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Abstract
Working on the diaphragm muscle and the connected diaphragms is part of the respiratorycirculatory osteopathic model. The breath allows the free movement of body fluids and
according to the concept of this model, the patient's health is preserved thanks to the cleaning
of the tissues by means of the movement of the fluids (blood, lymph). The respiratory muscle
has several systemic connections and multiple functions. The founder of osteopathic medicine
emphasized the importance of the thoracic diaphragm and body health. The five diaphragms
(tentorium cerebelli, tongue, thoracic outlet, thoracic diaphragm and pelvic floor) represent an
important tool for the osteopath to evaluate and find a treatment strategy with the ultimate
goal of patient well-being. The two articles highlight the most up-to-date scientific information
on the myofascial continuum for the first time. Knowledge of myofascial connections is the
basis for understanding the importance of the five diaphragms in osteopathic medicine. In this
first part, the article reviews the systemic myofascial posterolateral relationships of the
respiratory diaphragm; in the second I will deal with the myofascial anterolateral myofascial
connections.
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Osteopathic manual medicine (OMM) was founded by Dr AT Still in the late nineteenth century
in America [1]. OMM provides five models for the clinical approach to the patient, which act as
an anatomy physiological framework and, at the same time, can be a starting point for the best
healing strategy [1]. The five models are: biomechanical-structural; respiratory-circulatory;
neurological; metabolic-nutritional; behavioral-biopsychosocial [1]. The models were
developed by the Educational Council on Osteopathic Principles (ECOP) of the American
Association of Colleges of Osteopathic Medicine (AACOM) since 1970 and approved by the
council of deans in 1987 [1]. In 2012 the five models were also recognized by the osteopathic
international alliance (OIA) [1].
In clinical practice there will always be a subjectivization in the choice of the model, with
interchangeability of the same models; the models are not limits but rather non-binding
reference points [1]. The biomechanical-structural model is a somatic evaluation/approach for
body movement and posture; the neurological model evaluates and works on the
communication of the various neurological systems. The metabolic-nutritional model
highlights how cellular metabolism works, as well as the assimilation of nutrients, the immune
and reproductive systems; the behavioural-biopsychosocial model controls and regulates the
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circadian rhythms of sleep, daily behavior with respect to physical activity, food choice and
lifestyle in general [1]. The respiratory-circulatory model, the theme linked to the vision of the
five diaphragms, takes into account the homeostasis of the extracellular and intracellular
environment with the aim of ensuring that no obstacles prevent either the supply of oxygen
and nutrients, or the elimination of cell metabolism waste [1].
The rationale of the respiratory-circulatory model is based on the fact that body fluids must
have the ability to circulate freely and the OMM approach will be oriented towards those
anatomical structures that can facilitate the objective, including the respiratory diaphragm
muscle [1]. The first osteopath who spoke of the treatment of the three diaphragms was Viola
Frymann (diaphragm, tentorium cerebelli, and pelvic floor) in 1968 [2]. From the anatomical
point of view, a diaphragm is considered as such on the basis of its "horizontal" body position
[3]. In reality, in the living, there are no such demarcated and linear structures on one plane,
since each macroscopic (and microscopic) structure is three-dimensional, involving infinite
axes and planes of movement, with different tissues that influence each other [4-5].
Talking about diaphragm and diaphragms is a convention. In the late seventies, another
osteopath made palpatory observations involving four diaphragms. Dr. Gordon Zink evaluated
the position of the respiratory diaphragm, the thoracic outlet or high thoracic diaphragm, the
pelvic floor or pelvic diaphragm, and the tentorium of the cerebellum or cerebellar diaphragm.
Its assessment was based on movements induced by the operator, to look for any restrictions on
rotation; while inducing a movement, if the tissue presents an abnormal tension, the slight
push of the operator is slowed down by the tissue or anatomical area taken into consideration
during the evaluation [1]. By comparing the different assessed diaphragms, the osteopath
decides which anatomical structure needs more attention, depending on the greater restriction
of palpated movement. In daily clinical practice, a restriction is referred to as "inspiration
restriction" or "internal rotation", if one or more palpated diaphragms have a preferentially
caudal attitude [1, 6]. On the contrary, a restriction found palpatory in "expiratory restriction"
or "external rotation" is called if one or more palpated diaphragms have a preferentially cranial
attitude [1, 6]. In 2013, the first scientific article came out which highlighted the relationship of
the diaphragm muscle with an additional diaphragm (the fifth), that is, the tongue, through
fascial and neurological connections [7]. In 2015 a second article was published on the five
diaphragms, with the hypothesis of manual treatment; in 2019 the first clinical article appeared
with the five diaphragms and OMM [2, 8]. The article briefly reviews the anatomy of the body
diaphragms and the myofascial systemic anterolateral relationships of the same diaphragms.

