Original Article

Acta Veterinaria Eurasia 2021; 47(2): 93-97

Morphometric Evaluation of T -L_and L -L, Interarcuate
Space for Subarachnoid Introduction in Simmental and
Brown Swiss Cattle: A Cadaver Study

Yalgin AKBULUT' @, Ozgiir AKSOY? (9, Sadik YAYLA?

, Savas OZTURK?

,Ugur AYDIN? 2, isa OZAYDIN?

'Department of Anatomy, Kafkas University, Faculty of Medicine, Kars, Turkey
’Department of Surgery, Kafkas University, Faculty of Veterinary Medicine, Kars, Turkey

Cite this article as: Akbulut, Y., Aksoy, 0., Yayla, S., Oztiirk, S., Aydin, U., & Ozaydin, i. (2021). Morphometric Evaluation of T, -L, and L,-L, Interarcuate Space for
Subarachnoid Introduction in Simmental and Brown Swiss Cattle: A Cadaver Study. Acta Veterinaria Eurasia, 47(2), 93-97.

ORCIDIDs of the authors: Y.A. 0000-0003-4661-2224; (.A. 0000-0002-4800-6079; 5., 0000-0001-6734-421X: 5.0. 0000-0001-6934-4176; U.A. 0000-0001-5756-4841; 1.0. 0000-0003-4652-6377.

Abstract

This study aimed to reveal the probable anatomic differences
oftheT -L, orL -L, vertebrae in Simmental and Brown Swiss
cattle during surgeries, such as subarachnoid anesthesia and
cerebrospinal fluid aspiration, and thus determine a reference
value. This study was conducted in 30 cows, of which 15 were
Brown Swiss cattle and 15 were Simmental, aged 5-6 years,
and having a live weight of 400-450 kg. The region from the
T,,-L, vertebrae to the sacrum was taken from each animal
and divided into 2 equal parts throughout the long axis. The
distance between the spinous processes of the T, -L, and L -
L, vertebrae, spinous processes length of the T, , and L, verteb-

rae, sagittal length of interarcuate spaces between the T -L,
and L -L, vertebrae, and vertical length of vertebral canals of
theT, and L, vertebrae were measured using an electronic di-
gital caliper. Statistical results showed that although there was
no significant difference within the groups (p >.05), there was
a significant difference between the groups in terms of the sa-
gittal length of interarcuate space between the T, ,-L, vertebra
(p < .05). We believe that this result is because of the anatomi-
cal and genetic differences between the 2 cattle breeds.

Keywords: Cattle, interarcuate space, morphometry

Introduction

Intrathecal anesthesia is preferred nowadays for paralumbar,
perineal, posterior extremities, and other surgeries in cattle
owing to the adverse effects of general anesthesia. Examina-
tion of the cerebrospinal fluid (CSF) can be done via CSF aspira-
tion through the subarachnoid entrance using radio-diagnos-
tic procedures (Kili¢ et al.,, 2015; Yayla et al., 2012; Yayla & Kilig,
2010). Therefore, acknowledging the anatomic structure of the
region according to the breed will contribute to more effective
anesthesia and other procedures.

All vertebrae, except the atlas, involve the vertebral body and
vertebral arch in mammals. The 2 neighboring vertebrae are
connected to each other from their vertebral body through

the intervertebral disc and ventral and dorsal longitudinal lig-
aments. In addition, neighboring vertebrae are connected to
each other from their vertebral arch by means of the interarcu-
ate ligament, intertransverse ligament, interspinous ligament,
and supraspinous ligament. The vertebral arch and vertebral
body are merged through the pedicle of the vertebral arch.
The lamina of the vertebral arch, an enlarged part, is located on
the pedicle of the vertebral arch. The 2 laminae of the vertebral
arch of a vertebra unite in a median line to form the spinous
process (Dursun, 2000; Konig & Liebich, 2007; Sharshar et al.,
2015).

Although the atlanto-occipital, lumbosacral, or thoracolumbar
space is preferred for CSF aspiration in cattle, only the lumbo-
sacral space is used for spinal anesthesia (Aksoy et al., 2012;

The pre-findings of the study were presented orally in Congress of national veterinary surgery organized in Antalya, Turkey, between 23 and 26 October 2014.

