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Abstract

A thorough knowledge of the anatomy of the brachial plexus is pivotal for diagnostic, thera-
peutic and anaesthetic purposes in order to correctly locate the nerve and reduce the inci-
dence of complications when performing surgery or a local anaesthetic block of the brachial
plexus. In this study, the anatomy of the brachial plexus in dogs was reviewed; the depth
and diameter of each nerve were evaluated, and the contralateral limbs were compared.
Eighteen canine cadavers were included and were divided into: small (SB); medium (MB)
and large (LB) breed dogs. After dissection, the spinal roots and the suprascapular, sub-
scapular, axillary, radial, ulnar, median, and musculocutaneous nerves were identified. The
following evaluations were recorded: the origin of the nerves from the spinal roots, the roots
and the nerve diameters, and the distance of the nerves root from the skin at the level of the
scapula-humeral joint and from the interscapular region. A total of thirty-six brachial plex-
uses were evaluated; all originated from the ventral rami of the C6 to T1 spinal nerves. In the
LB dogs, the root and the nerve diameters were larger as compared with the other two
groups. In this group, also the mean distance of T1 from the skin at the level of the scapula-
humeral joint and the average distance of the nerve roots from the skin of the interscapular
region were also greater as compared with the other groups. No significant differences were
recorded between the contralateral limbs. In the dogs in the present study, the origin of the
nerves of the brachial plexus were similar to those previously reported; however, the pres-
ence of minor individual variations was confirmed between the right and the left limbs within
the same dog between the right and the left limb. This is the first time that the diameters and
the depth of the nerves have been described and positively correlated with body weight.

Introduction

The brachial plexus is a complex anatomical structure consisting of a network formed by the
ventral roots of the C4 or C5 spinal nerves up to the T1 or T2 spinal nerves, involved in the for-
mation of the brachial nerves [1]. In past decades, several authors have investigated the
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anatomy of the brachial plexus in different species. This is the case of the Canidae in which the
gross or the ultrasound (US) anatomy of the brachial plexus has been described in the past [2-
4]; however, it is still the focus of ongoing research [5]. In fact, it is currently considered to be a
structure of “enigmatic complexity” with inter-species and interindividual differences which
can probably be ascribed to individual embryonal development [1]. Its particular anatomical
variability represents a challenge in the clinical setting when knowledge of its conformation is
pivotal for diagnostic purposes, for surgical purposes (i.e after injuries for example) or for
anaesthetic purposes (i.e. peripheral nerve blocks) [5]. This is the reason why additional ana-
tomical studies are warranted to better characterise the gross anatomy of the brachial plexus.

In canine patients, locoregional anaesthesia is gaining widespread interest due to its advan-
tages. In fact, properly performed local anaesthetic techniques provide effective intraoperative
and postoperative analgesia [6], and a reduction in the inhalant anaesthetic requirement [7].
In addition, when compared with opioid systemic administration, local anaesthesia reduces
the surgery associated stress response and the requirement for postoperative analgesic drugs
[8].

Regional anaesthesia of the thoracic limb is provided by performing a peripheral nerve
block of the brachial plexus [9]. This block can be performed following two main approaches.
The technique which first described the brachial plexus location was based on an axillary
approach [10], involving the injection of a local anaesthetic solution behind the shoulder,
thereby providing desensitisation of the anatomical structure behind the elbow. In 2000,
Lemke and Dawson [11] introduced the paravertebral brachial plexus approach which is
obtained by blocking the nerves of the brachial plexus at their emergence from the interverte-
bral foramina as an alternative technique. Compared with the axillary approach, the latter has
more distinct anatomical landmarks and provides more proximal pain relief up to the shoulder
[7,11].

Initially, these locoregional blocks had been performed blindly by identifying the anatomi-
cal landmarks. In the 1960s, the peripheral nerve stimulator was introduced into the clinical
practice as a tool for nerve location and was effective in improving the success rate of the local
blocks [12]. Several authors have described the brachial plexus location utilising peripheral
nerve stimulation in dogs using either the axillary approach [2, 13, 14] or the paravertebral
approach [15]. More recently, ultrasound (US) guided techniques have also been described for
blocking the brachial plexus in dogs [15-17]. The introduction of electrolocation-guided and
US-guided techniques into clinical practice has increased the accuracy of the brachial plexus
block and reduced the incidence of complications, such as intravascular injection and nerve
injury. However, the application of these techniques does not reduce the importance of exten-
sive knowledge of the regional anatomy.

