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Abstract
As a new science, posture suffers from a lack of definitions, which can often lead to misunderstandings. Looking up the definition

of posture in the Oxford Dictionary one finds: “a position of a person’s body when standing or sitting.” This is a fair explanation for
a dictionary but is unscientific in as far as it provides no inkling about the mechanisms underlying posture. Scientists have adopted
similarly vague definitions for posture. Evidence shows that posture is linked to both postural control and gait and consequently to
their respective neural mechanisms. Muscles and fascia are important elements in maintaining posture while joint positions also

seem to influence it; a subluxation complex could be considered a local postural deviation. Additionally, emotions appear to alter
posture and vice-a-versa.

In conclusion, posture can be defined as the outcome of the overall position of the joints adopted to balance the skeletal segments

against gravity in a given position, serving as a basis for movement and non-verbal communication, maintained by the connective
tissue and muscles under the control of the nervous system.

Defining “good” posture is hard because of the structural differences across genders and races. However, drawing on currently

available knowledge it can be inferred that good posture maintains the symmetry of the body and allows the joints to be in a position
that subjects them to less joint stress and muscle activity, facilitating body physiology towards more positive emotions.
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Introduction
As a relatively new science, posture suffers from a lack of clear definitions, which can often lead to misunderstandings. This situation

differs from that of the science of muscle strengthening, for example, which has clear definitions and well elucidated physiology.

As stated by McGill [1], there is a general negligence of the complexity of the many systems and interactions related to posture. Look-

ing up the definition of posture in the Oxford Dictionary [2] one finds: “a position of a person’s body when standing or sitting.” This is a
fair explanation for a dictionary but is unscientific in as far as it gives no inkling about the mechanisms underlying posture. The problem

is exacerbated when scientists adopt the similarly vague definitions found in dictionaries: “posture is defined as the alignment or orien-

tation of body segments while maintaining an upright position” [3]; “posture is the mechanical relationship of the parts of the body to

each other” [4]; “the human posture is the kinematic relationship between the joints at a given time” [5]; “human posture refers to the

static disposition of limbs and body parts”[6]; “posture refers to the alignment and maintenance of body segments in certain positions”
[7]. Further adding to its complexity, there is a common misconception over the relationship between posture and postural control [8].

On the other hand, considering the fact that postural control is an important part of posture as a system, Myers [9] affirmed that posture,
meaning standing or sitting still, does not exist because humans are never truly static/stationary.
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Thus, given the importance of posture to human health [10], the aim of this review was to provide a deeper understanding of the lat-

est knowledge on the neurology and biomechanics of posture and postural control. It is important to highlight that it is not the objective
of this review to search for scientific proofs of new treatments or forms of assessment. The sole purpose was to identify the different

relationships between posture and other scientific areas to better understand and formulate a definition of posture based on evidence
requiring further validation in future articles before being clinically applied.

Methods

Outline of Search Strategy
A comprehensive search of the clinical research available was carried out. Systematic searches were conducted on the Pubmed data-

base for publications from 2008 to date. Relevant articles found in the references of the studies retrieved were also considered.
Search Terms

The basic search terms for posture were “Posture” OR “Postural”. Other terms used and crossed with the previous two were: balance;

postural control; equilibrium; gait; muscle; muscular chains; biomechanics; fascia; connective tissue; subluxation; joint; temporomandibular; spine; hip; pelvis; knee; foot; shoulder; gender; race; emotions.
Selection Criteria

Given the broad spectrum of this search, all articles shedding light on the mechanisms and relationships of posture were selected. All

clinical studies, including controlled trials, uncontrolled studies, observational studies and case studies were identified. Demographic
studies and assessment studies were also selected. Attempts were made to locate relevant qualitative studies.

No language restrictions were imposed on the search and filtering stage, and translations were obtained for any potentially relevant

studies in languages other than English.

Many articles were excluded on the basis of their title alone. For example, “Postural tachycardia syndrome (POTS)” was clearly not

relevant to this review. The second filtering process was performed based on the abstract while the final stage entailed reading the whole
article.

Results
Searches of the databases yielded a total of 4349 citations for initial screening, 229 of which were used in this article.

Discussion

Posture and Balance
Balance is by far the most studied component of posture. To deal with gravity, the human body has an intricate system to maintain

an upright position, which shapes the muscles and governs tonus. The main components involved in postural control are: the vestibular
system, vision and somatosensory system [11].

While posture still lacks a convincing definition, Pollock., et al. [12] provided the corner stone for the study of postural control in their

explanatory article entitled “What is balance?”. The authors defined some related terms as follows:
•

Balance – according to the third law of Newton [13] this is the state of an object or body when the resultant force acting upon it
equals zero.
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Human balance refers to the ability of not falling over
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Centre of gravity (CoG) is the exact point through which the vector of the body´s weight passes.
Base of support (BoS) is the area enclosed by all points of contact with the support surface.

Postural control is the act of maintaining, achieving or restoring a state of balance during a given posture or activity.

Thus, postural control is associated with three classes of human activity: the maintenance of posture; some voluntary movements such

as gait; and the reaction to an external disturbance to balance [12,14,15].
How balance shapes posture

Unlike quadrupeds, the human upright stance is an inherently unstable position [16]. As seen above, the main function of postural

control is to maintain balance. Balance is attained when the CoG lies within the BoS. When the CoG is outside the BoS the body needs to
produce a stronger reaction to bring the CoG back within the BoS else a fall will result.

Thus, to have good balance or good postural control is not the same as having good posture [10]. Imagine four blocks of the same size

stacked one on top of the other. If they are arranged perfectly the CoG will be dead center of the BoS. Now imagine the same blocks not

perfectly stacked or very poorly stacked. Despite this misalignment, the blocks remain linked and stabilized through lines working rather
like ligaments, thereby maintaining balance. The body works in exactly the same way. If a body segment deviates from its natural position,

another segment must deviate in the opposite direction to maintain equilibrium [10]. The body sacrifices alignment in order to preserve
the upright position, countering the forces of gravity.

A good example of this compensation is the use of high heels. Constant use of stilettos may lead to shortening of the gastrocnemius

and soleus. The action of the triceps surae on the feet is the plantar flexion. Severe shortening will give rise to an equinus foot, a condition
normally seen in neurological patients. On the other hand, in subjects with no neurological impairments, barefoot in a closed kinetic chain,

fully supported by the ground, the plantar flexion movement will incline the tibia backwards, shifting the CoG outside the BoS. To avoid

falling, the body needs to bring one or more segments forward. Compensatory responses include knee hyperextension; pelvic anteversion
with hyperlordosis; shoulder projection forwards; and/or head projection forwards.

This might explain why some studies seeking to correct posture utilizing the classical approach of stretching the shortened agonist and

strengthening the weak antagonist (SSASWA) have failed to obtain positive results [17-22]. For the example shown in Figure 3, attempts

to correct the forward-projected shoulder by pectoralis major stretching and rhomboid strengthening may prove unsuccessful because
the most important muscle to be treated is the triceps surae. Without a return to normal fiber length in this muscle, the body must still
project a segment forward in order to compensate for the backward projection of the tibia and prevent a fall.
Relationship between posture and gait

Some postural deviations can predict gait deficits. In fact, since posture is underpinned by postural control and center of mass (CoM),

and gait equilibrium is in turn dependent on CoM, it follows that posture and gait are related [23]. Consequently, it is likely that most of
the neurological and biomechanical factors affecting one also affect the other.

Foot posture is the most studied factor in the posture-gait relationship [24]. The medial longitudinal arch is crucial for shock absor-

bance and energy transfer during gait [25,26]. This role depends on the shape of the foot [27], bony structure [28], ligamentous stability

[29,30], and muscular fatigue [31]. Other factors influencing the formation of the medial longitudinal arch are race [32], footwear [33,34],
age, and gender [35]. High-arched and low-arched feet seem to be a risk factor for related lesions [36-43].
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An interesting study conducted by Levinger., et al. [43] employed radiography to measure foot posture and a three-dimensional mo-

tion analysis system incorporating a multi-segment foot model to measure gait kinematics. The authors investigated the differences in
foot motion between people with normal and flat-arched feet and found that participants with flat-arched feet demonstrated greater peak

forefoot plantar-flexion, forefoot abduction, and rear foot internal rotation. Additionally, participants with flat-arched feet demonstrated
decreased peak forefoot adduction and a trend towards increased rear foot eversion.

Murley., et al. [44] approached the same problem from a different perspective. The authors studied the relationship between foot pos-

ture and muscle contraction measured by electromyography during gait. They found that, during the contact phase, the flat-arched group

had greater activity of the tibialis anterior and lower activity of the peroneus longus. During midstance or propulsion, the flat-arched
group displayed higher activity of the tibialis posterior and lower activity of peroneus longus.

Since the trunk is important in the maintenance of body balance [45], the presence of spinal deformity alters the CoM during gait, lead-

ing to the development of a pathological gait pattern [23].

