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Introduction 

 

The Oxford dictionary defines core as: “the part of something that is central to its existence 

or character”. The core plays an important role in all activities that we perform, it provides 

and intrinsic control from the inside – the ‘core’ of our being. Ida Rolf conceptualized the 

myofascial system as ‘intrinsic’ and ‘extrinsic’. The intrinsic are the ‘core’, inner ‘being’ 

muscles. The extrinsic are the ‘sleeve’ - the large/superficial ‘doing’ muscles (Linn, 2004). 

She saw that inappropriate substitution by the ‘extrinsics’ for the ‘intrinsics’ - “living in 

their extrinsics”, was a sign of somatic immaturity or dysfunction (Smith, 2008). 

 

Functional core control requires the ability to coordinate the postural and respiratory 

functions of the intrinsic core muscles. Core dysfunction occurs when the core muscles do 

not work well together in a well balanced and coordinated way, and common problems 

related to core dysfunction include: chronic back and/or pelvic pain. Pelvic floor problems.  

 

This paper aims to review core functional mechanisms and how osteopathic treatment can 

help to core dysfunction.  

 

  

https://www.manualosteopath.com/index.php/calendar-bsc-do-cat2-sem4-nao


Anatomical structure of the Core 

 

‘The core’ reaches from the ischial tuberosities up to the mid thorax where the diaphragm 

and transversus abdominis attach superiorly. A balanced postural and functional 

relationship between the thorax and pelvis provides ‘ideal’ internal dimensions of ‘the core’ 

promoting optimal function between the thoracic and pelvic diaphragms. 

 

Richardson (2003) suggested that both deep and superficial muscles in the trunk and pelvic 

region contribute to the core stabilisation.   

Deep muscles are stabilisers, they are referred to as local muscles (or inner unit), they form 

a muscular cylinder to support the spine and pelvis. The main muscles include the 

transversus abdominis, multifidus, pelvic floow muscles, diaphragm and internal obliques. 

(Fig 1) 

 

The deep stabilisers: 

• attach directly into the lumbar spine at each level 

• activate before you move to support the spine and pelvis 

• activiate and remain activated as you move 

• work at low intensity and stay on for long periods of time 

• work independently of the global movement msucles  

 

  Intrinsic Stabilization Subsystem (ISS) [7] is comprised of: 

• Transverse Abdominis (TVA)    

• Internal Obliques 

• Pelvic Floor (Levator ani, coccygeus and associated fascia) 

• Diaphragm 

• Multifidus 

• Rotatores, Interspinales & Intertransversarii 

• Abdominal Fascia (posterior layer) 

• Continuous with investing fascia of Diaphragm and Pelvic Floor 

• Thoracolumbar Fascia (TLF) (anterior and middle layer)  

 

Superfical muscles are mobilisers, they are known as global muscles (or outer unit). The 

mobiling muscles are very important for movement of the limbs and trunk, they generate a 

lot of force, move the body then relax. The main muscles include the rectus abdominus, 

external obliques and some parts of the erector spinae. (Fig 2) At the hip joint, the gluteus 

maximus and gluteus minimus are usually considered to be mobiliser and the gluteus 

medius is normally considered to be a stabiliser.  

 

 

https://brookbushinstitute.com/glossary-term/anterior


 
 

Fig 3 

Fig 2 

 

 

Connection between the abdominal mechanism and intra abdominal pressure to back and 

pelvic stability  involves a very dense layer of connective tissue called the “Thoraco-

Lumbar Fascia”.  The Thoraco-Lumbar Fascia serves as a junction point where the upper 

torso and arms meet the lower limbs and pelvis.  The transversus abdominis and the 

internal and external obliques attach directly to the thoraco-lumbar fascia to assist the the 

core function.   Intra-abdominal pressure generate intra-abdominal pressure which exerts an 

outward force that causes the abdominal wall to expand in all directions.   

