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ABSTRACT
     The present study was conducted to investigate the topographic descriptions and illustrations of the spinal nerve innervations to the flank region and the exact site of infiltration of local anaesthetics for the T13, L1 and L2 paravertebral spinal nerve block in 10 Black Bengal does from January to June 2009 in the Dept. of Anatomy and Histology, Chittagong Veterinary and Animal Sciences University, Chittagong. The animals were anaesthetized with pentobarbital sodium @ 20 mg / kg body weight IM and bled to death by giving incision on the right common carotid artery. Whole vascular system was flashed with 0.85 % physiological saline solution and then 10 % formalin was injected through the same route for well preservation. Then the animals were dissected to study the innervations of spinal nerves at flank region and also to determine the exact site of infiltration of local anaesthetic for paravertebral nerve block. The study revealed that the cranial, middle and caudal portion of the flank region is innervated by ventral branches of the last thoracic (T13), first (L1) and second (L2) lumbar spinal nerves respectively. In vertical or proximal approach, the exact site for the infiltration of local anaesthetic in T13 spinal nerve block is at 0.8 ± 0.17 cm caudally from head of the last rib, 0.7 ± 0.22 cm cranio-medially from cranial angle of L1 transverse process and 3.4 ± 0.20 cm laterally from dorsal midline; in L1 spinal nerve block is at 1.2 ± 0.40 cm medially from cranial angle of L2 transverse process and 3.5 ± 0.17 cm laterally from the dorsal midline and in L2 spinal nerve block is at 1.6 ± 0.26 cm medially from cranial angle of L3 transverse process and 3.7 ± 0.14 cm laterally from the dorsal midline. In horizontal or distal approach, the exact site for the infiltration of local anaesthetic in T13 spinal nerve block is at 0.5 ± 0.10 cm and 1.8 ± 0.63 cm cranially from the cranial and caudal angle of L1 transverse process respectively and 4.6 ± 0.30 cm laterally from dorsal midline at lateral border of L1 transverse process; in L1 spinal nerve block is at 0.4 ± 0.10 cm and 1.4 ± 0.28 cm caudally and cranially from the cranial and caudal angle of L2 transverse process respectively and 5.1 ± 0.20 cm laterally from dorsal midline at lateral border of L2 transverse process and in L2 spinal nerve block is at 2.5 ± 0.42 cm and 0.5 ± 0.10 cm caudally and cranially from the cranial and caudal angle of L3 transverse process respectively and 5.5 ± 0.28 cm laterally from dorsal midline at lateral border of L3 transverse process.

Key words: Black Bengal doe, flank region, paravertebral spinal nerve block.
INTRODUCTION

Regional anaesthesia is very important for ruminants because of regurgitation during general anaesthesia (Hossain, 1984; Hashim and Hossain, 1989). Most of the operations in the ruminants should therefore, are performed under local or regional anaesthesia (Sherajee, 2003). Moreover, in ruminants, regional anaesthesia has been the anaesthetic procedure of choice since general anaesthesia seems to have certain limitations because of anatomical and physiological peculiarities (Shokry, 1982).  
Proximal or vertical and distal or horizontal are two common approaches for performing paravertebral nerve block in ruminants (Kumar, 2003). Proximal paravertebral block having wide and uniform area of analgesia and muscle relaxation, minimal intra-abdominal pressure, increased intestinal tone and motility, requires small dose of analgesic, absence of local analgesic from the operative wound margins and in distal paravertebral block, the use of more routine size needles, no risk of penetrating a major blood vessel and lack of scoliosis minimal weakness in the pelvic limb and ataxia which are major advantageous points ( Lee, 2006) .
A paravertebral nerve block produced effective analgesia in all layers of the abdominal wall while the tissue infiltration, in inverted L block, did not produce analgesia of the peritoneum and all muscle layers of fat animals (Sloss and Dufty, 1977). However, in addition of distal paravertebral anaesthesia local infiltration at the site of incision may be necessary for the complete anaesthesia of the flank (kumar, 2003). 
Regional Anatomy is an important branch of anatomy directly concerned with the form and relationships of all the organs in a particular area. Regional anatomy is one of the foundation of the clinical and surgical practice because it enables the clinician / surgeon to visualized details of structures relevant to the case at hand (Duce, 1996).
 
Regional anaesthesia is used where specific nerves to the area concerned are blocked (Lyon Lee, 2006). Regional anaesthesia can be accomplished by either injecting the anaesthetic agent on or near the nerve trunk supplying a particular region. In such a procedure of anaesthesia requires a thorough knowledge of the topographical anatomy of the parts involved (Shokry, 1982). 
  
