INFLUENCES OF
DYSFUNCTIONAL RESPIRATORY

MECHANICS ON OROFACIAL
PAIN
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The influence of faulty breathing patterns on normal mandibular rest posi-
tion and cervical cranial alignment has been documented.* 7 Increased freeway
space, compression of the temporomandibular and suboccipital joints, increased
posterior intercuspation, and increased cervical lordosis as a result of posterior
cranial rotation or forward head posturing can lead to upper and lower quadrant
postural adaptations, craniofacial alterations, and pain.®  Overuse of both
primary and secondary muscles of respiration often contributes to craniofacial
pain and associated symptoms of cervical origin, largely because of their me-
chanical relation to the cervical and suboccipital region and their influences on
forward head posturing. -

Overuse and reflex guarding of the anterior musculature of the neck is
often associated with acute traumatic events such as whiplash.” Hyperactivity
of the scalenes, longus colli, sternocleidomastoids (SCMs), levator scapula, upper
trapezius, and hyoid musculature as a result of nontraumatic respiratory me-
chanical dysfunction, however, may also result in forward inclination of the
head and concomitant temporomandibular disorders (TMD) and craniofacial
pain (CFP). The influence of specific dysfunctional respiratory mechanics on
TMD as outlined by existing literature is limited. Of more concern is the scanty
existence of documentation on specific treatment for inspiratory muscle fatigue,
dyspnea, hyperinflation, paradoxic breathing, diaphragm hypertonicity, or dys-
synchronous respiration as a result of improper or unbalanced tension between
the diaphragm and the obliques.
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This article reviews the anatomic issues of respiration and the mechanics of
the thorax and their influences of forward head posture and TMD. The role of
strength training, diaphragmatic breathing, and positioning is presented as it
relates to TMD or CFP.

RESPIRATORY ANATOMIC CONCEPTS

Respiratory skeletal muscles are composed of both inspiratory and expir-
atory muscles that depend on each other for ventilation to occur. They each
have an inactive and an active state that pumps air in and out of the gas
exchange portion of the thoracic cage. To understand the mechanics of thoracic
ventilation, one must have a basic appreciation for respiratory muscle function.

Diaphragm

The most important inspiratory muscle is the dome-shaped diaphragm
that separates the thorax from the abdominal cavity. It possesses a central
noncontractile tendinous portion from which radially oriented muscle fibers
descend in an outward manner to insert in the circumferential caudal limits of
the rib cage.* ' * The costal diaphragm inserts in the posterior portion of the
xiphoid process and in the inner surface of the lower six ribs and costal carti-
lages. The crural muscle fiber arises from the arcuate ligament and inserts into
the upper three lumbar bodies on the right and two on the left.?* In individuals
with situs solitus and levocardia, the left hemidiaphragm is always at a lower
position than the right diaphragm. This observation is relevant to all ages
and is believed to exist because of the liver’s shape and support of the right
hemidiaphragm’s form.* Others believe that it is the cardiac mass and not the
liver that determines the posture of the hemidiaphragms.®® It is important to
recognize that there is a certain consistent characteristic position of each hemi-
diaphragm that, in the author’s opinion, does influence the mechanics of the
thorax and postural demands placed on the low back and neck.

Another unique feature of this broad muscle is that each hemidiaphragm
has a unilateral, contralateral cortical representation.* The motor neurons that
_innervate the diaphragm originate at C3 to C5 and travel the phrenic nerve.®

Because the proprioceptor receptors of the diaphragm are sparse, most of the
diaphragm’s ability to compensate for increased demands comes from the Golgi
tendon organs or its intrinsic contractile propertles, similar to the antigravita-
tional or postural muscle.?

The diaphragm’s mechanical action depends on its relationship and ana-
tomic arrangement with the rib cage.” *' The cylindric aspect of the diaphragm
that opposes the lower rib cage constitutes the zone of apposition. The area of
apposition of diaphragm to rib cage makes up a substantial but variable fraction
of the total surface area of the rib cage. It accounts for more than one half of the
total surface at residual volume and decreases to zero at total lung capacity.®
During quiet breathing in the upright posture, it represents one fourth to one
third of the total surface .area of the rib cage.”’ The zone of apposition has
anatomic importance because it is controlled by the abdominal and oblique
muscles and directs diaphragmatic tension. Accessory respiratory muscle over-
use is also influenced by diaphragmatic position and changes in the zone of
apposition.

