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Abstract

Aim: This dissection study was conducted to verify if the Myofascial kinetic
lines, outlined in detail in humans and recently documented in horses, were
present in dogs. These dynamic lines present rows of interconnected muscles,
myofascia and other fascia structures, which influence the biomechanics of the
spine and limbs. Methods: Forty-two dogs of different breeds and genders
were dissected, imaged, and videoed. Results: Similar kinetic lines were
verified in the dog, as described in humans and horses, and additionally, three
new branches of the lines were discovered. The kinetic lines described were
three superficial lines: Dorsal, Ventral, and Lateral, which all started in the
hindlimb and ended in the temporal and occipital regions. These lines act
respectively in spinal extension, flexion, and lateral flexion. Three profound
lines, which started in the tail and ended in the head. The Deep Dorsal Line
followed the transversospinal myofascia. The Deep Ventral Line showed an
additional start deep in the medial hind limb, continued in the hypaxial
myofascia, and enveloped all the viscera. Also, the Deep Lateral Line started
in the hindlimb but parted along the trunk in the deep lateral myofascial
structures. Two helical lines crossed the midline two or three times and served
to rotate the spine. The Functional Line established a sling from the axilla to
the contralateral stifle and presented a new ipsilateral branch. The Spiral Line
connected the head and the ipsilateral tarsus and additionally presented a new
straight branch. The four front limb lines describe their motion: the Front Limb
Protraction and Retraction, Adduction, and Abduction Lines. Conclusion:
The canine lines mirrored the equine and human lines with exceptions due
to differences in anatomy, foot posture, lumbosacral flexibility, and their
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biomechanical constitution as predator versus prey animals. Additionally,
three new canine branches were verified and described.
Keywords

Myofascial Kinetic Lines, Canis Familiaris, Superficial Lines, Deep Lines,
Locomotive Connections, Viscero-Somatic Connections

1. Introduction

Up to now, only a few research studies on the canine locomotion system have
involved the 3-Dimensional fascia network as an influencer on biomechanics.

The myofascial kinetic lines, which comprise interacting myofascial structures,
present a 3-Dimensional fascia network through the whole body and have so far
only been accepted, verified, and isolated in humans [1] with ten lines and horses
[2] [3] with eleven lines. They have yet to be isolated and verified in canines.

These lines span from the head to the hind limbs and from the trunk through
the front limb lines. They play a role in supporting and balancing the whole body
in terms of posture and motion. They also describe the motions around the spine
in terms of flexion/extension, lateral flexion and rotation.

The lines have been dissected following specific rules by [1] based on the myo-
fascial expansions, the direction of the force through the lines, and the body level
of the lines.

The lines constitute myofascia and muscles spanning over several joints, and
only a few exceptions of bony connections are present, as seen in the human su-
perficial front line in which a large bony connection is seen as a gap between the
rectus femoris and the rectus abdominis muscle. The similar line in the horse does
not have bony connections; therefore, it follows the rules more strictly. The dif-
ferences most likely reflect the body posture of bipeds versus quadrupeds.

The equine lines are as follows: The Superficial Dorsal Line (SDL) and the Deep
Dorsal Line (DDL) both promoting spinal extension, the Superficial Ventral Line
(SVL) and Deep Ventral Line (DVL) contributing to spinal flexion, the Superficial
and Deep Lateral Line (SLL, DLL) working in lateral flexion, the Functional Line
(FL) and the Spiral Line (SL) important for spinal rotation as well as the Front
Limb Lines acting in pro- and retraction together with add- and abduction. The
present study aims to investigate whether similar lines can be dissected, described,
and isolated in the dog.

The anatomy of the locomotion system in the horse and the dog, both of which
are quadrupeds, is basically identical, although specific and significant differences
are presented in early and basic biomechanical studies [4]-[6]. Some of the major
differences are present in the extremities, e.g., in the foot, digitigrade versus un-
guligrade, the angles of the joints, and in the lumbosacral region [4] [5] [7], re-
flecting their role as predator versus prey animals.

The equine and human myofascial kinetic lines have been found to connect and
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fulfil the pattern of the basic body skeleton established by the fascia network,
which outlines the whole body.

Myofascial kinetic lines originate in macroscopically identifiable and dissectible
myofascial expansions based on the embryological development of the myofascial
system in mammals. “Soft tissue”, including muscles and fascia/connective tissue,
derives from the mesodermal layer and the primitive connective tissue (the
mesenchyme), which initially create the soft tissue skeleton of the embryo. During
embryo development, muscles, and other cell types, such as bone and parenchymal
cells, differentiate and grow into the mesenchyme [8] [9]. Thus, close connections
between muscles and fasciae are established and develop further postnatally into
a delicate interwoven full-body network.

In the mature animal, myofascial connections are recognized at the micro- and
macroscopical levels as the endo-, peri-, and epimysium, as well as structures such
as tendons, ligaments, and myofascial expansions [9]-[11]. Biomechanically, the
myofascial interactions are involved in direct muscle force transmission models
and parallel muscle force transmission and into myofascial expansions, where
muscle force is transferred parallel in the endo-, peri-, and epimysium, reaching
the periphery of the muscle and further distributed onto neighbouring muscles
and fascia structures [12].

Researchers [12]-[14] have measured that this parallel transfer (myofascial ex-
pansion) affects muscle interactions in such a way that up to 30% of the total mus-
cle force can be transmitted into another structure or muscle via a myofascial ex-
pansion. These results challenge the general perception of muscle function, sug-
gesting that muscle force transmission is more complex than traditionally under-
stood. It supports the idea that muscle force can be transmitted in multiple path-
ways into neighbouring structures, thereby extending force over shorter or longer
distances. It opens the possibility of approaching muscle force transmission as a
much more complicated action than observed in traditional and well-known di-
rect transmission.

The presence of tension in myofascial structures is integral for the development
and strengthening of them, following the principle of supply and demand [15] [16].

Dissection studies were undertaken to address the following hypotheses:

1) It is possible to identify, dissect, and give a detailed anatomical description
in dogs of the same eleven kinetic myofascial lines already published for horses
and the ten lines found in humans.

2) Differences in the lines exist between dogs and horses due to their biome-
chanical constitution, roles as predator versus prey, and their evolution in terms
of the foot and toe(s) - unguicula (dog) versus ungula (horse).

3) Differences between the canine, equine, and human lines exist due to the

posture of quadrupeds versus bipeds and the presence of a functional tail.
2. Material and Methods
2.1. Background and Planning

After having dissected and described the Equine Myofascial Kinetic Lines and
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further successfully used them clinically for evaluation of locomotion and as a di-
agnostic tool, it became urgent to continue with dissections of dogs to gain the
same benefits. Equine and canine anatomy was thoroughly compared using dif-
ferent anatomical literature and atlases, the possible anatomy of the dog lines was

noted, and a working and guidance plan was made.

2.2. Animals

The dogs were euthanized due to conditions not related to this study, and euthani-
zation was performed by private practicing veterinarians, after which the cadavers
were donated to the Section of Pathobiological Sciences, University of Copenha-
gen, for dissection and research purposes. The specific history of each dog was
unknown to the author.

Full ethical approval was gained from Copenhagen University, Dept. for
Veterinary and Animal Sciences (IVH), Faculty of Health & Medical Sciences
before the start of the trial (protocol ID 2018-15-0201-01462).

For the dissections, thirty-eight intact cadavers and extremities from two dogs
were used, and full lines or partial lines were dissected. To evaluate the third di-
mension in relation to the muscles and the viscera as well as the fascia layers, two
dogs were frozen (one hanging and one lying prone), and segmental transverse

sections were subsequently cut.

2.3. Dissections

2.3.1. Dissection Rules and Performances
The lines were dissected using direct as well as blunt dissection techniques and
followed the rules presented in [1] and as performed in Elbrend & Schultz [2] [3].
These rules included that the myofascial structures were to be arranged at the
same functional direction, that they followed the direction of tension (lines of ten-
sion), that they were to be situated at the same body level, and that they spanned
over several joints. The integration of the structures was additionally tested inter-
actively to confirm a physical (tension lines) and functional connection between
the structures. The lines were isolated, still attaching to the skeleton, and later
isolated and extracted as one piece from the rest of the cadaver.

