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ABSTRACT 

The primary objective of the study involved the identification and quantification of systematic 

errors associated with the measurement of sacral obliquity on radiographic images.  A 

secondary objective was to provide an estimate of true sacral obliquity derived from 

measurements made on radiographic images of the spine that could be used in a clinical 

setting to correct or reduce frontal plane obliquity. 

 

Methods used in the study included graphical, radiographic and mathematical models.  They 

were used to evaluate the measurement of dihedral angles such as structural asymmetry of 

the sacral base and vertebral endplates in the frontal plane.  A radiographic phantom was 

imaged using plain film, CT, and slot scan (scout) views.  The variation of measurements 

using different views was compared to the known sacral obliquity value of the phantom. 

 

Results obtained from the studies demonstrate that different radiographic and analytical 

methods produced significant differences in the measurements of sacral obliquity for each of 

the imaging modalities and analytical methods. 

 

The study developed, tested and validated algorithms to calculate true dihedral angles from 

angles measured on radiographic images.  The algorithms were designed to be employed 

when the protocols developed to ensure reliable measurement of angular relationships were 

not met or were unable to be adhered to.  The measurement of sacral obliquity on 

radiographic images was used in the development of algorithms to calculate the amount of 

correction needed to level the sacral base in upright standing and sitting postures. 

 

Trigonometric techniques were developed and applied to measurements of sacral obliquity 

obtained from radiographic images of the erect spine to provide accurate dimensions of 

ischial or foot orthotics that would be required to level the sacral base in sitting or standing 

posture respectively.  
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The clinically based analysis of radiographic images to assess positional and structural 

relationships as well as the functional integrity of the spine and pelvis necessitates the 

interpretation of two dimensional graphical representations of three dimensional objects.  An 

aspect of this task requires an understanding of projection principles and the identification of 

inherent errors associated with the projection and viewing of three dimensional objects as 

two dimensional images.  As the basis of this study is the interpretation of such images and 

is ultimately based on the graphical analysis of acquired radiographic images, the 

presentation of the material in this study is heavily dependent on graphical imagery.  The 

format for the presentation of this study is therefore influenced by the graphical nature of the 

material and research methods. 

 

As it was not within the scope of the study to verify the true angle of the sacral base in vivo, 

alternate methods employing a pelvic model with known degrees of sacral obliquity and an 

idealised graphical model with specified degrees of sacral obliquity and sacral base 

angulation were developed and used in the study.  While these models contained some error 

as an intrinsic feature of their construction and manipulation, their general accuracy and 

standardised analysis methods meant they could be used as a reference standard against 

which radiographic analysis and corrective algorithms could be compared. 

 

 

 
  

PREFACE 
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SACRAL OBLIQUITY: AN INTRODUCTION 
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“All's oblique; 
There's nothing level in our cursed natures” 

 William Shakespeare 
 

1.1 INTRODUCTION 

The spine is a major component of the axial skeleton of the human body.  It is bilaterally 

symmetrical around the mid-sagittal plane of the body in order to efficiently transmit forces 

from the skull to the lower limbs as one of its functions.  It is generally comprised of thirty 

three individual segments.  These are divided into seven cervical vertebra, twelve thoracic, 

five lumbar, five sacral and four coccygeal segments.  The sacral segments will generally 

start to fuse to form one bone around age sixteen and by mid-thirties will usually be 

completely fused into a single bone (1). 

 

The sacrum is the ‘sacred bone’ of the body.  The name os sacrum, given by the Romans 

and hieron ostoun by the Greeks to the heavy bone that forms the mechanical base of the 

spine is derived from the Latin sacer, ‘holy or consecrated’ (2).  The sacrum has the shape 

of an inverted pyramid with the base angled upward and anterior in upright posture. 

 

Obliquity relates to the state of an object or plane being inclined or slanted.  Sacral obliquity 

is the tilting or slanting of the sacral bone when viewed from the front.  A level base has 

been generally considered the ideal mechanical orientation for the foundation of the spine 

(3).  A loss of frontal plane symmetry is considered to have clinical significance, health 

related implications (4) and to even influence the perception of attractiveness (5). 

 

The graphical analysis of conventional plain film radiographs (PF) and computed 

tomography (CT) images is considered by many clinicians and researchers to be the ‘gold 

standard’ or ‘yardstick’ for scoliosis screening and for determining the positional relationship 

of spinal segments (6).  Radiographic imaging is routinely used by clinicians from various 

CHAPTER 1 
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disciplines to quantify the positional relationship of structures within the axial skeleton (7-

10).  Analysis of radiographic images often includes the assessment of absolute and 

relative position of spinal segments and individual bones of the spine and pelvis (11-15).  In 

this respect, radiographic imaging has been used to assess and quantify leg length 

imbalance (LLI), scoliosis, pelvic obliquity, and the shape and magnitude of lateral spinal 

curves (scoliosis).  Many practitioners from various health care professions rely on the 

information from such studies to make clinical decisions regarding treatment strategies for 

individual patients, to monitor the therapeutic response to such treatments and quantify 

changes that have occurred over time.  The reliable measurement of sacral obliquity has 

implications for research into spinal pathomechanics as well as the assessment and 

treatment of spinal pain syndromes (16), ergonomic advice and design (17) and 

establishing individual performance and postural criteria for athletes (18, 19) and workers 

(3). 

 

Most of the angular measurements made on spinal radiographic images such as Cobb 

angles involve measuring the angle between lines that represent hypothetical global planes 

(horizontal and vertical), planes of the body or planes representing structural surfaces 

within the body.  A line drawn or constructed on a radiographic image is idealised as a one-

dimensional line segment joining two end points that represent the edge of a plane or two 

points on a plane.  The third point defining the plane, if not specified, is assumed to be a 

point lying perpendicular to any point on the line. 

 

Obliquity can be described technically as the deviation of a plane, or line representing the 

plane, from another plane or line.  This description includes deviation of a line representing 

a plane from a line representing the vertical and horizontal planes.  The degree of obliquity 

is measured as the angle of such a deviation.  Medical references to obliquity in relation to 

the spine most often relate to the degree of angulation of points on a specified surface 

relative to the horizontal plane. 



4 
 

 

A dihedral angle is formed between two planes that are not parallel and therefore meet at a 

common line of intersection (20, 21).  A plane is any flat, two-dimensional surface that 

exists in its own right as either a real or hypothetical surface or as a subspace of a three-

dimensional structure.  A plane can be defined as a surface resting on any three points or a 

single point in the plane and a normal vector that starts at the point. 

 

The normalized cross product of any two non-collinear vectors lying in a plane yields the 

normal unit vector to the plane.  A normal vector to the plane is any vector that starts at a 

point in the plane and has a direction that is orthogonal (perpendicular) to the surface of the 

plane.  Thus, the size of a dihedral angle can be defined as the angle formed by two 

intersecting lines, one in each plane, that are both perpendicular to the straight edge along 

which the two planes intersect, or the acute angle formed between the normal unit vectors 

representing the planes (22). 

 

Planes of particular interest in the present study are those that are commonly used to 

define the orientation of the sacrum and vertebral segments of the spine in the frontal plane 

as measured on radiographic images.  Two angles of particular interest are sacral obliquity 

for the pelvis and Cobb angles used to measure the relative lateral tilting of individual 

vertebral segments of the spine on radiographic images (23). 

 

The particular interest in the validity of Cobb angles as an angle measurement relates to 

the reliance on the Cobb method as the standard and most commonly used clinical method 

for quantifying and classifying scoliotic curves of the spine by clinicians (24-26).  Sacral 

obliquity was selected as the primary entity investigated in this study for the opposite 

reason, that is, it is not a well-established or well investigated clinical entity.  While sacral 

obliquity has been investigated as a specific entity (27, 28) there is a general lack of 

agreement by clinicians and investigators as to the clinical significance, the optimal method 



5 
 

for quantifying sacral obliquity and its relationship to other structural and functional 

parameters such as scoliosis and anisomelia.  There have been no reports in the relevant 

literature on the validity of measurements of sacral obliquity made on spinal radiographic 

images. 

 

The commonality between sacral obliquity angles that are of interest for this study and 

Cobb angles is that both involve the measurement of dihedral angles on anteroposterior 

radiographic images of the spine and/or pelvis.  Angulation of the sacral base in the frontal 

plane was chosen as the primary focus as it involves the measurement of complex three-

dimensional rotations on specific two-dimensional images of the spinal structures involved.  

This process inherently produces systematic errors that can influence the validity of the 

measurements of both sacral obliquity and Cobb angles obtained directly from radiographic 

images (15, 29). 

 

1.1.1 Pelvic and Sacral Obliquity 

The pelvis as a unit transmits forces from the trunk to the lower limbs through the junction 

with the spine at the sacral base and through the legs at the acetabulum.  The sacrum is 

the bone situated at the base of the spine in the vertical midline of the body when viewed in 

the frontal plane.  Its primary mechanical role is to transmit forces to and from the spine 

above and the pelvic girdle and hips below (30-32).  The most mechanically efficient 

orientation of the sacral base in performing this task in upright posture (sitting or standing), 

when viewed from the front, is perpendicular to the force of gravity (32-36).  Mechanical 

efficiency of the pelvis is optimal with reflective symmetry in the frontal plane around the 

gravitational weight-line of the body (Figure 1). 
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Figure 1. Reflective symmetry in the frontal plane around the gravitational weight-line of the body (left) 
and reflective symmetry of the sacrum (right) 

As the pelvis forms the primary supportive link between the trunk or axial skeleton and 

lower limbs or appendicular skeleton (37), its orientation relative to gravity is crucial in the 

efficient transmission of forces between these elements of the musculoskeletal system (38, 

39).  Obliquity of the pelvis in the frontal plane, and by inference the sacrum, has direct 

mechanical and functional implications for the spine above and weight bearing structures 

below (3, 40-42).  The force of gravity is ubiquitous and influences both the structure and 

function of the human spine in upright posture (30, 43-45).  The magnitude and direction of 

this force remains unchanged throughout life (34).  The orientation of skeletal structures to 

gravity directly influences the internal loads within the structures of the pelvis and the 

behaviour of associated structures (46-48). 

 

A lack of reflective structural symmetry of the sacral base relative to the body of the sacrum 

in the frontal plane can result in an angulation of the sacral base or ‘sacral obliquity’ (Figure 

2). 
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Figure 2. Plane of reflective symmetry of the sacrum with structural asymmetry of the sacral base 
resulting in sacral obliquity 

Sacral obliquity as a clinical entity distinct from pelvic obliquity has been defined as “an 

angular deviation of the sacrum from the line drawn parallel to a line across the femoral 

heads on a supine anteroposterior (A-P) view of the sacrum” (49) (Figure 3).  A direct 

inference from this definition is that the sacral base, as a structural part of the pelvis, has a 

different degree of obliquity to that of the pelvis as a unit.  However, the term pelvic obliquity 

is generally used when referring to the pelvis as a unit without reference to the functional or 

structural symmetry of the pelvis itself (Figure 3). 

 
Figure 3. Radiographic representation of pelvis and femur heads demonstrating sacral obliquity relative 
to the femur heads 

A more encompassing definition of sacral obliquity includes pelvic obliquity and covers any 

angular deviation of the sacral base in the frontal plane from the horizontal plane in erect 

posture (28, 33, 50, 51).  Based on these definitions, angulations of the sacral base in the 
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frontal (coronal) plane can be divided into ‘relative’ or ‘absolute’ sacral obliquity 

respectively.  Relative sacral obliquity describes angulation of the sacral base in the frontal 

plane in relation to other structures, primarily the ilia, femur heads or lumbar spine and 

generally represents internal pelvic or sacral asymmetry.  This relationship would remain 

unchanged with various orientations of the structures to gravity e.g. standing, sitting or lying 

down. 

 

Absolute sacral obliquity refers to the angulation of the sacral base in the frontal plane for a 

specified orientation of the body in a global reference frame or in relation to gravity for a 

specific posture such as standing or sitting.  Relative and absolute sacral obliquity may or 

may not be equivalent, depending on the symmetry of other structures and functional status 

of other components of the framework of the body.  Absolute sacral obliquity is closely 

associated with, and is implied in another commonly used concept relating to functional 

asymmetry of the spine and pelvis.  The concept involves leg-length imbalance (LLI) or leg-

length deficiency (LLD).  One of the clinical implications for detecting and quantifying 

differences in leg length (anisomelia) is the influence that leg-length imbalance or deficiency 

has on the frontal plane angulation of the sacral base (52) (Figure 4). 

 
Figure 4. Implied relationship between sacral obliquity and anisomelia 
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Structural and functional asymmetry of the skeletal system has been implicated as a factor 

in pain syndromes (4, 52-62), degenerative and structural changes (17, 40, 63-66) and 

musculoskeletal function (67-71).  However, based on studies that either showed a weak 

link or failed to show any link between the two , a number of investigators have questioned 

the relationship of pelvic obliquity and leg length imbalance with functional spinal problems 

and pain syndromes (72-76).  Fann (59) reported that the majority of patients treated using 

heel lifts reported an improvement in their pain symptoms.  Her studies indicated that the 

extent of pelvic obliquity is similar in subjects with and without chronic low back pain.  Her 

conclusion was that there must be other factors to account for the benefit of correcting the 

pelvic obliquity.  

 

It is relatively common for musculoskeletal clinicians and researchers to assess the 

positional and functional integrity of the pelvis, and by implication the sacrum, in relation to 

structural changes and functional spinal patterns (11, 17, 28, 33, 40, 50, 54-56, 63-70, 77-

79) and spinal pain syndromes (3, 4, 31, 34, 35, 50, 57-62, 67, 71-77, 79).  In a review of 

procedures used to assess the positional and functional integrity of the lumbopelvic spine 

by chiropractors and other manual therapists, Hestbæk and Leboeuf-Yde (80) found that 

none of the tests studied had been sufficiently evaluated in relation to their reliability and 

validity. 

 

Manual evaluation of the iliac crests is a clinical method commonly used to assess pelvic 

obliquity.  In a study designed to investigate the occurrence of pelvic asymmetry Timgren 

and Soinila (50) used manually assessed iliac crest levels to determine difference in height 

from left to right in neurologic patients with symptoms not explained by their neurologic 

diagnosis.  They found in the patients who had also been examined using radiographs, that 

asymmetry of the pelvis was consistently correlated with two to four degrees of obliquity of 

the sacrum.  However, they gave no indication of the reliability or validity of these 

measurements. 
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A measuring frame was used by Al-Eisa et al (42) to quantify pelvic asymmetry in the 

frontal plane.  Their study indicated that altered mechanics in the lumbar spine in the form 

of asymmetric lateral flexion was highly associated with subtle anatomic abnormalities 

(asymmetry) in the pelvis.  Again, in this study there was no indication of the validity of the 

method used to quantify lateral pelvic tilt (obliquity) and actual sacral base level.  Piva et al 

(81) also assessed the reliability of a measuring device comprising an inclinometer used to 

measure iliac crest level.  The objective was to determine the reliability of the device in 

measuring iliac crest height in the sitting and standing positions with the plan to investigate 

if a change in the iliac crest height was associated with pain or lower back and pelvic 

dysfunction.  While this study demonstrated generally good reliability for the device to 

measure the degree of tilt of the iliac crests in standing posture and moderate reliability in 

sitting posture, there was no assessment of the validity of the measurement in relation to 

the orientation or alignment of the sacral base in either position. 

 

There has not been a generally accepted ‘gold standard’ developed to validate the methods 

used in quantifying sacral obliquity in vivo.  This has meant that clinicians have not had 

access to a validated method for assessing the orientation of the base of the spine in the 

frontal plane for a particular individual or for gathering generalised epidemiological data.  

The result is a general lack of demonstrably reliable and valid information about the 

incidence, distribution and magnitude of sacral obliquity and its relationship to 

musculoskeletal disorders (11, 80-85).  This has allowed a wide range of opinions and 

assumptions amongst health care professionals in regard to the structural, positional and 

functional integrity of the sacrum.  Their differing opinions relate to the cause, 

consequences and clinical significance of lumbopelvic alignment and the positional 

orientation of the sacrum (3, 17, 27, 31-36, 40-42, 52-56, 59-61, 63-67, 71, 73-76, 83, 84). 
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Extrapolating the findings of studies investigating leg length imbalance and pelvic obliquity, 

sacral obliquity could have specific implications for musculoskeletal clinicians (27, 53, 59, 

63-65, 86-90), sports physicians (77, 91) and ergonomists (92-94).  A fundamental part of 

the postural advice given by many of those who assess and treat musculoskeletal problems 

has long included instructions such as “stand up straight, sit up straight, keep the back 

straight when lifting etc.” (95, 96).  This type of advice is generally based on the tacit 

assumption of structural symmetry of the components of the musculoskeletal system, and 

of frontal plane alignment of the spine in particular. 

 

As the sacrum performs the role of the functional and structural base of the spine, it has a 

fundamental influence on the overall symmetry of the spine (37).  Like any weight bearing 

structure the foundation is of prime importance to overall alignment and the mechanical 

relationship of structural components of the axial skeleton to gravity.  This relationship has 

been suggested by Irvin (65), Zabjek et al (63) and Fann (54, 59) as well as other 

osteopaths (32, 83), chiropractors (78, 79) and medical specialists (97).  They 

independently describe levelling the sacrum as the mechanism behind the reduction of 

specific types of scoliosis with the use of unilateral heel lifts to level the sacral base in the 

frontal plane. 

 

The approach of various groups to the assessment of pelvic and sacral obliquity and its 

significance particularly as an entity relative to sitting and standing postures can be 

classified into generalised categories (98).  These categories are helpful in illustrating 

prevailing attitudes and general concepts relating to pelvic alignment and sacral obliquity 

and their presumed influence on spinal alignment. 

 

Within a group comprising such disciplines as manual therapy, ergonomics, occupational 

health and safety (manual handling) and sports physiology, normal or ideal posture is often 

based on straightness or symmetry of the spine and pelvis in the frontal plane (94, 95, 99-
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105).  This concept is predicated on a presumption of structural and functional symmetry of 

the spine as the optimal mechanical configuration with relatively small amounts of structural 

obliquity considered to be of little clinical significance (52, 102-105).  Generally practitioners 

within this grouping tacitly endorse the concepts underlying ‘stand up straight, sit up straight 

and keep your back straight when lifting’ and advocate strategies aimed at maintaining a 

‘normal’ and balanced posture as the ideal (95, 101, 102).  Based on these concepts, 

postural symmetry underlies diagnosis and treatment strategies and advice given on 

optimal postures (31, 32, 44, 52, 65, 67, 74, 77-79).  It is also reflected in ergonomic design 

(106-110), prescribed exercises and back care advice available to the public that is based 

on, or assumes structural, positional and functional symmetry of skeletal structures (102, 

108-111).  Advice and treatment strategies are often based on ideal or theoretical 

constructs and assumptions (105, 112) rather than firm data relating to structural or 

positional symmetry of the spine and pelvis in specific individuals (39-42, 82, 85, 113, 114). 

 

As a second group, orthopaedic surgeons and allied therapists often treat obliquity of 

structures of the spine with associated back pain syndromes on a pragmatic basis without 

necessarily assigning or defining a specific cause.  For example, Jacob and McKenzie 

(115) suggest that a priori knowledge ‘about common spinal disorders can blind clinicians to 

meaningful and individual phenomena.’  They advocate a posteriori empiric study of 

phenomena related to spinal loading, after which pathoanatomic explanations are proffered.  

In a review article Asher and Burton (116) state that adolescent idiopathic scoliosis is a 

condition of unknown cause and conclude that even though the natural history and long-

term treatment effects remain somewhat incomplete, informed decisions can be made 

regarding management options. 

 

Measurable loss of symmetry is frequently described or designated as ‘idiopathic’.  

Idiopathic scoliosis is defined by the Scoliosis Research Society (49) as a “structural spinal 

curvature for which the cause has not been established.”  The diagnosis of idiopathic 
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scoliosis implies that there is no evidence of underlying physical or radiographic pathology 

(87).  This form of scoliosis is the most common type, representing 80% of all scoliosis (33).  

Many practitioners treat obliquity of the spine without attributing, acknowledging or ascribing 

a specific cause (33, 115-120).  Classification and treatment of functional or mechanical low 

back pain and scoliosis is often based on the assumption that it is of unknown origin (87, 

117).  Treatment can involve surgical and bracing correction for scoliosis (33, 121, 122), 

exercise programmes (33, 119, 123-127) and postural advice (33, 118, 119, 128).  These 

treatments can be considered ‘successful’ in terms of pain relief and cosmetics without 

designating a specific cause (118-120, 125). 

 

Another group of practitioners, including many chiropractors and osteopaths, treat 

musculoskeletal pain and functional disorders with acceptance of obliquity of structures 

comprising the spine and pelvis as an a priori fact.  The cause of this asymmetry is 

generally attributed to joint misalignment as the underlying mechanism (12, 13, 31, 50, 78, 

79, 90).  This grouping also includes many podiatrists, physiotherapists and to a lesser 

extent some medical practitioners (77, 86, 129-131).  The cause of the observed obliquity is 

commonly attributed by these practitioners to a variety of misalignments and functional 

changes in the musculoskeletal system.  These practitioners generally employ techniques 

to assess, improve or restore positional and functional integrity to elements of the body’s 

skeletal framework.  In order to do so they often use procedures to assess pelvic alignment, 

functional leg length imbalances and spinal alignment as part of their treatment modalities.  

The presumed cause for this obliquity is commonly attributed to correctable joint, soft tissue 

and functional factors.  Widely advocated chiropractic and osteopathic techniques are used 

to assess, interpret and correct pathomechanics of the lumbopelvic spine (132-134).  These 

techniques often involve the use of radiographic and other clinical tests to analyse and 

quantify positional dyskinesia.  Others use observational tests such as assessing functional 

leg length imbalance (69, 72, 90, 135, 136), palpation (137, 138) and the relative position of 

the iliac crests (81) as diagnostic or assessment tools.  However, there is little evidence 
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validating these procedures or the assumptions they are based on (80, 84, 86, 135-140).  

Drerup and Hierholzer (141) used rasterstereography and curvature analysis to localise the 

lumbar dimples which were used in their study to indicate pelvic movement.  They noted a 

systematic lag in displacement of the dimples relative to the pelvis from tilting of the pelvis.  

They assumed that either soft tissue effect or torsion of the pelvis was responsible for the 

observed behaviour of the lumbar dimples.  However, they concluded that the dimples 

could not be taken as exact indicators for orientation and movement of the pelvis and 

assumed pelvic torsion could only be determined to exist based on independent 

measurement. 

 

A relatively small number of health care professionals and researchers, along with some 

researchers from non-health care disciplines suggest that the sacrum and other segments 

of the spine may exhibit a significant degree of structural asymmetry (17, 27, 28, 39, 40, 65, 

78, 79, 83, 85, 98) (Figure 2).  This approach, while accepting the presence of frontal plane 

asymmetry, is distinct from the more widely held view that leg length imbalance and joint 

misalignments are the underlying causes of the observed angulations of the sacral base 

and superimposed scoliotic spinal curves.  The inherent assumption in the concept that 

equates pelvic obliquity and absolute sacral obliquity is that the degree of tilt of the pelvis in 

the frontal plane is assumed to be equal to the degree of sacral tilt.  Opposing these views, 

clinicians such as Brown et al (27) and Liebenson (79) suggest that sacral obliquity 

represents a distinct and separate entity with its own clinical significance and not just a 

consequence of pelvic obliquity.  A number of clinical and radiographic procedures are 

based on the assumption that sacroiliac joint misalignment resulting in relative sacral 

obliquity is a quantifiable and significant entity (13, 27, 40, 41, 65, 78, 79, 83).  However 

there are no studies in the available literature that unequivocally validate this assumption 

(142). 
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The differentiation of sacral obliquity, pelvic obliquity and leg length imbalance has two 

major implications for clinicians. The first is that the assumption of equivalency of sacral 

obliquity and pelvic obliquity could lead to a misdiagnosis or seemingly conflicting 

information regarding the patient’s structural alignment or lack of it.  Dott et al (86) for 

example suggest that treatment based on palpatory examinations of the iliac crest 

presupposes a direct and consistent relationship between the pelvic bones (innominates) 

and the sacral base.  They conclude that in cases of mild to moderate short leg syndromes, 

the iliac crest height is an unreliable predictor of the direction or degree of sacral base 

levelness.  Fann (11) suggests that ‘unelucidated’ factors, other than leg length 

discrepancy, must contribute to the development of chronic pain and degenerative changes 

in the lumbar spine.  Fann also goes on to state that measuring solely the femoral heads 

instead of the sacral base ignores the complexity of the mechanics between the lumbar 

spine and pelvis.  In support of this view, a review by Papaioannou et al (66) of the records 

and physical findings of twenty three young adults that had significant untreated leg length 

inequality revealed no relationship between the underlying cause of the anisomelia or its 

duration and the severity of the spinal abnormality. 

 

Another implication in assuming equivalency of absolute sacral and pelvic obliquity 

manifests itself when changing from sitting to standing posture.  If the orientation of the 

sacral base involves both pelvic obliquity due to leg length imbalance and relative sacral 

obliquity due to internal pelvic asymmetry, the level of the sacral base in the frontal plane 

can be measurably different when changing from sitting to standing posture (Figure 5). 
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Figure 5. Change in the orientation of the sacral base from standing posture (A) to sitting posture (B) 
with the internal architecture of the pelvis remaining constant.  The blue line represents the plane of the 
sacral base and the red line represents the plane of the femur heads 

Juhl et al (83) using lumbar radiographic studies examined the prevalence of six types of 

postural asymmetry involving leg length imbalance, sacral obliquity and scoliosis.  The 

study describes differences between anisomelia or leg length imbalance and absolute 

sacral obliquity that result from internal pelvic asymmetry.  They suggest that an angulation 

of the sacral base relative to the femur heads coupled with an actual leg length difference 

produces six distinct postural patterns (Figure 6). 

 
Figure 6. The six combinations of sacral obliquity and leg length imbalance used by Juhl et al and other 
osteopathic clinicians 
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1.1.2 Scoliosis (Vertebral Endplate Obliquity) 

A scoliosis is a lateral curvature of the spine involving obliquity of vertebra in the frontal 

plane (49).  Cobb angles are commonly used to measure vertebral obliquity on 

anteroposterior or posteroanterior plain radiographs of the spine as a method of quantifying 

and classifying scoliotic curves (143).  In order to measure a scoliotic curve the end or 

transitional vertebra are identified as the segments common to the reference curve and the 

curves above and below.  The end vertebra are the most superior and inferior vertebra 

which are least displaced and rotated and has the maximally tilted (oblique) end plate.  

Obliquity is measured using a line drawn along the superior end plate of the superior end 

vertebra and another line drawn along the inferior end plate of the inferior end vertebra.  If 

the end plates are indistinct the line may be drawn through the pedicles. The angle between 

these two lines (or lines drawn perpendicular to them) is measured as the Cobb angle. 

 

Chiropractic radiographic analysis of the spine is used to produce a ‘listing’ of a vertebra 

and is commonly used to indicate structural ‘dysrelationships’ of spinal segments (12).  The 

loss of positional integrity of pelvic and spinal segments is traditionally referred to as a 

subluxation.  According to Gonstead (12, 13), lines constructed parallel to the adjacent 

vertebral endplates will converge if a lateral flexion malposition is present and will be 

parallel if no such subluxation exists. 

 

1.2 MORPHOLOGY OF LUMBOPELVIC SEGMENTS 

Specific aspects of anatomy, morphology and functioning of the joints of the pelvis and 

spine are relevant to an understanding of obliquity angles.  A number of authors (30, 37, 44, 

100, 142, 144, 145) have previously outlined the clinically significant anatomy, morphology 

and function of the lumbopelvic region. 

 

1.2.1 Bones of the pelvis 
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The average adult pelvis is comprised of eleven individual bones (37).  These are the five 

sacral segments, fused in the adult spine, four coccygeal segments, sometimes fused to 

form two or three moveable segments, and two innominate bones.  The innominate bones 

are in turn made up of three separate bones that are fused in the adult pelvis with a point of 

commonality at the centre of the acetabulum.  They are the ilium, ischium, and pubis bones 

(Figure 7).  The morphology of the osteological pelvis as a whole has been considered to 

exhibit reflective symmetry around the mid sagittal plane (82). 

 
Figure 7. The individual bones that make up the adult pelvis 

The sacrum has been described in the context of surgically relevant anatomy by Cheng and 

Song (37).  They describe the human sacrum as generally being made up of the five sacral 

segments that fuse by involution of the intervening discs to form a large triangular shaped 

bone that forms the posterosuperior wall of the pelvis.  The triangle is inverted with its apex 

pointing to the caudal end of the body or inferiorly in upright posture.  It is aligned and 

centred on the mid-sagittal plane of the body.  The five sacral segments have a similar 
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structure to a typical lumbar vertebra in that they are comprised of the body, which is 

equivalent to the body of a typical lumbar vertebra, the vertebral arch and a costal element.  

Early in life, ossification of the lateral aspect of each segment, made up of the lateral aspect 

(transverse process) of the vertebral arch and the costal element join together to form the 

sacral ala (145).  The ala on each side of the five individual segments eventually fuse to 

form one bone with the lateral aspect of the first three forming the irregular flattened 

articular surface of the sacroiliac joints. 

 

The sacral base is the superior articulating surface of the sacrum and represents the 

equivalent of the vertebral endplate.  It articulates with the 5th lumbar vertebra above at the 

lumbosacral junction.  Lee and Hodges (145) describe the cranial aspect of the first sacral 

vertebra as consisting of the vertebral body interiorly (the sacral base) with the anterior 

projecting edge known as the sacral promontory. 

 

The coccyx is usually made up of four rudimentary vertebral segments that combine into 

two or three segments in adulthood.  The first coccygeal segment articulates with the last 

(5th) sacral segment above at the sacrococcygeal symphysis.  In most instances this joint 

has only limited movement (Figure 8). 
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Figure 8. Side and front view of the sacrum with anatomical features identified 

1.2.2 Joints of the pelvis 

There are nine articulations associated directly with the bony pelvis (Figure 9).  Each 

innominate bone articulates with the sacrum at the diarthrodial sacroiliac joints.  These are 

strong, weight bearing synovial joints with irregular elevations and depressions and strong 

intrinsic and extrinsic ligaments that produce and maintain interlocking of the two bones 

with weight bearing and small amounts of movement.  Each innominate bone articulates 

with the opposite innominate at the symphysis pubis, an amphiarthrotic joint, and with a 

femur head at the acetabulofemoral joint.  The sacrum articulates with the lumbar vertebra 

above and the coccyx below.  The sacral base articulates with the intervertebral disc of the 

vertebra above (usually the 5th lumbar) at the lumbosacral junction and a pair of facet joints 

articulates directly with the inferior articular facets of the same vertebra.  The coccyx 

articulates with the sacrum at the sacrococcygeal joint. 
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Figure 9. The nine major articulations of the pelvis. 1. Two facet joints  2. Lumbosacral disc  3. Two 
sacroiliac joints  4. Two acetabulofemoral joints  5. Sacrococcygeal joint  6. Pubic symphysis 

The sacrum has six articulations, although this can vary with congenital variations at the 

lumbosacral junction and sacroiliac joints.  Commonly there are the two sacroiliac joints 

laterally, the lumbosacral articulation and two facet joints at the lumbosacral junction and 

sacrococcygeal symphysis between the sacrum and coccyx.  The innominate bones form 

the outer part of the sacroiliac joints on either side of the sacrum and articulate with each 

other at the symphysis pubis to form the pelvic girdle.  The innominate bones articulate on 

either side of the pelvis with the femur heads at the acetabulofemoral joints. 