On contraction, the diaphragm leans against the abdominal content. The
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viscera, the abdominal organs, and ultimately the pelvic floor serve as a fulcrum
while the rib cage lifts and expands % #' If the abdominal content offers no
resistance, secondary to weak obliques, the diaphragm would only displace
itself downward with a smaller increase in abdominal pressure and a concomi-
tant decrease in its lifting and expanding action on the rib cage. When the zone
of apposition increases, the abdominal pressure increases with concomitant
expansion of the lower rib cage.®

It is also argued that diaphragmatic volume displacements cause equal
displacements of abdominal contents.® During quiet inspiration, it is estimated
that more than half of the total rib cage volume goes into abdominal expansion.
The outward displacement of the anterolateral abdominal wall constitutes the
other half of the diaphragmatic displacement.® Without good oblique-abdominal
tone, more than one half of the total rib cage volume would go into abdominal
expansion. A subsequent decrease in the zone of apposition would change
anatomic alignment of anterior cervical muscle and fascia as a result of forward,
outward, and upward displacement of the anterior rib cage. The gravitational
pull on the accessory respiratory muscle secondary to rib cage and abdominal
wall anterolateral displacement contribute to the development of a forward head
and posterior cranial rotation.

Other lnsplratory Muscle Considerations

The diaphragm is responsible for 70% to 80% of the work of breathing under
quiet breathing conditions. The other 30% of inspiratory work is performed by
the scalenes, sternocleidomastoids, external intercostals, and parasternal inter-
costals.

The scalene muscles lift and expand the rib cage during inspiration and are
active during every inspiratory effort and are therefore considered a primary
muscle, not an accessory muscle.® The ribs are also lifted by the parasternal
intercostals. Both of these lifting muscles can draw the head and neck forward
during high levels of inspiratory demand and can create additional stabilizing:
demand from the neck because they increase the anterior-posterior dimension
of the rib’cage.’* Tonic activity of these inspiratory muscles plays an important
role in adjusting and maintaining posture.® It would stand to reason that phasic
activity can therefore contribute to postural discord and a forward head posture
in an upright position.

The inspiratory action of the parasternal and scalene muscle groups on the
upper thorax is to counteract the expiratory action of the diaphragm on the
upper rib cage.®* As the diaphragm descends, it decreases the pleural pressure
necessary for inspiration. The decrease in pleural pressure is greatest in the
cephalad regions around the apex of the lung.® If unopposed by the contraction
of the parasternals and scalenes, the upper rib cage moves inward in a direction
that is reflective of expiration. Thus, a forward head posture could lead to
unopposed diaphragmatic inspiration, decreased pleural pressure, and patterns
of dysfunctional breathing. :

The sternocleidomastoid muscles, because of their insertion onto the mas-
toid process and occipital bone, probably have the most significant influence on
posterior cranial rotation and forward head posture. As an inspiratory muscle
group, they enhance the pump handle elevation of the first rib and the sternum.
They remain active at high levels of ventilatory demands or at high lung
volumes such as the case of hyperinflation.™

Although the pectoralis major, pectoralis minor, latissimus dorsi, serratus



anterior, and trapezius are not typically considered accessory respiratory mus-
cles, the author believes they become respiratory oriented rather than posturally
oriented in the dysfunctional dyssynchronous or paradoxic breather. All of these
muscles influence the rib cage and an extrathoracic anchoring point.®® Because
of their insertions, they assist with inspiration and the pulling of the rib cage
up and out.” Dyspneic patients assume a forward head posture to increase the
resting diaphragmatic length, the zone of opposition, and contractibility.® Pa-
tients who have forward head postures lean forward and often rest their arms
on a hard surface to anchor these extrathoracic muscles. This position increases
their length and assists in their ability to generate greater pull or lift of the ribs.

Expiratory Muscle

The rectus abdominis, external and internal obliques, transverse abdomi-
nals, interosseous part of the external intercostals, and transverse thoracic mus-
cles are all expiratory muscles, yet can be considered accessory in nature because
of their elastic recoil of the lungs in the asymptomatic individual.!2*3-® These
muscles, especially the obliques, are responsible for formation of a fulcrum for
diaphragmatic contraction during inspiration, increased lung volume, lengthen-
ing of the diaphragm at rest and end expiration, and increased zone of
apposition.* * They preserve active trunk rotation, shape and stability of the rib
cage, abdominal pressure, and favorable diaphragmatic length tension curve,!? 5
Because the radius of the curvature of the diaphragm is also decreased, the
transdiaphragmatic pressure of a diaphragmatic contraction increases.”