Flank region is important for all abdominal surgery in ruminants. The flank region has gotten nerve supply from the thirteenth (last) thoracic and first & second lumbar spinal nerves. Each spinal nerve has one dorsal and another ventral branch. The dorsal branch is mainly supplies to the skin of the loins. The ventral branches at a short distance of their course divide into a medial branch which innervates mainly the dorsal region of the flank and a lateral branch which innervates the ventral region of the falnk. All the nerves travel below the intertransverse ligament and hence the anaesthetic solution should be deposited below this ligament (Venugopalan, 2000). 
   
In ruminants, T13, L1 and L2 spinal nerves are desensitized for paravertebral anaesthesia, (Sharma, 2009). In caprine, for operations carried out through the flank region T-13, L-1 and L-2 spinal nerves are blocked (Hall, 1989). Since most operations in the flank region involve incisions in the mid paralumbar fossa these three nerves must be anaesthetized. If more anterior or posterior incisions are required T12 and L3 nerves may have to be anaesthetized (Cakala, 1961). The paravertebral nerve block is necessary for standing laparotomy surgery such as caesarian section, rumenotomy, intestinal obstruction, volvulus (Lee, 2006), ruminal fistula, operation for foreign body syndrome, hernia operation and other abdominal operations etc. (kumar, 2003). 

 
 The angle between the lumbar nerves and the median axis of the body becomes more and more acute in a caudal direction and cross the transverse axis of the transverse processes of the lumbar vertebrae more and more obliquely. The anesthesiologist has to take this angle into consideration in order to block specific nerves like the costoabdominal and the lumbar nerves (Constantinescu, 2001).
 
Proximal Paravertebral nerve block, the local anaesthetics should be deposited / injected about the perineural of spinal nerves as they emerge from the vertebral canal through the inter-vertebral foraminae (Lee, 2006)  or more distally at free ends of the lumbar transverse process or the posterior border of the head of the last rib dorsally during distal Paravertebral nerve block (kumar, 2003). 
  
Paravertebral anaesthesia is easy to carry out and almost always effective if the site of nerve blocking from the landmarks can be identified perfectly. However, in fat animals and in large breeds it may be very difficult to locate the sites of paravertebral nerve blocking from the specific landmarks (Lee, 2006).The use of paravertebral analgesia in cattle is not always successful because there are divergences in the techniques and measurements from the landmarks (Cakala, 1961 Kumar, 2003; Hall, 1991) and in the course of the dorsal and ventral branches of the lumbar nerves which can account for the unreliability of conventional techniques (Roe, 1986).
 
Many researchers have carried out their work on the variation in techniques and measurements for performing paravertebral regional anaesthesia in ruminants; goat (Constantinescu, 2001; kumar, 2003; Shokry, 1982) and cow (Venugopalan, 2000; Hall, 1991; Sharma; Riebold, 1982; Cakala, 1961). Therefore the present study was undertaken to determine the exact sites of T13, L1 and L2 spinal nerve block from the specific landmarks during paravertebral regional anaesthesia in black Bengal doe. 
REVIEW OF LITERATURE
COURSE AND DISTRIBUTION OF T13, L1 AND L2 SPINAL NERVES
T13 spinal nerve: The ventral branch of last thoracic, the costoabdominal nerve, does not between two ribs. It descends along the caudal border of the last rib being covered by the obliquus internus abdominis. Near the ventral end of last rib it divides into a lateral and medial brcnch. The lateral branch pierces the obliquus internus and externus abdominis muscles and is distributed to the cutaneous trunci muscle and the skin (ramus cutaneous lateralis). The medial branch proceeds between the obliquus internus abdominis and transverse abdominis, finally entering the rectus abdominis. Some of its twigs pass through the preceding muscle and the aponeuroses of the obliquus internus and externus abdominis muscles to innervate the fascia and skin of the ventral abdominal wall (ramus cutaneous ventralis). 

L1 and L2 spinal nerve: The ventral branches of the first and second lumbar nerves usually do not communicate with each other (in exceptional cases one is seen in bovine and is observed unilaterally in the goat). They emerge through the respective intervertebral foramina and pass laterally between the intertransversarii lumborum muscle dorsally and the psoas muscles ventrally to confine deep to the craniolateral border of the transverse process caudal to them. Close to their emergence they give branches to the psoas muscles and quadratus lumborum. The second lumbar nerve may supply a branch to the genitofemoral nerve or its cranial branch. The nerve passes under the iliocostalis lumborum, and on the surface of the peritoneum it divides into lateral and medial branches at the level of the coxal tuber. The lateral branch pierces the aponeurotic origin of the transversus abdominis and between that and the obliquus internus abdominis, runs for a short distance and then courses between the obliquus internus and obliquus externus abdominis muscles to end in the skin of the lateral abdominal wall. The medial of both lumbar nerves passes through the latter and the aponeuroses of the obliquus internus and externus abdominis muscles to be distributed in the skin of the ventral abdominal wall (Getty, 1975). 