 

A variation found at the lumbosacral junction that can influence the number of joints in the 

region and make identification and classification of the sacral base difficult involves a 

transitional segment where the last lumbar vertebral (what would normally be L5) or the first 

sacral segment (what would normally be S1) can have characteristics of the sacrum or 

lumbar segment respectively.  In a study of 300 consecutive patients with lumbar spine 

related pain syndromes Delport et al (146) reported that 30% had a transitional lumbosacral 

segment that was not always visible on advanced imaging.  They classified the type of 

transitional segment into one of four groups comprising complete or incomplete bony union 
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and bilateral or unilateral articulation of the transverse processes.  In a review article of the 

classification, imaging findings and clinical relevance of transitional lumbosacral segments 

Konin and Walz (147) concluded that transitional vertebra involving the sacral base are 

common anomalies of the spine that need accurate identification and numbering of the 

affected segment.  They suggest from their review that while it has been long contested, 

there is fairly convincing evidence of an association of low back pain with transitional 

segments.  They further state that knowledge of the biomechanical alterations within the 

spine caused by transitional segments at the lumbosacral junction could help radiologists 

and clinicians understand and recognise the imaging findings seen in patients with low back 

pain and a transitional segment (Figure 10). 

 
Figure 10. A sacrum comprised of six individual segments due to the addition of a transitional 
lumbosacral segment  
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1.2.3 Movement within the pelvic girdle 

Movement has been shown to occur within the pelvic girdle at the sacroiliac joints and the 

symphysis pubis (142, 145).  The most significant movement demonstrated is nutation and 

counter-nutation of the sacrum around a transverse axis (100, 148) (Figure 11). 

 
Figure 11. Rotation of the sacrum around the x-axis described as nutation (+x) and counter-nutation (-x) 

Movement of the SI joints has been interpreted as being clinically significant in low back 

pain syndromes (44, 77, 149-152) functional patterns of the spine (31, 32, 34, 41, 77) and 

sacroiliac joint pain (149, 153).  The sacrum under physiological loading conditions has 

been shown to have only very small movement around the Z-axis (148, 152, 154, 155) 

(Figure 12).  Hu et al (148) found that it is in the range of 0.5 degrees for axial rotation in 

adult cadaveric spines. 
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Figure 12. Lateral tilt of the sacrum around the Z-axis 

Rotation of the ilia, either unilaterally or as counter rotation of the opposite ilia, has been 

suggested as another mechanism that results in relative obliquity of the sacral base (12, 13, 

77).  However, clinical assessment of this movement has not been validated in the relevant 

literature. 

 

There is general consensus from studies of movement involving the sacroiliac joints that 

there is an extremely small amount of linear and rotational movement of the sacrum relative 

to the ilia in the frontal plane.  Based on a comprehensive systematic literature review of 

sacroiliac (SI) joint movement, Goode et al (151) concluded that motion at the sacroiliac 



25 
 

joint is limited to what they describe as “minute amounts” of rotation and translation with 

frontal plane rotation in the range of -0.5 to 0.8 degrees.  Sturesson et al (154-156) in three 

separate studies involving radiostereometric analysis of SI joint movement demonstrated Z-

axis rotation of less than 0.3o with a standard error of measure of 0.1o.  While some 

distortion of the pelvic ring may occur due to movement at the SI joints in various postures, 

the difference in position of the sacrum relative to the ilia accounts for only a minute change 

in the orientation of the sacral base relative to the innominate bones and hence the degree 

of relative sacral obliquity.  Contraction of the transverse abdominis was found by 

Richardson et al (157) to decrease the laxity of the sacroiliac joint in their in vivo study of 

healthy subjects.  The study was designed to demonstrate the biomechanical effect that 

contraction of the transverse abdominis has as an effective exercise in low back pain.  

Movement of the sacroiliac joints had been shown to be influenced not only by structural 

quality and integrity of the sacroiliac joints but also by active contraction of lumbopelvic 

muscles (158).  This effect would be absent in in vitro studies that attempt to quantify 

sacroiliac joint movement. 

 

1.2.4 Vertebral morphology 

There are 33 individual segments making up the human spine.  The adult vertebral column 

usually consists of 24 moveable segments that are irregular bones consisting of two distinct 

morphological portions, both with general symmetry around the mid sagittal plane. The 

vertebral body is the large roughly cylindrical anterior part of each segment (except C1 the 

atlas) with almost flat top and bottom surfaces known as the end plates.  These surfaces 

are integral with, and form the support for the intervertebral discs that lie above and below 

each segment, except for the axis (one disc below) and the atlas vertebra (no discs).  The 

outer rim of each end plate is the fused ring apophysis and is slightly raised from the 

surface.  It is a narrow portion of smoother, denser bone compared to the more porous 

centre region (Figure 13). 
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Figure 13. Morphology of a typical vertebral segment 

The posterior portion comprises two pedicles attached to the vertebral body and a lamina 

on either side that form the posterior portion of the neural arch.  There are transverse 

processes on both sides of the posterior element and one spinous process at the junction of 

the laminae in the mid line.  A pair of superior and inferior articular processes provides the 

structural support for the zygapophysial joints except for C1 and superior joints of C2.  The 

number of joints associated with each vertebra varies with the region of the spine involved. 

 

1.2.5 Vertebral movement 

The 24 freely moveable segments in the typical weight bearing human spine consists of 

seven cervical, twelve thoracic and five lumbar vertebrae.  The degrees of freedom and 

ranges of movement vary with each segment and each region of the spine. 

 

Each spinal segment can rotate through various degrees of rotation in the three planes X, Y 

and Z (Figure 12).  These rotations are referred to in anatomical terms as flexion/extension, 

lateral flexion and rotation.  There is minimum displacement between individual vertebrae 
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due to shear strain in the normal spine.  A consideration in the evaluation, classification and 

quantification of spinal movement involves coupling patterns of individual spinal segments 

and spinal regions.  Each region of the spine has gross coupling patterns that are 

influenced by the kyphotic or lordotic curve associated with the region and the architecture 

of the joints associated with the region of the spine involved. 

 

1.3 CLINICAL IMPLICATIONS OF SKELETAL ASYMMETRY 

1.3.1 Structural asymmetry of the spine 

Structural asymmetry of the skeletal framework has been identified as a clinically significant 

factor in a variety of anatomical areas (3, 4, 27, 39, 40, 42, 48, 55, 57, 59, 60, 66, 69, 70, 

72-74, 76, 78, 79, 82, 83, 85, 90, 91, 97, 113, 114, 159).  Structures of the musculoskeletal 

system that have been identified as exhibiting significant structural asymmetry include: 

 Innominate bones (3, 42, 82, 160) 

 Sacrum (27, 39, 40) 

 Lower limbs (70, 72, 161-163) 

 Vertebra including atlas and occipital condyles (114, 159, 164) 

 Other skeletal structures (161, 162, 165, 166) 

 

Assessment of structural asymmetries of the axial skeleton, with the possible exception of 

anisomelia, has not generally been incorporated into validated clinical diagnostic protocols 

and specific treatment procedures.  Fann (11) emphasises this point by suggesting that 

most of the literature relating to skeletal asymmetry has addressed the role of leg length 

discrepancies (LLD) in relation to back pain.  This view is supported by Al-Eisa et al (3) who 

suggest that patients with low back pain may have a distinct compensatory mechanism, 

secondary to pelvic asymmetry that puts the lumbar spine under greater stress.  Opposing 

this view, Levangie (73) found that pelvic asymmetry determined from external pelvic 
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landmarks was not positively associated with low back pain in any way that seemed 

clinically meaningful. 

 

Altered functional patterns and pain syndromes have been associated by a number of 

investigators with pelvic skeletal asymmetry (3, 4, 42, 59, 70, 92).  The reliability and 

validity of physical examination procedures used to assess or measure skeletal asymmetry 

in a clinical setting has been critically reviewed.  Levangie (73) concluded from her study of 

144 cases and 138 control subjects that evaluation and treatment strategies based on the 

clinical assessment of pelvic asymmetry should be questioned.  The reliability of 

procedures commonly used by osteopaths to assess asymmetry of landmarks presumed to 

indicate pelvic somatic dysfunction was investigated by Kmita and Lucas (167).  They 

concluded that the reliability of the particular examination procedures was low and not 

clinically useful.  Ross et al (114) came to a similar conclusion regarding the validity of 

palpation used in a clinical setting to assess the cervical spine.  They found that asymmetric 

joint geometry is common in this region of the spine and this could mislead the clinician 

when assessing joint motion.  In a review of the literature relating to the reliability and 

validity of tests to assess the positional integrity of the sacroiliac joints, Huijbregts (168) 

found that current research did not support a specific diagnosis in the sense of a sacroiliac 

joint positional fault or specific hypomobility as needed to guide manual medicine 

interventions of sacroiliac joint dysfunction.  Bowman and Gribble (169) also found that for 

three common clinical tests used to assess apparent discrepancies in leg length or 

structural asymmetry of the lower limbs, agreement was no greater than would be expected 

by chance. 

 

The clinical methods employed to assess structural and functional obliquity of the spine are 

frequently linked to the therapeutic and outcome objectives of the professions involved.  

McGill (36) suggests that each professional group attempts to identify the primary 

dysfunction according to its particular type of treatment.  In this respect most of the clinical 
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methods employed to assess the positional integrity of the spine and the significance 

attached to the findings are, to a large extent, based on assumptions relating to the 

presumed cause of the clinical presentation.  Commonly expressed assumptions include 

the presence of sacroiliac joint misalignments and dysfunction (hyper- and hypo-mobility) 

(77), functional leg length imbalance (90), muscular imbalances and manipulable lesions of 

the musculoskeletal system (34).  A group comprised mainly of practitioners who specialise 

in musculoskeletal disorders or manipulative therapies, such as orthopaedists, 

chiropractors, physiotherapists and osteopaths, have developed a wide range of clinical 

practices and assessment methods aimed specifically to assess positional integrity and 

asymmetry of the spine and pelvis (80, 137-140, 162, 170-175).  These orthopaedic and 

other clinical tests include functional and postural assessment of the musculoskeletal 

system, spinal imaging and specific clinical tests. 

 

1.3.2 Functional assessment 

Functional assessment of musculoskeletal symmetry can involve quantifying ranges of 

motion (175, 176), specific muscle strength testing (16, 171) and palpation of joints for 

mobility and positional integrity (137, 172, 174, 177).  Static palpation tests used to assess 

asymmetry and dysfunction of the pelvic region were evaluated by Holmgren et al (175).  

They concluded that for clinical practice, the tests used as methods for detecting pelvic 

asymmetry were of doubtful utility.  Studies such as these suggest that asymmetrical spinal 

patterns are commonly assessed and attributed to joint dysfunction and positional changes 

between structural elements of the spine and pelvis without the tests and clinical methods 

having been subjected to rigorous validation.  Pain provocation tests (149, 171) along with 

other specific clinical tests (171, 173, 178-181) have been developed and employed by 

clinicians to assess the integrity the sacroiliac joints and pelvic alignment.  Global postural 

variations are considered to be indicative of asymmetry of specific structures or 

representing specific joint dysfunction (136, 170, 171, 181-183). 
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McGrath (149) concludes from a review of the relevant literature that sacroiliac joints (SIJ) 

motion has been shown to be ‘minute, unpredictable and its measurement neither reliable 

nor valid’.  Because of the lack of demonstrated inter and intra reliability he suggests that 

the belief held by many clinicians that SIJ motion is in fact manually palpable also remains 

open to question.  Stovall and Kumar (177) in their review of the literature to establish the 

state of knowledge on the reliability of clinical assessment of asymmetry in the lumbar spine 

and pelvis conclude that assessment of bony anatomic landmark asymmetry has not been 

demonstrated to be a reliable method of palpatory assessment.  They identified that one 

reason for their review was the wide range of palpatory approaches that have been used for 

detecting dysfunction in the spine and pelvis prior to manipulative intervention.  In this 

context, bony anatomic landmark asymmetry is hypothesized mainly by chiropractors and 

osteopaths to give information on the relative positions of the structures in question.  

Maigne et al (184) found in their study to objectively evaluate specific sacroiliac pain 

provocation manoeuvres that no single clinical test is sufficiently sensitive to differentiate 

among multiple anatomic variations and the other surrounding tissues.  They concluded 

that provocation tests in patients with negative response to blocks are not specific tests of 

sacroiliac joint pain. 

 

1.3.3 Spinal imaging 

Plain film radiography is a commonly used clinical tool for assessing obliquity of the spine 

and pelvis (174, 179, 185, 186), particularly by professional groups such as chiropractors 

(12, 13, 41, 78, 79) and osteopaths (8, 171) as well as medical practitioners as in the case 

of scoliosis assessment (33, 52, 187).  Based on a three-dimensional study of the pelvis, 

Boulay et al (160) suggest that asymmetry of the lower part of the pelvis, particularly at the 

acetabulum level, is not accessible in a clinical setting making evaluation difficult if not 

impossible.  They also concluded that because of osseous superposition on plain film 

radiographs, it is very difficult to measure the asymmetry of the pelvis at the acetabulum 

level with commonly used radiographic views of the pelvis.  Other investigators have 
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identified potential systematic errors associated with plain film radiography of the pelvis that 

could influence the validity of structural asymmetry measurements (8, 29, 187-191).  

Kuchera and Kuchera (8) commenting on the validity of postural radiographs make the 

observation that a lack of standardisation of osteopathic radiographic protocols has 

rendered many measurements meaningless for the purposes of positional diagnosis, 

patient follow-up, or research. 

 

Computerised tomography (CT) and magnetic resonance imaging (MRI) have also been 

used as clinical methods to assess the positional integrity and symmetry of the pelvic region 

(7, 192-195).  These methods have generally been shown to be valid and reliable for the 

clinical assessment of asymmetry of the spine and pelvis.  Cargil et al (193) used three 

dimensional MRI studies to measure intervertebral movements between postures.  Using 

three-dimensional reconstructions of MRI data they were able to measure individual 

postural patterns.  They concluded that with improvements in imaging technology the 

method could have a wide variety of applications.  However, advanced spinal imagining 

methods are not commonly utilised in a clinical setting mainly due to the high dose of 

potentially harmful ionising radiation in the case of CT imagining, and the cost involved and 

limited availability of advanced spinal imagining equipment particularly for imaging weight 

bearing postures (196-199). 

 

1.3.4 Specific clinical tests and assessment methods 

There are numerous other methods used to assess functional and positional patterns of the 

spine and pelvis that are utilised by practitioners in a clinical setting.  Some of these 

methods include proprietary radiographic analytical methods employed by chiropractors 

using protocols such as the technique developed by Gonstead (12, 13).  Other techniques 

include physiotherapy based McKenzie methods (200) and osteopathic techniques 

presented by Schiowitz et al (171), Dowling (181) as well as tests that involve functional 
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and postural assessment such as those used by Alexander technique practitioners (107, 

118). 

 

Medical, chiropractic and osteopathic practitioners such as Schamberger (77), Illi (41), 

Gonstead (12, 13), and Irvin (65) have attributed the functional patterns and pain 

syndromes to loss of joint integrity, particularly of the sacroiliac joints.  However, despite 

these commonly held beliefs, a relatively small number of clinicians and researchers, 

including Brown et al (27), Barge (78), Juhl et al (83), Cartstens (40) and Liebenson (79) 

have suggested that the clinically observed patterns attributed to spinal and sacroiliac joint 

dysfunction are, at least in a significant number of cases, the result of structural asymmetry 

of the sacrum in the frontal plane.  They independently suggest that structural asymmetry of 

the sacrum is a significant clinical factor either wrongly attributed to functional alignment 

asymmetry, or largely unobserved in clinical practice.  Liebenson (79), states that the most 

frequent fallacy is for clinicians to associate disturbed body static alignment with pelvic 

obliquity and leg length differences rather than with the levelness of the sacral base. 

 

1.4 FUNCTIONAL AND STRUCTURAL PELVIC OBLIQUITY 

Pelvic obliquity is any deviation of the horizontal plane of the pelvis from level and is usually 

measured in an upright posture by comparing the relative height of the iliac crests to see if 

one side of the pelvis is higher than the other (201).  Pelvic obliquity, lateral pelvic tilt and 

other terms representing the same or similar concepts have been used by researchers and 

clinicians with an assumption of inter-changeability with sacral obliquity in describing an 

angulation in the frontal plane of the base of the spine in erect posture (Figure 14).  For 

example, studies have attempted to relate pelvic obliquity and leg length imbalance to 

lumbar spine scoliosis or back pain.  Studies such as those by Giles (164), Giles and Taylor 

(55) and others (61, 62, 64, 66, 71) tacitly assume equivalency of pelvic and sacral 

obliquity.  In a review of the literature relating to leg length inequality (LLI), Colloca (90) 

references numerous authors who equate scoliosis and postural changes directly to the 
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presence of leg length imbalance (or inequality).  However others suggest that an oblique 

pelvis may or may not equate directly with obliquity of the sacrum (79, 83, 86, 171). 

 
Figure 14. The relationship between anisomelia, sacroiliac joints and pelvic obliquity with the spine 
above 

The concepts of sacral and pelvic obliquity, when used as descriptive terms for the 

orientation of two different structures i.e. the sacrum and ilia, cannot be assumed to be 

synonymous.  A study by Hoikka et al (74) supports this differentiation by demonstrating a 

lack of correlation between the direction of lumbar scoliosis and leg-length inequality in their 

study of one hundred patients with chronic low-back pain. 

 

Leg length imbalance (inequality) and sacroiliac joint misalignment or dysfunctions are two 

clinical presentations commonly associated with pelvic obliquity in the frontal plane (8) 

(Figure 14).  These involve either structural or functional asymmetry of components of the 

musculoskeletal system.  Functional asymmetry of the pelvis has been attributed to leg 

length imbalance and sacroiliac misalignments by chiropractors (13), medical practitioners 

(77) and osteopaths (177, 202). Leg length imbalance has in turn been attributed to both 

structural (anisomelia) and functional asymmetry of the lower limbs (13, 50, 72). 
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Sacroiliac joint dysfunction is considered by many clinicians as a form of functional 

asymmetry affecting the positional relationship of the sacrum and components of the pelvis 

under static or dynamic loading conditions (12, 13, 31, 34, 41, 116, 138, 150, 160, 171, 

174, 181) (Figure 15).  These two factors are considered the major contributing factors in 

observed pelvic obliquity even though the magnitude, distribution and clinical significance of 

both factors is considered controversial and unsubstantiated by many researchers and 

clinicians (80, 84, 142, 149, 151, 154, 155, 168-170, 175, 178, 186, 194, 203, 204) (Figure 

15). 

 
Figure 15. Pelvic torsion due to counter rotation of the ilia proposed as a method that would result in a 
functional sacral obliquity 

Structural pelvic asymmetry has been identified as another compounding factor that is 

difficult to quantify in a clinical setting (82, 85).  Badii et al (85) found that innominate 

asymmetry greater than five millimetres only occurred in approximately 5% of their three 

hundred and twenty three study participants.  Their study contrasts with the one reported by 

Ingelmark and Lindstrom (205) who studied the association between leg length inequality 

and pelvic asymmetry in two hundred and seventy patients.  Ingelmark and Lindstrom 

defined pelvic asymmetry as measured on standing anterioposterior radiographs of the 
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pelvis as the difference in the measured distance from the iliac crest to the acetabulum on 

either side.  They reported a difference of greater than five millimetres in fifty one per cent 

of patients participating in the study.  Al-Eisa et al (4) in their study of fluctuating asymmetry 

and its relationship to lower back pain found that the low back pain group had a significantly 

higher mean pelvic asymmetry ratio compared to normal controls.  A positive association 

between non-specific low back pain and pelvic asymmetry was also found in a study by Al-

Eisa et al (3).  This study also showed a link between pelvic asymmetry and altered trunk 

motion in sitting position.  Plochocki (39) analysed asymmetry in the human sacrum in a 

sample of two hundred and thirty eight individuals.  He found significant directional 

asymmetry in all three directions (frontal, coronal and sagittal) resulting in the sacrum 

having a highly variable morphology which he associated with handedness. 

 

Fann (11) investigated the validity of using radiographs to measure pelvic obliquity.  In this 

particular study Fann used a line representing the sacral base as previously described by 

Tilley (188), as the plane representing the relationship of the pelvis to the horizontal plane.  

A limitation of the study was that it measured absolute sacral (pelvic) obliquity induced by 

inserting a heel lift of a given size under one leg for the radiographic study.  The 

investigation did not attempt to evaluate the validity of radiographic methods used to 

measure relative sacral obliquity, positional changes in the sacroiliac joints or pelvic 

symmetry. 

 

The clinical significance of assessing pelvic obliquity and leg length imbalance is based on 

an implied assumption that the measured asymmetry represents an obliquity of the 

structural base of the spine (79).  However, in most studies the validity and reliability of 

assessing pelvic obliquity has been documented without specific reference to the sacral 

base.  The significance of the distinction between sacral and pelvic obliquity is that the 

sacral base acts as the structural foundation of the spine whereas the pelvis as a unit acts 

as the structural link between the lower limbs and the spine.  The sacrum is an integral part 
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of the pelvis but the pelvis does not necessarily define its relative or absolute position 

(Figure 16). 

 
Figure 16. Anisomelia (1 – 2) and isomelia (no leg length discrepancy) (3 - 4) with different pelvic 
patterns and degrees of sacral obliquity 

Leg length imbalance, or anisomelia, is defined as a structural inequality of the lower limbs 

or lack of symmetry in the length of the paired bones of the lower limbs (69).  Leg length 

imbalance has been extensively studied in patients with low back pain, functional spinal 

disorders and other musculoskeletal problems (57, 70, 72, 136, 206-209).  The significance 

of leg length imbalance relative to sacral obliquity is related to its influence on, or 

relationship to pelvic obliquity as a causative factor (Figure 17).  Functional leg length 

imbalance has been posited as due to postural and muscle changes or changes in the 

positional relationships within the pelvis (50, 136) (Figure 17). 
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Figure 17. Anisomelia (red), absolute sacral obliquity (blue) and pelvic obliquity (green) 

According to Knutsen (72) the clinical significance of leg length imbalance is a contentious 

issue for practitioners.  He based this opinion on an extensive review of the relevant 

literature. There are a number of methods commonly used to quantify leg length inequality 

in a clinical setting involving the measurement of relative leg lengths in a prone or supine 

position, erect pelvic landmark evaluation and radiographic analysis (183).  Of the 

commonly used methods, radiographic assessment is considered the ‘gold standard’ (90, 

135). 

 

There are varying opinions expressed in the literature on what can be considered a 

clinically significant amount of leg length inequality (69, 90, 135).  Knutson (72), in a review 

and recommendation for clinical decision-making relating to the prevalence, magnitude, 

effects and clinical significance of leg-length inequality, suggests that for most people 

anatomic leg-length inequality does not appear to be clinically significant until the 

magnitude reaches twenty millimetres.  This magnitude as a clinical ‘breakpoint’ is also 

proposed by Gurney (69) who believes that it may be much higher in young people.  

However, a study by Mahar et al (68) supported their hypothesis that a leg-length 

discrepancy of as little as one centimetre may be biomechanically important.  The clinical 

significance of a one centimetre leg length difference is supported by Steen et al (210).  
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They state, based on their review of the relevant literature, that there is an association 

between a difference in leg length of more than one centimetre and low back pain. 

 

In discussing heel lifts for postural correction, Fann (54) found that ninety three patients 

with low back pain had an average of eight millimetres of pelvic obliquity.  Friberg (60) also 

found that correction of leg length inequality with the use of an adequate shoe lift resulted in 

an alleviation of symptoms in the majority of subjects studied (n = 798).  The symptoms 

showed highly significant correlation with leg length inequality of five to twenty five 

millimetres.  Patients with an ‘unlevelling’ of the sacral base of greater than two millimetres 

were used in a study by Hoffman and Hoffman (36) to assess the effect of levelling the 

sacral base using heel lifts.  They found heel lifts provided a statistically significant relief 

from low-back pain.  In a study of conservative correction of leg-length discrepancy of 10 

mm or less in patients with chronic low back pain, Defrin et al (61) found that shoe inserts 

significantly reduced both pain intensity and disability.  However, based on a study of two 

hundred and forty seven men and women aged 35 to 54 years, some with disabling back 

pain and others symptom free, Soukka et al (211) found that an association between mild 

leg-length inequality (mean SD, 5.3 +/- 4.0 mm) and lower back pain was questionable. 

 

Patients with lumbar scoliosis with an accompanying ‘unlevelness’ of the sacrum equivalent 

to two to seventeen millimetres were studied by Irvin (65) to determine the effect of heel lifts 

on the lumbar curve.  He demonstrated a significant reduction of the curve from an average 

of 7.5o to an average of 5.3o.  A similar study using heel lifts was carried out by 

Papaioannou et al (66).  However, they found that the scoliosis was minor in patients with 

discrepancies of less than 2.2 cm.  In contrast, Kuchera (34) states that patterns of 

imbalance recorded along the spine may be caused by as little as 1.5 mm difference in leg 

length and can be accompanied by clinical symptoms including back pain.  For idiopathic 

scoliosis patients with a mean age of twelve years Zabjek et al (63) found that using 
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appropriate heel lifts ranging between 5mm and 15 mm resulted in acute postural 

adaptations with a decrease in the measured Cobb angle (Figure 18). 

 
Figure 18. Cobb angle measured as a tangent to the end points of a lateral curve of the spine 

Most of the studies and clinical procedures that assess functional leg length imbalance or 

anisomelia involve either direct measurement of leg lengths that commonly involves 

radiographic analysis or the use of a more indirect approach such as measuring iliac crest 

height in erect posture.  Neither of these two methods inherently assesses the orientation of 

the sacral base that is implied in the relationship between leg length imbalance and 

associated degenerative changes in the spine, spinal pain syndromes, and spinal functional 

patterns.  This problem is addressed by Schiowitz et al (171) and others such as Kuchera 

(34), Hoffman and Hoffman (53) and Kuchera and Kuchera (8).  They independently 

recommend directly assessing the position or levelness of the sacral base.  They, along 

with clinicians such as Juhl et al (83), Irvin (65), Tiley (189), Liebenson (79), and Barge (78) 

explicitly differentiate therapy directed at restoring leg length balance as opposed to 

therapies directed to restoring levelness of the sacral base.  Edelmann (212) states that ‘the 

very aim in the treatment of leg length differences must be a horizontal position of the upper 
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edge of the sacrum.’  The osteopathic physician, according to Kuchera and Kuchera (8), is 

more interested in levelling the sacral base than equalising leg lengths.  They state that 

levelling the sacral base is usually of more clinical significance than comparison of 

anatomical leg lengths. 

 

Spinal asymmetry has been attributed to, or associated with, clinically observable or 

palpable sacroiliac joint misalignments, muscular imbalance, as well as other clinically 

assessed functional changes affecting the sacroiliac joints (8, 32, 34, 171, 172).  These 

clinical diagnostic procedures generally involve assessment of the orientation and 

symmetry of the pelvis in lying, sitting or standing posture.  Few of the tests and 

assessment methods used to identify or quantify the presumed cause of spinal 

pathomechanics and spinal pain syndromes have validated or assessed positional integrity 

against a generally accepted or quantifiable standard, particularly in relation to positional 

and functional integrity of the pelvis (80, 139, 153). 

 

Clinical assessment of pelvic alignment can be divided into three basic categories.  These 

are (1) static radiographs, (2) static and motion palpation of landmarks associated with 

sacroiliac joints and (3) functional and structural leg length imbalances.  A factor commonly 

associated with pelvic obliquity by many clinicians is sacroiliac joint dysfunction or a 

positional change of one or both of the sacroiliac joints (12, 13, 41, 50, 67, 77, 150, 213).  

Schamberger (77), for example, believes that three types of pelvic misalignment involving 

the sacroiliac joints commonly cause some form of functional asymmetry. 

 

Schamberger states that pelvic misalignment results in a ‘malalignment syndrome’ (Figure 

15).  The syndrome is characterised by distortion of the pelvic ring with changes in the 

alignment of the appendicular skeleton and compensatory changes in the soft tissue 

structures with occasional visceral involvement.  Similar concepts have been expressed by 

Timgren and Soinila (50).  Their findings, relating to a study involving one hundred and fifty 



41 
 

neurologic patients, suggest that an acquired postural asymmetry of the sacroiliac joint is a 

common although often neglected cause of various neurological and other pain related 

symptoms.  They found from their study that these symptoms could be relieved by what 

they described as a simple and safe manual treatment.  However, Tullberg et al (84), using 

roentgen stereophotogrammetric analysis of patients with sacroiliac joint dysfunction found 

that manipulation of the sacroiliac joints, while normalizing different types of clinical test 

results, was not accompanied by altered position of the sacroiliac joints.  Because the pre 

and post clinical tests were normalised following manipulation they concluded that the tests 

used to assess positional integrity of the sacroiliac joints used as part of the study were not 

valid. 

 

The movement generally considered to be normal for the sacroiliac joints in a clinical setting 

has been reported to range from 0o to 2o around various axes.  Tests with symmetric forces 

on the sacrum carried out by Egund et al (214) showed that the sacrum rotated mainly 

about a transverse (X-) axis and at most by approximately two degrees.  A systematic 

review of the literature relating to three-dimensional movements of the sacroiliac joints by 

Goode et al (151) concluded that motion of the sacroiliac joints is limited to minute amounts 

of rotation and translation.  They described one form of movement of the sacroiliac joints as 

rotation around a sagittal (Z-) axis.  The axis courses in an anterior-posterior direction 

between the joints.  Rotation around this axis due to trunk movement associated with going 

from supine to standing ranged from 0.1o to -0.3o. 