Review
Anatomy of the respiratory diaphragm
The diaphragm muscle is the main respiratory muscle. The sternal portion of the diaphragm
involves the xiphoid process of the sternum from its posterior area with small bundles of fibers
[9]. The rib portion arises from the posterior and upper area of the last six ribs, merging with
the transverse muscle of the abdomen [9]. The diaphragm involves the dorsal (D11-D12) and
lumbar (L1-L4) vertebrae. The diaphragmatic portion of the dorso-lumbar area consists of the
right and left medial pillars (MPs), deep and posterior to the sternal and costal (anterolateral)
portion; MPs form an "eight" with anterior inclination, for the passage of the abdominal aorta
and then of the esophagus [10]. The right medial pillar is longer and wider (D11-L4), while the
left medial pillar is shorter and thinner (D11-L2) [9-10]. The vena cava passes through the
phrenic center at about D11 [9]. The intermediate pillars with the medial pillars form the medial
arcuate ligaments, while the lateral pillars will form the median and lateral arcuate ligaments
involving the vertebral body of L1 and L2 and the transverse process, as well as the transverse
process with the last rib, respectively [7]. The median arcuate ligament will merge with the large
psoas muscle and the lateral arcuate ligament with the quadratus lumborum muscle [7]. The
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azygos root and sympathetic nerves pass between the medial and intermediate right pillars,
while the hemizygos vein and left sympathetic nerves pass between the medial and
intermediate left pillars; at the level aortic orifice is located inferiorly of the cistern Quilo
(Figure 1) [7].

FIGURE 1: The area above the diaphragm: the dotted line for
the support of heart 3: inferior vena cava; 10: esophagus; 9:
aorta; 8: tendinous center; 5: lumbar area
Reproduced with permission, from Anastasi G, et al., Anatomia dell'uomo, fourth edition [Human
Anatomy], 2010, Milan: Edi-Ermes, p 173.

The innervation of the diaphragm muscle comes from the left and right phrenic nerves as well
as the vagus nerves; the latter involves the portion of the esophagal hiatus (Figure 2) [7].
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FIGURE 2: The sub-diaphragmatic area
2: tendinous center or phrenic; 16: inferior vena cava; 3: esophagus; 5: aortic orifice; 15: medial
pillar; 14: intermediate pillar; 13: pillar lateral; 6: pillar arcuate medial; 7: lateral arcuate ligament; 10:
quadratus lumborum muscle; 11: psoas major muscle.
Reproduced with permission, from Anastasi G, et al., Anatomia dell'uomo, fourth edition [Human
Anatomy], 2010, Milan: Edi-Ermes, p. 172.

Anatomy of the pelvic floor
The pelvic diaphragm, first named in 1861, is made up of the levator ani muscle (made up of the
iliococcygeus, pubococcygeus and puborectal muscles), and a second muscle referred to as the
coccygeal or ischiococcygeal [11]. The triangular ligament (or urogenital diaphragm or
Carcassonne fascia or middle perineal aponeurosis) is the most caudal portion of the pelvic
floor, placed externally and horizontally [11-12]. The triangular ligament includes the deep
transverse muscle of the perineum; the anterior portion of the ligament is crossed by the
urinary and genital ducts, stretched between the two ischio-pubic branches and turned with
the apex towards the pubic symphysis [11-12]. The levator ani extends from the internal surface
of the pubis to the side of the symphysis, up to the ischial spine; in its path, it involves the
internal obturator muscle with a myofascial connection (tendon arch of the levator ani). The
pubococcygeus and puborectal muscle form the anococcygeal ligament posteriorly; the
iliococcygeal portion originates from the tendon arch of the levator ani, moving medially up to
the coccyx (forming a connective raphe or anococcygeal ligament) [11-12]. The ischiococcygeal
muscle constitutes the posterosuperior portion of the pelvic diaphragm and originates from the
lateral margin of the last sacral segments and coccyx, ending with a thinned portion on the
ischial spine and on the neighbouring portion of the sacrospinous ligament [11-12]. The upper
portion of the pelvic floor is covered with the endopelvic fascia. Another muscle is an integral
part of the pelvic muscle complex, that is, the gluteus maximus. The gluteus maximus muscle is
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connected via a connective tissue strip at the level of the ischioanalis fossa to the muscle
complex of the levator ani; a contraction of the latter is equivalent to a contraction of the
gluteus maximus, as demonstrated by electromyographic and magnetic resonance assessments
[13]. The innervation of the pelvic musculature is complex, as smooth muscle fibers (not just
skeletal muscle fibers) can be found in the levator ani muscle group; these smooth fibers are
found mainly in the central and medial area [14]. This area rich in smooth muscle fibers is
innervated by the sympathetic nerves of the inferior hypogastric plexus; the remaining
muscular area of the pelvic floor is innervated by the levator ani nerve and the pudendal nerve
[15].

Anatomy of the thoracic outlet
Anatomists define the thoracic opening or upper thoracic diaphragm as a thoracic inlet, giving
the motivation that it is an orifice where air and food passes; for clinicians, it is defined as
thoracic outlet, as the passage of blood vessels is emphasized [16]. The upper thoracic
diaphragm consists of the sternal bone and the joints between the first two ribs and the
clavicle; the clavicle and the first two ribs will involve the scapula and the first two thoracic
vertebrae, respectively [16]. The muscle components are the trapezius muscle, the three scalene
muscles, the subclavian muscle and the pectoralis minor muscle; to remember, the presence of
the scalene minimus muscle, which may contain a muscular or purely connective structure [17].
Different vascular-nervous and visceral structures cross the area. The lower roots and trunks of
the brachial plexus with the artery and subclavian vein cross the muscular space, between the
anterior and middle scalene, with the base consisting of the first rib; this passage is defined as
an interscalene triangle [16]. The nervous and vascular pathways continue, to cross a space
between the clavicle and the first rib (costoclavicular space) [16]. The sub-coracoid tunnel,
below the tendon of the pectoralis minor muscle, is the third passage portion of the vascularnervous package [16]. Inside the upper thoracic diaphragm, we find the pleural dome and the
Sibson fascia [18].