Gait pattern is symmetrical in healthy populations [46-49]. By contrast, marked differences can be found between affected and unaf-

fected limbs in pathological gait [50,51]. Scoliosis is a good example of postural asymmetry. According to postural findings, gait patterns of

patients with scoliosis display some differences in symmetry compared to non-scoliotic subjects. These differences can include decreased
step length [52-54] and reduced range of motion (ROM) in the upper and lower extremities (LE) [52]. Another study showed asymmetry
in trunk rotation on the transverse plane. During walking, the trunk rotated asymmetrically to the line of progression, showing minimum

torsion at right heel contact and maximum torsion at left heel contact, consequently producing symmetry in ground reaction force (GRF)
of free rotational moment around the vertical axis [55]. In GRF studies, patients with scoliosis showed asymmetrical gait in the vertical

[56], anterior–posterior [57], and medial–lateral [58] directions. Yang., et al. [23] found asymmetrical gait in the frontal and transverse
planes of the scoliotic group compared to the control group. In their GRF data, the same authors found that the scoliosis group demon-

strated asymmetrical gait in the medial–lateral direction.

Some studies have investigated other trunk morphologies that affect gait. For example, trunk inclination seems to affect gait [45,59,60].

A forward or backward inclination is maintained at gait initiation [61] and during locomotion [62]. A backward thorax inclination showed
less thorax-to-pelvis motion, less motion in flexion/ extension and in lateral bending, and during push-off whereas backward inclination
had more shoulder-to-thorax motion [63].
Muscular biodynamic and Posture

Muscles are the motor system for movement and their tonus also maintains posture. Some biomechanical models challenge the SSAS-

WA model.

The first involves muscle synergies. A muscle synergy is a vector specifying a pattern of relative levels of muscle activation [64,65].

Synergies are also the building blocks from which complex muscle activation patterns are constructed [66-71]. The nervous system
appears to use flexible combinations of only a few muscle synergies to produce a wide range of motor behaviors [66-71]. For example,

muscle synergies specific to walking are similar to the single limb stance [72]. The activation of each muscle synergy is presumed to
be modulated by a single neural command signal [73]. Biomechanical models based on anatomy are crucial for understanding muscle
synergy function [73]. Because of these anatomical interactions between musculoskeletal elements the function of a muscle or muscle
synergy cannot be understood in isolation [73]. Bearing in mind that all muscles accelerate joints but do not cross them, it is clear that
both proximal and distal muscles are coactivated in order to produce stable task function [73-77].

For postural control of standing, only a small set of muscle synergies coactivates muscles along the limbs and trunk [78]. Their activity

responds to specific directions of center-of-mass (CoM) motion [64,68,69,79].
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Some muscle synergies seem to be innate while others are learned. Rudimentary postural responses start at 4-5 months of age in hu-

mans [80]. On the other hand, intersubject variations in muscle synergy patterns and in number of muscle synergies indicate that muscle
synergies can be created according to necessity [73]. Thus, the morphology and experience of each individual interact with each other in

unique ways over time [81] producing a distinct set of muscle synergy patterns. Moreover, muscle synergies themselves may also change
[82].

The second biomechanical model is based on muscle chains or myofascial chains. Françoise Mézières was the first to refer to muscle

chains [83,84]. She discovered this theory and its influence on posture while treating a patient who presented with severe kyphosis complaining of being unable to raise her arms. Strengthening and stretching proved ineffective because of severe rigidity. Laying the patient

down in the supine position and pressing downward on the forward abducted shoulder produced major hyperlordosis. However, when

in a standing position, the patient displayed only kyphosis. Bringing the knees toward the chest resolved the lordosis problem, but the

thoracic hyperlordosis moved up to the neck in this position. From this patient, Mézières started to understand that shortening of one or
more of the back muscles produced functional shortening in most of the posterior chain [85]. In order to deal with this postural problem,

she simultaneously stretched all the muscles belonging to a group she called muscle chains [83]. Interestingly, these chains may in fact be
related to both muscle synergies and postural control, with the latter constituting the third model. All three models hold that one muscle
can alter biomechanics distally. Thus, local treatment may be ineffective for treating postural problems. In fact, the muscle chains model
has proven the most successful of these treatment approaches [86-92] than SSASWA [17-22].
Fascia, Connective Tissue and Postural Globality

According to Findley and DeFilippis [93], fascia shortens and thickens as the body uses postural compensatory strategies, which in

turn can complicate the architectural integrity of the fascia itself. Fascia refers to sheets of dense irregular connective tissue in the human
body: aponeuroses, joint capsules, or muscular envelopes such as the endomysium, perimysium and epimysium [94-96] and extends as

tendons, Sharpey’s fibers, and periosteum. It also forms the retinacula when it thickens transversally across bones to prevent tendons
from expanding out of place during muscle activity; an example can be found in the carpal tunnel [96]. Ligaments and tendons can be
considered as local thickenings of fascial sheets, adapting to increased local tension with a denser and more parallel fiber arrangement
[97]. Fascia is organized in a network that surrounds, supports, suspends, protects and connects muscles, bones and viscera [98]. In fact,

fascia creates continuity, being found in and around all cells in the body [99], conferring shape, form, stability, and support to the body,
distributing forces applied at one point to be spread throughout and absorbed by the entire body [93].

Fascia is essential in the postures and patterns of human movement [95]. Concomitant with fascial impairments, there are frequently

alignment problems, which may lead to biomechanically inefficient function [100]. This special tissue plays an important role in musculoskeletal dynamics. For example, stiffness of the plantar fascia contributes to stability of the foot [101]; the lumbar fascia limits spinal
mobility [102]; and tension transmission across the epimysium contributes to muscle force [103, 104].

It seems that fascia reorganizes along the lines of biomechanical tension at molecular [105,106] and macroscopic levels [107]. Myers

[108] found an anatomical relationship following tensile myofascial bands comprising a single continuous structure. Curiously, the myo-

fascial lines proposed by Myers [108] bear many similarities to muscle chains [84,109-113]. Thus, the repercussion of a fascial restriction
may create body-wide stress on any structures enveloped by fascia [114].

Besides this passive contribution to biomechanical behavior, fascia may be able to spontaneously adjust stiffness within a timeframe

ranging from minutes to hours, being a more active contributor to musculoskeletal dynamics [94,97]. Evidence supporting this lies in the

presence of contractile cells in fascia. Fibroblasts, chondroblasts and osteoblasts have an innate capacity to express the gene for a-smooth
muscle actin (ASMA) and to display contractile behavior [115]. Its expression can be triggered by increased mechanical stimulation, for
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example [94,97]. Cells containing ASMA stress fibers include contractile smooth muscle cells or a contractile phenotype of fibroblasts

with smooth muscle-like features, now known as myofibroblasts [116]. These findings lend support to previous research such as the

study conducted by Garfin., et al. [103]. The authors found that surgically releasing the fascia via a small incision in the epimysium of a

dog’s hindlimbs resulted in approximately 15% reduction in force production and a 50% decrease in the intracompartmental pressure
developed during muscle contraction.

Joints, Subluxation and Postural Deviations
Manipulative therapies, such as osteopathy and chiropractic recognize the impact of joint alignment on the nervous system [117]. The

main unit of alignment disturbance is called subluxation. This same term is also used to refer to altered spinal positions [118]. From litera-

ture on the firing of mechanoreceptors and proprioceptors in the discs [119, 120], spinal ligaments [121], spinal muscles [122] and facet

capsular ligaments [123-125], it has been established that vertebral displacements are associated with asymmetrical deformations of
these tissues and their piezoelectric receptors. Panjabi., et al. [126] have shown that the spinal ligaments are deformed in postural move-

ments. Spinal cord research [127-129] has long established that abnormal postural rotations and translations cause spinal cord tethering
[130-132] and reduction of spinal cord blood supplies [133,134]. Thus, altered posture is certainly related to subluxation [118,135].

Troyanovich., et al. [136] defend that spinal manipulation alone cannot solve postural problems. However, adjustment of a subluxation

forms part of the therapy, used in conjunction with active exercises and stretches, resting spinal blocking procedures, extension traction

and ergonomic education. While manipulation and mobilization techniques can enhance the healing process of musculoskeletal soft tissue lesions, their physiological benefits may not last long if the rehabilitation program does not include some form of neuromuscular re-

education or behavioral and ergonomic modification in order to remedy “global subluxations” [137,138]. Global subluxations are defined
as abnormal rotations and translations of the skull, thorax, spine, pelvis and limbs which are present in the upright static stance of an

individual and may be associated with, or are a primary cause of, many neuromusculoskeletal dysfunction or syndromes [136]. Indeed,
some evidence suggests that the coupling patterns seen on radiographs (i.e., relative misalignments between adjacent vertebrae) are the
result of global postural displacements or positions [118,139-141].

Joint manipulation and mobilization has also been suggested by the North American Spine Society’s Ad Hoc Committee on Diagnostic

and Therapeutic Procedures for postural deviations and spinal dysfunction [142]. Besides joint adjustment, massage and exercises to
improve strength and flexibility were also recommended. Some studies have successfully changed posture using different manipulative
methods [143-146].