 

Ranges of movement of the sacroiliac joints with similar rotation angles are supported by a 

study conducted by Jacob and Kissling (215).  This study involved healthy volunteers 

between 20 and 50 years of age.  They found the average value for total rotation of the 

sacrum around the X-axis was only 1.7o.  Sturesson et al (154, 156) used radiostereometric 

analysis to measure sacroiliac joint movement in a standing hip flexion and reciprocal 

straddle position.  The average rotation of the sacrum around the Z-axis did not exceed 1 
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degree for hip flexion with a mean of 0.1o on the right and 0.2o on the left.  The same 

rotation of the sacrum between the extremes of the reciprocal straddle position averaged -

0.5o on the left and -0.4o on the right with a range from 0o to -1.4o. 

 

A cadaveric study of elderly subjects has reported larger movement at the sacroiliac joints 

ranging from three up to seventeen degrees (216).  This range of movement occurred 

particularly around the transverse (X-) axis, with Smidt et al (216) commenting that motion 

at the joints in the other two planes was small. 

 

Adams et al (30) suggest that sacroiliac joint movements differ little in patients with 

symptomatic and pain free joints.  The consensus from research in to sacroiliac joint 

movement is that in vivo rotation has rarely been found to exceed two degrees in any of the 

axes of movement with nutation and counter-nutation (X-axis rotation) considered normal 

and most variable movement for the sacroiliac joints in going from supine to standing.  

There is also general consensus that there is little or no rotation around the Z-axis (149, 

151-156, 217, 218).  Z-axis rotation of the sacrum due to movement within the sacroiliac 

joints would result, if present in an otherwise symmetrical pelvis, in relative obliquity of the 

sacral base (Figure 12). 

 

A difficulty with assessing the sacrum as the functional and structural base of the spine in a 

clinical setting is the lack of external landmarks that are considered a valid representation of 

the orientation of the structure being assessed (167, 168, 219).  The studies and reviews 

independently conducted by Kmita (167), Huijbregts (168) and Potter (219) suggest that 

most external landmarks that can be used in a clinical setting are not appropriate for 

quantifying the position of the sacral base due to a lack of demonstrated reliability and 

validity.  Cattley et al (220) and Holmgren and Waling (175) also found that there is a lack 

of validity in tests used to quantify positional integrity of the pelvis and related structures.  

There is also a reported lack of specificity and sensitivity of the assessment methods with 
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many landmarks used because of their accessibility and clinical utility rather than a 

demonstrated mechanical or structural significance.  As an example, palpation of the iliac 

crests in cases of mild to moderate leg length imbalance has been shown by Dott et al (86) 

to lack reliability as an indicator of sacral base levelness (absolute sacral obliquity). 

 

Based on a similar investigation of standing assessment of leg length imbalance using 

palpation and observation, Gibbons et al (204) suggest that manual medicine practitioners 

cannot be sure that they are able to accurately and reliably detect leg length imbalance of 

one centimetre or less.  The reliability and validity of clinical tests to assess the positional 

integrity of the sacroiliac joints, leg length imbalance and pelvic tilt have generally failed to 

reach an acceptable standard for clinical use (80, 84, 116, 137, 139, 152, 167-169, 172, 

173, 175, 183, 204, 219-223).  While some test procedures have been shown to be reliable 

for detecting, provoking or eliciting pain associated with these joints (224), they are 

generally unreliable when used to assess movement or positional integrity of the joints. 

 
Many clinicians including orthopaedists, chiropractors, osteopaths and physiotherapists 

assess structural and functional asymmetry of the spine, pelvis and limbs based on 

advanced spinal imaging (CT and MRI) (196, 197, 225-229), and plain film radiography (11, 

13, 14, 27, 41, 43, 65, 78, 79, 83, 230, 231).  However, effective treatment outcomes based 

on changes in spinal alignment as assessed on spinal radiographic images are not always 

predicated on the identification of a specific cause or diagnosis based on these 

investigations.  Examples are the many patients who are diagnosed and treated for 

‘idiopathic’ scoliosis (33, 119).  Other clinicians and researchers suggest that there is no 

generalised need to identify a specific cause using radiographic imaging in order to 

effectively treat acute spinal pain syndromes (115, 120, 232).  Still other investigators such 

as Harrison et al (29), based on a mathematical review of distortion of spinal and pelvic 

projection images on full spine radiographs have concluded that anterioposterior plain films 
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cannot provide any realistic knowledge of spinal position and are therefore inappropriately 

used for this purpose. 

 

A relatively large number of clinicians employing manipulative therapy use radiographic 

imaging in order to identify what they consider the structural and functional cause of spinal 

pain syndromes.  Radiographs are used in these circumstances to identify and quantify the 

positional relationships of spinal structures.  Despite concerns expressed by some 

investigators (29, 189, 191, 233-238) regarding the validity of measuring sacroiliac joint 

dysfunction and positional changes on plain film radiographs, many practitioners particularly 

chiropractors and osteopaths, use analytical procedures that involve the interpretation of 

erect A-P lumbopelvic views (8, 12, 188).  While Harrison (15, 239, 240) and others (11, 14, 

143, 241-245) have demonstrated reproducibility, validity and reliability of specific 

radiographic analytical procedures, a review of methods for quantitative evaluation of spinal 

curvature by Vrtovec et al (228) conclude that evaluation of spinal curvature in three-

dimensions remains a challenging task in the field of medical image processing, analysis 

and understanding. 

 

Sacral obliquity is an angulation of the sacral base in the frontal plane and can be defined 

in structural (anatomical), absolute or relative terms.  Structural (anatomical) sacral obliquity 

results from a lack of reflective symmetry of the sacrum or or the components of the bony 

skeleton in the frontal plane resulting in an angulation of the sacral plateau relative to the 

vertical line of symmetry of the body.  While there is evidence that the sacrum exhibits a 

significant degree of structural asymmetry (39, 44, 145) particularly relating to the articular 

surfaces of the sacroiliac joints, there are no reliable studies quantifying the degree of 

asymmetry or angulation of the sacral base. 

 

Relative sacral obliquity is the alignment of the sacral plateau relative to other structures of 

the pelvis.  The pelvic reference plane is commonly the plane forming a tangent to the two 
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acetabula or both femur heads.  Relative sacral obliquity could be due to structural 

asymmetry of the sacrum about its own vertical axis of symmetry or asymmetry of the 

innominate bones particularly in the relationship between the acetabula and the sacroiliac 

joints or asymmetrical movement within the sacroiliac joints (Figure 19).  Gonstead (13) 

suggested that movement of one innominate bone relative to the other in an anterior 

superior (AS) or posterior inferior (PI) direction at the sacroiliac joints would result in one 

side of the sacrum moving up and the other down resulting in sacral obliquity as measured 

on A-P lumbopelvic radiographic images. 

 
Figure 19. A proposed functional change in the orientation of the ilia around the femur heads would 
result in sacral obliquity in the frontal plane.  The Gonstead listings of PI and AS indicate direction of 
movement of the individual ilia 

Absolute sacral obliquity refers to the orientation of the sacral plateau to the horizontal 

plane in erect posture such as sitting or standing.  The implication of differentiating sacral 

obliquity i.e. structural, relative and absolute, is that relative sacral obliquity remains 

unchanged with various orientations of the pelvis as a unit.  Absolute sacral obliquity is 

related to the orientation of the pelvis in space or the global reference frame.  Absolute 

sacral obliquity in erect posture can result from relative sacral obliquity in combination with 

functional and structural leg length imbalances.  Absolute sacral obliquity in the sitting 
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position can involve structural sacral and ischial asymmetry, variation in supporting 

structures, seating properties and unequal weight distribution of the trunk (3, 92, 246-251) . 

 

There are no reports in the literature of clinical methods used to directly assess sacral 

obliquity having been validated against an objective and quantifiable standard.  

Measurements have been made by practitioners in a clinical setting by analysing erect AP 

lumbopelvic radiographs using the sacral alae, the sacral grooves (sulci) and other 

structures used to represent the sacral plateau (11-14, 189).  However the validity of most 

of these measurements has not been established.  Brown et al (27), in their clinical role as 

orthopaedic surgeons, have observed that sacral obliquity is a discrete entity, requiring 

specific radiographic views to demonstrate it.  Fann (11, 14) has published several articles 

differentiating pelvic obliquity from sacral obliquity and suggesting that the measurement of 

sacral obliquity on plain film radiographs is valid and reliable using measurement protocols 

previously advocated for use by osteopaths.  Many developers of chiropractic clinical 

methods such as Illi (41), Barge (78) and Gonstead (12, 13) and osteopathic clinical 

methods as described by Hoffman and Hoffman (53) and Irvin (65), have suggested that 

levelness of the sacral base is of clinical significance and a significant factor in 

musculoskeletal pain syndromes and functional disorders.  Many of these approaches use 

radiographs of the lumbopelvic spine to quantify the degree of tilt of the sacral base. 

 

Very few studies have reported the extent and magnitude of structural or relative sacral 

obliquity as a specific and quantifiable entity.  One of the larger studies was conducted by 

Juhl et al (83) who analysed over four hundred AP lumbopelvic plain film radiographs.  

They suggested that various patterns of sacral and pelvic obliquity were of clinical 

significance in relation to lumbar spine scoliosis. Their study found sacral obliquity equal to 

ten millimetres or more of leg length imbalance (LLI) in approximately 30% of those studied.  

While the method of radiographic analysis was based on an accepted osteopathic 
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technique, and similar to the technique validated by Fann (11), they gave no indication as to 

the validity of the measurements used in their study. 

 

While both Fann (11) and Juhl et al (83) used similar methods of analysis, there were 

significant differences between the two studies that did not allow for the demonstrated 

validity found in one study to be transferred to, or imply validity of the other.  The validity 

study conducted by Fann was based on incremental increases in leg length using a heel lift 

while Juhl et al used an absolute measure of sacral obliquity as seen on pelvic radiographs. 

 

Barge (78) also suggested that a large percentage (40%) of female patients he examined in 

a clinical setting had a measurable sacral obliquity on AP lumbopelvic radiographs.  He 

advocated a specific sacral base view as the best way to visualise the lateral tilt of the 

sacral base.  Barge did not provide data validating his measurements or methods.  Brown 

et al (27) reported finding only sixty-thee cases of primary sacral obliquity over a 17 year 

period with a maximum sacral obliquity identified as 20o.  Their study involved specific 

lumbopelvic radiographs inclined to the sacral base, resulting in a similar view to the one 

used by Barge, but taken in a supine position as opposed to erect posture.  While they 

suggested that this particular view was the only way to demonstrate sacral obliquity they 

gave no supporting data for this opinion. 

 

1.5 RESEARCH OUTLINE 

One aspect of the investigation was to evaluate the validity of sacral obliquity and other 

positional measurements made on radiographic images of the spine and pelvis.  This was 

undertaken as various clinicians use these (or similar) measurements as a basis for their 

clinical assessment and treatment of patients with little or no indication of validity. 
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Another aspect of the study was to develop protocols to minimise, and algorithms to correct 

for systematic errors associated with the measurement of dihedral angles such as sacral 

obliquity and Cobb angles measured on radiographic images of the spine. 

 

Investigations were pursued in three phases: 

1. Assess the validity of measuring specific dihedral angles on plain film radiographs, 

CT and slot scan digital radiographic images.  This was done by obtaining 

radiographic images of sacral specimens, in vivo CT studies, an idealised pelvic 

phantom and developing graphic and mathematical models for analysis (chapters 2 - 

7). 

 

2. Develop and apply protocols and algorithms to minimise or correct systematic errors 

associated with the measurement of dihedral angles on radiographic images of the 

spine (chapter 8).  The algorithms were validated using a radiographic phantom, 

graphic models and trigonometric analysis. 

 

3. Provide algorithms to facilitate clinical applications of the data obtained from 

radiographic images (chapter 9). 

 

1.6 ETHICS CONSIDERATIONS RELATED TO THIS WORK 

Approval (Reference Number HE26 MAY2006-DO4706) was given by the Macquarie 

University Ethics Committee to obtain radiographic data sets in the form of computerised 

axial tomography (CT) scans from a specified radiographic private practice (City Radiology, 

BMA House 135 Macquarie St, SYDNEY NSW 2000).  The managing partner of the 

specified radiographic practice was approached and agreed to provide the anonymised 

imaging data sets in accordance with the provisions of the Macquarie University Ethics 

Committee approval document.  The data sets were obtained by the radiographic practice 

as part of examinations conducted on patients referred to this practice.  The patients were 
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referred to the radiographic practice by general medical practitioners and medical 

specialists for diagnostic investigations of a variety of undisclosed complaints and medical 

conditions.  The radiology studies involved diagnostic CT examinations of the lumbopelvic 

spine or abdomen. 

 

The CT imaging was not done for research purposes.  The views and protocols used for 

each study were part of the routine diagnostic procedures used by the radiology practice 

and were undertaken solely for diagnostic or therapeutic purposes.  The image data sets 

were the property of the diagnostic practice and were subject to the Information Privacy 

Principles contained in the Privacy Act 1988 (Cth) (252). 

 

Permission to examine and use the data sets for this study was granted by the Macquarie 

University Ethics Committee subsequent to, and independently of their clinical use.  A 

condition for the acquisition of the data sets stipulated by the ethics committee was that the 

process of data retrieval ensured anonymity of patients and the removal of any personally 

identifying information from the data sets by the radiographic practice before making the 

data sets available.  This involved the radiographic practice removing any personal or 

identifying information from the study data file before making it available for analysis.  The 

only information relating to the individual patients of the radiological practice, apart from the 

image information itself, was the age and gender of the individuals involved.  All other 

identifying information was removed before acquiring the data sets.  The data sets were 

retrieved from the picture archiving system (PACS) used by the radiologist and stored on 

compact disc (CD) disks in Digital Imaging and Communications in Medicine (DICOM) file 

format for subsequent use in the study. 
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MEASURING SACRAL OBLIQUITY ON RADIOGRAPHIC IMAGES: 
AN OVERVIEW 
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“When you change the way you look at things, 

the things you look at change.” 

Wayne Dyer 

2.1 MEASURING SACRAL OBLIQUITY ON RADIOGRAPHIC IMAGES 

From a clinical perspective, the assessment of functional and mechanical integrity of the 

spine and other musculoskeletal structures requires reliable and valid measurements.  

These measurements are used to establish normal parameters for each individual and to 

measure deviations from normal alignment.  Measurements are also used to document and 

quantify change in specified parameters in order for practitioners to make effective 

decisions regarding the need to treat, the nature of the therapeutic intervention and 

response to treatment.  In this respect, practitioners from various disciplines who treat 

musculoskeletal disorders such as chiropractors, osteopaths, manual therapists and 

orthopaedic surgeons, commonly employ clinical and radiographic procedures to assess 

the orientation of the pelvis and spine in the frontal plane. 

 

Lateral tilt of the pelvis is of clinical significance largely due to the mechanical relationship 

the pelvis has to other components of the axial skeleton.  Mechanically, it acts as the 

structural foundation of the upright spine.  The sacral plateau provides the base for the 

flexible spine above and also acts as the structural link between the trunk above and lower 

limbs below in upright posture.  It has been suggested that in this role the orientation of the 

sacral base in the frontal plane has an impact on the mechanical, structural, functional 

aspects and defines the positional integrity of the lumbosacral area as well as the 

musculoskeletal system generally (17, 27, 31, 34, 40, 41, 50-55, 65, 77-79, 83, 86). 

 

Tilt of the sacral base and Cobb angles represent the projection of dihedral angles onto 

radiographic images. They represent the measurement of the angle formed between two 

CHAPTER 2 
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non-parallel planes projected as a two-dimensional image (20, 21).  One plane is the 

endplate of the segment involved (sacral or vertebral) and the other is either a plane 

representing another segment or the horizontal plane.  Obliquity of the sacral base and 

Cobb angles can be measured with varying degrees of accuracy on anteroposterior (A-P) 

plain film radiographs, computed tomography (CT) images and digital slit scan views. 

 

The visualisation and measurement of sacral obliquity on radiographic images has 

similarities and associated problems as the measurement of Cobb angles has for the 

quantification of scolioses.  The sacral base represents the end plate of the first sacral 

segment and is used as the plane representing the angle of the sacral base in the frontal 

plane in the same way that the end plate of a vertebra does for Cobb angles.  The 

projection of dihedral angles such as Cobb angles and sacral obliquity represent a potential 

source of systematic error in the measurement of sacral obliquity.   

 

Random errors can generally be identified by statistical analysis of multiple repeats of the 

measurements as they tend to fluctuate around the mean representing the true 

measurements.  Inherent systematic error of angles on radiographs, generally are not 

detected by repeating the process.   

 

Systematic error can best be detected as a deviation against a known reference value.  

These errors can be corrected once they are detected by applying a corrective algorithm to 

the measurements or by modifying the measurement process and protocol. 

 

The shape and appearance of the sacral base on radiographic images resembles the 

endplate of other typical vertebral segments (excluding the atlas), particularly the lumbar 

vertebra.  The shape and relationship of the sacral base to the image plane and viewing 

angle present the same or similar measuring issues as other segments of the spine (Figure 

20). 
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Figure 20. The end plates of the lumbar vertebra and the sacral base (highlighted in red) have a similar 
appearance in the frontal view and represent the same anatomical structure 

There are three similar and related concepts relevant to tilting of the sacral base in the 

frontal plane.  These are pelvic obliquity, anisomelia or leg length imbalance and sacral 

obliquity.  Any deviation of the pelvis as a unit from the horizontal plane in an erect posture 

is referred to as pelvic obliquity or pelvic ‘unlevelling’ (57).  Pelvic obliquity has also been 

defined as a tilting of the pelvis in relation to the lumbar spine and trunk (59) (Figure 21). 



54 
 

 
Figure 21. Pelvic obliquity with the crest of the ilia tilted in the frontal plane relative to the horizontal 
plane 

The cause of pelvic obliquity, with implied sacral obliquity, has been attributed to leg length 

imbalance (64), pelvic structural asymmetry (3) and positional changes affecting the 

sacroiliac joints (12).  When assessing the impact of leg length imbalance or pelvic obliquity 

on other structures, such as the lumbar spine, or as a cause of musculoskeletal pain 

syndromes, there is a tacit or implied assumption that the leg length imbalance or pelvic 

obliquity is directly related to, and congruent with tilt of the sacral base (212) (Figure 22). 
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Figure 22. The implied relationship between pelvic obliquity, leg length imbalance and sacral obliquity 

Obliquity of the sacral base in the frontal plane is usually considered as either an absolute 

tilt in upright posture in relation to the horizontal plane or as a relative tilt in relation to other 

lumbopelvic structures such as the femur heads (10-12, 83).  Tilting or angulation of the 

sacral base is implied in the clinical assessment of pelvic obliquity and lower limb 

imbalance (8, 11, 34, 79, 86, 171, 212). 

 

Non-radiographic clinical procedures developed to assess sacral obliquity in the frontal 

plane include the assessment of iliac crest height (81) and leg length measurement (80, 

135).  There are no standardised or universally accepted reference points for measuring 

pelvic obliquity in a clinical setting (51).  Michaud et al (253) use a line joining the anterior 

superior iliac spine (ASIS) to calculate pelvic obliquity using the formula: 

𝜽 =  
𝟏𝟖𝟎

𝝅
∗ 𝐚𝐫𝐜𝐭𝐚𝐧

(𝒀𝒔 − 𝒀𝒑)

√(𝑿𝒔 − 𝑿𝒑)𝟐 + (𝒁𝒔 − 𝒁𝒑)𝟐
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where (Xs, Ys, Zs) and (Xp, Yp, Zp) are the three-dimensional (3D) coordinates of the two 

sides of the pelvis and denote the anterior-posterior, vertical, and medial-lateral directions, 

respectively.  The prosthetic side of the pelvis was designated p and the sound side 

designated s. 

 

The reliability and validity of these non-radiographic methods is generally considered to be 

poor (80, 139).  It is commonly accepted that radiographs have greater clinical significance 

and accuracy for the quantification of sacral obliquity over other clinical assessment 

methods (136, 139, 207). 

 

The analysis of plain film radiographs and computed tomography images to quantify 

positional relationships of the spine and pelvis generally involves constructing lines to 

measure angles and distances on two-dimensional images.  These lines and angles 

constructed on images representing surfaces of individual structures, or different structures, 

are compared to each other and are used to quantify the three dimensional positional 

relationships of the structures involved.  The relationships represent the absolute or global 

position of structures in relation to gravity represented by a global reference frame, or the 

relative position within a local reference frame. 

 

Measuring error is a problem inherent in the quantification of angles and distances on 

radiographic images used to evaluate the positional relationships of spinal structures.  

Several sources of error have been identified and documented in relation to the 

measurement of positional relationships of three-dimensional objects on two-dimensional 

images such as radiographic images.  These errors are independent of errors that have 

been associated with projection factors (29, 191, 239, 241, 254-257) and include: 

 Misinterpretation and poor identification of structures (14, 189, 258) 

 Positioning / repositioning errors (174, 239, 255, 259) 
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 Errors associated with measurement accuracy (6, 240, 242, 260) 

 

The measurement of sacral obliquity and Cobb angles on radiographic images are 

commonly subject to a combination of these measuring errors (29).  The sum of these 

errors can be summarised using formulae that define the relationship between the true 

angle and the angle measured on the image: 

Actual projected angle (X) = measured angle (li) ± measuring error (εi) 

X = li ± εi 

The other form of error involves systematic error or bias that results in consistent 

underestimation or overestimation of a true value.  Systematic error has been defined as 

the repetitive difference between a computed, estimated, or measured value and the true, 

specified, or theoretically correct value (261).  The difference is caused by non-random 

fluctuations from an unknown source, which once identified, can usually be eliminated or 

compensated for (227, 228, 235, 262, 263).  Some systematic errors related to the analysis 

of conventional radiographic and CT images have been identified.  They include 

radiographic projection error that produces magnification and distortion of the object being 

measured as well as errors associated with the measurement of angles on two-dimensional 

planes (20, 105, 146, 241, 254).  Lundh et al (257) suggest, in relation to radiographic 

pelvimetry, that each single radiographic measurement (SM) can be defined as the sum of 

the true value (TV) of the dimension plus a systematic error (se) of measurement, plus a 

random error (re) of measurement.  They summarise this relationship using the formula: 

SM = TV + se + re 

All radiographic measuring uncertainty is therefore due to either random or systematic error 

(264).  Fluctuations in the measured data (in either direction) from the true value due to 

precision limitations of the observation and measurement are considered random 

measuring errors.  Random errors usually result from the observer's inability to make the 

same measurement in exactly the same way to get exactly the same value.  As random 

errors generally have a Gaussian normal distribution around a mean or true value their 
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impact can be minimised by increasing the number of observations or repeated 

measurement and applying statistical analysis to the results. 

 

As systematic errors are not random or unpredictable, if the sources can be identified, they 

can generally be addressed by either removing the cause or accommodating for the factors 

that are contributing to the error or bias.  A major source of systematic error when 

interpreting radiographic images involves the measurement of positional relationships on 

two-dimensional images that represent the compound rotation of three-dimensional objects.  

These errors can occur when the measured positional relationships are interpreted as the 

actual distances and angles involved (51, 146, 191, 231, 234, 235).  This type of error can 

be associated with the projection of compound angles onto a viewing plane from 

orientations or directions that are not perpendicular to the axis of rotation of the objects and 

the viewing plane (265).  Exemplifying this type of error is a study by Baker (51) which 

showed that a pelvic model with an anterior tilt of -10 to -30 degrees and rotation of -20 to 

+20 degrees resulted in up to 10 degrees of pelvic obliquity despite the fact that the pelvis 

was perfectly level in the frontal plane. 

 

A known source of systematic error associated with the measurement of angles on two-

dimensional images is due to the interpretation of the projected angle formed between 

inclined or non-parallel planes (29, 266).  Angles between non-parallel planes are known as 

dihedral angles (20).  The measurement of a true dihedral angle is dependent on the 

viewing or projection angle relative to the line of intersection of the planes.  For this reason, 

the true angles formed between planes are not always projected as a true dihedral angle on 

plain film radiographic images and CT slices (231, 256, 262, 267).  A systematic error when 

quantifying dihedral angles can be present even when allowance has been made for 

random measurement error through statistical methods. 
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Mistakes are not generally considered a form of statistical error analysis (268).  Mistakes, 

because they are often so far from the mean, can be considered outliers in statistical 

analysis.  However it is important to distinguish between outliers that represent 

measurement or transcribing mistakes and those that indicate an error in the data collection 

method or in the relationship between what is theoretically being measured and what is 

actually being measured.  Outliers are sometimes ignored for the purpose of statistical 

analysis of data to account for transcript or random errors (269).  If the same measuring 

procedure, recording and transcribing methods were reapplied, the mistake would 

theoretically be revealed.  However, if the value remains outside the established range of 

random error when the measurement is repeated, then the outlier can indicate the presence 

of a systematic error (270). 

 

Such a systematic error could result from the inappropriate selection of reference points 

that are not directly representative of the factor being measured.  The measurement of 

degree of tilt of the leaning tower of Pisa is an obvious example of the need for selecting 

appropriate reference points on which to base the measurement of structural lean or tilt 

relative to the horizontal plane.  Viewed in a direction that is perpendicular to the plane of 

tilt, either side or the top of the tower can be used to construct a line and the angle relative 

to the horizontal can be measured.  However, if the line is constructed on the top or either 

of the sides that are visible when viewed in the plane of the tilt, no angle will be apparent.  

The systematic error in this case would result in a type II or false negative error (270). 

 

Type I and Type II errors are concepts which are related to hypothesis testing (271).  

Simply explained, for the tower example, a Type I error is the probability of measuring an 

angle when none is present due to inappropriate reference points or viewing angle.  A Type 

II error in this example would be the probability of measuring an angle as perpendicular 

when in fact there was an angle of tilt present.  In this case the angle could be disguised as 

normal, interpreted merely a measuring error or a measurement significantly different from 
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the mean and dismissed as an outlier in a statistical analysis of the data.  In these cases a 

significant systematic measuring error could go undetected. 

 

Often measuring points are chosen for convenience rather than their ability to directly 

represent the actual quality being assessed.  This has the potential to introduce 

confounding factors into the measurement.  As with the leaning tower example, it would be 

a mistaken assumption that in measuring the vertical alignment of a structure the surface 

chosen is irrelevant.  The assumption may be true for most symmetrical buildings with 

random measuring error being verifiable using statistical methods, but would produce a 

statistical outlier or systematic error for any non-symmetrical structure. 

 

Non-random measuring error that is due to a reproducible inaccuracy causing a consistent 

distortion of the measurement in the same direction is difficult to detect and cannot be 

analysed statistically as the data is biased in the same direction.  Systematic errors, if the 

effect is identified as occurring according to a system can be expressed by a mathematical 

formulation or corrected using an algorithm (Appendix 1). 

 

2.1.1 Random error 

Random error is a constant companion of any measurement relating to the position or 

shape of an object.  This type of error is caused by inherently unpredictable fluctuations in 

the readings of a measurement device, methods used or in the observer’s interpretation of 

the measurement.  Repeated sampling should reduce this effect by establishing a mean 

value with Gaussian distribution. 

 

Random errors influence the reliability of x-ray analytical methods but not the validity of the 

measurements.  The reliability of any measurement is the extent to which the 

measurements are free of random errors.  Random errors associated with measuring 

dihedral angles and distances on radiographic images include: 
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 Subject positioning (272) 

 Identification of reference points (6, 257) 

 Measuring precision (273) 

 

2.1.2 Subject positioning 

Random error in the measurement of obliquity on radiographic images can be present due 

to variability in the process of reproducible positioning of the subject relative to the image 

plane and radiation source.  Positioning protocols have been employed to minimize this 

source of random error but their use is far from common or uniform (15, 174).  It has been 

reported that inconsistent subject positioning prior to exposure can result in variation of up 

to 17o in the angle of scoliosis measured by Cobb method (59). 

 

2.1.3 Identification of reference points 

The identification of anatomical landmarks on radiographic images for measurement 

purposes can produce random errors associated with the variations of the reference points 

themselves.  The reference points used in the Cobb method are the lateral margins of the 

vertebral endplates as visualized on the AP plain film view of the spine.  Reference points 

are often chosen because they are considered to be less affected by congenital 

abnormalities than other landmarks (61).  All reference points associated with spinal 

structures can exhibit structural asymmetry and anomalies that may be the result of 

congenital variability, degenerative changes or the activation of the Hueter-Volkmann 

principle or Wolff’s Law (46, 47).  These changes are often due to applied asymmetrical 

loading of the structures involved (55).  The anatomical variations can make it difficult to 

reliably identify the reference points on specific views and repeated examinations. 

 

2.1.4 Radiographic measuring precision 
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Random error in measurements obtained from radiographic images is often created by the 

variability in precision by the individual responsible for identifying reference points, 

constructing lines and measuring angles.  The errors can be created by an individual with 

repeated measurements (intra-examiner error) or between individuals making the same 

measurement (inter-examiner error).  A number of factors have been suggested or shown 

to produce variability in measurements when made by the same examiner (intra-examiner 

reliability) or by different examiners (inter-examiner reliability): 

 Image quality (274-276) 

 Professional training and background of the examiner (274) 

 Type of image (digital or radiographic film) (196, 277) 

 Measuring device used (273) 

 Thickness of the lines used (278) 

 

The cumulative effect of these errors associated with the measurement of Cobb angles on 

radiographic images have been described as being as high as 9.6o for intra-examiner errors 

and as high as 11.8o for inter-examiner error (279).  Greiner (230) suggests the standard 

measurement error for Cobb angles when the same end vertebrae are used for 

measurements is 3o to 5o for the same observer and 5o to 7o for different observers. 

 

The magnitude of change in a Cobb angle that is necessary to be certain of significant 

anatomical change has been estimated to range from 10o (280) to as high as 23o (279).  

This lack of validity and reliability in the measurement of obliquity of spinal segments has 

implications for clinicians and therapists who assess and treat musculoskeletal conditions.  

With lack of accuracy and precision there is the potential for various treatment protocols to 

be mistakenly applied or withheld as well as the inability to identify or incorrect identification 

of the cause.  However, the present study was not designed to test the diagnostic validity or 

clinical utility of the measurement of spinal segment obliquity.  Neither was the sensitivity 
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and specificity of spinal segment obliquity as a clinical diagnostic method nor the 

relationship and the appropriateness of the methods used in relation to clinical outcomes 

examined or assessed in this study. 

 

The magnitude of the Cobb angle describing a scoliotic spine is potentially greater than for 

sacral obliquity as the Cobb angle is the combination of the obliquity of both end vertebra of 

the curve being measured whereas the sacral obliquity angle can represent the inclination 

of only one segment related to the horizontal plane.  Even if the degree of measuring error 

related to the selection of end vertebra as is found with the measurement of Cobb angles is 

accounted for, there is significant potential for measurement error in quantifying sacral 

obliquity on A-P erect radiographic images.  Because of the reported range of sacral 

obliquity, this type of error could render the measurement of sacral obliquity unreliable as a 

clinical assessment.  Gstoetter et al (281) looked at the reliability of assessing Cobb angles 

and concluded that one pitfall in Cobb (dihedral) angle measurement on radiographic 

images is involved with the method itself.  Even with minimal measurement error the 

anteroposterior and lateral image measuring system is based on individual two-dimensional 

pictures which do not represent a proper three-dimensional measuring system.  They 

suggest that for the Cobb angle measurement method the definition of end vertebrae 

introduces the main source of error.  They believe that for this reason digital radiography 

does not improve the measurement accuracy for Cobb angles.  This however, is not 

generally an issue with sacral obliquity measurement. 

