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Foreword

In spite of my amateurish command of the Italian language, several years
ago | recognized immediately that Luigi Stecco had produced an Italian
masterpiece with the help of Piccin Nuova Libraria. Reproduction in an
English edition seemed a mandatory next step and [ urged it to be done. Now
my pleasure is redoubled as | read through the excellent translation that cap-
tures the true essence of my esteemed colleague’s ideas and recommenda-
tions.

Few books achieve the fond hopes of their authors and their admirers. This
is just one that succeeds, making a genuine and profound contribution to the
fields of biomechanics, orthopedics and rehabilitation. It moves with easy
grace from any topic to its neighbor, shedding warmth and life to them all.

As one who has experienced both the high and low points of medical wri-
ting and editing over several decades, I see in these pages a true work of
genius. It deserves a very wide readership and enthusiastic application of its
lessons.

JOHN V. BASMAJIAN, MD,DSC,LLD
Professor Emeritus in Medicine
McMaster University

Hamilton, Ontario, Canada
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ABBREVIATIONS

*kk

+++
1xm

An-la-
An-ta
bi

BL

Ca

cc

Cl
Cont.

Ir-ta
KI

It

La
La-ta
LI

Maximum intensity of the symptom
Maximum benefit obtainable

Once a month the symptom aggravates
Ante, antemotion

Motor scheme of ante-latero-...
Antemotion talus, dorsiflexion
Bilateral, both right and left
Bladder Meridian

Carpus, wrist

Centre of coordination of a mf unit
Collum, cervical region

Continuous, persistent pain

Caput, face and cranium (head)
Centre of perception of a mf unit
Cubitus, elbow

Conception V. Meridian.

Coxa, thigh-hip

Day, 1 or more days since trauma
Digiti, [[°-I11°-1V°-V® (hand)
Distal, away from the centre of body
Extra, extrarotation, eversion
Extrarotation talus, eversion, supinat.
Free nerve ending

Gallbladder Meridian

Genu, knee

Golgi tendon organ

Governor Vessel Meridian.

Heart Meridian

Humerus, distal part of the shoulder
Intra, intrarotation, inversion
Intrarotation talus, inversion, pronat.
Kidney Meridian

Left, limb or one side of the body
Latero, lateromotion, lateral flexion
Lateromotion talus, lateral deviation
Large Intestine Meridian

Lower Refers to the lower limb

LR

lu

LU

m

Me
Me-ta

Liver Meridian

Lumbi, lumbar

Lung Meridian

Month, period of time since pain onset
Medio, mediomotion, medial
Mediomotion talus, medial deviation

Mf  Myofascial: unit, sequence, spiral

mn  Morning, morning pain and/or stiffness
nt Night, period in 24 hr. when pain is worst
P Posterior

PaMo Painful Movement

Par.  Paraesthesia, pins and needles

PC Pericardium Meridian

Pes Foot, tarsus, metatarsus and toes

pm  Afternoon, time period when pain is worst
Po Pollicis, pollex, I° finger

Prev. Pain(s) previous to present pain

prox. Proximal, nearer to the centre of the body
Pv Pelvis, pelvic girdle

rt Right, limb or one side of the body

Re Retro, retromotion, backwards

Rel. Relapse, pain which recurs

Re-la- Motor scheme of retro-latero-...

Re-ta Retromotion talus, plantarflexion

Sc Scapula, proximal part of the shoulder

SI Small Intestine Meridian.

SiPa Site of pain as indicated by patient

SP Spleen Meridian

ST Stomach Meridian

Ta Talus
TE  Triple energiser Meridian
Th Thorax

TMM Tendinomuscular Meridian

TP  Trigger Point

Upper Refers to upper limb

y, 10y Year, 10 years since pain began

In the above list of abbreviations the first letter has been
written in upper case and the second is in lower case.
However, they can be written either like this or all in capi-
tals or all in lower case. The meridians are normally written
in capital letters. All of the abbreviations of each of the seg-
mentary mf units and the mf units of fusion have not been
included because the various combinations can be inferred
from the examples given.
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INTRODUCTION

Fascial Manipulation' was first known as neuro-
connective manipulation or “segmentary treat-
ment”. Pathologies of the locomotorapparatus were
then considered as an isolated dysfunction of a sin-
gle body segment.

The term Manipulation of the Fascia, introduced
several years ago, was based on the idea of the fas-
cia as the unifying element of the body.

Fascia is the only tissue that modifies its consis-
tency when under stress (plasticity) and which is
capable of regaining its elasticity when subjected to
manipulation (malleability).

In this book fascia is not simply presented as a
uniform membrane but is rather seen in its role of a:

* coordinating component of motor units (these
are grouped together in the myofascial unit (mf’);

* uniting element between unidirectional muscle
chains (mf sequence);

+ connecting element between body joints by
means of the retinacula (mf spirals).

These myofascial structures (mf) can explain
many aspects of the organisation of the motor sys-
tem previously attributed to the Central Nervous
System. These innovative hypotheses are supported
by numerous quotes from texts of anatomy and
physiology. Moreover, the insertions of some mus-

! The term “manipulative treatment” or “manipulation” used
by United States Osteopaths covers a variety of manual tech-
niques collectively known as "osteopathic manipulative treat-
ments (OMT)". Osteopathic manipulative treatments include:
— thrust techniques

— joint mobilisation techniques

— soft tissue techniques, muscle energy techniques, myofascial
treatments, strain and counterstrain...(Teyssandier MJ, 2000)

cles into the fascia, as normally described by anato-
mists, are analysed here from the viewpoint of the
physiology of the motor system

To make consultation of these research texts eas-
ier, you will find references in the footnotes to the
authors’ names as well as year of publication.

Fascial Manipulation is a manual therapy that
requires a good working knowledge of anatomy and
physiology. Only by comprehending the origin of a
problem can one resolve it rapidly and efficiently
(Manus sapiens potens est). The wellbeing of any
organ or apparatus depends on the balance that
exists between its components. A harmoniously
balanced posture is indicative of a healthy muscu-
loskeletal apparatus.

In the logo of Fascial Manipulation (see below) a
correct posture is represented by the alignment of
the head and the scapulae with the vertebrae.

The fascia and the muscles act as the rigging that
guarantees the verticality of our body. If the fasciae
were only arranged parallel to the vertebral column
(static longitudinal sequence), stability would be
achieved but movement would be definitely imped-
ed. The spiral arrangement of the endofascial colla-
gen fibres (e.g. the abdominal fascia is arranged in
a S) allows for movement without loss of stability.

Logo of Fascial Manipulation



Basic principles

The basic principles underlying the technique of
Fascial Manipulation will now be examined before
proceeding with any study of the actual technique.
In living bodies all muscular tissues glide freely
over one another?. Muscle fibres within the muscle
itself do not all contract simultaneously but in suc-
cession and movement is only possible when the
gliding component is unimpeded. Through analysis
of anatomy from this viewpoint it is clear how the
fascia, with all its ramifications, is the buffer that
allows for this gliding to occur. The macroscopic
structure of the fascia will now be analysed followed
by the microscopic structure.

Macroscopic structure of the fascia

The fascia is formed by three fundamental struc-
tures: the superficial fascia, the deep fascia, and the
epimysium (see Figures on book cover: anterior
abdominal wall).

1) Superficial fascia is comprised of the subcu-
taneous loose connective tissue containing a web of
collagen, as well as mostly elastic fibres. It is
absent in the soles of the feet, the palms of the hand
and in the face.

In the urogenital region it forms the superficial
fascia of the perineum (Colles’ fascia) attaching
posteriorly to the border of the urogenital
diaphragm, to the.ischiopubic rami laterally and
continues anteriorly onto the abdominal wall. The
superficial fascia blends with the deep fascia at the
retinacula of the wrist and ankle and continues with
the galea aponeurotica over the scalp. It acts as both
a mechanical and thermal cushion and facilitates
the gliding of the skin above the deep fascia (Figure
1). This gliding movement hides the tensioning,
which takes place in the deep fascia, to the naked
eye. Within its meshes the superficial fascia con-
tains fat (panniculus adiposus) or fasciculi of mus-
cular tissue (panniculus carnosus). Cutaneous ves-
sels and nerves also lie within the superficial fascia
and its inner surface relates with the deep fascia.

The superficial fascia is named differently by
different authors: tela subcutanea, hypoderm, stra-
tum subcutaneum and subcutis

2) Deep fascia is formed by a connective mem-
brane that sheaths all muscles (Figure 2, 3). The
deep fascia, devoid of fat, forms sheaths for the
nerves and vessels, becomes specialised around the
joints to form or strengthen ligaments, envelops
various organs and glands and binds all of the struc-
tures together into a firm, compact mass.

The deep fascia has been called fascia profunda
or aponeurosis by some authors. It is worthwhile
noting that the thoracolumbar fascia is not the same
structure as the thoracolumbar aponeurosis. In fact,
the term “fascia” refers to the undulated collagen
fibres that are positioned in parallel to tendons and
muscles. The term “aponeurosis™ (or flat tendon)
refers to the inextensible collagen fibres that are
positioned in series with muscle fibres because they
transmit the force of the large muscles (latissimus
dorsi).

In some areas of the limbs and the trunk the deep
fascia duplicates itself to form a deep lamina. In the
neck and trunk there is also an intermediate iami-
na’.

The superficial lamina of the deep fascia of the
neck doubles itself to surround the trapezius and

2 There is no specialised lining of this surface of the fascia to
account for its gliding properties. The post-surgical specimens
demonstrated preservation of the structure of the interface
between fascia and muscle, including the retention of the
hyaluronic acid lining, if the epimysium was intact. However, if
the epimysium was disrupted, the structure of the interface was
obliterated. (McCombe D, 2001)

3 The dorso-lumbar fascia and cervical fascia can be conve-
niently divided into three layers: outer layer, middle layer, inner
layer; the outer layer of cervical fascia forms a complete hollow
cylinder; It splits twice to form strong sheaths for trapezius and
sternocleidomastoid. (Ebner M, 1985)

(In this book: layer = lamina)
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Figure 1. Superficial fascia of a rabbit; this fascia can only be stretched like this immediately after slaughter-
ing because it dries quickly and adheres to the underlying deep fascia. The superficial fascia in rabbits is
extremely elastic and contains very littie adipose tissue because the animal's fur provides thermal insulation.

Figure 2. Section of the deep fascia on the left, demonstrating the mass of the erector spinae enclosed by its
own epimysial fascia. The superficial lamina of the deep fascia is tensioned in a cephalic direction by the latis-
simus dorsi, caudally by the glutei and in a ventral direction by the oblique muscles.
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14 BASIC PRINCIPLES

Figure 3. Here the muscles of a calf’s leg have been manually parted in order to highlight the septa and the
band-like extensions of the deep fascia. These collagen bands act as transmission belts, which link the
sequences and the spirals, rather than packing or confining elements. Manipulation initially identifies block-
ages and then restores gliding between these bands of collagen fibres.

Figure 4. The macroscopic structure of the epimysial fascia is demonstrated in this specimen of muscle which
was removed from a pig. The grooves, formed in the transverse section of the muscle following manual trac-
tion of the epimysium, are to be noted. This demonstrates the transference of traction from the fascial frame-
work to the muscular fibres and visa versa.
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Figure 5. A schematic representation of Figure 7 with
three laminae of cervical fascia. To be noted how the
macroscopic structure of the fascia reproduces a
ball-bearing or buffer effect.

the sternocleidomastoid muscles (Figure 7, Figure
5). Anteriorly, the intermediate lamina ensheaths
the omohyoid muscle and posteriorly, the splenius
capitis muscle. Anteriorly, the deep lamina sur-

Figure 6. Superficial fascia (EE x
120). In this photo numerous
adipocytes distributed in the loose
connective tissue can be identi-
fied. In the centre an intertwining of
collagen fibres that forms a lamel-
lar layer is evident.

FASCIAL MANIPULATION

rounds the prevertebral muscles and posteriorly, the
erector spinae muscles. These fasciae can be
stretched either according to precise spatial planes
(ante, retro = sagittal plane) or according to transi-
tional motor schemes (e.g. ante-lateral, retro-lateral
= diagonals) (Figure 5).

The deep fibres of the trapezius muscle are clear-
ly surrounded by the perimysium and the endomysi-
um. This connective tissue sheath allows each single
muscle fibre to contract independently. In fact, a
motor unit is formed from muscular fibres that can
even be located at a distance from one another, with-
in the same muscle. Therefore they can only contract
if the endomysium allows them to move while other
fibres remain immobile.

3) The epimysium comprises the fascia that
encloses each single muscle and it is continuous with
the perimysium and the endomysium (Figure 4).
These fascial structures subdivide the muscle into
various bundles: on the inside of the bundles the
endomysium contains few elastic fibres and no adi-
pose cells, on the outside of the bundles the perimy-
sium contains many elastic fibres as well as adipose
cells. The epimysium continues beyond the extremi-
ties of the muscle with the epitendineum and the peri-
tendineum. The epimysium is directly involved in the
play of tension between the muscle spindles and the

15
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6

Figure 7. Horizontal section of the neck at C6 level (Fumagalli - Colour photographic atlas of macroscopic human anato-
my - Publisher: Dr. Francesco Vallardi/Piccin, Nuova Libraria). 1) Sternocleidomastoid m. surrounded by the superfi-
cial lamina of the deep cervical fascia. 2) Prevertebral mm. surrounded by the deep lamina of the cervical fas-
cia. 3) Fascial compartment of the erector spinae mm. (semispinalis, multifidus mm.); the muscle fibres are
subdivided by the perimysium which connects to the various aponeurotic insertions (white collagen fibres). 4)
Splenius m. surrounded by the middle lamina of the deep cervical fascia. 5)Trapezius muscle within the dou-
bled superficial layer of the deep cervical fascia. The muscle fibres of the trapezius m. run horizontally at this
level (these are involved in lateral flexion of the neck) whereas the fibres of the erector spinae run in a longi-
tudinal sense and are thus seen here as a horizontal section (involved in retromotion of the neck). 6) In the
superficial cervical fascia there is an intermediate layer of fibres between two layers of fatty connective tissue.

Golgi tendon organs. It unites with deep fascia by (nb. the tensional fibres that are involved in the
way of the intermuscular septa (n.b. see formation of  myofascial sequences and the myofascial spirals).
segmentary cc(s)), the aponeuroses and the tendons
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Microscopic structure of the fascia

Figure 8, enlarges the three layers of the fascia in
order to analyse its various components.

loose conn.
web of coll.
| loose conn.

Superf. f.

[ oblique
longitudinal
L crosswise

Deep f.

[~ epimysium
perimysium
endomysium

Epimy. f.

Figura 8. Three layers of the fascia; in superficial fas-
cia: collagen fihres (red) within loose connective tis-
sue; in deep fascia: three distinct directions of colla-
gen fibres within ground substance; in epimysial fas-
cia: collagen fibres within muscular tissue.

The tissues illustrated in the above scheme will
now be examined in photographs taken from the
microscope.

These histological photographs have been
obtained thanks to the collaboration of the Institute
of Anatomy Pathological and the Orthopaedic-
Traumatology Clinic of the University of Padova,
Italy.

A segment of dermis with relative underlying
soft tissues has been sectioned from the left, anteri-
or part of the neck, close to the median line in each
cadaver. The diverse fascial structures were then
isolated, with particular attention having been paid
to the removal of muscle tissue from the prepared
section. In this way small parts of the superficial
fascia, the deep fascia (superficial lamina) and the
epimysial fascia of the sternocleidomastoid were
obtained. These preparations were immediately fix-
ated in neutral formalin 10% dilution, then
enclosed in paraffin and lastly, stained with the fol-
lowing substances:

— Haematoxylin-eosin

— Weigert’s Fuchsine-resorcinol to highlight the
elastic fibres;

— Van Gieson to highlight the collagen fibres;

— S 100, the immuno-histochemical stain specific
for nerve structures

In this way the histology of the different fasciae
could be evaluated, with the possibility to identify
both structural and innervative diversities.