SITE FOR BLOCKING OF THIRTEENTH (T-13) SPINAL NERVE:

PROXIMAL / VERTICAL APPROACH / FARQUHARSON / HALL / CAMBRIDGE TECHNIQUE:
  In the goat, in proximal paravertebral anaesthesia the needle is inserted in a vertical position mostly at the cranial edge of the transverse process of L1 vertebra at a point 3 cm off the dorsal midline (Gheorghe M. Constantinescu, 2001).
  The transverse process of the L1 vertebra is palpated and the injection site is located between the last rib and end of the transverse process of the L1 vertebra at 3 cm off the midline (Amresh Kumar, 2003).
  In cattle, the last thoracic nerve (T13) is blocked about 5-6 cm lateral to the mid-dorsal line at a point behind the level of the head to the last rib (A. Venugopalan, 2000).
  To block the T13 spinal nerve skin weal should be raised in the line with the most obvious parts of the transverse process of the L1 vertebra 5-6 cm from the midline of the body. Location of the transverse process of the L1 vertebra is difficult (particularly in well muscled or obese animals). So in most cases the site for infiltration around the T13 spinal nerve is found by simple measurement. The distance between the skin wheals over the transverse processes of the L2 &L3 vertebrae is measured & another skin weal is produced at a distance equal to this, cranial to the anterior weal, to mark the site where the needle is to be introduced to strike the cranial border of the transverse process of the L1 vertebra. It is important to ensure that the needle shall be vertical when contact is first made with the cranial border of the transverse process for, if they are not, redirection over the edge of the processes may cause their points to lie well away from the course of the nerves (L W Hall et al., 1991). 
  The dorsal aspect of the transverse process of the last thoracic (T-13) vertebra is the site for needle placement (Lyon Lee, 2006).  

  In bovine, the dorsal aspect of the transverse processes of the T13 vertebra is the site for needle placement (S K Sharma).
  In an adult bovine, the needle is introduced 2 inches lateral to the spinous process and off the anterior edge of the transverse process of L1 vertebra (TW Riebold et al., 1982).

  Perpendicular line from the anterior aspect of the extremity of L1 vertebra will cross over the nerve trunk T13 about 2 inches from the midline (S. Cakala, 1961).
DISTAL / LATERAL / HORIZONTAL APPROACH / MAGDA / CAKALA / CORNELL TECHNIQUE:
In the goat, in distal paravertebral anaesthesia, the dorsal and ventral rami of the T13 spinal nerve are blocked at the distal end of the transverse process of L1 vertebra. The needle should be inserted horizontally (Gheorghe M. Constantinescu, 2001). 
In lateral approach, the needle is inserted in a horizontal direction to midline and the anaesthetic is injected above and below on the posterior border of the transverse process of the L1 vertebra in a linear fashion to block the dorsal and ventral branches of the T13 spinal nerve (Amresh Kumar, 2003).
The dorsal and ventral rami of the spinal nerve T13 is desensitized at the distal end of first lumbar transverse process. Needle is inserted ventral to the tip of the first lumbar transverse process where anaesthetic solution is injected in a fan-shaped infiltration pattern. The needle is then completely withdrawn and reinserted dorsal to the transverse process, where the cutaneous branch of the dorsal rami is injected with analgesic (Lyon Lee, 2006).  
About 10 ml of local analgesic solution is injected beneath the transverse process of the T13 vertebra towards the midline. The needle is then withdrawn a short distance and then redirected first cranially then caudally with more analgesic solution being injected along the line of insertion. A small amount of anaesthetic is injected slightly dorsal and caudal to the transverse process to block dorsolateral branch of T13 nerve (L W Hall et al., 1991).
The dorsal and ventral rami of the T13 spinal nerve are desensitized at the distal end of L1 vertebra. A 7.5 cm 18 gauge needle is inserted ventral to the tip of the transverse process of L1 vertebra in cows, whereas approximately 10-20 ml of 0.2% lidocaine solution is injected in a fan-shaped infiltration pattern. The needle is completely withdrawn and reinserted dorsal to the transverse process, where the cutaneous branch of the dorsal rami is injected with about 5 ml of the analgesic (S K Sharma).

SITE FOR BLOCKING OF FIRST LUMBAR (L-1) SPINAL NERVE:

PROXIMAL / VERTICAL APPROACH / FARQUHARSON / HALL / CAMBRIDGE TECHNIQUE:
  In the goat, in proximal paravertebral anaesthesia the needle is inserted in a vertical position mostly at the cranial edge of the transverse process of L2 vertebra at a point 3 cm off the dorsal midline (Gheorghe M. Constantinescu, 2001).