Address for Correspondence: Yalgin AKBULUT - E-mail: yalcinakbulut@kafkas.edu.tr
Received Date: January 4, 2021 - Accepted Date: March 5, 2021 - DOI: 10.5152/actavet.2021.21001

Available online at actavet.org

This work is licensed under a Creative
@ @ @ Commons Attribution-NonCommercial
BY NC 4.0 International License.


http://orcid.org/0000-0003-4661-2224
http://orcid.org/0000-0002-4800-6079
http://orcid.org/0000-0001-6734-421X
http://orcid.org/0000-0001-6934-4176
http://orcid.org/0000-0001-5756-4841
http://orcid.org/0000-0003-4652-6377

AKBULUT et al. Morphometric Evaluation of Interarcuate Space for Introduction in Cattle
Acta Veterinaria Eurasia 2021; 47(2): 93-97

De Lahunta & Glass, 2009; Hiraoka et al., 2007; Lee et al., 2004;
Skarda et al., 1989; Vandevelde et al., 2001). However, thora-
columbar introduction is not recommended in the surgery
of the paralumbar fossa or flank, and Cesarean, rumenotomy,
and abomasopexy are preferably conducted in the standing
position; therefore, subarachnoid introduction should be done
through the T -L, vertebrae or alternatively through the L,
vertebrae (Caulkett et al., 1993; De Rossi et al., 2003; Lee & Ya-
mada, 2005; Seyrek-intas et al., 2001; Yayla et al., 2013).

In a previous study (Aksoy et al., 2012), subarachnoid entries
were performed through the T -L or L, , vertebrae in differ-
ent animal breeds by the same doctor, and it was detected that
this procedure was more difficult in the Simmental breed than
in other breeds. In addition, the fact that the clinicians at our
university had difficulty entering the subarachnoid space of
Simmental breed cattle brought to our hospital, but could do
so easily in Brown Swiss breeds encouraged us to perform this
study. This problem also bring about the question of whether
the spaces T -L, or L, , will show morphometric changes ac-
cording to different breed or not. This study aimed to find an-
swers to these questions also measure the intervertebral space
distances between T -L and L, , vertebrae in Simmental and
Brown Swiss cattle, to determine whether there is any differ-
ence between the two cattle breeds, and thus to establish a ref-
erence for surgical operations such as subarachnoid anesthesia
or CSF aspiration.

Method

The use of the animals in this study was allowed by the local
ethics committee of animal experiments of Kafkas University
(KAU-HADYEK/2015-025/08.01.2015). This investigation was
performed in 30 cows, of which 15 were Brown Swiss cattle
(group I) and 15 were Simmental (group Il). They were aged 5-6
years, with 400-450 kg live weight, did not have any disorder or
trauma complaint, and were ethically slaughtered in the Kars
slaughter house. The vertebral column, with its soft tissues,
till the tail vertebra and T, of each cow was excised (Figure 1,
2) and divided into 2 equal parts and moved to the anatomy
laboratory of the Kafkas University. Following this, the distance
between the spinous processes of the T, and L, vertebrae (Fig-
ure 1"a"), distance between the spinous processes of the L -L,
vertebrae (Figure 1“b"), lengths of spinous processes of the T,

Table 1

(Figure 1“c”) and L, vertebrae (Figure 1 “d"), sagittal length of
the interarcuate spaces between the T -L, (Figure 1 “") and
L,-L, (Figure 1“f"), and vertical lengths of the vertebral canals
of theT,, (Figure 1"g") and L, vertebrae (Figure 1“h") were mea-
sured using an electronic digital caliper (01 mm, BTS, England).
The obtained data were analyzed statistically using Minitab
packaged software (Trialware, Pennsylvania, USA) and then
evaluated within groups and between groups comparatively
using one-way analysis of variance (Tukey’s test). To compare
variables between the groups, t test was used.

Results

According to the results of the study, there was no statistically sig-
nificant difference within the groups in terms of the distance be-
tween the spinous processes of the T, and L, vertebrae, distance
between the spinous processes of the L -L, vertebrae, lengths of
spinous processes of the T, and L, vertebrae, sagittal length of
the interarcuate spaces between the T, -L, and L -L, vertebrae,
and vertical lengths of the vertebral canals of the T, and L, ver-
tebrae (p > .05) (Figure 1). However, a significant difference was
found between the groups in terms of the sagittal length of inter-
arcuate space between the T L, (p <.05). There was no statisti-
cally significant difference within the groups (Table 1).