Postural faults are also associated with increased muscle tonus [147]. Muscles with a firm texture, which co-occur with postural altera-

tions, have different electromyographic (EMG) characteristics to muscles with normal texture [148-150]. Unlike in normal muscle, spontaneous EMG activity was either present or inducible in high tonus muscle [151,152]. Also, the reflex erector spinae activity evoked by

pressure placed against paraspinal tissues varied between subjects and between vertebral segments [150-153]. According to the authors,

these patterns suggest that  motoneurons can be held in a facilitated state as a result of sensory bombardment from segmentally-related

paraspinal structures. Motor reflex thresholds also correlated with pain thresholds, further suggesting that some sensory pathways were
also sensitized or facilitated in the abnormal segment [150]. On the other hand, in their EMG study, DeVocht., et al. [154] found that ma-

nipulation induced a virtually immediate change, usually a reduction, in resting EMG levels among patients with tight paraspinal muscle
bundles. This effect is helpful in managing the increased tonus associated with postural alterations. Supporting these theoretical data,
more recent clinical trials have successfully utilized manipulations to improve posture [155, 156] and balance [157,158].
Good and Bad posture and race and gender effects

In 1967, Kendall., et al. [159] described ideal posture as having no deviations, using a plumb line as a parameter. To verify the sym-

metry, a bisection can be made through the following points: glabella, frenulum, episternal notch, xiphoid process, symphysis pubis, and a
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point midway between the medial malleoli of the ankle joints [160-163]. From the side view, the perfect posture should be aligned slightly
posterior to the apex of the coronal suture, external auditory canal, bodies of most cervical vertebrae, shoulder joint, lumbar vertebral

bodies, slightly posterior to the axis of the hip joint, slightly anterior to the axis of the knee joint, and slightly anterior to the lateral malleolus [159]. Other authors may describe this ideal lateral posture with some minor differences [160-163]: the plumb line must pass through

the external auditory meatus, the odontoid process, a point just anterior to the acromioclavicular joints, slightly posterior to the center of

the knee and through the lateral malleoli and talus of the ankle joints. Additionally, there must be some lordosis in the cervical, kyphosis
in the thoracic, and lordosis in the lumbar spines [136].

However, there are several issues with these descriptions of a perfect posture. Myers [9] reminds that humans are never static. Thus,

this concept of still posture does not truly exist. Studying balance reveals a body sway while in a standing position. This means that even
someone with a “perfect” posture will not match all of the above markers, all the time. However, it does serve to provide an approximate
indicator.

The second problem centers on race and gender. There are structural differences between men and women, and among people of

different ethnicities. The clearest evidence of such structural differences in gender can be seen in the pelvis. Human bipedal gait affects

the hip differently from the other quadruped mammals. The pelvis is vital to both locomotion and childbirth [164]. The female pelvis has
evolved to its maximum width for gestation and childbirth - a wider pelvis would render women unable to walk. In contrast, the human

male pelvis is not constrained by the need to give birth and is therefore optimized for bipedal locomotion [164]. Thus, the female pelvis
is larger, broader, with a larger inlet and oval in shape, while the male pelvis is taller, narrower, with a further projected promontory, and

is more compact [165]. The iliac crests are higher and more pronounced in males [164] while the male sacrum is long, narrow, straighter,

and has a pronounced sacral promontory compared to females [164]. Thus, the sacrum and the pelvic ring of the female are wider and

more circular, facilitating the passage of the newborn. This causes the acetabula to be wider apart and face more anteriorly [164,166].
Consequently, when women walk the leg must swing forward and inward, from where the pivoting head of the femur moves the leg back

on another plane. In men, the leg can move forwards and backwards along a single plane [164]. A wider pelvis implies a different angle
with the femur, leading to a tendency for genu valgus. As a consequence, females have a greater tendency of presenting a flat foot [167].

Again, there is evidence that posture is similar to gait with regard to gender differences. Apart from general differences in gait char-

acteristics such as cadence and stride length [168], gender specific skeletal motion was found, such as an increased pelvic obliquity in

females [169-172]. Some authors have studied gender differences in knee and hip mechanics during running [173-176]. A common finding among these authors was that female runners demonstrate greater hip adduction and internal rotation, as well as greater valgus knee
throughout the stance phase [173-175,177].

Pelvic tilt also appears to differ. A cadaveric study identified significantly more pronounced retroversion signs in the pelvis of males

than females [178]. Flat foot, genu valgus, pelvic anteversion and lumbar lordosis are part of the same postural pattern [167] and more
common in women due to bone characteristics.

Some of these differences occur not only between genders but also between races. For example, Lavy., et al. [179] analyzed 99 pelvis

X-rays and concluded that, besides women´s hips being more dysplastic then mens´, Japanese hips were more dysplastic than British hips,

which were in turn more dysplastic than Malawian hips. Handa., et al. [180], studying 104 resonance magnetic images of primiparous
women, concluded that white women have a wider pelvic inlet, wider outlet, and shallower anteroposterior outlet than African-American
women.

There are scant studies on gender or race differences in the spine. However, where differences in pelvic size and tilt exist, there are

likely differences in spine curvature. One noteworthy difference concerns thoracic spine diameters, which were shown to decrease with
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increasing age in women, yet increase with advancing age in men [181]. Another difference involves trunk kinematics in normal gait

[182]. Female trunks were 5 degrees more extended during walking than male trunks. According to the authors, this disparity seems to be

related to increased lordosis. If confirmed, this is in accordance with the postural patterns of Bricot [167], which describe pelvic anterior
tilt with increased lumbar curvature.

For the temporomandibular joint (TMJ), men appear to have fewer dysfunction symptoms [183-185]. Epidemiologic data support the

fact that women are at greater risk for TMJ dysfunction [186-188]. Moreover, women experience greater inflammation, facial pain, and

tenderness in the jaw muscle and temporomandibular joint than men [189,190]. Some evidence suggests that increased inflammatory
response can lead to loss of articular cartilage (Pettipher., et al. 1986 189) and joint disk displacement [192]. One study suggests this

may occur because of a polymorphism in the estrogen receptor [188]. However, another study affirms that women tend to have greater

retrognathia [193], perhaps explaining the greater incidence of TMJ dysfunction. Curiously, retrognathia may be associated with anterior
pelvic tilt [167].

Another interesting study assessed 1,691 subjects for foot disorders/types, comparing African Americans with Caucasians. Compared

to Caucasians, African Americans were almost 3 times more likely to have pes planus and nearly 5 times less likely to have Tailor’s bunions

or pes cavus. Also, African Americans had more frequent hallux valgus, hammer toes, and overlapping toes [194]. Nielsen., et al. [24] found
that dynamic navicular drop was influenced by foot length and gender. Male subjects had a 0.40 mm increase in drop for every 10 mm
increase in foot length, while female subjects had a 0.31 mm increase for every 10 mm increase in foot length.

Knee differences are also found. Some studies reported that the female knee has a less pronounced anterior femoral condyle height

than the male knee [195-197]. There are also significant differences in knee morphology between races. Chinese for instance, have a

greater tendency for valgus knee than Caucasians [198]. The authors proposed this may explain the higher prevalence of lateral tibiofemoral osteoarthritis in Chinese.

Returning to the “good posture” discussion: a clearer definition of a healthy posture was written by Kappler [199]. According to him,

a good posture creates less stress on the joints, requires less muscle activity to maintain balance and, therefore, is the position of maxi-

mum effectiveness. An imbalanced posture must be compensated by changes in joint positions which, in turn, must be maintained by
an increase in muscle activity, leading to injuries [199]. Postural imbalance results in increased energy consumption [199]. On the other
hand, Kappler’s definition does not help the clinician to any great degree. Identifying a stressed joint or increased muscle activity can take
longer and be more expensive than examining posture or taking a photograph.
Emotions and non-verbal communication

The scientific study of the relationships between posture, facial expressions, gestures, emotions and nonverbal communication can

be traced back to 1872 when Darwin [200] published The Expression of the Emotions in Man and Animals. After Darwin, a growing num-

ber of studies have been conducted investigating these relationships [201,202]. Facial expressions boast the greatest number of studies
[202]. The work based on human posture has moved at a much slower pace. In 1968, Mehrabian [203] found that closed body postures
(e.g., crossed arms in front of the chest and hunched shoulders) were connected with the avoidance of social conflict. More recent work

on body posture has shown it to influence various aspects of psychological functioning, including arousal [204-208], somatosensation
[209,210], visual detection [205,211,212] and cognition [213, 214]. Human ability to communicate emotions through posture, especially
at a distance [215], has also been highlighted.

According to collaborative work by Harvard and Columbia Universities [216], adopting a high-power or low-power posture induces

neuroendocrine and behavioral changes for both male and female subjects. Participants that adopted the high-power open postures ex-

perienced elevations in testosterone, decreases in cortisol, and increased feelings of power and tolerance for risk, characteristics related
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to leadership and stress management [217] Low-power closed postures on the other hand had the opposite effect. The authors discussed
that adopting a posture which displays power caused positive and adaptive psychological, physiological, and behavioral changes [216].