In the superficial fascia (Figure 6) numerous adi-
pose cells are present together with a web of colla-
gen fibres and a central lamina®.

Within the ground substance of the deep fascia
elastic fibres and, above all, undulating collagen
fibres are found (Figure 9). These fibres can be
aligned, within the same fascia, on different planes
and in three distinct directions: a) crosswise,
according to the traction of the segmentary myofas-
cial units; b) longitudinal, conforming to the trac-
tion of the myofascial sequences; c) obliquely, in a
spiral formation (Figure 10).

When nerves pass through the deep fascia they
are surrounded by loose connective tissue in such a
way as to not be subjected to traction when the fas-
cia lengthens. However, when these nerves termi-
nate in the neuroreceptors (e.g. free nerve endings)
then they are directly inserted into the collagen
fibres (Figure 11)

The epimysium lies beneath the deep fascia and
in some areas it glides freely and in others it unites
to the deep fascia itself>. It is preferable to call this
tissue “epimysial fascia” in as much as it is formed
by undulated collagen fibres and elastic fibres, sim-
ilar to those of the deep fascia® (Figure 12).

4 The subcutaneous zone can be divided into two layers: super-
ficial layer, hypodermis, and a deep layer. In the first the bun-
dles of collagen fibres form a loose web and its trabeculae , reti-
naculae, are more or less perpendicular to the skin. The reti-
naculae of the deep layer are mostly in parallel with the skin.
Between the two layers the retinaculae densify to form a true
lamellar fascia, fascia superficialis, which in certain regions
separate the two layers and in other regions lacks altogether and
the two layers are thereby continuous. (Fazzari, 1972)

3 Fascial Sheaths. Since the attachment of many muscles is from
the deep surface of the fascia, and since each muscle is invest-
ed by a fascial sheath, the fascia and the muscles are treated
together. (Basmajian JV, 1993)

% Muscle is invested by a dense connective tissue sheath, the
epimysium. Connective tissue septa, or perimysium, detach
from the epimysium penetrating between the muscle parts, sub-
dividing it into bundles. Fine connective tissue septa detach
from the perimysium to surround the single muscle fibres.
(Monesi, 1997)

17
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The difference between the two fascia is, above
all, in their thickness. The epimysial fascia must be
very fine in order to allow it to adapt to the stretch
of the endomysium and of the muscle spindles.

The cell from which the collagen fibre origi-
nates, that is the fibroblast, will now be taken into
examination.

In Figure 13, the complexity of a single bundle

Figure 9. Deep fascia (EE x 120).
Proceeding from right to left in this
image the following structures can
be identified: a small layer of mus-
cle tissue (A), the epimysial fascia
(B), a large layer of deep fascia
with collagen fibres (C), lastly a
portion of superficial fascia with
numerous adipose cells (D).

Figure 10. An enlargement of a
portion of the deep fascia high-
lighting the arrangement of the
collagen fibres (Van Gieson and
Weigert x 300). The collagen fibres
are seen as brick red whereas the
elastic fibres are black. The colla-
gen fibres are grouped together in
bundles arranged in longitudinal,
oblique and transverse directions.
The fibres in all of the bundles are
undulated so that they can be
stretched within physiological lim-
its. The elastic fibres are very fine.

of collagen fibres of the deep fascia is highlighted.
A collagen fibre is formed from collagen fibrils
united by reversible and irreversible links’. Each

7 By using enzymatic digestion, it was found that the proteo-
glycan filaments contribute to the viscoelasticity of the liga-
ments. They provide transverse reversible links between the col-
lagen fibrils. (Yahia, 1988)



Figure 11. A nerve within the fascia
(S 100 x 120). In this photo an axon
encircled by a layer of adipose
cells can be seen. The other three
nerve fibrils are less insulated and
are in close contact with the colla-
gen fibres.

Figure 12. Section of muscle
invested by its epimysium (Van
Gieson and Weigert x120). The
muscle fibres (pale red) encircled
by endomysium are \visible.
Groups of muscle fibres are sur-
rounded by perimysium, which in
turn connects with the most exter-
nal layer or epimysial fascia. Within
this fascia collagen fibres (brick
red) and elastic fibres (black) can
be noted.

fibril is formed from molecules of tropocollagen
united by intermolecular cross-links. These mole-
cules are secreted into the ground substance after
being formed by the fibroblasts. Within the fibrob-
lasts these molecules are called procollagen and are
formed by several amino acids in a polypeptide
chain.

Manipulation does not act at this microscopic

FASCIAL MANIPULATION

level, whereas it can intervene in maintaining the
fluidity of the ground substance of the deep fascia,
in such a way that the bundles of collagen fibres
glide independently. It also intervenes in maintain-
ing the fluidity of the epimysium and perimysium
so that the various fascicles of muscle fibres can
contract at different times.

Fascia is the connecting tissue that unites all

19
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Figure 13. Complexity of a single bundle of collagen
fibres.

8 Although ligaments in general have traditionally been
viewed simply as mechanical structures, there is much evi-
dence to show that they are well innervated with both simple
free nerve endings and encapsulated mechanoreceptors. It is
thought that this innervation provides proprioceptive informa-

parts of the musculoskeletal system. It is continu-
ous with ligaments®, joint capsules and the outer
layer of the periosteum. Whilst these structures
vary in their denomination and composition (per-
centage of collagen or elastic fibres), together they
form the so-called soft tissues.

It is more precise, therefore, to use the term fas-
cial system, to be considered as a system of fibrous
connective tissues that influence one another recip-
rocally throughout the whole body. In Fascial
Manipulation it is this interaction of the fascial sys-
tem that provides the basic principles for the glob-
al treatment of the musculoskeletal apparatus.

tion, which ultimately contributes to muscle coordination
around joints, designed to increase stability and prevent dam-
age. The sensory input influences gamma motor neurone out-
put and subsequently affects spindle afferent discharge. (Jiang
H, 1996)
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Chapter 1
THE ANATOMY OF THE MYOFASTIAL UNIT

A myofascial unit (mf) is composed of a group of
motor units that move a body segment in a specific
direction, together with the fascia that connects
these forces or vectors. The myofascial unit (mf) is,
after the motor unit, the structural basis of the loco-
motor system.

The nervous component of these two base ele-
ments (mf unit and motor unit) will be studied later
in this book, together with the physiology of the
neuro-myofascial unit (nmf). A centre of coordina-
tion (cc) that synchronises the motor vectors and a
centre of perception (cp), which perceives the
joint’s movement, can be found in the fascia of each
mf unit.

These two focal points (cc and cp) act as periph-
eral references for the nervous system: the first
interacts with the muscle spindles and the second
provides information to the various joint receptors
about the directional significance of each move-
ment,

The structure of the myofascial unit

Movement at each joint of the body is coordinat-
ed by six unidirectional mf units (Figure 15). The
following components are found in each mf unit:

* monoarticular and biarticular muscle fibres that
are partially free to slide in their fascial sheaths;

* deep muscle fibres that transfer their tension to
the superficial fascial layers via the endomysi-
um, the perimysium and the epimysium;

* some muscle fibres of the agonist mf unit that
are attached to the fascia of the antagonist mf
unit.

These components will now be examined in
more detail:

Mono and biarticular fibres
Muscle physiology cannot be understood only by
studying the external appearance of each muscle

(i.e. biceps brachii muscle has two heads and tri-
ceps three heads etc.) without taking into consider-
ation their fascial connections.

Biceps brachii, for example, is a biarticular mus-
cle that participates in flexion of the humerus
(shoulder) and the cubitus (elbow). The brachialis
muscle is a monoarticular muscle that participates
in flexion of the cubitus (elbow) (Figure 14).

The posterior part of the upper arm has a similar
structure: the long head of the triceps muscle is

e

Biceps
brachialis

Triceps
brachii

Figure 14. Monoarticular and biarticular fibres.
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Figure 15. A - Subcutaneous layer of anterior thigh
region; B - horizontal section of the thigh (Fuma-
galli - Colour photographic atlas of macroscopic
human anatomy - Published by Dr. Francesco
Vallardi/Piccin Nuova Libraria); C - Schematic
diagram of fascial compartments of the thigh

A - 1, Fascia lata or deep fascia; 2, subcutaneous adi-
pose tissue or superficial fascia. When the fascia is
left intact the muscles are not visible but, without the
deep fascia and the epimysium, the motor physiolo-
gy is not comprehensible. B, C - In this section one
can see how from the internal layer of the fascia
many septa and fascial compartments originate and
invest muscular groups that collaborate in the same
motor direction. 3, fascial compartment of the qua-
driceps femoris; 4, compartment of the iliotibial tract
of the tensor fascia latae; 5, compartment of sarto-
rius; 6, long head and short head of biceps femoris
m.; 7, compartment of gracilis and the other adduc-
tors; 8, compartment of semitendinosus and semi-
membranosus mm. D, in this illustration it is evident
how the cc’s of the mf units of antemotion (AN), retro
(RE), latero (LA), medio (ME), intra (IN), and extra (ER)
are positioned along the resultant of two vectors.




Figure 16. The more fixed the balloon the less it oscil-
lates.

biarticular and it participates in the extension of the
humerus (shoulder) and the cubitus (elbow). The
lateral and medial heads of triceps are monoarticu-
lar and they are active in cubitus (elbow) extension.
The short heads of triceps insert into the opposite
side of the intermuscular septum from their antago-
nist, the brachialis muscle.

If this type of anatomical structure were to be
found only in the arm then one could assume that it
was just a casual phenomenon. However, the same
type of anatomical structure is actually repeated in
all of the body’s 84 mf units.

The movement of the various body segments is
well controlled due to the presence of a short vec-
tor (monoarticular fibres) and a long vector (biar-
ticular fibres).

To understand this better the example of a bal-
loon tied behind a moving car can be considered. If
the balloon is tied with a single piece of string it
will move in all directions; if it is tied with two
strings it will oscillate in two directions; whereas if
it is tied with four strings it will not oscillate at all
(Figure 16).

Between the two principal vectors of every mf
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unit, there are other smaller vectors formed by sin-
gle muscle fibres that are situated some distance
apart® This multiplication of vectors allows the mf
unit to exert a finer control over the body segment
during movement. It is due to the continuity of the
endomysium with the perimysium and the epimysi-
um that all these vectors manage to synchronise
their actions harmoniously.

Endomysium, perimysium and epimysium

Single muscle fibres are embedded in a delicate
connective tissue called endomysium and these fi-
bres are grouped together in fascicles. Fascicles are
enclosed by a connective tissue sheath called per-
imysium'®. The majority of muscles are made up of
many fascicles grouped together and in turn, sur-
rounded by a dense connective tissue, the epimysi-
um.

The connective tissue component in each muscle
contains both collagen and elastic fibres and acts as
a flexible skeleton or framework that anchors mus-
cle fibres and muscle spindles. This connective tis-
sue is continuous with tendons and its function is to
direct and distribute the force of muscular activity.

The continuity of the fasciae from the endomysi-
um surrounding a single muscle fibre, to the
epimysial fascia or epimysium, allows for the trans-
mission of muscle spindle contractions from the
deeper to the more superficial layers. Likewise, this
mf continuity allows for the transmission of passive

Y A single motor neuronc innervates many muscle fibres that
are distributed diftusely throughout the muscle. The location of
the single muscle fibres that belong to a motor unit has been
determined by prolonged stimulation of a single motor ncuro-
ne. In this way all the muscle fibres connected to that specific
motor-neurone contract. It has been determined that the motor
units are recruited in a stereotypical order. This has bcen
confirmed in experiments with animals as well as humans and
verified during both reflex and voluntary contractions.
(Kandel E, 1994)

10 The aponeurotic fasciae are part of the interstitial connecti-
ve tissue of the musculoskeletal apparatus. From their deepest
surface they extend scptum down between the muscle groups
dividing them from one another and finally ending in the per-
imysium, which covers single muscles. This sheath is intimate-
ly connected with the endomysium, which, in turn, surrounds
the sarcolemma of the single fibres”. (Chiarugi G, 1975)
Voluntary muscles are contained within a connective lamina,
which has the same structure as the external layer of joint cap-
sules and it also determines the muscle’s shape. The underlying
muscles slide on this connective tissue surface that is formed
mostly by collagen fibres and is called the muscular fascia or
epimysium. (Wirhed R, 1992)

25



26

PART | — THE MYOFASCIAL UNIT

stretching of the fascia from the superficial layers
to the muscle spindles.

In other words there can be:

An internal stretch: when a person actively
extends his/her arm, the muscle spindles are acti-
vated before the actual gesture occurs. Muscle
spindles are inserted into endomysium and per-
imysium therefore these connective tissues are
stretched when the spindles contract.

An external stretch: when a person is pushed from
behind the muscle spindles of the erector spinae
muscles are stretched. This activates the stretch
reflex mechanism causing a muscular contrac-
tion'! that prevents the person from falling.

It is important that this stretch does not become

generalised. In effect it requires coordination by
means of a specific centre of coordination (cc).

In order that this myofascial stretch converges at

a specific point of the fascia (cc) it is necessary
that:

part of the epimysial fascia is free to slide over
the underlying muscle fibres;

another part of the fascia is anchored to the bone
so that the stretches converge in one point;
another part of the fascia is inserted onto the
bone in order to separate the tensioning of one
myofascial unit from the successive.

Take for example a tablecloth laid out on a table:
if the tablecloth is glued to the table then it does
not form any creases when pulled;

if it is fixed at all four angles then the creases
converge to the point where the pull is applied;
if it were not fixed at any point then it would be
pulled away completely;

if it were blocked across the middle of the table
then the stretch would be propagated to the mid-
dle of the tablecloth.

The three orthogonal projections of the anterior

compartment of the arm (see Figure 17) will now
be examined in order to explain myofascial anato-
my and the fascial attachments to the bone'2.

Motor unit contractions are not only caused by impulses

from the pyramidal and extrapyramidal pathways, which sti-
mulate motorneurones, but also via efferent gamma impulses
resulting from the stretch reflex mechanism. (Licht s, 1971)
12 The inner surface of the epimysial fascia of the arm rests on
the underlying muscles and extends a rather insignificant
connective sheath to each of them. Apart from these extensions
to the muscles the inner surface of the fascia gives rise to two
strong, fibrous septa known as the medial and lateral inter-
muscular septum, which insert onto the humerus. In this way
the cylindrical cavity formed by the fascia of the arm is divi-
ded into two compartments. (Testut L, 1987).

Fascia which glides freely over the
biceps allowing the convergence of
vectors.

Subcutaneous | Myofascial |
loose insertions

connective tis. | Oof brachial.
Lateral intermuscular

septum of the arm
subjected to traction

by brachialis m. Frontal
projection

Biceps

brachialis

Triceps

Intermusc.
septum
where the

—————— fascia

inserts on

Horizontal projection fo tireioiEe

Figure 17. Orthogonal projection of the arm.

The anterior fascial compartment of the arm, as
seen in the horizontal projection, surrounds the
biceps brachii and the brachialis muscles. The
brachialis is partially inserted onto the intermuscu-
lar septum whereas the biceps, a biarticular muscle,
slides freely within the fascial compartment. In this
horizontal projection it is important to note the fas-
cial membrane that separates the biceps from the
brachialis.

This membrane allows for differentiated timing
in the contractions of the superficial, biarticular
fibres with regards to the deeper, monoarticular
fibres. The posterior fascial compartment contains
the mf antagonist, the triceps muscle (grey part).
The lateral and medial heads of triceps are inserted
into the posterior part of the respective intermuscu-
lar septum.

