18.37 ± 3.49ab 16.54 ± 1.61ab 0.164

L2 98.48 ± 
26.98a 115.31 ± 30.07a 0.349 22.05 ± 5.06a 23.92 ± 4.16a 0.485 18.45 ± 2.20ab 17.50 ± 2.67abc 0.593

L3 102.73 ± 
33.19a 116.52 ± 25.21a 0.417 24.82 ± 5.05ac 28.57 ± 3.95ac 0.145 19.95 ± 3.64ab 19.86 ± 2.30abc 0.922

L4 109.34 ± 
30.1a 117.90 ± 27.70a 0.559 32.04 ± 8.64ad 35.69 ± 8.33a 0.450 21.71 ± 3.40ca 23.22 ± 2.68abc 0.784

L5 106.38 ± 
32.03a 113.27 ± 26.44a 0.622 43.07 ± 13.38bd 47.44 ± 17.74bc 0.658 28.90 ± 3.82c 29.03 ± 6.47dc 0.934

L6 85.28 ± 
27.83a 79.44 ± 19.98ab 0.716 54.46 ± 8.14b 54.25 ± 13.42b 0.898 39.69 ± 4.29d 40.81 ± 10.77d 0.763

L7 34.36 ± 
14.04b 49.89 ± 39.79b 0.417 38.95 ± 12.54bcd 45.68 ± 16.04bc 0.364 52.88 ± 6.09e 54.47 ± 11.78e 0.938

T 628.11 ± 
161.47 697.93 ± 111.31 235.60 ± 30.36 256.17 ± 35.02 27.98 ± 3.04 26.8 ± 2.84 0.164

Letters indicate statistical significance resulting from within-group segment comparison (p < 0.05). No statistical differences between 
sex (p > 0.05). 

Table 5. The average and standard deviation of the diameter of central channel of pars lumbalis in female and male rabbits.

Segment Diameter (mm) Female rabbit Male rabbit p values

L1
Laterolateral 0.08 ± 0.04 0.09 ± 0.04 0.617
Dorsoventral 0.15 ± 0.02 0.17 ± 0.05 0.450

L2
Laterolateral 0.08 ± 0.04 0.08 ± 0.02 0.352
Dorsoventral 0.13 ± 0.03 0.13 ± 0.01 0.841

L3
Laterolateral 0.08 ± 0.02 0.10 ± 0.05 0.415
Dorsoventral 0.12 ± 0.03 0.12 ± 0.02 0.614

L4
Laterolateral 0.09 ± 0.02 0.11 ± 0.02 0.319
Dorsoventral 0.10 ± 0.01* 0.13 ± 0.02* 0.022

L5
Laterolateral 0.10 ± 0.04 0.11 ± 0.01 0.585
Dorsoventral 0.12 ± 0.04 0.15 ± 0.03 0.347

L6 Laterolateral 0.10 ± 0.04 0.09 ± 0.01 0.497
Dorsoventral 0.22 ± 0.04 0.21 ± 0.04 0.665

L7
Laterolateral 0.08 ± 0.02 0.09 ± 0.008 0.282
Dorsoventral 0.21 ± 0.03 0.22 ± 0.03 0.594

*: p < 0.05

Table 6. Average volume values and shrinkage rates determined by Archimet and Cavalieri principle in pars lumbalis of the spinal cord.

New Zealand rabbit Archimet principle
(mm3)

Cavalieri principle
(mm3) Shrinkage rates

Female 1056.66 867.18 17.93%
Male 1175 956.89 18.56%
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[28]. The lumbal segments of the spinal cord are important 
in that the spinal nerves branching from here form the 
plexus lumbosacralis, which provides innervation to the 
hind legs and pelvic regions [29].

In this study, it was aimed to determine the 
morphometric values of the lumbal segments of the spinal 
cord. The morphometric values such as the diameter or 
length of the segments in the spinal cord are the parameters 
used as a diagnostic tool in the studies conducted using 
postmortem [30, 31] or medical imaging methods [32, 33]. 
The overall length of the spinal cord in rabbits has been 
reported to be 27.4 cm [21]. Also in the present study, the 
length of the spinal cord in the New Zealand rabbit was 
determined to be 27.5 cm, which is similar to the value 
reported by Kahvecioglu et al. [21]. The ratio of the length 
of pars lumbalis of the spinal cord to the overall length of 
the spinal cord in the rabbit was reported to be 34.36% 
[11] and 34% [22]. In the present study, this rate was found 
to be 38% in female and male rabbits.

