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Simple Summary: Animal models are being increasingly used in medicine for simulation based
teaching of many procedures including the transversus abdominis plane block. This procedure in-
volves the injection of local anaesthetic into the abdominal wall. Given this, an increased under-
standing of the anatomy of the abdominal wall across species is required to effectively utilize animal
models in this manner. This review aims to compare the abdominal wall anatomy across species
and discuss any implications for the transversus abdominis plane block. Differences in the muscu-
lature, vasculature and innervation of the abdominal wall are discussed. It was determined that for
medical training purposes, mammals are recommended given the similarities in abdominal wall
anatomy. More specifically, for the transversus abdominis plane block, the pig is recommended as
the most suitable model.

Abstract: With the increased use of simulation based training using animal models for the education
of surgical and anaesthetic techniques, an increased understanding of the anatomy of such models
and how they compare to humans is required. The transversus abdominis plane block is a regional
anaesthetic technique that requires an understanding of the abdominal wall anatomy along with
proficient ultrasound use. The current review aims to compare the anatomy of the abdominal wall
across species, particularly focussing on the pertinent differences within the class of mammals, and
secondarily, it aims to address the implications of these differences for simulation based training of
the transversus abdominis plane block. To achieve this, the PubMed, Web of Science and Google
Scholar databases were searched for relevant literature. The mammalian abdominal wall differs in
its musculature, vasculature or innervation from that of amphibians, birds or reptiles, however,
among species of mammals, the structure of the abdominal wall follows a similar framework. Par-
ticular differences among mammals include the additional muscular layer of the panniculus carno-
sus found in most mammals other than humans, the variable arterial origins and dominant vascular
supply of the abdominal wall and the number of thoracolumbar nerves innervating the abdominal
wall. When using animal models for simulation based training, the pig is recommended for the
transversus abdominis plane block given its closely homologous abdominal wall structure, availa-
bility and larger comparative size.

Keywords: Abdominal wall; Transversus abdominis plane block; Comparative anatomy; Animal
models

1. Background

The abdominal wall is an anatomical site that is frequently involved in operations
across multiple surgical specialties. During procedures involving the abdominal wall, re-
gional anaesthesia can be used to provide analgesia to the involved surgical site. One par-
ticular technique involving the abdominal wall is the transversus abdominis plane (TAP)
block which involves an injection of local anaesthetic into the TAP between the transver-
sus abdominis and internal oblique muscles [1]. The use of ultrasound has become
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increasingly common to locate the intended fascial plane to be injected, however, devel-
oping the skill-set required for its use can be challenging and trainees may make more
errors putting patients at risk [2-5]. The use of simulation based training and animal mod-
els can help new trainees develop skills in a safe environment and improve their confi-
dence in the procedure [4,6-8]. Given the increased use of simulation based training in
teaching regional anaesthetic techniques such as the TAP block, an improved understand-
ing of the anatomical differences between animal species and humans is warranted to
both, select the most appropriate model and to guide their use for education.

Hence, this review aims to compare the anatomy of the anterolateral abdominal wall
across species, with a particular focus on anatomical differences in the musculature, vas-
culature and innervation of the abdominal wall among mammals. Secondarily, this re-
view aims to identify the implications of these differences for the use of animal models in
simulation based medical education.

2. Methods

The information used to write this article came from searches of the PubMed, Web of
Science and Google Scholar databases. Search criteria keywords contained within the title
or abstract of the article included variations of the terms (‘Anatomy’ OR “Anatomical’)
AND (‘Abdominal wall’) AND (‘Musculature” OR “Muscle’” OR “Vasculature’ OR ‘Blood
supply’ OR “Artery” OR “Arterial’ OR “Arteries’ OR “Vessel’ OR ‘Innervation” OR ‘Nerve’)
AND (“Animal’) AND (‘Mammal’ OR ‘Reptile’ OR ‘Bird” OR *Amphibian” OR ‘Dog’ OR
‘Cat” OR ‘Pig’ OR ‘Rat” OR ‘Rabbit” OR ‘Guinea Pig’ OR ‘Horse’” OR ‘Monkey” OR ‘Pri-
mate’). Furthermore, additional subsequent searches were performed in the same data-
bases in attempts to find more precise information. For example, one search contained the
keywords: (‘Deep Inferior Epigastric Artery” OR “Inferior Epigastric Artery” OR ‘Epigas-
tric Artery’) AND (‘Pig’). Additionally, relevant citations from previous studies were re-
viewed for eligibility. Abstracts and titles of relevant articles obtained from the search or
from key citations were reviewed for relevance and have been cited where included. Sub-
sequently, the full texts of the selected literature was reviewed. Studies were included if
they reported information pertaining to the musculature, vasculature or innervation of
the anterolateral abdominal wall across species. Studies that did not report on these out-
comes or those in languages other than English, where a translated article was not obtain-
able, were excluded. Ultimately, the information surrounding the anatomy of the ab-
dominal wall across species was synthesised and presented in the current review.