To use the cadavers as optimal as possible, the major plans were presented below:

Superficial lines were dissected first hand on both sides and, hereafter, the pro-
found lines. This was performed in 22 dogs. When dissecting the helical lines, care
was taken not to disrupt the crossing-overs in the dorsal and ventral midlines,
giving the possibility of dissecting the full lines in the same cadaver. This was done
in 16 cadavers. Front limb lines were dissected in 10 cadavers and 4 isolated front
limb specimens. Additionally, and whenever possible, the cadavers were used for
local dissections to check-up and confirm specific connections and structures, e.g.,
the ipsilateral branch of the FL.

2.3.2. Documentation
Photographs were taken using a Canon Glmax, a GX200 Ricoh, a Fuji X-T1 cam-

era, and a Samsung 7 + 5G tablet. Working videos were recorded on the Canon
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Glmax camera and Samsung 7 + 5G tablet. Adobe photoshop version CS4 ex-
tended was used to edit the images for the publication.

The nomenclature chosen for the dog myofascial kinetic lines was similar to
that used for the equine lines, based on the Veterinary Nomina Anatomica, and
reflects the posture and anatomical planes of domestic animals.

The dissected myofascial kinetic lines were present on both the right and the
left side of the body. Moreover, the DVL was approached as a right and a left part
even if the line was found to be a 3-D unit and difficult to separate, since besides
the locomotion muscles, it also includes the viscera in the thorax and abdomen.
(Table 1)

Table 1. Overview of the eleven Canine Myofascial Kinetic Lines.

Lines abbreviations

Lines full name

SDL Superficial Dorsal Line
DDL Deep Dorsal Line

SVL Superficial Ventral Line
DVL Deep Ventral Line

LL, superficial and deep

Lateral Line, superficial and deep

FL Functional Line

SL Spiral Line

FLPL Front Limb Protraction Line

FLRL Front Limb Retraction Line

FADL Front Limb Adduction Line

FABL Front Limb Abduction Line
3. Results

3.1. General Observations

The constitution and thickness of the fascia differed between the dog breeds and
sizes. Smaller dogs exhibited very thin and very flexible fascia, making it difficult
to see the isolated collagen fibre bundles and determine the direction of the fibres
and lines of tension. Photo and video recordings, interactive dissection methods,
and the use of scattered light at different angles helped to resolve this issue,
presenting fibres in a clearer and more discernible fashion. In larger and highly
muscled dogs, the fasciae were thicker and denser, and the collagen fibres were

clear and identifiable.

3.2. Dissections

Superficial Dorsal Line, SDL
The SDL started in the plantar region of the Phalanx media and proximalis of
Phalanx II-V. From here, the line progressed with the four flexor tendons/sub-

tendons on the plantar surface of the Metatarsus, where the tendons fused and
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Figure 1. (a)-(d) illustrate five superficial and one deep myofascial kinetic line painted on
a dog (Figure 1(a) and Figure 1(c)), and details from dissections (Figure 1(b), Figure 1(d)
and Figure 1(e)). In Figure 1(a), the full progress of the Superficial Dorsal Line (SDL,
green), the Superficial (S) and Profound (P) Lateral Line (LL, orange), the Front Limb Pro-
traction Line (FLPL, yellow) and the Front Limb Retraction Line (FLRL, pink) are illus-
trated. In Figure 1(b), the SDL is dissected in the Regio poplitea. Myofascial expansions
(white ovals) reach from the M. biceps femoris and M. semitendinosus to the M. gas-
trocnemius. In the mid part of the expansion, the hind limb sling of the SDL is present. The
sling reaches the dorsum of the Tibia, where the two parts fuse (not illustrated). Figure
1(d) presents the erector spinae muscles of the canine lumbar region. Notice the size of the
M. iliocostalis, which, compared to the horse, is significantly larger and, in collaboration
with the M. Jong. lumborum influences the balance of the pelvis and the SDL. In Figure
1(c), the Superficial Ventral Line (SVL, blue) is painted on the dog, and the major myofas-
cial structures are dissected and isolated as a long and continuous line (Figure 1(e)).

approached the Tuber calcanei. It then capped over the Bursa calcanei and tran-

sitioned into the Tendo calcaneus and established contact with the Musculus (M.)
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gastrocnemius, caput medialis and lateralis (and M. soleus) (Figure 1(a) and Figure
1(b)). Proximally, in the Regio poplitei, the myofascia of the gastrocnemius heads
expanded laterally into the most distal aponeurotic part of the M. biceps femorisand
medially to the tendinous part of the M. semitendinosus. Alongside these muscles,
multiple fibrous intermuscular connections (myofascial expansions) were observed.

The line was parted in two along the caudal side of the thigh and towards the
Tuber ischiadicum. The M. biceps femoris, laterally, and M. semitendinosus, me-
dially and in proximal direction, a myofascial attachment to the fibrous Ligamen-
tum (Lig.) sacrotuberale (Figure 2(b)) was observed. Continuing along this struc-
ture, it connected into the tight fibrous fascia layer in the Regio sacralis et lum-
bosacralis and onwards into the paravertebral erector spinae muscle complex
(Figure 1(d) and Figure 2(b), Figure 2(e)), (M. longissimus pars lumborum, tho-
racis, cervicis, atlantis, et capitis) and the M. iliocostalis, which was included via
the Tendo Bogorodsky. The two complexes extended the line from the pelvis to
the Atlas and the Os temporalis, Processus mastoideus. The myofascial expan-
sions from the M. longus capitis proceeded into the M. temporalis, which contin-
ued in the oral direction over the dorsal part of the Margo orbitalisand caudome-
dially into the Orbitaalong the Paries dorsalis. In this span, a multitude of fibrous
connections were observed attaching to the dorsum of the Periorbita. The tem-
poral myofascia continued towards the offspring of the Nervus opticus over the
Foramen opticus and in a medial direction to the Orbital part of the Os frontale
and the lateral wings of the Os sphenoidale. The lateral part of the temporal myo-
fascia passed in a ventral direction over the Articulatio temporomandibularis and
connected beneath the Arcus zygomaticusto the M. masseter.

A canine expansion of the SDL, a hindlimb flexion sling enclosing the stifle from
both lateral and medial sides, was discovered (Figure 1(a), Figure 1(b)). It extended
from the region of the Tuber ischiadicus to the distal part of the Tuberositas tibia,
distal to the stifle. This sling included two major propulsion muscles, the biceps
femoris muscle, establishing the lateral side of the sling, and medially the cranio-
ventral continuation of the semitendinosus muscle. Both muscles end in an apo-
neurotic and tendinous part, which fuse together and dorsally connect on the
Tibia close to the distal part of the Lig. patellae.

Function: The function of the structures taking part in the SDL indicates that
the line is engaged in movements such as Extension of the head, neck, thorax,
lumbar and sacral regions, extension of the pelvis, and propulsion of the hindlimb
with an extension of the hip joint, flexion of the stifle, flexion of the hock and flexion
of the toes. The hindlimb flexion sling can pull the distal part of the hindlimb
proximally, shortening the limb’s functional length/lever and enhancing the ability
to lower and stabilize the trunk. Additionally, it shortens the stride length, which
can increase the acceleration initially. The latero-lateral position of the sling’s
structures also supports and stabilizes the stifle during the “short-legged” propulsion.