In this paper, the gross anatomy of the brachial plexus in dogs was described. With the aim
of supplying additional information regarding nerve location while performing the brachial
plexus block using a paravertebral approach or an axillary approach, the distance of the nerves
forming the brachial plexus from the skin in dogs was investigated. In addition, the diameter
of each nerve of the brachial plexus was evaluated in order to facilitate identifying the structure
using US examination. Another aim of the study was to evaluate the possible anatomical differ-
ences among the contralateral brachial plexuses in dogs.

Materials and methods

Eighteen canine cadavers obtained from the University Teaching Hospital (University of Bolo-
gna, Italy) were used for the anatomical study. The inclusion criteria were cadavers of male
and female dogs which had died from or had been euthanised for various medical reasons not
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involving the forelimbs, the spinal column or the thoracic wall. Cadavers with a body condi-
tion score (BCS) < 3/9 or > 6/9 were excluded from the study [18]. The cadavers were frozen
and were then thawed completely on the day of the procedure. The dogs were divided into
three groups on the basis of their weight. In the group of small breed (SB) dogs, 6 dogs weigh-
ing less than 10 kg (1 Pinscher, 1 Dachshund, 1 Yorkshire terrier, 1 Shih Tzu, two mixed
breeds) were included. Their mean body weight was 6.8 £ 2.5 kg. In the medium breed (MB)
group, 6 dogs weighing between 10 and 20 kg were included (1 Beagle, 1 Breton, 1 Border Col-
lie, three mixed breeds). Their mean body weight was 14.8 + 3.4 kg. In the large breed (LB)
group, 6 dogs weighing more than 20 kg were included (2 German Shepherds, 2 Pointers, 1
Argentine Dogo, 1 mixed breed). Their mean body weight was 27.2 + 5.5 kg.

No ethical approval was necessary for the use of the canine cadavers. At the end of the study
the cadavers were incinerated.

Dissection technique

The dogs were placed on the anatomical table in left or right lateral recumbency. The anatomi-
cal dissection was performed as previously described by Gil and colleagues [19]. An incision
involving the skin, the subcutaneous tissue, the thoracic portion of the trapezius and the latissi-
mus dorsi muscles was performed following the caudal limit of the triceps region from the cau-
dal scapular angle up to the top of the olecranon process (Fig 1A). The incision was also
extended proximally following the dorsal margin of the scapula, and distally up to the axillary
fold. In this way, the tissues were dissected and the forelimb was overturned cranially, main-
taining the integrity of the nerves (Fig 1B). The brachial plexus at the level of the axillary space
was then exposed as was its roots and the nerves directed to the thoracic limb. The suprascapu-
lar (SP), subscapular (SB), axillary (AX), radial (RA), ulnar (UL), median (ME) and musculo-
cutaneous (MU) nerves were then identified (Fig 1C). The origins of the different roots of the
plexus of each of these nerves and their diameter in mm were evaluated and recorded. The

Fig 1. Anatomical dissection. (A) An incision involving the skin, the subcutaneous tissue, the thoracic portion of the trapezius and the latissimus dorsi muscles
was performed following the caudal limit of the triceps region, proximally following the dorsal margin of the scapula, and distally up to the axillary fold. (B) The
forelimb was overturned cranially to expose the brachial plexus at the level of the axillary space. (C) The suprascapular (SP), the subscapular (SB), the axillary
(AX), the radial (RA), the ulnar (UL), the median (ME) and the musculocutaneous (MU) nerves were then identified.

https://doi.org/10.1371/journal.pone.0282179.g001
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Fig 2. The depth of the nerves forming the brachial plexus was investigated. (A) With the aim of measuring the distance of the T1 from the skin at the level
of the shoulder joint, a needle was inserted just above the shoulder tip toward the cranial border of the first rib, parallel to the long axis of the body. (B) The
proper positioning of the needle was verified by direct visualisation of the root of the T1, slightly lifting the limb in a craniolateral direction. (C) The limb was
removed, and the distance of the nerve roots from the skin of the interscapular region was evaluated. The needle (arrow) was inserted perpendicularly to the
vertebral column 2 to 3 cm laterally, and 1 to 2 cm cranially and caudally to the spinous process. T1: indicates the spinous process of the first thoracic vertebra.
I: indicates the first rib.

https:/doi.org/10.1371/journal.pone.0282179.9002

measurements were obtained using a digital caliper (Kennon instruments ®), Sheridan, WY,
USA).