The most external layer, as seen in the frontal
projection, is the subcutaneous loose connective
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tissue, which tends to hide the tensional play of the
muscles on the fascia to the naked eye (Figure 15).
The next layer represents the insertions of the
brachialis on the intermuscular septum. When the
brachialis contracts tensional vectors form and
these are represented by the small arrows. It is the
fascia that synchronises muscular activity, ensuring
that the fibres inserted onto the medial septum are
coordinated with the fibres inserted onto the lateral
septum. The middle layer represents the part of the
fascia that slides freely over the biceps, allowing for
the previously mentioned vectors to converge at the
centre of coordination (cc).

In the sagittal projection, the insertions of the
brachialis onto the intermuscular septum are high-
lighted, as well as the formation of fascial vectors
from the fibres of the flexor muscles of the elbow. In
the posterior part of the septum, the lateral and medi-
al heads of the triceps muscle have the same inser-
tions on to the septa, only in the opposite direction.

Terminology of the myofascial unit

Each mf unit is comprised of several motor units
in one, or more, muscles, the overlying fascia and
the corresponding joint that is moved by this struc-
ture. Obviously this group could not be named
according to the muscles involved and hence a new,
innovative terminology has been applied. The name
of each mf unit is formed by the initials of the

movement that it performs and from the initials of

the body part it moves. For example, the mf unit of
antemotion of the foot is abbreviated into an-pe
(pe=pes=foot). This unit comprises the muscles that
carry out the movement of antemotion, the relative
fascial part and the joints of the foot involved in the
forward movement. Normally, in anatomy, this
movement is defined as dorsiflexion of the foot
however the same direction of movement when
referring to the knee is called extension and flexion
when referring to the shoulder. The numerous terms
used to define the movement of body parts have
been simplified into a common terminology. These
terms are not related to the joint movement itself
but to the movement of the body part in the three
planes (Table 1).

In the second table you will find the abbrevia-
tions used both for the direction of movement of the
body part as well as for the localisation of any pain
(Table 2).

This change has two positive aspects with
regards to the practice of FM:

Table 1. Old/new terminology used for
movement

Upper limb  Trunk move- Lower limb = New FM
movem. ments move-ments Terms
Flexion Flexion Ankle Ante-
dorsiflexion  motion
Extension Extension plantar Retro-
flexion. motion
Adduction Ankle Medio-
inversion ‘motion
Abduction Lateral flexion  eversion Latero-
motion
Radio- Rotation Hip external/ = Extra-
ulnar Internal rotation
Supination rotation Intra-
Pronation ‘rotation

Table 2. Spatial planes and directions of
movement

Sagittal plane } ,kkFrkontaIPléhekkk Horizontal Plane
Ante AN  Medio ME Intra IR
Retro RE  Extra ER

Latero LA

* the continuity between the unidirectional se-
quences becomes immediately comprehensible;

* when we note the site of pain then the mf unit
requiring treatment is instantly apparent e.g. a
pain in the anterior part of the foot is noted as
“pe an”.

On the sagittal plane the forward movements of
all body parts are called ante and are abbreviated as
an. Any movement of a body part in a backwards
direction is called retro (re). On the frontal plane
medially directed movements are called medio (me)
and laterally directed movements are called latero
(la). On the horizontal plane, the combination of
movement towards the ante-medial part of the body
is called intra or intrarotation (ir) whereas move-
ment towards a retro-lateral direction on the hori-
zontal plane is called extra (er).

The initials of the body segment/articulation
involved in each mf unit make up the remaining
part of the unit’s name. Once again Latin terms
have been chosen as they are used internationally
(Table 3). When used alone these terms mean a
joint or bone but when associated with a motor
direction they mean an arthro-myo-fascial function-
al unit. In Table 3, the third column describes the
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Table 3. Names of the body parts

| Abﬁbr.w | Latin Term Corresponding to
SC | Scapula Scapula-thoracic and clavicular joints
i + trapezius, serratus ant., rhomboids
'HU | Humerus Glenohumeral joint + deltoid, biceps,
i supraspinatus mm.
CU | Cubitus Elbow joint + brachialis fascia +
il biceps, triceps, brachioradialis
CA | Carpus Radio-carpal joint, + extensor carpi
| radialis and ulnaris mm.
DI Digiti Intercarpal and interphalangeal joints
PO Pollex + interossei of the hand
CP | Caput Cranial bones and TMJ + Recti mm.
A of eye, temporalis muscle
CL Collum Cervical vertebrae + cervical fasciae
| + ileocostalis cervicis...
TH Thorax Thoracic and sternocostal joints +
i lleocostalis thoracis, pectoralis m.
LU | Lumbi Lumbar vertebrae + fascia + ileo-
| costalis lumborum, rectus abdominis
PV Pelvis Sacroiliac, pubic joints + glutei,
oblique, rectus abdominis mm
CX Coxa Hip joint, thigh + obturator internus,
pectineus, piriformis.
GE Genu Knee joint + fascia lata + quadriceps
| femoris, biceps femoris mm.
TA Talus Ankle joint (talotibial), fascia of the
lower leg, gastrocnemius, tibialis mm.
FE Pes Inter tarsal, Phalangeal joints .+
fascia + interossei mm of the foot

overall significance of each segment. By associat-
ing these initials with a direction then the specific
zone of each mf unit is further defined.

The term ante-cubitus (an-cu), for example,
refers to all of the muscles of the arm and the fore-
arm that move the elbow joint forward.

The combination of a body segment together
with a motor direction, not only defines the name of
the mf unit but also assists in the precise definition
of the location of pain, hence the selection of the mf
unit(s) involved in a specific dysfunction. The
schematic diagrams of the anterior and posterior mf
units (Figure 18, Figure.19) contain several circles
each of which outlines a specific mf unit whose
name is indicated by the initials placed nearby. For
example, the circle around the foot (pe) includes
the joints and the various bones of the foot, as well
as the intrinsic muscles, all of which move as a
functional unit rather than independently from each
other. During antemotion or retromotion of the foot
(pe) there is a reciprocal adaptation occurring
between the heel and the toes. The same occurs
with the small muscles of the foot as they do not
intervene singularly, but act together in groups.

During ante or retromotion of the foot the extensor
brevii mm. and the flexor brevii mm. act together as
a functional unit.

Each muscle group of the hand and the foot, as
well as each group of motor units of the greater
muscular masses, is coordinated by a specific cen-
tre of coordination (cc), which determines the har-
monious execution of all movements. Each circle
designed on the anterior of the body encompasses
the cc of the mf units of ante (an), medio (me) and
intra (ir). Each circle designed on the posterior of
the body encompasses the mf units of retro (re), lat-
ero (la) and extra (er).

The circle around the tarsus indicates the mf unit
(ta) and comprises the ankle (talotibial) joint, the two
malleoli and all of the muscles that move the tarsus
in the three spatial planes. The mf units that move the
knee (ge) extend from the proximal third of the thigh
to the proximal third of the lower leg. They include
the two heads of the gastrocnemius muscle, which
intervene in the retromotion of this joint. The mf unit
of the hip (cx) extends from the inguinal ligament
anteriorly to the sacrotuberous ligament posteriorly
and includes the proximal third of the thigh.

The mf unit of the pelvis (pv) extends from
below the umbilicus to the pubis anteriorly and
from the iliolumbar ligament to the urogenital
diaphragm posteriorly.

The lumbar mf unit (lu) extends from the inferi-
or thoracic outlet to the umbilicus and from the first
lumbar vertebra to the fifth.

The thorax (th) comprises the rib cage and the
thoracic vertebra with the exception of the muscles
that move the scapula and the humerus.

The mf unit of the neck (cl = collum) extends
from the seventh cervical vertebra up to the occipi-
tal area posteriorly and anteriorly up to the chin,
together with the corresponding voluntary muscles.

The posterior circle around the mf unit of the
scapula (sc) encloses the medial border of the
scapula together with the muscles (trapezius, leva-
tor scapula, rhomboids), which move it backwards
(re), upwards (la) and in extrarotation (er); the ante-
rior circle encloses the clavicle with the muscles
(pectoralis maximus and minimus, subclavius) that
move the shoulder girdle forwards (an), downwards
(me) and in intrarotation (ir).

The mf unit of the humerus (hu) comprises the
glenohumeral joint and the muscles from the scapu-
la, the thorax and the proximal third of the arm that
move this body part in the three spatial planes.

The circles around the cubitus (cu) enclose most
of the biceps (an) and the triceps (re); part of the
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Figure 18. Mf unit of the anterior part of the body.

forearm, with the muscles that fixate the elbow dur-
ing latero (la) and mediomotion (me), is included.

The mf unit of the wrist (ca) includes the wrist
joint and the portion of forearm muscles that act
upon this joint.

The mf unit of the hand includes the fingers (di)
and the thumb (po): this distinction is required due
to the independence of movement of the thumb in
relation to the fingers. Whilst voluntarily we are
capable of individual finger movements, during
reflex gestures the fingers always move together.
The mediomotion, or adduction, of the last four fin-
gers is carried out by the palmar interosseous mus-

Figure 19. Mf unit of the posterior part of the body.

cles, which are united by the deep palmar fascia.
Lateromotion, or abduction, of the same fingers is
carried out by the dorsal interosseous muscles,
which are united by the deep dorsal fascia. Both of
these fasciae have a centre of coordination for these
two motor directions.

The myofascial unit: agonists and
antagonists

The group of muscles that contract to provide the
force required to produce movement are called ago-

29
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Sagittal Plane

Frontal Plane

Figure 20. Sailing boat rigging and fasciae of the

thigh.

nists. The muscles whose action opposes that of the

agonists are called antagonists.

This anatomical arrangement is found, even more
precisely, between the mf units. Every mf unit that
moves a body part towards a given direction on any
plane has a corresponding mf unit that moves that

part in the opposite direction on the same plane.

A mfunit is only capable of contraction therefore
the antagonist mf unit must intervene actively to
bring a body part to its neutral position or starting
point. Through the study of the physiology of the
mf unit it will be demonstrated how the fascia is

AN-CX
ileopsoas = biart.
pectineus = mon

RE-CX
gluteus max = biar
adduct magn = m.

AN-GE
rectus femoris = bi
vasti quadr = mon.

RE-GE
semitendin = bi
biceps fe. = mon

AN-TA
extensor di.= bi
tibialis ant. = mon.

RE-TA
gastrocnemi = bi
soleus = monoar

Figure 21. Vertically placed segments stabilised on
the sagittal plane.

involved in reciprocal inhibition. In this first part,

the fascial connections between all of the agonist

and antagonist mf units, from an anatomical view-
point, will be verified.

If the mast of a sailing boat is compared to the
femur in a thigh the following similarities can be
noted (Figure 20):

» on the sagittal plane the mast is held in a vertical
position by the cords from the stern and the bow;
in the same plane the femur is held in a vertical
position by the vasti of the quadriceps and the
biceps femoris;



+ on the frontal plane the mast is held vertically by
the lateral cordage and the femur by the lateral
and medial intermuscular septa.

The intermuscular septa and the epimysial
sheaths probably play a direct role in the regulation
of the muscular fibres of the two mf units. In fact,
whilst the mast of a sailing boat remains in one posi-
tion, a thigh actually moves through space. The ago-
nist mf unit is activated during movement (albeit
forwards, backwards or sideways) and the antago-
nist mf unit adapts (reciprocal inhibition) according
to the angle of inclination of the body part.

In the human body not only one part is held ver-
tically but a combination of many bones to be

CHAPTER 1 — THE ANATOMY OF THE MYOFASCIAL UNIT

maintained in position, in different planes. At this
point the necessity for biarticular fibres in every mf
unit becomes evident (Figure 21). The monoarticu-
lar fibres stabilise the body segment whilst the biar-
ticular fibres modify the position of the upper part
in relation to the underlying part.

Neither the single muscle fibres nor the CNS alone
would be capable of coordinating this type of adjust-
ment. The muscle fibres do not have a fixed dimen-
sion and as far as the CNS is concerned, there are too
many variables that would need to be controlled. The
fascia has a fixed dimension but one that is adaptable
to joint range hence it is the only structure truly suit-
able for this type of coordination and control.
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Chapter 2
THE EVOLUTION OF THE MF UNIT

In the previous chapter it was explained how
each joint is controlled by six myofascial units, two
for each plane of movement. In this chapter we will
examine how this structure of the musculoskeletal
apparatus has formed throughout evolution.

The evolution of movement on
the three planes

According to the theory of evolution the frontal
plane was the first plane of movement to be mas-
tered'3, lateral flexion being the most suitable type
of motion for aquatic environments.

Coelenterates (polyp, jelly fish) move through
water by means of contractions of their myoepithe-
lial cells. They generate an adduction/abduction
movement of the whole body, which is useful for
filtering water and capturing nutrients as they
move.

The body parts of these animals are all identi-
cal'* and their movements have no specific direc-
tion (Figure 22).

The body of the annelid has a posterior and an
anterior part and it also possesses a cerebral gan-
glion which controls all its identical metameres.
Whilst the contraction of the annelid’s body is still
that of adduction/abduction, its motion follows a
trajectory determined by the head of the animal.

'3 'In the myotome the first voluntary muscle fibres to differ-
entiate themselves are those parallel to the notochord, hence,
when they contract they flex the same side. This alternation
between the two sides gives rise to an undulating motion,
which is the first type of movement that an embryo performs.
(Chiarugi G, 1975)

4 Coelenterates are formed by two layers of cells, external
(ectoderm) and internal (endoderm), divided by a gelatinous
layer called mesogla. Coelenterates have a nervous system but
there are no signs of any central control. Regardless of the area
dissected, a coelenterate always maintains the same character-

Coelenterates
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Figure 22. Annelids and platyhelminthes move along
a sagittal axis.

istics. This type of body structure is called radial symmetry. In
water these animals are sessile, or fluctuating™. (Stefanelli A,
1968)
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The platyhelminthes'S and the metazoan (arthro-
pods) possess a bilateral symmetry and a musculature
derived from mesoderm. These animals exploit their
body’s symmetry by using alternating contractions to
move through their environment. They move in a pos-
terior-anterior direction along a sagittal axis due to lat-
eral flexion movements executed on a frontal plane.

The cephalochordata and the cyclostomes'® or pe-
tromyzons (lamprey), are primitive chordates that pos-
sess a notochord or sustaining, connective apparatus.

Whilst their principal motion continues to be that
of lateral flexion, their movements are more potent
due to fact that:
 the notochord provides a point of leverage of a

certain consistency for the muscles, allowing

them to develop strength;

* the two muscular masses on the left and right
sides are divided from each other by a longitudi-
nal septum.

The formation of dorsal fins as a prolongation of
this septum adds ulterior stabilisation. This longitu-
dinal septum is stretched to the left, or the right,
according to whichever muscular mass is active
(Figure 23).

The cephalochordata possess two myofascial
(mf) units of lateromotion, which are antagonists to
one another. The intermuscular septum acts as the
mediator between the opposing forces on the two
sides of the body. The fascial myosepta'’, situated

15 Animals that impart a specific direction to their movements
exhibit a bilateral symmetry consisting of a single division
running from head to tail, which effectively divides them into
identical halves. The platyhelminthes (flat worms) have a body
formed by three layers: an ectoderm, an endoderm and a meso-
derm. The muscles are derived from the mesoderm. (Stefanelli
A, 1968)

1o In the cyclostomes (agnatha) we find not only septa that
divide the body into metameres on the horizontal plane but
also a dorsal sagittal medial septum, which joins in the tail
with a ventral sagittal medial septum and divides the body into
a left and a right half. Thus, the myomeres, which develop
between the fascial septa, appear to be continuous from the
ventrum to the dorsum. In the lamprey we find two semicircu-
lar canals.” (Stefanelli A, 1968)

17 Metamerism consists of the formation of sequential seg-
ments — the myomeres down each side of the body correspond
to the number of vertebrae. The muscle fibres in each
myomere are oriented in an anterior-posterior direction. Only
some are connected to the skeleton. Robust laminae of con-
nective tissue called myoseptum are interposed between ad)ja-
cent myomeres Most of the muscular tissue is inserted into
these septa, which work their way internally until they join to
the vertebral column. The ribs originate within these septum as
well as the intermuscular bones of the teleostei, which provide
added support. (Romer P, 1996)

between the myomeres, are the elements that unify
the synchronised contractions of the unilateral mu-
scle fibres. All of the muscles on one side of the
cephalochordata’s body act as a mf unit of latero-
motion but the resulting movement is imprecise, due
to the fact that it is produced by only one vector.