Superficial Ventral Line, SVL

The SVL (Figure 1(c), Figure 1(e)) initiated at the insertions of the M. extensor
digitorum longus dorsally at the Phalanx distalis1I-V. It traveled along the dorsal
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surface of the hindlimb via the extensor muscle to the Margo cranialis tibia,
merged into the profound layers of the proximal Fascia cruris, and then into the
Lig. patellae continuing into the M. rectus femoris of M. quadriceps femoris. The
SVL progressed in a cranio-proximal direction into the Fascia femoralis, which
outlined the Canalis femoralis. From here, the line extended into the Lig. ingui-
nalis and the Tendo prepubicus, reaching the M. rectus abdominis and the most
caudal part of the Vagina musculus rectus abdominis. Moving cranially, it followed
the M. rectus abdominus (Figure 2(e)), proceeded into the deep fascia layer, Fascia
pectoralis on the ventral thorax wall, and extended to the tiny M. rectus thoracis
over the cranial part of the sternum to the M. sternocephalicus pars mastoideus
and occipitalis originating respectively from the Processus mastoideus (Os tem-
poralis) and the Crista nuchalis (Os occipitalis). The sternocephalic myofascia ex-
panded into the Fascia parotis at the horizontal level of Angulus mandibularis, cov-
ering the G/ parotis and Mandibula, merging rostrally into the M. masseter. Ad-
ditionally, the masseter muscle was found to attach and expand not only to the
Arcus zygomaticusbut also to the M. temporalis (in a dorsomedial direction), the
Periorbita, and the M. pterygoideus lateralis.

Function: The function of the structures in the SVL indicates that the line is in-
volved in flexion of the head, neck, thorax, lumbar and sacral regions, flexion of the
pelvis, protraction of the hindlimb with flexion of the hip joint, extension of the stifle,
the hock and the toes. The SVL in the hindlimb is, like the SDL, able to shorten the
functional length of the limb in the protraction phase by flexing the stifle and using
the bony attachment of the patella ligament as the distal point during protraction.

Lateral Line, LL

The LL was found to be subdivided into a superficial and a deep part.

Both parts of the lateral line had a common start at the insertion of the 7endo
musculus flexor digitorum lateralis/the M. peroneus longus on the dorsolateral
aspect of the hindlimb. The line passed in a proximal direction over the tarsal
joint, where it was embraced and supported by the Retinaculum extensorum. In
the lateral Regio cruris the line continued in a proximal direction in the space
between the digital flexor and extensor compartments. At the level of the stifle,
the line merged into the lateral region of the Fascia genus, making contact with
the Capsula articularis and the Ligamentum collaterale laterale of the Articulatio
femorotibialis. Further along, it is integrated into the broad fascia sheet formed
by Fascia lata, M. fascia lata, and M. gluteus superficialis. At this point, the line
split into two parts: a superficial and a profound. The superficial part extended
into the M. fascia lata and Pars glutea of the M. cutaneus trunci and passed within
the Fascia superficialis along the lateral side of the trunk, over the Scapu/a and the
M. biceps brachii. In this region, the superficial fascia and the superficial layer of
the deep (profound) fascia are closely associated with the broad M. brachiocepha-
licus (M. sternocleidomastoideus) and continue in a cranial direction to the mus-
cle insertions in the cervical part of the dorsal midline, at the mastoid process of

the temporal bone and at the Fascia parotideus. Rostrally, it connected to the M.
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masseter (SDL), to the dorsal midline of the suboccipital region, making fascial
contact with the Os occipitalis and the M. temporalis (SDL).

In the deep part of the lateral line, the myofascia from the M. gluteus superfi-
cialis extended over the Tuber coxae, Os ilium, entering into the M. obliquus ab-
dominis internus and its aponeuroses via myofascial expansions into the AL
obliquus externus abdominis and its aponeurosis. Myofascial expansions con-
nected it to the M. obliquus externus abdominis, which continued over the Arcus
costalis and into the Mm. intercostalis externus et internus, displaying the zig-zag
pattern (as shown in Figure 1). The connection from the external intercostal mus-
cles onto the M. spleniuswas present via the Fascia spinocostotransversalis under
the M. serratus dorsalis cranialis. The splenius muscle was attached in the mid-
plane to the Lig. nuchae/Funiculi nuchales and originating cranially from Proces-
sus mastoideus (Os temporalis) and the Crista nuchalis (Os occipitalis).

A cranial connection between the superficial and the profound parts of the LL
was dissected in the Temporomandibular joint (TM]) region. Additionally, an-
other connection was identified between the splenius muscle and the broad fan of
the brachiocephalicus muscle epaxially in the mid cervical region.

A caudal entrance to the profound part of the LL was identified vza the tail,
involving the caudal intertransverse muscles, Mm. intertransversarii dorsalis and
ventralis caudae. These muscles were isolated at the lateral border of the proximal
coccygeal vertebrae dorsal and ventral to the M. coccygeus. Both parts are con-
nected to the M. gluteus superficialis, the dorsal part attaching to the sacropelvic
fascia and local epimysium, and the ventral part integrating into the medial part
of the muscle. Proximal to the Vertebrae coccygeae - 7, the intertransverse muscles
appeared as visible muscle bellows, transitioning distally into very thin muscle
layers that continued into the distal parts of the tail.

Function: The structures in the common hindlimb part of the LL abduct the
hindlimb. The superficial part laterally (flexes) and ventrally flexes the head, neck,
and trunk, whereas the profound part laterally flexes and dorsally extends the
same regions. The broad cervical fusion of the two parts of the LL serves to stabi-
lize the neck latero-laterally. The tail part of the deep line laterally flexes the tail.

Deep Dorsal Line, DDL

The deep dorsal line originated dorsally at the tip of the tail and continued in a
proximal direction into the tendinous bands from M. sacrococcygeus dorsalis pars
lateralis and medialis (M. sacrocaudalis lateralis et medialis) (Figure 2(b)). The
line followed these muscles in a cranial direction along the coccygeal vertebrae,
over the sacrum, and continued and merged into the transversospinal muscle
group, the Mm. transversospinalis, of which the Mm. multifidi were the most
prominent in the lower lumbar region. The medial part of the M. sacrococcygeus
dorsalis merged into the M. multifidi at the level of the lumbosacral transition,
whereas the lateral part merged at the upper lumbar vertebrae. The DDL attached
and connected via myofascial expansions to the SDL (M. biceps femoris and M.
semitendinosus) at the Tuber ischiadicus region. The DDL continued with the
transversospinal system along the Columna vertebralis, the lumbar, thoracic, and
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Figure 2. In Figure 2(a), the two deep myofascial kinetic lines, the Deep Dorsal (DDL,
purple) and the Deep Ventral Line (DVL, red), are painted in their full extension on a dog.
Figures 2(b)-(e) illustrate overviews and detailed dissections of the DDL and DVL lines,
and Figure 2(e) includes a transverse overview of the location of the lines passing the trunk.
In Figure 2(b), the dorsum of the lumbosacral and coccygeal part of the dog is dissected.
The M. sacrococc. dorsalis pars lateralis and medialis is exposed. The medial part fuses into
the M. multifidus at the lumbosacral transition, the lateral part continuing onto the mid-
lumbar region. Also, the Lig. sacrotuberale, a part of the SDL and SL is exposed. Figure
2(c) is an overview of the cranial part of the canine trunk. Cranial is to the right. From the
dorsal part of the DVL, the M. longus cervicis and captis are shown, from the mid part of
the line, the Diaphragm, the fasciae in relation to the thoracic organs and the progress
through the Apertura thoracis cranialis into the cervical structures (7rachea, A. carotis
communisand Truncus vagosympaticus) situated in the Fascia pretrachealis and onto the
Larynx and the pharyngeal region. Figure 2(d) illustrates the canine myodural bridge, a
part of the DDL located in the atlanto-occipital transition. The bridge is a connection
between the Mm. suboccipitales, the Membrana atlantooccipitalis and the Dura mater.
Figure 2(e) is a transverse section at the level of the 12th thoracic vertebrae. The locations
of the lines are illustrated with coloured spots. The SDL (green), the SVL (light blue), the
LL (orange), the FL (dark blue), the SL (aquamarine) and the DVL (red). Notice the close
connection between the Crus of the Diaphragm and the Mm. psoas dorsally. In Figure 2(f),
the medial side of the thigh is dissected. M. gracilis has been removed. The M. adductor
and the M. pectineus are visible and present the inlets to DVL in the pelvic cavity.
Additionally, the distal tendinous part of M. semitendinosus presents the medial part of
the hindlimb sling of the SDL.
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cervical region. At the cervical region, M. semispinalis branched into M. biventer
cervicis and the M. complexus, both inserting on the Os occipitalis. The fibrous
Lig: supraspinosuswas found to be a part of this line, and cranially at the cervico-
thoracic junction, the ligament transitioned into the elastic Lig. nuchae, which
progressed from the first thoracic to the second cervical vertebrae (Axis). Between
Os occipitalis and Atlas, a myodural connection (myodural bridge, Figure 2(d))
between the suboccipital muscles (M. rectus capitis dorsalis minor et major), the
Membrana atlantooccipitalis and the Dura mater was observed.