Thereafter, the distance of the root of the T1 from the skin at the level of the shoulder joint
was measured and recorded. For this purpose, the limb was repositioned in a physiological
position and a needle (16 G, Length 105 mm) was inserted just above the shoulder tip toward
the cranial border of the first rib, parallel to the long axis of the body (Fig 2A), following the
technique previously described by Campoy and Read [20]. The proper positioning of the nee-
dle was verified by direct visualisation of the root of the T1, slightly lifting the limb in a cranio-
lateral direction (Fig 2B). The needle was then drawn back, and the depth of insertion was
measured with the aid of a ruler. Subsequently, the limb was removed, and the distance of the
nerve roots from the skin of the interscapular region was evaluated (Fig 2C) by inserting a nee-
dle following the technique previously described by Lemke and Dawson [11]. In brief, for eval-
uating the distance of the C8 and the T1 from the skin, a spinal needle was inserted
perpendicularly to the vertebral column 2 to 3 cm laterally and 1 to 2 cm cranially and caudally
to the spinous process of the first thoracic vertebra in order to reach the roots of the C8 and
the T1, respectively. Similarly, for evaluating the distance of the C6 and the C7, the needle was
inserted perpendicularly to the vertebral column 2 to 3 cm laterally, and 1 to 2 cm cranially
and caudally to the spinous process of the sixth cervical vertebra. The needles were then drawn
back, and the depth of insertion was measured with the aid of a ruler.

Statistical analysis

MedCalc statistical software (MedCalc 6.3 computer software, Belgium) was used for the data
analysis. The data were evaluated for normal distribution using a Shapiro-Wilk test. Normally
distributed data were reported as mean + standard deviation (SD). The differences between
groups were compared using one-way ANOVA followed by a Tukey—Kramer test. The
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Table 1. Contribution of the spinal roots to the formation of the brachial plexus nerves.

Nerves Limb Side
Subscapular R
L
Suprascapular R
L
Axillary R
L
Radial R
L
Ulnar R
L
Median R
L
Musculocutaneous R
L

Spinal nerves

c6 c7 cs Tl

94.4 (17/18) 94.4 (17/18) 5.6 (1/18)

88.9 (16/18) 100 (18/18) -

100 (18/18) 100 (18/18) - -

100 (18/18) 100 (18/18) -

5.6 (1/18) 100 (18/18) 94.4 (17/18)

5.6 (1/18) 100 (18/18) 94.4 (17/18) -

- 44.4 (8/18) 100 (18/18) 94.4 (17/18)
- 44.4 (8/18) 100 (18/18) 94.4 (17/18)
- - 100 (18/18) 100 (18/18)
- - 100 (18/18) 100 (18/18)
. - 100 (18/18) 100 (18/18)
- - 100 (18/18) 100 (18/18)
16.7 (3/18) 94.4 (17/18) 83.3 (15/18) 5.6 (1/18)
5.6 (1/18) 94.4 (17/18) 83.3 (15/18) 11.1 (2/18)

The percentages and numbers (in parentheses) of the right (R) or the left (L) thoracic limbs in which each spinal nerve (from C6 to T1) contributed to the formation of

each nerve of the brachial plexus obtained from 18 canine cadavers are reported.

https://doi.org/10.1371/journal.pone.0282179.t001

measurements obtained for the left and right arms were compared using a paired sample T-
test. To evaluate the correlation between the weight of the dogs, and the diameters and depth
of each nerve, a correlation coefficient (r) was calculated. P<0.05 was considered statistically
significant.

Results

Thirty-six brachial plexuses from eighteen canine cadavers were evaluated. In all the dogs, the
brachial plexuses originated from the ventral rami of the C6, C7, C8 and T1 spinal nerves. In
addition, the origin of each nerve of the brachial plexus was analysed in detail for both the
right and the left arms. The contributions of the spinal roots to the formation of each nerve of
the brachial plexus are reported in Table 1.