The formation of a transverse septum in some ver-
tebrates (chondrichthyes, selachii), divides the uni-
lateral muscular masses in two, improving the preci-
sion of lateromotion'8. This is an example of how the
resultant of two vectors provides for better control of
movement (Figure 24, 25). The same principle is
found in the combination of forces in each mf unit of
the body (monoarticular and biarticular fibres).

The muscles of retromotion of the head (caput)
developed from the two dorsal muscular masses,
whilst the muscles for antemotion of the head
(caput) formed from the ventral musculature.
Gradually, as movement on the sagittal plane
extended to the whole trunk, the lateral septum
divided into two sheets. One sheet connected with
the epaxial muscles involved in retromotion and the
other to the hypaxial muscles involved in antemo-
tion. The epaxial muscles were enveloped by the
compartment of the thoracolumbar fascia and the
hypaxial muscles by the compartment of the
abdominal fascia'®.

The study of the evolution of movement on the
horizontal plane will be considered in another chap-
ter dealing with movement schemes.

The importance of the intermuscular septa with
regards to the organisation of the antagonists will
now be analysed.

In coelenterates and red sea squirt, or red bait,
movement consists of a massive, singular contrac-
tion of all of the cells of the body, immediately fol-
lowed by a complete relaxation, which allows for
the body to return to its starting position under the
influence of gravity. As this motor strategy is slow
the body organised itself into two antagonist mf

'8 In the gnathostoma a horizontal or frontal septum divides the
myomeres into a dorsal epimere and a ventral hypomere. The
epimere gives rise to the dorsal, or epaxial, muscles and the
hypomere to the ventral, or hypaxial, muscles. The epaxial mus-
cles are innervated by the dorsal branch of the spinal nerves and
the hypaxial muscles by the ventral branch. (Stefanelli A, 1968)
19 The function of the epaxial muscles is to extend or to
straighten up the vertebral column and to laterally flex the
body. The epaxial muscles are divided into four groups: the
intervertebrals, the longissimi, the spinals and the iliocostalis.
The epaxial muscles continue on into the cranium as epi-
branchial muscles. The hypaxial muscles continue on into the
mandible as hypobranchial muscles. (Kent GC, 1997)
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Figure 23. In this transverse section of a trout the longitudinal septum that extends from the vertebra to the
dorsal fin is visible. This septum separates the muscular mass into two symmetrical and specular halves.
Muscular fibres insert onto this septum; insertion onto an elastic structure allows for the transmission of the

contraction of fibres on one side to the antagonist fibres on the opposite side.

Figure 24. The lateral view of the trout demonstrates: the myosepta interposed between the myomeres and
inclined in a cephalic direction; the transverse septum that separates the dorsal musculature (epaxial) from
the ventral (hypaxial); the presence of a thin fascial layer that adheres to the muscle fibres.
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Notochord and
longitudinal
septum

transverse
septum
enhances
precision

Formation of the
two muscular masses
of erector spinae and
rectus abdominis

Formation of the
mandible

Figure 25. Notochord and longitudinal septum of
cephalochordates and transverse septum of chon-
drichthyes.

units in order to accelerate movement. In this way
the identical metamerism of the anellida became

divided into two perfectly symmetrical halves, as

already found in the cephalochordates?”.

20 There is a sagittal connective tissue septum, as well as a con-
nective tissue dermal covering in cyclostomes and cephalo-
chordates. This connective tissue septum dilates centrally to
embrace the axis of the skeleton, with the spinal cord dorsally
and the main blood vessels ventrally. The transverse connective
tissue septa, that form between the myotomes, also insert into
this sagittal septum. (Stefanclli A, 1968)

Figure 26. Antagonist activity around the trunk.

The longitudinal septum that divides the two
muscular masses for lateromotion in fish, persists
in humans as the linea alba in the abdomen and the
supraspinous ligament between the spinous
processes of the vertebrae. These fascial septa
divide the body in two symmetrical halves, which
work as antagonists during lateromotion (Figure 26
A).

During evolution of the amphibians, reptiles and
mammals, the lateral flexion sequences in question
have been subjected to the following changes:

* The use of lateral flexion progressively dimin-
ished whilst movement on the sagittal plane
increased.

* Progressive atrophy of the lateral flexion muscu-
lature ensued as it migrated, mostly dorsally, to
become the ileocostalis muscles.

On the sagittal plane the anterior musculature
remained connected to the posterior musculature by
means of the deep sheet of the thoracolumbar fas-
cia, which separates the erector spinae from the
iliopsoas muscle. A second sheet, the transverse
fascia, connects the rectus abdominalis to the
embryonic hypaxial muscular mass, the iliopsoas
(Figure 26 B).
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The evolution of segmentary independence

Cyclostomes (lamprey) do not have a mandible.
The whole body is an uninterrupted series of iden-
tical metameres. In order to achieve independent
movement of one segment in relation to another and
to interrupt the synergy between all of the
metameres, the body has undergone a slow trans-
formation. The mandible was the first segment to
become independent from the movement of the rest
of the body?'. Its muscles developed from the first
branchial or pharyngeal arch. The masseter, the
temporalis and the pterygoid muscles in mammals
originated from the adductor of the mandible in the
selachian (Table 4). The intermandibular muscle,
found at the opening of the mandible, transformed
into the anterior digastric muscles in mammals.

The mandible of the shark only moves on the
sagittal plane and closes in a jack-knife fashion.
Furthermore, to catch its prey, the shark has to
move its whole trunk. To economise energy and to
get to its food faster it would have been much more
advantageous to be able to move its neck separate-
ly. For these reason the cervical region was the sec-

Table 4. Formation of the muscles of the
segments

Segments Humans

Mandible
1st. Pharyngeal
Branchial Arch

Chondrichthyes

Adductor of mandible | Masseter, temporalis

Intermandibular m. Anterior digastric

Neck

2nd. Pharyngeal |Elevator Stylohyoid,

Arch (Hyoid) Neck Sphincter Stapedius
Platysma,
Facial mm.

3rd.,4th. Branchial Cricothyroid

Pharyngeal arch |Constrictor Trapezio, scm

Branchial Branchial Elevator Trapezius, SCM

Somatic muscles|Epaxial Longissimus

Myotomes Hypaxial Long. cervicis

Shoulder girdle

Pharyngeal mm |Early Trapezius Trapezius

Somatic mm. Epaxial Rhomboids
Hypaxial Pectoralis min.

2 The musclcs of the first arch in all vertebrates arc principal-
ly those that move the maxilla and the mandible. The adductor
of the mandible is the strongest muscle of the first pharangeal
arch. In mammals this muscle is divided into three separate
muscles: the masscter, the temporalis and the pterygoids.
(Kent GC, 1997)

ond segment to achieve independent mobility.

This group of vertebrates potentiated some mus-
cle fibres of the second, third and fourth branchial
arches in order to have more liberty of movement
with respect to the trunk?’. As the neck not only
moves on the sagittal plane, but also on the other
two planes, some muscle fibres have their origins in
the somatic muscles (epaxial and hypaxial), whilst
some have their origins from the third branchial
arch (cricothyroid) and others from the fourth
branchial arch (trapezius, sternocleidomastoid).

The formation of the shoulder and pelvic gir-
dles?3, followed by limb development, will be stud-
ied together with the development of the myofascial
sequences.

A certain freedom in movement of the thorax, in
relation to the lumbar area, was determined by the
presence of the limbs. This motor independence
interrupted the continuity of the epaxial muscula-
ture and led to the formation of the longissimus
thoracis, cervicis and lumborum muscles.

From the myosepta to the myofascial unit

The independence of the various segments meant
that the myomeres and myosepta were required to
align themselves according to new lines of force,
thus abandoning metamerism altogether. Previously
the entire musculature of a body intervened every
time it was moved in any direction or plane, but at
this stage each part of the body required its own
musculature?®. In this way six myofascial units,
formed by mono and biarticular fibres as well as

22 In the inferior tetrapods a thin neck sphincter, in the form of
a collar, covers the origin of the second branchial arch and
adheres to the skin of the neck. In reptiles and birds, this mem-
brane called the platysma, extends dorsally to insert itself
under the skin of the cranium. In mammals the platysma
expands over the facial area to form the muscles of facial
expression. (Kent GC, 1997)

23 In fish, the muscles of the arches following those of the
hyoid are constrictors (dorsal and ventral), levators and adduc-
tors that narrow or widen the pharyngeal cavity and the
branchial slits. The elevators of the arches form a muscular
lamina, which later gives rise to the trapezius and the stern-
ocleidomastoid muscles. (Kent GC, 1997)

24 A further improvement in the development of the muscular
apparatus was determined by the autonomy of movement of
the different parts of the skeleton and by the division between
the various bundles of fibres that constituted a muscular mass.
Muscles, therefore, do not have an individual origin but are
rather the end product of the differentiation of a uniform mass.
(Chiarugi G, 1975)
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muscle spindles, were created for each segment.
The evolutionary process proceeded in the fol-

lowing manner:

— at first metameres lengthened according to the
lines of tension;

— then the myosepta, or metameric septa, in part
joined with the unidirectional muscle fibres to
form the muscle spindles and, in part, surrounded
the entire muscular mass to form the epimysium?.
From the observation of this process in bony

fishes?® we find that lateral flexion of the trunk

stimulated the myomeres to elongate in a cephalo-
caudal sense?’, which in turn induced the myosep-
ta-fasciae to ahgn parallel to the traction.

Hence, these fibres lengthened and they connect-
ed to a number of segments. As a consequence, the
myosepta-fasciae, which were no longer metamer-
ic, lengthened between the muscle fibres to form
the perimysium (Figure 27, A, B).

The deep muscles maintained parallel fibres
between one vertebra and the next, somewhat simi-
lar to the first metameric stage. The more superficial
muscles however formed links between the various
segments. In humans, the deep paravertebral mus-
cles are metameric and the more superficial ones
like the ileocostalis and the longissimi (lumborum,
thoracis and cervicis) extend over a number of
metameres®® (Figure 27, C). The vertebrae and the
ribs are derived from the myosepta and they remain

25 [t seems that the muscular fasciae, in particular those of the
back, are formed from the myosepta, the mesenchymal septa
placed between the myotomes. (Chiarugi G, 1975)

26 In bony fishes the myomeres tend to increase their insertable
surface on the myosepta. The surfaces become conical and in
this way the contraction of a myomere does not only act on the
two adjacent vertebrae but also on vertebrae at a distance. The
retrorse (backwards) inclination of the myomeres creates a dis-
tinction between the deep and the superficial part of the muscu-
lature of the trunk. This division forms the internal and external
oblique muscles of the trunk. The transverse septa in the trunks
of amniota disappear at different points and the myotomes fuse
to form longitudinal muscles. (Stefanelli A, 1968)

27 Notably, hypaxial intercostal muscles also contained pioneer
myofibers (first wave) showing for the first time that lateral
myotome-derived muscles contain a fundamental component
of fibers generated in the medial domain of the somite. In addi-
tion, we show that during myotome growth and evolution into
muscle, second wave myofibers progressively intercalate
between the pioneer fibers, suggesting a constant mode of
myotomal expansion in its dorsomedial to ventrolateral extent.
(Cinnamon Y, 1999)

28 The majority of muscles originate from the fusion of sever-
al myotomes within single muscles. These muscles are to be
considered multisegmentary, as opposed to unisegmentary,
meaning derived from a single myotome. (Chiarugi G, 1975)
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A - A selacus body is formed by many
myomers tensioned between myosepta

»

B - In osteichthyes the inclination of the
myomeres forms two muscular layers.

C - Within the large trunk muscles in humans the
myosepta have been transformed into muscle
spindles and arranged in parallel to the muscular
fibres.

Figure 27. From myosepta to longitudinal muscles.

the reference point for the metameric muscle fibres,
which are in series with them. The multisegmentary
muscular fibres have the muscle spindles, which are
placed in parallel to them, as their point of reference.

Innervation?® also transformed simultaneously
along with changes in the musculature: the deep
intervertebral muscle fibres possess few muscle
spindles whereas the long superficial muscle fibres

29 The available evidence suggests that a topographically
organized motor column was absent in early vertebrates. A
motor column/myotome map appears to have arisen just prior
to, or in conjunction with, the origin of amniotic vertebrates.
(Fetcho JR, 1987)
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have many muscle spindles’®. In lamprey only the
myomere and not the myosepta are innervated how-
ever, in mammals, both muscle spindles as well as
muscular fibres are innervated3'. The muscles of
cartilaginous fish do not have muscle spindles3?
because each muscular fibre receives feedback
from the myoseptum-fascia into which it is insert-
ed. As the muscles lengthened, becoming gradually
longitudinal, the different fibres drew with them a
part of the myoseptum, which was destined to be
slowly transformed into a muscle spindle®3.

One can deduce that muscles spindles are a sub-
stitute for feedback from the fascia by the fact that,
in humans, the muscles inserted directly into the
fascia, such as the facial muscles of expression, do
not possess muscle spindles®*.

The muscular fibre is a contractile element with-
out a precise dimension. At first, it was connected
to the myosepta but, due to the evolutionary
process, it now connects to the collagen structure of
the muscle spindle.

This location of muscle spindles within the mus-
cle serves the following purposes:

30 Comparison of segmental distribution of spindles in relation
to the areas of muscle show that the lateral column (iliocostal-
is) has a relatively higher density than the intermediate column
at all levels, whilst the medial column (semispinalis, multi-
fidus, rotatores) has the lowest spindle densities. (Amonoo-
Kuofi A, 1982)

3! In the Lampetra japonica the lateral aspect of the myotome
is covered by a layer of flattened cells, and the other aspect is
covered by an external lamina, which does not extend into the
intercellular space between adjacent cells within a myotome. A
bundle of thin axons was found in a depression at the middle
of the medial edge of each muscle lamella of the myotome and
a neuromuscular junction was formed here. No nerve endings
were found at the ends of the myosepta or at the lateral borders
of the muscle lamellae. (Nakao T, 1976)

32 In many groups of vertebrates, the muscle spindle is a spe-
cialised sensory organ for the detection of muscle stretching; the
structure of the spindle varies among vertebrate classes. Mo-
reover, Barker has asserted that Amphibians are the most primi-
tive vertebrates to possess muscle spindles. (Maeda N, 1983)

33 Muscle spindles are a characteristic of muscles. In the Reptile
group they appear as spiral expansions that form a ring around
the single muscle fibres. In mammals the muscle spindle consists
of a small group of muscle fibres enclosed within a connective
tissue sheath. Each fibre is encircled either by a spiral ring or an
inflorescent expansion. The muscle spindles are more numerous
in the muscles of the limbs than those of the trunk. They are con-
nected to the proprioceptive pathways. (Stefanelli A, 1968)

3* Anatomically the muscle spindles consist of special muscu-
lar fibres situated in almost all human muscles. They do not
exist in the infra hyoid muscles and the muscles of facial
expression. (Pirola V, 1996)

Septa, peri.

myosepta
endomysium
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retaining fascia L

Perimisium

% ) groups fascicles
of fibres together

Figure 28. Endomysial, perimysial and epimysial fas-
cia.