Weakness of the oblique muscles allows for excessive shortening of the
diaphragm, decreased descent of the diaphragmatic dome, and strain of lumbo-
costal ligaments and crura. Over time the length tension curve is decreased, and
the diaphragm becomes postural in orientation at its posterior linkage with the
quadratus lumborum and psoas musculature and fascia.” It can be argued that
the abdominal muscle is eccentric in nature during inspiration because of the
need to maintain a zone of apposition, length-to-tension ratios between the
diaphragm and abdominals, and stability and support during trunk rotation.
Abdominal weakness, as outlined in Table 1, can have a subtle yet impacting
effect on posture and TMD.

MECHANICS OF THE THORAX

Breathing and its mechanics involve displacement of the abdominal wall or
the rib cage.?”-* % The total volume change of the thoracic cavity equals the sum
of the volumes displaced by the abdominal wall and rib cage, which also equals
‘the volume change of the lung. Forces developed by the inspiratory muscles act
on the abdomen and rib cage to displace them and to increase lung volume.5

The diaphragm has two components, costal and crural, which function
differently. ™ As the costal aspect of the diaphragm contracts, the dome displaces
the abdominal viscera downward. If the obliques have sufficient length tension,
the viscera and the obliques resist being displaced, and the costal fibers of the
diaphragm develop a force on the rib cage, which lifts it. Costal diaphragmatic
contraction displaces both the rib cage and the abdomen while inflating the
lung.** Contraction of the crural aspect of the diaphragm displaces only the
abdomen while it inflates the lungs, because it attaches only to the lumbar
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Table 1. MAJOR EFFECTS OF PROLONGED ABDOMINAL WEAKNESS ON
TEMPOROMANDIBULAR DISORDERS

Decreases intra-abdominal pressure .

Decreases zone of apposition (seen more often with left hemidiaphragm
involvement) :

Decreases length tension advantage of the diaphragm

Promotes asymmetry of rib cage with torsional influences on alignment of spine
and ribs

Promotes passive rib flares

Decreases lung and intercostal elasticity &

Promotes hyperinflation of lungs secondary to hemidiaphragmatic. flattening
(usually on the left)

Facilitates overuse and overdevelopment of accessory inspiratory muscle

Promotes dyssynchronous or asynchronous breathing patterns

Profotes forward head postural.compensation

Alters suboccipital proprioceptive input

Increases cervical, cranial, and mandibular joint compression

Alters posterior occlusal contact : :

Promotes mandibular reposition

Facilitates masticatory hyperactivity, temporomandibular joint hypomobility, and
craniofacial pain

spine.”” The two components of the diaphragm have different segmental innerva-
tion, different actions, and different embryologic and evolutionary origins. &

Therefore, it is important to respect the diaphragm as two separate muscles,
crural and costal, and as two hemispheres, left and right. Length-to-tension
ratios, tone, coordination of timing between the upper and lower diaphragm
and between the left and right hemispheres, and passive or active properties of
the thorax can all influence the external intercostal muscles or accessory muscles
and ultimately the demand on the head and neck for structural anchoring.

Length-Tension Relationships

To preserve lung tidal volume and proper thoracic symmetry, both the rib
cage and the abdominal expiratory muscles must work together to maintain or
restore diaphragmatic length and length tension.® Length tension can be de-
scribed as the tension exerted by a skeletal muscle fiber as a result of the length
at which it contracts. Skeletal muscle generates force optimally at its usual
resting length. As it shortens, it generates force less effectively, until at a length
between 40% to 65% of resting length, the active force generated falls to zero.

The maximal negative pressure that can be generated by the inspiratory
muscles is greatest at residual volume and decreases as a function of lung
volume, becoming zero at total lung capacity. Maximum positive pressures
exerted by the expiratory muscles are greatest at large lung volumes and de-
crease as lung volume decreases, becoming zero at residual volume.®* ¢ Inspira-
tory muscles would be maximally stretched at residual volume and maximally
shortened at total lung capacity. The opposite would be true of the expiratory
muscles.* Mechanical effectiveness of the inspiratory intercostal muscles is re-
duced, also, at large lung volumes, at which there is a more horizontal position
of the ribs and a greater angle between inspiratory intercostals and subjacent
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ribs. Less transdiaphragmatic pressure is likely with a larger diaphragm radius
or at larger lung volumes (hyperinflation).