The diameters of the nerve roots and of each nerve are reported in Table 2 as mean and SD.
The diameters of the right or the left thoracic limbs did not differ significantly. Overall, the
average diameter of the nerve roots and of each nerve of the brachial plexus were greater in the
LB dogs as compared with the SB and MB dogs (Table 2).

A positive correlation was found between the roots, the nerve diameters, and the weight of
the dogs (S1 and S2 Figs).

The mean distance of the T1 from the skin at the level of the shoulder and the average dis-
tance of the nerve roots from the skin of the interscapular region within each group, in the
right or in the left arm, did not differ significantly. These measurements were greater in the LB
dogs as compared with the other two groups (P < 0.01) (Table 3). A positive correlation was
also found between these measurements and the weight of the dogs (S3 Fig).

Discussion

In the present anatomic study, the contribution of the spinal nerves in the brachial plexus of
dogs of different sizes was described. The results of this study confirmed that the ventral
branches of the C6 to T1 spinal nerves contributed to the canine brachial plexus while no
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Table 2. Diameters of the nerve roots of the spinal nerves and of the nerves of the brachial plexus of the right (R) or the left (L) thoracic limbs from 18 canine

cadavers.
Limb side Diameters (mm)
SB dogs (n = 6) MB dogs (n = 6) LB dogs (n = 6) ANOVA test (P)
Nerve Roots
c6 1.9+04° 22+04% 2.7 +0.4° 0.03
L 1.9+0.5° 22+05%® 2.8+0.4° 0.02
(0.93) (0.96) (0.47)
c7 2.9 +0.4° 3.3 +0.4% 3.9 +0.6° <0.01
L 2.9+0.3° 32+08° 41+05° 0.01
(0.55) (0.90) (0.31)
c8 33+0.5° 3.6 +0.4% 42+0.7" 0.03
L 33+04° 34+02% 45+0.6" <0.01
(0.95) (0.02) (0.03)
T1 23+0.1° 2.8+02% 33+0.9° 0.03
L 24+02° 2.9+0.3%® 3.5 +0.7° <0.01
(0.36) (0.85) (0.3)
Nerves
Subscapular 12402° 1.3+0.2° 1.9 +0.4° <0.01
L 12+03° 1.5+ 0.4 1.8+0.6° 0.05
(0.56) (0.3) (0.65)
Suprascapular 1.5+0.3° 22+03® 2.5+0.7° 0.01
L 1.7+04 21+02 2.5+0.7 0.06
(0.33) (0.50) (0.48)
Axillary 2.1+04° 2.6+ 0.3 32+08" 0.01
L 21403 2.4+ 0.3 33+1.0° 0.01
(0.81) (0.04) (0.6)
Radial 2.4+0.5° 3.1+ 0.4% 3.9+0.8° <0.01
L 2.5+0.4° 2.9 +0.6%° 3.9+0.9° <0.01
(0.37) (0.58) (0.89)
Ulnar 1.7 £0.5° 1.9+0.5° 2.7 +0.4° <0.01
L 1.7 +04° 1.9+ 0.4%® 2.8+0.8° 0.02
(0.41) (0.71) (0.81)
Median 13+0.2° 1.5+0.1° 1.9+0.4° <0.01
L 1.3+0.2° 1.6+02% 2.0+ 0.4° <0.01
(0.76) (0.14) (0.75)
Musculocutaneous 1.4+03° 1.9+0.4° 2.5+ 0.4° <0.01
L 14+03° 2.0+0.2° 2.5+ 0.5° <0.01
(0.9) (0.46) (0.84)

The data are reported as mean and standard deviation. Values with no symbol did not differ significantly in the ANOVA test or in the T-test. Different superscript

letters (a,b) in the same row indicate significant differences between groups in the post hoc analysis. * In the same column significant differences between the R or the L

limbs within the same group are reported. The P value of the paired T-tests are reported in the parentheses. P < 0.05 was considered statistically significant.

https://doi.org/10.1371/journal.pone.0282179.t002

contribution from the ventral branches of the C5 and T2 spinal nerves was observed. These
results were in accordance with those obtained by Skelding and colleagues [21] in their ana-
tomical study on canine cadavers. Previous studies have demonstrated that the ventral
branches of the C5 and T2 spinal nerves might also contribute to the formation of the brachial
plexus in dogs, even if their contribution was not consistent in all dogs or appeared to be slight,
with the most important contribution being provided by C6-T1 [22, 23].
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Table 3. Distance of the nerve roots of the spinal nerves from the skin.