The transverse process of the L2 vertebra is palpated and the injection site is located between the ends of the transverse processes of the L1 and L2 vertebrae at 6.5 cm off the midline. In case of sheep and goat the distance is about 3 cm off the midline. The site of needle penetration is caudal end of the each transverse process on posterior side (Amresh Kumar, 2003).
The site for blocking the L1 spinal nerve is 5-6 cm lateral to the mid-dorsal line and behind the transverse process of L1 vertebra (A. Venugopalan, 2000).

  To block the L1 spinal nerve skin wheal should be raised in the line with the most obvious part of the transverse process of the L2 vertebra, 5-6 cm from the midline of the body. It is important to ensure that the needle shall be vertical when contact is first made with the cranial border of the transverse process for, if they are not, redirection over the edge of the processes may cause their points to lie well away from the course of the nerves (L W Hall et al., 1991). 

The dorsal aspect of the transverse process of the first lumbar (L-1) vertebra is the site for needle placement (Lyon Lee, 2006).  
In bovine, the dorsal aspect of the transverse processes of the L1 vertebra is the site for needle placement (S K Sharma).

  In an adult bovine, the needle is introduced 2 inches lateral to the spinous process and off the posterior edge of the transverse process of L1 vertebra (TW Riebold et al., 1982).

Perpendicular line from the anterior aspect of the extremity of L2 vertebra will cross over the nerve trunk L1 about 2 inches from the midline (S. Cakala, 1961).
DISTAL / LATERAL / HORIZONTAL APPROACH / MAGDA / CAKALA / CORNELL TECHNIQUE:
In the goat, in distal paravertebral anaesthesia, the dorsal and ventral rami of the L1 spinal nerve are blocked at the distal end of the transverse process of L2 vertebra. The needle should be inserted horizontally (Gheorghe M. Constantinescu, 2001). 
In lateral approach, the needle is inserted in a horizontal direction to midline and the anaesthetic is injected above and below on the posterior border of the transverse process of the L2 vertebra in a linear fashion to block the dorsal and ventral branches of the L1 spinal nerve (Amresh Kumar, 2003).

The dorsal and ventral rami of the spinal nerve L1 is desensitized at the distal end of second lumbar transverse process. Needle is inserted ventral to the tip of the second lumbar transverse process where anaesthetic solution is injected in a fan-shaped infiltration pattern. The needle is then completely withdrawn and reinserted dorsal to the transverse process, where the cutaneous branch of the dorsal rami is injected with analgesic (Lyon Lee, 2006).  

  About 10 ml of local analgesic solution is injected beneath the transverse process of the L2 vertebra towards the midline. The needle is then withdrawn a short distance and then redirected first cranially then caudally with more analgesic solution being injected along the line of insertion. The last portion of the anaesthetic is injected slightly dorsal and caudal to the transverse process to block dorsolateral branch of L1 spinal nerve (L W Hall et al., 1991).

The dorsal and ventral rami of the L1 spinal nerve are desensitized at the distal end of L2 vertebra. A 7.5 cm 18 gauge needle is inserted ventral to the tip of the transverse process of L2 vertebra in cows, whereas approximately 10-20 ml of 0.2% lidocaine solution is injected in a fan-shaped infiltration pattern. The needle is completely withdrawn and reinserted dorsal to the transverse process, where the cutaneous branch of the dorsal rami is injected with about 5 ml of the analgesic (S K Sharma).

SITE FOR BLOCKING OF SECOND LUMBAR (L-2) SPINAL NERVE:

PROXIMAL / VERTICAL APPROACH / FARQUHARSON / HALL / CAMBRIDGE TECHNIQUE:
  In the goat, in proximal paravertebral anaesthesia the needle is inserted in a vertical position mostly at the cranial edge of the transverse process of L3 vertebra at a point 3 cm off the dorsal midline (Gheorghe M. Constantinescu, 2001).

  The transverse process of the L3 vertebra is palpated and the injection site is located between the tips of the transverse processes of the L2 and L3 vertebrae at 8 cm off the midline. In case of sheep and goat the distance is about 3 cm off the midline. The site of needle penetration is caudal end of the each transverse process on posterior side (Amresh Kumar, 2003).

The site for blocking the L2 spinal nerve is 5-6 cm lateral to the mid-dorsal line and behind the transverse process of L3 vertebra (A. Venugopalan, 2000).

  To block the L2 spinal nerve skin weal should be raised in the line with the most obvious part of the transverse process of the L3 vertebra, 5-6 cm from the midline of the body. It is important to ensure that the needle shall be vertical when contact is first made with the cranial border of the transverse process for, if they are not, redirection over the edge of the processes may cause their points to lie well away from the course of the nerves (L W Hall et al., 1991). 