Emotions can also affect postural control [213]. For example, Fawver., et al. [218] studying the influence of emotions on active control

of approach-oriented posture presented their subjects with pictures representing 6 discrete categories (attack, mutilation, contamination, erotic couples, happy faces, and neutral objects). They found that following picture onset, participants leaned more anteriorly during
the happy faces or attack pictures.

Bodily expression of emotions is also manifested through movements. The clearest examples are movements socially empowered with

emotional meaning, such as wagging a finger, or ordinary movements charged with emotions, such as slamming a door instead closing it

gently [219]. Gait is a movement that can also reveal emotions [220]. Angry walking has been described as heavy-footed with long strides,
happy walking as fast paced, and sad walking as slow paced with diminished arm swing [221,222].

However, it seems that movement and gait can reveal more than this. Specific movement qualities are connected to different emo-

tions across movement tasks. For example, sad subjects’ movements have been characterized as exhibiting a collapsed upper body, low

movement activity, and low movement dynamics [222], and also as very smooth, loose, slow, soft, contracted, and lacking in action [223].
Movements performed with joy are described as having elevated shoulders, backward head posture, high movement activity, expansive
movement, and high movement dynamics [222], and movements with happiness as relatively jerky, loose, fast, hard, expanded, and full
of action [223].

Using functional magnetic resonance images to analyze individuals while observing still photos and short movies of neutral and angry

whole-body actions, Pichon., et al. [224] noted that anger stimuli activated the amygdala and fusiform gyrus, brain regions.

According to Gross., et al. [219] walking speed is fastest for joy and anger, and slowest for sadness. Other observations made by these

authors were increased amplitude of hip, shoulder, elbow, pelvis and trunk motion for anger and joy compared to sadness as well as neck
and thoracic flexion for sadness.
Final Considerations

An interplay of posture with many other systems was evident. It is apparent that the same system which regulates postural control

also influences static posture and gait. Although differing, they are all interconnected and governed by the vestibular, visual and somatosensory systems at the neurological level.

Fascia or the connective tissue and muscles, seem to be the same. It does not matter what is working: muscular chains, muscle syn-

ergies, fascial globality or something else. The biomechanics of the body work as a whole, transmitting and absorbing kinetic energy at

any point of the body, often distally to the original source of energy. Movements are not isolated but entail a chain reaction. These affect
posture, balance and also gait.

Macro posture is the result of several micro postures: joint positions. If all joints are in an optimal position, overall posture will be

sound. However, establishing a good sagittal posture based on anatomical position according to a plumb line is hampered by the multitude

of differences in body structure across genders and races. On the other hand, the frontal plane is easier than the sagittal because body

symmetry can be exploited. Kappler’s definition [199] of good posture as being that which exerts minimal stress on joints and requires
less muscle activity is helpful.

Clearly, bad posture is the opposite of good posture. However, the discussion on the relationship between bad posture and pain in the

second part of this article is key to providing a good definition.
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It is important to differentiate some terms in a bid to prevent confusion and misunderstandings when discussing posture:
•
•
•
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Static posture is related to the postural analysis performed during stillness. When this analysis is done through photography
there will always be a bias because of body sway.

Static postural control is related to the analysis of balance with the subject in stillness

Dynamic postural control is related to the analysis of balance with the subject in movement.

Conclusion

Drawing on the previous discussion, posture may thus be defined as follows
Posture is the outcome of the overall position of the joints adopted to balance the skeletal segments against gravity in a given position,

serving as a basis for movement and non-verbal communication, maintained by the connective tissue and muscles under the control of
the nervous system.

A good posture maintains the symmetry of the body and allows the joints to be in a position that subjects them to minimal joint stress

and muscle activity, facilitating body physiology towards more positive emotions.

Bad posture will be defined in the subsequent article along with a discussion on pain.

Further studies aimed at gleaning a better understand of the differences in bone structures among genders and races, especially sagit-

tal alignment, are vital to enhance postural assessment and treatment.

Bibliography
1.

Chaitow L. “Is a postural-structural-biomechanical model, within manual therapies, viable?: A JBMT debate”. Journal of Bodywork

2.

Oxford Dictionary Online - Posture.

3.
4.
5.
6.
7.
8.
9.

and Movement Therapies 15.2 (2011): 130-52.

Raine S and Twomey L. “Attributes and qualities of human posture and their relationship to dysfunction or musculoskeletal pain”.
Critical Reviews™ in Physical and Rehabilitation Medicine 6 (1994): 409-437.

Tattersall R and Walshaw M J. “Posture and cystic fibrosis”. Journal of the Royal Society of Medicine 96.Suppl 43 (2003): 18-22.

Sacco ICN., et al. “Confiabilidade da Fotogrametria em Relação a Goniometria para Avaliação Postural de Membros Inferiores”. Revista Brasileira De Fisioterapia 11.5 (2007): 411-417.

Iqbal K. “Mechanisms and models of postural stability and control”. Conference proceedings IEEE Engineering in Medicine and Biology Society (2011): 7837-7840.

Rosario JLP., et al. “Can sadness alter posture?” Journal of Bodywork and Movement Therapies 17.3 (2013): 328-331.

Viguier M., et al. “Posture analysis on young women before and after 60days of 6 degrees head down bed rest (Wise 2005)”. Gait
and Posture 29.2 (2008): 188-193.

Myers T. “Acture! Posture in action”. Massage Bodywork Magazine (2006).

Citation: Jose Luis Rosario. “What is Posture? A Review of the Literature in Search of a Definition”. EC Orthopaedics 6.3 (2017): 111-133.

What is Posture? A Review of the Literature in Search of a Definition

10. do Rosario JL. “Photographic analysis of human posture: A literature review”. Journal of Bodywork & Movement Therapies 18.1

121

(2014): 56-61.

11. Carvalho RL and Almeida GL. “Aspectos sensoriais e cognitivos do controle postural”. Revista Neurociências 17.2 (2009): 156-60.
12. Pollock AS., et al. “What is balance?” Clinical Rehabilitation 14.4 (2000): 402-406.

13. Bell F. “Principles of mechanics and biomechanics”. Cheltenham: Stanley Thornes (1998).

14. Berg K., et al. “Measuring balance in the elderly: preliminary development of an instrument”. Physiotherapy Canada 41.6 (1989):
304-311.

15. King MB., et al. “Functional base of support decreases with age”. Journal of Gerontology 49.6 (1994): M258-M263.

16. Peterka R and Loughlin P. “Dynamic regulation of sensorimotor integration in human postural control”. Journal of Neurophysiology
91.1 (2004): 410-423.

17. Coppock DE. “Relationship of tightness of pectoral muscles to round shoulders in college women”. Research Quarterly 29.2 (1958):
146-153.

18. Flint M M. “Lumbar posture: a study roentogenographic measurement and the influence of flexibility and strength”. Research Quarterly 34.1 (1962): 15-21.

19. Walker M L., et al. “Relationships between lumbar lordosis, pelvic tilt, and abdominal muscle performance”. Physical Therapy 67.4
(1987): 512-516.

20. Mulhearn S and George K. “Abdominal muscle endurance and its association with posture and low back pain”. Physiotherapy 85
(1999): 210-216.

21. Itoi E and Sinaki M. “Effect of back strenghtening exercise on posture in healthy women 49 to 65 years of age”. Mayo Clinic Proceedings 69.11 (1994): 1054-1059.

22. Rosario JLP. “Emotion: The missing link in posture”. In: Curran S. Posture: Types, Exercise and Health Effects. New York: Nova Science Publishers (2014).

23. Yang JH., et al. “Asymmetrical gait in adolescents with idiopathic scoliosis”. European Spine Journal 22.11 (2013): 2407-2413.

24. Nielsen RG., et al. “Determination of normal values for navicular drop during walking: a new model correcting for foot length and
gender”. Journal of Foot and Ankle Research 2 (2009): 12.

25. Ker RF., et al. “The spring in the arch of the human foot”. Nature 325.6100 (1987): 147-149.

26. Ogon M., et al. “Does arch height affect impact loading at the lower back level in running?” Foot and Ankle International 20.4 (1999):
263-266.

27. Nack JD and Phillips RD. “Shock absorption”. Clinics in Podiatric Medicine and Surgery 7.2 (1990): 391-397.
28. Franco AH. “Pes cavus and pes planus. Analyses and treatment”. Physical Therapy 67.5 (1987): 688-694.

Citation: Jose Luis Rosario. “What is Posture? A Review of the Literature in Search of a Definition”. EC Orthopaedics 6.3 (2017): 111-133.

What is Posture? A Review of the Literature in Search of a Definition

29. Kitaoka HB., et al. “Three-dimensional analysis of flat- foot deformity: cadaver study”. Foot and Ankle International 19.7 (1998):

122

447-451.