 The larger blue arrow depicts the force of intra abdominal pressure that acts directly on the 

lumbar spine pushing it backward.  In turn, tension on the thoraco-lumbar fascia coming 

from the stretched abdominal muscles counters the backward force on the spine by pulling 

it forward.  The net result of these forces pushing backward and pulling forward is a 

buttress that improves spinal and pelvic joint stiffness preventing deformation under load or 

during movement. [9] 

 



 
 

  



Functional mechanisms of the core 

 

Healthy core provide 3 inter-dependent functions for antigravity postural support and 

spino-pelvic movement control: 

 

 

1. The breathing mechanism. Diaphragm plays a very important role in breathing 

mechanism. As the diaphragm descends within the thorax, pressure above it decreases to 

draw air into the lungs, it also causes intra-abdominal pressure to increase.  The increased 

intra-abdominal pressure pushes outward in all directions and has to be met and controlled 

by the pelvic floor and abdominal wall.  

 

Well-coordinated intra-abdominal pressure mechanism gives maximum stability; this 

stabilizatiion enhances the transfer of force between upper and lower extremities and all 

other subsystems [7], and allow all functional movements to be performed with maximum 

efficiency in a gravity-based environment.  

 

The following 4 muscles of the intrinsic core create intra-abdominal pressure and spinal 

stability. This stabilization enhances the transfer of force between upper and lower 

extremities and all other subsystems.  

 

o Diaphragm 

o Transversus abdominis 

o Pelvic floor muscles (PFM)  

o Lumbar multifidus 

 

 

2. Postural control mechanism:  the stabilization and postural trunk control 

o Balanced yet adaptable co-activation between the axial flexor and extensor 

muscle systems (Cholewicki et al., 1997)  

o Appropriate levels of intra-abdominal pressure plays an important role in spinal 

stability.  

 

3. Postural and movement control of the torso - particularly control of proximal limb 

girdles. Studies have shown that the pelvic girdle and lumbar spine are reflexively 

stabilized and braced prior to the initiation of extremity movements.  

 

The ‘core response’ is about muscle synergistic co-activation and coordination. 

Various studies have shown that the pelvic girdle and lumbar spine are reflexively 

stabilized and braced prior to the initiation of extremity movements. The central nervous 

system continually anticipate movement and stabilize the entire core musculature 

automatically to provide a stable base from which the muscles performing the movement 

can pull. [5] The central nervous systen must analyze the present state of stiffness (stability) 

in the spine and either reduce it to allow unimpeded movement or increase it to reduce 

unwanted motion. [2] Muscles rely on input from the sensory system for optimal function 

and coordiantion of posture and stabliizing.  

 

 



It is the accurate interplay of many muscles working in synergies to produce complex 

patterns of control and movement rather than the strength of individual muscles. If the 

intrinsic core of the body is unstable, the nervous system inherently restricts mobility to 

obtain the necessary stabilization. It locks down joints in a primal attempt at stabilization.” 
[6] 

  



Core Dysfunction: 

 

When the intrinsic deep system ‘stabilization synergy’ is not coordinated, the principal 

problem is more one of poor coordination and endurance than reduced strength. ‘Core 

dysfunction’ is both a reflection of inadequate ‘intrinsic’ neuro-myofascial system control 

and the related, necessary compensatory ‘extrinsic’ motor behaviour - too little, too late 

deep system control necessitates substitution strategies by various superficial muscles 

(Hodges, 2003) which show distinct patterns of tonic and/or phasic overactivity. The 

following factors contribute to overactivity of superficial muscles: 

• Delayed activattion of deep stabilisers, turn on after patient start to move 

• Deep stabilisers turn on and off as patient move – working as the global muscles 

work rather than all the time 

• Deep stabilisers work in short bursts rather than stay on as patient moves 

 

All the above further interfering with the mechanisms of deep system control, and it creates 
greater trunk stiffness and breath holding. This is contrary to popular belief that chronic 

lower back pain subjects actually move their spines less (Moket al., 2007) and move with 

excess muscle tension and effort.  