3. Comparison of the Tetrapods

The tetrapods comprise four-limbed animals and is the superclass containing the four
subclasses of mammals, amphibians, birds and reptiles [9]. As these animals further
evolved, differentiating themselves from fish and the other animal classes, the anatomy
of their abdominal walls began to follow a similar framework [10]. Such that, within mam-
mals, the general structure of the abdominal wall is largely conserved [11].

3.1. MUSCULATURE

The muscles of the abdominal wall act to compress the abdominal viscera and
increase abdominal pressure, assist with expiration and in combination produce flexion
of the trunk. The mammalian abdominal wall typically consists of four muscular layers
laterally, namely, the panniculus carnosus (absent in humans), the external oblique, the
internal oblique and the transversus abdominis muscle. In the midline, the rectus
abdominis muscle is also present. This structure, is similarly seen in birds, where, except
for the panniculus carnosus, the same muscular layer exists [12].

Variations to this pattern are observed among reptiles. In the abdominal wall of
certain reptiles, muscles not present in mammals can be found such as the rectus
abdominis lateralis muscle found in some species of lizard and the ischiotruncus and
truncocaudalis muscle found in species of alligators and crocodiles [13-15]. In other
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species of lizards, the internal oblique muscle is absent [16]. Furthermore, in some species
of turtles, the abdominal wall is comprised of only two muscular layers [17].

Amphibians exhibit the most variable and dissimilar abdominal wall musculature to
the other tetrapods. The muscular layers of the amphibian abdominal wall are variable
consisting anywhere between two to four muscles. In certain species, the muscles of the
rectus abdominis or the external oblique can be split into a deep (e.g. M. obliquus externus
profundus) and a superficial layer (e.g. M. obliquus externus superficialis) [10,18-20].

Across animal classes, the abdominal wall musculature is variable. Both the number
of muscular layers and the muscles present are heterogenous. Yet, the general function of
the abdominal wall muscles is conserved. Mammals and birds show markedly similarity
whereas certain species of amphibians and reptiles can be quite dissimilar.

3.2. VASCULATURE

Like that of the abdominal wall musculature, the blood supply to the abdominal wall
is relatively conserved in mammals. The vasculature arises from three main origins: 1) the
internal thoracic artery superiorly, 2) the intercostal and lumbar arteries laterally and 3)
the iliac or femoral arteries inferiorly [21,22].

These origins give rise to certain key arteries [21-23], including;:

e The superficial superior epigastric artery (SSEA) and the superficial inferior
epigastric artery (SIEA)

e  The deep inferior epigastric artery (DIEA) and the deep superior epigastric artery
(DSEA)

e  The deep circumflex iliac artery (DCIA)

e  The musculophrenic arteries

e  The intercostal, subcostal and lumbar arteries

Within the class of mammals, specific variations to this general framework are
apparent and will be discussed later.

Despite significant differences in the morphology of their heart and the presence of
two aortas, the vascular supply of the abdominal wall in species of amphibians such as
the toad and frog resembles that of mammals [21,24]. As in mammals, the arteries
travelling to the abdominal wall arise from quite similar origins. Arteries that are
homologous to the internal thoracic artery, DIEA and DCIA can all be seen in the toad
and frog [21,24,25]. Furthermore, an artery that has a similar vascular supply to the SSEA
in humans can be found in the frog, where it is named the cutaneous artery and originates
as a branch off a common trunk off the respective right and left aortas [24,25]. Moreover,
while the terminology is different, a similar vascular distribution pattern to the abdominal
wall is seen in species of salamanders [26].