Anatomy of the tongue
The lingual complex is made up of intrinsic and extrinsic muscles. The intrinsic muscles are:
transversalis, verticalis, inferior longitudinalis and superior longitudinalis [19]. The extrinsic
muscles, unlike the previous ones, involve the mandibular bone (in particular the genioglossus
muscle) and the hyoid bone: genioglossus, styloglossus, hyoglossus and palatoglossus. The
intrinsic and extrinsic muscles are in pairs (right and left), for a total of 16 muscles [19]. Some
authors consider two other muscles forming the lingual complex, which are part of the extrinsic
musculature: glossopharyngeus and chondroglossus. The first is a muscle strip from the
superior pharyngeal constrictor muscle, while the second is a small contractile district, which
derives from the hyoglossus muscle [19]. The innervation of the tongue comes from the lingual
nerve and the hypoglossal nerve; the two nerves communicate before reaching the lingual
complex [20]. The hypoglossal nerve with the lateral and medial branches enters the
ventrolateral area of the tongue and innervates the genioglossus muscle of the right and left (in
its posterior portion), building a cross innervation [21].

Anatomy of tentorium cerebelli
The tentorium cerebelli is the posterior portion of the complex of reciprocal tension
membranes, the meninges that separate the anatomical areas of the central nervous structures;
the tentorium separates the brain from the cerebellum (Figure 3) [22].
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FIGURE 3: A midsagittal slice of magnetic resonance, where
the tentorium is visible.
The image shows (above) some portions of the meninges, while the following image (below) shows
the venous sinuses and some arteries. Figure A shows the tentorium cerebelli, occipital bone,
corpus callosum, lateral ventricle and cerebellum. Figure B shows the superior sagital sinus, vein of
Galen, internal cerebral vein, inferior sagital sinus, pericallosal artery, cortical veins, straight sinus,
ophthalmic artery, confluence of sinuses, superior petrosal sinus, occipital sinus, inferior petrosal
sinus, internal carotid artery, internal jugular vein, sigmoid sinus and transverse sinus.
Image reproduced with the permission of Marrcella Maria Laganà PhD, Radiology, IRCCS
Fondazione Don Carlo Gnocchi Onlus, Milan, Italy.
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The tentorium cerebelli is located in the posterior cranial fossa with a semilunar shape; it is a
transverse septum or tentorial diaphragm. It covers the cerebellum and acts as a support for the
occipital lobes of the brain mass. Above the supratentorial portion and in the center, the falx of
the brain merges, to continue below with the falx of the cerebellum [22]. The anterior portion is
concave while its posterior area is convex; the tentorium splits and involves in its path the
upper edge of the petrous portion of the temporal bone and posteriorly the squama of the
occipital bone and part of the parietal bone, including the upper petrous sinus and the
transverse sinus, respectively [22]. From the outside, we can delimit the tentorium cerebelli
with our fingers, as it is possible to imagine a line (right and left) that starts from the external
occipital protuberance up to asterion, a small depression that delimits the intersection of the
temporal, parietal and occipital bones. The supratentorial innervation is provided by the nervus
tentorii, an ophthalmic branch of the trigeminal nerve [22]. The subtentorial area is affected by
the spinal nerves (C1-C3), which pass through the foramen magnum of the occipital bone and
hypoglossal holes, and by the tenth cranial or vagus nerves and twelfth cranial or hypoglossal
[22]. The sympathetic system innervates the above and subtentorial portion via the cervical
perivascular plexuses; animal studies show a direct relationship with the stellate ganglion from
the thoracic outlet [22].