The longest lumbal segment of the spinal cord was 
L2 (20 mm) in rabbit [22], while it was L1 in horse [14], 
donkey [34], human [31] and monkey [35]. In the study, 
the longest segment was L3 (16.61 ± 0.94) in female 
rabbits and L2 (16.98 ± 1.50) in male rabbits. It has been 
reported that L3 is the longest segment in the Angora goat 
[21] consistent with the female New Zealand rabbit. The 
findings of this study are inconsistent with Farag et al. 
[22]’s report. This difference is thought to be due to the 
different breeds of rabbits (Chincillas and Angora rabbits). 
The shortest lumbal segment was L6 (11.5 mm) in rabbits 
[22] and (the last lumbal segment) in horses [14]. In the 
New Zealand rabbit, the shortest segment was L7 (10.98 
mm and 11.20 mm in females and males). When the data 

were compared with the literature, it was seen that the 
shortest segment was the last lumbal segment and it was 
similar to the horse.

The vertical diameter of the central channel is 
significantly larger than the transversal diameter in pars 
lumbosacralis of the spinal cord in Leghorn chickens [16]. 
In addition, when the volume ratios of the central channel 
were compared according to sex, it was statistically 
significantly larger (p < 0.05) in male chickens [16]. 
Similar to the literature [16] in New Zealand rabbits, the 
vertical diameter of the central channel was significantly 
larger than the transversal diameter, and the diameter of 
the central channel was generally larger in male rabbits 
than in female rabbits. In biometric studies, differences in 
morphological structure are detected according to sex. It 
is thought that the morphometric change in central canal 
diameter is caused by hormonal differences during growth.

The length and diameter ​​of the lumbal segments in the 
rabbits are compared in Table 8. According to the data in 
Table 8, the length of L1, L2, L3, L4, L5 and L7 in female 
and male New Zealand rabbits was smaller and the the 
length of L6 was relatively larger than the rabbits reported 
by Farag et al. [22]. The lateral diameter of the L1, L2, and 
L3 (4 mm) was the same in rabbits. Kahvecioglu et al. [21]  
reported that the lateral diameter in rabbits was the same 
in the L1 and L2 segments (4.1 mm), and it expanded 
from L2 to L7. Unlike studies [21,22], it was found that 
the lateral diameter tended to widen from L1 to L6 in New 
Zealand rabbits, while it was relatively narrow in the L7 
segment. However, the lateral diameter of the L1, L2, L3, 
L4, L5, and L6 in female and male New Zealand rabbits 
was relatively close to the references [21, 22]. The lateral 
diameter of the L7 was smaller, unlike the literature [21, 

Table 7. Correlation values between some parameters of the spinal cord in female and male rabbits.

Female→
Male

→ W HTL TLM TLL VL TVSA TVSG WL VRSG

W .992** .903* .882* .684 .721 .347 .868* -.808
HTL .897* .901* .860* .755 .791 .415 .918** -.871*

TLM .880* .931** .617 .599 .625 .329 .821* -.763
TLL .668 .756 .810 .646 .680 .345 .725 -.679
VL .734 .793 .673 .565 .996** .864* .939** -.895*

TVSA .775 .827* .742 .718 .978** .815* .952** -.927**

TVSG .370 .444 .253 -.065 .771 .621 .705 -.568
WL .966** .941** .865* .661 .873* .887* .557 -.945**

VRSG -.573 -.535 -.658 -.934** -.363 -.548 .311 -.498

*p < 0.05, **p < 0.01. W. weight, HTL. head-tail length, TLM. total length of spinal cord, TLL. Total length of pars lumbalis, VL. volume 
of pars lumbalis, TVSA. total volume of white matter of pars lumbalis, TVSG. total volume of gray matter of pars lumbalis, WL. Weight 
of pars lumbalis, VRSG. volume ratio of gray matter to pars lumbalis.
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22]. In this study, it was determined that the diameter of 
the L7 segment gradually narrowed caudally. It is thought 
that the reason for the difference from the findings of the 
researchers [21,22] is that the measurement location of 
the L7 segment is different. Because the width of the L7 
segment in the cranial was larger than L6, then narrowed 
to the caudal. 

Similarly with literature data [16], volumes of white 
matter and gray matter were remarkably higher in the 
males than females in the New Zealand rabbits and 
Leghorn breed chickens [16] while the ratio of gray matter 
to overall volume was relatively higher in females than 
males. 