30. Richie DH. “Biomechanics and clinical analysis of the adult acquired flatfoot”. Clinics in Podiatric Medicine and Surgery 24.4 (2007):
617-644.

31. Headlee DL., et al. “Fatigue of the plantar intrinsic foot muscles increases navicular drop”. Journal of Electromyography and Kinesiology 18.3 (2008): 420-425.

32. Stewart SF. “Human gait and the human foot: an ethnological study of flatfoot”. Clinical Orthopaedics and Related Research 70
(1970): 111-123.

33. Rao UB and Joseph B. “The influence of footwear on the prevalence of flat foot. A survey of 2300 children”. Journal of Bone and Joint
Surgery-British 74.4 (1992): 525-527.

34. Sachithanandam V and Joseph B. “The influence of footwear on the prevalence of flat foot. A survey of 1846 skeletally mature persons”. Journal of Bone and Joint Surgery-British 77.2 (1995): 254-257.

35. Volpon JB. “Footprint analysis during the growth period”. Journal of Pediatric Orthopaedics 14.1 (1994): 83-85.

36. Dahle LK., et al. “Visual assessment of foot type and relationship of foot type to lower extremity injury”. Journal of Orthopaedic and
Sports Physical Therapy 14.2 (1991): 70-74.

37. Cowan DN., et al. “Foot morphologic characteristics and risk of exercise-related injury”. Archives of Family Medicine 2.7 (1993): 773777.

38. McPoil TG and Hunt GC. “Evaluation and management of foot and ankle disorders: present problems and future directions”. Journal
of Orthopaedic and Sports Physical Therapy 21.6 (1995): 381-388.

39. Kaufman KR., et al. “The effect of foot structure and range of motion on musculoskeletal overuse injuries”. American Journal of
Sports Medicine 27.5 (1999): 585-593.

40. Williams III DS., et al. “Arch structure and injury pat- terns in runners”. Clinical Biomechanics (Bristol, Avon) 16.4 (2001): 341-347.
41. Yates B and White S. “The incidence and risk factors in the development of medial tibial stress syndrome among naval recruits”.
American Journal of Sports Medicine 32.3 (2004): 772-780.

42. Burns J., et al. “Foot type and overuse injury in triathletes”. Journal of the American Podiatric Medical Association 95.3 (2005): 235241.

43. Levinger P., et al. “A comparison of foot kinematics in people with normal- and flat-arched feet using the Oxford Foot Model”. Gait
Posture 32.4 (2010): 519-523.

44. Murley GS., et al. “Foot posture influences the electromyographic activity of selected lower limb muscles during gait”. Journal of Foot
and Ankle Research 2 (2009): 35.

45. Thorstensson A., et al. “Trunk movements in human locomotion”. Acta Physiologica Scandinavica 121.1 (1984): 9-22.
Citation: Jose Luis Rosario. “What is Posture? A Review of the Literature in Search of a Definition”. EC Orthopaedics 6.3 (2017): 111-133.

What is Posture? A Review of the Literature in Search of a Definition

46. Giakas G and Baltzopoulos V. “Time and frequency domain analysis of ground reaction forces during walking: an investigation of

123

variability and symmetry”. Gait Posture 5 (1997): 189-197.

47. Herzog W., et al. “Asymmetries in ground reaction force patterns in normal human gait”. Medicine and Science in Sports and Exercise
21.1 (1989): 110-114.

48. Hannah RE., et al. “Kinematic symmetry of the lower limbs”. Archives of Physical Medicine and Rehabilitation 65.4 (1984): 155-158.
49. Chou LS., et al. “Predicting the kinematics and kinetics of gait based on the optimum trajectory of the swing limb”. Journal of Biomechanics 28.4 (1995): 377-385.

50. Hesse S., et al. “Asymmetry of gait initiation in hemiparetic stroke subjects”. Archives of Physical Medicine and Rehabilitation 78.7
(1997): 719-724.

51. Wall JC and Turnbull GI. “Gait asymmetries in residual hemiplegia”. Archives of Physical Medicine and Rehabilitation 67.8 (1986):
550-553.

52. Mahaudens P., et al. “Gait in adolescent idiopathic scoliosis: kinematics and electromyo- graphic analysis”. European Spine Journal
18.4 (2009): 512-521.

53. Mahaudens P., et al. “Influence of structural pelvic disorders during standing and walking in adolescents with idiopathic scoliosis”.
Spine Journal 5.4 (2005): 427-433.

54. Mallau S., et al. “Locomotor skills and balance strategies in adolescents idiopathic scoliosis”. Spine (Phila Pa 1976) 32.1 (2007): E14E22.

55. Kramers-de Quervain IA., et al. “Gait analysis in patients with idiopathic scoliosis”. European Spine Journal 13.5 (2004): 449-456.

56. Schizas CG., et al. “Gait asymmetries in patients with idiopathic scoliosis using vertical forces measurement only”. European Spine
Journal 7.2 (1998): 95-98.

57. Chockalingam N., et al. “Assessment of ground reaction force during scoliotic gait”. European Spine Journal 13.8 (2004): 750-754.

58. Giakas G., et al. “Comparison of gait patterns between healthy and sco- liotic patients using time and frequency domain analysis of
ground reaction forces”. Spine (Phila Pa 1976) 21.19 (1996): 2235-2242.

59. Leroux A., et al. “Postural adaptation to walking on inclined surfaces: I. Normal strategies”. Gait and Posture 15.1 (2002): 64-74.
60. Saha D., et al. “The effect of trunk flexion on able-bodied gait”. Gait and Posture 27.4 (2008): 653-660.

61. Leteneur S., et al. “Trunk’s natural inclination influences stance limb kinetics, but not body kinematics, during gait initiation in able
men”. PLoS One 8.1 (2013): e55256.

62. Leteneur S., et al. “Effect of trunk inclination on lower limb joint and lumbar moments in able men during the stance phase of gait”.
Clinical Biomechanics 24.2 (2009): 190-195.

63. Leardini A., et al. “Effect of trunk sagittal attitude on shoulder, thorax and pelvis three-dimensional kinematics in able-bodied subjects during gait”. PLoS One 8.10 (2013): e77168.

Citation: Jose Luis Rosario. “What is Posture? A Review of the Literature in Search of a Definition”. EC Orthopaedics 6.3 (2017): 111-133.

What is Posture? A Review of the Literature in Search of a Definition

64. Krishnamoorthy V., et al. “Muscle synergies during shifts of the center of pressure by standing persons: identification of muscle

124

modes”. Biological Cybernetics 89.2 (2003): 152-161.

65. Krishnamoorthy V., et al. “The use of flexible arm muscle synergies to perform an isometric stabilization task”. Clinical Neurophysiology 118.3 (2007): 525-537.

66. Klein Breteler MD., et al. “Timing of muscle activation in a hand movement sequence”. Cerebral Cortex 17.4 (2007): 803-815.
67. Tresch MC., et al. “The construction of movement by the spinal cord”. Nature Neuroscience 2.2 (1999): 162-167.

68. Torres-Oviedo G and Ting LH. “Muscle synergies characterizing human postural responses”. Journal of Neurophysiology 98.4 (2007):
2144-2156.

69. Torres-Oviedo G., et al. “Muscle synergy organization is robust across a variety of postural perturbations”. Journal of Neurophysiology 96.3 (2006): 1530-1546.

70. d’Avella A., et al. “Control of fast-reaching movements by muscle synergy combinations”. Journal of Neuroscience 26.30 (2006):
7791-7810.

71. Flash T and Hochner B. “Motor primitives in vertebrates and invertebrates”. Current Opinion in Neurobiology 15.6 (2005): 660-666.
72. Chvatal SA and Ting LH. “Common muscle synergies for balance and walking”. Frontiers in Computational Neuroscience 7 (2013):
48.

73. Ting LH and McKay JL. “Neuromechanics of muscle synergies for posture and movement”. Current Opinion in Neurobiology 17.6
(2007): 622-628.

74. Raasch CC and Zajac FE. “Locomotor strategy for pedaling: muscle groups and biomechanical functions”. Journal of Neurophysiology
82.2 (1999): 515-525.

75. Nozaki D., et al. “Uncertainty of knee joint muscle activity during knee joint torque exertion: the significance of controlling adjacent
joint torque”. Journal of Applied Physiology 99.3 (2005): 1093-1103.

76. Zajac FE. “Muscle coordination of movement: a perspective”. Journal of Biomechanics 26.1 (1993): 109-124.

77. van Antwerp KW., et al. “Inter-joint coupling effects on muscle contributions to endpoint force and acceleration in a musculoskeletal model of the cat hindlimb”. Journal of Biomechanics 40.16 (2007): 3570-3579.

78. Ting LH. “Dimensional reduction in sensorimotor systems: a framework for understanding muscle coordination of posture”. Progress in Brain Research 165 (2007): 301-325.

79. Ting LH and Macpherson JM. “A limited set of muscle synergies for force control during a postural task”. Journal of Neurophysiology
93.1 (2005): 609-613.