Systemic myofascial relationships of the five diaphragms:
posterolateral area
The whole human body is a network of connections, a functional continuum, a holobiont that
interacts with the inside and the outside as a unit [23-24]. The posterolateral areas of the five
diaphragms are connected by a myofascial system (connective and muscle tissue): the
thoracolumbar fascia. The latter is a complex structure of muscles and ligaments comprising
the nuchal area up to the lower limbs and from the surface up to the spine [25]. The suboccipital muscles (rectus capitis posterior minor or RCPmi, rectus capitis posterior major or
RCPma, oblique capitis inferior or OCI, oblique capitis superior or OCS) are linked to the dura
mater. In particular, the first three of these muscles form a myodural bridge, which connects
them to the subtentorial dura mater (cerebellar falx) [26]. The suboccipital muscles are part of
the deep muscles of the thoracolumbar fascia [25]. The nuchal ligament (NL), part of the
trapezius muscle and the superficial thoracolumbar fascia, has a relationship with the dura
mater through a fascia (dense and fibrous structure) called To Be Named Ligament (TBNL);
TBNL, consisting of arcuate or radiated fibers, originates from the posterior and inferior edge of
the NL [26]. TBNL collaborates in the formation of the myodural bridge and the occipital
muscles themselves; before the myodural bridge, they send connective tissue fibers to the
TBNL [26]. Throughout the dural tract of the spine, including the cervical tract and in the
suboccipital area, we can find the denticulate ligaments or Hoffman's ligaments. These
ligaments at the cervical level have a caudocranial direction and have a close relationship with
the posterior longitudinal ligament (PLL) and with the spinal roots, with which roots form a
functional system (nerve roots and denticulate ligaments or NRDL) [27]. PLL is fused with the
periosteum of the vertebrae (from the basioccipital area to the coccyx) and venous pathways
pass through its fibers which will drain into the anterior internal vertebral plexuses [28]. PLL
and NRDL constitute a system that can uniquely influence the dural and muscular system, as
the movement of the vertebrae stimulates the change of myofascial and fascial tension
(muscles and ligaments). The ligamenta flava has a close relationship with the dural tissue at
the cervical level and throughout the vertebral tract, through the posterior epidural ligaments
(PELs) [29]. The suboccipital muscles merge with the occipitofrontalis or epicranius muscle; this
muscle covers the occipital-parietal-frontal area, through a muscular area (occipital and
frontal) and an aponeurosis below the galea capitis or aponeurotic galea [7]. The
occipitofrontalis is innervated by the extracranial portion of the facial nerve (auricular nerve);
it merges with the temporoparietalis muscle, the levator muscle of the eyelid and the Müller's
muscle [30-31]. The levator muscle and Müller's muscle merge with the extrinsic muscles of the
eye via the fascia of Tenon [2]. From an embryological point of view, the musculature of the
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tongue derives from the occipital area and in adults we find these occipital-cervical
relationships in the suprahyoid area, including the perivertebral spaces [19]. The interpterygoid
fascia starts from the base of the skull with a medial vector, covering the oval foramen and the
sphenoid spine, involving the tympanosquamous suture and the sphenopetrosal fissure [32].
The interpterygoid fascia covers the anterior surface of the styloid process, merging with the
styloglossus muscle (part of the extrinsic musculature of the tongue) and with other muscles
such as the styloid and stylopharyngeal muscle, the latter two fundamentals for the functioning
of the tongue [32-33]. The tensor-vascular styloid fascia (from the lower limit of the tensor veli
palatine muscle to the styloid process) laterally covers the styloid prominence and merges,
finally, into the fascial network of the internal carotid artery [32]. The stylopharyngeal fascia
merges into the fascia of the internal carotid artery along with the fascia of the capitis lateralis
muscle and the fascia of the digastric muscle [32]. The interpterygoid fascia involves the fascial
system of the internal carotid anterolaterally, where different fascial structures converge [32].
The palatoglossus muscle is in continuum with the fibers of the superior pharyngeal constrictor
muscle and the pharingobasilar fascia; the latter starts from the pharyngeal tubercle of the
occipital bone and merges with the buccopharyngeal or visceralis fascia [34-35]. The visceralis
fascia covers the pharyngeal muscles and other visceral structures of the neck (pharynx,
esophagus, larynx, thyroid) [35]. The intercarotic fascia or alar fascia involves the visceralis
fascia in its path [35]. The retropharyngeal bands (visceral, alar and prevertebral fascia) are in
communion with the posterolateral muscles of the neck (longus capitis and longus colli,
scalene, levator scapulae) through the prevertebral fascia; the prevertebral fascia can merge
with the anterior longitudinal ligament (ALL) [35]. The alaris fascia (not to be confused with the
alar fascia) extends from the base of the skull to the last cervical vertebrae in a caudal direction
and is found between the carotid fascia and the prevertebral fascia [35]. The connective tissue
layer that covers the NL or superficial fascia of the neck envelops the neck and inserts on the
hyoid bone, up to the lower surface of the mandibular bone; in its path, it wraps the stylohyoid
and digastric muscles, the trapezius and sternocleidomastoid muscles (SCM), the mylohyoid
muscle or buccal floor and the mastoid processes of the occipital bone [36]. The point of contact
between the superficial and deep layer of the fascial continuum is referred to as the superficial
muscular and aponeurotic system (SMAS), with dense and fibrous adhesions between the two
layers at the level of the parotid and preauricular portion [37]. The deep layer involves the
remaining deeper neck muscles (anterior and posterior), the NL, the PLL and the ALL, the
anterior scalene, starting from the base of the skull (Figure 4) [37].

2020 Bordoni et al. Cureus 12(4): e7794. DOI 10.7759/cureus.7794

8 of 14

FIGURE 4: Fascias of the neck
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1: parotid fascia, masseteric fascia; 2: platysma; 3: submandibular gland; 4: external jugular vein; 5:
laryngeal prominence; 6: superficial cervical fascia; 7: anterior jugular vein; 8: the jugular venous
arch; 9: middle cervical fascia; 10: clavicle; 11: superficial cervical fascia; 12: trapezius muscle; 13:
sternocleidomastoid muscle; 14: occipital muscle (of the epicranic muscle); 15: esophagus; 16:
deep cervical fascia; 17: carotid sheath; 18: common carotid arter; 19: internal jugular vein; 20:
chain of the sympathetic nervous system; 21: 6° cervical vertebrae, anterior tubercle; 22: 6° cervical
vertebrae, transverse process; 23: 6° cervical vertebrae, posterior tubercle; 24: levator scapula; 25:
nuchal's fascia; 26: nuchal ligament; 27: semispinalis muscle of the head and neck; 28: splenius
muscle of head and neck; 29: multifidus muscle of the neck; 30: posterior scalene muscle; 31:
middle scalene muscle; 32: vertebral artery; 33: anterior scalene muscle; 34: long muscle of the
neck; 35: phrenic nerve; 36: inferior constrictor muscle of the pharynx, cricopharyngeal portion; 37:
sternocleidomastoid muscle; 38: trachea; 39: omohyoid muscle; 40: platysma; 41: muscle
sternothyroidean; 42: muscle sternohyoidean.
Reproduced with permission Anastasi et al. AA VV, Anatomia dell'uomo, fourth edition, 2010, pp
162. Editor: Edi-Ermes, Milano [Human Anatomy].