 

The error associated with measuring precision is the degree to which repeated 

measurements such as Cobb angles and sacral obliquity produce the same value when the 

same image is analyzed by one or multiple examiners. This is also called reproducibility or 

repeatability of the measurement.  The quantification of measuring precision is related to 

the intra- and inter-observer reliability.  Repeatability refers the variation in measurements 

when the same image is analyzed by the same observer using the same measuring 
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devices and methods, and repeated during a short time period.  Reproducibility is the 

variation arising using the same measuring methods by different observers and over longer 

time periods. 

 

2.1.5 Systematic error associated with measurements made on radiographic images 

Systematic errors, not random errors, influence the validity of measurements such as those 

commonly made on radiographic images.  Random error doesn’t threaten the validity of the 

measurement but may keep the analysis from showing the effects being investigated.  

Systematic errors affect the accuracy of the measurements being made relative to their true 

value due to an inherent bias or skewing of the measurements.  The shift in accuracy of 

measurements made on radiographic images can be due to multiple factors that include: 

 Image resolution and exposure factors 

 Magnification / Distortion 

 Transformation of three-dimensional object into two-dimensional images 

 

Systematic errors involve variation in the mean of many separate measurements that differ 

significantly from the actual or true value of the measured attribute.  The methodology 

involved in the measurement of radiographs can result in errors that are predictable and 

constant or proportional to the true value. 

 

If the cause of the systematic error can be identified, then it can usually be eliminated, 

accounted for or corrected mathematically.  An example relevant to the present study would 

be the calculation of an object’s height from the measurement of its shadow.  Random error 

could be involved in the actual measurement of the shadow.  The other source of error 

would be systematic error related to the position of the light source and or the image plane 

relative to the object.  This could be corrected by applying a mathematical formula that 

contained variables such as position of the image plane and light source at the time the 
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measurement was made (Appendix 1).  It could also be eliminated or minimised by applying 

a protocol that standardises the measurement process (268). 

 

Kawchuk (279) has described various alternatives, patches and fixes that have been 

proposed for methods of plain film quantification of scoliosis.  While he suggests some 

improvements do offer reduction of error, digitization of landmarks for example, he suggests 

that there is the additional concern that two dimensional (2D) radiographic imaging of spinal 

structures does not accurately portray the three dimensional (3D) relationships of those 

structures. 

 

The difference between measured two dimensional relationships and actual three 

dimensional spatial relationships, as in the measurement of dihedral angles, can be 

described mathematically by the theorems of projective geometry (282) and geometric 

modeling (283).  These theorems and models can be applied to the projection of structures 

appearing on a radiographic image to predict distortion and/or magnification of the 

structures involved.  Inherent factors in various radiographic projection modalities and 

protocols such as the angle of the primary beam relative to the object and image plane 

along with source-object and object-film distances combine to result in a unique and 

specific amount of magnification and distortion of the objects visualized on each image.  

These changes in measured dimension and angular relationships may be of clinical 

significance with introduced error in the process of landmark identification, measurement of 

distances and quantification of angles. 

 

2.2 MEASURING DIHEDRAL ANGLES ON RADIOGRAPHIC IMAGES 

A wide range of imaging modalities employing both ionising and non-ionising radiation 

methods have been used to assess positional relationships within the spine.  The present 

study is primarily concerned with the validity of methods commonly used to quantify the 

spatial orientation of spinal structures such as the sacral base as they are seen on 
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radiographic images used in a clinical setting.  While this study has been designed to test 

for systematic errors associated with the measurement of angles made on the radiographic 

images, it has not been designed to test the clinical validity or utility of those 

measurements.   

 

Many of the lines used in the analysis of radiographic images represent planes.  Examples 

are the lines drawn on conventional radiographs to obtain Cobb angles (185, 284) and 

measure the positional relationship of other skeletal structures (Figure 23). 

 
Figure 23. Cobb angle measured on AP lumbopelvic radiograph. The Cobb angle is measured as the 
acute angle formed at the intersection of lines drawn perpendicular to the vertebral end plate lines.  The 
vertebral end plate lines are constructed on the vertebra at either end of the curve. In this example the 
sacral base line is considered a vertebral end plate line for the construction of the lower Cobb angle 

These lines represent the plane of the end plate of the involved vertebra (Figure 3.2).  The 

lines used to measure Cobb angles (vertebral end plate), sacral obliquity (sacral base) and 

leg length imbalance (femur heads) are the X-axes of a local reference frame attached to a 

surface representing the structure involved (Figure 24). 
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Figure 24. Four views (side, back, top and oblique) of the line representing the plane of the end plate of 
a vertebra (sacral base) and its relationship to the edge of the vertebral body (red dots) 

In the same way, a line constructed on the lateral (sagittal) plain film view of the sacral base 

is used to quantify pelvic orientation to the horizontal plane and is known as sacral base 

angle (SBA) or Ferguson’s base angle (FBA) (285, 286) (Figure 25). 

 
Figure 25. Lateral view of the lumbopelvic spine showing the sacral base angle.  The sacral base angle 
is measured as the acute angle between the plane of the sacral plateau and the horizontal plane 
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The line constructed on the sacral base represents the plane of the sacral plateau viewed 

from the side.  The lines in these examples represent the end view of a plane or Z-axis of a 

local reference plane (Figure 26).  Sacral obliquity is another measurement of the plane of 

the sacral base and is measured as the tilt of the plane of the sacral base around the Z-axis 

(frontal plane) (Figure 26). 

 
Figure 26. Four views (front, side, top and oblique view) of the lumbopelvic spine illustrating the X and 
Z-axes of the sacral base 

The acute angle formed by the intersection of two planes or the vectors normal to the 

planes is by definition a dihedral angle (22) (Figure 27).  Cobb angles, sacral base angle 

and sacral obliquity are all representations of dihedral angles measured on radiographic 

images. 
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Figure 27. A dihedral angle is the angle formed between two non-parallel planes and can be measured 
as the acute angle between vectors perpendicular to the planes (A) or the acute angle formed between 
the planes measured perpendicular to the line of intersection of the planes (B) 

The projection of the planes forming a dihedral angle onto a two-dimensional viewing plane 

can result in measured or apparent angles not being the same as the true or actual dihedral 

angles.  The magnitude of the apparent dihedral angle can be influenced by rotations of the 

planes around axes other than the one formed at their junction relative to the viewing plane.  

This would occur if the plane of the sacral base were angled in both the frontal (X-Y) and 

sagittal (Y-Z) planes when projected or viewed on a radiographic image with a combination 

of sacral obliquity and sacral base angle (Figure 28). 

 
Figure 28. The apparent magnitude of the dihedral angle can be influenced by rotation of the planes 
around axes other than the one formed at their junction relative to the viewing plane. An apparent 
dihedral angle occurs if the plane of the sacral base is angled around the frontal X-axis (A) or sagittal Y-
axis (B) when projected or viewed as it would be viewed on a radiographic image with a combination of 
sacral obliquity, pelvic rotation and/or sacral base angle 
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2.2.1 Quantifying True Dihedral Angles 

There are several methods used to quantify a true dihedral angle (TDA).  One involves 

measuring the acute angle formed between two lines constructed from a point on the line of 

intersection of two planes of interest so that one line lies in each plane and perpendicular to 

the line of intersection (261) (Figure 27).  Another method involves measuring the acute 

angle formed between intersecting vectors that are perpendicular to their respective planes 

(261).  The measurement of intersecting vectors forms the basis of the Cobb method for 

measuring spinal curves.  To be considered a true dihedral angle, the angle of intersection 

between the vectors must be measured in a plane perpendicular to the line of intersection 

of the two planes of interest (Figure 27). 

 

An apparent dihedral angle (ADA) is a form of systematic error that occurs on a two-

dimensional image when the viewing or cutting plane is not perpendicular to the line 

created by the intersection of the two planes or the vectors perpendicular to the planes 

(Figure 28).  An apparent dihedral angle can also be measured if the planes of interest are 

rotated around more than one axis relative to the image plane. 

 

In order to make accurate measurements of a true dihedral angle (TDA) projected on a two-

dimensional image or viewing plane, the following three basic conditions or requirements 

must be met (21). 

 The edges of the planes of interest must be projected as lines 

 The junction between two planes must be projected as a point 

 The projection or viewing plane must be perpendicular to the line representing 

the junction of the two planes 

 

These rules ensure the accurate and reliable measurement of angles formed between two 

planes with a common line of intersection that are rotated in one or more directions by 
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ensuring that the influence of rotations around other axes are eliminated or accounted for.  

However, these rules are not, or cannot be applied or adhered to in all situations when 

projecting or viewing images of three-dimensional objects on to a two-dimensional image 

plane as with skeletal radiography.  The result creates the potential for systematic 

measuring errors to affect the quantification of true dihedral angles such as sacral obliquity. 

 

The Scoliosis Research Society (SRS) defines sacral obliquity as “an angular deviation of 

the sacrum from the line drawn parallel to a line across the femoral heads on a supine AP 

view of the sacrum” (49) (Figure 29). 

 
Figure 29. Sacral obliquity angle is formed between the plane of the sacral base and the plane of the 
femur heads when the sacral base is viewed as a line in the frontal plane 

These two lines represent the plane of their respective structures as they appear on 

radiographic images.  There is an inherent problem with the definition used by the SRS and 

similar definitions of sacral obliquity.  The problem is associated with the measurement of 

dihedral angles on CT images and plain film radiographs (279).  Measuring sacral obliquity 

involves the projection of the sacral base onto plain film radiographs or CT images.  This 

introduces the variability of the angle of the sacral base in the sagittal plane e.g. Ferguson’s 



72 
 

base angle, as well as the possibility of pelvic rotation at the time the image was created.  

Both of these positional variables have the potential to introduce a systematic measuring 

error in the form of an apparent dihedral angle with the degree of sacral obliquity measured 

on the image interpreted as a true dihedral angle. 

 

The most accurate measurement of the sacral base angle would be made when the sacral 

base (Ferguson’s) angle is zero degrees relative to the projection beam, perpendicular to 

the image plane and the projection rays lie in the same plane as the sacral base (287) 

(Figure 30). 

 
Figure 30. Optimal viewing position of the sacral base relative to the viewing plane for the measurement 
of obliquity of the sacral base 

With the sagittal alignment of the sacral base at an angle other than perpendicular to the 

image plane and aligned with the projection beam, a given sacral obliquity angle could 

project as having a zero, a plus, or a minus angular deviation depending on the effective 

projection angle.  This effect is similar to the variation documented by Slane and Bull (233) 

for femur head height measurement on plain films with different projection angles.  The 

variation of the measured or projected angle is due to both projection distortion and the 
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inherent inaccuracy associated with measuring dihedral angles on a two dimensional image 

plane (Figure 31). 

 
Figure 31. The effect of combined projection angle and rotation on the measured dihedral angle 
(anisomelia).  With the x-ray tube in position (A), the left femur head projects higher than the right due 
to pelvic rotation even when there is no vertical height difference between femur heads.  The same 
positioning of the pelvis produces the opposite effect (right higher than the left) with the x-ray tube in 
position (C).  With the x-ray tube in position (B) the pelvic rotation would have no effect on the height of 
the projected femur heads if they are of equal height 



74 
 

2.2.2 Pelvic Obliquity 

Pelvic obliquity is defined by the Scoliosis Research Society (SRS) (49) as “angulation of 

the pelvis from the horizontal in the frontal plane, possibly secondary to a contraction below 

the pelvis, e.g. of the hip joint or angulation due to a leg length inequality.”  The definitions 

of sacral and pelvic obliquity proposed by the SRS differ not only with respect to the 

structures they relate to but also in the reference planes used to specify the degree of 

obliquity of the structures involved.  Sacral obliquity is defined by the SRS in relation to the 

femur heads based on an internal (relative) reference frame.  This can be due to a lack of 

reflective symmetry of the sacrum around the Y-axis (4, 39, 40, 79, 94) (Figure 32). 

 
Figure 32. Obliquity of the sacral base resulting in a lack of reflective asymmetry of the sacrum around 
the Y-axis 

Structural reflective asymmetry could be due to congenital factors, fluctuating asymmetry, 

or physiological processes reflected in Wolff’s law (288-290) and Hueter-Volkmann law (46) 

that relate mechanical loads to bone morphology.  Sacral obliquity could also potentially 

result from structural asymmetry of the ilia (85) or a loss of positional and functional integrity 

involving the joints between the individual bones that form the pelvis (13, 31, 50, 77) (Figure 

33). 
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Figure 33. A.  Structural asymmetry of the innominate bones resulting in tilt of the sacral base in the 
frontal plane. B.  ‘Down slip’ or ‘up slip’ of the sacrum at either or both of the sacro-iliac joints resulting 
in relative sacral obliquity 

The SRS define pelvic obliquity in relation to the global (absolute) reference frame.  In this 

respect pelvic obliquity is often associated with functional or structural anisomelia (32, 34, 

172, 203, 291) and functional or postural asymmetry (17, 56, 59, 60, 63-66) (Figure 34). 

 
Figure 34. Structural anisomelia (A) and functional anisomelia (B) causing the pelvis to be lower on one 
side resulting in absolute sacral obliquity 
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Spinal frontal plane curvatures (scolioses) are commonly quantified using the Cobb method 

of radiographic analysis (187, 279, 292).  The Cobb method involves identifying the 

vertebrae at the end-points of the curve or the transition point between two curves (292).  A 

line is constructed that represents the plane of the end plate of the vertebra at the ends of 

the curve as projected on an anteroposterior (A-P) plain film radiographic view of the spine 

(279).  The relative angle between the planes or vectors perpendicular to the planes forms 

the Cobb angle.  This could theoretically involve any spinal segment including the sacral 

base.  If the sacrum were the segment at the end of the scoliotic curve, the Cobb angle 

would involve the measurement of sacral obliquity in the frontal plane (Figure 35). 

 
Figure 35. Cobb angle formed between the sacral base and first lumbar vertebra 

The measurement of sacral obliquity, pelvic obliquity and Cobb angles on plane film 

radiographic images and computed tomography (CT) images, inherently involves the 

measurement of the relative and absolute position of three-dimensional structures as the 

intersection of planes forming dihedral angles, viewed on two-dimensional images (146, 

190, 256, 292, 293). 
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Even though scoliosis and sacral obliquity are defined as a displacement of spinal 

segments in the frontal plane, there is a recognised coupling pattern directly associated 

with these displacements.  The coupling effect associated with scolioses has been 

described and quantified by Kapandji (100), Harrison (294, 295) and others investigating 

spinal pathomechanics (296, 297).  As the lateral displacement is invariably associated 

with, or superimposed on a lordotic or kyphotic curve along with rotation in the horizontal 

plane, the combination of rotations produces a compound angle of inclination in relation to 

an orthogonal reference plane or imaging plane.  Lateral angular displacement of vertebra 

in a scoliotic spine can theoretically range through any number of degrees from zero 

degrees to one hundred and eighty degrees. 

 

The clinical significance placed on the degree of displacement and rate of change of the 

displacement varies with different therapeutic and clinical objectives.  The differences are 

often associated with different health care providers.  Osteopaths, physiotherapists and 

chiropractors on a professional level are generally concerned with relatively small amounts 

of lateral displacement representing joint dysfunction and positional dis-relationships.  

These displacements have been traditionally associated with ‘somatic dysfunction’ by 

osteopaths, joint dysfunction by physiotherapists and ‘subluxations’ by chiropractors.  

Orthopaedic surgeons however, are generally concerned with scoliotic curves in excess of 

thirty to forty degrees and curves that are rapidly increasing in magnitude. 

 

Each of these professional groups have investigated ‘sacral obliquity’ as the relationship of 

the sacral base to other bony structures (relative sacral obliquity) and the ‘levelness’ of the 

sacral base in sitting and standing postures (absolute sacral obliquity).  The clinical 

objectives of chiropractors and osteopaths in identifying sacral obliquity are very similar in 

respect to treatment strategies.  Both groups traditionally use manipulative techniques 

aimed at restoring positional and functional integrity to the spine.  In this respect, the pelvis 
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in general and the sacrum in particular, has been identified as having an influence on the 

overall positional and functional integrity of the framework of the body. 

 

Medical practitioners and allied health professionals such as physiotherapists have also 

investigated functional disorders and pain syndromes associated with asymmetry and 

structural variations of the spine and the musculoskeletal system.  Pelvic obliquity has been 

of interest to orthopaedic specialists particularly in relation to the clinical management of 

scoliosis (33).  Sacral obliquity (pelvic obliquity) has also been specifically studied in 

relationship to patients with paraplegia and in particular, those confined to wheelchairs 

(247, 298).  These studies have been mainly in relation to the impact pelvic obliquity may 

have on weight distribution in sitting posture.  Various other groups such as ergonomists, 

anatomists and sports biomechanists have specifically looked at structural asymmetry of 

the pelvis and the influence it has on mechanical loading of the spine and other structures 

of the body. 

 

Two factors of particular interest in this study involved identifying the existence of 

systematic errors that may be inherent in the measurement of sacral obliquity in the frontal 

plane measured on plain film radiographs and CT images.  Both of these measurements 

have been associated with functional disability of the musculoskeletal system and 

musculoskeletal pain syndromes.  These specific measurements provide information that is 

an integral part of the clinical decision making process for various clinicians working with 

back and neck pain, joint dysfunction and other musculoskeletal complaints. 

 

2.3 RADIOGRAPHIC MODALITIES AND METHODS 

To identify and quantify systematic errors associated with the measurement of dihedral 

angles a pelvic model was designed and constructed with five predetermined 

interchangeable sacral obliquity angles (Figure 36). 
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Figure 36. Pelvic model located in its supporting frame 

The model was used as a radiographic phantom for both plain film and CT imaging.  The 

pelvic model allowed simulation of specific degrees of sacral obliquity as it would be seen 

on plain film radiographs and imaged as computed tomography (CT) studies.  Digital 

images of the phantom obtained using both radiographic methods were analysed to identify 

and quantify potential systematic errors.  This was done by comparing the measured values 

on the images against the pre-set dihedral angles representing obliquity of the sacral base. 

 

Algorithms were developed to calculate the true dihedral angles associated with the 

measurement of structural and functional alignment of the spine and pelvis on radiographic 

images.  The algorithms were designed to be employed when the protocols developed to 

ensure reliable measurement of positional relationships were not met or were unable to be 

adhered to when the radiographs were taken or the data acquired. 

 

In order to quantify and compare angles obtained from three different sources it was 

necessary to specify and define the reference frames, reference points, and lines being 

used and the specific angles being measured.  The three methods were based on 

radiographic images using different imaging protocols, descriptive geometry and 
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trigonometry. The three methods used a common co-ordinate system that specified the 

origin and orientation of the structures and surfaces involved, the specific angles being 

measured on each view and other factors that required standardisation in order to remove 

ambiguity from the terms and facilitate meaningful comparisons of the measurements. 

 

Spinal imaging methods used to quantify rotation or tilt of spinal segments in the coronal 

plane commonly involve plain film radiography, computed tomography imaging and slot 

scan digital radiography.  Graphical analysis of an idealised sacrum with specified amounts 

of sacral obliquity was used as an additional method of imaging to control for the variables 

inherent in radiographing physical specimens. 

 

Three different objects were used in the study to compare two radiographic projection and 

analytical methods.  These were: 

 16 dry bone specimens 

 A radiographic phantom with 5 interchangeable wedges representing pre-

set degrees (0o,5o,10o,15o,20o) of sacral obliquity. 

 An idealised graphical and mathematical model 

 

2.3.1 Plain Film Radiography 

Erect lumbopelvic radiographs are utilised by clinicians from various disciplines such as 

chiropractic, osteopathy and musculoskeletal medicine in order to assess lumbopelvic 

alignment in the coronal plane and leg length imbalances.  Reasons for the wide spread 

use of plain film radiography to image the spine involves the availability of facilities, 

relatively low cost, time involved for study and a lower exposure to ionising radiation than 

other forms of imaging involving ionising radiation such as CT imaging (7, 196, 299). 
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A significant number of chiropractors routinely use radiographs to assess the degree of tilt 

of the pelvis and sacrum in the frontal plane (9, 12, 242, 300).  These procedures are 

similar to those employed by osteopathic physicians to assess spinal alignment (8) and for 

scoliosis screening by medical practitioners and orthopaedic specialists (33, 301).  While 

the reliability of radiographic analysis used to assess positional integrity and overall 

alignment of the spine and pelvis has been demonstrated for specific techniques (14, 15, 

174, 239, 240, 243), in general the validity of those radiographs and the associated 

analytical methods has been questioned (29, 191, 236, 238, 254).  The sensitivity of the 

resulting measurements to changes in various radiographic parameters such as the 

relationship of the pelvis to the position of the x-ray tube (central ray) (29, 233, 241, 302), 

patient positioning (237, 303) and the choice of reference points for analysis (8, 228, 262, 

304) have been documented. 

 

The two plain film views used for comparison in this study have been advocated or widely 

used in clinical practice to evaluate the positional integrity of the pelvis and the sacrum in 

particular (9, 35, 61, 78, 104, 174, 265, 305).  The anteroposterior (A-P) radiographic view 

is the standard technique used by most musculoskeletal clinicians for assessing pelvic 

alignment (8, 12, 79, 255, 306).  However, a number of investigators and clinicians have 

suggested that an erect view with the central ray angled to match the lumbosacral angle as 

seen in the lateral view gives a more reliable measurement of true sacral obliquity (27, 41, 

78, 188, 266, 284, 307) (Figure 37).  A similar view of the lumbopelvic junction is referred to 

as Ferguson’s view (308).  The cephalic angled view of the pelvis, generally taken in supine 

posture, is recommended as a spot view to clearly visualise the sacroiliac joints and 

lumbosacral junction (255, 301, 306, 309).  This spot view differs from the erect full 

lumbopelvic view proposed by other clinicians to measure sacral obliquity but is sometimes 

also referred to as a Ferguson view (147, 307). 
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Figure 37. (A) A-P lumbopelvic view with central ray perpendicular to film (B) Sacral base view with the 
central ray angle to match the sacral plateau in erect posture 

The A-P lumbopelvic view involves positioning of the patient in erect posture for a plain film 

radiographic image of the lumbopelvic spine with the x-ray tube angled so that the central 

ray is perpendicular to the film and centred on the cassette both horizontally and vertically 

(11, 12, 99, 255, 306).  The concept of a ‘central ray’ has been defined or used in a number 

of different ways.  One definition describes the central ray as the one ray that emerges from 

the x-ray tube that is perpendicular to the film (310-312).  However, this definition of a 

central ray does not necessarily apply to the cephalic angled view of the pelvis.  Another 

definition of the central ray describes the relationship of the x-ray beam to the anatomical 

structures of interest and can vary depending on the positioning of the film and x-ray tube 

for a particular individual (313). 

 

The angled sacral base view is also taken in erect posture with similar positioning to the A-

P view but with the x-ray tube angled to approximate the slope of the sacral base as seen in 

the sagittal plane (Figure 37).  This angle is known as Ferguson’s base angle (254) (Figure 

38).  No studies could be found in the relevant literature that specifically investigated either 
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the individual validity of these methods or the relative performance of the two methods in 

quantifying sacral obliquity. 

 
Figure 38. Ferguson’s base angle used to angle the central ray for the erect sacral base view of the 
lumbopelvic spine 

The specific purpose of this study was to identify the presence of any systematic error in 

either of two plain film radiographic views and their associated image analytical methods.  

Because systematic error can only be identified if the true value is known it is not generally 

possible or convenient to confirm the validity of a particular imaging method and its 

associated analytical protocols using in vivo studies.  However, any systematic measuring 

error inherent in one or both of the methods studied could result in differences in the 

measured sacral obliquity angle obtained from the two different views of the same 

specimen. 

 

A secondary part of this study was to investigate the effect that using different measuring 

points identified on images of the sacrum would have on the measurement of sacral 

obliquity and the intra- and inter-examiner reliability of these measurements.  Any 

significant difference in the measurements for an individual sacrum or specified amount of 

sacral obliquity would suggest a lack of validity (sensitivity/specificity) in one or both of the 

radiographic protocols used and the possibility of systematic error affecting the 

measurements.  A difference could theoretically occur from a systematic projection error 
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due to structural asymmetry affecting part of the specimen such as the sacral base or ala, 

variation in the placement of the specimen relative to the central-ray beam or from a 

problem in the specific analytical method and measuring points employed to measure 

sacral obliquity, or any combination of these factors. 

 

The present study was specifically designed to identify and quantify any difference in what 

has been interpreted as the degree of sacral obliquity measured on the different 

radiographic views.  While the sacral base view has been suggested as a better way of 

visualising the sacral base on radiographic images by a number of authors (27, 41, 78, 188, 

284), there are no reliable or comprehensive studies to substantiate this claim.  It is not 

known for instance if one view systematically underestimates the degree of obliquity or the 

other view overestimates the obliquity or if there is any difference at all between the views. 

 

Quantifying sacral obliquity using these views was not designed to test the validity or 

reliability of obtaining the true degree of sacral obliquity against a ‘gold standard’.  It was 

primarily designed to identify any quantifiable and significant difference between the two 

views for any particular specimen or for a particular degree of obliquity and identify any 

general trend in the measurements that would indicate a systematic error in one or both of 

the methods. 

 

2.3.2 Computed Tomography 

The use of computed tomography (CT) to image the bones and soft tissues of the axial 

skeleton has been shown to be an accurate and reliable method of measuring angular and 

linear relationships in the range needed to quantify sacral obliquity (314).  An advantage of 

CT imaging to assess positional integrity of the spine and pelvis is that the structures can 

be manipulated post examination using multiplanar reconstructions (MPR) or three-

dimensional volume rendering (198, 315) (Figure 39).  These techniques remove or 
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minimise some of the geometric problems associated with measuring angles relating to 

three-dimensional structures on two-dimensional images. 

 
Figure 39. A three-dimensional reconstruction of a pelvic model manipulated to produce two views from 
the same data set  

The angle formed between two non-parallel three-dimensional planes is known as a 

dihedral angle.  The viewing angle and orientation of the object(s) incorporating the planes 

of interest influences the validity of the angle measured on a two dimensional image.  The 

ability to manipulate the planes of interest after acquiring the image data facilitates the 

accurate measurement of dihedral angles such as sacral base obliquity and Cobb angles.  

A major disadvantage of CT scans of musculoskeletal system for many clinicians is that 

they are commonly taken in a non-erect and non-weight bearing posture, usually in the 

supine position (226, 316, 317).  For most lumbopelvic or abdominal studies the relative 

position of the lower limbs is unknown. 

 

2.3.3 Slot-Scan Digital Radiology (SSDR) and Scanned Projection Digital Radiography 

(SPDR) 

Slot-scan digital radiology (SSDR) has been a development of digital radiography that 

provides high-quality weight bearing spinal imaging with relatively low irradiation for the 

resultant image quality (318-321).  This form of image acquisition (SSDR) is analogous to 
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the Scanned Projection Digital Radiography image (SPDR), commonly referred to as a 

scout view or scanogram used in conjunction with Computed Tomography (CT) imaging 

(322, 323).  To obtain a scanogram image the patient or object is translated through the CT 

gantry and through the plane of a fixed fan beam x-ray source (Figure 40).  The resulting 

image generated from fixed receptors is similar in general appearance to a conventional 

projection radiography image.  A major difference is that there is no geometric magnification 

in the direction to translation with the spatial resolution of the resulting image in the 

scanning direction determined by the fan beam thickness. 

 
Figure 40. The pelvic phantom positioned on the moveable examination table in preparation for the 
scout views 

Both SSDR and SPDR are collimated to use a thin x-ray beam rather than the cone shaped 

beam used in conventional radiography.  Because SPDR views are performed with the tube 

fixed they are technically projection radiographs rather than CT scans even though they are 
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commonly used as part of a typical CT study.  SPDR views commonly comprise an 

anteroposterior (A-P) and lateral projection of the area being scanned.  The major 

difference between SSDR and SPDR generated images is that the table moves through the 

gantry along an axis perpendicular to the scanning plane in SPDR while the x-ray source 

and detectors move along (or down) the patient for SSDR (Figure 41). 

 
Figure 41. The movement of the table through the gantry of the CT machine to produce a Scanned 
Projection Digital Radiography image (SPDR) 

SSDR and SPDR produce images that have very similar geometrical properties.  For both 

SSDR (and SPDR) the x-ray beam is collimated to produce a narrow horizontal fan-shaped 

beam that moves relative to the axial skeleton simultaneously with the detector.  The image 

is acquired line by line by scanning the fan-shaped X-ray beam at a constant speed in a 

vertical direction for erect spinal views and horizontal direction for supine SPDR 
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lumbopelvic views.  With both views the image is gradually built up over an extended time 

during scanning (321, 324) (Figure 42). 

 
Figure 42. SSDR use a thin x-ray beam to form the image as the tube moves downward rather than the 
cone shaped stationary beam used in conventional radiography 

Scanning systems have been developed based on x-rays transmitted with intensities that 

vary as they pass through the body to produce light that is collected by fibre optics and 

conveyed to arrays of charge-coupled devices (CCD).  Other methods involve photon 

counting detectors, e.g. crystalline silicon x-ray detectors and multichannel gaseous 

ionisation chambers (321, 324, 325). 

 

An advantage of many SSDR systems is that they detect each x-ray photon absorption 

event in the detector.  This results in low levels of scatter radiation thus eliminating the need 
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to use an anti-scatter grid (324).  While the purpose of an anti-scatter grid is to increase 

image contrast and detail by absorbing or minimising the scatter radiation emitted by body 

tissues before they reach the film or imaging device, it results in higher exposure factors 

and non-diagnostic (blank) areas on the image.  SSDR systems have the potential to 

significantly lower exposure factors and the ionising radiation dose to the patient which 

makes them ideal for assessing positional relationships within or between spinal structures 

(326, 327).  Other advantages provided by this form of digital radiography are an improved 

dynamic range, improved low-contrast resolution, fast access to the resultant images, and 

the opportunity for dedicated image processing (321). 