 

Researches on chronic lower back pain and chronic pelvic girdle pain provide ample 

evidence showing delayed and/or reduced activity of the individual deep system elements 

which contribute to intra-abdominal pressure and control - transversus abdominis (Hodges 

and Richardson, 1997, 1998, 1999a,b; Ferreira et al., 2004; Hides et al., 2010); lumbar 

multifidus (Hides et al., 1994, 2008; MacDonald et al., 2009) transversus and lumbar 

multifidus (Hides et al., 2011b); delayed yet increased pelvic muscles activity in 

incontinent women (Smith et al., 2007a; Madill et al., 2010).  

 

Similarly, altered postural function of the diaphragm was noted. In a chronic pelvic girgle 

pain cohort study, an active straight leg raise on the painful side resulted in increased 

bilateral oblique muscle ‘bracing’ of the abdominal and chest wall associated with 

diaphragm ‘splinting’ and reduced excursion while pelvic floor muscles descent was 

increased (O’Sullivan et al., 2002a; Beales et al., 2009b). This was associated with an 

increased baseline shift in intra-abdominal pressure, increased minute ventilation and a 

high variability of respiratory patterns including accessory breathing patterns and transient 

breath holding.  

 

Moreover, over half the sacroiliac pain cohort study showed zero diaphragmatic motion in 

the O’Sullivan study! It is important to note that with this ‘inversion function’ of the 

diaphragm, the automatic reflex relationship between it, transversus and the pelvic floor 

muscles is lost, hence the non-optimal intra-abdominal pressure generated by superficial 

abdominal splinting was associated with increased pelvic floor muscles descent. Another 

chronic lower back pain study found a higher resting position of the diaphragm and in 

response to postural tasks in supine (resisted bilateral arm or hip flexion) there was 

significantly less diaphragmatic excursion (Kolar et al., 2012)  

 

The Pelvic Crossed Syndromes are an expression of deficient deep system control, 2 main 

subgroups are clinically apparent based upon the altered postural alignment and changed 

regional neuro-myofascial activation patterns [8]  

 

 



 
Schematic depiction of “healthy alignment” (centre) and the apparent altered body shape 

including that of the thoraco-abdomino-pelvic cavity in the crossed syndromes: Posterior 

Pelvic Crossed Syndrome (PPXS) (left) and Anterior Pelvic Crossed Syndrome (APXS) 

(right). 

 

1. The posterior pelvic crossed syndrome (PPXS) 
 

It is more axial extensor dominant occurring in the extensor system over the thoracolumbar 

junction between the dorsal hinge and the mid lumbar spine. 

This automatic reflex hyperactivity is termed as  ‘Central Posterior Cinch’ [8], it is a tonic, 

bilateral, posterior ‘bracing’ response characteristically co-associated with observable 

underactivity of the entire anterolateral abdominal wall. The pelvis moves back and the 

thorax moves forward, the whole thorax moves up because of the poor inferior stabilisation 

provided by the abdominal. . The infra-sternal angle is increased being generally greater 

than 90 while the postero-inferior thorax is hyper-stabilized and ‘drawn in’ limiting 

postero-lateral costo-vertebral movement. The co-activation and coordination between 

transversus and the diaphragm is missing, and upper chest breathing pattern is adopted. 

Active exhalation is difficult as abdominal activation is inadequate to bring the thorax 

down and back into the ‘neutral’ position, as well as generate the necessary  intra-

abdominal pressure.  

 

Hyperactivity/adaptive shortness Muscle hypoactivity/lengthened 

 

• Thoracolumbar erector spinae   

• Anterior hip flexor groups primarily 

psoas.  

• Piriformis.  

• Hip internal rotators > external rotators. 

• Entire abdominal wall and pelvic floor.  

• Lumbosacral multifidus.  

• Iliacus  

• Glutei Medius   

• Inefficient diaphragm activity.  

 
 

 

 



2. Anterior pelvic crossed syndrome (APXS) 

 

This is is more axial flexor dominant occurring in the region between the umbilicus and the 

xiphoid, and a crease and/or a hollow are generally apparent above the umbilicus. This 

automatic reflex hyperactivity of the upper anterolateral abdominal wall is termed as 

‘Central Anterior Cinch’ [8], it is a bilateral, tonic anterolateral ‘bracing’ response which is 

co-associated with underactivity in the lower anterolateral abdominal wall  and relative 

underactivity in the axial extensor system. The pelvis moves forward and the thorax back, 

assuming a more ‘expiratory’ position further constricting the lower pole of the thorax. The 

infra-sternal angle is usually less than 90. 