The thoracic outlet or upper thoracic diaphragm is in myofascial continuity with the tentorium
and the lingual complex through some structures, such as the trapezius muscle and all the deep
muscles of the cervical tract; the superficial and deep muscles of the posterior column fall
within the system of the thoracolumbar fascia [25]. The cervical posterior superficial fascial
layer continues with the trapezius muscle, overcoming the supraclavicular triangle, and
involves the clavicle, acromion and the spine of the scapula [36]. The posterior cervical layer
merges with the superficial layer at the level of the scapula, merging with the connective tissue
of the subclavian artery [36]. The prevertebral fascia covers the deep fascia and divides at the
level of the carotid tubercle or Chassaignac tubercle at the height of the sixth cervical vertebra;
the fascia follows the deep muscles (medial to the longus colli and the lateral portion of the
anterior scalene), crosses the lateral cervical triangle through the posterior interscalene space
[35]. When the prevertebral fascia divides, it comes into contact with the epidural space
(between the yellow ligament and the dura mater), creating another important dural contact
site; the prevertebral fascia continues its work of connection between the tentorium cerebelli,
the lingual complex, the thoracic outlet [35]. Through the ALL, the prevertebral fascia touches
the suprapleural membrane or Sibson fascia, while laterally it merges with the fasciae of the
axilla creating the axillary ligament or axillary arch or Langher arch [38]. The connective tissue
that surrounds each structure not only brings together every anatomical aspect (solid and
liquid fascia) but this fascial continuum allows the movement of the different structures and
the transmission of innumerable biochemical and mechanometabolic messages [24]. The hyoid
bone plays an important role in that it connects the base of the skull, the tongue and the buccal
floor, and the shoulder girdle (thoracic outlet); the omohyoid muscle connects the myofascial
infrahyoid portion, the scapula, and the posterior portion of the thoracolumbar fascia. The
omohyoid muscle can also arise from the mastoid process of the temporal bone and merge with
the SCM muscle in the clavicular portion, creating the sternocleid-omomastoid muscle or affect
the hyoid bone and clavicle; it can arise from the transverse process of C6 or come into contact
and then merge with the sternohyoid muscle or in rare cases, it may be absent [39]. Usually, the
omohyoid muscle runs posterior to the SCM muscle and passes over the internal jugular vein.
The infrahyoid muscles are surrounded by the deep fascial layer, which layer touches the SCM
muscle laterally [40]. The fasciae of the cervical tract will form the various connective layers
that relate the diaphragm muscle and the previous diaphragms [2, 7]. The deep fascia of the
neck when it reaches the thoracic outlet divides, wrapping the intercostal muscles and the
internal thoracic chest (endothoracic fascia); the latter is in contact with the parietal pleura
[41]. The endothoracic fascia is in communication with all the viscera of the mediastinum
through the visceral fascia. The viscera of the mediastinum are covered by a visceral fascia
deriving from the deep fascia of the neck: the fascia covering the parietal pleura communicates
with the parietal pericardium; the Morosow fascia or interpleural ligament connects the two
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lungs posteriorly; the esophagus and aorta communicate with the two lungs via fascial
ramifications of the meso-esophagal fascia; the latter also connects the bronchi, the parietal
pericardium and the trachea [41]. The broncho-pericardial or tracheobronchial-pericardial
fascia connects the bronchi and the parietal pericardium in the area of the left atrium; the
pretracheal anterior fascia (originates from the thyroid cartilage merges with the posterior
portion of the pericardium and the endothoracic fascia that covers the diaphragm muscle [41].
The parietal pericardium touches the posterior endothoracic fascia of the sternal body and
some ribs (fourth to the sixth in the left area), the endothoracic fascia that covers the
diaphragm muscle or the phrenopericardial ligament; it continues posteriorly to merge with the
endothoracic fascia at the level of D10-D11, enveloping the aorta and esophagus [41]. The
visceral fascia that covers the bases of the lungs merges with the endothoracic fascia that lines
the diaphragm; the triangular or inferior ligaments of the lung (created by the visceral and
parietal fascia) merge with the endothoracic fascia [41]. The membrane of Laimer or
phrenoesophageal membrane (above and below the respiratory diaphragm), involves the
passage of the esophagus at the level of the esophageal hiatus; this membrane merges with the
endothoracic fascia [10]. Below the diaphragm and in communication with the esophagus we
find the muscle of Low and the transverse intertendinous muscle, in conjunction with the fascia
transversalis which covers the lower portion of the diaphragm and which fascia derives from the
endothoracic fascia [10]. The Hilfsmuskel muscle derives from the area of the esophageal hiatus
below the diaphragm muscle, connecting to the celiac trunk or to another vascular structure
such as the superior mesenteric artery; the Hilfsmuskel muscle continues with a connective
bridge to connect and merge with the retro-pancreatic fascia or Treitz's fascia or suspensory
muscle of duodenum, which last connects the upper area of the duodenum [10]. The fascia
covering the lower diaphragm (fascia transversalis) merges with some viscera via connective
tissue connections or fascial ligaments. Glisson's capsule involves a large part of the diaphragm
muscle, the phrenic-gastric ligament (connects the fundus of the stomach), the phrenic-colic
ligaments (connects the ascending colon to the right and descending to the left), hepatic
ligaments (coronary ligament, falciform ligament, triangular ligaments) [7]. Anteriorly, the
lateral pillars merge with the epimysium of the psoas and quadratus lumborum muscles while,
posteriorly, they merge with the thoracolumbar myofascial complex [7]. From the lateral pillars
and precisely from the twelfth rib, the lateral raphe arises, a connective portion that is part of
the thoracolumbar continuum, which raphe inserts above the iliac crest [7]. The transversalis
fascia covers the viscera of the pelvic space transforming into an endopelvic fascia; the latter is
divided into parietal and visceral fascia [7]. The endopelvic fascia covers the muscles that form
the pelvic floor (levator ani and the ischiococcygeus muscle), the internal obturator and the
piriformis muscle; finally, it merges with the presacral and periosteal fascia of the pubic area
[42]. In the path of the endopelvic fascia, we find other small portions of connective tissue such
as the Denonvilliers fascia (between the rectum and the seminal vesicles in men or between the
rectum and vagina in women or the rectogenital fascia), the Walderyer fascia (between the
posterior portion of the rectum at the caudal level of the sacrum and the presacral fascia or
rectosacral fascia) [43]. The transversalis fascia comes into contact with the Gerota fascia or
renal fascia, which covers the kidneys and adrenal glands; the transversalis fascia comes into
contact with the Toldt fascia (fascia that covers the Gerota fascia anteriorly), which expands to
involve many abdominal and pelvic viscera, to merge with the endopelvic fascia and the Fredet
fascia (between the pancreatic-duodenal visceral peritoneum and the ascending mesocolon)
[44]. The fascial system also involves all visceral ligaments (periurethral, paraurethral and
pubourethral and genital ligaments) and all somatic ligaments such as pubic ligaments (arcuate
pubic, superior pubic), sacral ligaments (sacrotuberous, sacrospuberous, sacrospinous, long
posterior sacroiliac and short posterior sacroiliac, anterior sacroiliac and sacroiliac
interosseous) [45]. The thoracolumbar fascia that communicates with the muscular portion of
the respiratory diaphragm posteriorly, continues, involving the lumbosacral and posterior
pelvic muscle area (biceps femoris, piriformis, gluteus maximus, multifidus, longissimus
thoracis, iliocostalis lumborum, erector spinae) [45-48]. The posterior-lateral myofascial
continuum connects all the mentioned diaphragms, constituting an important tool for
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osteopathic medicine for the resolution of dysfunction or the maximum clinical help that a
patient can obtain [2, 49-50].