 

While Computed Tomography (CT) is considered the gold standard for volume rendering 

3D reconstructions of bone structures (328), CT scans are not well suited for accurate 

reconstructions of large bone structures, such as the spine.  This is mainly due to the high 

doses of radiation that are necessary to image large areas at high resolution.  Other factors 

that limit CT scanning for spinal use when they are compared to plain film radiography are 

their expense, lack of equipment portability, and they require patients to be lying down in 

non-weight bearing postures for the studies.  Biplanar SSDR is an alternative to CT and 

plain film imaging in that it can produce 3D reconstructions of spinal structures that make 

accurate measurements of positional relationships possible with relatively low exposure of 

the patient to ionising radiation (329, 330) (Figure 43). 
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Figure 43. Bidirectional slot scan with two x-ray tubes synchronised and moving in the same direction 
to produce an A-P and lateral image at the same time  

Magnetic resonance imaging (MRI) was not included in the study primarily because of the 

limited clinical application of this method of measuring Cobb angles.  While open MRI 

systems have been introduced that facilitate erect postural studies of the spine, this type of 
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equipment remains relatively limited compared to the other forms of spinal imaging included 

in the study.  Cobb angle measurements using this type of equipment have been shown to 

be as reliable as CT imaging and plain film analysis of scoliotic spines (331). 

 

2.4 RADIOGRAPHIC PROJECTION FACTORS 

Conventional or plain film (PF) radiography, computed radiography (CR), digital 

radiography (DR) and computed tomography (CT) use photosensitive film or gas detectors 

to directly or indirectly capture ionising radiation that passes differentially through the body’s 

tissues.  The ionising radiation for each of these methods originates from a relatively small 

point source (focal spot), passes through structures within the body, and emerges with 

altered intensity depending on the tissue density that it has passed through e.g. gas, water, 

fat, mineral and metal.  The exposure of the film by or detection by sensors of the emerging 

ionising radiation produces a two dimensional image that maps the relative densities of the 

structures and tissues through which the beam has passed (332, 333). 

 

With computed tomography (CT) the images are two-dimensional axial slices that comprise 

a data set for each subject.  For computed (CR) and digital radiography (DR) the resulting 

image is composed of two dimensional grey-scale pixels rendered on an imaging screen 

with each pixel representing the filtered digitised intensity of the beam at that point.  The 

resolution of the image is proportional to the size of each pixel (Figure 44).  Computed and 

digital radiography allows wide latitude in the image quality through the use of computerised 

adjustment of contrast and brightness of the image post-exposure.  This post-processing 

flexibility of most digital systems enables a variety of optimization techniques to improve 

image quality for specific tissues (333). 
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Figure 44. A pixel is the smallest discrete unit making up the image. Each pixel is comprised of  a 
specific uniform grey scale colour.  The number of pixels in each row and column determines the 
resolution of the image  

For plain film (PF) radiographic imaging, based on screen / film (conventional) systems, 

the image quality and resolution are dependent on grid ratios, the graininess and 

sensitivity of intensifying screens and characteristics of the photosensitive film (334).  

These factors are established prior to the exposure and are only modified post-exposure 

by variables in the processing method.  The screens and film convert ionising radiation 

coming from the x-ray tube that has passed through the subject into visible light that in 

turn exposes a photosensitive film.  This film is then chemically treated to produce a grey-

scale image proportional to the beam intensity at each point on the film.  The screen and 

film combination influences and sets the signal contrast, latitude of the dynamic range as 

well as sharpness and noise. 

 

2.4.1 Geometrical Properties 

Apart from the resolution and quality of the radiographic image, there are geometrical 

properties of conventional, digital and computed radiography that involve the projection of a 

three-dimensional object onto a planar surface from a point source with inherent 

magnification and distortion of the resulting image (29, 287).  Dimensions are always 
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greater in at least one dimension on the projected image relative to the dimensions of the 

actual structure.  This is also associated with a change in visualised angular relationships of 

structures and surfaces (29, 244) (Figure 45). 

 
Figure 45. Because the object is between the beam source and the image, the graphical representation 
of the object has larger dimensions than the object 

Changes in the projected image are due to the point source of the projection rays and to the 

fact that the object is always between the source of the rays (focal spot) and the viewing 

plane (film) (Figure 46). 



94 
 

 
Figure 46. Inherent magnification creates greater dimensions on the projected image than the actual 
structure 

This creates a geometrical disadvantage for plain film and computerised radiography in that 

an individual two-dimensional image cannot be directly manipulated geometrically once the 

exposure has been made even though the image quality of digital images can be 

manipulated post-exposure.  The viewing angle and the resulting positional relationships of 

the structures represented in the image are fixed at the time of exposure.  CT and some 

digital biplanar images can be reconstructed using specific algorithms to produce 

manipulable volumetric (3D) representations of structures (325, 329, 330). 

 

For an individual plain film (PF) or computerised radiographic (CR) image, the positional 

relationship and dimensions of the objects depicted is dependent on four basic interrelated 

geometrical factors (287): 

 Position of the central ray of the x-ray beam relative to the object 

 Angle of the image plane relative to the x-ray beam and object 

 Source/image distance 
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 Object/image distance 

 

2.4.2 Central ray (CR) or Primary ray (PR) 

The primary or central ray of an x-ray beam has three intrinsic properties related to the 

production of a measurable image of a three-dimensional object (313).  The first is related 

to the intensity of the beam, the other two are related to the geometric or projection 

properties of the beam.   

 

Beam intensity is not uniform but varies with the intrinsic characteristics of the x-ray tube 

producing what is called the heel effect.  Due to internal geometrical characteristics of the x-

ray tube the intensity of the x-ray beam is not uniform in the plane perpendicular to the focal 

spot of the anode.  This variation in the intensity of the primary beam is referred to the heel 

effect.  Electrons coming from the cathode bombard the anode producing ionising radiation 

in all directions.  The greatest intensity of the resulting x-ray beam is to the cathode side of 

the x-ray tube (335).  The intensity of the beam depends on the angle at which the x-rays 

are emitted from the focal spot.  Factors that influence the architecture include the 

positional relationship and size of the anode and cathode, and the size, shape and 

angulation of the focal spot (335, 336).  The intensity of the x-ray beam is greatest where 

the angle or incidence of the electron beam is equal to the angle of exit of the x-ray beam 

from the focal spot of the anode and decreases to zero in the plane of the focal spot.  If the 

central ray is assigned a value of 100% the beam intensity on the anode side of the tube 

would approach 0% due to the heel effect and would be greater than 100% on the cathode 

side of the tube (335) (Figure 47). 
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Figure 47. The heel effect influences the intensity of the resultant x-ray beam 

The relationship between focal spot width and the size of the projected focal spot is 

determined by the anode angle (336).  Anode angles generally range from about 7° to 20° 

(337).  The steeper the anode angle the smaller the projected or effective focal spot (Figure 

48).  A smaller effective or projected focal spot provides better spatial resolution of the 

structure on the image plane.  The size of the effective focal spot is geometrically related to 

the actual focal spot with the following relationship where  is the anode angle: 

 Effective focal length = Actual focal length x sin  
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Figure 48. Relationship between focal spot width and the size of the projected focal spot.  The anode 
angle (7-20 degrees) is the slope the focal spot forms relative to the vertical 

X-ray intensity usually reduces significantly toward the anode end of the tube because of 

the heel effect.  The heel effect is produced by the geometry of an angled anode target with 

lower intensity of the beam toward the anode (heel) end. The significance of the heel effect 

on the visualised structures forming the radiographic image is that it can alter what is 

perceived or viewed as the border or line of demarcation of a given structure (335) (Figure 

49). 

 
Figure 49. The heel effect causes a loss of beam intensity resulting in a variation in the projected image 
and visualized angles 
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2.4.3 Geometric or projection properties 

The size of the focal spot coupled with the source to object distance and the object to 

image distance determine the majority of the image projection characteristics and image 

sharpness of a given study.  The alignment of the x-ray beam, the object and the image 

plane can also influence projection geometry and the resulting two-dimensional image of a 

three-dimensional object.  The x-ray beam emerging from the x-ray tube can be can be 

classified as a central ray and horizontal and vertical primary rays (Figure 50). 

 
Figure 50. The central ray can be defined as the individual ray that originates from the centre of the 
focal spot and emerges perpendicular to plane of the anode 

Fox (313) suggests that there is ‘a common misconception that there exists only one 

possible "central x-ray beam" arising from the x-ray tube and that it is the one that 

somehow is oriented to the axis of the x-ray tube on its collimator.’  He further emphasizes 

that there is an infinite number of x-ray beams emanating from the point source of radiation 

(the x-ray tube anode).  He suggests any one of these rays could be defined as "the central 

x-ray beam."  One definition of the central ray (CR) suggests it is the unique ray emanating 

from the focal spot of an x-ray tube that is perpendicular to the electron steam that flows 

from the cathode to the anode within the tube.  Based on this definition of the central ray it 

is an internal property governed by the intrinsic architecture of the x-ray tube (338).  

Another definition suggests that being perpendicular to the image plane or film makes one 
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particular ray the unique central ray for any given position of the x-ray tube (339).  Using 

this definition the central ray is located at the origin of the X and Y-axes and represents the 

Z-axis of orthogonal projection planes relative to the image plane or film and is often 

located at the geometric centre of the film (Figure 51). 

 
Figure 51. The central ray is the one ray common to both the horizontal and vertical rays and represents 
the origin of the X and Y-axes of the image 

Fox (313) uses a definition that is particularly relevant for stereotaxis proposes.  His 

definition of the central ray is any ray emitted from the tube that superimposes two selected 

points on the image plane.  If a primary beam or central ray is considered the ray that would 

superimpose any two specified points when they are projected by that particular x-ray beam 

onto a film or an image plane then any individual ray emanating from the x-ray tube can 

fulfil this role. 

 

The components of the x-ray beam that lie in a horizontal plane that passes through the 

central ray are considered the horizontal primary rays (HPR).  The horizontal rays form the 
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X-axis of an orthogonal projection plane that contains the central ray (Figure 51).  The 

portions of the x-ray beam that lie in a vertical plane that passes through the central ray are 

considered the vertical primary rays (VPR).  The vertical rays form the Y-axis of an 

orthogonal projection plane that contains the central ray (Figure 51). 

 

A plane constructed on or representing an object will have specific angular relationships to 

the rays emanating from the focal spot of the x-ray tube and to the image or projection 

plane.  The measured angulation of a plane in a perspective projection and the measured 

positional relationships of objects vary with the position and orientation of a specified object 

and plane relative to the point source of the lines of projection and the orientation of the 

image plane. 

 

Changing the angle of projection for the vertical alignment of the central ray relative to the 

plane of the sacral base can alter the projected view of the structure.  Two views resulting 

from a change in the angle of the central ray are the conventional A-P lumbopelvic view of 

the pelvis (Figure 52).and the sacral base view. 

 
Figure 52. Projection of the pelvis in erect posture with the central ray perpendicular to the image plane 

In the sacral base view (Figure 53).the central ray is aligned and angled to the sacral base. 

Because of the divergence of the x-ray beam not all the disc spaces and surfaces are 

visualised optimally in the common A-P lumbopelvic projection.  The divergence is 
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particularly pronounced at the L5-S1 level with the central ray at the level of the mid lumbar 

vertebra (Figure 52).  The Ferguson or sacral base view can be employed to optimise the 

visualisation of the L5-S1 interspace (309). 

 
Figure 53. Projection of the pelvis in erect posture with the central ray angled to correspond with the 
slope of the sacral base 

The sacral base view has been proposed by a number of clinicians such as Illi (41), Tilly 

(188), Brown et al (27), and Barge (78) as a way of better visualising the sacral plateau 

when it is being viewed from the front in erect posture.  Illi believed that vertebral segments 

that appeared normal or perfect on a standard supine A-P view were revealed as having 

lesions or malformed using the sacral base view.  He also believed form clinical observation 

that segments that were thought to be “badly misshaped, infiltrated, decalcified or even the 

focus of an osseous disease” were found to be perfectly normal on a sacral base view.  

Brown et al describe sacral obliquity as not easily discernible on an A-P or P-A scoliosis 

films.  They suggest that to demonstrate sacral obliquity on a radiographic image requires a 
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Ferguson view to appreciate the abnormality.  They further suggest that AP films of the 

lumbopelvic spine can show level hips while a sacral base view reveals sacral obliquity in 

the same individual. 

 

To define the projected relationships of three-dimensional objects such as the sacral base 

as it is viewed on a two-dimensional image, the angular relationships of the projection rays 

were defined for this study as either a true plane angle (TPA) or an actual projection angle 

(APA) in relation to the point source (focal spot). 

 

Any two points with Z-axis displacement that project with no vertical (Y-axis) or horizontal 

X-axis) displacement in the viewing plane, form an angle relative to the viewing or 

projection plane.  This angle is defined as the true plane angle (TPA) for the plane 

containing the points (Figure 54). 

 
Figure 54. The true plane angle (TPA) is defined by any two points with horizontal displacement that 
would project with no vertical (Y-axis) displacement 

The horizontal or vertical angle formed between the central ray (CR) and a ray from the 

focal spot passing through a specified point (Figure 55).  The actual projection angle should 

be the same as the angle calculated from the projected image as the lateral projection 
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angle (LPA) or plan projection angle (PPA).  The actual projection angle is not influenced by 

rotation of the x-ray tube. 

 
Figure 55. The actual projection angle (APA) is formed between the central ray and any specific point on 
the object 

With two specified points positioned so that they are perpendicular to the image plane and 

with the x-ray tube aligned and angled so that the ray representing 100% intensity of the 

beam is aligned with the specified points and perpendicular to the image plane, all three 

factors would coincide (Figure 56) (A).  In other configurations, these three factors can be 

represented by three very different rays each with different geometric properties (Figure 56) 

(B). 
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Figure 56. (A) The three concepts of the central ray coincide (B) The three different concepts of the 
central ray relative to: (1). object (2). x-ray tube (3). image plane 

If the central ray is considered the one ray that emanates from the focal spot of the x-ray 

tube and travels perpendicular to the image plane (287), points equally spaced from this 

central ray will exhibit increasing degrees of magnification the further they are located from 

the central point (Figure 57). 

 
Figure 57. Points equally spaced from the central ray will exhibit increasing degrees of magnification 
the further from the centre they are located 

Zengel and Davis (287) used trigonometry to calculate the degree of magnification of an 

object on chiropractic radiographs.  The formula they use is based on the divergent 
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properties of the x-ray beam that results in the image size (I) being equal to the object size 

(O) multiplied by a magnification factor (MF): 

 I = O * MF 

The magnification factor is equal to the source to image distance (SID) divided by the 

source to object distance (SOD) (Figure 58):  

 
Figure 58. As the object is located between the source and image plane magnification will occur with 
greater amounts of magnification the further the object is from the central ray 

 I = O * SID/SOD 

A common characteristic of radiographic projection is spatial distortion. All conventional x-

ray images suffer from this effect.  Projection distortion results in images that do not 

faithfully reproduce the three-dimensional surface relationships of an object or the spatial 

relationships between objects because of unequal magnification in different regions of the 

field of view or from one image to another (Figure 59). 
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Figure 59. Projection of a cube demonstrating the effect of radiographic distortion with none of the 
angles projected as true right angles 

The effect can be illustrated using an image of a wire frame that has no depth, projected 

onto an image plane as it would be with an x-ray beam (Figure 60).  The angles (but not 

distances) measured on the projected image (A) are the same as the angles formed by the 

object because the object (wire frame) is parallel to the image plane.  Distortion can be 

measured in the angles X and Y formed by the sides of the projected grid in image (B).  

The distortion occurs because of the varying distances of the sides of the frame from the 

image plane.  The projected angles will not be the same as the angles formed by the actual 

object.  This is due to unequal magnification of the object by the x-ray beam. 
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Figure 60. A graphical representation of the projection from a point source of a circular structure with 
an embedded reference frame.  A.  With the structure parallel to the image plane the true angles X and Y 
are projected onto the image.  B. Projection of structure angled relative to the image plane result in 
distortion of the angles.  Angle X projects larger and angle Y projects smaller than a true right angle 
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Angles formed on, or are part of surfaces are preserved on projected images if the plane 

containing the angles is parallel to the image plane.  The size of components of the three-

dimensional object will change with changes in the position and the distance from the 

image plane or the x-ray tube.  Components nearer the x-ray tube (focal spot) and further 

from the image plane will be magnified to a greater extent than those with the opposite 

relationship to the focal spot and image plane. 

 

The angles formed between corresponding reference points on two surfaces that are 

parallel to the image plane but with different object image distances (OID) will change due 

to the unequal magnification of the two surfaces.  The true angles are preserved and not 

subject to projection distortion when they are contained on surfaces that are parallel to the 

image plane.  The right angles formed at BAD, ADC, EHG and FEH project as true right 

angles whereas angles ABC, BCD, EFG and FGH do not project as true right angles 

(Figure 61). 
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Figure 61. Graphical representation of the radiographic magnification of two cubes positioned with one 
face parallel to the image plane (film) but different relationships to the x-ray tube 

2.5 SUMMARY AND CONCLUSION 

A number of radiographic modalities and specific views of the lumbopelvic spine can be 

used to measure sacral obliquity with various degrees of accuracy.  Two general types of 

errors that would be of concern to clinicians if present would involve random error and 

systematic error. 

 

Randon error can affect any individual patient or examination and is not restricted to 

measuring sacral obliquity on radiographs.  Random error can be present in any 

measurement.  For this reason the reliability of radiographic analysis was not an objective 

of this study.   
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The focus of this study was assessing the validity of radiographic methods and specifically 

involved the identification and quantification of systematic error in the use of radiographic 

images for measuring sacral obliquity.  The validity of five different radiographic views that 

can be used to measure sacral obliquity were examined for the presence of systematic 

error.  Generally if systematic errors are present they cannot be identified by repeating the 

radiographic study and applying statistical analysis.  Systematic errors can be detected by 

comparison of results from one method of analysis with other independently obtained 

results using different methods or techniques or comparison of results with a known 

reference value. 

 

Dry bone specimens and a radiographic phantom with pre-set degrees of sacral obliquity 

were used to identify the presence and magnitude of systematic errors.  Two different 

imaging modalities were used to image the radiographic phantom and involved plain film 

(conventional) radiography as well as CT imaging.  The measurements obtained were 

validated against a graphical model of the pelvis.  Each of the modalities (plain film and CT 

images) involved multiple views of the sacrum.  These are summarised as: 

1. CR plain film imaging of 16 dry bone sacral specimens. 

a)  APV 

b)  SBV 

2. CR plain film imaging of pelvic phantom with different degrees of sacral obliquity. 

a)  APV 

b)  PAV 

c)  SBV 

d)  ZAV 

3. CT imaging of pelvic phantom with different degrees of sacral obliquity. 

a) multiplanar reconstruction 

APV 

SBV 
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b) 3D reconstruction 

4. CT imaging study of fifty in vivo lumbopelvic spines 

a) multiplanar reconstruction 

APV 

SBV 

b) 3D reconstruction 

5. CT scanned projection digital radiography (SPDR) of radiographic pelvic phantom 

with five different amounts of sacral obliquity. 
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SACRAL OBLIQUITY MEASURED ON 
RADIOGRAPHIC IMAGES OF 16 DRY BONE 

SACRAL SPECIMENS 
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“I am inclined to believe that life as it is manifested to us must be a 

function of the asymmetry of the universe or of the consequence of this 

fact.” 

— Louis Pasteur 

3.1 INTRODUCTION 

 

The primary objective of this chapter was to identify the presence of systematic errors 

associated with the measurement of frontal plane sacral asymmetry measured on plane film 

radiographic images.  The specific systematic error being evaluated relates to the projection 

of dihedral angles onto a two-dimensional image plane.  Sacral obliquity is tilting of the 

sacral base in the frontal plane and represents a dihedral angle.  Sacral obliquity is 

commonly associated with rotation around two or more axes of rotation.  This is because in 

the normal anatomical orientation of the sacrum in upright posture the sacral plateau is 

inclined relative to two planes,  The angles measured on a two dimensional radiographic 

image are Ferguson’s base angle and sacral tilt or obliquity.  The projection of dihedral 

angles on a two dimensional image plane creates inherent systematic errors in measuring 

the true dihedral angle. 

 

A true dihedral angle can only be measured if the viewing angle lies along one of the 

planes forming the angles and there is no rotation around other axes.  If however the 

viewing angle is perpendicular to the plane no dihedral angle can be measured.  

Measurement of any given dihedral angle will fall somewhere within these extremes.  

Therefore the radiographic projection view used to measure sacral obliquity can result in a 

systematic error. 

 

Two views of the sacrum that have been advocated for measuring sacral obliquity are the 

standard erect A-P lumbopelvic view and a sacral base view.  A factor associated with 

CHAPTER 3 
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these two different views other than the viewing angle that can result in a systematic error 

when measuring sacral obliquity, is the visibility and identification of reference points and 

landmarks used to define the reference plane.  On the standard A-P view the sacral base is 

superimposed over other structures obliterating or obscuring reference points making them 

difficult to identify.  To overcome this, analytical protocols often incorporate reference points 

that can be easily identified on the radiographic images and used for convenience.  

However this can result in a systematic error in generating the line representing the plane 

being measured. 

 

In order to identify either of these two types of systematic error sixteen dry bone specimens 

were radiographed using the two views (A-P view and sacral base view) with the objective 

of finding a significant difference in the measured sacral obliquity between the two views of 

the same sacrum. 

 

Dry bones specimens were used because they represent the morphology of the sacrum on 

a radiographic image.  While they don’t contain soft tissue components they appear on a 

radiographic image in a very similar way to actual spinal structures with similar reference 

points.  As the study was not meant to provide information on the validity and reliability of 

measurement of sacral obliquity but rather to identify systematic errors related to the 

measurement of dihedral angles, dry bone specimens fulfilled this role. 

 

Random errors can generally be detected as a fluctuation by repeated measurement of 

sacral obliquity on the either views.  To help differentiate outliers and major random errors 

from systematic errors all measurements were done three times.  For this study the degree 

of error was not important.  Due to the lack of reliable studies there was no way of knowing 

the distribution of sacral obliquity in a given data set or which of the two views generated a 

systematic error in any one of the 16 sacrums. 
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3.1.1 Dry Bone Sacral Specimens 

A convenience sample of sixteen dry sacral bone specimens was selected from an 

osteological collection available to the Department Chiropractic at Macquarie University.  

No specific history or information was available relating to any of the specimens, such as 

age, gender or genetic background.  Thirteen specimens in the study consisted of only the 

sacrum without either the coccyx or innominate bones.  

 

The angle representing sacral obliquity was measured on films taken with the sacrum in a 

fixed position relative to the image plane and with the x-ray tube positioned so that the 

central ray was either perpendicular to the cassette or angled relative to the individual 

sacral base of each sacrum.  The source image distance (SID) and exposure factors 

remained the same for both views. 

 

The sixteen sacrums were positioned and radiographed in one of two orientations to the 

horizontal primary rays to represent a sacral base view with the central ray aligned to the 

sacral base for one view and as a standard A-P view of the pelvis for the other.  Four of the 

sacrums were photographed in the two positions to illustrate normal anatomical features 

(sacrum 3) and anatomical or structural variations (sacrums 1, 2, 16). 

 

Sacrum 1 (with right ilium attached) photographed as SBV and AP view (Figure 62) 

Sacrum 1 (with ilium attached) plain film radiographs of SBV and AP view (Figure 63) 

Sacrum 2 (with left ilium attached) photographed as SBV and AP view (Figure 64) 

Sacrum 2 (with ilium attached) plain film radiographs of SBV and AP view (Figure 65) 

Sacrum 3 (normal sacrum) photographed as SBV and AP view (Figure 66) 

Sacrum 3 plain film radiographs of SBV and AP view (Figure 67) 

Sacrum 4 plain film radiographs of SBV and AP view (Figure 68) 

Sacrum 5 plain film radiographs of SBV and AP view (Figure 69) 

Sacrum 6 plain film radiographs of SBV and AP view (Figure 70) 
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Sacrum 7 plain film radiographs of SBV and AP view (Figure 71) 

Sacrum 8 plain film radiographs of SBV and AP view (Figure 72) 

Sacrum 9 plain film radiographs of SBV and AP view (Figure 73) 

Sacrum 10 plain film radiographs of SBV and AP view (Figure 74) 

Sacrum 11 plain film radiographs of SBV and AP view (Figure 75) 

Sacrum 12 plain film radiographs of SBV and AP view (Figure 76) 

Sacrum 13 plain film radiographs of SBV and AP view (Figure 77) 

Sacrum 14 plain film radiographs of SBV and AP view (Figure 78) 

Sacrum 15 plain film radiographs of SBV and AP view (Figure 79) 

Sacrum 16 photographed (with transitional segment) as SBV and AP view (Figure 80) 

Sacrum 16 plain film radiographs of SBV and AP view (Figure 81). 

 
Figure 62. Sacrum 1 photographed in (A) sacral base view and (B) A-P view  
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Figure 63. Plain film radiographs of sacrum 1 (A) sacral base view (B) A-P view 

 
Figure 64. Sacrum 2 photographed in the position for (A) the sacral base view and (B) A-P view 
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Figure 65. Plain film radiographs of sacrum 2 (A) sacral base view (B) A-P view 

 
Figure 66. Sacrum 3 photographed in the position for (A) the sacral base view and (B) the A-P view  
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Figure 67. Plain film radiographs of sacrum 3 (A) sacral base view (B) A-P view 

 
Figure 68. Plain film radiographs of sacrum 4 (A) sacral base view (B) A-P view 
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Figure 69. Plain film radiographs of sacrum 5 (A) sacral base view (B) A-P view 

 
Figure 70. Plain film radiographs of sacrum 6 (A) sacral base view (B) A-P view 
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Figure 71. Plain film radiographs of sacrum 7 (A) sacral base view (B) A-P view 

 
Figure 72. Plain film radiographs of sacrum 8 (A) sacral base view (B) A-P view 
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Figure 73. Plain film radiographs of sacrum 9 (A) sacral base view (B) A-P view 

 
Figure 74. Plain film radiographs of sacrum 10 (A) sacral base view (B) A-P view 
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Figure 75. Plain film radiographs of sacrum 11 (A) sacral base view (B) A-P view 

 
Figure 76. Plain film radiographs of sacrum 12 (A) sacral base view (B) A-P view 
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Figure 77. Plain film radiographs of sacrum 13 (A) sacral base view (B) A-P view 

 
Figure 78. Plain film radiographs of sacrum 14 (A) sacral base view (B) A-P view 
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Figure 79. Plain film radiographs of sacrum 15 (A) sacral base view (B) A-P view 

 
Figure 80. Sacrum 16 photographed in the position for (A) the sacral base view and (B) the A-P view 
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Figure 81. Plain film radiographs of sacrum 16 (A) sacral base view (B) A-P view 

3.1.2 General morphology of the sacral specimens 

Two of the sixteen sacral specimens, sacrum 1 (Figure 62) and sacrum 2 (Figure 64) used 

in this study had a fused sacroiliac joint obliterating the joint and locking the sacrum to the 

involved ilia.  This condition is seen more frequently after the fifth decade in both sexes but 

more frequently in males (152).  Even though an ankylosed sacroiliac joint could influence 

absolute sacral obliquity on an erect radiograph of the lumbosacral spine this was not a 

consideration when comparing the two views.  The ankylosis of the sacroiliac joint had no 

direct influence on the projection or measurement of absolute sacral obliquity as measured 

on the two images of the sacrum as the sacrum remained in an arbitrary and fixed position 

for the two views. 

 

Two specimens in the study group, sacrum 8 (Figure 72) and sacrum 16 (Figure 80), had 

what could be classified, or described as, a sacralised lumbar segment.  This created 

atypical sacral bones with six fused sacral segments.  In both cases the transitional 

lumbosacral segment resulted in a complete sacralisation of what would have been the fifth 
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lumbar vertebra resulting in a specimen made up of six fused segments.  This type of 

transitional lumbosacral segment is described by Kricun (147, 301) as a type IIIB 

sacralisation (Figure 82).  Hahn et al (340) found a prevalence of fifteen sacralised lumbar 

segments in two hundred patients (7.5%) using magnetic resonance imaging and quote a 

reported prevalence of 3% to 21% in the reviewed literature. 

 
Figure 82. Types of transitional lumbosacral segments involve four morphological characteristics.  Type 
I involves unilateral (Ia) or bilateral (Ib) dysplasic transverse processes.  Type II involves incomplete 
unilateral (IIa) or bilateral (IIb) lumbarisation or sacralisation.  Type III involves complete osseous fusion 
of the transverse process.  Type IV involves unilateral type II transition with a type III on the 
contralateral side 

The atypical specimens were included in the study even though Hsieh et al (341) suggest 

the prevalence of sacralisation of the fifth lumbar segment is generally low in chiropractic 

patients.  However, they found that this type of anomaly is likely to be encountered by 

chiropractors taking routine radiographs of the lumbopelvic spine with one health centre 

studied reporting 6.5% of 786 patients having transitional lumbosacral segments.  Delport 

et al (146) found that the percentage of patients with a transitional lumbosacral segment 

was higher than the percentage found in the general population.  In their prospective 

observational study of three hundred consecutive patients with lower back pain, 30% had a 

transitional vertebra.  They suggest that this high percentage may be due to the alteration in 

mechanics caused by a transitional vertebra contributing to pain generation.  Asymmetrical 
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sacralisation could contribute to angulation of the sacral base in the frontal plane and 

asymmetry of the sacral alae. 

 

While two of the specimens contained a transitional lumbosacral segment and were 

therefore atypical sacrums, this number as a percentage of the total number was within that 

found in a clinical setting.  In cases of a transitional lumbopelvic segment the superior 

surface of what would have been the 5th lumbar vertebra is often considered the functional 

sacral base with these variations often associated with dimensional changes and 

morphological proportion of the sacrum (342). 

 

Asymmetrical shape or dimensions of the sacrum as described by Plochocki (39), 

particularly those involving the ala and sacral base, would have an effect on the projected 

image of that structure on radiographic images.  The selection of reference points is often 

determined by their visibility and distinctness on the resulting image rather than their fidelity 

in quantifying the relationship or orientation of the structure being measured (14, 189).  As 

an example, points on the sacral ala are often used to reference the obliquity of the sacral 

base on A-P radiographic images (13, 14). 

 

Some of the sixteen specimens exhibited structural asymmetry that had the potential to 

influence the validity of reference points used or suggested as a method to quantify sacral 

obliquity.  The asymmetry had the appearance on the radiographs of congenital variations 

and adaptive changes that would be consistent with spinal changes that have been 

described as ‘degenerative’ changes and structural anomalies (343).  The non–congenital 

structural characteristics were consistent with calcification of soft tissues of the sacroiliac 

joints and osteophytic lipping of the sacral base.  Visual inspection of the dry bone 

specimens and radiographic images showed evidence of structural asymmetry due to soft 

tissue changes affecting the sacral base and the sacral ala on particular specimens such as 

sacrum 2 and sacrum 10. 
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3.2 RADIOGRAPHIC SETUP FOR PLAIN FILM IMAGING 

Triangular foam blocks were used as positioning wedges to place each specimen in front of 

the cassette holder to simulate the approximate position and orientation of the sacrum in 

erect posture.  Each sacrum was centred horizontally to the mid-line of the film with rotation 

and tilt within tolerances that would generally be considered acceptable or normal on a 

plain film radiograph of the region (244, 245) (Figure 83). 