* to direct the unidirectional fibres in the realisa-
tion of a motor gesture

* to ensure successive contractions of the unidirec-
tional fibres that move a body part on one plane.

The muscle spindle is the connection between the
unidirectional muscular fibres and the relative por-
tion of the primordial fascia.

Every muscle of the body contains muscular
fibres that activate latero or mediomotion, retro and
antemotion, as well as fibres that activate intra and
extrarotation (Figure 28). These fibres were initial-
ly separated by specific intermuscular septa howev-
er, with the formation of the muscles, these septa
underwent a process of invagination to form the
perimysium.

The perimysium is continuous with the epimysi-
um and the deep fascia®>. This continuity means
that single muscle fibres connect to one structure

33 In every muscle there are fibres with different functions and
innervations (fast white fibres, slow red fibres) therefore they
cannot all intervene simultaneously in a motor gesture. The
endomysium allows for the active fibres to slide against the
inactive fibres, whilst the perimysium connects the active uni-
directional fibres. In every muscle the connective tissue com-
ponent contains collagen fibres as well as elastic fibres; these
act as a flexible skeleton to which anchor the muscular fibres
and the fascicles. This connective tissue is continuous with that
of the tendons and the muscle insertions. Its function is to dis-
tribute and direct the muscle's force of movement to the bone
in an appropriate manner. (Wheater P, 1994)
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and to one centre of coordination, which together
will guide them towards their final, specific task.
The corresponding centres of coordination for each
group of unidirectional muscle fibres are to be
found in specific points on the epimysial fascia.

A motor unit has thousands of muscle spindles,
which can be distributed in many muscles. It is not
possible that the Central Nervous System synchro-
nises this activity alone. There needs to be a vecto-
rial centre in the periphery that coordinates this
activity. Nervous impulses provoke an “all or noth-
ing” contraction of muscle fibres. The shark, for
example, opens and closes its mouth in a jack-knife
fashion and is unable to select jaw closure to any
specific intermediate angle. Only the presence of
the muscle spindles, plus the activation of the mus-
cular fibres in succession, allows for the arrest of
movement at any angle of the entire joint range.

Due to the muscle spindles and the Golgi tendon
organs, the unidirectional fibres intervene in succes-
sion during the movement of a bodv part in one plane.

Every joint can be moved for numerous degrees
in each plane (Figure 29). The muscular fibres of
each mf unit are activated in succession during each
movement, just as if they were a series of rheostats.
In fact, observation of anatomy reveals how the for-
mation of every muscle is similar to a rheostat.

Pectoralis major, latissimus dorsi, gluteus max-
imus, the deltoid muscle and all the other muscles
are formed by a series of fibres*® that are activated
in succession according to the degree of joint range.

The examination of the latissimus dorsi muscle
in a freshly butchered rabbit*’ demonstrated the
presence of a number of muscular fibre layers that
slid independently one upon the other.

At the tendon level, it was observed that fibres
were activated at different moments according to
the degree of joint range.

The Central Nervous System sends impulses to
the various fibres but is unable to determine®® when
to diminish the activity of the more distal fibres and

3% Muscles do not represent a functional unit as the single
fibres can contract independently from one another. (Chiarugi
G, 1975)

37 To verify the above, the cadavers of 5 rabbits were examined.
The skin of the first rabbit was removed immediately after butch-
ery in order to study the various layers of connective tissue. To
observe the sliding and the separation between the fascial layers
it is important that the tissues are still warm. (Stecco L, 1997)
% The cerebral cortex is unaware of what effectively occurs as
a consequence of its commands. Unfortunately for the cortex
its orders intervene in a context — against a background of
changing conditions —and their final result is necessarily mod-

Figure 29. In each mf unit the fibres are activated in
succession.

to increase that of the proximal fibres, in relation to
the changing positions of the limb. The CNS is not
able to modulate the activity of the various fibres in
relation to the variations of the required forces.
Only an elastic structure sensitive to stretch, such as
the fascia, can recruit or inhibit the various muscle
spindles and the corresponding muscle fibres.

Exactly how this regulatory mechanism of the
periphery works will be explained in the following
chapter dealing with physiology.

ified by those conditions. There is no way of modifying com-
mands whilst taking into account the changing circumstances
within which these commands will be sent. (Turvey M. 1992)



Chapter 3
THE PHYSIOLOGY OF THE MYOFASCIAL UNIT

With regards to the organisation of movement,
the brain is only capable of programming peripher-
al movements whereas muscular fibres are only
capable of contracting. Stimulation of the myofas-
cial unit by a specific nervous impulse is essential
to bring about movement of a specific body part.
Muscular fibres effectuate movements only within
their own particular context and it is the fascia that
determines the form as well as the direction of a
muscle. If the consistency of the centre of coordi-
nation of the fascia varies, then the muscular fibre’s
“frame of reference” is changed and the resulting
motion will be different.

Centres of coordination and centres
of perception

Thousands of years of experience have shown
that there are points in the human body which, when
stimulated, radiate pain more than surrounding
areas. When treated appropriately these same points
can have a beneficial effect. These points have been
named differently by the various schools or tradi-
tions, but their location is always the same.

Why do these points have the same location in all
human beings? It is important to understand in
which tissues these points are found as each school,
or tradition, tends to assign them to different tissues
(e.g. muscle, loose connective tissue, periosteum,
ligament, vessels, nerves etc.).

However, the fascia is the only tissue that modi-
fies its consistency when under stress. It is plastic
but also malleable and it changes its consistency
when manipulated. Whilst this premise would be
sufficient to justify the choice of the fascia as the
ideal location for these points, the physiology of the
myofascial unit confirms this hypothesis.

In every mf unit there is a centre of coordination
that directs the muscular forces (centre of coordina-
tion = cc) and a centre of perception that perceives
movement occurring at the joint (centre of percep-

Free nerve endings A
inserted in the fascia

Golgi
tendon org.

Third receptor:
muscle spindles

3 o Gamma motor
o fibres and
A extrafusal alpha

Figure 30. Traction of muscle spindies on the fascia
and the formation of the CC.
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tion = cp). The coordination of these tensile forces
in the mf unit is determined by the continuity of the
fascia.

In fact, the transmission of forces from the deep
layers of a muscle towards a superficial point is due
to the continuity of the endomysium with the per-
imysium and the epimysium.

All traction that the muscle spindles exert on the
endomysium converges together at the epimysium
(Figure 30, A). In the simplest mf units (for exam-
ple, the extension of the cubitus which is formed
entirely by the triceps brachialis) the traction con-
verges at a point halfway along this same muscle.
However, even in the more complex mf units, such
as those formed by motor units situated in a num-
ber of different muscles, these forces always con-
verge at a unifying point. The fascia has to be able
to slide freely over the single muscular fascicles®
so that this convergence at a single point or cc can
occur. Fascia also needs to have some points of
anchorage to bone so that it can be stretched with-
out being dislodged. In fish, the fascial myosepta
unify the action of the single myomeres to bring
about the movement of lateral flexion. In humans,
the cc of each mf unit unifies the action of the sin-
gle motor units towards a specific movement. The
cc coordinates these muscular fibres due to its
capacity to adapt to the traction of the muscle spin-
dles®, rather than through the afferents of the free
nerve endings. Muscle spindles are inserted into the

39 The inner surface of the fascia is covered by a loose sliding
tissue that separates it from the muscles. Layers of epimysial
fascia are found between the fascia and the subcutaneous tis-
sue. The fascia is also anchored to bone by means of the inter-
muscular septa and these deep insertions have a marked influ-
ence on the directions of the fascial fibres. The direction of
these collagen fibres can be longitudinal, transverse or
oblique. The fascia represents an essential component of the
motor apparatus. (Lang J, 1991)

40 The muscle spindle is made up of a bundle of 4-10 voluntary
muscle fibres surrounded by a collagen sheath. The gamma
motorneurones produce impulses that induce the contraction
of these fibres, which are inserted in the endomysium and the
collagen sheath. (Mazzocchi G, 1996)

41 The gamma circuit is essential for voluntary muscle con-
tractions because it maintains an optimum muscle tone which
allows for an efficient phasic contraction. It has been demon-
strated that every voluntary movement is preceded by a slight
increase in tone of the voluntary muscles involved.
(Mazzocchi G, 1996)

endomysium and whenever a gamma impulse caus-
es them to contract (Figure 30, B) they stretch the
entire fascial framework*!*2. This stretch is not ran-
dom but converges towards a precise point or cc
that, because of the intrinsic elasticity of the fascia,
adapts itself to the stretch. When the muscle spin-
dles contract they shorten, the central part enlarges
and the annulospiral endings are activated®.
Afferents of la and b fibres, originating from
these annulospiral endings, convey impulses to the
spinal cord. Only when these afferents arrive at the
spinal cord can the second contractile phase be gen-
erated via the alpha fibres. Normally this neuro-
myo-fascial activity is not perceptible but when it
does not function correctly we are aware of the
resulting joint pain. If a densification of a cc occurs
then it will not adapt correctly to the muscle spin-
dles’ stretch. This means that not all of the 1a affer-
ent fibres and, consequently, not all of the neces-
sary alpha fibres will be activated. Hence, only
some of the muscular fibres within the mf unit con-
tract resulting in a distorted traction on the joint.
The cp of the mf unit is situated in the joint**. It
is connected to the voluntary muscles and shares a
common innervation with them®. The cp is also the
sum of all the afferents of the articular components,
namely the tendons, the ligaments and the joint
capsule. The fascia is connected to all of these soft
tissue components and it interprets these afferents
assigning them a directional significance. The con-

42 Each muscle spindle is enclosed within fascia that limits
elongation and is thus involved in neuromuscular function.
(Warren IH, 1998)

43 The intrafusal fibres are inserted into the connective tissue
that surrounds the muscle fibres. They shorten when they are
stimulated by the gamma motorneurones and, as the muscle
contracts, they adjust their length to those of the extrafusal
muscle fibres. (Baldissera F, 1996)

44 We would like to show that groups of muscles, with relative
fascia and innervation, form the following neuromyofascial
units: flexor, extensor, adductor, abductor, intra and extrarota-
tory. While the muscles carry out the movement, they stretch
the joint capsules and the fascia and in this way the mechanore-
ceptors are put into action. Consequently the fascia provides the
feedback for the overall motor image. (Stecco, 1989)

43 Static and dynamic receptors, found abundantly in ligaments
and joint capsules, are distributed in such a way that the sensi-
tive innervation of one part of a capsule originates from the
same nerve trunk that innervates the muscles protecting that
part of the capsule. (Viel E, 1991)



viction that the fascia is responsible for kinaesthet-
ic sense, rather than the joint capsule*®, has been
suggested by the experience accumulated from
joint replacement surgery. |

The structure of the fascia is such that it stimu-
lates the free nerve endings with precision, ensur-
ing the transmission of the exact afferents of the
programmed movement back to the cerebral cortex.
Without this feedback there would be chaos
between the movement and the afferents. For exam-
ple, the mf units of ante-humerus, cubitus and car-
pus are found anteriorly to the intermuscular septa
and the fascial compartments surrounding these
upper limb flexor muscles are anchored at the epi-
condyles and the styloid processes. Due to these
fixed points the nerve endings embedded along
these fascial sequences are actively stretched only
during flexion*’.

The receptors embedded in the joint capsules, in
the ligaments and the fasciae are the same through-
out the entire body. However, the afferents they
transmit convey information about specific motor
directions (i.e. flexion, abduction, extension etc.)
because they are located within structures that are
strictly connected to specific motor directions®s.
Without this fascial map the cerebral cortex would
always receive the same type of nervous impulses
from these receptors, which would be impossible to
interpret.

If the soft tissues surrounding a joint (centre of

46 Clinical experience seems to testify to the limited relevance
of joint afferents given that a person's kinaesthetic sense
remains essentially intact following the substitution of an artic-
ulation with a prosthesis. At the same time, local anaesthesia
of the skin and joint capsule of the metacarpophalangeal or
interphalangeal joints provokes a reduction in the sense of
position in the fingers, when testing is done with the hand
muscles in a relaxed state. (Baldissera F, 1996)

47 Each mechanoreceptor is activated through only a part of the
range of movement of a joint. A map of all the mechanorecep-
tors would be required to be able to determine the total angle
of joint excursion. The majority of receptors react only when
the ligaments are under maximum stretch, at the two extremes
of joint excursion. (Baldissera F, 1996)

4 Vertebrate sensitivity depends upon: 1) free intraepithelial
terminations or expansions 2) free terminations or expansions
within connective tissue 3) terminations protected by connec-
tive tissue sheaths... It is not always possible to assign specific
sensations to these peripheral receptors. Thus, for example, the
Pacinicorpuscles, whilst always functioning as pressure recep-
tors can become proprioceptors or nociceptors according to
where they are located. (Stefanelli A, 1968)
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perception) do not stretch according to physiologi-
cal lines then the receptors embedded in these tis-
sues signal the dysfunction as pain. Any therapeu-
tic intervention, therefore, is not to be focused at
the site of pain or the centre of perception as they
are mere consequences of the dysfunction. The
focus should be on the cause or, more precisely, the
densification of the cc, which results in uncoordi-
nated activity of the muscular fibres.

Densification can occur in many parts of the fas-
cia but it is only when the cc is involved does unco-
ordinated activity of the mf unit ensue. Densification
forms most frequently at the cc because it is the part
of the fascia most subjected to strain.

CC and referred pain

Referred pain has been described by various
authors**3%31 as a shooting pain that occurs when
precise points of the body are compressed. In
Fascial Manipulation these points are considered to
be the centres of coordination. In normal conditions
these cc are not hypersensitive nor do they produce
referred pain when stimulated. They become sensi-
tive, even to light stimulation (hyperalgesia or allo-
dynia)®?, when the fascia within which they are
located densifies. Under normal physiological con-
ditions, the elasticity of the fascia allows it to adapt
to compression without straining the free nerve
endings. Normally the free nerve endings are

4 Each single muscle can develop myofascial trigger points
(MTrP) that can produce referred pain, along with other dis-
turbing symptoms, at a distance. (Travell J, 1998)

50 Researchers in the field of pain have given us an understand-
ing of the basis for hyperalgesia, allodynia and the previously dif-
ficult-to-understand finding of referred pain zones that we see
daily in our patients. Finally the interesting initial observations of
Hubbard and Berkoff (1993), suggesting that the muscle spindle
may be associated with the trigger point, open yet another door
in our understanding of the nature of MPS. (Gerwin RD, 1994)
3! Pain referred from a muscle can mimic both pain from a joint
and radicular pain associated with disease of spinal joints, leading
to mistakes in diagnosis and in treatment. When articular disease
is present, it predisposes to myofascial trigger point (TP) syn-
dromes. It has been proposed, on theoretical and clinical grounds,
that muscular TPs can cause joint disease. (Reynolds MD, 1981)
52 The term hyperalgesia used to describe this sensation is
often replaced by the term allodynia, conceived to describe the
transformation of a light signal to a painful signal. Analogous
painful sensations are frequently produced spontaneously even
in the absence of any stimulation. Little is known of the mech-
anism of allodynia. (Albe D, 1997)
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Figure 31. Circuit of the myofascial unit.

involved in deep somaesthetic activity or the per-
ception of the body’s position and movement in
space. In pathological conditions, such as in the
presence of a densification of the fascia, these free
nerve endings are under tension which tends to
lower their pain threshold. In such a situation even
a minimal compression can be sufficient to over-
ride this threshold, setting off local pain as well as
referred pain. At times the densification of a cc pro-
vokes a reflex contraction of the tensor muscles of
the fascia®®. This determines a continuous tension
on the free nerve endings, with a persistent pain
that irradiates along the entire sequence (e.g. sciat-
ica).