Function: The structures of the deep dorsal line act in extending and stabilizing
the columna vertebralis in its full length.

Deep Ventral Line, DVL

The three-dimensional deep ventral line was a complex and branched system that
encompasses both somatic and visceral components. It was dissected in one piece.

The origin of the line was identified in the hindlimb with several entrances into
the pelvic cavity (Figure 2(f)).

In the hind paw, the DVL began at the insertion of the Tendo m. flexor digi-
torum profundus at the distal phalanx II-V. It proceeded proximally on the plan-
tar side of the Ossa metatarsi, where the four branches of the tendons (II-V) fused
at the midpart of the metatarsus. A retinaculum of connective tissue was arranged
over this fusion. Proximally, at the level of the distal row of the tarsal bones, the
deep flexor tendon branched into two: the tendon from 1) the M. flexor digitorum
medialis and 2) lateralis. Continuing proximally, the DVL followed the profound
flexor muscles, which connected to the deep caudal layers of the Fascia genus. The
fascia became denser on the medial side of the stifle, where it merged into the Lig
femorotibialis collateralis medialis. From here, it proceeded towards the pelvic in-
let along the M. adductor major et minor and the broad tendon of the M. pecti-
neus, which progressed proximally in close contact with Facies aspera on the femur.

The ventral part of the tail, including M. sacrococcygeus ventralis, pars lateralis
et medialis, was found to be a part of the line and entered from the caudal into the
pelvic cavity. The ventral tail muscles continued at the ventral surface of the sa-
crum cranially into the Lig. longitudinalis ventralis.

From the pelvic cavity, the DVL extends cranially and is described as three
distinct parts: 1) dorsal, 2) intermediate, and 3) ventral. This is to be able to
explain the cranial progress in the best way (Figure 2(a)).

The dorsal part continues from the ventral tail muscles into the Lig. Jongitudi-
nalis ventralis until the M. Jongus colli at the upper thoracic vertebrae. The line
passed through the Apertura thoracis cranialis, into the M. longus cervicis et capi-
tis (Figure 2(c)), and to the Mm. rectus capitis ventralis at the base of the cranium
at the Os occipitalis, pars basilaris.

The intermediate part of the line included the myofascial expansions between
the M. pectineus and the M. psoas minor at the Os pubis and from the adductor
major and minor to the M. psoas majorand M. iliacus. The intermediate part was
found to be directed cranially along the psoas muscles, where it continued into

the Crus diaphragmatica dexter et sinister (Figure 2(e)). Along the abdominal
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cavity, the line expanded into the mesenterial structures of the gastrointestinal
(Figure 2(e)) and the urogenital tract as a subserosal lining to the Peritoneum.
This arrangement formed a branched 3-D network of connective tissue in and
around the parenchymal tissue of the inner organs, including also ligaments and
connections between the inner organs and the somatic locomotive system (Table
2). The intermediate part extended cranially as the subserosal lining of the struc-
tures merging through and over the Diaphragm, such as the Esophagus, N. vagus,
V. cava, Aorta, Ductus thoracicus, V. azygos dexterand with the dorsal continuation
of Mm. psoas major et minor (Figure 2(e)). Within the thorax, the intermediate
part served as a subserosal lining to the Pleura, encompassing the Mediastinum,
the Pericardium, and the Lig. phrenicopericardii, the mediastinocardial ligament,
the pulmonary (Pleura pulmonalis) and the cardial lining (Epicardium), as well as
the ligaments and contacts between the organs and the basic skeleton of the tho-
racic organs (Figure 2(e)).

The subpleural lining at the Apertura thoracis cranialis merged with the Mm.
Scalenus dorsalis and medius thereby adding an “external” connection to the line
and connection to the first costae, the lower cervicals, and the Fascia prevertebralis
and Fascia pretrachealis. These fasciae enclosed the hypaxial anatomical struc-
tures (A. carotis communis, V. jug int. et ext., Truncus trachealis, N. vagosym-
paticus, Esophagus and Trachea) in the cervical region. The line passed on via
these connections towards the base of the cranium, into the pharyngeal and la-
ryngeal myofascia and the Mm. pterygoideus lateralis et medialis. At the cranial
aperture, the DVL meets several other lines in the structures listed in Table 3.

The ventral part of the line joined as the subserosal lining of the parietal part
of the Peritoneum and the Pleura. Within the Cavum abdominisit formed a close
connection to the epimysium of the M. transversus abdominis, and within the
Cavum thoracis, the Fascia endothoracica being engaged in the pericardium and
the Lig. phrenicopericardia. From the Apertura thoracis cranialis and towards the
cranium the ventral part merged into the M. sternohyoideus and sternothy-
roideus, connecting to the laryngeal and hyoid structures of the pharynx as well
as the ventral lining and the extrinsic muscles of the tongue (M. mylohyoideus,
M. genioglossus, hyoglossus, styloglossus and geniohyoideus).

Function: Regarding the locomotion system, the structures of the DVL adduct
and flex the hindlimb and toes. They flex and stabilize the spine via the hypaxial
muscles. The DVL integrates and structurally connects the viscera with the so-
matic body structures related to the line.

Spiral Line, SL

The SL is one of the two helical lines that cross over the midline, contributing
to axial body rotation.

The spiral line was found to be subdivided into two major parts: the spiral part
and the straight part(-s). In the full line, three latero-lateral crossovers were iden-
tified. The spiral part presented two crossovers, while the straight part just one. In

addition to the contralateral straight part, an ipsilateral straight part was isolated.
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Table 2. Overview of some of the major fascia connections between the subserosal insertional fascia and the somatic/locomotor

system in the dog.

Organ Connecting structures Connections to the somatic/locomot. system
Liver Lig. triangulare dexter Diaphragma, Centrum. tcjndineum .
M. transversus abdominis and aponeurosis
Lig. triang. sinister Diaphragma pars costalis
Lig. coronarius Centrum tendineum diaphragmatis
Lobus caudatus, proc. caud M. psoas major et minor (the ventral part of Diaphragma)
Lig. teres hepatis/falciformis M. rectus abdominis
Ventricle Esophagus/Cardia, The ventral part of the Crus dexter diaphragmatis

Omentum majus,
Lig. gastrophrenicum

Centrum tendineum, Crus sinister diaphragmatis

Intestinal tract
Intestinum tenue

Mesoduodenum, jejunum, ileum

M. psoas minor/major,
Crus dexter/sinister diaphragmatic

M. sphincter ani externus
M. levator ani

Rectum Adventitia M. sacrococc. ventralis
Indirectly to M. biceps femoris via connection to
Lig. sacrotuberale
Lien Omentum majus, Centrum tendineum,
Lig. phrenicolienale Crus sinister diaphragmatis
Gl. adrenales Adventitia Mm. psoas major and minor, prox part

Kidney Subserosal fascia, dorsal part of the | Mm. psoas major et minor
capsula adiposa, trabecular M. transversus abdominis
attachments from the capsula Diaphragma pars lumbalis
fibrosa renalis Crus dexter diaphragmatis (right kidney)
Ureteres . i )
Adventitia Ventrally along the Mm. psoas major and minor
. . Mm. obliquus internus, externus and transversus
Ovarium Subserosal fascia of Processus Sl ) o
L abdominis via Anulus inguinalis internus et externus
vaginalis - R
and closure to the Canalis femoralis.
Mesovarium Via the Lig. Jatum uteriand to the M. transversus
Lig. ovarii proprii abdominis and ventral surface of Mm. psoas major and minor
Over the right and left kidney and cranially to the AZ.
Lig. suspensorium ovarii transversus abdominis and dorsal on pars costalis of the
M. diaphragmatic
Testis Subserosal fascia of Processus Mm. obliquus internus, externus and transversus

vaginalis and mesorchium

abdominis via Anulus inguinalis

Proximal connections from the site
of origin, mesonephros

Connections alongside the A. testicularis to Mm. psoas major
and minorto the offspring from the Aorta, cranial to the kidney

Vesica urinaria

Lig. vesicae lateralis

M. transversus abdominis

Lig. vesicae mediana

Fascia rectus, M. rectus abdominis
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Continued
Uterus Lig. latum uteri Mid part of M. transversus abdominis
. . Mm. obliquus internus, externus and transversus abdominis
Lig. teres uteri L
and Anulus inguinalis
. . Mm. obliquus internus, externus and transversus
Ductus deferens Plica ductus deferentis o
abdominis

Table 3. Lines related to, as well as involved in the Apertura thoracis cranialis.