Therefore, abdominal muscle resting tension complements the inspiratory
action of the diaphragm by facilitating an increase in pressure in the abdominal
compartment rather than outward protrusion of the abdomen during diaphrag-
matic contraction.' ® The zone of apposition and dome shape of the diaphragm
are maintained during inspiration by abdominal or internal oblique muscle
resting tension supporting the abdominal viscera up against the diaphragm.™

Respiratory Muscle Tone

Muscle tone is important for any of the skeletal muscles of the trunk. The
trunk muscles are postural in nature. In other words, they are responsible for
gravitational support and rotational demands. To respond efficiently to these
upright demands, the agonistic and antagonistic trunk muscle at rest remains
balanced through development of tone. Antagonistic tone, for example, of the
internal obliques maximized the concentric contraction of the diaphragm and
restores the diaphragm’s postcontraction length.

Respiratory muscle manifests in both phasic and tonic activity.® Phasic
respiratory activity reflects either inspiration or expiration. Tonic respiratory
activity reflects activity that is continuous in both inspiration and expiration
phases. Electromyography testing demonstrates tonic activity in intercostal and
cervical accessory muscles and in the diaphragm during abdominal mass load-
ing. Abdominal muscle tonic activity is generally present during standing and
somewhat less during sitting. Little activity has been noted in supine.® Evidence
shows that patients with severe chronic obstructive lung disease have significant
tonic activity, generally greater than normal, in the cervical accessory and
abdominal muscle.! Another study has demonstrated increased tonic activity in
both the diaphragm and the intercostal muscles in acute episodes of asthma.”

It can be theorized that increased tonic tone of the cervical accessory muscles
and the diaphragm occurs as a result of decreased antagonistic tonic activity of
the abdominal musculature. This is often the case seen in the clinic with patients
who reflect forward head postures and temporomandibular dysfunction. Large
lung volume or hyperinflation, usually seen more so on the left chest, suggests
hypertonicity, or possible spasticity of one or both hemidiaphragms. Clinically,
the author has found hemidiaphragm hypertonicity complementing ipsilateral
abdominal and oblique muscle weakness. This pattern is usually seen involving
the left hemidiaphragm with contralateral cervical symptoms and dysfunction
on the right.?

_Another study outlines the relationship of diaphragmatic spasm or hyper-
tonicity to noncardiac sources of chest pain and dyspnea.” Patients with tempo-
romandibular dysfunction often report accompanying difficulty with episodes of
respiratory difficulty and tightness of substernal or chest area. Other associated
symptoms may include apprehension, anxiety, sweating, and pallor. The author
has also seen a number of patients with temporomandibular dysfunction express
and locate pain in or near the right hypochondrial region. Fluoroscopy demon-
strates that the pattern of respiration in these types of patients reflects failure of
the diaphragm to rise in relaxation to its former level with each successful
expiration.” This dysfunctional pattern also seemed to be enhanced with quick,
deep inspiratory movements. Thus, each breath made the lungs more inflated
and the diaphragm tighter until ventilatory capacity was exceeded with the
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diaphragm apparently tightly contracted. This flattened diaphragm usually in-
volves the left hemidiaphragm more than the right.*'

Pain from diaphragmatic spasm or hypertonicity is relayed by both the
phrenic nerve that enters the spinal cord at the third, fourth, and fifth cervical
segments and the thoracic segments. The location of diaphragmatic pain may
be similar to that of angina pectoris or may be comparable to stitch in the side
discomfort that frequently occurs in runners. The mechanism of this pain ap-
pears to be that of sustained muscle contraction of the intercostals and diaphrag-
matic spasm encouraged and facilitated by rapid, deep respiration.”