80. Massion J. “Postural control systems in developmental perspective”. Neuroscience and Biobehavioral Reviews 22.4 (1998): 465-472.
81. Santos VJ and Valero-Cuevas FJ. “Reported anatomical variability naturally leads to multimodal distributions of Denavit- Hartenberg parameters for the human thumb”. IEEE Transactions on Biomedical Engineering 53.2 (2006): 155-163.

Citation: Jose Luis Rosario. “What is Posture? A Review of the Literature in Search of a Definition”. EC Orthopaedics 6.3 (2017): 111-133.

What is Posture? A Review of the Literature in Search of a Definition

82. Smith MA., et al. “Interacting adaptive processes with different timescales underlie short-term motor learning”. PLoS Biology 4

125

(2006): e179.

83. Denys-Struyf G. “El manual del Mezierista”. Tomo I. Barcelona: Paidotribo (2000).

84. Rosario JL. “Understanding Muscular Chains”. International Journal of Therapeutic Massage and Bodywork (2015).

85. Mézières F. “Méthodes orthopédiques et kiésithérapiques et fonctions du sympathique”. Les Cahiers de la Méthode naturelle 52
(1973).

86. Basso D., et al. “Efeito da reeducação postural global no alinhamento corporal e nas condições clínicas de indivíduos com disfunção
temporomandibular associada a desvios posturais”. Fisioterapia e Pesquisa 17.1 (2010).

87. Canto CREM., et al. “Estudo da eficácia do método de reeducação postural global em indivíduos com dor lombar com relação a dor e
incapacidade functional”. Ter Man 38.8 (2010): 292-297.

88. Fozzatti MCM., et al. “Impacto da reeducação postural global no tratamento da incontinência urinária de esforço feminine”. Revista
da Associação Médica Brasileira 54.1 (2008): 17-22.

89. Gil VFB., et al. “Lombalgia durante a gestação: eficácia do tratamento com Reeducação Postural Global”. Fisioterapia e Pesquisa 18.2
(2011): 164-170.

90. Heredia EP and Rodrigues FF. “O tratamento de pacientes com fibrose epidural pela reeducação postural global e yoga”. Revista
Brasileira de Neurologia 44.3 (2008): 19-26.

91. Rosario JLP., et al. “Improving posture: comparing segmental stretch and muscular chains therapy”. Clinical Chiropractic 15.3-4
(2012): 121-128.

92. Rosário JLP., et al. “The immediate effects of modified Yoga positions for musculoskeletal pain relief”. Journal of Bodywork and
Movement Therapies 17.4 (2013): 469-474.

93. Findley T and DeFilippis J. “Information for clinical health care practitioners. Rolfing Structural Integration-The Rolf Institute Research Committee” (2005).

94. Schleip R., et al. “Active fascial contractility: Fascia may be able to contract in a smooth muscle-like manner and thereby influence
musculoskeletal dynamics”. Medical Hypotheses 65.2 (2005): 273-277.

95. Schleip R. “Fascial plasticity-a new neurobiological explanation: part 1”. Journal of Body Bodywork and Movement Therapies 7
(2003): 11-19.

96. Levange PK and Norkin CC. “Joint Structure and Function”. Davis Company, USA (2000).

97. Schleip R., et al. “Passive muscle stiffness may be influenced by active contractility of intramuscular connective tissue”. Medical
Hypotheses 66.1 (2006): 66-71.

98. Tozzi P., et al. “Fascial release effects on patients with non-specific cervical or lumbar pain”. Journal of Bodywork and Movement
Therapies 15.4 (2011): 405-416.

Citation: Jose Luis Rosario. “What is Posture? A Review of the Literature in Search of a Definition”. EC Orthopaedics 6.3 (2017): 111-133.

What is Posture? A Review of the Literature in Search of a Definition

99.

126

James H., et al. “Rolfing structural integration treatment of cervical spine dysfunction”. Journal of Bodywork and Movement Therapies 13.3 (2009): 229-238.

100. Rolf I. “The Integration of Human Structure”. Harper and Row, London (1977).

101. Cheung JTK., et al. “Effects of plantar fascia stiffness on the biomechanical responses of the ankle-foot complex”. Journal of Clinical
Biomechanics 19.8 (2004): 839-846.

102. Barker P., et al. “Tensile transmission across the lumbar fasciae in unembalmed cadavers: effects of tension to various muscular
attachments”. Spine 29.2 (2004): 129-138.

103. Garfin SR., et al. “Role of fascia in maintenance of muscle tension and pressure”. Journal of Applied Physiology 51.2 (1981): 317320.

104. Huijing PA. “Muscle as collagen fiber reinforced composite material: force transmission in muscle and whole limbs”. In: Fukunaga
T, Fukashiro S, editors. Proceedings of the XVIth congress of the international society of biomechanics. Tokyo University (1997):
S7.

105. Dunn MG and Silver FH. “Viscoelastic behavior of human connective tissue: relative contribution of viscous and elastic components”. Connective Tissue Research 12.1 (1983): 59-70.

106. Mosler E., et al. “Stress-induced molecular arrangement in tendon collagen”. Journal of Molecular Biology 182.4 (1985): 589-596.
107. Sasaki N and Odajima S. “Elongation mechanism of collagen fibrils and force-strain relations of tendon at each level of structural
hierarchy”. Journal of Biomechanics 29.9 (1996): 1131-1136.

108. Myers TW. “Anatomy Trains: Myofascial Meridians for Manual and Movement Therapists”. Philadelphia, PA: Churchill Livingstone
(2009).

109. Busquet L. “Las cadenas musculares tomo IV: miembros inferiors”. Barcelona: Paidotribo (2001).

110. Busquet L. “Las cadenas musculares tomo I: tronco, columna cervical y miembros superiors”. Barcelona: Paidotribo (2002).
111. Denys-Struyf G. “Cadeias musculares e articulares”. O método G.D.S. São Paulo: Summus (1995).

112. Marques AP. “Cadeias musculares - um programa para ensinar avaliação fisioterapêutica global”. Manole, São Paulo (2000).

113. Rosário JLP. “Efficiency of modified yoga positions to treat postural pathologies associated pain: a literature review”. Journal of
Yoga and Physical Therapy 2 (2012): 128.

114. Greenman P. “Principles of Manual Medicine”. Williams and Wilkins, Baltimore (1989).

115. Spector M. “Musculoskeletal connective tissue cells with muscle: expression of muscle actin in and contraction of fibroblasts, chondrocytes, and osteoblasts”. Wound Repair and Regeneration 9.1 (2002): 11-18.

116. Hinz B and Gabbiani G. “Mechanisms of force generation and transmission by myofibroblasts”. Current Opinion in Biotechnology
14.5 (2003): 538-546.

Citation: Jose Luis Rosario. “What is Posture? A Review of the Literature in Search of a Definition”. EC Orthopaedics 6.3 (2017): 111-133.

What is Posture? A Review of the Literature in Search of a Definition

117. Oschman JL. “Structural integration (Rolfing), osteopathic, chiropractic, Feldenkrais, Alexander, myofascial release and related

127

methods”. Journal of Bodywork and Movement Therapies 1.5 (1997): 305-309.

118. Harrison D., et al. “Chiropractic biophysics technique: a linear algebra approach to posture in chiropractic”. Journal of Manipulative
and Physiological Therapeutics 19.8 (1996): 525-535.

119. Bogduk N., et al. “The innervation of the cervical intervertebral discs”. Spine 13.1 (1989): 2-8.

120. Mendel T., et al. “Neural elements in human cervical intervertebral discs”. Spine 17.2 (1992): 132-134.

121. Jiang H., et al. “The nature and distribution of the innervation of human supraspinal and interspinal ligaments”. Spine 20.8 (1995):
869-876.

122. Abrahams VC. “Neck muscle proprioception and motor control”. In: Garlick, D, ed. Proprioception, posture and emotion. Kennsington, Australia: Committee in Post Graduate Medical Education (1982).

123. Wyke B. “Neurology of the cervical spinal joints”. Physiotherapy 65.3 (1979): 72-76.

124. Bogduk N and Aprill C. “On the nature of neck pain, discography and cervical zygapophyseal joint blocks”. Pain 54.2 (1993): 213217.

125. McClain RF. “Mechanoreceptor endings in human cervical facet joints”. Spine 19.5 (1994): 495-500.

126. Panjabi MM., et al. “Physiologic strains in the lumbar spinal ligaments: an in vitro biomechanical study”. Spine 7.3 (1982): 192-203.
127. Jarzem PF., et al. “Spinal cord tissue pressure during spinal cord distraction in dogs”. Spine 17.8 (1992): S227-S234.
128. Breig A. “Adverse mechanical tensions in the central nervous system”. New York: John Wiley & Sons (1978).

129. Breig A., et al. “Skull traction and cervical cord injury: a new approach to improved rehabilitation”. New York: Springer-Verlag
(1989).

130. Fukita Y and Yamamoto H. “An experimental study on spinal cord traction effects”. Spine 14.7 (1989): 698-705.
131. Yamada S., et al. “Pathophysiology tethered cord syndrome”. Journal of Neurosurgery 54.4 (1981): 494-503.