Lines Structures
M. longissimus. thor. et cerv.
SDL .
M. spinalis
DDL Mm. spinotransv., Lig. nuch.
DVL M. longus colli, Fascia cervicalis, M. scalenus
SVL M. sternomand., M. rectus thoracis
LL M. splenius, M. brachiocephalicus, M. omotransv.
sp M. rhomb. cerv., M. serratus ventralis pars cerv.,
M. longissimus dorsi, M. spinalis
FLPL M. brachiocephalicus, M. omotransversarius
FLRL M. trapezius et rhomboideus. pars cerv.
FADL M. pectoralis transv. et desc.
M. trapezius cerv. et thor.
FABL
M. pect. asc.

The spiral part of the SL began in the M. splenius, extending caudally into the
M. rhomboideus cervicis, reaching approximately the level of the C6,7 and TH1,2.
Here, the line crosses the midline v7a the medial epimysium of the rhomboid
muscle, which, over the dorsal midline, was merged with the epimysium of the
contralateral rhomboid muscle. Concurrently, the line also connected to the
crossing over of the dense aponeurosis of the M. serratus dorsalis. Continuing
ventrally, the line proceeded into the caudal part of the M. serratus ventralis and
further on to the M. obliquus externus abdominus (M. obl. ext. abd.). The second
crossover occurred ventrally as it followed the M. obl abd ext. into the
aponeurosis, reaching the ventral midline and the Linea alba, then crossing into
the aponeurosis of the M. obliquus abdominus internus, guiding the line back to
the side of origin (Figure 3(b)). Moving along the internal oblique abdominal
muscle, the line progressed to the tuber coxae where the tension lines continued
into the M. tensor fascia lata and the Fascia lata itself. The Fascia lata directed the
line toward the extensor compartment of the Regio cruris, contacting the M.
tibialis cranialis. The line then formed a sling following the tendon medially to the
proximal part of the Os metatarsus II, continued in a medial to lateral direction
over the plantar side of the metatarsal region in a thin double-layered retinacula
like band situated at the plantar and dorsal side of the superficial digital flexor
tendons. Laterally, it connected to the tendinous M. abductor digiti V, leading the
line to the lateral side of the Tuber calcanei. Here, it merged into the attachment of

the biceps tendon, a component of the common calcanean tendon, and into the
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straight part of the line.

The straight part of the line continued from the Tuber calcaneus proximally via
the biceps portion of the Tendo calcaneus communis and into the M. biceps
femoris. The line proceeded into the profound parts of M. biceps femoris and
into the Lig sacrotuberale, which branched proximally in the sacral region. A
connection was discovered to not only the apex of the sacrum but also to the dense
fascia lining on the medial side of the ilium and the dorsum of the sacrum, where
it enveloped the Mm. sacrococcygei dors/Mm. mulitifidi. This fascial lining was
found to be a caudal extension of the dorsal layers of the Fascia thoracolumbalis,
TLF, which also included the epimysium of the M. Jong. Iumborum and M.
iliocostalis. From the iliac wing, the line is split into two branches (Figure 3(g)).
One branch crossed over to the contralateral side within the continuation of the
thoracolumbar fascia (TLF) (Figure 3(d)) and, from here, continued into the SDL,
terminating in the cranial direction at the contralateral side of the origin. The
other branch ascended cranially on the ipsilateral side as the SDL, concluding at
the side of the origin.

Function: The function of the structures of the two major SL parts (the spiral
and the straight) indicates that the spiral part is involved in rotation and flexion
of the trunk correlated with lateral flexion of the neck, and the straight parts sta-
bilize and extend the dorsum of the trunk uni- and/or bilaterally. The spiral and
the straight part support each other by acting antagonistically, ensuring stability
and alignment during rotational movements. The line is dominant in canter.

Functional Line, FL

The FL was found to consist of two distinct parts, a dorsal and a ventral, each
featuring a midline crossing. One over the dorsal midline and one over the ventral.
Notably, the line started and ended on the same side of the body. An additional
ipsilateral branch was identified in the dogs.

The dorsal part of the FL, started in the axillary region in the aponeurosis of the
M. latissimus dorsi. The latissimus myofascia extended obliquely from the axillary
region in a dorsocaudal direction into the dorsal superficial layers of the Fascia
thoracolumbalis (TLF). Crossing over the midline of the TLF at the dorsum, it
transitioned to the contralateral side (Figure 3(b)). At the level of the ileal wing,
the line merged into the fascia of the M. gluteus superficialis and the M. tensor
fascia lata, embedded into the dense fascia sheet overlying the vastus lateralis of
the M. quadriceps femoris. The dense fascia sheet is comparable to the human
iliotibial tract. Distally, it progressed to the lateral part of the Fascia curisjust distal
to the stifle joint, next- and lateral to the Margo cranialis (Crista) tibia. From here,
the line turned into its ventral part.

The ventral part of the line commenced distal to the stifle joint, medially at the
tibia within the aponeurosis from M. gracilis beneath the insertion of the M.
sartorius pars cranialis. Continuing proximally and medially on the thigh, it
proceeded into the Tendo symphysialis ventral to the pubis. Here, the line crossed
over to the opposite site (the side of origin, Figure 3(b)) and continued into the
Vagina fibrosa of M. rectus abdominis as well as the muscle itself. It expanded
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cranially into the M. pectoralis ascendens (s. profundus) and towards the axillary
region, where it reunited with the origin of the line in M. Jatissimus dorsi.

Can. fem.

Figure 3. Figure 3(a), Figure 3(c), Figure 3(e) and Figure 3(g) present the flow of the
helical lines, the Functional Line (Figure 3(a), FL, blue), the Spiral Line (Figure 3(c), Fig-
ure 3(e) and Figure 3(g), SL, aquamarine), and the Front Limb Protraction Line (Figure
3(a) and Figure 3(g), FLPL, yellow) and the Front Limb Retraction Line (Figure 3(a) and
Figure 3(g), FLRL, pink) painted on a dog. Figure 3(b) and Figure 3(d) illustrate the bi-
lateral connections at the ventral and the dorsal side of the trunk. Figure 3(f) shows the
medial aspect of the proximal front limb region (outlined in Figure 3(c)). Notice in Figure
3(a) and Figure 3(g) the connection between the superficial front limb lines and the helical
lines. In Figure 3(b), the abdominal and pelvic region is dissected, and the collagen fibres
in the aponeurosis of the M. 0bl. ext. abdominisillustrate the oblique direction towards the
ventral midline (Linea alba) and to the contralateral side. The second SL cross (aquamarine
cross). In the pubic region, the M. gracilis crosses over at the Tendo symphysialis (blue
cross). In Figure 3(d), the lumbosacral region of the Fascia thoracolumbalis is dissected.
The dorsal FL crosses in the lumbosacral region (blue), and the dorsal and third SL cross
(aquamarine). Figure 3(f) shows the medial aspect of the brachial region, including several
of the structures of the Front Limb Lines. The front limb was dissected and separated from
the trunk by cutting the large cranial, caudal, dorsal, and ventral extrinsic muscles, the A
serratus ventralis, the Plexus brachialis and the axillary blood vessels. The M. pectoralis asc.
is reflected in the cranial direction. The FLPL (yellow text) includes the M. trapezius pars
thoracica (also included in the FLADL) and the M. brachiocephalicus (also included in the
superficial LL). The FLRL (pink text) includes the M. rhomboideus cervicis (also included
in the SL), the M. pectoralis ascendens and the M. triceps brachii. The Deep Front Limbs
lines FADL (yellow box) and FABL (rosa box) comprise FADL, the M. rhomboideus tho-
racis, the M. teres major, and the medial fascia sheet distal to the Scapular hilus region
(with the Plexus brachialis, A. and V. axillaris etc.); FABL, M. trapezius pars thoracica, M.
pectoralis ascendens and the M. latissimus dorsi.
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The ipsilateral branch of the FL (Figure 3(b)) extended from a caudal portion
of the ipsilateral M. /atissimus dorsi and branched off at the last costae. The ipsi-
lateral branch connected to the caudal part of the M. obliquus abdominis externus,
extending towards the tuber coxae of the Ala ossis ilii, where both parts of the M.
sartorius originated. The line continued via the sartorius muscle to its’ distal at-
tachment in the medial fascia genus, where the M. gracilis was also inserted.