Distance from the skin of the shoulder joint (mm)

SB dogs (n = 6) MB dogs (n = 6) LB dogs (n = 6) ANOVA test (P)
T1 R 3.6+0.6° 53+03° 6.4+0.8¢ < 0.01
L 3.7+£0.5% 51+05° 63+0.4° < 0.01
(0.77) (0.37) (0.75)
Limb side Distance from the skin of the interscapular region (mm)
SB dogs (n = 6) MB dogs (n = 6) LB dogs (n = 6) ANOVA test (P)
Nerve Roots
Cé6 R 4.8+0.8° 6.0 +0.8% 7.5+ 0.9° < 0.01
L 50+1.1° 58+ 0.7° 7.6+0.7° < 0.01
(0.36) (0.41) (0.94)
C7 R 53 +0.9% 6.5+ 1.1% 8.2+0.7° < 0.01
L 53+ 1.1% 6.3 +0.8" 8.4+0.9° < 0.01
(0.94) (0.29) (0.51)
C8 R 5.4 +0.9% 6.7 £0.9° 8.5+ 0.6° < 0.01
L 5.6 +0.8" 6.5+ 0.9% 8.6+0.8° < 0.01
(0.41) (0.22) 0.71)
T1 R 5.0 + 1.0° 6.4+0.6° 8.1 +0.5° < 0.01
L 5.2 +0.9% 6.2 +0.7% 8.1+0.6° < 0.01
(0.17) (0.19) (0.64)

Data are reported as mean and standard deviation. Values with no symbol did not differ significantly in the ANOVA test or in the T-test. Different superscript letters (a,
b,c) in the same row indicate significant differences between groups in the post hoc analysis. * In the same column significant differences between R or L limbs within

the same group are reported. The P values of the paired T-tests are reported in the parentheses. P < 0.05 was considered statistically significant.

https://doi.org/10.1371/journal.pone.0282179.1003

The origin of each nerve was also investigated in the present study. The suprascapular
nerve originated from the C6 and C7 in 100% of the limbs considered in accordance with the
description of other authors [24-26]. Two different roots [25] can form the subscapular nerve;
however, in the present study, this nerve was identified as a single branch originating mainly
from the C6 and C7 spinal nerves, as previously reported in dogs [23, 25] with, however, some
exceptions. In fact, in the present study, in the right thoracic limb of one dog (Dachshund, SB
group), the nerve had its origin from C7 but also from C8; in the right limb of another dog
(Beagle, MB group), the nerve had its origin only from C6 while, in the left limbs of two dogs
(one Mixed breed and one Argentine Dogo, LB group), the nerve had its origin only from C7.
Concerning the origin of the axillary nerve, some authors have previously reported that this
nerve had its origin mainly from C7-C8 [25], from C7 only [23] or from C8 only [26]. How-
ever, in the present study, it was observed that, in one dog (Beagle, MB group), this same nerve
also had its origin from C6. The radial nerve derived mainly from C8 with some branches
from C7 and T1 as previously described [23-26]; however, its fibres could also have originated
from C6 [25] or from T2 [23, 25]. The origins of the ulnar nerve and median nerve (its median
branch in dogs and cats) are in accordance with those reported in previous studies (C8 and
T1) [24], with the exception of some contributions from C7 [27] and from T2 [23, 25-27]. The
origins of the musculocutaneous nerve varied among species and individuals with a major
contribution from C8 and minor contribution from C6, C7, T1 or T2 [25, 27]. Conversely,
Allam [23] found that this nerve originated only from C7. In the present study, this nerve orig-
inated from C6-T1 with some differences in the contribution of each spinal root between the
left and right forelimbs. Moreover, in one dog (Breton, MB group), this nerve originated from
T1 only. The results reported herein confirmed the variation existing in the contribution of the
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nerves in the formation of the brachial plexus. These differences might be individually related
or, less likely, breed related. In fact, in the same dog, differences within the contralateral limbs
were observed, even if they were minor. These differences could be explained by the theory
postulated by other authors who considered that the variation in the formation of the anatomy
of the brachial plexus was related to embryonal development. In fact, in this phase, the axon
forming the brachial plexus grows out from the spine in an environment in which the arm
bud, the growing vascular system and the cartilaginous precursor represent obstacles to its
advancement, influencing its final conformation [1].