In contrast, despite the similarities in the musculature of their abdominal wall, the
vasculature of the avian abdominal wall is quite dissimilar to that of humans. The vascular
supply to the avian abdominal wall is almost entirely supplied from a single origin
superiorly off the subclavian artery [12,21,27]. This contrasts to humans where the
dominant vascular supply consists of the DIEA which extends from an inferior origin off
the external iliac artery [23]. In fact, the inferior vessels found in humans of the DIEA and
the DCIA appear to have no homologous counterpart in birds [12,21,27]. Birds exhibit an
internal thoracic artery like that of mammals, however, unlike mammals, it arises from a
common trunk off the subclavian artery known as the pectoral trunk, rather than as an
individual branch off the subclavian artery [12,21,27]. Furthermore, in the bird, the
internal thoracic artery does not branch into the DSEA and provides minimal vascular
supply to the abdominal wall [12,21,27]. Instead, the other branches off the pectoral trunk
travel to and supply the majority of the abdominal wall. In the bird these arteries are
known as the external thoracic artery, the cutaneous thoracoabdominal artery and the
caudal pectoral artery [12,27]. When compared to humans, the path of these arteries
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reflects the path of the lateral thoracic artery found in humans [12,21,27]. The greater
reliance on these lateral vessels may reflect the greater importance placed on the pectoral
muscles of the bird due to their use in flight.

The vascular supply to the abdominal wall in reptiles certainly appears different,
however, one can see similarities that reflect the system seen in mammals. In species of
turtles, an artery called the epigastric artery resembles the DCIA that is found in humans,
however, in the turtle it arises from the abdominal aorta as opposed to the external iliac
in humans[28,29]. This artery travels cranially to anastomose with an artery called the
marginocostal artery that travels laterally along the turtle’s shell [28,29]. The
marginocostal artery arises from the axillary artery and, although relatively larger, it
appears similar to the lateral pectoral artery found in humans [28,29]. In other species of
reptiles, such as lizards, arteries homologous to the DIEA and the DSEA can be seen [30].

3.3. NERVES

The innervation of the abdominal wall across the class of tetrapods largely involves
the same group of nerves, the thoracic, lumbar and occasionally sacral spinal nerves. Yet,
because the number of vertebrae shows high variability across species, the specific nerves
that will travel and innervate the abdominal wall varies. In mammals, the abdominal wall
is typically innervated by the lower thoracic nerves and the upper lumbar nerves,
although in some species this can extend to include the sacral nerves as well [31-33]. In
birds, the number of nerves innervating the musculature and overlying skin of the
abdominal wall is reduced. For instance, chickens exhibit only seven thoracic spinal
nerves and a smaller subset of these nerves along with the upper lumbar nerves innervate
the anterolateral abdominal wall [12,27]. Similarly, in certain species of frogs, 10 pairs of
spinal nerves are present and only four innervate the abdominal musculature and
overlying cutaneous tissue [24,26]. However, in other species of amphibians such as
salamanders or in species of reptiles with longer bodies, a larger number of thoracic and
lumbar vertebrae are present and therefore the number of spinal nerves innervating the
abdominal wall increases [26,34,35].

It appears that the innervation of the abdominal wall among species of tetrapods has
a consistent origin from the spinal nerves exiting the spinal cord, yet differences arise in
the number of nerves travelling to the abdominal wall and this is largely proportional to
the number of thoracic and lumbar vertebrae.

4. Further Comparison of Mammals

As aforementioned, the structure of the abdominal wall among mammals is strongly
conserved following a common blueprint, however, certain species exhibit deviations
from this common framework. In the human, the abdominal wall consists of eight layers,
from superficial to deep: skin, superficial fascia (divided into Camper’s & Scarpa’s fascia
below the umbilicus), external oblique, internal oblique, transversus abdominis,
transversalis fascia, pre-peritoneal fat and lastly the parietal peritoneum [36]. The blood
supply originates from three major sources, the internal thoracic arteries superiorly, the
external iliac arteries inferiorly and the intercostal, subcostal and lumbar arteries laterally
[23]. Lastly, the musculature and overlying skin and soft tissue receives innervation from
the thoracolumbar nerves (typically T6 to L1 in humans) [33].
4.1. MUSCULATURE

Compared to humans, mammals exhibit a relatively homologous muscular structure
of the abdominal wall with certain differences. One of the largest differences in the
abdominal wall between humans and other mammals is the presence of a panniculus
carnosus in most mammals including rats, rabbits, cats, dogs, pigs, horses, monkeys and
even whales [21,37-39]. This structure is a thin, superficial muscular layer that lies in close
proximity to the skin just deep to the subcutaneous fat and covers most of the abdomen
and thorax [37]. This muscle allows mammals to independently move the skin over which
it is present. It is thought to play a role in thermogenesis where it allows for shivering and
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heat production in mammals [37,39]. It is largely absent in humans, however, the platysma
muscle of the neck is thought to be a vestigial remnant of the panniculus carnosus [37].