Function: The three parts of the FL support each other in cross-diagonal gaits
and movements, especially trot (dominant gait). The myofascial structures in the
dorsal part retract the front limb and facilitate an abduction and propulsion of the
contralateral hindlimb, while extending and axially rotating the back and lumbar
regions. The myofascial structures of the ventral part stabilize and counteract ex-
cessive extension and rotation of the trunk, acting as an antagonist to the dorsal
part. The structures in the ipsilateral branch stabilize the lateral side of the thora-
columbar region on the ipsilateral side, preventing a lateral flexion, maintaining
body alignment as well as stabilizing the medial part of the proximal hindlimb
when the dorsal part of the line contracts.

The Superficial Front Limb Lines

Four front limb lines were identified and isolated. Two superficial: the front
limb protraction line and the front limb retraction line, both spanning proximally
to distally in the front limb. Additionally, two deep front limb lines were dissected.
The Front limb Adduction Line (FADL, adduction and external rotation) and the
Front Limb Abduction Line (FABL, abduction and internal rotation). These lines
were regional slings in the brachial and proximal antebrachial region.

The lines are presented as four separate lines, collectively contributing to the
comprehensive 3-D front limb movement and the function described as the active
moment in the gait cycle (Table 4).

Front Limb Protraction Line, FLPL

The FLPL was dissected, and two proximal entrances belonging to the extrinsic
extremity muscles was identified. Cranially, the M. omotransversariusand M. bra-
chiochephalicus. The latter muscle had a broad origin along the dorsal midline of
the neck and extended with myofascial expansions over the Art. Aumeri and cubiti
towards the digital extensor muscles. At the cubital level, the superficial and the
deep fascia layers fused, increasing the contact between the fascia layers. The second
entrance was caudo-dorsal in the M. trapezius pars thoracica and M. rhomboideus
thoracis, attaching to the dorsal third of the Scapula on respectively, the lateral
and medial sides. The protraction line continued cranially over M. supraspinous,
the cranial part of M. subscapularis, and over the Art. humeri. Here, it is attached
to the M. biceps brachii and, further on, to the extensor group, where the cranial
and caudal parts merge into the brachiocephalic aponeurosis. From here, the line
extended distally along the extensor group to the Phalanx distalis.

Function: The function of the structures of the FLPL is to protract the front
limb. They rotate the proximal part of the scapula around the centre of motion

(COM) in a caudal direction and the distal part in a cranial direction. The humeral
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joint, the elbow, the carpus, and the paw extend. These functions predominate in
the protraction phase and collaborate with the structures of the other front limb
lines throughout the subsequent movement phases of the gait cycle. The structures
in the protraction line act antagonistic to those in the front limb retraction line. The

front limb protraction line connects to the superficial LL via M. brachiocephalicus.

Table 4. Structures shared by the FADL, the FABL and other canine kinetic myofascial
lines, respectively.

Line Structure Connecting line
FADL M. supraspffzatus FLPL
M. rhomboideus thor. SL, FLPL

M. trapezius

pars cervicis FLRL
FABL pars thoracis FLPL
M. pect. ascendens SVL, FL
M. latissimus dorsi FLRL, FL, Ipsilateral part of FL

Front Limb Retraction Line, FLRL

The FLRL also had two proximal origins belonging to the extrinsic extremity
muscle groups. The craniodorsal start of the line included the M. trapezius pars
cervicalis, situated in the superficial layers of the Fascia cervicalis, and the M.
rhomboideus cervicis. Both muscles attached to the intrinsic muscles on the
Scapula, laterally to the M. infraspinosusand medially to the caudal part of the M.
subscapularis. Both sides continued into the M. triceps brachii and M. tensor
fascia antebrachia and onto the digital flexor compartment. The second entrance
caudodorsally along M. /atissimus dorsi extended into its’ aponeurosis into the
axillary region. The fascial expansions from the latissimus muscle continued
distally to the medial side of the digital flexor compartment and the fascial sheet
of the digital flexor muscles. Here, the two branches merged and continued
distally along the phalangeal flexor myofascia to the distal phalanx of the toe.

Function: The function of the structures in the front limb retraction line is to
retract the front limb, rotating around the centre of motion at the level of the
proximal third of the scapula. The proximal part of the scapula rotates in a cranial
direction, and the distal part in a caudal direction. The humeral joint flexes, the
elbow extends, and the carpus and the paw flex. The line is the dominant line
during the initial phase of the retraction and collaborates with the other front limb
lines throughout the subsequent phases of a gait cycle. The retraction line acts
antagonistically to the front limb protraction line. The front limb retraction line
connects directly to the FL and the ipsilateral part of the FL via the M. latissimus
dorsi and the SVL via the M. pectoralis ascendens.

Front Limb Adduction Line, FADL

The FADL, arranged as a proximal sling, originated dorsally in the M. rhom-

boideus thoracis, where it connected to the medial side of the Scapula and the
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Cartilago scapula. Along the lateral side of Scapu/a, it extended as a flat fascia layer
along the Margo dorsalis scapula, over the Spina scapula towards and into the A
supraspinatus. Moving distally, the line traverses over the Art. Aumerito the me-
dial aspect of the joint where the M. supraspinatus and the dorsal part of the M.
pectoralis transversus merged into a medial subscapular fascia sheet. This fascia
sheet was located ventrally to the “hilus region”, where the Plexus brachialis and
A. V. axillaris entered the front limb. The fascia sheet continued into the distal
part of M. teres majorand followed this muscle in a dorsal direction to the Angu-
lus caudalis scapulaand into the M. rhomboideus thoracis, completing the “sling”.

Function: The structures in the FADL act on the proximal part of the front limb,
adducting and outwardly rotating the distal part during the initial phase of the
protraction and landing phase. The adduction brings the limb close to the centre
of body mass for balance and stability, while the external rotation extends the
front limb, facilitating touch down initially contacting the surface on the caudal
and lateral aspects of the paw.

Front Limb Abduction Line, FABL

The FABL, also arranged as a proximal sling, started in the M. trapezius pars
thoracicaand continued in a cranioventral direction into the M. infraspinatusand
M. deltoideus pars scapularis. The sling extended into the M. deltoideus pars acro-
mialls, to the Fascia brachialis, forming a broad band, which passed in a medial
direction over the Art. humeri. Tension fibres were clearly observed traversing
over the M. biceps brachiiin a latero-medial direction. The fibres continued onto
the ventral surface of M. pectoralis transversus and ascendens from where they
extended into the cranial and axial aponeurosis of M. Jatissimus dorsi. Following
the latissimus dorsi in a caudodorsal direction, this sling ended and reconnected
with the M. trapezius pars thoracica.

Function: The structures in the FADL act on the brachial and the proximal an-
tebrachial region, abducting and internally rotating the proximal part of the front
limb. The line is particularly active during the initial stage of the retraction phase,
facilitating abduction and inward rotation of the front limb to support the forward

motion of the trunk during the weight-bearing retraction phase.