The localisation of the reflex area, or the referred

33 Kellgren studied many of the principal muscles of the body
and in 1938 noted that when a muscle belly is infiltrated with
a saline solution referred pain emanated from the point of
stimulation at a distance from each muscle. (Travell J, 1998)

pain, is not always clear-cut. In fact near the main
zones of referred pain there are almost always sec-
ondary zones. However, this confusion is due to the
variety of directions that a radiation can take in the
fascia. The radiation elicited from a densified cc
can involve either: the centre of perception of the
mf unit of which it is a part; or the cp of the antag-
onist mf unit; or the entire mf sequence, or the spi-
ral which passes through that specific cc.

Implication of either the longitudinal fibres or
the spiral fibres depends on the particular elements
of tensional stress that have caused the densifica-
tion. Initially these stresses can be compensated
and therefore, for example, sciatica can apparently
resolve itself spontaneously. What often occurs is
that the densified cc then becomes silent (latent
trigger points) because the body has developed a
compensation along the sequence. When the body
is no longer capable of balancing such a stress the
alteration of the fascia becomes chronic and the
pain returns (e.g. chronic sciatica).



The densification of cc(s) is associated with
pathologies that until recently were thought to have
quite different origins. A form of sciatica has
already been mentioned but fibromyalgia4, fasci-
itis, tenosinovitis, tendinitis, bursitis, frozen shoul-
der and so forth can also be considered. These ail-
ments manifest themselves in the joints or in ten-
dons, but they originate from the densification of the
cc(s) within the mf units that move these structures.

The circuit of the myofascial unit

The physiology of the myofascial unit can be
summarised by the following diagram (Figure 31).

An impulse for a motor direction and not for a
specific muscle is generated in the brain, descends
the spinal cord and arrives at the muscle by passing
along the motor nerves via the gamma fibres. The
gamma circuit excites the intrafusal contractile
fibres of the muscle spindles. When these fibres
contract they stretch the annulospiral terminations,
which are coiled around them, as well as the con-
nective tissue in which they are inserted>. The con-
traction of these fibres is insufficient to exert a
force on the tendons but it does propagate a stretch
along the connective tissue structure. Due to the
conformation of the muscle, a part of this stretch
propagates towards the inelastic tendon and a part
goes towards the centre of coordination, which is
elastic and adapts to the stretch.

34 Myofascial syndromes could represent incomplete, regional
or initial cases of fibromyalgic syndrome. The diagnosis of
fibromyalgia requires the demonstration of the presence of
tender points i.c. deep painful points with-in muscles or thick-
ened areas of soft tissue. Tender points are characteristically
painful points, which, unlike trigger points, do not provoke
referred pain but are painful only at the site of stimulation.
More than 50 tender points have been identified. The simplest
technique for testing such points is by means of digital com-
pression around joints or over tendon insertions. (Todesco S,
1998)

33 The impulse that originates from the gamma motorneurones
induces contraction of the polar contractile portions of the
intrafusal muscular fibres. Given that these are connected at
both extremes either with the internal surface of the fusal cap-
sule or with the endomysium, it is obvious that the shortening
of the contractile portion of the intrafusal fibres provokes
stretching of the central portion of the fibre. This activates the
afferent terminations just like lengthening of the entire muscle
does... The discharge of the primary afferent neurone excites
the motor unit of the muscle in which the spindle itself is locat-
ed. (Mazzocchi G, 1996)
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The adaptation of the cc to this stretch allows the
muscle spindle to shorten and in this way the pri-
mary spindle afferents are excited. These convey
impulses via la fibres to the motor-neurone pool
and, from here, secondary motor efferents part via
the alpha fibres in the direction of the muscle.

This secondary efferent stimulus activates the
extrafusal fibres, or the voluntary muscle fibres.

The contraction of the voluntary muscle fibres
causes articular movement, which stretches the
joint capsule and the receptors. A second afference
then parts from the centre of perception, arrives at
the spinal cord and ascends to the brain, conveying
information that the programmed movement has
taken place in the periphery.

Regulation of movement would not be possible
without these circuits especially considering all of
the possible variables at any given moment and in
any given situation. These reflex adaptations are
organised within the mf unit according to tensional
adjustments. It is for these reasons that muscle
spindles as well as Ruffini corpuscles and Golgi
tendon organs are sensitive to stretch.

Agonists and antagonists:
the role of the fascia

All neurophysiologists are in agreement about
the existence of a peripheral system of motor coor-
dination. Having examined how the fascia and the
muscle spindles intervene in the organisation of the
motor units within the mf units, the role of the fas-
cia and the Golgi tendon organs in the peripheral
coordination between agonist and antagonist mf
units will now be analysed.

It is necessary to study the structure of the Golgi
tendon organs to be able to understand their func-
tion. Each Golgi tendon organ consists of a mesh of
collagen fibres entwined around a nerve fibre and
it is situated in series with 10-20 muscle fibres. The
axon of this nerve fibre is activated when com-
pressed by the collagen fibres. These collagen
fibres and a part of the axon® are arranged in a spi-

% The Golgi tendon organs were divided into three small com-
partments by septal cells: the neuronal compartment contain-
ing myelinated nerve fibres, the terminal compartment having
axon terminals, and the fibrous compartment containing only
collagen fibrils. The three dimensional reconstruction demon-
strated that myelinated fibres rotated spirally before losing
their myelin sheaths, and ended as unmyelinated axons in the
terminal compartment. (Nitatori T, 1988)
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Red arrows indicate the muscular traction
exerted on collagen fibres of the Golgi t.o.

Joint angle variation
induces winding up
of Golgi t.o. spirals
in succession

The part of tendon
initially longest is
now shortest hence
it intervenes with a
different intensity

Figure 32. Active stretch of the Golgi tendon organs.

ral form (Figure 32, A). According to the direction
of the muscular traction these spirals rotate around
themselves compressing the nerve or they open
themselves out and, therefore, do not provoke any
nerve discharge. According to the lines of trac-

tion’”, which vary with joint range in each mf unit,
specific motor units are inhibited. Inhibition comes
about due to the compression of the axon that
occurs during active or passive stretching of the
muscle fibres?8.
The Golgi tendon organ acts in three modes:
1) by the inhibition of the monoarticular antagonist
muscle fibres
2) by the progressive inhibition of the biarticular
agonist fibres (active stretch)
3) by the inhibition of the biarticular antagonist
fibres in succession (passive stretch)

Direct inhibition of the mono-articular fibres

Muscle spindles can activate the alpha fibres
either as a consequence of a direct nerve impulse
resulting in movement or by means of a passive
stretch. For example, when a person wants to flex
their elbow, an impulse is generated in the brain
which results in the contraction of the ante-cubitus
mf unit. The flexion of the elbow determines a
stretch of the antagonist mf unit (retro-cubitus) and
hence the muscle spindles of the triceps brachii
muscle are activated through passive stretching
(Figure 33).

Co-contraction of the agonist mf unit and the
antagonist mf unit would impede movement.

To allow movement to occur it is necessary that,
in order to fixate the joint, only a part of the antag-
onist fibres contract and a part are inhibited. The
antagonist biarticular fibres (long head of triceps)
can contract, fixating both the elbow and the shoul-
der joints, because its fibres are aligned perpendic-
ularly to the Gto. Therefore when they contract they
release the spiral fibres of the Gto.

37 Tendon organs are sensitive to activity...Using the method of
distributed stimulation it has been possible to grade motor unit
tension over a wide range and record the corresponding firing
rates of the receptor. The plot of firing rate against tension was
found to be highly non-linear and did not conform to the sim-
ple power function previously attributed to the relation.
(Proske U, 1980)

8 The Golgi tendon organs are situated in proximity of the
Jjunction of between tendons and muscular fibres. These recep-
tors consist of tendinous fascicles, originating from ten or
more muscle fibres, surrounded by a connective tissue capsule
and innervated by 1 or 2 large myelinated nerve fibres. Each
tendinous fascicle is formed by a mesh of finer filaments. As
with the Ruffini corpuscles, the termination of the nerve axon
of the GTO is interwoven with the spirals formed by these fil-
aments. If the tendon is stretched, the space between the fila-
ments decreases and the nerve termination is compressed. This
generates an impulse from the receptor. (Baldissera F, 1996)



Contraction of
the brachialis m
stretches the
intermus. septa

Figure 33. Passive stretch of the Gto’s.

The antagonist monoarticular fibres (short heads
of triceps) are inhibited because their fibres and
their Gto’s are placed obliquely with respect to the
lateral and medial intermuscular septa. When the
brachialis muscle, which is inserted onto these
intermuscular septa, contracts then the oblique
fibres of the short heads of triceps are stretched for-
ward, activating their Gto’s and thereby inhibiting
their contraction.

This hypothesis is supported by the following
facts: the Ruffini endings, the Ruffini corpuscles of
the Golgi tendon organ-like type®® and the real
Golgi tendon organs are formed by collagen fibres
arranged around an axon. The difference between
them is that, in the first two these collagen fibres

% Ten anterior and posterior cruciate ligaments were investi-
gated... Three distinct neural structures could be identified:
Ruffini endings, Ruffini corpuscles of the Golgi tendon organ-
like type and Pacinian corpuscles. Golgi tendon organs were
not found. (Raunest J, 1998)

CHAPTER 3 — THE PHYSIOLOGY OF THE MYOFASCIAL UNIT

are parallel to each other, whereas in the Golgi ten-
don organs these fibres are arranged in a spiral for-
mation. From a mechanical viewpoint the parallel
fibres will always compress the axon of the nerve
whenever they are stretched. The spiral fibres of the
Gto, however, will only compress the axon when
traction causes them to wind themselves up like the
mainspring of a watch.

In all the mfunits of the body there are mono and
biarticular fibres arranged according to this same
structural pattern. In the next three chapters this
aspect of the mf units will be highlighted.

Inhibition by active stretch

Up to this point the role of the Golgi tendon
organs in the reciprocal inhibition of agonist and
antagonist mf units has been discussed. How these
Gto’s are involved in the regulation of the succes-
sion of muscular fibre contractions of the agonist
mf unit will now be examined.

The spiral of the Gto’s collagen fibres is con-
nected not just to one muscle fibre but to approxi-
mately ten fibres. This means that this spiral of col-
lagen fibres, depending on the stretching action of
these muscle fibres, will wind itself up to a variable
degree. The hundreds of muscle fibres that make up
a motor unit are all activated simultaneously®.
However, this mass contraction would not allow for
a harmonious passage from one position to the
next. The flexor fibres of the cubitus (elbow) that,
for example, intervene when the arm is extended
cannot be the same as those that act when the arm
is almost fully flexed®!. As the joint angle changes
so does the activation of the hundreds of muscle
fibres that make up a motor unit (Figure 32, B).
This is made possible due to the fact that the Gto
spiral connected to some muscle fibres winds up
while the Gto collagen spiral of other muscle fibres
unwinds. This determines the inhibition of some
muscle fibres whilst allowing other muscle fibres
of the same motor unit to contract.

This hypothesis is supported by the following
facts: insertions of muscle fibres into tendons are

% A motor unit represents a group of muscle fibres whose
function is indivisible and which responds to the law of “all or
nothing”. It is estimated that a motor unit contains between
100 and 200 muscle fibres. (Licht S, 1971)

1 In fact tendons have fan shaped insertions onto bone and, in
succession as the joint angle varies, the extreme portions of the
tendon SIJI;])port the traction force of the muscle. (Basmajian J,
1984)
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Figure 34. A - Posterior compartment of the leg (from Fumagalli - Colour photographic atlas of

macroscopic human anatomy. - Published by Dr. Francesco Vallardi/Piccin Nuova Libraria); B -
Scheme of the aponeurotic vectors of the epimysial fascia.

1, Teno-aponeurotic fibres that stimulate the myotendinous organs of the biceps femoris muscle. These
organs are arranged in succession such that their spirals are activated at different degrees of joint range.
2. Collagenous aponeurotic fibres that blend into the proximal tendon of the lateral head of gastrocnemius;
these collagen fibres are arranged in such a way that they interact with all the Golgi tendon organs of the
motor units involved in retromotion of the knee.

3. The muscle fibres of the triceps surae insert into the Achilles tendon in a fan shaped distribution so that the
Golgi tendon organs are stimulated in succession according to the degree of joint range. The joint range of
the talus is less than that of the knee hence the extension of the insertion of the muscle fibres onto the ten-
don is less than that of the biceps femoris. 4. Inextensible, parallel collagen fibres of the triceps surae tendon.
5. Medial head of gastrocnemius m. 6. Small saphenous vein. 7. Sural nerve



always arranged along an oblique line rather than
onto a horizontal surface (Figure 34). By observing,
for example, the proximal part of the two gatrocnemii
muscles it can be seen that part of the epimysial fas-
cia transforms into an aponeurosis and continues
with the tendon which inserts into the femur. Within
this aponeurosis a series of collagen fibres, aligned
according to the lines of force of the underlying mus-
cles, are visible. According to the angle of the knee
joint these teno-aponeurotic fibres are more or less in
tension and, therefore, their affect on the Gto varies.

Inhibition by passive stretch

An analogous process to that which was dis-
cussed in the previous section, takes place in the
antagonist mf unit, with the only difference being
that the activation and inhibition of the fibres
occurs due a passive stretch. The contraction of the
agonist mf unit stretches the antagonist mf unit. The
stretch of its muscle spindles causes the fibres of
the antagonist mf unit to contract.
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In the specific case of the forearm, the contrac-
tion of the mf unit of ante-cubitus (an-cu) stretches
the mf unit of retro-cubitus (re-cu) resulting in the
contraction of this mf unit. The only fibres remain-
ing active in this mf unit will be those muscle fibres
that are perpendicular to the Golgi tendon organ
(Figure 33).

The perpendicularity between the muscle fibres
and the Gto varies according to the elbow joint’s
angle. This determines the activation of the antago-
nist muscle fibres required for joint stability in each
specific position of the joint.

This hypothesis has been suggested by the fol-
lowing experience of clinical work: many patients
complain of joint instability or rigidity even in the
absence of pain or any anatomical damage. In both
cases the symptoms disappear immediately once
the fascial tensions are normalised. The joint stabil-
ity or mobility is re-established presumably
because the Golgi tendon organs of the antagonist
are activated, or inhibited, only at the appropriate
moment.
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Chapter 4
THE MF UNITS OF THE UPPER LIMB

In the upper limb there are six mf units for each
major articulation; a total of thirty mf units in all.
For each articulation there are two mf units for the
sagittal plane (ante and retro), two for the frontal
plane (medio and latero) and two for the horizontal
plane (intra and extra). All mf units have a centre of
coordination and a centre of perception.

In this chapter the following aspects will be
explained for each mf unit: a) the mono and biartic-
ular muscle fibres; b) the point where the myofas-
cial tractions converge, the vectorial centre of coor-
dination (cc); c) the superimposition of these cc(s)
over or near points used in other methods.

The shoulder is a complex motor system com-
posed essentially of two different segments: the
scapula and clavicle (sc) and the humerus (hu).
Whilst these two segments often work together they
nevertheless have specific muscles for independent
movements. Mf units which perform tasks requir-
ing considerable strength, such as ante-cubitus (an-
cu), are equipped with a large muscular mass; mf
units involved in stabilising joints, such as latero-
cubitus (la-cu), are composed mostly of fasciae and
ligaments, with a small percentage of muscular
fibres that tension the fascia. Often the cubitus
(elbow joint) is only studied for its movement on
the sagittal plane (ante and retro) whereas it also
has a stabilising component (latero and medio), as
well as a rotary component at the head of the
radius.