  The dorsal aspect of the transverse process of the second lumbar (L-2) vertebra is the site for needle placement (Lyon Lee, 2006).  
In bovine, the dorsal aspect of the transverse processes of the L2 vertebra is the site for needle placement (S K Sharma).

  In an adult bovine, the needle is introduced 2 inches lateral to the spinous process and off the posterior edge of the transverse process of L2 vertebra (TW Riebold et al., 1982).

Perpendicular line from the anterior aspect of the extremity of L3 vertebra will cross over the nerve trunk L2 about 2 inches from the midline (S. Cakala, 1961).
DISTAL / LATERAL / HORIZONTAL APPROACH / MAGDA / CAKALA / CORNELL TECHNIQUE:
In the goat, in distal paravertebral anaesthesia, the dorsal and ventral rami of the L2 spinal nerve are blocked at the distal end of the transverse process of L4 vertebra. The needle should be inserted horizontally (Gheorghe M. Constantinescu, 2001). 

In lateral approach, the needle is inserted in a horizontal direction to midline and the anaesthetic is injected above and below on the posterior border of the transverse process of the L3 vertebra in a linear fashion to block the dorsal and ventral branches of the L2 spinal nerve (Amresh Kumar, 2003).

The dorsal and ventral rami of the spinal nerve L2 is desensitized at the distal end of third lumbar transverse process. Needle is inserted ventral to the tip of the third lumbar transverse process where anaesthetic solution is injected in a fan-shaped infiltration pattern. The needle is then completely withdrawn and reinserted dorsal to the transverse process, where the cutaneous branch of the dorsal rami is injected with analgesic (Lyon Lee, 2006).  

  About 10 ml of local analgesic solution is injected beneath the transverse process of the L3 vertebra towards the midline. The needle is then withdrawn a short distance and then redirected first cranially and then caudally with more analgesic solution being injected along the line of insertion. The last portion of the anaesthetic is injected slightly dorsal and caudal to the transverse process to block dorsolateral branch of L2 spinal nerve (L W Hall et al., 1991).

The dorsal and ventral rami of the L2 spinal nerve are desensitized at the distal end of L3 vertebra. A 7.5 cm 18 gauge needle is inserted ventral to the tip of the transverse process of L3 vertebra in cows, whereas approximately 10-20 ml of 0.2% lidocaine solution is injected in a fan-shaped infiltration pattern. The needle is completely withdrawn and reinserted dorsal to the transverse process, where the cutaneous branch of the dorsal rami is injected with about 5 ml of the analgesic (S K Sharma).

MATERIALS AND METHODS
The research work was carried out on 10 Black Bengal does (Capra hircus) at the Department of Anatomy and Histology, Faculty of Veterinary Medicine, Chittagong Veterinary and Animal Sciences University, Khulshi, Chittagong during the period from January to June 2009. The does were purchased by random sampling from the market nearby the university. All the does were adult and apparently healthy and devoid of any external abnormalities.
The animals were maintained in a well ventilated room and kept under good hygienic condition. The animals were allowed to graze in the open field for six hours everyday and also supplied concentrate mixture and water ad libitum. Before starting the experiment the body weight of the animals was taken. The body weight of the animals ranging from 15-20 kg (medium 17.5 kg) and the age were 12-18 months.
The animals were kept fasting overnight prior to anaesthesia. The animals were then placed on the operating table and were restrained physically by an assistant. The anaesthesia was performed in the morning throughout the course of investigation. The does were anaesthetized with pentobarbital sodium @ 20 mg / kg body weight IM. All the does were bled to death by giving incision on the right common carotid artery. Whole the vascular system was flashed with 0.85 % physiological saline solution and injected with 10 % formalin for well preservation following the same route.
Careful dissection was made with the help of scalpel, scissors and forceps. First of all the skin of the left side of thorax and abdomen was removed by using scalpel and forceps. Then the cutaneous trunci muscle, sub-cutaneous fat and connective tissues were removed by using forceps. The aponeuroses of obliquus externus abdominis muscle, obliquus internus abdominis muscle and transverse abdominis muscles were removed using forceps. They were separated so carefully that no branch of the spinal nerves can be ruptured (Fig.-01). By gentle operation the longissimus dorsi muscle was separated remaining intact the dorsal branches of the spinal nerves remain intact. During dissection of longissimus dorsi muscle the dorsal branches of the T13, L1 and L2 spinal nerves were made distinct (Fig.-01). After that, quadratus lumborum muscle, psoas major, psoas minor muscles, connective tissues and fat associated with nerve fibres were removed by gentle use of forceps for distinct visualization of the spinal nerves (Fig.-01). The ventral branches of the spinal nerves made distinct along their courses. The ventral branches of the T13, L1 and L2 spinal nerves course upon the peritoneum and all these three branches again divided into a medial and a lateral branch (Fig.-01). Both the branches were made distinct by gentle separation of surrounding structures using tissue forceps and were observed or measured the points of needle insertion by keeping the nerves upon the peritoneum. 
All the measurements were taken in metric rule during the course of dissection and the result were presented as mean ± SD in table: 1 to 2. Photographs also taken during the course of dissection. Measurement for the proximal or vertical and distal or horizontal approaches of the paravertebral T13, L1 and L2 spinal nerve block in Black Bengal doe was described below and shown in the Fig: 2 to 3.