 
Figure 83. The x-ray tube was aligned and perpendicular to the cassette (A).  X-ray tube angle relative to 
sacrum and cassette for the sacral base view (B) 

The mid-sagittal plane of the sacral base was aligned to the vertical centre of the cassette 

containing the radiographic film.  The crests of the ilia were considered to be approximately 

six centimetres above the sacral base for those specimens that only consisted of the sacral 

bone and no ilia.  For the standard A-P view, the x-ray tube was aligned, and perpendicular 

to the crests of the ilia or aligned with a point six centimetres above the sacral base for the 

specimens that only consisted of the sacral bone (Figure 83) (A).  A second exposure was 

made with the x-ray tube angled along the lumbosacral angle (Ferguson’s base angle) and 

aligned with the upper surface of the sacral plateau (Figure 83) (B).  This view has been 



130 
 

recommended by a number of clinicians as providing a superior visualisation of the sacral 

base (27, 41, 78, 188, 266, 284).  The position of the specimen and cassette holder 

remained unchanged for the second exposure (Figure 84). 

 
Figure 84. The relationship of the x-ray tube to the sacral base and cassette for the two views compared 
in the study 

The source to image (film) distance (SID) was one hundred centimetres (forty inches) for 

each exposure.  The exposure was made on a Sedecal – SHF310 North American Imaging 

x-ray machine with exposure factors of 40 kvp at 0.5 mas, using a fine focal spot.  The 

image was recorded on a digital cassette and downloaded to a Toshiba workstation 

employing Fujifilm FCR V.2 imaging software.  Using this software, the exposure factors 

were corrected and optimised for viewing bony structures such as the sacrum.  The images 

were then sent via a local area network to a remote computer where they were saved in the 

Joint Photographic Experts Group (jpeg) standard format with minimal compression.  This 
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format retained the aspect ratio (width divided by height) of the image but neither absolute 

size nor true linear dimensions. 

 

3.3 PLAIN FILM RADIOGRAPHIC ANALYSIS 

The jpeg format allowed reliable angular but not linear measurements to be made.  As the 

jpeg format preserves the aspect ratio of the image all angles measured were congruent 

with the angles on the original image to a degree equal to the tolerance interval of the 

measurement.  The digital radiographic analysis software was used to measure the angles 

representing absolute sacral obliquity on the images.  The two sets of images were read in 

random order on three separate occasions over a three month period.  The standard view 

films were read as a group as were the sacral base views.  This was done to minimise 

familiarisation or recall of specific features or details relating to the individual images.  

Absolute sacral obliquity was measured on the sixteen sacral base views (SBV) using a line 

constructed by locating the superolateral borders of the sacral plateau as described by 

Harrison (239), Barge (78) and Pettibon (284)(Figure 85). 
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Figure 85. Points (red dots) identified on a lumbopelvic radiograph as representing the superiolateral 
borders of the sacral base 

A computer generated line was constructed to pass through these points (Figure 86).  

Harrison (266) refers to this line as the sacral plane line (SPL).  For convenience this name 

was adopted for the present study. 
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Figure 86. A line referred to as the sacral base line was constructed on radiographic image of the sacral 
base through points representing the superiolateral boarders of the sacral base  

The inclination of the line was measured to three decimal places as a deviation angle from 

a line representing the horizontal plane.  The angle was designated as positive if angled 

down on the right (+Z-axis rotation), negative if angled down on the left (-Z-axis rotation) 

and zero if horizontal.  This angle was designated the sacral base angle (SBA) (Figure 87). 
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Figure 87. The angle between the sacral base line and the horizontal plane is referred to as the sacral 
base angle 

On the standard view, because the lateral margins of the sacral plateau are neither 

generally visible nor easily defined, a line was drawn between points representing the 

junction of the sacral ala and the articular pillars on either side (Figure 88). 

 
Figure 88. Points were placed on the A-P film to represent the ‘sacral groves’ formed at the point where 
the sacral ala overshadow the respective articular processes 
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Gonstead (13) refers to these points as the ‘sacral grooves’ and the line as the ‘horizontal 

plane line of the sacrum’ (HPL).  In their study investigating the reliability of measuring 

sacral obliquity on radiographs, Fann et al (14) refer to a line constructed using similar 

points as an ‘intersulcate line’.  This line was based on points previously described by Tilley 

(189) (Figure 89). 

 
Figure 89. A line was drawn connecting the points representing the sacral grooves and is referred to as 
the horizontal plane line 

The inclination of the line was measured to three decimal places as a deviation angle from 

a line representing the horizontal plane.  The angle was designated in the same manner as 

the sacral base angle as positive if angled down on the right (+Z axis rotation), negative if 

angled down on the left (-Z axis rotation) and zero if horizontal.  For this study, the angle 

was referred to as the A-P angle (Figure 90). 
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Figure 90. The angle between the horizontal plane line and a line representing the horizontal plane is 
referred to as the A-P angle 

The angulation between the lines used in this study were measured and recorded in the 

same manner as for the sacral base view.  As with the sacral base view, the line drawing, 

measuring and recording of angles for each film was carried out in randomised order on 

three separate occasions over a three month period to minimise familiarity with individual 

images.  The result was ninety six sets of angular measurements representing three 

readings on both views for each of the sixteen specimens. 

 

Because the sacral plateau is projected as an oval and not well visualised on most standard 

A-P lumbopelvic radiographs (29, 78, 266) the horizontal plane line (HPL) and the sacral 

plane line (SPL) line could not be constructed using the same methods and points for both 

films.  The reference points and line drawing were therefore the ones applicable and 

commonly used for the specific view being analysed. 

 

Statistical analysis of the data was performed to investigate the random measuring error 

involved in the study.  Intra-observer reliability was calculated using appropriate statistical 

methods.  The objective was to investigate whether there was any significant difference 
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between the sacral base angle (SBA) representing the degree of absolute sacral obliquity 

measured on the sacral base view (SBV) and A-P angle (APA) measured on the A-P view 

(APV) for any individual sacrum. 

 

3.4 RESULTS 

The results of the measurement of sacral obliquity, repeated three times on two different 

views of each of the sixteen sacral specimens were recorded (Table 1).  This resulted in 

three measurements for each image and six measurements for the two views of each 

sacrum with a total of 96 measurements for all sixteen sacral specimens.  
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Table 1. Repeated measurement of sacral obliquity on A-P and Sacral Base views of 16 dry bone sacral 
specimens 
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The average of three repeated measures along with the variation of the individual 

measurements was calculated for each sacrum to indicate the repeatability of the 

measurements (and as a way of excluding random error in the measurements) (Table 2). 

Table 2. Average (Ave) and variation from the average of three measurements of sacral obliquity made 
on two different radiographic views of sixteen dry bone sacral specimens 
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The angulation of the SBA and APA measurements for sacrums 2, 3, and 16 were in 

opposite (+Z, -Z) directions.  The measurement of obliquity on one film indicated the 

sacral base was low on one side while the corresponding measurement on the other film 

indicated the sacral base was low on the contralateral side.  For these three sacrums the 

side of the measured sacral obliquity was reversed on the two films.  For each sacrum 

except for three (7, 9, 13) the average SBA measurement was generally greater than the 

APA measurement (Figure 91). 

 
Figure 91. Average of three readings of sacral obliquity angle (SOA) on sacral base (SBV) and A-P (APV) 
views for each of the 16 sacrums 

The objective of the measurements was not to determine the incidence or magnitude of 

sacral obliquity in a selected sample of dry bone sacral segments.  Instead, the primary 

objective was to identify differences in the measurements for any given specimen between 

the two views.  A marked difference in the measurement of sacral obliquity between the two 

views for any one of the sacral specimens would indicate a possible systematic error 
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associated with the projection method, patient positioning protocols or the analytical method 

or a combination of these factors (Figure 92).  The average difference between views for all 

sixteen specimens was 2.3 degrees and 1.5 degrees excluding specimen two.  For sacrum 

two the difference between the two views was 13.9 degrees.  This represents six times the 

average difference of the sixteen specimens.  This magnitude of difference indicates that 

the measurement of sacral obliquity for this particular specimen was highly dependent on 

the radiographic view and analytical procedures used. 

 
Figure 92. The difference between the sacral base angle (SBA) and the AP angle (APA) for each of the 
sixteen sacrums measured respectively on the two radiographic views (SBV and APV)  

As each sacrum was placed only in a position with the sacral base approximately level in 

the frontal plane, the amount of structural sacral obliquity was not able to be measured for 

any of sixteen specimens.  For this reason the degree of difference was the only significant 

measurement in relation to this study.  Sacrum number two in these circumstances was 

considered an extreme outlier in statistical terms (344).  This was calculated based on the 

definition of an outlier as any data point more than 1.5 interquartile ranges (IQRs) below the 

first quartile or above the third quartile (345).  However in terms of the objective of this 

study this was a highly significant finding indicating that the particular view used and the 
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measurement protocols to quantify sacral obliquity can significantly influence the 

quantification of sacral obliquity indicative of systematic error. 

 

3.5 SUMMARY and CONCLUSION 

The major objective of the study was to investigate the effect different x-ray tube positions, 

including standard (APV) and angled (SBV), and the associated line drawing methods had 

on the measurement of sacral obliquity as viewed on plain film radiographs and digital 

images.  The study was designed to identify several possible outcomes relating to the 

validity of measurement of sacral obliquity measured on radiographic images. 

 

There was an assumption, based on previous studies (15, 240), that measuring error would 

be random and would have an equal probability of being present in all measurements 

made.  For this reason the results were not subjected to direct statistical analysis to check 

for, or correct, random errors in the analytical process.  A previous study (240), using 

similar analytical and measuring techniques, had shown random measurement errors in the 

range of 1.1 degrees to 1.8 degrees for angles measured on A-P radiographs by different 

observers.  Data obtained in a study by Morrissy et al (23) indicated that, for a careful 

examiner making manual measurements of scoliosis on plane films with no extrinsic 

(systematic) error, there is a ninety-five per cent chance that error in the measurement will 

be less than 3 degrees.  However, Bould et al (257) showed that a digital image analysis 

system was up to twenty times more accurate than the human eye when measuring simple 

radiographic dimensions.  They suggested that the improvement in accuracy could be due 

to the ability to magnify the image and manipulate the image quality factors of brightness 

and contrast to optimise structural definition.  All measurements used in the present study 

were based on digital analysis of the radiographic data. 
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As a study outcome comparison of the radiographic protocols and associated analysis 

methods used could have produced a significant variation in the measurement of sacral 

obliquity for any individual sacrum studied.   

 

A common source of this type of error, if it occurs, is the projection of three-dimensional 

structures as two-dimensional radiographic images (186, 241).  One reason for this result is 

associated with the difficulty different observers have in the identification and selection of 

relevant measuring points on specific projection views for individual subjects (189). 

 

The results were not used to confirm or demonstrate the validity of these measurements or 

procedures.  As there was no ‘gold standard’ employed in the plain film dry bone study to 

measure absolute sacral obliquity, no method was available to determine or quantify ‘true’ 

sacral obliquity. 

 

Agreement of measurements using the two different radiographic and analytical methods 

for each sacrum would have suggested that each sacrum was symmetrical and the 

reference points were interchangeable for measuring purposes.  Even if this result had 

been achieved the two radiographic methods and their associated analytical procedures 

may have produced measurements that reflected a constant systematic error.  Without a 

validated ‘gold standard’ this possibility could not, and was not tested as part of the study. 

 

The results of the study revealed a significant variance in the angles derived from the two 

radiographic and analytical methods for five of the specimens and to a marked degree of 

variance for one sacrum in particular and was consistent for all three readings.  This finding 

suggests that at least some of the sacral specimens studied, and one sacrum in particular, 

lacked structural symmetry.  This lack of structural symmetry resulted in a significant 

difference in the projection and measurement of the sacral base in one of the views.  The 

degree of asymmetry would appear to produce a non-uniform projection of the measuring 
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points associated with the two views.  This lack of symmetry made the combination of 

projection angle, reference points and line marking potentially critical factors in the validity 

of the radiographic assessment of sacral obliquity.  The two methods described failed to 

consistently measure the same angle of the sacral base relative to the horizontal plane in 

the frontal (coronal) view of the sacrum on plain film radiographs. 

 

Had there been a consistent and predictable variation between the measured angles in 

much the same way that Cobb’s and Ferguson’s angles vary in measuring scoliosis (301, 

346) the implication would be that they were measuring the same effect but with 

consistently different magnitudes resulting in a related or proportional systematic error.  The 

quantifiable mathematical relationship between the tangent and cord of a specified arc, 

assuming the end points are the same, is reflected in the relationship between the Cobb’s 

and Ferguson’s methods of measuring a scoliosis (229, 256).  However, some of the sacral 

specimens being studied were asymmetrical, with a resulting non-uniform variation in the 

measured sacral base angulation relative to the horizontal plane.  Had the two analytical 

methods produced consistently different angles it could have been due to the different 

projection of compound angles with the object being inclined in two or three planes, or 

variation of the angle of observation and relationship of the object to the image plane (256, 

347-349). 

 

The outcome of this chapter involved a number of the sacral specimens showing little or no 

difference in measured obliquity in the different views while others showed significant to 

marked differences.  This outcome was due to one, or a combination of two basic causes.  

From the result it could be concluded that structural symmetry was lacking in at least some 

of the specimens and one projection method and its associated analytical method failed to 

detect the anomaly (type II error) or the other method measured what appeared to be an 

anomaly that was non-existent (type I error).  This outcome would suggest a lack of 
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specificity or sensitivity in either one or both of the methods in quantifying the true sacral 

obliquity angle. 

 

Several factors have been identified as contributing to errors associated with the 

measurement of angles and distances on plain film radiographs (9, 15, 29, 174, 189, 237, 

239).  These include magnification and distortion inherent in plain film radiography, 

identification and consistency of reference points, errors with the measuring process and 

the two dimensional projection of objects rotated in three planes.  The use of digital imaging 

generally reduces the random error from the measuring process (242) but does not 

eliminate systematic errors associated with identifying reference points and projection 

distortion (6, 190, 226, 228, 229, 231, 235, 350-353).  Most of these recognised errors 

produce predictable systematic errors such as magnification and distortion of the resulting 

image. 

 

Variable results can occur from structural asymmetry of the object being assessed.  

Adaptive changes can create difficulty and inconsistency in identifying and selecting the 

appropriate reference points on either of the two views studied.  Structural asymmetry of 

the structures being studied can produce variation of projected alignment when measured 

on different views of the same structure.  The magnitude of the measured angle is 

dependent on the reference points selected to represent the plane of interest.  A detailed 

examination of sacrum two in the study sample, the sacrum exhibiting the greatest variation 

on the two views, suggests that the variation in measurement is due to intrinsic structural 

asymmetry of the sacral base relative to the ala.  Structural asymmetry exists between the 

plane of the sacral plateau and the sacral ala resulting in marked variation in the alignment 

of the reference points as seen on the resulting radiograph depending on which set of 

points was chosen. 
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Once the presence of systematic error has been established one way to both identify and 

quantify the source of the systematic error in the measurement of sacral obliquity is to use a 

known reference value.  Other than using in vivo studies where the true measurement could 

be established an alternative is to use a phantom in the form of a pelvic radiographic model 

with a known degree of sacral obliquity. 
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SACRAL OBLIQUITY MEASURED ON PLAIN FILM 
RADIOGRAPHIC IMAGES OF A PELVIC PHANTOM 
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“What difference is there, do you think, between those in Plato's cave who can 

only marvel at the shadows and images of various objects, provided they are 

content and don't know what they miss, and the philosopher who has emerged 

from the cave and sees the real things?” 

- Desiderius Erasmus 

4.1 INTRODUCTION 

In order to not only establish the presence of systematic error in sacral obliquity but to also 

quantify the degree of error and also the possible source of the error a known reference 

value was needed.  The parameters that are prone to error when measured on radiographic 

images in relation to sacral obliquity involve the position of the femur heads and the degree 

of asymmetry or tilt of the sacrum relative to the femur heads in the frontal plane or the 

relationship of the sacral base to the horizontal plane.  One other indirect factor is the 

structural symmetry or positional alignment of the pelvis around a central vertical axis.  To 

control or account for these factors a pelvic radiographic model was designed and 

constructed with interchangeable wedges representing five specified sacral obliquity 

angles.   

 

The purpose of the model was to act as a ‘gold standard’ to test the validity of measuring 

dihedral angles in the form of sacral obliquity and obliquity of the vertebral end plates on 

plain film radiographs and CT images.  Four replaceable plastic wedges were constructed 

with various degrees of angulation in the frontal (X-Y) plane and shaped to match a 

template of the sacral plateau.  The four wedges were machined with high precision to have 

a predetermined degree of angulation between the upper and lower surfaces.  The sacral 

base of the phantom was machined to be flat and approximately level to the plain of the 

femur heads.  The wedges were secured to the sacral base with two radiolucent locating 

screws.  The wedges were used to replicate pre-set degrees sacral and vertebral obliquity 

with angles of 5, 10, 15 and 20 degrees (Figure 93). 

CHAPTER 4 
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Figure 93. Four interchangeable wedges used to replicate 5, 10, 15, and 20 degrees of sacral base 
obliquity 

A brass plate with the same shape as the wedges and same securing points was 

constructed with two short pins extending outward in the line of the major axis of the sacral 

base.  The plate was used in addition to the wedges for the plane film radiographs in order 

to visualise the X-axis of the sacral base on the resulting images.  Without the plate, the 

reference points for the sacral base were not easily located, particularly on the AP views of 

the pelvis (Figure 94).  This would have introduced the unwanted variable of possible 

inconsistent identification of the major axis of the sacral base on the radiographic images. 

 
Figure 94. Brass plate used as a template for the radiographic imaging of the sacral base and to 
visualise the plane of the sacral base on radiographs 

As the purpose of the study was to assess the validity rather than the reliability of the 

measurement, the pins allowed for a more convenient method of identifying the same 

points on the different views. 

 

The pelvic model was constructed to represent the positional and anatomical relationship of 

the bony structures making up the pelvis.  The model was used as a radiographic phantom 

to project the bony landmarks of the pelvis on plain film radiographs, scout views and 

helical CT studies.  The pelvic model was constructed in such a way that it could be 
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positioned for plain film radiographs with predetermined rotations relative to the vertical and 

horizontal primary rays (Figure 95). 

 
Figure 95. Pelvic model and supporting frame 

For the computed tomography (CT) studies, the model was placed in a position relative to 

the table and gantry of the CT machine that replicated the anatomical position of an 

individual undergoing a pelvic or abdominal CT examination.  The scout views were 

performed in two positions, one in the same or similar position as for the CT scans while the 

other scout view was performed in a similar position except that the plane of the sacral 

base was in the same plane as the x-ray beam. 

 

The pelvic model was obtained from a full spine plastic model (Vertebral Column with Pelvis 

QS21-3, Mentone Education Centre, 215 Chesterville Road, Moorabbin, Victoria, 3189, 

Australia) being a replica of a natural spine.  The bones included the sacrum, two ilia and a 

plastic piece representing the cartilage of the symphysis pubis.  These bones were 

permanently fixed in their anatomical position.  This involved gluing together the two sacro-

iliac joints and the symphysis pubis.  No attempt was made to ensure reflective symmetry of 
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the model around the Y-axis.  The model was moulded from actual bony structures with 

possible inherent bony irregularities creating potential alignment differences between the 

plane of the sacral base and the plane forming a tangent to the femur heads with the sacral 

base in the horizontal plane. For this reason the sacral base was machined to approximate 

the two planes when the sacral base was horizontal and to provide a smooth base for the 

attachment of the machined wedges representing specified degrees of sacral obliquity. 

 

The radiographic phantom was designed and constructed with design features similar to 

those incorporated in radiographic holding devices used by Tannast et al (354) to analyse 

femoroacetabular impingement.  A similar device was also used by Kakaty et al (355) to 

obtain pelvic radiographs used to assess the ischial spine sign on A-P pelvic radiographs. 

 

The supporting frame for this study was constructed from two basic components, a pelvic 

support and a levelling base.  The pelvic support could be moved around the Y-axis with its 

own reference protractor attached to the levelling base.  The protractor was used for 

simulating the position of the pelvis with various relative Y-axis rotations (Figure 95).  The 

protractor and a levelling bubble on the base were not specifically aligned to the reference 

frame inherent in the setup of the radiographic equipment.  As a result, the initial orientation 

of the pelvis when the protractor and level indicated zero rotation of the pelvis around 

specific axes and horizontal orientation of the sacral base was only an approximation and 

only used for comparative reference.  The actual pelvic rotation could only be confirmed on 

radiographic images retrospectively (Figure 96). 
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Figure 96. A-P radiograph of the pelvic phantom demonstrating the method used to measure rotation on 
the image  

4.1.1 Components of the supporting frame 

a. Pelvic support was made from three aluminium bars secured in the form of a ‘U’ 

shaped frame with an axis of rotation centred on the base of the frame to 

facilitate rotation around its own Y-axis.  The pelvic support was secured to the 

levelling base through a central lockable pivot.  The lateral supports 

incorporated two spherical structures slightly smaller than the acetabula of the 

pelvic model and attached on the inward facing surfaces at the same height 

from the base to simulate the position and function of the femur heads.  A 

locating pin on one of the upright supports was used to position the pelvis 

around an X-axis that passed through the femur heads.  There were three pre-

set positions for the locating pin to be inserted in the support frame and a 

locating notch on the corresponding ilia. 
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b. Levelling base with four adjusting screws located on each corner.  A levelling 

bubble was attached to the base to indicate the orientation of the base relative 

to the horizontal plane.  Horizontal alignment was achieved by adjusting the four 

independent adjustable alignment screws at each corner of the base to 

centralise the alignment bubble.  A protractor was attached to the base with the 

line indicating 0o on the protractor aligned to the Z-axis and centred on the base 

(Figure 95). 

 

4. 2 PLAIN FILM RADIOGRAPHIC POSITIONING 

The predetermined neutral position of the pelvis for the plain films represented approximate 

alignment of the X-axis and Z-axis of the pelvis with the global X-Z axes.  The X-axis lies at 

the junction of the transverse and frontal planes.  The Z-axis lies at the junction of the mid-

sagittal and the transverse planes.  The pelvis could be set to represent specified degrees 

of rotation around the Y-axis and X-axis.  The Y-axis lies at the junction of the frontal and 

mid-sagittal planes.  Once rotated around either the X-axis or Y-axis, or any combination of 

these axes, the model could be locked into a fixed position relative to the base.  A 

relocatable locating pin on one side of the support frame, in conjunction with an indentation 

on the corresponding ilia, was used to fix the pelvis in one of three predetermined positions 

around the X-axis (Figure 97). 
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Figure 97. Pelvic model (radiographic phantom) positioned in relation to the cassette holder and 
radiographic film 

The first location positioned the pelvis so that the plane of the sacral base was horizontal to 

the levelling base and perpendicular to the film cassette for the zero angle view (ZAV).  This 

view represented a zero sacral base angle (Ferguson’s base angle) within the global 

reference frame and relative to the cassette.  In this position, the central ray of the x-ray 

tube was horizontal and aligned to the plane of the sacral base (Figure 98). 
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Figure 98. View of the pelvis with the sacral base rotated to match the horizontal plane and the central 
ray projecting the plane of the sacral base as a line 

The second position of the pin represented the orientation of the pelvis in upright posture, 

as it would be for a standard erect AP view of the lumbopelvic spine.  This resulted in an 

angle of the sacral base equivalent to a Ferguson’s base angle of approximately 37.5o.  The 

central ray of the x-ray tube remained in the same orientation and alignment as for the zero 

sacral base angle view (Figure 99). 
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Figure 99. A-P view of the pelvis with a sacral base angle of approximately 37.5 degrees and the central 
ray horizontal and directed at the centre of the sacral base 

The third position of the pin represented an intermediate angulation of the sacral base, as 

it would be for a typical erect sacral base view with pelvis rotated slightly to the posterior 

from the erect position.  The angle of the sacral base for this view was approximately 28.5 

degrees.  The x-ray tube was tilted so that the central ray was aligned and angled to 

match the slope of the sacral base.  This resulted in the central ray being tilted relative to 

the cassette at angle equivalent to the sacral (Ferguson’s) base angle (28.5o) (Figure 

100). 
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Figure 100. Sacral base view (SBV) of the pelvic model with the pelvis rotated posterior around the 
femur heads and the central ray aligned and angled to match the sacral base angle of approximately 
28.5 degrees 

The lockable pivot in the centre of the support frame acted as the axis of rotation for the 

supporting frame and as a means of locking the pelvis in relation to rotation around the Y-

axis of the levelling base.  This position represented the neutral position of the pelvis or 

zero degrees of Y-axis rotation.  The vertical centre of the model was aligned to the vertical 

centre of the cassette and to the vertical primary rays of the x-ray beam (Figure 101).  This 

was done by using the collimator to align the horizontal and vertical primary rays of the x-

ray tube with the horizontal and vertical axes of the cassette and the vertical axis of the 

model. 
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Figure 101. Axes of rotation of the pelvic model around the X and Y-axes.  Sacral obliquity is rotation of 
the sacral base around the Z-axis 

Each of the views was repeated with the same relative positioning for 0, 5, 10, 15 and 20 

degrees of sacral obliquity using the sacral wedges.  The source to image distance (SID) 

for each view was 180 cm (72 in).  The exposures were made on a Sedecal – SHF310 

North American Imaging x-ray machine with exposure factors of 40 kvp at 0.5 mas, using a 

fine focal spot.  The image was recorded on a digital cassette and downloaded to a Toshiba 

workstation employing Fujifilm FCR V.2 imaging software (26-30, Nishiazabu 2-Chome, 

Minato-Ku, Tokyo 106-8620, Japan).  The exposure factors were corrected and optimised 

for viewing bony structures such as the sacrum using the supplied software. 

 

4.3 RADIOGRAPHIC IMAGE ANALYSIS 

A Digital Imaging and Communications in Medicine (DICOM) format viewer was provided 

with the data sets to view the medical digital imaging studies that were saved to CD disks in 

this format.  DICOM format is recognized as an international standard used for the transfer 

and manipulation of medical imaging data such as CT and CR studies.  The header 
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component of the DICOM files contains information about the digital imaging method, 

image dimensions, etc., as well as all of the image data containing the three dimensional 

pixel information.  The DICOM viewer facilitates the analysis and display of images based 

on the DICOM standard.  It does this in various display modes, at adjustable display 

distances (magnification) and provides variable windowing settings for individual images. 

 

4.3.1 Plain (conventional) Film Radiographs Analysis 

The plain films were saved in their original DICOM format and exported and saved as JPEG 

images using Dicom LiteBox Version 3.02b, (Sorna Corporation, 2020 Silver Bell Road, 

Eagan, MN 55122 USA) (Figure 102).  The exported bitmap images retained the original 

aspect ratio but not the linear dimensions of the DICOM image.  This allowed angular but 

not linear measurements to be obtained from the JPEG images. 

 
Figure 102. Dicom LiteBox analysis screen with radiographic image of the pelvic model 

The images were transferred from the Dicom LiteBox program using the ‘copy to 

clipboard’ function in the IMAGE dropdown menu and directly imported into CorelDRAW 

X4 software (Corel Corporation, 1600 Carling Avenue, Ottawa, Ontario, K1Z 8R7, Canada) 

using the ‘paste’ function in the EDIT dropdown menu.  The images were analysed using 
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line drawing and measuring tools incorporated in the program.  This provided consistency 

and accuracy of the measuring methods to three decimal places for angles (Figure 103).  

The measurements were recorded and compiled using Microsoft Excel 2007 (Microsoft 

Corporation, One Microsoft Way, Redmond, WA 98052-6399). 

 
Figure 103. CorelDRAW image manipulation screen and drawing tools 

The relative sacral obliquity angle was measured for the five degrees of pre-set sacral 

obliquity for each of the three views.  This resulted in fifteen individual images of the pelvic 

model.  A line representing the plane of the femur heads was constructed as tangent to the 

upper surface of the structural support of the model that represented the size and position 

of the femur heads.  A second line was constructed on the sacral base representing the 

major axis of the sacral base as seen in each of the views.  The angle between these two 

lines was measured and recorded as the relative sacral obliquity angle (Figure 104). 
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Figure 104. Plain film images of the radiographic phantom with 0, 5, 10, 15 and 20 degrees of sacral 
obliquity taken as a sacral base view (first column), A-P view (second column) and zero angle view 
(third column) perpendicular to the image plane (film) 
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4.3.2 Data analysis Plain film (CR) of Pelvic Radiographic Phantom 

The values obtained from the measurement of sacral obliquity on the three plain film views 

of the pelvis taken with five predetermined sacral wedge angles (0o, 5o, 10o, 15o, 20o) and 

using two different measuring methods are set out in (Table 3) and (Figure 105). 

Table 3. Sacral obliquity measured on the three plain film views of the pelvis taken with five 
predetermined sacral wedges 

 

 

 
Figure 105. Graphical representation of the SOA measured on three different views of the pelvic 
model with wedges representing 0, 5, 10, 15, and 20 degrees of sacral obliquity 
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Linear regression models were fitted for each of the 3 measures with SOA as a predictor 

(Table 4). 

Table 4. Linear regression models were fitted for each of the three measures with SOA as a predictor. 

 

For APV there is a systematic reduction in observed APV with increasing SOA, as indicated 

by the slope of 0.81 (95% CI 0.74,0.88).  The other two outcomes have a slope with 95% CI 

including 1.0, indicating no evidence that the slope is not 1.0. 

 

For the intercept both APV and SBV have a confidence interval including zero, showing no 

evidence that at an SOA of zero these measures are not zero. However for ZAV the 

confidence interval does not include zero indicating a systematic bias where the measured 

values are consistently lower.  This observation is most likely due to the fact that the plane 

of the sacral base of the radiographic phantom was only proximately aligned to the 

horizontal plane in the frontal view. 

 

4.4 SUMMARY and CONCLUSION 

The analysis of plain film radiographic images of a pelvic phantom with predetermined 

degrees of sacral base asymmetry (obliquity) were consistent with a predictable systematic 

error associated with the measurement of sacral obliquity using radiographic images.  The 

measurement of sacral obliquity on the three views (SBV, APV, ZAV) varied proportionally 
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with two factors.  These were the angle between the central ray and the angle of the sacral 

base (Ferguson’s base angle) and the angulation of the central ray to the image plane with 

other factors being constant such as pelvic rotation.  This suggests the systematic error is 

directly related to the orientation of the structure being measured relative to the x-ray beam 

and the orientation of the structure relative to the image plane. 