Knowledge of the origins of each spinal nerve is pivotal in helping the anaesthetist in per-
forming a brachial plexus block using a paravertebral approach, especially when a localised
desensitisation of the thoracic limb is required. In fact, a block of the ventral branches of
C6-C8 should be sufficient for surgical procedures involving the shoulder and the brachium,
and a block of the ventral branches of C7-T1 is indicated for surgical procedures at the elbow,
carpus, and digits [7]. A limitation of the present study was that only one dog for each breed
was taken into consideration. It cannot be excluded that the inclusion of a larger number of
dogs, or of dogs of different breeds and morphotypes, would provide different findings con-
cerning the spinal nerve contributions of the brachial plexus. Additional studies are warranted
to evaluate whether there is a breed-related predisposition in the conformation of the brachial
plexus. In any case, the operator, when performing the local block, should be aware of the
interindividual differences existing in the contribution of each spinal root in the formation of
the different nerves of the brachial plexus.

In-depth knowledge of the anatomy is also pivotal for correct nerve location, increasing the
success rate and the repeatability of a local anaesthetic block [7] and for reducing the incidence
of local block-associated complications [19]. In fact, too deep an advancement of the needle tip
over the first rib when performing the brachial plexus block using an axillary approach, might
result in pneumothorax or lung laceration [20].

To the Authors’ knowledge, there are no previous studies involving dogs which evaluate the
depth of the nerves contributing to the brachial plexus other than information based on the
authors’ personal experience [7, 3]. In this study, the depth of each nerve root from the skin
was evaluated. The aim of the evaluation of the depth of the T1 from the skin at the level of the
shoulder joint was to identify the caudal landmark of the brachial plexus when approached at
the axillary level, as previously described by Skelding and colleagues [21]. The procedure car-
ried out for evaluating the distance of the nerve roots from the skin of the interscapular region
simulated a paravertebral block of the brachial plexus [7]. As expected, given the conformation
and arrangement of the vertebral bodies in the dog, the root farthest away from the skin of the
interscapular region was C8 in all the dogs while the closest was C6.

The results demonstrated that, in dogs, for both the paravertebral and the axillary
approaches, the depth of the nerves was positively correlated with body weight. These results
are helpful for the operator in choosing the ideal needle length and also for understanding
how far the tip of the needle should be advanced [3]. The BCS was within the ideal range for all
the dogs included in the study; however, a limitation of the study is that the dogs were empiri-
cally divided into body size, as is commonly carried out at the Authors’ institution, on the
basis of their body weight. This could produce misunderstanding when dealing with dogs dif-
fering from the breed standard or with mixed breed dogs. Attention is also recommended in
adjusting the depth of the needle insertion if the local anaesthetic block is performed in cachec-
tic or obese animals.

Another aim of the study was to evaluate the diameter of the different nerves; therefore, the
average diameters of the small, medium, and large breed dogs have been reported for the first
time to be used as reference values. In fact, these results may help in identifying the nerves,
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especially when performing a US-guided block and even during the learning process of per-
forming the local anaesthetic techniques. A previous study concerning the US anatomy of the
canine brachial plexus has already reported the average diameters of the C6-T1 spinal nerves,
with the purpose of helping the operators to identify the nerves [4]. In that study, Guilherme
and Benigni [4], using Rottweiler and Greyhound cadavers, described the US anatomy of the
brachial plexus. They observed that the average diameter of the C6, C7 and C8 spinal nerves at
their emergence from the intervertebral foramina was approximately 2.5 mm, and that the
average diameter of the musculocutaneous, the median, the ulnar and the radial nerves were
approximately 0.5 mm, 1 mm, 1.5 mm, and 0.5-1 mm, respectively. These diameters were
smaller as compared with those obtained in the present study, and also as compared with
those collected in small breed dogs. In addition, in contrast with these US-guided measure-
ments, the radial nerve has previously been described as the largest of the brachial plexus [23].
Even if in the present study a statistical comparison of the diameters of the different nerves
was not carried out, the results highlighted that its diameter was larger as compared with that
of the other nerves in all three groups. However, Guilherme and Benigni measured the diame-
ters only using an ultrasound probe and without anatomical dissection [4]. The same authors
suggested that the evaluation of nerve diameters was useful when thickening of the nerve was
suspected while performing the US-guided block. In those situations, comparison with the US
appearance of the contralateral nerve can be performed.