4. Discussion

General

To the authors’ knowledge, this is the first study in which the 11 canine kinetic
myofascial lines have been dissected, verified, and described. The lines were found
to be very similar to the Human and Equine Kinetic Myofascial Lines, except for
specific regions where there were differences in the anatomy and posture of the
three species, their diverse roles as animals (predator versus prey animal), and
thereby also their biomechanics. Neither is the author aware that the three new
canine branches have been described before. The branches were found in relation
to the Superficial Dorsal Line (SDL), the Spiral Line (SL), and the Functional Line
(FL), the latter two observed in humans [1] but not in horse.
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Biomechanical differences between horses and dogs reflect their natural roles
as prey (horse) and predator (dog). Horses are adapted for endurance running
and high-speed movement, with a well-developed recoil system throughout
several anatomical levels, allowing for efficient energy recycling [17]-[20]. The
predator, in this case, the dog, is basically designed for endurance but also to chase
and hunt. Therefore, the anatomy reflects this with considerable muscle force for
acceleration to catch up with prey, but also body stability and flexibility to be able
to perform fast changes in both speed and direction during the chase.

Another characteristic feature of canine anatomy, as observed in the dissections,
was the anatomy and topography of the extrinsic extremity muscles and myofascia.
Compared to the horse, the canine muscles had broader origins, attachments at
the trunk, and long and distally wide insertions in the antebrachial and crural re-
gions. The biomechanical impact of this is to shorten the lever of the extremities.
The length of the lever alters with the gait and the dog breed. A shortened lever
optimizes the function and force from the myofascial slings in rotating the ex-
tremities around the hip- and shoulder regions (local centres of motion, COM).
It lowers the COM, which supports stabilization and acceleration, manoeuvring
and fast changes of speed and direction. Several of these features have basically
been described [4] [6] [7] [21]. Athletic and forceful properties are favoured and
bred in modern dogs to push their performance to the highest competitive level.
The challenge is now how to maintain a long-term biomechanical durability in
the dogs, preserving a correct functional balance and athletic capacity without
overstepping the upper limit of the biomechanics in the athletic, forceful, and fast
performances. Understanding the 3-D interactions and balance between the myo-
fascial kinetic lines in normal compensatory and pathological patterns provides
us with an essential tool to understand and evaluate the biomechanics of dogs.

Some of the limitations of the study were the difficulties in some places to
observe the lines of tension/myofascial expansions in the small and thin dogs,
although this problem was solved by changing the angle of the light sources and
observing via the camera screen. Additionally, possible variations in a single breed
were not possible to study as the donated dog material was limited. On the other
had, this study showed the broad presentation of the lines within several dog
breeds, as also observed with the horses [2] [3].

The Superficial Dorsal Line and the Flexion Sling

The canine superficial dorsal line is in many ways like the equine, but differ-
ences were found in the thoracolumbar region, the hindquarters, and the foot. In
the lumbar region, the diameter of the canine iliocostalis myofascia was almost
similar to the longissimus, and the insertion was located at the iliac wing. This was
very different to the horse, where the iliocostalis was significantly smaller than the
longissimus lumborum, terminated and fused in the deeper layers of the TLF at
the level of L2-L4. Laterally, the muscle was covered by M. serratus dorsalis [22].
In the canine thoracolumbar transition, the longissimus and iliocostalis myofascia

merged and at the caudal lumbar region, the epimysia of the two split and was
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transformed into a dorsal and ventral part attaching to the Ala ossis ilii, Ileal wing,
respectively at 1) the Tuber coxae (the iliocostalis), and 2) the Tuber sacrale and
the dorsal layer of the Fascia caudalis (the longissimus lumborum). This myo-
fascial arrangement can provide the dog with a higher degree of flexibility as well
as the ability to balance the lumbar, the lumbosacral, and the pelvic regions. The
muscle collaboration has previously been found to establish a higher force pro-
duction and facilitate spinal extension in galloping dogs [23]. In the hindlimb, the
dog foot anatomy and myofascia were very different from that of the horse, digi-
tigrade versus unguligrade. The canine [24] and human [1] interosseus muscles
were found to be composed of multiple muscle bellows and not to be a part of the
SDL. Only the superficial flexor tendon brought the line over the tarsus to the
phalanx media. However, the suspensory ligament is part of the line in horses.

In the present study, an additional canine branch was discovered—the flexion
sling. Aponeurotic expansions from two extrinsic muscles, the semitendinosus
and biceps femoris, established a sling, which, from medially and laterally, respec-
tively, embraced the proximal part of the 77bia and fused on the dorsal side, just
distal to the Tuberositas tibia.

We believe the flexion of the stifle serves to improve and support some of the bio-
mechanical characteristics specific to the hindquarters of carnivores. Additionally,
the flexion sling meets the SVL, LL, and FL in collaboration with the stifle balancing
and stabilizing of the joint. The stabilization is due to isometric contraction in the
myofascia. The collaborating lines and, specifically, the flexion sling are important in
the touch-down and propulsion phases of the hindlimb [25], where instabilities in
the stifle can be fatal.

The Superficial Ventral Line

In the SVL, the major issue in the human myofascial lines, according to [1] and
[26] [27], was the transfer of the line from the quadriceps femoris to the rectus
abdominis muscle and fascia. In humans, the myofascial line includes a bony con-
nection over the pelvis, which is considered and accepted as an exception to the
rules. In the horse, a more direct contact was dissected via the accessory ligament
to the Caput femoris, which headed directly into the prepubic tendon and brought
the line to the rectus abdominis muscle and the rectus sheet [2] [3]. In the dog,
this contact was found to be even closer as the SVL continued from the Fascia
genus to the rectus femoris muscle over the Fascia femoralis and into the Lig. in-
guinalisand the Tendo prepubicus. From here, it projected directly into the rectus
abdominis myofascia. When comparing the SVL of the biped (human) to that of
the quadrupeds (dog and horse) [2], the latter were found to be a more complete
line.

The Lateral Line, the Cutaneus Trunci Muscle and the Tail

The canine lateral line is like the equine responsible for a lateral flexion of the
spine and abduction of the pelvic limb [2]. In both the horse and dog, lateral
flexion correlates with spinal flexion (superficial LL) or extension (deep LL) of the

neck and trunk. The superficial LL includes the cutaneous trunci muscle in both
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species, although there are morphological differences. In dogs, this muscle
included 1) a gluteal part reaching over the lumbosacral junction and 2) was only
a few millimetres thick. In contrast, the equine cutaneous trunci muscle was much
thicker, up to 4 - 7 cm, focussed the contraction around the centre of gravity, and
was shown to be non-fatigable [28] [29]. There is only one level of the lateral line
in humans.

In the canine DLL, an extension and connection to the tail was dissected. The
intertransverse muscles are connected to the line via the superficial gluteal myo-
fascia. The tail part of the line supports the carnivore in lateral flexion and balance
during walk and trot, directional changes, or movements when balance is lost [30].
These tail connections to the DLL were not found in horses or humans.

Besides the DLL, the tail is involved in two other deep lines: the DDL and the
DVL. According to [24] [31] [32], the tail is a multifunctional structure serving
purposes such as insect repellence, balance in complex movements and jumps,
facilitating balance when walking on narrow surfaces, and communication
through body language. In a cranial direction, the tail muscles are connected dor-
sally to the Fascia cauda (an extension of the TLF) and the multifidi muscle (the
DDL); ventrally, they are connected to the sacrum, the ventral longitudinal liga-
ment and the hypaxial muscles (the DVL) and laterally, to the gluteus superficialis
myofascia (the DLL). Due to the close connection between the tail and the three
deep carnivore kinetic lines, the tail becomes pivotal in body balance