In contrast, the pyramidalis muscle, that arises from the pubic symphysis and inserts
into the linea alba in humans, is notably absent in most non-primate mammals
[11,38,40,41]. This muscle is thought to be vestigial in humans, where it is absent in
between 10 to 20% of the population [42-44]. Comparatively, the pyramidalis muscle has
been thought to be associated with muscles in the pouch of marsupials such as the
kangaroo [45].

Otherwise, the muscular layers of the abdominal wall among mammals include the
same four muscles: the rectus abdominis muscle in the midline and the external oblique,
the internal oblique and the transversus abdominis muscles anterolaterally. Yet, minor
variations in the attachment points for these abdominal muscles in mammals are
observed. These differences in origin and insertion of the abdominal muscles are largely
due to the different skeletal structures in humans compared to other mammals. For
instance, dogs, cats and rats exhibit a 13® rib that is absent in humans which serves as an
attachment site for the abdominal muscles [11,46-49]. This is again seen in pigs with 15 to
17 ribs and horses who have 18 ribs [31,38].

Furthermore, the superior/cranial extent of the rectus abdominis muscle is
heterogenous among species of mammals. The rectus abdominis muscle of the pig inserts
at a location resembling that of the human [21]. However, in many other mammals, the
rectus abdominis inserts relatively higher onto the chest wall than it does in humans
[21,50]. This has implications for the blood supply to this muscle where the superior
portion will receive additional branches from the internal thoracic artery in animals with
a more significant cranial extent of the rectus abdominis muscle [21].

Variations across species are also observed in relation to the external oblique muscle.
In humans, the inferior extent of the external oblique muscle becomes aponeurotic to
insert into the pubic crest and pubic tubercle. In rats, the inferior insertion of the external
oblique remains muscular to a greater extent than what is observed in humans [51].
Furthermore, among species of bats, the external oblique muscle is much less significant
and the internal oblique and transversus abdominis constitute the majority of the
abdominal wall [52]. Additionally, in primates, the costal origin of the external oblique
originates higher from the 3t or 4t rib, whereas it most commonly originates from the 5t
rib or below in humans [53].

Moreover, differences in the location of the aponeurotic layers that form the rectus
sheath have been observed in primates when compared to humans. In humans, the rectus
sheath is formed by the aponeuroses of the lateral abdominal wall muscles. Above the
arcuate line, the external oblique aponeurosis passes anterior to the rectus abdominis and
the transversus abdominis aponeurosis passes posteriorly, while the internal oblique
aponeurosis splits to contribute to both the anterior and posterior layers. Below the
arcuate line, the aponeuroses all pass anterior to the rectus abdominis. In certain species
of monkeys, the aponeurosis of the internal oblique muscle has been seen to pass either
completely anterior or posterior to the rectus abdominis muscle for its entire length,
contrasting to the situation seen in humans [53].

Overall, the abdominal muscles among mammals are largely similar, however,
certain differences are apparent that are important to acknowledge.

4.2. VASCULATURE

The blood supply of the abdominal wall exhibits various differences across species
of mammals. One of the most significant points of variation among mammals is the
cutaneous blood supply of their skin. The skin of mammals has been identified to be fixed
(such as that of the pig and, to a degree, humans) or mobile (such as that of the rabbit)
[21]. Most mammals have areas of their skin that are fixed (for example the palm of the
hand or sole of the foot in humans) and areas that are mobile (for example the dorsum of
the hand). Interestingly, the degree of skin fixation has been associated with variations in
the cutaneous vasculature among mammals, including the vasculature of the abdominal
wall [21,54]. The skin of animals with relatively fixed skin (such as the pig) consists of
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vascular supply by many small musculocutaneous perforators whereas in those with
mobile skin (such as rats or rabbits), the cutaneous vasculature consisted of fewer yet
larger vessels that course subcutaenously [21,54,55]. This has been thought to have
implications for raising flaps in areas with overlying fixed skin where the blood supply
may be tenuous if the muscle is not taken with the flap [21].