132. Wing P., et al. “Back pain and spinal changes in microgravity”. Orthopedic Clinics of North America 22.2 (1992): 255-141.

133. Kai Y., et al. “Relationship between evoked potentials and clinical status in spinal cord ischemia”. Spine 19.10 (1994): 1162-1168.
134. Hoy K., et al. “Regional blood flow, plasma volume, and vascular permeability in the spinal cord, the dural sac and lumbar nerve
roots”. Spine 19.24 (1994): 2804-2811.

135. Harrison DD., et al. “The anterior-posterior full-spine view: the worst radiographic view for determination of mechanics of the
spine”. Chiropractic Technique 8 (1996): 163-70.

136. Troyanovich SJ., et al. “Structural rehabilitation of the spine and posture: rationale for treatment beyond the resolution of symptoms”. Journal of Manipulative and Physiological Therapeutics 21.1 (1998): 37-50.

Citation: Jose Luis Rosario. “What is Posture? A Review of the Literature in Search of a Definition”. EC Orthopaedics 6.3 (2017): 111-133.

What is Posture? A Review of the Literature in Search of a Definition

137. Ross M. “Manipulation and back school in the treatment of low back pain”. Physical Therapy 83 (1997): 181-183.

128

138. Twomey L and Taylor J. “Exercise and spinal manipulation in the treatment of low back pain”. Spine 20.5 (1995): 615-619.
139. Panjabi MM., et al. “How does posture affect coupling in the lumbar spine”. Spine 14.9 (1989): 1002-1011.

140. Panjabi MM., et al. “Posture affects motion coupling patterns of the upper cervical spine”. Journal of Orthopaedic Research 11.4
(1993): 525-536.

141. Harrison DE., et al. “Three-dimensional spinal coupling patterns. Part II: implications for chiropractic theories and practice”. Journal of Manipulative and Physiological Therapeutics 21.3 (1998): 177-186.

142. North American Spine Society. “Common diagnostic and therapeutic procedures of the lumbosacral spine”. Spine 16.10 (1991):
1161-1167.

143. Wallace HL., et al. “The relationship of changes in cervical curvature to visual analog scale, neck disability index scores and pressure algometry in patients with neck pain”. Journal of the Canadian Chiropractic Association 9 (1994): 19-23.

144. Leach R. “An evaluation of the effect of chiropractic manipulative therapy on hypolordosis of the cervical spine”. Journal of Manipulative and Physiological Therapeutics 6.1 (1983): 17-22.

145. Owens E and Leach R. “Changes in cervical curvature determined radiographically following chiropractic adjustment”. Proceedings
of the 1991 International Conference on Spinal Manipulation 1991 Apr 12 Washington, DC. Arlington (VA): Foundation for Chiropractic Education and Research (1991).

146. Harrison D., et al. “The efficacy of cervical extension compression traction combined with diversified manipulation and drop table
adjustments in the rehabilitation of cervical lordosis: a pilot study”. Journal of Manipulative and Physiological Therapeutics 17.7
(1994): 454-464.

147. Pickar JG. “Neurophysiological effects of spinal manipulation”. The Spine Journal 2.5 (2002): 357-371.
148. Leach RA. “The chiropractic theories, 3rd ed”. Baltimore: Williams and Wilkins (1994).

149. Korr IM. “Proprioceptors and somatic dysfunction”. Journal of the American Osteopathic Association 74.7 (1975): 638-650.

150. Denslow JS., et al. “Quantitative studies of chronic facilitation in human motoneuron pools”. American Journal of Physiology 150.2
(1947): 229-238.

151. Denslow JS and Clough GH. “Reflex activity in the spinal extensors”. Journal of Neurophysiology 4 (1941): 430-437.

152. Denslow JS and Hassett CC. “The central excitatory state associated with postural abnormalities”. Journal of Neurophysiology 5.5
(1942): 393-401.

153. Denslow JS. “An analysis of the variability of spinal reflex thresholds”. Journal of Neurophysiology 7.4 (1944): 207-215.

154. DeVocht JW., et al. “Spinal manipulation alters electromyographic activity of paraspinal muscles: a descriptive study”. Journal of
Manipulative and Physiological Therapeutics 28.7 (2005): 465-471.

Citation: Jose Luis Rosario. “What is Posture? A Review of the Literature in Search of a Definition”. EC Orthopaedics 6.3 (2017): 111-133.

What is Posture? A Review of the Literature in Search of a Definition

155. Harrison DE., et al. “Increasing the cervical lordosis with chiropractic biophysics seated combined extension-compression and

129

transverse load cervical traction with cervical manipulation: nonrandomized clinical control trial”. Journal of Manipulative and
Physiological Therapeutics 26.3 (2003): 139-151.

156. Philippi H., et al. “Infantile postural asymmetry and osteopathic treatment: a randomized therapeutic trial”. Developmental Medicine and Child Neurology 48.1 (2006): 5-9.

157. Vaillant J., et al. “Effect of manipulation of the feet and ankles on postural control in elderly adults”. Brain Research Bulletin 75.1
(2008): 18-22.

158. López-Rodríguez S., et al. “Immediate effects of manipulation of the talocrural joint on stabilometry and baropodometry in patients with ankle sprain”. Journal of Manipulative and Physiological Therapeutics 30.3 (2007): 186-192.

159. Kendall FP., et al. “Muscles: testing and function, with posture and pain”. Baltimore: Lippincott Williams & Wilkins (2010).

160. Kuchera M. “Gravitational stress, musculoligamentous strain, and postural alignment”. Spine: State of the Art Reviews 9 (1995):
463-489.

161. Contalli R and Wooden M. “Orthopaedic physical therapy”. New York: Churchill Livingstone (1989).
162. Cailliet R. “Soft tissue pain and disability”. Philadelphia: F. A. Davis (1977).

163. Lee D. “Principles and practices of muscle energy and functional techniques. In: Grieve GP, ed. Modern manual therapy of the vertebral column”. New York: Churchill Livingstone (1986): 640-655.

164. Merry Clare V. “Pelvic Shape”. Mind - Primary Cause of Human Evolution. Trafford Publishing (2005).

165. Schuenke M., et al. “Thieme Atlas of Anatomy. General Anatomy and Musculoskeletal System”. Stuttgart: Thieme (2006).

166. Nakahara I., et al. “Gender differences in 3D morphology and bony impingement of human hips”. Journal of Orthopaedic Research
29.3 (2011): 333-339.

167. Bricot B. “Total Postural Reprogramming”. Santa Monica: Dux Lucis Books (2008).

168. Gehring D., et al. “Knee and Hip Joint Biomechanics are Gender-specific in Runners with High Running Mileage”. International Journal of Sports Medicine 35.2 (2014): 153-158.

169. Kerrigan DC., et al. “Gender differences in joint biome- chanics during walking: normative study in young adults”. American Journal
of Physical Medicine and Rehabilitation 77.1 (1998): 2-7.

170. Smith LK., et al. “Gender differences in pelvic motions and center of mass displacement during walking: stereotypes quantified”.
Journal of Women’S Health and Gender-Based Medicine 11.5 (2002): 453-458.

171. Chiu MC and Wang MJ. “The effect of gait speed and gender on perceived exertion, muscle activity, joint motion of lower extremity,
ground reaction force and heart rate during normal walking”. Gait Posture 25.3 (2007): 385-392.

172. Boyer KA., et al. “Gender differences exist in the hip joint moments of healthy older walkers”. Journal of Biomechanics 41.16

Citation: Jose Luis Rosario. “What is Posture? A Review of the Literature in Search of a Definition”. EC Orthopaedics 6.3 (2017): 111-133.

What is Posture? A Review of the Literature in Search of a Definition

(2008): 3360-3365.

130

173. Chumanov ES., et al. “Gender differences in walking and running on level and inclined surfaces”. Clinical Biomechanics 23.10
(2008): 1260-1268.

174. Ferber R., et al. “Gender differences in lower extremity mechanics during running”. Clinical Biomechanics 18.4 (2003): 350-357.

175. Malinzak RA., et al. “A comparison of knee joint motion patterns between men and women in selected athletic tasks”. Clinical Biomechanics 16.5 (2001): 438-445.

176. Schache AG., et al. “Differences between the sexes in the three-dimensional angular rotations of the lumbo-pelvic-hip complex during treadmill running”. Journal of Sports Sciences 21.2 (2003): 105-118.

177. Sakaguchi M., et al. “Gender differences in hip and ankle joint kinematics on knee abduction during running”. European Journal of
Sport Science 14.1 (2014): S302-S309.

178. Siebenrock KA., et al. “Effect of pelvic tilt on acetabular retroversion: a study of pelves from cadavers”. Clinical Orthopaedics and
Related Research 407 (2003): 241-248.

179. Lavy CB., et al. “Racial and gender variations in adult hip morphology”. International Orthopaedics 27.6 (2003): 331-333.