Conclusions
The article reviewed the myofascial relationships of the diaphragms considered by osteopathic
medicine, such as the respiratory diaphragm muscle, the tentorium cerebelli, the lingual
complex, the thoracic outlet and the pelvic floor. The text briefly reviewed the anatomy and
innervation of the individual diaphragms. The text is updated and with anatomical information
not included in the previous single article.

Additional Information
Disclosures
Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors
declare the following: Payment/services info: All authors have declared that no financial
support was received from any organization for the submitted work. Financial relationships:
All authors have declared that they have no financial relationships at present or within the
previous three years with any organizations that might have an interest in the submitted work.
Other relationships: All authors have declared that there are no other relationships or
activities that could appear to have influenced the submitted work.

References
1.
2.
3.

4.

5.

6.

7.
8.

9.
10.

11.
12.
13.

Foundations of Osteopathic Medicine: Philosophy, Science, Clinical Applications and
Research, 4th ed. Seffinger MA (ed): Wolters Kluwer, Philadelphia, PA; 2018.
Bordoni B, Zanier E: The continuity of the body: hypothesis of treatment of the five
diaphragms. J Altern Complement Med. 2015, 21:237-42. 10.1089/acm.2013.0211
Kolar P, Sulc J, Kyncl M, et al.: Stabilizing function of the diaphragm: dynamic MRI and
synchronized spirometric assessment. J Appl Physiol. 1985:1064-71.
10.1152/japplphysiol.01216.2009
Kim HJ, Wang Q, Rahmatalla S, Swan CC, Arora JS, Abdel-Malek K, Assouline JG: Dynamic
motion planning of 3D human locomotion using gradient-based optimization. J Biomech Eng.
2008, 130:031002. 10.1115/1.2898730
Suzuki N, Hattori A, Hashizume M: Development of four dimensional human model that
enables deformation of skin, organs and blood vessel system during body movement visualizing movements of the musculoskeletal system. Stud Health Technol Inform. 2016,
220:396-402.
Bordoni B, Marelli F: The fascial system and exercise intolerance in patients with chronic
heart failure: hypothesis of osteopathic treatment. J Multidiscip Healthc. 2015, 8:489-94.
10.2147/JMDH.S94702
Bordoni B, Zanier E: Anatomic connections of the diaphragm: influence of respiration on the
body system. J Multidiscip Healthc. 2013, 6:281-91. 10.2147/JMDH.S45443
Bordoni B, Morabito B, Simonelli M, Nicoletti L, Rinaldi R, Tobbi F, Caiazzo P: Osteopathic
approach with a patient undergoing cardiac transplantation: the five diaphragms. Int Med
Case Rep J. 2019, 12:303-308. 10.2147/IMCRJ.S204829
Bordoni B, Marelli F, Morabito B, Sacconi B: Manual evaluation of the diaphragm muscle . Int J
Chron Obstruct Pulmon Dis. 2016, 11:1949-56. 10.2147/COPD.S111634
Bordoni B, Marelli F, Morabito B, Sacconi B, Caiazzo P, Castagna R: Low back pain and
gastroesophageal reflux in patients with COPD: the disease in the breath. Int J Chron Obstruct
Pulmon Dis. 2018, 13:325-334. 10.2147/COPD.S150401
Raizada V, Mittal RK: Pelvic floor anatomy and applied physiology. Gastroenterol Clin North
Am. 2008, 37:493-509. 10.1016/j.gtc.2008.06.003
Bharucha AE: Pelvic floor: anatomy and function . Neurogastroenterol Motil. 2006, 18:507-19.
10.1111/j.1365-2982.2006.00803.x
Soljanik I, Janssen U, May F, et al.: Functional interactions between the fossa ischioanalis,