Figure 1

Sagittal Section of the Thoracolumbal and Os Sacrum in Brown
Swiss Cattle. (a) Distance between the Spinous Processes of
T, L, Vertebrae, (b) Distance between the Spinous Processes
of L, , Vertebrae, (c) The Spinous Process Length of T, Vertebra,
(d) Length of Spinous Processes of L, Vertebra, (e) Sagittal
Length of Interarcuate space between T, -L, Vertebrae, (f)
Sagittal Length of Interarcuate Space Between L, , Vertebrae,
(g) Vertical Length of Vertebral Canal T, Vertebra, (h) Vertical
Length of Vertebral Canal L, Vertebra.

Comparison between the Groups of Morphometric Measurement Results Obtained from the Study

Distance between the

Spinous processes

Sagittal length of Vertical length of

spinous processes (mm) length (mm) interarcuate space (mm) vertebral canal (mm)
Groups T.L, L-L, T, T, L, L-L, T, L,
(n=15) 19.17 £5.72 18.59+5.14 59.88 £5.07 54.63 +5.48 5.12+1.20 547 £1.35 18.78 +2.28 19.82 +2.49
(n=15) 18.86 + 3.08 19.13 £ 4.22 60.15 +7.49 5559+6.12 4.15 +1.0* 4.79+1.34 19.07 £ 1.26 19.82 +£1.91

Note. *: Statistical significance between groups in each column (p < .05). Values are presented as mean + standard deviation
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Figure 2
Sagittal Section of the Thoracolumbar and Os Sacrum in Simmental Cattle. (a) Distance between the Spinous Processes of T, -L,
Vertebrae, (b) Distance between the Spinous Processes of L, , Vertebrae, (c) The Spinous Process Length of T, Vertebra, (d) Length of
Spinous Processes of L, Vertebra, (e) Sagittal Length of Interarcuate Space between T, L, Vertebrae, (f) Sagittal Length of Interarcuate
Space between L, ,Vertebrae, (g) Vertical Length of Vertebral Canal T, Vertebra, (h) Vertical Length of Vertebral Canal L, Vertebra.

Discussion, and Conclusion and Recommendations

Subarachnoid or intrathecal administration is necessary pri-
marily for intrathecal anesthesia, radio-diagnostic procedures,
and CSF aspiration. Although lumbosacral space is favored for
intrathecal anesthesia in many animal breeds, cisternal or lum-
bosacral injections are used for myelography (Aksoy et al., 2012;
Yayla et al., 2012). Many surgeries need to be performed in the
standing position because of the known complications of sur-
geries, especially in adult cattle (Aksoy et al., 2012; Caulkett et
al., 1993; De Lahunta & Glass, 2009). Therefore, there are many
studies on intrathecal or subarachnoid anesthesia and analge-
sia, which do not let the animals lie down (Aksoy et al., 2012;
Yayla & Kilig, 2010); some researchers have recommended tho-
racolumbar administration along with lumbosacral (Caulkett et
al., 1993; Ferheller et al., 2004; Lee et al., 2006; Levis et al., 1999).
Moreover, there are studies on entering via the lumbosacral
line, then advancing the spinal catheter cranially or caudally
after having entered through the thoracolumbar space for the
blockage of nerves in the L,  level, and administering the anes-
thetic drug to this part (Aksoy et al., 2012; Ozaydin &Kili¢, 2003;
Skarda et al., 1989). These studies have also reported that T L,
intrathecal entrance was difficult; thus, L, , may be an alterna-
tive for T, -L, introduction. However, studies on morphometric
measurements of the mentioned regions for subarachnoid in-
troduction in cattle are limited. In a previous study (Aksoy et
al., 2012), subarachnoid analgesia was performed in different
cattle breeds, but the subarachnoid introduction in Simmen-
tal cows was determined to be problematic. This prompted
us to conduct this study, and the intervertebral distance was
measured between the T -L, and L, , vertebrae of Simmen-
tal and Brown Swiss cattle (the 2 common breeds in cultural
breeding). We aimed to determine a reference value for surgical
operations, such as subarachnoid anesthesia or CSF aspiration,
from this region. We believe that the results of this study will
contribute to the literature by providing further information on
subarachnoid surgeries.
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Although there are no studies conducted on morphometric mea-
surements in cattle, several studies reported the distance till the
subarachnoid gap on the skin during intrathecal attempts. Lee et
al. (2004) found the distance between the skin and subarachnoid
space to be 84-93 mm in 8 cows and 85-95 mm in 10 cows; they
did not find any statistically significant difference in the effect on
analgesia in these 2 groups. Another study (Lee et al., 2006) found
this distance to be 82-91 mm in adult animals and 57-65 mm
in young animals, whereas another study (Lee et al., 2004) found
this to be 89 mm. Hiraoka et al. (2007) reported this distance to be
81-90 mm. Our study dealt with the length of spinous processes,
except for the skin. This length was determined as 59.88 + 5.07
mm for T, vertebra in Brown Swiss cattle and 60.15 + 7.49 mm in
Simmentals, whereas it was found to be 54.63 + 5.48 mm for L,
vertebra in Brown Swiss cattle and 55.59 £ 6.12 mm in Simmen-
tals. In addition, there was no statistically significant difference
both within the group and between group measurements.