 

The absolute degree of sacral obliquity was not a critical factor as the reflective symmetry 

of the phantom was not controlled for as part of the imaging process.  As the sacral plateau 

was in a constant frontal plane orientation but not necessarily absolutely level for each 

view, the difference in the five degrees of sacral obliquity measured on the three different 

views of the same structure were considered the significant variable. 

  



165 
 

  

SACRAL OBLIQUITY MEASURED ON 
COMPUTED TOMOGRAPHY IMAGES OF A 

PELVIC RADIOGRAPHIC PHANTOM 
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“In order to understand true realities, men need to do mental blending.”  

― Toba Beta 

5.1 COMPUTED TOMOGRAPHY (CT) 

Computed tomography (CT) is a radiographic imaging method employing computerised 

digital geometry processing to generate a series of two-dimensional slices or a three-

dimensional image of the internal structure of an object.  Goldman (356) has documented 

the development of computerized tomography along with the general principles involved in 

using x-rays to generate images of the body, including bone.  With conventional CT 

scanning the raw data is obtained from a large series of two-dimensional images taken 

around a single axis of rotation while helical scanning uses continuous data acquisition, 

during which the patient translates through the scanner while the x-ray tube rotates around 

the patient.  Computerised reconstruction of the data from the x-ray sensors produces a 

volume of data in the form of ‘voxels’.  A voxel is a volume element, representing a value on 

a regular grid in three-dimensional space.  This is analogous to a pixel, which represents 

two dimensional image data.  As with pixels, voxels themselves typically do not contain 

their position in space (their coordinates).  Each voxel’s position is inferred based on its 

position relative to other voxels i.e. their position in the data structure that makes up a 

single volume image.  A voxel represents the sub-volume box with constant scalar/vector 

value inside which is equal to scalar/vector value of the corresponding grid/pixel of the 

original discrete representation of the volumetric data (357). 

 

A computer program can manipulate the data in order to illustrate the inherent property of 

various structures and tissues to block an ionising x-ray beam.  Computer software allows 

this volume of data to be reformatted in various planes or even as volumetric (3D) 

representations of the structures involved.  An x-ray beam passes through an object and is 

detected according to the density of the tissue encountered.  Detectors sensitive to the 

CHAPTER 5 
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ionizing radiation of the x-ray beam are positioned around the circumference of the scanner 

or directly opposite the x-ray tube (the source ionizing radiation) to collect attenuation 

readings from multiple angles (Figure 106). 

 
Figure 106. CT data acquisition and image production 

These different views through the patient are combined using a computerised algorithm to 

reconstruct image slices, image planes through the data set producing multiplanar 

reconstructions (MPR), or a three-dimensional object (3D reconstruction). 

 

In the CT scanner, the x-ray tube (source) rotates around the patient positioned on a table 

that moves horizontally relative to the x-ray beam.  On the opposite side of the patient from 

the tube is an x-ray detector.  The detector receives the portion of the beam that makes it 

through the patient.  The beam is sampled via multiple channels.  The signal received by 

each channel is digitized and sent to the reconstruction processor.  Measurements are 

typically taken about 1000 times per second.  Scan rotations can be 1 to 2 seconds long for 
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discrete slices or longer periods for helical scans.  Each view/channel chunk of scan data is 

compared to calibration scan data of air, water and polyethylene, (soft plastic) previously 

acquired in the exact same relative location.  The comparisons allow the image elements to 

have a known value for a particular substance in the body regardless of differences in 

patient size and exposure factors.  The picture quality is improved by increasing the number 

of samples or views.  The advantages of computerized tomography include non-invasive 

three-dimensional imaging of the spine and musculoskeletal system and the ability to 

reconstruct images in multiple viewing planes or as structures that can be manipulated in 

three-dimensional space (Figure 107). 

 
Figure 107. Multi-planar reconstruction from the primary CT data set 

The boundaries of a voxel are exactly in the middle between neighbouring grids.  Voxel 

data sets have a limited resolution, as precise data is only available at the centre of each 

cell.  Under the assumption that the voxel data is sampling a suitably band-limited signal, 

accurate reconstructions of data points in between the sampled voxels can be attained by 

low-pass filtering the data set.  Visually acceptable approximations to this low pass filter can 

be attained by polynomial interpolation such as tri-linear or tri-cubic interpolation.  The value 

of a voxel may represent various properties.  In CT scans, the values are Hounsfield units, 

giving the opacity of material to X-rays (356). 
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Hounsfield scale is a quantitative linear scale for describing radio-density based on the 

transformation of the original linear attenuation coefficient measurement.  It has been 

calculated using the radio-density of distilled water at standard temperature and pressure 

(STP) and a scale relating the density of distilled water to air at standard temperature and 

pressure (STP).  Water is zero in Hounsfield units while air is minus one thousand 

Hounsfield units (-1000).  Bone is approximately plus one thousand Hounsfield units 

(+1000) (358). 

 

5.2 MULTIPLANAR RECONSTRUCTION OF IMAGING DATA 

Because the image plane or the three-dimensional image of the pelvis could be 

manipulated after acquiring the imaging data, it was not necessary to place the pelvic 

model in a fixed or predetermined position relative to the table or gantry of the CT machine.  

However, to minimise any potential distortion due to off-axis positioning of the phantom the 

sacral base was centred using the laser cross-hairs set up during instillation of the 

equipment to represent the optimal geometrical positioning of the target structure in the 

machine. 

 

The reconstructed three-dimensional image or viewing planes could be manipulated around 

three primary axes for viewing after acquiring the imaging data.  This was done using 

specific computer software.  With multiplanar reconstruction (MPR) of the data, the imaging 

plane could be manipulated relative to the orientation of the pelvis in space to achieve a 

predetermined view of a plane through the structure of interest.  For both three-dimensional 

images and MPR slices, this was achieved using specific proprietary computer software 

thus avoiding the need to locate the pelvis in a specific or absolute predefined position.  A 

single CT data set was obtained for each pre-set sacral obliquity angle (0, 5, 10, 15, 20) 

totalling five sets of data. 
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5.2.1 CT data manipulation 

Besides plain film radiology, the program used in this study also included the capacity for 

displaying CT data sets in the form of two–dimensional stacks and multiplanar 

reconstructions (MPR).  For computerized tomographic image acquisitions this function was 

used to view structures in planes other than in their original orientation to the projection 

plane.  MPR involves reformatting images with the viewing plane in any orientation and 

position within the volume made up of original slices i.e. image stack.  The stacks could be 

viewed as a series of two-dimensional cross-sectional images with the plane of the images 

orientated perpendicular to the horizontal axis of the CT scanner (Figure 107).  The 

computer program was used to interpret and display the large volume of data generated by 

the radiographic scanning processes to create two-dimensional cross-sectional images of 

the pelvis (Figure 108). 

 
Figure 108. The cutting plane splits the pelvis into anterior and posterior portions through the major 
axis of the sacral base with the cut section view as a multiplanar reconstruction 

These images were then displayed on a high-resolution computer monitor. This process 

formed the basis of data manipulation for the helical or spiral computed tomography.  The 
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standard display format for CT imaging of the pelvis is comprised of a specific number of 

two-dimensional ‘slices’ that are stacked to form a sequence of images from superior to 

inferior through the pelvis (359). 

 

Multiplanar reconstruction (MPR) is a means of viewing organs, tissues and skeletal 

structures in planes other than original slice planes or the orientation of structures (360). 

This is achieved by the computerised manipulation of digital information obtained from 

computed tomography scans. It involves re-calculating the composition of images based on 

planes located in any orientation and position inside the volume making up the original data 

set (Figure 109). 

 
Figure 109. AP multiplanar reconstruction (MPR) from CT data with the A-P image generated along the 
cutting plane (left).  The cutting plane is visualised on the lateral view of the structures involved 

The multiplanar reconstruction (MPR) is achieved by using a computer to manipulate which 

of the voxels that make up the imagining data from a CT scan are visualised in the two 

dimensional image planes as pixels.  Each pixel density is proportional to the Hounsfield 

unit it represents with a proportional colouring or grey scale intensity.  Dimensions are 

derived from the relative three-dimensional location of the voxel within the data set. 

 

5.2.2 Measurement of multiplanar reconstruction (MPR) images 
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The CT data sets used for the MPR reconstructions were individually imported into DICOM 

LiteBox.  The program was used to make measurements in pixels on multiplanar 

reconstructed images.  The image stacks contained calibration information (pixel size) in 

the vertical and horizontal directions.  All linear measurements were shown in millimeters 

after a conversion from pixels to millimeters and rotation angles were measured in degrees.  

The software company issues a disclaimer that states that the measurements are shown for 

information purposes with accuracy dependent on image thickness and the calibration 

accuracy.  The disclaimer further states that the measurements cannot be considered as a 

real anatomical measurement.  However several studies have validated measurements 

made on MPR images derived from CT data sets that conform to DICOM protocols (361, 

362).  Measurements made using the specific data acquisition source and analytical 

program were tested for calibration of angles and dimensions. 

 

MPR reconstruction was performed on the image stack loaded in DICOM LiteBox from the 

original data set.  By default there are three basic image views displayed on the computer 

screen in their own viewing window.  The displayed views in each of the viewing windows 

are representative of the following cutting planes:  

 

 Sagittal (Y-Z plane): is represented by the A, P, H and F markers. 

 

 Axial (X-Z plane): is represented by the R, L, A and P markers. 

 

 Coronal (X-Y plane): is represented by the R, L, H and F markers. 

 

R – Right side.  L – Left side.  A – Front (Anterior).  P – Back (Posterior).  H – Top (Head).  

F – Bottom (Feet).  X-axis (L-R), Y-axis (A-P), Z-axis (H-F) or (top-bottom) 
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Three mutually perpendicular axes representing viewing planes were displayed in each 

viewing window that could be either translated or rotated.  This facilitated manipulation of 

the images seen in the other two viewing windows by either translation or rotation of the 

relative axis.  The axes were designated A-P, L-R and H-F by the program.  Manipulations 

of the relevant A-P, L-R or H-F axes as translations or rotations performed in the reference 

view resulted in two new reconstructed viewing planes through the stack.  These planes 

were displayed concurrently in the other two viewing windows.  Any one of the three views 

could be designated the reference view. 

 

The nature of the studies undertaken, and the method of data collection, precluded the 

application of any standardised procedure for positioning the pelvis in relation to either the 

gantry or the table at the time the scans were made.  Therefore the relationship of the 

reference planes of the pelvis to the default viewing plane generated by the computer 

software could not be specified.  There was no fixed predetermined angular relationship 

between the slices generated by the radiographic equipment and the bony structures of the 

pelvis. 

 

The multiplanar reconstruction (MPR) function facilitated the retrospective re-alignment of 

the structures of interest to the viewing plane.  Three MPR A-P views were created from the 

data sets.  For the sacral base view (SBV) the pelvis was aligned so that it was viewed with 

the acetabula parallel to the horizontal and viewing planes no pelvic rotation and the edge 

of the sacral base viewed as a line.  The A-P view involved similar positioning except the 

sacral base angle was viewed in the same orientation as it was when the data was acquired 

(Figure 110). 
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Figure 110. Steps used to orientate the pelvis or model after importing a CT study into the viewing 
program. A. Imported data set B. Multiplanar reconstruction of data set with default orientation of 
viewing planes C. Removing Y-axis rotation by aligning the symphysis pubis with the sacral tubercle (Z-
axis) or femur heads (X-axis) D. Removing Z-axis rotation by aligning the superior margin of the 
acetabula E. A viewing plane was aligned with the major axis of the sacral base with the pelvis in the 
default position relative to the X-axis F. The viewing is centred on the sacral base and perpendicular to 
it 

5.2.3 Y-axis orientation 

The pelvis was reorientated first by ensuring that there was no rotation of the femur heads 

in the axial (X-Z) plane i.e. around the Y-axis.  This was done by translating the L-R 

reference axis in the coronal view so that the femur heads were visible in the axial view.  
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The reference axes were rotated and translated in the axial view so that the L-R axis was 

aligned with the centre of each femur head. 

 

5.2.4 Z-axis orientation 

The reference axes were rotated in the coronal (X-Y) view so that the L-R reference axis 

formed a tangent to the top of the femur heads.  The tangent points were verified in the 

axial view by ensuring that the L-R reference axis passed through the last visible point of 

each femur head as the L-R reference line was translated upward in the coronal view.  The 

same process was also used to ensure that the tangent points on the femur heads 

appeared or disappeared simultaneously in the axial view as the L-R reference axis was 

raised or lowered respectively in the coronal view. 

 

5.2.5 X-axis orientation 

Copies of two coronal (A-P) image planes with the pelvis aligned to the Y and Z-axes but in 

the default X-axis, orientation were made using Microsoft Windows clipboard.  In the first 

image, the H-F viewing plane passed through the centre of the femur heads in the sagittal 

(Y-Z) plane.  In the second image, the H-F viewing plane passed through the centre of the 

sacral base in the sagittal viewing window (Figure 111).  These images were imported into 

Corel DRAW using the Edit special paste function.  This displayed the image with the 

original aspect ratios and angular relationships but did not retain the original dimensions. 
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Figure 111. Lateral and two MPR views of the lumbopelvic spine reconstructed from data set.   In the 
first view the plane is perpendicular to the sacral base (blue on lateral view) and in the second view the 
plane is parallel to the scanner bed (red line on lateral view) 
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To obtain the zero X-axis rotation (ZAV) or sacral base view (SBV), the orientation of the 

plane of the sacral base was manipulated by rotating the reference axes around the X-axis 

(L-R) so that the A-P axis was aligned to, and centred on the sacral base in both the axial 

and the sagittal viewing windows.  The coronal (A-P) image was captured and transferred 

to CorelDRAW in the same manner as the image of the default A-P orientation. 

 

Lines were constructed on the resulting images using the line tool function in CorelDRAW.  

Specified points were identified on the images with the aid of the magnification function.  

This helped in identifying boarders and lines of demarcation.  Two limitations involved the 

grey scale inherent in radiographic imaging and the ‘pixelisation’ of the CT data.  Another 

difficulty involved the structures themselves.  In a number of the radiographic studies there 

were significant adaptive changes involving the margins of joints as well as irregularities on 

the surface of the bones being studied.  Despite these limitations, the identification of points 

and landmarks on digital images has been shown to have a high degree of validity and 

reliability (363-365). 

 

5.2.6 Measuring angles 

The freely moveable guidelines in CorelDRAW were set in the horizontal and vertical 

planes of the drawing window.  Guidelines are lines that can be placed anywhere in the 

drawing window to aid in object placement, orientation and measurement.  Objects or the 

measuring tool can be ‘snapped’ to the guidelines and other objects, so that when an object 

is moved near a guideline or other object, it can be lined up with precision to the line or 

other object.  This facilitates the accurate identification and precise placement of measuring 

points and placement of the various measuring tools.  The horizontal guideline was used as 

a standardised horizontal plane for angular measurements.  The imbedded angle tool was 

used to measure the acute angle between the lines and guidelines placed on the images 

being analysed.  The measurements obtained from the image analysis were recorded and 

compiled using Microsoft Excel 2007 (Figure 112). 
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Figure 112. MPR reconstructions of CT pelvic radiographic phantom data sets. Each data set represents 
one of the five preset sacral obliquity angles 00, 50, 100, 150, 200.  The reconstructions were centred on 
the sacral base with the model either positioned with pelvis orientated as it would be if the subject was 
in the supine position or with the plane of the MPR perpendicular and aligned to the transverse axis of 
the sacral base   
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5.3 THREE-DIMENSIONAL VOLUME RENDERING OF SPIRAL CT DATA 

Three-dimensional (3D) reconstruction of computed tomography scans using proprietary 

software (3D-DOCTOR, Able Software Corp. 5 Appletree Lane Lexington, MA 02420-2406, 

USA) allows volume rendering of selected tissue (Figure 113).  The three-dimensional 

object can be produced by specifying voxels of similar density ranges contained within the 

selected data set.  With 3D reconstruction of computed tomography data, the resulting 

image can be viewed and manipulated in space as if it was a discrete three-dimensional 

object that can be positioned and viewed with any combination of rotations or translations 

about the three primary axes (X, Y, Z) (366). 

 
Figure 113. Reconstructed 3D image generated from a CT data set 

Each data set, comprising a specific number of 2D slices was opened using 3D-Doctor 

software and saved as a 3D image stack.  A region of interest was selected that included as 

much of the pelvis as was available in the data set.  Object boundaries representing the 

bony structures of the pelvis were selected and volume rendering of the 3D surface was 

created using the appropriate tools. 
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The resulting image representing the bones of the pelvis could be manipulated in virtual 

space as a 3D object with rotation available around three mutually perpendicular axes.  The 

pelvis was viewed in both orientations as an orthographic projection rather than perspective 

projection.  The orthographic projection retained the dimensional and angular relationships 

of the objects as they were rotated. 

 

Two images representing the pelvis in two different orientations to the viewing plane were 

created.  In one image the pelvis was viewed from the front (coronal plane) as it would be in 

erect posture while the second image was viewed in the same plane with the pelvis rotated 

around the X-axis so the plane of the sacral base was aligned to the horizontal plane 

(Figure 114). 

 
Figure 114. The pelvis was viewed from the front in two different orientations to the viewing plane. One 
represented the pelvis in the erect standing position and the other with the sacral base horizontal  

For the A-P view the pelvis was orientated as it would typically be found in upright posture 

with the anterior superior iliac spine (ASIS) vertically over the symphysis pubis. The 3D 

model was rotated so there was no rotation around the Y-axis.  Rotation around the Y-axis 
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was considered zeroed when the symphysis pubis was aligned vertically with the mid line of 

the sacrum (Figure 115). 

 
Figure 115. The pelvis was rotated around the Y-axis so that the symphysis pubis was aligned with the 
plane of symmetry of the sacrum 

The second image (sacral base view) viewed the sacrum with no rotation around the Y-axis 

and the plane of the sacral base viewed as a line with the anterior and posterior edges of 

the sacral base superimposed.  The sacral base in this view was aligned with the Z-axis of 

the viewing frame (Figure 116). 
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Figure 116. The pelvis was rotated around the X-axis until the plane of the sacral base was viewed as a 
line 

A third view (cutting plane view) was produced by positioning a vertical coronal cutting 

plane to pass through the major axis of the sacral base with the pelvis in the upright 

position.  The resulting images were copied and transferred to CorelDRAW.  This process, 

using Windows clipboard to transfer the image, preserved the aspect ratio of the image but 

caused the linear dimensions to change.  Using this method the angular measurements 

remained constant and scalable (Figure 117). 
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Figure 117. The cutting plane was used to split the object (pelvis) into anterior and posterior portions 
through the major axis of the sacral base 

Using the tools incorporated in CorelDRAW a line was constructed to represent a tangent to 

the top of both iliac crests as seen on the three views of the pelvis (AP, SBV, Cutting 

plane).  The angle formed between this line (intercristal line) and a horizontal guideline was 

measured using the CorelDraw angle dimension tool to an accuracy of one decimal place.  

The image was rotated so that the intercristal line (ICL) was aligned to the horizontal plane 

(Figure 118). 
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Figure 118. The angular measuring tool was used to measure the sacral base in the three different views 
derived from the 3D pelvic model 

On the sacral base view a line was constructed representing the plane of the sacral 

plateau.  This was done by joining points placed on the lateral superior aspects of the brim 

of the sacral base.  The included angle formed at the junction of this line and the femur 

head line (FHL) was measured to an accuracy of one decimal place using the angular 

dimension tool in CorelDRAW.  This angle represented the obliquity of the sacral base in 

the frontal plane. 

 

The absolute sacral obliquity angle was measured on the sacral base views (SBV) using a 

similar method described independently by Harrison (239), Barge (78) and Pettibon (284).  

It involved placing a computer-generated line through points described by these authors.  

Harrison refers to this line as the sacral plane line (SPL).  This name was adopted for the 

present study.  The inclination of the line was considered positive if angled down on the 

right (+X-axis rotation), negative if angled down on the left (-X-axis rotation) and zero if 

horizontal.  The measurements were recorded and compiled using Microsoft Excel 2007. 
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2.3.3 CT Pelvic Radiographic Phantom MPR + Three-Dimensional Volume Rendering 

a) Data analysis of MPR based on two different views (APV and ZAV). 

Multiplanar reconstructed images of the pelvic phantom with five different orientations of the 

sacral base in the frontal plane were constructed from CT data.  The images were analysed 

and the measured degree of sacral obliquity recorded and compared in table form (Table 

5). 

Table 5. Analysis of MPR CT images of the pelvic model in two different orientations to the viewing 
plane 

 

b) 3-D Volume rendered reconstruction  

3-D Volume rendered images of the pelvic phantom with five different orientations of the 

sacral base in the frontal plane were constructed from CT data.  The images were analysed 

and the measured degree of sacral obliquity recorded and compared in table form (Table 

6). 
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Table 6. Analysis of CT 3D volume rendered pelvic model  

 

5.4 SLOT SCAN (SCOUT VIEW) OF PELVIC RADIOGRAPHIC PHANTOM 

CT data sets were obtained that included scout views of the pelvic phantom.  The same 

pelvic radiographic model used to obtain the plain film radiographic images was used to 

obtain five slot scan digital radiographic (SSDR) images of the model with five different 

predetermined sacral obliquity angles (0o, 5o, 10o, 15o and 20o) in two different orientations. 

 

5.4.1 Pelvic model positioning 

For one of the orientations the pelvic phantom was aligned so that it replicated the supine 

position a patient would commonly be placed in for a lumbopelvic CT examination.  The 

other orientation was with the sacral base parallel to the x-ray beam.  This view was taken 

in order to measure sacral obliquity when the Y-axis of the sacral base was parallel to the x-

ray beam. 

 

The measurement of sacral obliquity on the projected images was not intended to assess 

the validity of CT imaging in quantifying sacral obliquity by directly comparing the measured 

value with the actual degree of obliquity present in the model.  The primary objective was to 

quantify the relative difference in the measurement of sacral obliquity between the two 

orientations of the pelvis relative to the gantry (imaging plane) of the machine (Figure 119). 
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Figure 119. The positioning of the pelvic phantom relative to the plane of the x-ray beam for the two 
orientations of the sacral base A. Position replicating supine lumbopelvic CT examination  B. Pelvic 
phantom positioned with sacral base parallel to the x-ray beam  

The CT scout views taken in the two orientations of the pelvic phantom, involved both A-P 

and lateral views each with the five different pre-set sacral base wedge angles (Figure 120).  

A disadvantage of the SPDR generated images when compared with normal CT data 

acquisition is that the images could not be viewed in any plane other than the orientation 

the object was in at the time the image was recorded.  In this respect the SPDR views are 

the same as plain film or CR imaging.  This disadvantage has been overcome with the 

development of bi-planar plain film radiography (330) involving orthographic projections or 

multidirectional SSDR imaging where a three-dimensional computer generated 

reconstruction of the spine can be constructed from two images obtained simultaneously 

(325, 329).  The measurements were recorded and compiled using Microsoft Excel 2007. 
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Figure 120. SPDR images of pelvic phantom in supine position with 20, 15, 10, 5 and 0 degree wedges (0 
- 20 degrees of sacral obliquity).  The four columns represent AP and lateral projections of the pelvis in 
a typical supine orientation relative to the viewing planes (AP, LAT) (left two columns) and with the 
pelvis orientated to approximate the sacral base parallel with the viewing plane (ZBA, LAT) (right two 
columns) 
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Tables 7 and 8 summarise the measurement of sacral obliquity on slot scan images with 

the pelvis oriented to approximate the angle the sacrum would be relative to the beam 

(Table 7) and oriented to represent the sacral base perpendicular to the beam (Table 8). 

Table 7. Slot Scan (SSDR) / CT Scout View of pelvic radiographic phantom in neutral position 

 

Table 8. Slot Scan (SSDR) / CT Scout View with approximated zero sacral base angle 

 

 

Both slot scan views resulted in measurements that were less than the actual degree of 

sacral obliquity except for zero sacral obliquity.  This would be consistent with the projection 

principles involved in slot scan projections.  Magnification occurs only in one plane 

(transverse) so measured angles are distorted rather than magnified even when parallel to 

the imaging plane.  Inclination of the sacral base in two planes (sacral obliquity plus sacral 

base angle) increased the difference between the true sacral obliquity angle and the 

measured angle. 

5.5 SUMMARY and CONCLUSION 

Volume rendered 3D images and MPR reconstructed images of the pelvis offer reliable 

formats to measure sacral obliquity providing certain protocols are followed in generating 
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the images used for analysis of sacral obliquity.  Slot Scan generated images give less valid 

measurements of dihedral angles such as sacral obliquity.  This is particularly the case 

when the pelvis is in an orientation that approximates the normal anatomical position. 
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SACRAL OBLIQUITY MEASURED ON A GRAPHIC 

MODEL OF THE PELVIS 
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“To learn to see - to accustom the eye to calmness, to patience, and to allow 

things to come up to it; to defer judgment, and to acquire the habit of 

approaching and grasping an individual case from all sides.” 

― Friedrich Nietzsche 

6.1 GRAPHIC MODELS 

Descriptive geometry involves the representation and solving of problems relating to the 

orientation and relationship of objects in three-dimensional space using the principles of 

orthogonal and projective geometry (20).  Descriptive geometry can be used to construct 

and manipulate an idealised structure in order to measure apparent angles representing 

surfaces or planes on the structure as they would appear when viewed from various 

specified directions.  The techniques and projection methods of descriptive geometry can 

be used to measure the spatial relationship between surfaces and objects such as spinal 

structures with a high degree of accuracy (367). 

 

6.1.1 Orthographic projection 

An orthographic projection is a method of representing a three-dimensional object as a line 

drawing that retains the specific relationships and orientation of the object so that the 

measurement of distances and angles can be made.  The drawing is constructed using 

parallel projection lines that are perpendicular to the image plane from specific points on the 

object (Figure 121). 

CHAPTER 6 
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Figure 121. Orthographic projection of a three-dimensional object onto three mutually perpendicular 
image planes using parallel projection lines that are perpendicular to the respective image planes 

A systematic arrangement of mutually perpendicular orthographic views of a specific 

structure or object can be employed to visualise the object with any two adjacent views 

lying on perpendicular planes of projection.  Using these methods an idealised graphical 

model of the pelvis was constructed using CorelDraw, a computer based vector graphics 

editing program.  The program facilitated the use of descriptive geometry protocols to 

create an orthographic projection of the three-dimensional pelvic structures and display 

them as two-dimensional images (20).  Orthographic views usually involve a front, side and 

top view of an object all drawn to scale.  Complex objects or specific problems may require 

auxiliary views to depict true measurements and angles related to the structure.  Auxiliary 

views are obtained by projection of dimensions onto a plane that is perpendicular to one of 

the three principle planes of projection but is inclined to the other two. 
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The idealised graphical depiction of the pelvis was drawn with reflective symmetry around 

the Y-axis in the frontal plane.  The graphical model was based on measurements obtained 

from the radiographic phantom.  This basic model was then modified to incorporate 

specified degrees of sacral obliquity.  The model was drawn in different orientations to the 

image plane to represent A-P and sacral base radiographic views (Figure 122). 

 
Figure 122. Orthographic drawing of an ideal pelvis with the front, top and side views represented by 
the XY, XZ and YZ planes 

6.1.2 Orthographic projection of sacral base 

A graphical representation of an idealised sacrum was constructed to scale using 

approximate sizes obtained from the pelvic model used in the radiographic phantom 

studies.  Two A-P views of the sacrum were constructed with 5 different degrees of sacral 
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obliquity (0o, 5o, 10o, 15o, 20o).  One of the two views of each sacrum represented an 

orthographic projection of a standard erect front view of the pelvis with the sacral base 

horizontal (zero angle view) (Figure 123). 

 
Figure 123. Orthographic projection of the pelvis with the sacral base orientated to the horizontal plane 

The other orthographic view represented five individual sacrums with specified amounts of 

sacral obliquity (0o, 5o, 10o, 15o, 20o) with the sacral base angle tilted 37.5o to the horizontal 

(SBA or Ferguson’s base angle).  The angle of the sacral base was plotted in the front view 

for each sacrum (Figure 124). 
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Figure 124. Five orthographic projections of an idealised sacrum with 0, 5, 10, 15 and 20 degrees of 
sacral obliquity and the sacral base angled at 37.5 degrees to the horizontal plane   

6.1.3 Orthographic projection of pelvic MPR 

Orthographic projections of an idealised graphical model of the sacrum were constructed as 

they would be orientated in erect posture with five different degrees of sacral obliquity (0o, 

5o, 10o, 15o, and 20o).  The models were drawn with a vertical cutting plane aligned with the 

transverse axis of the sacral base.  This plane produced the same sectional view of the 

sacrum as would be produced by a multiplanar reconstruction of computed tomography 

data.  The image anterior to the cutting plane was removed and the exposed section drawn 

in the A-P view.  The slope of the cross-sectional view of the sacral base was measured 

and recorded as the absolute sacral obliquity angle.  The sacral base angle for each 
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projection was 37.5o.  This angle was chosen for the sacral projections as it was the same 

angle used for the plain film imaging of the pelvic phantom (Figure 125). 

 

Figure 125. Orthographic projection of five sacrums drawn with specified amounts of sacral obliquity (0, 
5, 10, 15, 20 degrees) in the erect position (37.50 SBA) as they would appear as a multiplanar 
reconstruction (MPR)     

Similar orthographic projections of an idealised graphical model of the sacrum with five 

different degrees of sacral obliquity were constructed with the sacral base aligned to the 

horizontal plane.  A vertical cutting plane was constructed to align with the transverse axis 

of the sacral base.  The slope of the sacral base was measured on the projected image and 

recorded as the sacral obliquity angle.  This view represented the sacral base view of the 

pelvis with the cutting plane perpendicular to the sacral base.  It was the same orientation 

obtained from the pelvic phantom CT data using multiplanar reconstruction (Figure 126). 
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Figure 126. Orthographic projection of sacral graphic model with 00, 50, 100,150, and 200 of sacral 
obliquity with a vertical cutting plane passing through the transverse axis of the sacral base  

6.2 PERSPECTIVE PROJECTION 

For perspective projections the projection lines that pass through a specified point on the 

object emanate from a point source as they would form the focal spot of the x-ray tube in 

plain film radiography.  This descriptive geometry technique lends itself to the graphical 

analysis of radiographic projection and image formation.  The same idealised pelvis and 

sacrum was used as the basic graphical model.  Perspective projection techniques were 

used to visualise and measure the planes of interest as they would appear on an x-ray 

image under ideal circumstances (Figure 127). 
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Figure 127. Projectional views of the pelvis with the projection lines originating from a point and 
passing through specific points on the object to form an image on the respective image plane  

Perspective projection, particularly of curved or complex surfaces, produces a realistic or, 

‘as it would appear’, image of the object.  This projection inherently causes distortion of 

angles and distances due to the divergent rays or beam and the position of specific 

structures relative to the imaging plane.  Some surfaces of an object such as elliptical and 

curved surfaces can only be approximated as definitive points on the image under these 

conditions (Figure 128). 
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Figure 128. A-P perspective projection of the pelvis with the side and top views used to construct the 
image and the origin of the projection lines  

The graphical representation of an idealised pelvis was used in four perspective projections 

to reproduce the angles that would be measured on different radiographic projections of the 

pelvis under ideal conditions.  These projections involved: 

a) Anteroposterior view (APV) of the pelvis in which the sacral base is angled downward 

to the front and with no rotation of the pelvis about the Y-axis.  The x-ray tube is 

positioned in the midline of the film and perpendicular to it.  The central ray was 

positioned above the iliac crests (Figure 129). 
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Figure 129. Perspective projection of the pelvis as it would be for an erect AP plain film radiograph.  
Each image represents a pelvis with varying degrees of sacral obliquity ranging from 0 - 20 degrees of 
tilt. 
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b) For the posteroanterior view (PAV) of the pelvis the projection geometry was the 

same as for the anteroposterior view with the only variation being the pelvis was 

facing the image plane rather than facing away from it (Figure 130). 