The Deep Dorsal Line

In contrast to humans, we have identified and dissected a DDL in both the dog
and horse. It was evident that this line exists in these species, while in humans, a
corresponding deep back line has not been defined due to a lack of connection to
the hindlimbs [1]. In the dog and horse, a hindlimb portion was not isolated ei-
ther, yet clear connections to the SDL at the Tuber ischiadicus were observed. Dif-
ferences between bipeds and quadrupeds could partly result from evolutionary
changes where a reduction in the number of coccygeal vertebrae has occurred in
humans, resulting in very tiny coccygeal structures. In the horse and dog, the dor-
sal coccygeal myofascia were very much alike, but in the dog, they headed more
cranially (mid/lower lumbar vertebrae) compared to the horse (sacrum/last lum-
bar vertebrae) before merging into the multifidus myofascia. This difference re-
flects the significance of the tail as a major balance organ and favours the carnivora
compared to the horse. The biomechanical impact of the tail provides the dog with
highly developed skills in terms of fast changes in speed and direction. In the cra-
nial part of the DDL, the atlantooccipital myodural bridge resides. The indirect
connection between the dorsal suboccipital myofascia and the dura mater was ob-
served in both the horse [33] [34] and the dog [35], making the line intriguing for
not only its suggested function, which includes a pumping effect of the cerebro-
spinal fluid, but also in pathological conditions such as myofascial restrictions,
head trauma, fights, fascia diseases, etc. which might have a direct impact on the

local function but also an indirect effect on the CNS.
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The Deep Ventral Line

The DVL was found for both the dog, horse and human to balance the external
lines, and specifically to act as an antagonist to the DDL in the dog and horse. The
DVL is the most complicated of the lines due to its 3-dimensional flow and nu-
merous branches into myofasciae and “organ skeletons” connecting to the so-
matic and the visceral nervous system. The somatic nervous system was found to
be connected to the parts of the line dominated by the locomotion system, such
as the pelvic limb, the cervical and capital region, as well as the hypaxial trunk
muscles. The autonomic nervous system is connected to the parts related to the
viscera and other vital structures in the abdomen, the thorax, and the cervical re-
gion. Significant differences in the line between humans and dogs/horses were
observed in the groin region, which was primarily related to the sartorius myo-
fascia. In humans and dogs, the sartorius myofascia originated from the tuber
coxae and extended distomedially on to the stifle. In the horse, the sartorius had
a very different course, with the origo located as a tight and fibrous connection
directly to the psoas muscles. This connection might serve to enhance the stability
between the equine stifle and the lumbar region. Dogs have a more flexible lum-
bosacral region due to a smaller, simpler pelvis with sagittal angled iliac wings, a
small sacrum lacking intertransverse joints, and short cranially directed transverse
processes of the lumbar vertebrae. Ventral lumbar stabilization in the dog is sup-
ported by the well-developed hypaxial iliopsoas muscles and dorsally by the epax-
ial longissimus and large iliocostalis muscles (SDL and SL).

The diaphragm is central to the DVL due to its specific topography, which is
the transverse septum in the body, and its role in encompassing vital structures
transitioning from the thoracic to abdominal cavities. An important aspect is the
overlap and interaction between the diaphragmatic crura and psoas muscles, es-
tablishing a “transitional zone” of the trunk that biomechanically represents the
transition of the spinal movements between the lumbar and thoracic regions, the
anticlinal region. In the dog, this zone is specifically designated to one vertebra,
the 10" thoracic, which possesses a high flexibility and biomechanical vulnerabi-
lity. Hypaxially, this region includes structures such as the Abdominal aorta and
its ventral branches (the A. coeliaca and mesenterica cranialis), the sympathetic
Ganglion solare (fusion of Ggl. coelica and mesentericum cranialis), the adrenal
glands, the kidneys, the liver, the pancreas, the ventricle, the Cisterna chyli and
the vagus nerve and the epimysiae of the psoas and crura from Diaphragma. Ten-
sion in the subserosal fascia in this region might have a considerable impact on
the basic functions of the local structures and organs.

The visceral fasciae, which are parts of the DVL, were studied by [36], who
identified two major fascia types: 1) the investing fascia, located within and closely
around parenchymatous cells and related to the autonomic nervous system, and
2) the insertional fascia, attaching and connecting organs to surrounding locomo-
tive structures and related to the somatic nervous system. Their findings show that

viscero-somatic interactions are present in relation to the fasciae and in this case,
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to the DVL.

The Spiral Line

The Spiral Line, SL, belongs to the group of helical lines involved in the cross-
coordinated gaits. The dog’s SL closely resembles that dissected in both horses and
humans, although some significant differences were observed. One major
difference observed in dogs and humans compared to horse, was the continuation
of the straight part of this line into the SDL at the sacral region. In the dog and
human, a flow to both ipsi- and contralateral SDLs was dissected, while in the
horse, a connection only to the contralateral side was present [2] [3].

The Functional Line and the Ipsilateral Line

The FL consists of two parts: the dorsal part of the FL extends and rotates the
trunk axially, and the ventral part stabilizes and protects the trunk from over-ex-
tension. Differences between the dog and horse were found, e.g., at the stifle and
in the lumbar region. In the horse, the dorsal and ventral part of the line fused
distal to the stifle on the Tuberositas tibia, whereas in the dog, the connection
between the two parts was established as a bony connection between the gracilis
myofascia and the epimysium of the vastus lateralis of the quadriceps femoris. In
contrast to this, the human connection was dissected between the fascia lata and
the gracilis muscle.

Another difference observed was the ipsilateral extension, which was dissected
from the lateral thoracolumbar fascial transition to the medial thigh and the Fascia
genus. This ipsilateral extension has been isolated in humans [1] and now in this
dog study, but not in horses. Both humans and dogs exhibit high flexibility in their
lumbar regions. The absence of the ipsilateral line in horses likely correlates with
their considerable lumbar stability.

The Superficial and Deep Front Limb lines

In the dog and horse, the structures in the pro - and retraction front limb lines
were found to be very similar, yet despite this, several significant anatomical
differences were observed. One major difference was the myofascial attachment
of the extrinsic muscles to the front limb. In dogs, the distal myofascial attachment
was linked to the mid-antebrachial region, which differs from horses, where the
extrinsic muscles attach close to or proximal to the elbow. This difference might
explain the variations in posture, limb angles, and movement patterns between
these two species [7]. The proximal attachments of the extrinsic front limb
muscles, such as the cleidocervical part of the brachiocephalicus and the latissimus
dorsi myofascia, present major differences between these quadrupeds. Unlike
horses, dogs have broad attachments along the dorsal midline in the cervical and
thoracolumbar regions.

The deep front limb lines, like the superficial lines, were also observed to attach
more distally in dogs compared to horses. The major difference between the two
quadrupeds was observed in the canine antebrachial region in terms of axial rota-
tion, due to the mobility between the radius and ulna. The arm lines and their

functions between quadrupeds and bipedal humans were obviously very difficult
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to compare due to the significant differences in anatomy and function.

The present anatomical knowledge of muscle function and collaboration of the
locomotion system needs to be reassessed, and the widely believed roles of ago-
nistic, antagonistic, or synergistic interactions should be reevaluated to obtain a
more precise interpretation and knowledge of the effect of the myofascial con-
nections of the locomotion system locally [37] [38] as well as in the full body

perspective.

5. Conclusions

This dissection study was undertaken to evaluate the feasibility of identifying,
dissecting, describing, and isolating myofascial kinetic lines in dogs and to identify
the role of the tail with respect to the lines. Ordinary dissections and transverse
sections of dogs were performed. The results show that eleven canine kinetic
myofascial lines can be identified and described and that the tail is involved in the
three deep lines (DDL, DVL, and DLL).

The canine lines were compared to human and equine lines. While the canine
lines were similar in many ways to both, distinct differences were also present.
These differences reflected the role of the canine as a quadruped predator with
biomechanical needs for rapid speed changes (acceleration and deceleration),
flexibility, and manoeuvrability, including the involvement of the tail in these lines.
Additionally, two new canine branches (the ipsilateral part of the FL and the double
stabilizing line in the SL) and one extension (the stifle sling of the SDL) further
supported the biomechanical needs and lumbar stabilization characteristic of
canines.

The topography and anatomy of the extrinsic limb muscles also supported the
predator function associated with the canine lines. This study, which has dissected
and isolated the Canine Myofascial Kinetic Lines, served to improve the diagnostic
tools available to veterinarians, as well as significantly enhance the study and
understanding of the biomechanics and compensatory mechanisms in dogs seen
from a whole-body perspective.

Further studies with objective measurements of the biomechanics of the line

need to be performed.
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