Sinding and Berg (2010)carried out a study dealing with similar
data in warmblood foals, and no interspinous space width less
than 4 mm was found. The width betweenT, _ was determined
to be 5.9 + 1.2 mm, and the widest interspinous space was re-
ported as 8.9 + 2.6 mm betweenT, ... However, the researchers
did not conduct any study in cattle to investigate the spinous
processes of T, -L and L, , vertebrae in terms of morphometric
values. In the present study, the distance between the spinous
processes of T -L, vertebrae was determined as 19.17 + 5.72
mm in Brown Swiss cattle and 18.86 + 3.08 mm in Simmentals;
the distance between the spinous processes of L, , vertebrae
was 18.59 + 5.14 mm in Brown Swiss cattle and 19.13 + 4.22
mm in Simmentals. Furthermore, there was no statistically sig-
nificant difference in measurements both within the group and
between the groups. Therefore, it can be assumed that these 2
breeds have substantial similarities.

In a study carried out in water buffalo by using computed to-
mography (Sharshar et al., 2015), the interarcuate space be-
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tween the last thoracic spine and initial lumbar vertebra and
within all the lumbar vertebrae were determined, although
not between the last 2 thoracic spines. However, there was
no study regarding the sagittal length of interarcuate space in
cattle. Therefore, to the best of our knowledge, this is the first
study investigating the sagittal length of interarcuate space in
Brown Swiss and Simmental cattle. This length was found to be
5.12+1.20 mm in Brown Swiss cattle and 4.15 £ 1.0 mm in Sim-
mental in T -L,, whereas it was 5.47 £ 1.35 mm in Brown Swiss
cattleand 4.79 £ 1.34 mm in Simmental in L, ,. There was no sta-
tistically significant difference in these data within the groups.
Although there was no statistically significant difference in the
sagittal length of L, , interarcuate space, a statistically signifi-
cant difference was determined for T, -L, (p < .05). Therefore,
we assume that T -L, intrathecal introduction would be easier
for Brown Swiss cattle than Simmental ones.

The diameter of spinal canal of L, vertebra was specified as
16.89, 8.83, and 11.81 mm for human, sheep, and deer, respec-
tively (Bai et al.,, 2012). The diameter of the spinal canal of T,
vertebra was found to be 9.4 and 9.8 mm for L, vertebra (Ma-
geed et al., 2013). This study revealed that the vertical length
of the vertebral canal of T, vertebra was 18.78 + 2.28 mm in
Brown Swiss cattle and 19.07 £ 1.26 mm in Simmentals, where-
as the vertical length of the vertebral canal of L, vertebra was
19.82 + 2.49 mm in Brown Swiss cattle and 19.82 + 1.91 mm
in Simmentals. Furthermore, they were statistically similar both
within the group and between groups.

In conclusion, this study was designed to compare the interver-
tebral space distances between the T -L, and L, , vertebrae in
Brown Swiss cattle and Simmentals. There may be difficulties in
subarachnoid entry in Simmentals as the sagittal length of T, -L,
interarcuate space and sagittal length of interarcuate space be-
tween L, , vertebrae is narrower than Brown Swiss cattle. We think
that this difference is the result of the Simmental cattle breed ge-
netically being more muscular and having higher milk production.
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