Proximal or vertical approach

 T13 spinal nerve block

a: Head of last rib to the nerve: Head of the last rib to caudally to the nerve parallel to the dorsal midline (fig: 02:T13:a).

b: L1 transverse process to the nerve: Cranial angle of L1 transverse process to cranio-medially to the nerve (fig: 02:T13:b).  

c: Dorsal midline to the nerve: Dorsal midline to laterally to the nerve at cranial border of L1 transverse process (fig: 02:T13:c).  
   L1 spinal nerve block

d: L2 transverse process to the nerve: Cranial angle of L2 transverse process to medially to the nerve (fig: 02:L1:d).

e: Dorsal midline to the nerve: Dorsal midline of the doe to laterally to the nerve at the cranial border of L2 transverse process (fig: 02:L1:e).
    L2 spinal nerve block
f: L3 transverse process to the nerve: Cranial angle of L3 transverse process to medially to the nerve (fig: 02:L2:f).
g: Dorsal midline to the nerve: Dorsal midline to laterally to the nerve at cranial border of the L3 transverse process (fig: 02:L2:g).
Distal or horizontal approach
 T13 spinal nerve block

h: Cranial angle of L1 transverse process to the nerve: Cranial angle of L1 transverse process to cranially to the nerve (fig: 03:T13:h).  

i: Caudal angle of L1 transverse process to the nerve: Caudal angle of L1 transverse process to cranially to the nerve (fig: 03:T13:i). 

j: Dorsal midline to the nerve: Dorsal midline to laterally to the nerve at lateral border of L1 transverse process (fig: 03:T13:j).
L1 spinal nerve block

k: Cranial angle of L2 transverse process to the nerve: Cranial angle of L2 transverse process to caudally to the nerve at lateral border of L2 transverse process (fig: 03:L1:k). 

l: Caudal angle of L2 transverse process to the nerve: Caudal angle of L2 transverse process to cranially to the nerve at lateral border of L2 transverse process (fig: 03:L1:l).

m: Dorsal midline to the nerve: Dorsal midline to laterally to the nerve at lateral border of L2 transverse process (fig: 03:L1:m).
L2 spinal nerve block

n: Cranial angle of L3 transverse process to the nerve: Cranial angle of L3 transverse process to caudally to the nerve at lateral border of L3 transverse process (fig: 03:L2:n).

o: Caudal angle of L3 transverse process to the nerve: Caudal angle of L3 transverse process to cranially to the nerve at lateral border of L3 transverse process (fig: 03:L2:o).