 

This postural malalignment and the associated ‘Central Cinch Pattern’ reflex interfere with 

the diaphragm’s ability to descend, the reflex relationship between it and the PFM and 

transversus is lost (O’Sullivan et al., 2002a). IAP generation is compromised without this 

co-activation, and it results in suboptimal breathing and postural control. Kolar suggests hat 

when this ‘inversion function’ of the diaphragm occurs (it goes up instead of down) and 

IAP is deficient, the central tendon necessarily becomes the compensatory ‘place of 

stability’, further pulling in the lower pole of the thorax. [5] 

 

Hyperactivity/adaptive shortness Muscle hypoactivity/lengthened 

 

• Hamstrings.  

• Piriformis.  

• Upper abdominal group including 

lateral internal oblique.  

• Hip external rotators 4 internal rotators. 

•   +/ T/L erector spinae  

 

• Lower abdominal group and pelvic 

floor. 

• Lumbar multifidus—particularly over 

lower levels. 

• Diaphragm—reduced excursion  

• Iliacus, psoas 

• Glutei—reduced postural and 

movement demand and often 

adaptively shortened. 

 

 

 

Restricted chest wall expansion during exercise has been shown to increase diaphragmatic 

fatigue, reducing its endurance (Hussain et al., 1985; Hussain and Pardy, 1985). Breathing 

pattern disorders and poor energy levels are common. While the thoracic diaphragm is 

relatively underactive, the pelvic diaphragm and related myofascial tissues over the 

posterior inferior pelvis are characteristically tight e yet may show timing delays (Smith et 

al., 2007a,b) further disturbing control. This is part of an ‘inferior tether’ pattern of 

dysfunction in the pelvis (Key, 2010a). 

  



Osteopathic approach  

 

Personalised treatment plan is designed after assessing patient’s local and global system, as 

well as their impacts on other systems in the body. 

 

The following would be considered in the osteopathic approach, with aims to restore the 

‘stabilizing synergy’ of the intrinsic core, and establish its capacity to match the activity 

level of the superficial muscles to allow stable yet adaptable patterns of spino-pelvic 

movement control. 

• Manual osteopathic techniques are applied to align and balance musculoskeletal 

system, diaphragm and the intra-abdominal mechanism require neutral and upright 

posture to function properly, the diaphragm must be positioned directly above the 

pelvic floor, and two must be parallel to each other for the core to function at the 

most efficient manner. Manual osteopathic techniques can restore the structural 

integrity of the body so that optimal intra-abdominal pressure can be generated.  

• Osteopathic craniosacral therapy applied to release restrictions in the craniosacral 

system to improve the functioning of the central nervous system, release pelvic and 

thoracic diaphragm and promote regular diaphragmatic breathing pattern. 

• Exercises to retrain the coordination between diaphragm, transversus and pelvic 

floor muscles, with focus on coordination and endurance rather than strength, no 

muscle works alone. The intra abdominal pressure can only be developed if all 

elements of the ‘stabilization synergy’ are co-activated. The ‘core control’ training 

involves relearning basic motor skills, and train both the postural and respiratory 

aspects of the ‘stabilization synergy’ of the intrinsic core muscles. The supine 

position with gravity eliminated is suitable for intial purposes, once individuals are 

capable of coordinated co-activation, the same method should be used in standing 

position. This also makes it easier for individuals to perform the exercise on a daily 

basis. This is further progressed into unsupported hip flexion progressing to various 

limb load challenges and sustained antigravity control in sitting and standing. The 

length of time, number of repetitions and frequency of practice of conscious co-

activation is different from every individual, and the co-activation should be 

increasingly sustained to build endurance and capacity in the ‘stabilization synergy’. 

• Proper Nutrition and Supplementation to help strong bone and muscles. If reduce 

pain, decrease inflammation, improve flexibility, help repair cartilage and accelerate 

healing process. adequate calcium and vitamin D levels can help bone health.  
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