Intrarotation of the carpus (wrist) is considered
the component of pronation involving the distal
part of the radius and ulna and it is carried out by
the pronator quadratus muscle. The movement of
latero-carpus is similar to radial deviation but when
the forearm is in the anatomical position, the action
of the extensor carpi radialis prevails; the move-
ment of medio-carpus is similar to ulna deviation
but in the anatomical position the action of flexor
ulnaris carpus prevails. When a person is walking,
for example, the forearm is in the physiological
position and radial and ulna deviation become part

of a movement scheme rather than a purely direc-
tional movement. The same argument can be made
for ante-carpus and retro-carpus: with the forearm
in the anatomical position the action of extensor
carpi ulnaris and flexor carpi radialis prevails how-
ever, in daily use, the action of the extensor digito-
rum and flexor digitorum muscles prevails.

All of the small joints of the hand can be grouped
into two functional units, namely that of the thumb
(pollex) and the other four fingers (digiti). The
thumb does have a pure movement of antemotion
whereas all its other movements are part of move-
ment schemes (e.g. opposition and abduction). The
other four fingers move away from the median line
(latero) and return to the median line (medio); the
movements of opening and closing of the fingers
have both a rotational component (intra and extra)
and a component on the sagittal plane (ante and
retro) which determines a movement scheme. In
this chapter, which deals with segmentary move-
ments, the cc(s) of the mf units of retro, intra and
extra of the hand only coordinate unidirectional
movements.

Localisation of the centres of coordination

The centre of coordination of each mf unit is
formed by various myofascial vectors. It is possible
to delineate the exact anchorage points of the fascia
of each mf unit, along with the insertions of the
superficial and deeper muscular fibres onto the per-
imysium and the epimysium. However, clinical
experience has shown that it is preferable to
describe the anatomical points of reference of each
mf unit, in order to assist the therapist in the practi-
cal examination of fascial densifications.

The localisation of the centre of perception (cp)
of a mf unit is easily deduced from its name. The
centre of perception of the mf unit of ante humerus
(an-hu), for example, is situated in the anterior part
of the shoulder; the centre of perception of ante-
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cubitus (an-cu) is situated in the anterior part of the
elbow (n.b. with the arm held in the anatomical
position) and so forth. In Chapter 7, three Tables
(Table 7, 8, 9) describe the sites of pain as referred
to by the patient. These areas correspond to the cen-
tres of perception of the mf units. Once it is accept-
ed that pain is the warning signal that the body uses
to indicate a dysfunction of a mf unit then, in the
presence of joint pain, the centre of coordination
concerned is easily traced. If a patient, for example,
complains of a pain in the anterior part of the
elbow, treatment by a fascial therapist will be ori-
ented towards the cc of the mf unit of ante-cubitus.
Centres of coordination themselves are always
found in areas that are not spontaneously painful,
such as over muscle bellies where the nociceptors
are not stretched and irritated by movement.

Comparison of centres of coordination (cc)

with points from other methods.

The choice to illustrate the parallels that exist
between cc(s), acupuncture points®? and trigger
points has been made to facilitate practitioners of
these methods. Furthermore, the intention is to
demonstrate how these same points, as used in the
practice of Fascial Manipulation, have been suc-
cessfully manipulated for thousands of years. Later
on, with the study of the cc(s) of fusion, parallels
will also be drawn with treatment zones recom-
mended by Cyriax and Maigne. At times acupunc-
ture points and trigger points (Table 5) coincide
exactly with cc(s) and at other times not. Similar
disagreement is often found when studying texts
that deal with these disciplines. In acupuncture new
points are often prefixed with ex because they are
located outside of the traditional meridian line.

» Acupuncture points have precise positions but
their position can vary from one person to anoth-
er® as a consequence of trauma, incorrect pos-
ture etc.

* Acupuncture points do not all have the same
function nor are they located at the same depth

%2 Mclzack and others examined the correlation between the
localisation of acupuncture points related to pain, as published
by an acupuncturist, and myofascial trigger points. Allowing
for a mean difference of 3cm, they found a general correspon-
dencc of 71%. (Travell J, 1998)

%3 The points that are treated with acupuncture consist of very
small arcas of the body each with a precise location. In my
experience | have found that the areas to treat can actually be
quite extensive and of variable locations. (Mann F, 1995)

Table 5. Parallels between CC(s) and other points.

Segmentary CC(s) CC of fusion

Monoarticular Unidirectional | Multiarticular Multidirectional

mf Sequences mf Spirals

Acupuncture points
on the muscle

Acupuncture points
on the joint

Main Meridians Tendinomuscular Mer.

Muscular trigger point

Tendon/liga. Treatments

within tissues®. Those situated over muscle bel-
lies correspond to segmentary cc(s) whilst those
over tendons correspond to cc(s) of fusion.

» Segmentary cc(s) are situated either near the
motor point of the muscle (where the nerve enters
the muscle) or near the terminal plate of the neu-
romuscular junction. Neuromuscular plates in
polyarticular muscles can be numerous®.

« Sometimes it is necessary to treat cc(s) at a dermal
level before proceeding onto treatment at the fas-
cial level. The deep, fibrotic process can extend
collagen fibrils up towards the dermal layer.

» The cc(s) of fusion in Fascial Manipulation cor-
respond to the areas used by Cyriax in the treat-
ment of tendons and ligaments. These cc organise
motion via retinacula and Golgi tendon organs.

» Periosteal points of stimulation®® have their own
effectiveness and referred pain patterns because
the periosteum (the superficial layer) is continu-
ous with the fascia.

* When a mf unit governs complex joints (e.g. fin-
gers) or multiple articulations (e.g. thoracic ver-
tebrae, cervical vertebrae etc.) its cc often corre-
spond to two or three acupuncture points. In such
cases the cc is no longer a singular point but
extends over a small, elongated area (Figures
183-188).

%4 Gunn identified 4 types of acupuncture points based on the
type of nervous structure penetrated by the needle. Two types
of points were found to be specific for muscular motor points
and two types for Golgi tendon organs. (Travell J, 1998)

%5 The sartorius muscle and the gracilis have multiple terminal
plates. (Travell J, 1998)

%6 In periosteal acupuncture the necdle is inserted in the same
way as in normal acupuncture. The diftcrence consists in pen-
etrating further until contact with the periosteum has been
made. | have heard that in Germany some doctors practice
periosteal massage. (Mann F, 1995)
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Figure 35. A - Superficial and deep fascia of the anterior part of the arm; B - Dissection of the ante-
rior compartment of the arm (from Fumagalli - Colour photographic atlas of macroscopic human
anatomy. - Published by Dr. Francesco Vallardi/Piccin Nuova Libraria).

1, Cephalic vein surrounded by the loose connective tissue of the superficial fascia of the arm; 2, Partial view
of the deep fascia of the anterior part of the arm; 3, Deep fascia sectioned and tensioned; 4, location of cc of
ante-cubitus; traction exerted on the epimysium of the biceps (biarticular fibres) and traction of the muscular
fibres of brachialis m. (monoarticular fibres) inserted into the intermuscular septa, converge at this point; 5,
deep fascia that continues on with the medial intermuscular septum and the epimysium of the brachialis m;
6, distal tendon of biceps, where it is evident the progressive insertion of the muscular fibres at graduated lev-
els (for recruitment of Gto's in succession).
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Figure 36. Myofascial unit of antemotion of the upper
limb.

Mf unit of antemotion of the upper limb

Mf unit of ante-scapula (an-sc).

Antemotion of the scapula (to bring forward and
lower the scapula) is effectuated by monoarticular
(pectoralis minor) and biarticular fibres (pectoralis
major).

The centre of coordination of these vectorial
forces is over the belly of the pectoralis minor,
beneath the coracoid process (Figure 36).

This cc corresponds to the acupuncture point LU
| and to the trigger point of pectoralis minor.

Mf unit of ante-humerus (an-hu)

Antemotion of the humerus (to bring the arm
forward to a maximum of 90°) is effectuated by
monoarticular (coracobrachialis, deltoid) and biar-
ticular fibres (clavicular part of pectoralis major,
biceps).

The centre of coordination of these forces is in
the groove between deltoid and pectoralis major,
over the short head of biceps.

This cc corresponds to the acupuncture point LU
2 or EX 91 and to the trigger point of anterior del-
toid.

Mf unit of ante-cubitus (an-cu)

Antemotion cubitus (to bend the elbow) is effec-
tuated by monoarticular (brachialis) and biarticular
fibres (biceps).

The centre of coordination of these forces is over,
or slightly lateral to, the muscle belly of biceps.

This cc corresponds to the acupuncture point LU
4 (with reference to the atlas of acupuncture of
Soulie de Morant) and to the lateral trigger point of
biceps.

Mf unit of ante-carpus (an-ca)

Antemotion of the carpus (to bring the wrist for-
ward and outwards) is effectuated by monoarticular
(flexor pollicis longus) and biarticular fibres (flex-
or carpi radialis).

The centre of coordination of these vectorial
forces is over the flexor pollicis longus, laterally to
the flexor carpi radialis.

This cc corresponds to the acupuncture point LU
6 and to the trigger point of flexor carpi radialis.

Mf unit of ante-pollex

Antemotion of the pollex (to bring the thumb
forward on the sagittal plane) is effectuated by
monoarticular (flexor and abductor pollicis brevi)
and biarticular fibres (flexor pollicis longus).

The centre of coordination of these forces is over
the external and proximal part of the thenar emi-
nence.

This cc corresponds to the acupuncture point LU
10 and to the trigger point of the opponens pollicis
(Note: it is more likely that manipulation of this
point involves the fascia of the abductor pollicis
brevis, which lies over the opponens pollicis.
Abductor pollicis brevis moves the thumb anterior-
ly and not laterally).



Figure 37. Myofascial unit of retromotion of the upper
limb.

Mf unit of retromotion of the upper limb

Mf unit of retro-scapula (re-sc).

Retromotion of the scapula (to move the scapula
posteriorly on the sagittal plane) is effectuated by
monoarticular (thomboid major and minor) and
biarticular fibres (trapezius).

The centre of coordination of these forces is over
the muscle belly of the rhomboids near the division,
if any, between the two muscles (Figure 37).

This cc corresponds to the acupuncture point Sl
15 and to the trigger point of rhomboid minor.
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Mf unit of retro-humerus (re-hu).

Retromotion humerus (posterior movement of
the arm on the sagittal plane) is effectuated by
monoarticular (teres major, part of the deltoid
attached to the scapular spine) and biarticular fibres
(latissimus dorsi, long head of triceps).

The centre of coordination of these forces is over
the muscle belly of teres major, behind the posteri-
or axillary wall.

This cc corresponds to the acupuncture SI 9 and
to the lateral trigger of teres major.

Mf unit of retro-cubitus (re-cu).

Retromotion cubitus (to straighten or extend the
elbow) is effectuated by monoarticular (lateral and
medial heads of triceps and anconeus) and biarticu-
lar fibres (long head of triceps).

The centre of coordination of these forces is at
the level of the deltoid insertion, between the long
head and the lateral head of triceps.

This cc corresponds to the acupuncture point TE
12 and to the 1° trigger point of triceps.

Mf unit of retro-carpus (re-ca).

Retromotion carpus (dorsiflexion of the wrist) is
effectuated by monoarticular (fibres of extensor
carpi ulnaris that have their origin from the ulna)
and biarticular fibres (fibres of the same muscle
and of extensor digitorum, which all originate from
the humerus).

The centre of coordination of these vectorial
forces is over the muscle belly of the extensor carpi
ulnaris, where the fibres that originate from the
ulna unite with those from the humerus.

This cc corresponds to the acupuncture point SI
7 and to the trigger point of extensor carpi ulnaris.

Mf unit of retro-digiti (re-di).

Retromotion of the digiti (to extend the fingers
with ulna deviation) is effectuated by monoarticular
(abductor digiti minimi) and biarticular fibres
(extensor digiti minimi).

The centre of coordination of these vectors is
over the abductor digiti minimi, at the base of the
V° metacarpal (the insertion of the extensor carpi
ulnaris m.).

This cc corresponds to the acupuncture point Sl
4 and to the trigger point of abductor digiti minimi.
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Figure 38. Myofascial unit of mediomotion of the
upper limb.

Mf unit of mediomotion of the upper limb

Mf unit of medio-scapula (me-sc).

Mediomotion scapula (active fixation of the
scapula to the thorax) is effectuated by monoarticu-
lar (serratus anterior) and biarticular fibres (latis-
simus dorsi)).

The centre of coordination of these vectorial
forces is over the serratus anterior muscle, in the
sixth intercostal space, along the midline of the
axilla (Figure 38).

This cc corresponds to the acupuncture point of
SP 21 and the trigger point of the serratus anterior.

Mf unit of medio-humerus (me-hu).

Mediomotion humerus (to hold the arm to tho-
rax) is effectuated by monoarticular fibres (short
head of biceps, coracobrachialis) and biarticular
fibres (pectoralis major and latissimus dorsi).

The centre of coordination of these forces is
behind the coracobrachialis on the lateral wall of
the axillary cavity (convergence of vectors which
tension the axillary fascia).

This cc corresponds to the acupuncture point HT
1 and the trigger point of the coracobrachialis.

Mf unit of medio-cubitus (me-cu).

Mediomotion cubitus (stabilisation of the elbow
during adduction) is effectuated by monoarticular
(flexor carpi ulnaris fibres that connect humerus
and ulna) and biarticular fibres (flexor carpi ulnaris
fibres that connect humerus and carpal bones).

The centre of coordination of these forces is over
the medial intermuscular septum where the flexor
carpi ulnaris m. begins.

This cc corresponds to the acupuncture point of
HT 2.

Mf unit of medio-carpus (me-ca).

Mediomotion of the carpus (ulna deviation of the
hand, from the anatomical position) is effectuated
by monoarticular (flexor carpi ulnaris fibre that
have their origin from the ulna) and biarticular
fibres (flexor ulnaris fibres and flexor fibres of the
fifth finger that originate from the humerus).

The centre of coordination of these forces is over
the flexor carpi ulnaris.

This cc corresponds to the acupuncture point of
HT 4 and to the trigger point of flexor carpi ulnaris.

Mf unit of medio-digiti (me-di).

Mediomotion digiti (to adduct the fingers
towards the median line) is effectuated by monoar-
ticular (palmar interossei, opponens minimi digiti)
and biarticular fibres (palmaris longus - n.b.
hypothenar and thenar eminence muscles are
inserted onto the aponeurosis of this muscle).

The centre of coordination of these forces is over
the palmaris brevis m. and flexor minimi digiti.

This cc corresponds to the acupuncture point HT
8 and the trigger point of the palmar interossei.
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Figure 39. Myofascial unit of lateromotion of the
upper limb.

Mf unit of lateromotion of the upper limb

Mf unit of latero-scapula (la-sc).

Lateromotion scapula (to raise the shoulder gir-
dle — humerus abduction above 90°) is effectuated
by monoarticular (inferior belly of the omohyoid
and scalenus m.) and biarticular fibres (ascending
fibres of trapezius and fibres of the SCOM insert-
ed onto the clavicle).

The centre of coordination of these vectors is
over the scalenus lateralis between the trapezius
and the SCOM (Figure 39).

This cc corresponds to the acupuncture point of
LI 17 and the trigger point of the scalenus lateralis.
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Mf unit of latero-humerus (la-hu).

Lateromotion humerus (abduct the arm to 90°
elevation) is effectuated by monoarticular (middle
deltoid, supraspinatus) and biarticular fibres (long
head of biceps).

The centre of coordination of these vectors is
over the deltoid muscle, in front of the greater
tubercle (where supraspinatus m. inserts).

This cc corresponds to the acupuncture point LI
15 and to the trigger point of the deltoid muscle.

Mf unit of latero-cubitus (la-cu).