Further differences arise when considering the dominant vascular supply to the
abdominal wall among species. The human blood supply is similar to that of the monkey,
cat and dog [21]. This similarity refers to the larger reliance on the DIEA than the
DSEA[21]. In other mammals, such as the rabbit, pig, rat and guinea pig the DSEA
predominates [21,56-58]. This is supported by the fact that in pigs, rats and rabbits the
DSEA has been shown to provide the vast majority of the musculocutaneous perforators
to the abdominal wall, contrasting to the DIEA in humans [57,58].

Additionally, variations in the origins of the arteries supplying the abdominal wall
are observed across species (Table 1). For instance, in dogs and cats, the DCIA originates
as a primary branch off the abdominal aorta and in pigs it originates from the common
iliac artery [47,57,59]. This differs from humans where it branches off the external iliac
artery. Furthermore, in pigs, dogs and rabbits the DIEA arises from a common trunk
(pudendoepigastric trunk) which itself branches variably off the external iliac, femoral or
deep femoral arteries [11,60]. This contrasts to humans where the DIEA originates as an
individual branch off the external iliac artery [23]. Additionally, the SIEA arises as a
branch off the external pudendal artery in dogs, whereas in humans it is a unique branch
off the common femoral artery [11,47].

Furthermore, many mammals (pig, cat, dog, rat and rabbit) exhibit an artery that is
absent in humans, namely, the caudal abdominal artery (along with its cranial
counterpart) [11,21,47]. This artery arises from the external iliac artery in dogs and cats
and the femoral artery in other mammals and travels to supply the caudal abdominal wall
[11,21,47,61].

In summary, the vascular supply of the abdominal wall among mammals displays
variations on a similar common framework. Notable differences include variations in the
cutaneous supply to the overlying abdominal skin, differences in the relative contribution
of each vessel to the abdominal wall, deviations in the origins of homologous vessels and
the presence of additional arteries in some species.

Table 1. Origin of abdominal vasculature across species [11,21,23,47,54,60-67]

Vessel Human Dog Rat Pig Rabbit
Caudal abdominal artery - External iliac Femoral artery  Femoral Ar-  Femoral artery
artery tery
Deep superior epigastric ar-  Internal tho- Internal tho- Internal tho- Internal tho- Internal tho-

tery

racic artery

racic artery

racic artery

racic artery

racic artery

Deep inferior epigastric ar-
tery

External iliac
artery

Pudendoepi-
gastric trunk

External lliac
artery

Pudendoepi-
gastric trunk

Pudendoepi-
gastric trunk

Superficial inferior epigas-

Common fem-

External pu-

Femoral artery

Deep inferior

Femoral artery

tric artery oral artery dendal artery epigastric ar-
tery
Deep circumflex iliac artery  External iliac Abdominal Externaliliac  Common iliac Common iliac
artery aorta artery artery artery
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4.3. NERVES

The innervation of the abdominal wall in mammals follows a similar pattern among
species [68]. That is, it receives innervation laterally from the thoracic (as a continuation
of the intercostal and subcostal nerves) and lumbar spinal nerves. Moreover, as in
humans, the anterior branches of these nerves travel in a transverse direction within the
transversus abdominis plane (TAP) between the transversus abdominis and internal
oblique muscles.

However, among species, the spinal nerves that travel to and innervate the abdomen
vary. In humans, the abdominal wall is typically supplied by spinal nerves T6 to L1 [33],
this differs in other mammals. For instance, in the rat, the abdominal wall is supplied by
nerve roots T5 to 51 [32]. Similarly, in cats, the abdominal wall receives innervation from
spinal nerves T6 to L5 [69,70]. Furthermore, given the variable number of thoracic and
lumbar vertebrae among mammals, the number of spinal nerves innervating the abdomen
is also variable. The abdominal wall in pigs receives innervation from spinal nerves
approximately originating from T6 to L3 and that of horses receives innervation between
T5 to L2 [31,38]. However, given the increased number of thoracic vertebrae among pigs
and horses (15 to 17, and 18 respectively), this comprises many more nerves than that is
observed in humans [31,38].