The gray matter of the spinal cord is part of the 
autonomic nervous system. In addition, it forms the 
somatomotor center of neurons that provide sensory and 
motor activities of the legs and trunk. Therefore, the amount 
of gray matter volume is associated with the function of 
the region [36]. To interpret the calculated gray matter 
volume capacity, the function of the region in which it is 
located should be taken into account [36]. Accordingly, the 
volume of gray matter varies in line with the sensorimotor 
needs of the spinal nerves leaving the lumbal segment. In 
light of literature findings [7, 14, 37, 38], the volume rate 
of gray matter to white matter relatively increased from 
cranial to caudal in each segment of the spinal cord. Also 
in the present study, the volume of gray matter increased 
from segment L1 to segment L7 whereas the volume of 

white matter decreased, which is compatible with the 
literature data [7, 14, 38]. It has been reported that in the 
New Zealand rabbit, the plexus lumbosacralis is formed by 
the last four lumbal spinal nerves and the radix ventralis of 
the first caudal spinal nerve [39]. Nerves leaving the plexus 
lumbosacralis provide the motor activity of the hind leg. 
Therefore, the backward increase in gray matter volume 
may be a functional requirement to ensure motor activity 
of the hind leg. 

In the study conducted by Bakıcı et al. [40] on the spinal 
cord of chicken and quails it was stated that Cavalieri’s 
Principle was an objective, accurate and effective method 
for estimation of the volume. In that study [40], it was 
reported that the volumetric shrinkage rates were 39.16% 
and 41.32% before and after the fixation procedure, 
respectively, 14.97% and 12.41% after the fixation procedure 
and application of Cavalieri’s Principle, respectively, and 
48.29% and 48.5% before the fixation procedure and after 
application of Cavalieri’s Principle, respectively. Selcuk 
and Bahar [14] reported that the shrinkage rate was 
26.2% in the lumbal segments of the spinal cord after the 
histological procedures in horses. On the other hand, in the 
present study, shrinkage rates in the lumbal segments after 
the histological procedures were determined to be 17.93% 
and 18.56% in the female and male New Zealand rabbits, 
respectively. Shrinkage rates (17%–18%), which may be 
a practical problem for those working on live animals, 
should be taken into consideration. However, this study 

Table 8. Comparison of the data of lumbal segments of spinal cord in some rabbit breeds with the findings data in the male and female 
New Zealand rabbits used in the study.

Segment Morphometrical parameters
Female
(New Zealand 
Rabbit)

Male
(New Zealand 
Rabbit)

Chincillas and Angora 
rabbits [22]

Rabbit
[21]

L1
Length (mm) 16.43 16.57 18.9 -

Lateral diameter (mm) 4.24 4.63 4.0 4.1

L2
Length (mm) 16.33 16.98 20.0 -

Lateral diamater (mm) 4.48 4.77 4.0 4.1

L3
Length (mm) 16.61 16.60 19.2 -

Lateral diameter (mm) 4.71 4.76 4.0 4.3

L4
Length (mm) 16.48 16.57 16.9 -

Lateral diameter (mm) 5.05 5.10 5.0 5.0

L5
Length (mm) 16.08 15.32 18.9 -

Lateral diameter (mm) 5.53 5.67 6.0 5.4

L6
Length (mm) 13.16 12.53 11.5 -

Lateral diameter (mm) 5.93 6.14 6.0 6.2

L7
Length (mm) 10.98 11.20 12.8 -

Lateral diameter (mm) 5.48 5.83 6.6 6.5
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has some limitations concerning the shrinkage rate of the 
spinal cord. Because of the fragility of the study material, 
lumbal spinal segments could not be removed as a single 
part through canalis vertebralis from the fresh cadaver 
without impairing tissue integrity. The segmentation 
procedure of the cadavers could be completed properly 
after the formaldehyde fixation procedure. Thus, volume 
could not be measured before fixation (in fresh cadaver) 
and hence shrinkage ratio data could not be compared 
with the fresh cadaver. 

The results obtained with the Cavalieri principle were 
compared with the archimental principle in some studies, 
and realistic data were obtained [20, 40, 41]. Therefore, the 
interpretations made based on the data obtained as a result 
of stereological studies are correct, reliable and acceptable 
[42].

As a consequence, it is thought that this study would 
allow reviewing the clinical neuroanatomy of pars lumbalis 
of the spinal cord in New Zealand rabbits (Oryctolagus 
cuniculus) and lumbal spinal cord volume ratio enables 
evaluation of spinal cord atrophy with lumbal spinal lesions 
without being affected by the interindividual variations. 

This study could be a reference for the researchers in 
the localization of the neurological investigations in this 
species.
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