2020 Bordoni et al. Cureus 12(4): e7794. DOI 10.7759/cureus.7794

12 of 14

14.
15.
16.
17.
18.

19.

20.
21.
22.
23.
24.
25.

26.

27.

28.
29.
30.
31.

32.
33.

34.
35.

36.
37.

levator ani and gluteus maximus muscles of the female pelvic floor: a prospective study in
nulliparous women. Arch Gynecol Obstet. 2012, 286:931-8. 10.1007/s00404-012-2377-4
Nyangoh Timoh K, Deffon J, Moszkowicz D: Smooth muscle of the male pelvic floor: An
anatomic study [Epub ahead of print]. Clin Anat. 2019, 10.1002/ca.23515
Nyangoh Timoh K, Bessede T, Lebacle C, et al.: Levator ani muscle innervation: Anatomical
study in human fetus. Neurourol Urodyn. 2017, 36:1464-1471. 10.1002/nau.23145
Klaassen Z, Sorenson E, Tubbs RS, et al.: Thoracic outlet syndrome: a neurological and
vascular disorder. Clin Anat. 2014, 27:724-32. 10.1002/ca.22271
Natsis K, Totlis T, Didagelos M, Tsakotos G, Vlassis K, Skandalakis P: Scalenus minimus
muscle: overestimated or not? An anatomical study. Am Surg. 2013, 79:372-4.
Miyake N, Takeuchi H, Cho BH, Murakami G, Fujimiya M, Kitano H: Fetal anatomy of the lower
cervical and upper thoracic fasciae with special reference to the prevertebral fascial structures
including the suprapleural membrane. Clin Anat. 2011, 24:607-18. 10.1002/ca.21125
Bordoni B, Morabito B, Mitrano R, Simonelli M, Toccafondi A: The anatomical relationships of
the tongue with the body system. Cureus. 2018, 10:e3695. Accessed: April 17, 2020:
10.7759/cureus.3695
Shimotakahara R, Lee H, Mine K, Ogata S, Tamatsu Y: Anatomy of the lingual nerve:
application to oral surgery. Clin Anat. 2019, 32:635-641. 10.1002/ca.23361
Kubin L, Jordan AS, Nicholas CL, Cori JM, Semmler JG, Trinder J: Crossed motor innervation of
the base of human tongue. J Neurophysiol. 2015, 113:3499-510. 10.1152/jn.00051.2015
Bordoni B, Simonelli M, Lagana MM: Tentorium cerebelli: muscles, ligaments, and dura
mater, part 1. Cureus. 2019, 11:e5601. Accessed: April 17, 2020: 10.7759/cureus.5601
Bordoni B, Simonelli M: The awareness of the fascial system . Cureus. 2018, 10:e3397.
Accessed: April 17, 2020: 10.7759/cureus.3397
Bordoni B, Marelli F, Morabito B, Sacconi B: The indeterminable resilience of the fascial
system. J Integr Med. 2017, 15:337-343. 10.1016/S2095-4964(17)60351-0
Willard FH, Vleeming A, Schuenke MD, Danneels L, Schleip R: The thoracolumbar fascia:
anatomy, function and clinical considerations. J Anat. 2012, 221:507-36. 10.1111/j.14697580.2012.01511.x
Yuan XY, Li C, Sui JY, et al.: The second terminations of the suboccipital muscles: an assistant
pivot for the to be named ligament. PLoS One. 2017, 12:0177120.
10.1371/journal.pone.0177120
Heidari Pahlavian S, Yiallourou T, Tubbs RS, et al.: The impact of spinal cord nerve roots and
denticulate ligaments on cerebrospinal fluid dynamics in the cervical spine. PLoS One. 2014,
9:e91888. Accessed: April 17, 2020: 10.1371/journal.pone.0091888
Alderink GJ: The sacroiliac joint: review of anatomy, mechanics, and function . J Orthop Sports
Phys Ther. 1991, 13:71-84. 10.2519/jospt.1991.13.2.71
Rimmer CT, Adds PJ: The posterior epidural ligament in the thoracic region: a cadaveric and
histological study. Folia Morphol (Warsz). 2018, 77:748-751. 10.5603/FM.a2018.0024
Jeon A, Kim SD, Han SH: Morphological study of the occipital belly of the occipitofrontalis
muscle and its innervation. Surg Radiol Anat. 2015, 37:1087-92. 10.1007/s00276-015-1458-z
Matsuo K, Ban R: Surgical desensitisation of the mechanoreceptors in Müller's muscle relieves
chronic tension-type headache caused by tonic reflexive contraction of the occipitofrontalis
muscle in patients with aponeurotic blepharoptosis. J Plast Surg Hand Surg. 2013, 47:21-9.
10.3109/2000656X.2012.717896
Komune N, Matsuo S, Nakagawa T: The fascial layers attached to the skull Base: a cadaveric
study. World Neurosurg. 2019, 126:500-509. 10.1016/j.wneu.2019.02.078
Gawryszuk A, Bijl HP, Holwerda M, et al.: Functional swallowing units (FSUs) as organs-at-risk
for radiotherapy. PART 1: physiology and anatomy. Radiother Oncol. 2019, 130:62-67.
10.1016/j.radonc.2018.10.028
Sakamoto Y: Configuration of the extrinsic muscles of the tongue and their spatial
interrelationships. Surg Radiol Anat. 2017, 39:497-506. 10.1007/s00276-016-1777-8
Feigl G, Hammer GP, Litz R, Kachlik D: The intercarotid or alar fascia, other cervical fascias,
and their adjacent spaces - a plea for clarification of cervical fascia and spaces terminology
[Epub ahead of print]. J Anat. 2020, 10.1111/joa.13175
Natale G, Condino S, Stecco A, Soldani P, Belmonte MM, Gesi M: Is the cervical fascia an
anatomical proteus?. Surg Radiol Anat. 2015, 37:1119-27. 10.1007/s00276-015-1480-1
Hwang K, Choi JH: Superficial fascia in the cheek and the superficial musculoaponeurotic