p: Dorsal midline to the nerve: Dorsal midline to laterally to the nerve at lateral border of L3 transverse process (fig: 03:L2:p).
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RESULT AND DISCUSSION
The present study revealed that the left flank of Black Bengal doe is supplied by mainly three spinal nerves (Fig.-01). The ventral branch of T13 spinal nerve innervates mainly the cranial part of flank starting from last rib to a little distance caudally and ventrally up to rectus abdominis muscle & skin. Along its course it divides into a lateral branch and a medial branch. The medial branch proceeds between the obliquus internus abdominis and transverse abdominis muscles and finally entering the rectus abdominis muscle. The lateral branch pierces the obliquus externus and obliquus internus abdominis muscles and is innervated to the cutaneous trunci muscle and skin. Most of the middle portion of the flank region is innervated by ventral branch of the L1 spinal nerve (Fig.-01:L1b). After emerging from the inter-vertebral foramina the ventral branch of L1 spinal nerve course upon the peritoneum. After a short course it divides into a medial (Fig.-01:L1c) and a lateral branch (Fig.-01:L1d). The medial branch passes through the transverse abdominis muscle to the rectus abdominis muscle and then passes through the aponeuroses of the obliquus internus and obliquus externus abdominis muscles to be distributed in the skin of the ventral abdominal skin and the lateral branch passes through the transverse abdominis muscle and runs a short distance between the obliquus internus and obliquus externus abdominis muscles to end in the skin of the lateral abdominal wall. The caudal part of the flank is innervated by ventral branch of the L2 (ilio-inguinal) spinal nerve (Fig.-01:L2b). After emerging from the inter-vertebral foramina the ventral branch of L2 spinal nerve course upon the peritoneum. After a short course at the level of coxal tuber it divides into a medial (Fig.-01:L2c) and a lateral branch (Fig.-01:L2d). The lateral branch passes through the transverse abdominis muscle and runs a short distance between the obliquus internus and obliquus externus abdominis muscles to end in the skin of the lateral abdominal wall of caudal flank. The medial branch passes through the transverse abdominis muscle to the rectus abdominis muscle and then passes through the aponeuroses of the obliquus internus and obliquus externus abdominis muscles to be distributed in the skin of the caudo-ventral abdominal skin. These distributions were similar with the report of Getty (1975) in goats. 
   To perform any operation at flank region T13, L1 and L2 spinal nerves block is mandatory. In vertical or proximal approach, the site of infiltration of local anaesthetic for blocking the T13 spinal nerve is 0.8 ± 0.17 cm from the head of the last rib to caudally to the nerve, 0.7 ± 0.22 cm from cranial angle of L1 transverse process to cranio-medially to the nerve and 3.4 ± 0.20 cm from dorsal midline to laterally to the nerve; for blocking the L1 spinal nerve is 1.2 ± 0.40 cm from the cranial angle of L2 transverse process to cranially to the nerve and 3.5 ± 0.17 cm from the dorsal midline to laterally to the nerve at cranial border of L2 transverse process  and for blocking the L2 spinal nerve is 1.6 ± 0.26 cm from the cranial angle of L3 transverse process to cranially to the nerve and 3.7 ± 0.14 cm from the dorsal midline to laterally to the nerve at cranial border of L3 transverse process (Table-01) which are more or less similar to the measurement of Kumar (2003) and Constantinescu (2001).
Table-01: Measurement of sites of T13, L1 and L2 spinal nerve block for paravertebral anaesthesia in proximal or vertical approach in black Bengal does (n = 10).

	Spinal nerves
	Parameters

	
	Distance from landmarks to the spinal nerves
	Mean (cm)
	SD (cm)

	T13
	a
	0.8
	0.17

	
	b
	0.7
	0.22

	
	c
	3.4
	0.20

	L1


	d
	1.2
	0.40

	
	e
	3.3
	0.17

	L2
	f
	1.6
	0.26

	
	g
	3.7
	0.14


In distal or horizontal approach, the site of infiltration of local anaesthetic for blocking of T13 spinal nerve is 0.5 ± 0.10 cm from cranial angle of the L1 transverse process to cranially to the nerve, 1.8 ± 0.63 cm from caudal angle of L1 transverse process to cranially to the nerve and 4.6 ± 0.30 cm from the dorsal midline to laterally to the nerve at lateral border of L1 transverse process; for blocking the L1 spinal nerve is 0.4 ± 0.10 cm from cranial angle of the L2 transverse process to caudally to the nerve, 1.4 ± 0.28 cm from caudal angle of L2 transverse process to cranially to the nerve and 5.1 ± 0.20 cm from the dorsal midline to laterally to the nerve at lateral border of L2 transverse process and for blocking the L2 spinal nerve is 2.5 ± 0.42 cm from cranial angle of the L3 transverse process to caudally to the nerve, 0.5 ± 0.10 cm from caudal angle of L3 transverse process to cranially to the nerve and 5.5 ± 0.28 cm from the dorsal midline to laterally to the nerve at lateral border of L3 transverse process (Table-02). 
. 
Table-02: Measurement of sites of T13, L1 and L2 spinal nerve block for paravertebral anaesthesia in distal or horizontal approach in Black Bengal does (n = 10).
	Spinal nerves
	Parameters

	
	Distance from landmarks to the spinal nerves
	Mean (cm)
	SD (cm)

	T13
	h
	0.5
	0.10

	
	i
	1.8
	0.63

	
	j
	4.6
	0.30

	L1


	k
	0.4
	0.10

	
	l
	1.4
	0.28

	
	m
	5.1
	0.20

	L2
	n
	2.5
	0.42

	
	o
	0.5
	0.10

	
	p
	5.5
	0.28


CONCLUSION 
   In conclusion, this study revealed that for any surgical operation in the flank region performed easily by the perfect blocking of the T13, L1 and L2 spinal nerves. The measured parameters for T13, L1 and L2 spinal nerve block from the specific landmarks should be considered during proximal or vertical and distal or horizontal approach of paravertebral regional anaesthesia for perfect and complete desensitization of all structures of the flank region in black Bengal doe.
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Appendix-1
T13 spinal nerve block
Proximal or vertical approach

	Parameters

	Head of the last rib to the nerve (cm)
	L1 transverse process to the nerve (cm)
	Dorsal midline to the nerve (cm)