Limb side differences between the contralateral nerves, associated with behaviour or devel-
opment, have already been reported in animal models using microscopic morphometric
observations [28]. Moreover, previous surgical procedures or trauma may affect contralateral
fibre characteristics [29]. In male rabbits, significant differences have been observed in the
diameters of the fibres of the sciatic nerve between the right and the left limbs [30]. Regarding
the aim of the present study, microscopic morphometric evaluation was not carried out, and
comparison between the left and the right limbs was limited to the gross anatomy. The results
of this study demonstrated that, in dogs, the nerve diameters and the depth of the nerves of the
brachial plexus did not differ between the right and the left thoracic limbs. In addition, con-
cerning the contribution of the spinal root to nerve formation, only minor differences were
observed between the two thoracic limbs.

The results reported herein were obtained only from cadaveric examination. This was a
limitation of the study as the use of frozen and thawed tissues might have slightly influenced
the measurements obtained as compared with those which could be measured in vivo. In addi-
tion, when evaluating needle advancement, the potential clinical complications associated with
the execution of the local block were not assessed.

In conclusion, the present study provided a description of the gross anatomy of the brachial
plexus, and of the diameters and the depth of the nerves involved in small, medium, and large
breed dogs. The nerve diameters and their depths were positively correlated with the weight of
the animals, and the measurements reported did not differ between the right and left arms.

Supporting information

S1 Fig. Correlation between the nerve root diameters and the weight of the dogs. A positive
correlation was found between the nerve root diameters and the weight of the dogs. For the C6
root, the correlation coefficient was 0.72 ((P < 0.001; 95% CI 0.39 to 0.89); for the C7 root, the
correlation coefficient was 0.68 (P = 0.02 95% CI 0.30 to 0.86); for the C8 root, the correlation
coefficient was 0.72 (P< 0.001 95% CI 0.37 to 0.89), and for the T1 root, the correlation coeffi-
cient was 0.59 (P = 0.009 95% CI 0.17 to 0.83).

(TIF)
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S2 Fig. Correlation between the nerve diameters and the weight of the dogs. A positive cor-
relation was found between the nerve diameters and the weight of the dogs. For the subscapu-
lar nerve, the correlation coefficient was 0.94 (P< 0.001 95% CI 0.86 to 0.98); for the
suprascapular nerve, the correlation coefficient was 0.69 (P = 0.001 95% CI 0.34 to 0.88); for
the axillary nerve, the correlation coefficient was 0.69 (P = 0.001 95% CI 0.34 to 0.88); for the
median nerve, the correlation coefficient was 0.74 (P = P< 0.001 95% CI 0.42 to 0.89); for the
radial nerve, the correlation coefficient was 0.75 (P< 0.001 95% CI 0.43 to 0.9); for the ulnar
nerve, the correlation coefficient was 0.68 (P = 0.002 95% CI 0.32 to 0.87), and for the muscu-
locutaneus nerve, the correlation coefficient was 0.83 (P< 0.001 95% CI 0.59 to 0.93).

(TIF)

S3 Fig. Correlation between the nerve root depths and the weight of the dogs. The distance
of the T1 from the skin calculated at the level of the shoulder joint and the weight of the dogs
were positively correlated; the correlation coefficient was 0.91 (P< 0.001 95% CI 0.77 to 0.97).
For the C6, the correlation coefficient was 0.88 (P < 0.001 95% CI 0.70 to 0.96); for the C7, the
correlation coefficient was 0.86 (P < 0.001 95% CI 0.65 to 0.95); for the C8, the correlation
coefficient was 0.89 (P < 0.001 95% CI 0.73 to 0.96), and for T1 the correlation coefficient was
0.88 (P < 0.001 95% CI 0.71 to 0.96).

(TIF)

S1 Table. Original data. The tables display the original data concerning the diameters of the
nerve roots of the spinal nerves and of the nerves of the brachial plexus and the distance of the
nerve roots of the spinal nerves from the skin of the right (R) or the left (L) thoracic limbs
from 18 canine cadavers. In addition, the contribution of the spinal roots to the formation of

the brachial plexus nerves is reported.
(XLSX)
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