2020 Bordoni et al. Cureus 12(4): e7794. DOI 10.7759/cureus.7794

13 of 14

38.

39.

40.
41.
42.

43.

44.

45.

46.

47.

48.

49.
50.

system. J Craniofac Surg. 2018, 29:1378-1382. 10.1097/SCS.0000000000004585
Taterra D, Henry BM, Zarzecki MP, et al.: Prevalence and anatomy of the axillary arch and its
implications in surgical practice: a meta-analysis. Surgeon. 2019, 17:43-51.
10.1016/j.surge.2018.04.003
Sonne JWH: Report of a non-looped variant of ansa cervicalis with omohyoid innervation from
accessory nerve branch and omohyoid attachment to mastoid process. Eur Arch
Otorhinolaryngol. 2019, 276:2105-2108. 10.1007/s00405-019-05436-2
Gervasio A, Mujahed I, Biasio A, Alessi S: Ultrasound anatomy of the neck: the infrahyoid
region. J Ultrasound. 2010, 13:85-9. 10.1016/j.jus.2010.09.006
Bordoni B, Marelli F, Morabito B, Castagna R: Chest pain in patients with COPD: the fascia's
subtle silence. Int J Chron Obstruct Pulmon Dis. 2018, 13:1157-1165. 10.2147/COPD.S156729
Julio Junior HR, Costa SF, Costa WS, Sampaio FJ, Favorito LA: Structural study of endopelvic
fascia in prostates of different weights. Anatomic study applied to radical prostatectomy. Acta
Cir Bras. 2015, 30:301-5. 10.1590/S0102-8650201500400000010
Lee JM, Kim NK: Essential anatomy of the anorectum for colorectal surgeons focused on the
gross anatomy and histologic findings. Ann Coloproctol. 2018, 34:59-71.
10.3393/ac.2017.12.15
Liang JT, Huang J, Chen TC, Hung JS: The Toldt fascia: a historic review and surgical
implications in complete mesocolic excision for colon cancer. Asian J Surg. 2019, 42:1-5.
10.1016/j.asjsur.2018.11.006
Kiapour A, Joukar A, Elgafy H, Erbulut DU, Agarwal AK, Goel VK: Biomechanics of the
sacroiliac joint: anatomy, function, biomechanics, sexual dimorphism, and causes of pain. Int
J Spine Surg. 2020, 14:3-13. 10.14444/6077
Vleeming A, Pool-Goudzwaard AL, Stoeckart R, van Wingerden JP, Snijders CJ: The posterior
layer of the thoracolumbar fascia. Its function in load transfer from spine to legs. Spine (Phila
Pa 1976). 1995, 20:753-8.
Vleeming A, Schuenke MD, Danneels L, Willard FH: The functional coupling of the deep
abdominal and paraspinal muscles: the effects of simulated paraspinal muscle contraction on
force transfer to the middle and posterior layer of the thoracolumbar fascia. J Anat. 2014,
225:447-62. 10.1111/joa.12227
Barker PJ, Hapuarachchi KS, Ross JA, Sambaiew E, Ranger TA, Briggs CA: Anatomy and
biomechanics of gluteus maximus and the thoracolumbar fascia at the sacroiliac joint. Clin
Anat. 2014 Mar, 27:234-40. 10.1002/ca.22233
Benjamin M: The fascia of the limbs and back--a review . J Anat. 2009, 214:1-18.
10.1111/j.1469-7580.2008.01011.x
Joshi DG, Balthillaya G, Prabhu A: Effect of remote myofascial release on hamstring flexibility
in asymptomatic individuals - A randomized clinical trial. J Bodyw Mov Ther. 2018, 22:832837. 10.1016/j.jbmt.2018.01.008

2020 Bordoni et al. Cureus 12(4): e7794. DOI 10.7759/cureus.7794

14 of 14