	0.8
	01
	3.2

	01
	0.5
	3.4

	0.6
	0.6
	3.5

	0.8
	0.7
	3.4

	0.7
	0.9
	3.6

	0.9
	0.5
	3.2

	0.7
	0.6
	3.3

	0.8
	0.8
	3.5

	0.8
	0.7
	3.4

	0.9
	0.7
	3.4


Distal or horizontal approach

	Parameters

	Cranial angle of L1 transverse process to the nerve (cm)
	Caudal angle of L1 transverse process to the nerve (cm)
	Dorsal midline to the nerve (cm)

	0.4
	01
	05

	0.5
	2.5
	4.5

	0.5
	02
	4.5

	0.6
	1.8
	4.6

	0.4
	1.2
	4.8

	0.5
	1.4
	4.7

	0.5
	1.6
	4.4

	0.4
	02
	4.5

	0.6
	2.2
	4.6

	0.5
	2.4
	4.6


Appendix-2
L1 spinal nerve block

Proximal or vertical approach 
	L2 transverse process to the nerve (cm)
	Dorsal midline to the nerve (cm)

	1.8
	3.4

	01
	3.5

	01
	3.5

	1.2
	3.6

	1.6
	3.7

	1.1
	3.4

	1.1
	3.4

	01
	3.5

	1.2
	3.4

	1.2
	3.5


Distal or horizontal approach

	Parameters

	Cranial angle of L2 transverse process to the nerve (cm)
	Caudal angle of L2 transverse process to the nerve (cm)
	Dorsal midline to the nerve (cm)

	0.3
	01
	05

	0.5
	1.5
	05

	0.5
	1.6
	5.2

	0.4
	1.4
	5.1

	0.5
	1.6
	4.9

	0.3
	1.5
	5.3

	0.3
	1.5
	5.2

	0.5
	1.2
	05

	0.4
	1.3
	5.1

	0.4
	1.3
	5.1


Appendix-3
L2 spinal nerve block

Proximal or vertical approach

	L3 transverse process to the nerve (cm)
	Dorsal midline to the nerve (cm)

	02
	3.8

	1.5
	3.5

	1.5
	3.8

	1.6
	3.7

	1.8
	3.6

	1.5
	3.8

	1.5
	3.5

	1.8
	3.7

	1.4
	3.8

	1.6
	3.8


Distal or horizontal approach

	Parameters

	Cranial angle of L3 transverse process to the nerve (cm)
	Caudal angle of L3 transverse process to the nerve (cm)
	Dorsal midline to the nerve (cm)

	03
	0.5
	5.7

	02
	0.4
	5.5

	2.4
	0.5
	5.2

	2.5
	0.5
	5.5

	2.9
	0.6
	5.3

	2.7
	0.6
	5.4

	2.3
	0.4
	5.7

	2.4
	0.5
	5.6

	2.3
	0.5
	5.5

	2.4
	0.5
	5.5


.......................................... 
f





f





d





e





d





c





b





a





g





c





b





g





T13b





d1





L2d





L2c





T13a





L1c





L1d





c2





c1





L1b





b1





c





b





n





Fig-01: Dissection showing the different branches of paravertebral spinal nerves and their landmarks. a: head of last rib, b: L1 transverse process, c: L2 transverse process, d: L3 transverse process, e: dorsal midline, f: peritoneum, g: abdominal muscles, T13a: dorsal branch of T13 spinal nerve, T13b: ventral branch of T13 spinal nerve, L1a: dorsal branch of L1 spinal nerve, L1b: ventral branch of L1 spinal nerve, L1c: medial branch of L1b, L1d: lateral branch of L1b, L2a: dorsal branch of L2 spinal nerve, L2b: ventral branch of L2 spinal nerve, L2c: medial branch of L2b, L2d: lateral branch of L2d.  
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Fig-02: Points of paravertebral spinal nerve block in vertical or proximal approach. T13: T13 spinal nerve block (a: head of last rib to the nerve, b: L1 transverse process to the nerve, c: dorsal midline to the nerve), L1: L1 spinal nerve block (d: L2 transverse process to the nerve, e: dorsal midline to the nerve), L2: L2 spinal nerve block (f: L3 transverse process to the nerve, g: dorsal midline to the nerve). 
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Fig-03: Points of paravertebral spinal nerve block in horizontal or distal approach. T13: T13 spinal nerve block (h: cranial angle of L1 transverse process to the nerve, i: caudal angle of L1 transverse process to the nerve, j: dorsal midline to the nerve), L1: L1 spinal nerve block (k: cranial angle of L2 transverse process to the nerve, l: caudal angle of L2 transverse process to the nerve, m: dorsal midline to the nerve), L2: L2 spinal nerve block (n: cranial angle of L3 transverse process to the nerve, o: caudal angle of L3 transverse process to the nerve, p: dorsal midline to the nerve). 
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