Asymmetric tone between the hemidiaphragms can shift pressure below
the hemidiaphragms, shift abdominal viscera, reduce effectiveness of rib cage
muscles, and reduce trunk flexibility or ability to rotate and diminish ventilation,
thereby placing greater demand on anterior cervical accessory respiratory mus-
cle. For example, weakness of the obliques, accompanied by contraction of the
single right hemidiaphragm, would displace the right abdominal contents cau-
dad, driving the abdominal viscera cephalad on the left, thereby pushing the
viscera against the left lung and mediastinum. Displacement of the mediasti-
num would, in turn, in this case, compress the right lung. A patient with this
asymmetry can be expected to reduce pleural pressure during inspiration more
on the side with the intact diaphragm than on the other side. This would result
in transmediastinal pressures, which drive the mediastinum toward the side
with the intact diaphragm.® This kind of displacement decreases the mechanical
efficiency of the intact diaphragm in expanding the lung on that side; part of
the diaphragmatic volume displacement is wasted in the mediastinal displace-
ment. This results in counterclockwise rotation of the thoracoabdominal contents
and equal volume displacements of the mediastinum and hemidiaphragm with
no change in lung volume and no changes in pressure.**% Greater inspiratory
efforts through the cervical accessory muscle are needed because of this rotation
of the abdominal viscera; mediastinal shifting; and shortening, lowering, and
flattening of the diaphragm. The diaphragm begins to take on a more postural
mechanical role because the resultant shorter operational length of the dia-
phragm reduces its maximal tension in respiration, and static diaphragmatic
tension complements the increased demand placed on the parallel paravertebral
muscle fiber of the back.

Static overcontraction of the diaphragm also changes the rib cage dimension
and anatomic arrangement of the ribs. The osseous relationship of the ribs to the
vertebrate influences external or outward rotation of the ribs as the diaphragm
contracts.® ¢ As a result of ongoing external rotation of the mid to lower
thoracic ribs, secondary to diaphragmatic or hemidiaphragmatic hypertonicity,
the normal kyphosis of the thoracic spine is reduced, the posterior mediastinum
is lengthened or stretched, and the midthoracic spine becomes flatter. Compensa-
tory increase of lumbar lordosis and posterior rotation of the cranium also
become inevitable. _

Lastly, a more tightly curved diaphragm with a smaller radius results in a
more effective conversion of tangential tension to transdiaphragmatic pressure.
The more flat the diaphragm or hemidiaphragm becomes as a result of hyperto-
nicity or oblique weakness, the less effective the tangential tension and thus
the lower the transdiaphragmatic pressure.” % This translates into increased
ventilatory demand on the cervical anterior accessory muscle and fascia. There-
fore, to maximize tangential tension and transdiaphragmatic pressure, it is
necessary to impede diaphragm shortening by contracting the abdominal mus-
cles and keeping the rib cage size constant.®



Coordination and Timing of Respiratory Muscle

Normally, when one breathes strenuously against high inspiratory or expir-
atory resistances, paradoxic motion of the chest and abdomen can be observed.
Asynchronous breathing usually is not the result of poorly coordinated action
of respiratory muscles but probably the result of an ineffective, low, flat dia-
phragm.' Therefore, before one can be successful in improving sequential, timed
respiration, reestablishment of appropriate diaphragmatic position and length
needs to be addressed.

Alterations in the timing of contractions between the diaphragm, other
inspiratory muscles, and the obliques may result in synchronous or dyssynchro-
nous thoracoabdominal movement. Dyssynchrony of the rib cage and abdomen
may also occur when the intensity of contraction differs from one muscle group
to the other. Therefore, coordinated muscle timing and intensity of contraction,
which is related to muscle tone properties, can have an impact on respiratory
efficiency, endurance, and physiologic activities. There is evidence that shows
dyssynchrony of the respiratory muscles in some patients with severe chronic
airway obstruction during unsupported arm work.>? It appears that some of the
muscles of the upper torso partake in activities other than breathing, which
results in competing ventilatory and nonventilatory work with resultant devel-
opment of dyssynchrony.?

Respiratory muscles possess no intrinsic contractile mechanism. The breath-
ing cycle is regulated by a complex system of organized neurons.'> * The
respiratory muscles are innervated by a wide distribution of motor neurons
from the sternocleidomastoids (cranial nerve XI) to the abdominal muscles (L1).
Automatic and voluntary pathways are all different; however, the respiratory
and tonic functions of some of these muscles are integrated at the spinal level.
The complexity of this rhythmic autonomous breathing system continues in that
some of the respiratory muscles participate in other physiologic activities, such
as maintenance of posture, speech, defecation, and parturition. Therefore, to
perform one or more of these functions and continue to breathe, it is necessary
to maintain a high degree of coordination, timing, and tonic balance.®

Respiratory alterans consists of an alternation of predominantly thoracic and
predominantly abdominal respiratory movements. This phenomenon represents
an alternating process of fatigue and recovery between the diaphragm and the
rib cage muscles.” Alternating paradoxic movement represents a condition of
respiratory muscle weakness or fatigue in which an attempt is made by the
patient to shift the load among various muscle groups. During unsupportive
arm exercise, the patient loses effective use of respiratory muscles attached to
the upper shoulder girdle.