180. Handa VL., et al. “Pelvic Floor Disorders Network. Racial differences in pelvic anatomy by magnetic resonance imaging”. Obstetrics
and Gynecology 111.4 (2008): 914-920.

181. Morales-Avalos R., et al. “Age- and gender-related variations in morphometric characteristics of thoracic spine pedicle: A Study of
4,800 Pedicles”. Clinical Anatomy 27.3 (2013): 441-450.

182. Chung CY., et al. “Kinematic aspects of trunk motion and gender effect in normal adults”. Journal of Neuroengineering and Rehabilitation 7 (2010): 9.

183. Yadav S. “A Study on Prevalence of Dental Attrition and its Relation to Factors of Age, Gender and to the Signs of TMJ Dysfunction”.
Journal of Indian Prosthodontic Society 11.2 (2011): 98-105.

184. Seligman DA., et al. “The prevalence of dental attrition and its association with factors of age, gender, occlusion and TMJ symptomology”. Journal of Dental Research 67.10 (1988): 1323-1333.

185. Solberg WK., et al. “Temporomandibular joint pain and dysfunction: a clinical study of emotional and occlusal components”. Journal of Prosthetic Dentistry 28.4 (1972): 412-422.

186. Dworkin SF., et al. “Epidemiology of signs and symptoms in temporomandibular disorders: Clinical signs in cases and controls”.
Journal of the American Dental Association 120.3 (1990): 273-281.

187. Lee DG., et al. “Estrogen receptor gene polymorphism and craniofacial morphology in female TMJ osteoarthritis patients”. International Journal of Oral and Maxillofacial Surgery 35.2 (2006): 165-169.

188. Ribeiro-Dasilva MC., et al. “Estrogen receptor-alpha polymorphisms and predisposition to TMJ disorder”. Journal of Pain 10.5
(2009): 527-533.

Citation: Jose Luis Rosario. “What is Posture? A Review of the Literature in Search of a Definition”. EC Orthopaedics 6.3 (2017): 111-133.

What is Posture? A Review of the Literature in Search of a Definition
131

189. Salaffi F., et al. “Health-related quality of life in multiple musculoskeletal conditions: A cross- sectional population based epidemiological study. II. The MAPPING study”. Clinical and Experimental Rheumatology 23.6 (2005): 829-839.

190. Warren MP and Fried JL. “Temporomandibular disorders and hormones in women”. Cells Tissues Organs 169.3 (2001): 187-192.

191. Pettipher ER., et al. “Interleukin 1 induces leukocyte infiltration and cartilage proteoglycan degradation in the synovial joint”. Proceedings of the National Academy of Sciences of the United States of America 83.22 (1986): 8749-8753.

192. Isberg A., et al. “The effect of age and gender on the onset of symptomatic temporomandibular joint disk displacement”. Oral Surgery, Oral Medicine, Oral Pathology, Oral Radiology, and Endodontology 85.3 (1998): 252-257.

193. Miller JR., et al. “Association between mandibular retrognathia and TMJ disorders in adult females”. Journal of Public Health Dentistry 64.3 (2004): 157-163.

194. Golightly YM., et al. “Racial differences in foot disorders and foot type”. Arthritis Care Research (Hoboken) 64.11 (2012): 17561759.

195. Poilvache PL., et al. “Rotational landmarks and sizing of the distal femur in total knee arthroplasty”. Clinical Orthopaedics and
Related Research 331 (1996): 35-46.

196. Conley S., et al. “The female knee: anatomic variations”. Journal of the American Academy of Orthopaedic Surgeons 15.1 (2007): S31S36.

197. Li P., et al. “Gender analysis of the anterior femoral condyle geometry of the knee”. Knee 21.2 (2013): 529-533.

198. Harvey WF., et al. “Knee alignment differences between Chinese and Caucasian subjects without osteoarthritis”. Annals of the Rheumatic Diseases 67.11 (2008): 1524-1528.

199. Kappler RE. “Postural balance and motion patterns”. Journal of the American Osteopathic Association 81.9 (1982): 69-77.

200. Darwin C. “The expression of emotions in man and animals: With an introduction, afterward, and commentaries by Paul Ekman
(3rd ed)”. New York: Oxford University Press (1872/1998).

201. Burgoon JK., et al. “Nonverbal communication: The unspoken dialogue (2nd ed)”. New York: Harper and Row (1996).

202. Ekman P and Freisen W V. “Unmasking the face”. Englewood Cliffs, NJ: Prentice-Hall (1975).

203. Mehrabian A. “Inference of attitudes from the posture, orientation, and distance of a communicator”. Journal of Consulting and
Clinical Psychology 32.3 (1968): 296-308.

204. Caldwell JA., et al. “Body posture affects electroencephalographic activity and psychomotor vigilance task performance in sleepdeprived subjects”. Clinical Neurophysiology 114.1 (2003): 23-31.

205. Caldwell JA., et al. “The effects of body posture on resting electroencephalographic activity in sleep-deprived subjects”. Clinical
Neurophysiology 111.3 (2000): 464-470.

206. Cole RJ. “Postural baroreflex stimuli may affect EEG arousal and sleep in humans”. Journal of Applied Physiology 67.6 (1989): 2369-

Citation: Jose Luis Rosario. “What is Posture? A Review of the Literature in Search of a Definition”. EC Orthopaedics 6.3 (2017): 111-133.

What is Posture? A Review of the Literature in Search of a Definition

2375.

132

207. Elliott L., et al. “Effect of posture on levels of arousal and awareness in vegetative and minimally conscious state patients: A preliminary investigation”. Journal of Neurology, Neurosurgery, and Psychiatry 76.2 (2005): 298-299.

208. Vaitl D and Gruppe H. “Changes in hemodynamics modulate electrical brain activity”. Journal of Psychophysiology 4 (1990): 41-49.

209. Peru A., et al. “Gravitational influences on reference frames for mapping somatic stimuli in brain-damaged patients”. Experimental
Brain Research 169.2 (2006): 145-152.

210. Shimoda O and Ikuta Y. “The current perception thresholds vary between horizontal and 70 degrees tilt-up positions”. Anesthesia
and Analgesia 91.2 (2000): 398-402.

211. Peru A and Morgant JS. “When supine is better than upright: Evidence from postural effects in extinction patients”. Brain Research
1110.1 (2006): 175-181.

212. Vercruyssen M and Simonton K. “Effects of posture on mental performance: We think faster on our feet than on our seat”. In R. Lu-

eder & K. Noro (Eds.), Hard facts about soft machines: The ergonomics of seating. (pp. 119-131). London: Taylor & Francis (1994).

213. Lipnicki DM and Byrne DG. “Thinking on your back: Solving anagrams faster when supine than when standing”. Cognitive Brain
Research 24.3 (2005): 719-722.

214. Schulman D and Shontz FC. “Body posture and thinking”. Perceptual and Motor Skills 32.1 (1971): 27-33.

215. Pitterman H and Nowicki S Jr. “A test of the ability to identify emotion in human standing and sitting postures: the diagnostic

analysis of nonverbal accuracy-2 posture test (DANVA2-POS)”. Genetic Social and General Psychology Monographs 130.2 (2004):
146-162.

216. Carney DR., et al. “Power posing: brief nonverbal displays affect neuroendocrine levels and risk tolerance”. Psychological Science
21.10 (2010): 1363-1368.

217. Sherman GD., et al. “Leadership is associated with lower levels of stress”. Proceedings of the National Academy of Sciences of the
United States of America 109.44 (2012): 17903-17907.

218. Fawver B., et al. “Active control of approach-oriented posture is influenced by emotional reactions”. Emotion 12.6 (2012): 13501361.

219. Gross MM., et al. “Effort-Shape and kinematic assessment of bodily expression of emotion during gait”. Human Movement Science
31.1 (2012): 202-221.

220. Montepare JM., et al. “The identification of emotions from gait information”. Journal of Nonverbal Behavior 11.1 (1987): 33-42.

221. Michalak J., et al. “Embodiment of sadness and depression-gait patterns associated with dysphoric mood”. Psychosomatic Medicine
71.5 (2009): 580-587.

222. Wallbott HG. “Bodily expression of emotion”. European Journal of Social Psychology 28 (1998): 879-896.

Citation: Jose Luis Rosario. “What is Posture? A Review of the Literature in Search of a Definition”. EC Orthopaedics 6.3 (2017): 111-133.

What is Posture? A Review of the Literature in Search of a Definition
133

223. Montepare J., et al. “The use of body movements and gestures as cues to emotions in younger and older adults”. Journal of Nonverbal Behavior 23.2 (1999): 133-152.

224. Pichon S., et al. “Emotional modulation of visual and motor areas by dynamic body expressions of anger”. Social Neuroscience 3.3-4
(2008): 199-212.

Volume 6 Issue 3 May 2017
© All rights reserved by Jose Luis Rosario.

Citation: Jose Luis Rosario. “What is Posture? A Review of the Literature in Search of a Definition”. EC Orthopaedics 6.3 (2017): 111-133.