The canine abdominal wall receives innervation from spinal nerves T7 to L3 and, as
previously mentioned, dogs have a 13t thoracic vertebrae (and subsequent rib and spinal
nerve) that is absent in humans [46,47,71-73]. Interestingly, in dogs, the umbilicus is
innervated by T10 as it does in humans [47,71]. Additionally, there is considerable
variation in the course of the canine upper thoracic nerves from T7 to T9 and their
presence in the TAP. Often, only the spinal nerves from T10 to L2 are found within the
TAP of dogs [72]. Similarly, in primates, the upper T8 and T9 are occasionally absent from
the TAP overlying the transversus abdominis [53].

In the rat, a nerve that has no true analogue in humans can be found called the caudal
epigastric nerve [74]. This nerve originates as a branch of the saphenous nerve and courses
with the superficial inferior epigastric vessels to innervate the overlying skin of the caudal
abdomen in the rat [74]. Interestingly, this nerve is also absent in other mammals
including the dog, pig, monkey and rabbit [11,68,74].

Overall, abdominal wall innervation among mammals is similar, the main
differences arise when considering the number of nerves innervating the abdomen across
species.

5. Implications for the Transversus Abdominis Plane Block

Given the increased use and benefit of simulation training using animal models to
practice ultrasound guided regional anaesthetic techniques, an increased understanding
of the anatomical differences and similarities in the abdominal wall between humans and
other animals is required [4,6-8].

As one would expect, the abdominal wall of mammals best reflects the system seen
in humans. Amphibians, birds and reptiles all show marked dissimilarities in the
musculature, vasculature or innervation of their abdominal wall. Hence, when selecting
an appropriate animal model for training purposes, a mammalian model would offer the
most benefit comparatively.

Within the class of mammals, species differ in their relative utility as a model for
simulation based training. Monkeys exhibit the most similar constitution of the abdominal
wall to humans, however, the limited availability, cost and ethical considerations may
make this animal an ineffective training model [75]. Similar reasons may limit the use of
canines [75]. Smaller mammals, such as the rat or rabbit, are more readily available and
cheaper, however, given the large difference in size between these animals and the
average human, the translation of skills practiced on these models to humans is limited.
The pig is an animal model that shows quite similar abdominal wall structure to humans
and offers reasonable availability, moreover, given its larger size, it is better suited as a
training model to simulate procedures performed in humans [76].
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There are certain anatomical differences in the abdominal wall between humans and
other mammals that educators and trainees should be aware of. Firstly, the additional
muscular layer of the panniculus carnosus that is found in mammals, but is absent in
humans, is important to note. This has implications when evaluating ultrasound images
on mammalian animal models and one must differentiate between this layer and the
layers of the anterolateral abdominal wall.

Furthermore, across species the number of nerves innervating the abdominal wall
differs and their relative target location on the abdominal wall is dissimilar. This has
implications on the utility of using animal models to teach greater specifics of the TAP
block. In humans, there are numerous approaches used to administer the anaesthetic used
in the TAP block. These include the subcostal, lateral and posterior approaches among
others [1]. Depending on the specific approach utilised, different target nerves and
therefore different target areas of the abdominal wall are anaesthetised [1]. However,
given the disparity in abdominal wall innervation between humans and other mammals,
the ability to teach trainees specifics regarding needle placement for targeted anaesthetic
of specific target nerves in humans is limited.

Additionally, the upper thoracic nerves (T7-T9 in dogs, T8 and T9 in monkeys)
supplying the abdominal wall in the TAP has been shown to be sporadically absent in
certain mammalian species. This may suggest that the nerves within the TAP among
mammals, including humans, is variable. Hence, this has implications when planning an
anaesthetic of the superior aspect of the abdomen where a TAP block may not be sufficient
to anaesthetise these nerves.

67. Conclusion

In this review the anatomical differences in musculature, vasculature and innerva-
tion of the abdominal wall across species has been described. Overall, the abdominal wall
differs between the various classes of tetrapods but is highly conserved within the class
of mammals. Despite marked similarities among mammals, certain anatomical differences
exist. Having a greater understanding of the anatomy of the abdominal wall across species
is important to acknowledge the applicability and utility of animal models for simulation
based teaching of procedures such as the transversus abdominis plane block.
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