Lateromotion cubitus (fixation or stabilisation of
the elbow during abduction of the arm) is effectuat-
ed by monoarticular (brachioradialis) and biarticu-
lar fibres (extensor carpi radialis longus).

The centre of coordination of these vectors is
over the brachioradialis m. at the level of the head
of the radius and in the groove that separates it from
the extensor carpi radialis longus.

This cc corresponds to the acupuncture point LI
11 and to the trigger point of the brachioradialis.

Mf unit of latero-carpus (la-ca).

Lateromotion carpus (abduction + extension of
the wrist) is effectuated by monoarticular (extensor
carpi radialis fibres inserted onto the ligaments of
the radius) and biarticular fibres (fibres of the two
extensor carpi radialis muscles that are inserted
onto the humerus).

The centre of coordination of these vectors is
over the muscle belly of the two extensor carpi
radialis muscles.

This cc corresponds to the acupuncture point of
LI 9 and to the trigger point of the extensor carpi
radialis brevis.

Mf unit of latero-digiti (la-di).

Lateromotion of the digiti (to spread the fingers)
is effectuated by monoarticular (dorsal interossei)
and biarticular fibres (abductor pollicis longus).

The centre of coordination of these forces is over
the first dorsal interosseus, precisely where the fas-
cia connects the tendon of the abductor pollicis
longus and the interossei of the other fingers.

This cc corresponds to the acupuncture point LI
4 and to the trigger point of the first dorsal
interosseus.
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Figure 40. Myofascial unit of intrarotation of the
upper limb.

Mf unit of intrarotation of the upper limb

Mf unit of intra-scapula (ir-sc).

Intrarotation scapula (to bring the glenoid cavity
to face forwards and downward) is effectuated by
monoarticular (subclavius) and biarticular fibres
(pectoralis major) (Figure 40).

The centre of coordination of these vectorial
forces is beneath the clavicle over the muscle belly
of the subclavius.

This cc corresponds to the acupuncture point of
ST 13 and the trigger point of the subclavius.

Mf unit of intra-humerus (ir-hu).

Intrarotation of the humerus (internal rotation of
the shoulder) is effectuated by monoarticular (sub-
scapularis) and biarticular fibres (pectoralis major
and latissimus dorsi).

The centre of coordination of these forces is
beneath the pectoralis major tendon over the cora-
coclavicular fascia, which is continuous with the
subscapularis m. (this muscle not directly accessi-
ble for manipulation).

This cc corresponds to the acupuncture point of
PC 2.

MY unit of intra-cubitus (ir-cu).

Intrarotation of the cubitus (pronation of the
head of the radius) is effectuated by monoarticular
(pronator teres) and by biarticular fibre (flexor
carpi radialis, palmaris longus).

The centre of coordination of these forces is over
pronator teres on the medial border of the cubital
fossa.

This cc corresponds to the acupuncture point PC
3 and to the trigger point of pronator teres.

Mf unit of intra-carpus (ir-ca).

Intrarotation carpus (pronation of the distal
radio-ulna articulation) is effectuated by monoar-
ticular (pronator quadratus) and by biarticular
fibres (brachioradialis, flexor carpiradialis and pal-
maris longus).

The centre of coordination of these vectorial
forces is over the proximal part of pronator quadra-
tus (between the tendons of palmaris longus and
flexor carpi radialis).

This cc corresponds to the acupuncture point PC
4 and to the trigger point of pronator quadratus.

Mf unit of intra-digiti (ir-di).

Intrarotation digiti (flexion of the fingers
involves intrarotation; this component is considered
here whereas the grip, as such, will be analysed in
the chapter that deals with motor schemes) is effec-
tuated by monoarticular (lumbricals) and biarticu-
lar fibres (flexor digitorum profundus and superfi-
cialis).

The centre of coordination of these forces is over
the palmar aponeurosis and the tendons of the flex-
ors of the fingers.

This cc corresponds to the acupuncture point PC 8.



Figure 41. Myofascial unit of extrarotation of the
upper limb.

Mf unit of extrarotation of the upper limb

Mf unit of extra-scapula (er-sc).

Extrarotation of the scapula (elevation of the gle-
noid cavity together with external rotation) is effec-
tuated by monoarticular (serratus anterior inferior)
and biarticular fibres (superior fibres of trapezius).

The centre of coordination of these vectorial forces
is located above the angle of the scapula, where the
fascia of the serratus anterior joins with the fascia of
the levator scapulae (also involved in er-cl) and the
superior fibres of the trapezius (Figure 41).

This cc corresponds to the acupuncture point TE
15 and the distal trigger point of levator scapulae.
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Mf unit of extra-humerus (er-hu).

Extrarotation humerus (external rotation of the
arm) is effectuated by monoarticular (teres minor,
infraspinatus) and biarticular fibres (posterior deltoid).

The centre of coordination of these forces is over
the muscle belly of the infraspinatus and teres
minor, below the scapular spine.

This cc corresponds to the acupuncture point TE
14 and to the trigger point of posterior deltoid or
that of teres minor.

Mf unit of extra-cubitus (er-cu).

Extrarotation cubitus (supination at the level of
the head of the radius) is effectuated by monoartic-
ular (supinator) and biarticular fibres (biceps
brachialis, which inserts onto the tuberosity of the
radius, brachioradialis).

The centre of coordination of these forces is over
the origin of the supinator from the lateral inter-
muscular septum.

This cc corresponds to the acupuncture point TE
10 and the trigger point of the supinator.

Mf unit of extra-carpus (er-ca).

Extrarotation of the carpus (supination at the dis-
tal radio-ulnar articulation) is effectuated by
monoarticular (fibres of the extensor pollicis brevis
and abductorpollicis longus that, like pronator quad-
ratus, insert onto the interosseous membrane and
extend between the radius and the ulna) and biartic-
ular fibres (extensor pollicis longus and extensor
digitorum — these muscles have developed the fibres
involved in the gesture of opening the hand, in part
abandoning their activity on the horizontal plane).

The centre of coordination of these forces is over
the extensor pollicis longus and extensor digitorum.

This cc corresponds to the acupuncture point TE
8 and to the trigger point of extensor pollicis longus.

Mf unit of extra digiti (er-di).

Extrarotation digiti (fingers) is effectuated by
monoarticular (lumbricals) and biarticular fibres
(extensor digitorum).

The centre of coordination of these forces is over
the lumbricals and the dorsal interossei. The dorsal
fascia coordinates the fine finger movements while
the cc of the carpus is involved in coordination of
their strength.

This cc corresponds to the acupuncture point TE 3.
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Chapter 5
THE MF UNITS OF THE TRUNK

The motor organisation of the trunk presents sev-
eral aspects that differ from those already seen in
the upper limb.

Sagittal plane

Movements of the trunk on the three planes are
usually described in quite confusing terms. For
example, the movement of “trunk flexion” is used
to describe the action of bending forwards.
However this movement is effectuated by the
eccentric activity of the erector spinae muscles and
therefore it is controlled by the mf units of retro-
motion of the neck, thorax and the lumbar region.
To test the antemotion muscles, or “flexors” of the
trunk, the person needs to be positioned supine and
asked to raise their head and thorax.

Frontal plane

Mediomotion in the trunk as such is non-existent
but ligaments along the median line are active in
the perception of the alignment of the body. On
both sides of the body the mf units of lateromotion
work as antagonists. Thus, as opposed to the limbs
where a mf unit of lateromotion has a mf unit of
mediomotion as an antagonist, in the trunk it is the
mf unit of lateromotion on the opposite side that
realigns the body segment to the median line.

Horizontal plane

Movement of a limb on the horizontal plane is
carried out by the contraction of a single mf unit,
which takes its leverage from a fixed bone. For
example, extrarotation of the humerus is effectuat-
ed by the single mf unit of er-hu (Figure 42).

In the trunk, due to the fact that its rotary move-
ments take place on a mobile body, coupled forces
are required. The vertebrae act as the pivot around
which coupled forces of extra and intrarotation act.

Quite commonly the study of trunk movement
only takes into consideration the dorsal muscles
which rotate the trunk posteriorly, ignoring altogeth-
er that there is always a simultaneous force generat-

Rotation of the limbs
occurs around a fixed
axis (rigid system).

‘“‘7“

Equal and parallel forces
working in opposite
directions effectuate trunk
rotation (mobile system)

Figure 42. Coupled forces acting on horizontal plane
in the trunk.

ed by the anterior part of the trunk on the opposite
side of the body. Even though these differences exist
the brain interprets extrarotation, both of the trunk
and the limbs, as an outward movement whereas
intrarotation is considered as an inward movement.

Mf unit of the caput (head)

Whilst the caput (head) is considered as one seg-
ment it comprises three main articulations: the eye,
with the rotation of the eyeball within its bony
orbit, the temporomandibular joint and the middle
ear with its auditory ossicles. Each of these articu-
lations has its own muscles and its own mf units.

The eye is a spherical articulation (enarthrosis)
with six muscles that move the eyeball in the three
planes.

The mandible moves forwards, laterally and in
circumduction®’. The mf units of intra, ante and lat-
ero govern these motor trajectories.

7 The inferior articulation rotates and the superior part slides
forward when the mouth is opened. Mostly it is the lateral
pterygoid m. that controls this movement. Along with the
opening of the mouth lateral movement also occurs. (Platzer
W, 1979)
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The chain of auditory ossicles®® is subjected to
the action of two muscles that are antagonists to
one another: the tensor tympani muscle and the
stapedius muscle. The muscle of the stapes
(stapedius) releases the tympanic membrane®?.
Tension in this membrane is also regulated accord-
ing to traction of the neck fasciae.

The tongue is also situated in the head but,
because it originates from infra pharyngeal muscu-
lature’?, its centres of coordination are found in the
neck.

The musculature of the caput (head) originates
from the first three pharyngeal arches and three
cephalic somites’!, which are continuous with the
somites of the trunk. The myofascial sequences are
a sort of enduring testimony to these origins. The
superior rectus muscle of the eye, for example, ele-
vates the gaze and its action is always synchronised
with the erector spinae muscles. The intra ocular
fascia is continuous with the nuchal fascia via the
longitudinal fibres of the epicranial fascia. This fas-
cia is tensioned longitudinally by the occipitalis and
frontalis muscles. Together these structures form
the mf unit of retro-caput (re-cp), which is divided
into three minor mf units. Each minor mf unit is
specific for the coordination of the fibres of the fol-
lowing muscles: re-cp 1 for the superior rectus of
the eye; re-cp 2 for the frontalis; re-cp 3 for the
occipitalis.

The antagonist of this mf unit is ante-caput (an-
cp). An-cp is also divided into three minor mf units:
an-cp | for the inferior rectus of the eye; an-cp 2 for
the zygomaticus muscles and the levator angoli
oris; an-cp 3 for the depressor angoli oris and the

%8 The formation of the ossicles of the ear is linked to the trans-
formation of the mandibular joint: the second pharyngeal arch
transforms into the stapes. In mammals the two endochondral
bones, which separated from the primary articulation of the
maxillary arch, are incorporated into the middle ear: the
quadrate becomes the incus and Meckel's cartilage becomes
the malleus. (Stefanelli A, 1968)

%% The muscle of the malleus is innervated by the mandibular
branch of the trigeminal nerve whilst its antagonist, the
stapedius muscle, relaxes the tympanic membrane and is inner-
vated by the facial nerve. (Testut L, 1987)

"9 The muscles of the diaphragm originate from infra branchial
musculature. Consequently from this area there is a caudal
migration, with the formation of muscles that develop in the
trunk (diaphragm) and a cephalic migration of muscles
towards the head (tongue). (Stefanelli A, 1968)

7! The musculature of the head originates from the pharyngeal
arches but there is also a part of its musculature that is derived
from the cephalic somites. (Stefanelli A, 1968)

anterior belly of digastric. These muscles are all
connected’? and, as they originate from the inferior
margin of the orbit’3, they tension the orbital and
facial fasciae in the opposite direction to that of the
mf unit of re-cp. This continuity facilitates the syn-
ergy that exists between eye, head and neck move-
ments. This synergy is so well established that it is
quite difficult to raise the eyes whilst simultaneous-
ly lowering one’s head or vice versa.

The levator anguli oris muscle is the medial por-
tion of the levator labii superioris. In fact the first’*
is a part of the mf unit of medio-caput (me-cp)
while the second is part of the mf unit of ante-caput
(an-cp).

The mf unit of me-cp | originates from the medi-
al palpebral ligament; the mf unit of la-cp | origi-
nates from the lateral palpebral ligament. These two
ligaments are situated at the opposite extremes of
the orbicularis oculi muscle; the first is in close
relationship with the lachrymal sac and the second
does not end at the lateral angle of the eye but is
continuous with the temporal fascia’>. The cc of la-
cp 2 is located over this fascia, whereas la-cp 3 is
located in the masseteric fascia, which is continu-
ous with the temporal fascia.

2 The triangular muscle or depressor anguli oris fuses with the
zygomaticus muscle above and laterally with some fascicles of
the platysma. This same muscle is said to receive some mus-
cular slips originating from the masseteric fascia, which after
passing via the depressor anguli oris converge towards the cor-
ners of the lips. Often slips that are placed deeply to the trian-
gular muscle pass below the chin to unite with other slips from
the opposite side. (Chiarugi G, 1975)

3 The infraorbital portion of the zygomaticus minor and the
levator anguli oris originate from above the infra-orbital fora-
men on the infra-orbital margin and insert below into the upper
lip. (Chiarugi G, 1975)

74 The levator anguli oris originates from the frontal process of
the maxilla near the medial palpebral ligament, descends ver-
tically and laterally to insert partially into the skin near the nos-
trils and partially into the skin of the upper lip. (Chiarugi G,
1975)

73 Some fascicles of the orbicularis are connected via dense
connective tissue to the temporalis fascia and thus do not end
at the lateral angle of the eye. (Chiarugi G, 1975)



Figure 43. Myofascial unit of antemotion of the trunk.

Mf unit of antemotion of the trunk

Mf unit of ante-caput (an-cp).

Antemotion caput (head) is formed by three
minor units (Figure 43): | = inferior rectus muscle
of the eye; the cc is located between the eyeball and
the median point of the infraorbital margin; 2 =
zygomaticus muscle; the cc is lateral to the ala of
the nostril; 3 = anterior belly of digastric; the cc is
over the inferior border of the body of the mandible.
The unifying element is the facial fascia, which is
tensioned by the platysma.

These cc(s) correspond to the acupuncture points
ST 1, 3, 5 and to the trigger point of the zygomati-
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cus muscle and that of the anterior belly of the
digastric (Figure 44).

Mf unit of ante-collum (an-cl).

Antemotion collum (to lift the head from supine,
bringing the neck forward) is effectuated by
monoarticular (longus colli) and biarticular fibres
(sternocleidomastoid).

The centre of coordination of these vectorial
forces is over the anterior border of the sternoclei-
domastoid laterally to the thyroid cartilage.

This cc corresponds to the acupuncture point ST
9 and to the anterior trigger point of the sternoclei-
domastoid.

Mf unit of ante-thorax (an-th).

Antemotion thorax (to lift the thorax from the
supine position) is effectuated by monoarticular
(sternalis) and biarticular fibres (pectoralis major
and rectus abdominis).

The centre of coordination of these forces is
immediately below the inferior costal margin.

This cc corresponds to the acupuncture point ST
19 and to the trigger point of the descending fibres
of the pectoralis major and not to that of the ster-
nalis muscle, which is only occasionally present.

Mf unit of ante-lumbi (an-lu).

Antemotion of the lumbi (to raise oneself up
from the supine position) is effectuated by monoar-
ticular (those fibres of rectus abdominis that extend
from one tendinous intersection to another) and
biarticular fibres (obliques and transversus