On careful visual observation of the neck and abdomen, one can distinguish
abdominal muscle compensation from diaphragmatic weakness. It is character-
ized by contraction of the external oblique muscles during expiration in the
upright position, thus raising the diaphragm dome into the rib cage. Then
the abdominal muscles relax and the diaphragm descends during inspiration.
Abdominal muscles and gravity are used by the patient to pump the diaphragm
in its normal direction.

Abdominal muscle compensation of respiratory alterans is different from
rib cage paradox. Patients with weak rib cage musculature, secondary to trauma
or thoracic outlet surgery, do not have the respiratory muscles of the upper
thorax and neck to stabilize the rib cage. When the diaphragm contracts, it
generates a more negative pleural pressure as the lungs expand, which tends to
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collapse the rib cage. Rib cage paradox reflects rib cage movement in the wrong
direction during inspiration.™

Passive Properties of the Thorax

Low chest wall compliance has been shown to influence patients who
breathe in paradoxic patterns of rapid, shallow respiration.®” These patients
theoretically would have been expected to breathe slowly and deeply. Passive
chest wall stiffening, however, increases respiratory work and contributes to
respiratory disability. There are no studies to date that reflect the relationship
or influence of decreased chest wall flexibility on asthma, emphysema, or for-
ward head posturing (Hoover’s sign).

The volume-pressure curve of the thorax in normal humans is such that its
unstressed or neutral volume is found between 60% and 70% of the total lung
capacity.® If this volume-pressure curve falls below neutral volume, the elastic
recoil force exerted by the passive chest wall is directed outward then has an
inspiratory effect. Above this neutral volume, the thorax’s elastic recoil is in-
wardly directed and thus has an expiratory effect.s

Individuals who have a hyperinflated thorax and whose functional residual
capacity is well above their total lung capacity require recruitment of inspiratory
muscle. Because the elastic recoil force of the thorax is inwardly directed, the
inspiratory muscles must work against the elastic recoil of both the chest wall
and the lungs, rather than just the recoil of the lungs alone. The inspiratory
muscles are no longer assisted by the elastic recoil of the chest but must work
against it. Functional residual capacity is determined by the static equilibrium
between the elastic recoil forces of the lungs and of the chest wall, which are
equal in magnitude. In the hyperinflated chest, the increased volume cannot be
maintained by this normal mechanism but must be maintained by airway
collapse or by inspiratory muscle recruitment or tonic activity at end expira-
tion. 4. 56. 65

RESPIRATORY DYSFUNCTION IN RELATION TO POSTURAL
IMBALANCE

Hyperinflation, dyspnea, and hypercapnea or inspiratory fatigue are the
most common respiratory dysfunctional problems seen in patients experiencing
temporomandibular dysfunction and associated pain. Reviewing these disorders
helps clinicians better understand their relationship to cervical, cranial, and
mandibular function and, therefore, appropriate treatment.

Hyperinflation

Hyperinflation occurs frequently in the presence of airway obstruction (asth-
matics) and through the loss of elastic recoil by the lung (chronic smokers).
Hyperinflation, owing to the shortening fiber length of inspiratory muscle,
decreases the force available or the pressure developed for any given level of
excitation.® Therefore, a given pressure swing necessary for an adequate alveolar
ventilation requires greater excitation and a greater percentage of the maximum
pressure available.** This increases energy consumption for a given workload,
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decreases efficiency, and places additional demand on the cervical accessory
respiratory muscles.

Tonic contraction of the intercostal and accessory muscles is an important
determinant of end-expiratory lung volume in both asthmatics and nonasthma-
tics.* 4757 During hyperinflation, the tonic force of the intercostal and accessory
muscles increases. These muscles remain contracted throughout the respiratory
cycle, which further increases energy demands and work while efficiency de-
creases. This persistent, ongoing contraction of the inspiratory muscles through-
out the respiratory cycle adversely affects their own blood flow, fatigue level,
and efficiency.®® Sustained contraction of the intercostal and accessory muscles
also results in a decrease in energy supply. The diaphragm flattens, the axial
direction of the fibers decreases, and the area of opposition becomes smaller as
the diaphragmatic fibers are dissected obliquely upward.5' As the diaphragm
progressively loses its ability to expand the rib cage, it begins to have an
expiratory action on the rib cage.* As a result of net reduction in the transverse
diameter of the rib cage, these patients begin to demonstrate Hoover’s signs.’s
These patients compensate by lifting or pulling the anterior chest wall with
cervical muscles through pump handle motion and rib cage expansion. Overuse of
the scalene, platysma, hyoid, sternocleidomastoid, and inframandibular muscles,
while the patient is in the upright position, influences somatognathic develop-
ment of compensatory patterns and resultant craniofacial pain and headaches.®
These patients lean forward, as they develop posteriorly rotated craniums, so
that they can breathe more easily. Therefore, hyperinflation may place both
the diaphragm and the other inspiratory muscles at a threatening mechanical
disadvantage because of this' geometrical alteration and these compensatory
relationships. Table 2 summarizes this discussion.

Dyspnea

Dyspnea, the distressful sensation of uncomfortable breathing, increases
with an increase in inspiratory muscle resistance and with a reduction in maxi-

Table 2. SUMMARY OF HYPERINFLATION HELATIONSHIPS

Decreased elastic lung recoil
Shortened length of inspiratory muscle

Decreased inspiratory force

Increased need for inspiratory muscle neural excitement

Increased inspiratory muscle energy consumption

Decreased diaphragm efficiency

Increased cervical accessory respiratory demand

Increased ongoing tonic activity of intercostal and accessory muscle
Increased energy demands and respiratory fatigue :
Decreased circulatory blood flow to inspiratory muscle (hypoxemia)

Decreased cephalocaudal diaphragmatic muscle fiber orientation (flattened
diaphragm) '
Increased expiratory action of the diaphragm (upon contraction, the diaphragm

pulls the costal margins together without lowering its dome' and without
producing a transdiaphragmatic pressure difference)
Decreased area of apposition
Increased pull on cervical extensors, rotators, and accessory respiratory muscles
Increased Hoover's sign and forward head posture

10
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mal force produced by the inspirational muscles.* * In the maintenance of large
and fatiguing resistance loads, the contribution of these muscles to the ventila-
tory effort varies over time, in that as the diaphragm decreases activity, sterno-
cleidomastoid recruitment increases.* © The diaphragm may lack the sensory
‘receptors necessary to mediate the sensation of dyspnea. The diaphragm is
poorly supplied with muscle spindles and afferent receptors, which some have
hypothesized to mediate the sensation of dyspnea.> 77 A shift in ventilatory
work from the rib cage and accessory muscles to the diaphragm with voluntary
diaphragmatic breathing may reduce the sensation of dyspnea.t

Those who do not practice diaphragmatic breathing exercises alter their
body position, so that the diaphragm is enabled to assume a greater portion of
the muscular work of breathing. This relieves the inspiratory accessory muscles
of the task. Proprioceptive impulses from the accessory muscles reduce, which
leads to reduction in the sensation of dyspnea. Postural relief of dyspnea is
correlated with reduction or cessation of accessory muscle activity.?

Dyspnea or shortness of breath leads to the development of a forward head
posture with the encouragement of posterior cranial rotation. This position
reverses the suboccipital kyphosis into a lordosis producing approximation of
the occiput to the atlas and axis. Suboccipital compression may compromise the
trigeminocervical complex.

Normal shoulder girdle posture cannot continue in the presence of a pro-
longed forward head posture. As the occiput approximates the shoulder girdle,
shortening of the upper trapezius and levator scapulae occurs. Forward migra-
tion and internal rotation of the glenchumeral joint and compression of the
sternoclavicular and acromioclavicular joints with concomitant shortening of the
pectorals can all be attributed to influence of dyspnea. Cumulative factors
leading to shoulder impingement, temporomandibular loading, and neurovascu-
lar compression syndromes exist.

Headaches relating to dyspnea originate usually in the occipital vertex,
retroorbital, and temporal regions because of irritation of the greater occipital
nerve, which courses through the semispinalis capitis and occipital attachment
of the upper trapezius muscle. Pain referred from the upper trapezius to the
temporal arch may produce contraction of the temporalis muscle, a primary
elevator of the mandible.

TREATMENT CONSIDERATIONS

In reviewing the literature, this clinician found no difficulty in finding
information on improving diaphragmatic contractility through the use of drugs
and restoring the balance between energy supply and demands by treating
hypoxemia, improving cardiac output, and by treating bronchospasm or pulmo-
nary edema. General fundamental approaches were used in training individuals
to improve respiratory strength or endurance or both. Ventilatory muscle
strength has been increased in normal subjects by having them perform maxi-
mum static inspiratory and expiratory pressure maneuvers repeatedly® and in
quadriplegic patients by having them breathe through resistances. It is likely
that an increase in respiratory muscle strength provides sufficient reserve to
overcome a sudden increase of respiratory load and improves endurance by
decreasing the function of maximum pressure required to breathe3; however, it
does not necessarily improve length-to-tension ratios, diaphragmatic alignment,
zone of apposition, or antagonistic-agonistic tone.

Few authors recognize the importance of balancing the respiratory system

11
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Figure 1. A-F. Reverse curl downs. With knees straight in a long seated position, breathe
in through the nose. Lower the back to the firm surface slowly, while curling the back,
reaching with extended arms and blowing slowly through curled lips. The low back will
touch the surface first, followed by midback and then the head. Inhale through the nose.
Turn to one side and blow out again as the trunk curls up. Repeat eight times, alternating

cutl ups from one side fo the other.
Hlustration continued on opposite page
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Figure 1 (Continued).
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through diaphragmatic breathing techniques that are simultaneously carried out
during specific oblique strengthening exercises. In addition to concerns regard-
ing lack of respect for the importance of the oblique strengthening, the author
found scanty information on polyarticular muscle chain influence on torsional
and rotational dysfunction of the trunk and thus on the head and neck. In fact,
only one article reviews the important relationships between the diaphragm and
the psoas and the mandible and the abdomen.*

Specifically, one needs to remember the importance of strengthening the
internal obliques and the gluteals to help maintain proper diaphragmatic length-
tension tone and zone of apposition. Rotation of the trunk needs to be secured
equally to both directions so that dyssynchronous patterns of respiration can be
minimized, and inflexibility and asymmetric tone of both the postural and the
respiratory muscles can be avoided. Stretching regularly the pectorals, latissimus
dorsum, shoulder internal rotators, and hip flexors assists in decreasing rotary
restriction patterns and possible scoliosis. Coordination and timing of respiratory
muscle, passive and active properties of the thorax, and respiratory dysfunc-
tional patterns in relation to postural imbalances would all improve through
specific diaphragmatic breathing exercises. Emphasis should also be placed on
the following:

1. Pause after each breath out and let the diaphragm set the breathing rate,
not the accessory respiratory muscle.

2. Remember that the exhalation phase should be two times longer than

the inhalation phase. :

Inhale regularly through the nose.

Exhale periodically through curled lips.

Breathe once every 5 to 6 seconds.

Wear- unrestrictive clothing.

Keep the head up and between the shoulders, not in front of them.

NGk

To help restore and maintain hemidiaphragmatic alignment, reverse curl-
downs should be carried out daily (Fig. 1). To help dyspnea in the early stages
of treatment and before the development of good oblique strength and trunk
control, consider the use of an abdominal-oblique corset, with elastic wrap-
around straps that can be angled down toward the pubis to help maintain
abdominal pressure and assist with oblique position and awareness. Finally,
emphasis should be placed on relaxation techniques and tools; walking; shifting
weight from side to side when standing; and prolonged exhalation through
whistling, humming, singing, counting, or talking slowly using phonetic empha-
sis. Asthmatics need to maintain nasal passage, and smokers need to consider
cessation before assuming that any intervention will be successful in treating

TMD.

SUMMARY

This article reviewed the anatomic issues of respiration and the active and
passive mechanics of the thorax as related to dysfunctional breathing. Influences
from respiratory dysfunction on forward head posture and temporomandibular
dysfunction were offered. Discussion of inspiratory and expiratory muscle re-
sponsibilities, effects of diaphragmatic dystonia and abdominal weakness, and
results of improper coordination and timing of respiratory muscle should all
give the dentist and physical therapist an appreciation of the need for careful

14
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observation and appropriate treatment with the patient experiencing TMD and
dysfunctional respiratory mechanics. Summaries of hyperinflation relationships
and treatment considerations should help in the management of TMD.
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