 

Figure 130. Perspective projection of the pelvis as it would be for an erect PA plain film radiograph.  
Each image represents a pelvis with varying degrees of sacral obliquity ranging from 0 - 20 degrees of 
tilt.  
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c) For the sacral base view (SBV) the pelvis was positioned in the same way as for the 

APV with the difference being the central ray was aligned with the plane of the sacral 

base while the pelvis was in the normal erect position (Figure 131). 

 

Figure 131. Perspective projection of the pelvis as it would be for an erect SBV plain film radiograph.  
Each image represents a pelvis with varying degrees of sacral obliquity ranging from 0 - 20 degrees of 
tilt.  
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d) The zero angled view (ZAV) was positioned the same way as the APV but with the top 

of the pelvis rotated backward with the plane of the sacral base horizontal.  The 

central ray was perpendicular to the image plane and aligned to the plane of the 

sacral base (Figure 132). 

 
Figure 132. Perspective projection of the pelvis as it would be for a zero angle view (ZAV) plain film 
radiograph.  Each image represents a pelvis with varying degrees of sacral obliquity ranging from 0 - 20 
degrees of tilt 
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6.3 DATA ANALYSIS 

6.3.1 Orthographic projections 

Measurements obtained from the graphic model representation of CT MPR at 0, 30, 40 and 

60 degree angles of the sacral base relative to the image plane (Table 9). 

Table 9. Graphic model measurements for CT MPR with the sacral base angled at 0, 30, 40 and 60 
degrees relative to the image plane 

 

 

6.3.2 Perspective projections 

Measurements obtained from the graphic model representation of four plain film projections 

of the pelvis (Table 10). 

Table 10. Measurement of sacral obliquity (SOA) made on graphical models representing perspective 
projections of four different views of the pelvis, two A-P views with two orientations of the sacral base 
in the sagittal plane and a sacral base view (SBV) and P-A view.  Each projection had one of five 
different angulations of the sacral base in the frontal plane 
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6.4 SUMMARY and CONCLUSION 

The graphic model was used to provide a theoretical basis for the observed measurement 

discrepancies of sacral obliquity measured on radiographic images of the pelvis.  Using 

established descriptive geometry principles and the tools of computer aided design graphic 

software provided an extremely accurate method of quantifying dihedral angles and their 

projection.  The graphical model provided a link between observed radiographic 

measurements and the purely abstract constructs of trigonometry projection formula 

(Apendix 1).  Projective geometry involves geometric properties that are invariant under 

projective transformations.  They can be represented graphically to portray radiographic 

projection of skeletal anatomy without the errors associated with the production of 

radiographic images and their interpretation. 

 

The graphical models of the pelvis in various projectional configurations confirmed the 

relationship between the measurement of dihedral angles and the true angle that would 

occur when measuring sacral obliquity on radiographic images (Apendix1). 
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SACRAL OBLIQUITY MEASURED ON 
COMPUTED TOMOGRAPHY STUDIES OF 

THE IN VIVO PELVIS 
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“Variation is the hard reality, not a set of imperfect measures for 
a central tendency.” 

 - Stephen Jay Gould 
 

7.1 COMPUTED TOMOGRAPHY (CT) OF FIFTY IN VIVO LUMBOPELVIC SPINES 

The main objective of this chapter was to determine the distribution of sacral obliquity in a 

sample population comprising 50 computed tomography (CT) data sets representing 

computed tomography (CT) studies of the lumbopelvic region of fifty individuals were 

obtained from a general radiology practice.  The data sets were selected by the 

radiographic practice as a convenient sample of consecutive radiographic studies that met 

the selection criteria (see below) from their computerised patient data base.  They were 

anonymised and transferred to a CD disc at the radiology practice.  This process removed 

all personally identifying information relating to each individual except for age and gender.  

The data sets were originally obtained on individuals who were patients referred to the 

radiology practice for non-specified abdominal or lumbopelvic computerised tomography 

examinations as a diagnostic procedure by a medical practitioner. 

 

The specified selection criteria including requirements as approved by the ethics committee 

of Macquarie University included the following inclusion and exclusion criteria: 

 Each patient was to be over eighteen years of age. 

 The pelvic bones had to be visible, including at least part of the symphysis pubis, 

both femur heads, the sacral base, iliac crests and if possible the ischial 

tuberosities. 

 The patient was not pregnant. 

 No individually identifying information was to be transferred.  The only data 

transferred was the digitised CT radiographic imaging data along with the age and 

gender of each individual. 

CHAPTER 7 
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 There was to be no recent history or evidence of destructive bone disease, fracture 

or dislocation affecting the pelvis. 

 

A number (28) of the radiographic studies that met the ethics and other selection criteria 

were unable to be used for the reconstructions after they were obtained from the radiology 

practice because the structures of interest were not well visualised, not present or were 

obscured by radio-opaque contrast material as would be present with barium studies of the 

colon.  The data set relating to each radiographic study was transferred to a computer hard 

drive and given a numerical file name. 

 

7.1.1 Analytical methods 

(A) Multiplanar Reconstruction (MPR) 

The methods used to manipulate the data and analyse the images were the same as 

those used for the radiographic phantom.  One of the three MPR images involved the 

cutting plane orientated to be parallel to the bed of the CT machine and represented 

an A-P supine view of the lumbopelvic spine.  The spine and pelvis were in the same 

orientation to the cutting plane as they were for the examination.  Another MPR image 

was reconstructed from the data set with the orientation of the cutting plane rotated to 

be perpendicular to the plane of the sacral base and centred on the major axis of the 

sacral plateau. 

 

(B) 3D reconstruction 

The methods employed to generate 3D images from the pelvic phantom data sets were the 

same methods used to reconstruct 3D images from the fifty in vivo data sets obtained from 

the radiology practice.  Imaging software (3D-DOCTOR, Able Software Corp. 5 Appletree 

Lane Lexington, MA 02420-2406, USA) was used to construct the 3D image and 

manipulate the 3D reconstruction in space and make the appropriate measurements.  The 
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process placed the plane of the sacral base perpendicular to the imaging plane and the 

pubic symphysis in the vertical midline of the sacrum. 

 

Four individual and unique images were reconstructed using predetermined protocols from 

each set of patient data.  Repeated measurements were made with blinding of the observer 

to the file name that had been used to identify each data set.  To ensure blinding of the 

observer the fifty sets were randomly presented three times for measurement over a three 

week period.  The data sets were randomly renumbered and reordered by an independent 

observer with the numbering key only available to that individual.  The four views were a 

lateral view (SBA), a multiplanar reconstruction as an A-P view of the pelvis (APV), a 

multiplanar reconstruction as a zero angle view of the pelvis (ZAV), and a 3D reconstruction 

manipulated in space to represent a sacral base view (SBV) of the pelvis (Figure 133). 
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Figure 133. CT imaging data was reformatted as multiplanar reconstructions (MPR) and 3D volume 
rendering.  The two MPR images for each data set represented a standard A-P plain film view and a 
sacral base view.  The 3D image was manipulated around 3 axes of rotation so that the plane of the 
sacral base was viewed as a line and there was no rotation of the pelvis around the vertical axis. 
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The relative sacral obliquity angles measured three times on the four views of each patient 

data set were entered into a spreadsheet (Microsoft Excel) for organization and statistical 

analysis of the data.  The statistical information extracted primarily related to the frequency 

distribution of the sacral obliquity angles in the selected population.  The frequency pattern 

of an average of the three readings of sacral obliquity measured on the zero angle MPR 

view for each of the fifty individual sets would indicate if there was a normal distribution 

within the population possibly due to fluctuating asymmetry and random measuring errors.  

This pattern would be expressed as a normal Gaussian curve around a mean. 

 

Fluctuating asymmetry has been defined as random differences between the two sides of a 

morphological trait such as the bilateral symmetry of the upright axial skeleton.  The 

distribution of fluctuating asymmetry would be a normal curve around zero mean. 

 

Bias or directional asymmetry with a right or left shift of the mean involves a significant 

departure from zero of the normally distributed mean of right and left differences of a 

morphological trait.  Examples in the body would be the chambers of the heart and lobes of 

the lungs. 

 

Antisymmetry has a zero mean, median and mode but with bilateral variation resulting in 

bimodal distribution (368) (Figure 134).  Palmer and Strobeck (369) suggest that 

antisymmetry “presumably results from a genetic predisposition of individuals towards 

asymmetry but, within a given sample, some individuals develop a left bias while others 

develop a right bias.”  The distribution pattern for an antísymmetric trait is bimodal with the 

frequency of individuals exhibiting right or left bias is roughly equal in the population. 
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Figure 134. Representation of three different frequency distribution graphs with the zero value 
illustrated as a blue line that represent fluctuating asymmetry (A), directional asymmetry (B), and 
antisymmetry (C) 

The quantitative measurements were also used to assess the intra-observer reliability of the 

measurements.  This statistical analysis of the data was used to assess the contribution of 

random error to the frequency distribution pattern. 

 
7.2 IN VIVO STUDIES OF THE PELVIS USING MPR AND VOLUME RENDERING  

A sample of 50 in vivo computed tomography (CT) studies of patients referred to a 

radiographic practice were analysed using multiplanar reconstructions (MPR) and 3D 

volume rendering.  The average age of the subjects was 48.3 years ranging from 21 years 

of age to 81 years of age and comprised 27 females and 23 males. 

 

The two reconstructions represented a zero angled view (SBV) and A-P view (APV) of the 

sacral base.  A 3D reconstruction of each data set produced a volume rendering of the 

pelvis with the sacral base level and aligned with the X-axis (3D View).  There was no 

rotation of the pelvis around the Y-axis with the femur heads aligned with the X-axis in the 
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transverse view.  The analysis was carried out three times for each view by the one 

observer with the mean for each set used to identify the distribution pattern of sacral 

obliquity (Table 11). 

Table 11. 50 in vivo CT studies were measured to determine sacral obliquity on two MPR views 
representing the A-P and Sacral Base views as well as a 3D reconstruction with the sacral base level. 
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The average for SBV data set was used to create a graph with results of sacral obliquity 

measurements arranged in the order of magnitude (Figure 135). 

 
Figure 135. Average measurement of SOA (in degrees) from the analysis of 50 CT data sets on three 
occasions by one observer.  Minus values on the left and plus values on the right arranged in order of 
magnitude. 

 
Frequency distribution histogram of sacral obliquity in the study population (Figure 136). 

 
Figure 136. Frequency of CT MPR (SBV) cases (n=50) in groups representing one degree intervals with 
negative values on the left and positive on the right.  Red dotted line represents value for mean, median 
and mode (zero). 
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7.3 SUMMARY and CONCLUSION 

Statistical analysis of 50 computed tomography (CT) data sets to determine the frequency 

distribution of sacral obliquity in a sample population suggests a departure from symmetry 

that is a bimodal pattern of sacral obliquity that represents antisymmetry.  It has been 

suggested by Palmer et al (370) that antisymmetry can range from quite conspicuous to 

subtle and hard to detect.  Antisymmetry is characterised by a zero mean, a bimodal li – ri 

distribution and unpredictable side of laterality. 

 

If symmetry with a normal distribution pattern was observed in the frequency pattern of the 

data it could have represented fluctuating asymmetry or developmental noise (371), 

random error in the measurement of obliquity or a combination of both of these factors.  A 

symmetrical pattern if established would imply a normal or ideal mechanical orientation for 

the sacral base in upright posture around which variation occur justifying clinical 

intervention. 

 

Directional asymmetry of the sacral base would represent a departure of the mean of the 

frequencies of sacral obliquity offset to either left or the right.  Examples of directional 

asymmetry around the sagittal plane of the body are the number of lobes of the lungs on 

either side and chambers of the heart.  In the sample studied the mean, mode and median 

were all zero.  The average degree of obliquity to the left was 2.4o and to the right was 2.6o.  

The data did not suggest that age, handedness or genders are related to the side or 

amount of obliquity. 
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CORRECTING SACRAL OBLIQUITY IN SITTING 

AND STANDING POSTURES 
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“Do not lose your knowledge that man's proper estate is an upright posture, an 

intransigent mind and a step that travels unlimited roads.” 

- Ayn Rand 

8.1 CORRECTING SACRAL OBLIQUITY 

The objective of this chapter is to provide an accurate and reliable mathematical basis in 

the form of corrective algorithms to level the sacral base in standing and sitting posture that 

incorporates the three major contributing factors to sacral tilt.  These factors are leg length 

imbalance (anisomelia) in standing posture, pelvic asymmetry in the form of ischial tilt in 

sitting posture and sacral asymmetry which is common to both postures.  These three 

factors interact in various ways to produce sacral tilt and require classification according to 

the algorithm that needs to be applied to determine the amount of any orthotic intervention. 

 

Sacral obliquity, whether the result of leg length imbalance (anisomelia), sacral asymmetry 

or structural and functional asymmetry of the pelvis, has been suggested as a cause of 

structural changes in the lumbar spine by Giles and Taylor (55), pain syndromes by Cailliet 

(52) and functional disorders of the musculoskeletal system (77).  Specific treatments 

involving shoe inserts, foot orthotics and heel lifts have been suggested as methods to 

reduce leg length imbalance, pelvic obliquity and sacral obliquity in standing posture (54, 

65, 372, 373).  In a similar way, ischial lifts have been used to compensate for pelvic 

obliquity and to level the sacral base in sitting posture (78, 374, 375).  These interventions 

have an implied outcome of levelling the sacral plateau as the sacral plateau is the superior 

articulation of the pelvis forming the structural base for the flexible spine above.  The 

presumption with these interventions is that the sacral base should ideally be level in the 

frontal (coronal) plane. 

 

CHAPTER 8 
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Different clinical methods have been used, proposed or investigated to determine the need 

for, and to quantify the amount of compensation or correction needed to level the sacral 

base.  Methods commonly used to assess the pelvis or more specifically, the sacral base, 

either directly or indirectly involve radiographic imaging (11, 14, 66, 254, 376), static and 

motion palpation (202, 377), goniometry (378), rasterstereography and visual assessment 

(141, 291), and orthopaedic tests including supine and erect leg length assessment (56, 80, 

169).  However, radiographic imaging is considered the ‘gold standard’ for quantifying leg 

length imbalance and pelvic (sacral) obliquity (69).  Although other clinical methods have 

been employed to quantify and prescribe heel lifts they are not generally considered to be 

as valid or reliable for quantifying heel or ischial lifts needed to level the sacral base or 

normalising pelvic obliquity (69).  Brady et al (56) conclude from their review of the relevant 

literature that clinicians should exercise caution when undertaking intervention strategies for 

limb length inequality less than 5mm when the identified limb length inequality has been 

determined using clinical techniques rather than radiographic assessment.  They cite 

studies that indicate structural asymmetry of the reference points, difficulty in palpating 

bony landmarks and inexperience on the part of the examiner as possible causes of 

inaccuracy.  Van der Wurff et al (170) conclude as a result of a review of the relevant 

literature, that there were no demonstrable reliable outcomes and therefore no evidence on 

which to base acceptance of mobility tests of the sacroiliac joints (SIJ) into daily clinical 

practice. 

 

Radiographic techniques for the evaluation of limb length, pelvic distortion, either functional 

or structural, and sacral base levelness have been widely used or advocated as 

assessment methods in a clinical setting by musculoskeletal practitioners and therapists (7, 

11, 27, 56, 78, 254, 284, 379).  As an example, an osteopathic approach to what is 

described as ‘sacral base levelling’ involves the measurement of angles between lines 

representing the sacral base and femur heads drawn on A-P radiographs and a line 

representing the horizontal plane (Figure 137).  This method has been used or advocated 
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by osteopaths such as Tilly (189), Irvin (65), Juhl et al (83) and Kuchera and Kuchera (8) to 

assess levelness of the sacral base in upright posture.  In a validity study by Fann (11), the 

measurement of pelvic obliquity and orientation of the sacral base, induced by a heel lift of 

known size, was based on similar radiographic analytical methods.  Kuchera and Kuchera 

(8) quote an accuracy of ±0.75mm for the type of radiographic analysis of sacral base 

levelness using similar reference points and methods to those evaluated by Fann.  In their 

text they suggest that osteopathic physicians are more interested in levelling the sacral 

base than making leg lengths equal and emphasise that the sacral base is of greater 

clinical significance than differences in leg length. 

 
Figure 137. Angle α represents sacral obliquity, angle β represents the angle formed between the plane 
of the femur heads and the horizontal plane, angle σ represents the angle formed between the plane of 
the ischial tuberosities and the horizontal plane.  ITW is the width between tangent points on each 
ischial tuberosity.  FHW is the width of the tangent points on the femur heads. 

Using a very similar radiographic assessment method Irvin (65) tested the hypothesis that a 

mildly unlevelled sacral base corrected by using a heel lift would decrease an associated 

lateral bend of the lumbar spine.  Kuchera (34) specifically addressed the use of lift therapy 

as a component of osteopathic clinical procedures and suggests that patterns of imbalance 

in the spine with accompanying pain syndromes may be due to as little as 1/16th of an inch 
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(1.5mm) difference in leg length.  He suggests the amount of initial lift can be calculated 

using a formula developed by Heilig (372).  The formula is expressed as:  L < [SBU]/[D+C].  

In this formula, L is the lift required, SBU is the amount of sacral base unleveling, and D is 

the duration that the unleveling has been present and is assigned a value of 1 to 3.  A value 

of 1 is allotted if the duration is from 0-10 years, 2 if from 10-30 years and 3 for 30 + years.  

C is the amount of compensation for sacral base unleveling that is present in the spine.  If 

none is observed it is given a value of 0.  Rotation of lumbar vertebra into the convexity of 

the compensatory scoliotic curve is given a value of 1.  Wedging of vertebra, altered size of 

facet joints, and osteophytic lipping and spurring is given a value of 2. 

 

Irvin specifically assessed the reduction of lumbar scoliosis by using a heel lift to level the 

sacral base.  He used radiographs to measure the ‘unlevelness’ of the sacral base and 

used this measurement as the basis for prescribing an appropriate heel lift.  The sacral 

base ranged from 2 to 17mm (mean of 6.7mm ±1.0mm) of equivalent leg length imbalance 

using radiographic analytical methods similar to those described by Kuchera and Kuchera 

(8).  Following the use of a prescribed heel lift the ‘unlevelness’ was 2.6mm ±0.4mm 

(P<.001). 

 

Evaluation of relative and absolute pelvic orientation has been an integral part of many 

chiropractic spinal assessment techniques (9, 13, 16, 41, 78, 79, 105, 265, 284, 374).  

Widely used chiropractic techniques such as the Gonstead technique (380) and 

Chiropractic BioPhysics (CBP) (105) employ radiographic analysis of the pelvis in upright 

posture along with orthopaedic tests to quantify relative leg lengths, pelvic positional 

asymmetry and the orientation of the sacral base.  Other techniques such as Activator 

methods (90, 381) and Thompson technique (382) use leg length inequality (LLI) as an 

indicator of pelvic misalignment.  Knudson (72, 136) suggested that practitioners of manual 

medicine who derive vectors for intervention based on leg checking procedures should 

consider the possibility that the direction of pelvic torsion may be variable depending on 
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whether the LLI is of anatomical or functional origin (Figure 34).  Walker (139) as well as 

Hestbaeck and Leboeuf (80) have independently examined the validity and clinical 

protocols used for assessing leg length imbalance (LLI).  Both concluded from their reviews 

of the relevant literature that while the detection of the manipulative lesion in the 

lumbopelvic spine depends on valid and reliable tests, such tests have not been 

established.  As a result the presence of the manipulative lesion associated with sacral 

obliquity remains hypothetical.  Cooperstein and Lew (383) reviewed the literature relating 

to a commonly held view within the chiropractic profession and other manual therapists that 

leg length inequality can affect torsion of the pelvis and by implication the level of the sacral 

base.  They were only able to retrieve nine papers, none of which directly measured pelvic 

torsion.  Direct measurement of sacroiliac movement that would result in sacral obliquity 

suggests that very little angulation of the sacral base could be attributed to pelvic torsion.  

Anisomelia was measured in 100 young or middle-aged adults suffering from chronic low-

back pain by Hoikka et al (74).  The anisomelia had a good correlation with pelvic tilt 

assessed from the iliac crests and a moderate correlation with sacral tilt.  The authors of 

this study concluded that radiographically demonstrable anisomelia does not correlate well 

with scoliosis while sacral tilt correlated well with the lumbar scoliosis when the tilt was 

more than 3 degrees. 

 

Mechanical efficiency of the bipedal human body, upright in an orthogonal environment and 

acted upon by the ubiquitous force of gravity implies left-right structural symmetry (384).  

Mechanical symmetry of the body would require the balanced distribution of duplicate body 

parts and reflective structural symmetry around the vertical axis of the body in the frontal 

plane.  The objective of this study was to quantify the amount of linear displacement 

required at the ischium, femur heads or sacroiliac joints to restore the sacral base to the 

horizontal plane in upright posture with all other factors being equal.  The measurements 

were made using graphical analysis and the calculations using trigonometrically based 

algorithms.   



223 
 

 

Numerous therapeutic interventions used by a variety of practitioners and therapists have 

the objective of levelling the sacral base, leg lengths or pelvis and involve the use of heel 

lifts, ischial lifts and manipulation of the pelvis.  Few if any of these methods have been 

specifically validated in relation to levelling the sacral base generally or removing sacral 

obliquity specifically. 

 

Plain film radiographs taken in erect posture are commonly used to assess the positional 

integrity of the spine and pelvis by clinicians.  Specific analytical procedures such as the 

Gonstead method (380) commonly used by chiropractors and the procedures described by 

Kutchea and Kutchea (8) used by osteopaths have been employed in a clinical setting to 

quantify what is hypothesised as pelvic misalignment or pelvic torsion that would have an 

influence on orientation of the sacral base in the frontal plane (Figure 15) and (Figure 19).  

However, the validity of plain film radiographs for the measurement of pelvic misalignment 

in the range that would be anticipated, suggested or corrected by manual therapists has 

been questioned (191). 

 

A difficulty with validating such measurements on radiographic images for a given individual 

is in differentiating misalignments from projection distortion, structural asymmetry and the 

reliable identification of landmarks.  A further difficulty arises when applying statistical data 

relating to the normal amount and type of movement found in the sacroiliac joints and the 

pubic symphysis to specific misalignment patterns observed clinically and patterns 

measured on radiographs (29).  This study is designed to circumvent these issues by 

developing and applying mathematical and graphical models to an idealised three 

dimensional pelvic model in order to analyse the theoretical geometrical relationships of the 

pelvis and lower limbs and to quantify the effect specific relationships would have on the 

orientation of the sacral base in standing and sitting postures and how these patterns could 

be corrected in a clinical setting using orthotic devices.  An orthotic device is an externally 
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applied device used to modify the structural and functional characteristics of the 

neuromuscular and skeletal system (385). 

 

8.2 CALCULATING ORTHOTIC SIZE 

An idealised graphical pelvic model was developed in order to validate the trigonometrically 

based formulae used to calculate the degree of theoretical sacral obliquity that would result 

from various combinations of leg length imbalance, innominate (ischial) asymmetry and 

theorised pelvic misalignments involving joints of the pelvis.  The formulae were based on 

geometrical relationships and movement patterns that have been identified, or proposed 

mainly by clinicians, to exist between the structural components of the pelvis and lower 

limbs.  These patterns have been suggested as mechanisms underlying clinically observed 

sacral and pelvic obliquity, pain syndromes and spinal functional patterns (50, 77, 83). 

 

The geometrical and trigonometrically based algorithms were used to determine the amount 

of sacral obliquity that would theoretically occur and therefore would require correction in 

order to level the base of the spine in relation to different standing and sitting patterns in 

orthogonal environments.  These involve patterns associated with clinically observed pelvic 

torsion or misalignment and structural asymmetry of the pelvis and lower limbs. 

 

Sacral obliquity in standing posture could result from any combination of structural and 

functional asymmetry involving the innominate bones, sacrum or bones and joints of the 

lower limbs.  Structural asymmetry of the axial skeleton could be due to fluctuating 

asymmetry of bones of the pelvis or lower limbs, injury such as fractures, surgical 

interventions, diseases such as Legg-Calve-Perthes disease and Rickets (386, 387), or 

physiological processes such as those that underlie Wolff’s and Hueter-Volkmann laws (46, 

289, 388).  The Hueter-Volkmann law proposes that growth particularly of long bones is 

retarded by increased mechanical compression, and accelerated by reduced loading or 

tension forces in comparison with normal values (46). 
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Functional asymmetry of the axial skeleton in erect posture can also be caused voluntarily 

by the adoption of specific lateralised postures and loading patterns.  Pelvic torsion and 

misalignments of the pelvis are considered by some clinicians and authors as functional 

patterns that can cause functional leg length imbalance and by implication sacral obliquity 

(50, 77). 

 

In sitting posture, structural asymmetry within the pelvis can result in an angulation between 

the plane representing the sacral base and a plane containing the tangent point on each 

ischial tuberosity (3).  Proposed misalignments involving bones of the pelvis could 

theoretically have the potential to cause absolute sacral obliquity.  Another cause of 

absolute sacral obliquity in sitting posture that could be considered a functional obliquity 

results from upper body muscular weakness associated particularly with quadriplegia and 

paraplegia.  This pattern has been described in wheelchair bound patients (389, 390).  

Sacral obliquity of this type resulting from upper body weakness or neuropathology of the 

trunk was not specifically modelled in this study as it is not generally the direct result of 

pelvic asymmetry. 

 

The bones of the adult pelvis include the two innominate bones and the sacrum that 

articulate at three individual joints, the two diarthrodial sacroiliac joints and the 

amphiathrodial symphysis pubis.  The predominant movement at the sacroiliac joints has 

been described as nutation and counter-nutation of the sacrum (100).  While a number of 

authors and clinicians have proposed torsion of the innominate bones as a possible cause 

or contributing factor in sacral obliquity the validity of their assessment methods have been 

questioned.  Only very small amounts or no rotation at all of the sacrum around the Z-axis 

have been demonstrated in vivo.  For example, Sturesson (155) found no Z-axis rotation 

(SD 0.3) of the sacrum in going from supine to standing positions. 
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The change in position of the innominate bones has also been related to both normal and 

abnormal movement at the sacroiliac joints induced by a shearing action at the symphysis 

pubis.  A change in functional leg lengths has been suggested as a mechanism for the 

resulting sacral obliquity (13). 

 

A number of techniques used by physiotherapists, medical musculoskeletal specialists, and 

in particular osteopaths and chiropractors involve assessment and non-invasive correction 

of specific pelvic misalignments (16, 50, 77, 145, 391).  Some of the assessment methods 

involve radiographic analysis while other methods involve orthopaedic and clinical 

assessment of the pelvis.  The validity and reliability of these methods has been questioned 

in their application as clinical procedures (80, 391). 

 

This study involved the development and application of graphical and trigonometric models 

to test the theoretical contribution pelvic structural asymmetry, pelvic torsion or 

misalignment has on sacral obliquity.  The study also involved the quantification of orthotic 

devices such as heel and ischial lifts that would be needed to level the sacral base in sitting 

and standing postures when absolute or relative sacral obliquity was found to be present in 

a clinical setting. 

 

Appropriate trigonometric functions were selected and incorporated into equations in order 

to calculate the vertical distance that the femur head or ischial tuberosity would need to be 

elevated in order to level the sacral base in sitting or standing postures and to correct for 

pelvic misalignment.  With pelvic misalignment or torsion, formulae were also developed to 

calculate the amount of vertical height change at the sacral base as a result of either one or 

both of the innominate bones rotating around one of three theorised axes.  The axes were 

approximated as representing the centre of the femur heads, symphysis pubis and the 

sacroiliac joints. 
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Specific combinations and magnitudes of sacral obliquity, leg length imbalance (anisomelia) 

and ischial tuberosity angulations in the frontal plane required different formula to calculate 

the vertical distances involved.  These patterns of imbalance could be grouped into seven 

distinct relationships each with a unique formula.  The equation for each pattern or 

combination of factors depended on the angular relationship of the sacral base to either the 

ischium or femur heads.  The relationships were the result of the angle of these factors to 

the horizontal plane in both their initial and final position after correction. 

 

For standing posture, the calculations were based on the measurement of the absolute 

sacral obliquity angle (SOA), the width of the femur heads (FHW) and the femur head angle 

(FHA) (Figure 137).  These measurements were used as they represented factors that 

could be obtained directly or derived as approximations from A-P or sacral base 

radiographic views of the lumbopelvic spine.   

 

For the purpose of developing formulae to calculate the vertical distances involved, the 

angles and distances were considered the true value.  The assumption was that the angles 

were true dihedral angles and the distances had been corrected for magnification.  The 

ischial tuberosity angle (ITA) and the distance between the ischial tuberosities (ITW) could 

also be obtained from the same films provided the relative anatomical structures could be 

visualised (Figure 137). 

 

8.2.1 Absolute and relative sacral obliquity in standing posture 

The various configurations relating the plane of the sacral base to the plane of the femur 

heads in upright (erect) standing posture were divided into seven distinct categories.  The 

seven patterns are made up of a normal (orthogonal) pattern plus six abnormal 

(asymmetrical) patterns that relate sacral obliquity and femur head angle to the horizontal 

plane (Table 12). 
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Table 12. The seven configurations relating the plane of the sacral base (blue line) to the plane of the 
femur heads (red line) in upright (erect) posture 

 

The relative magnitude of the variables (SOA and FHA) dictates the makeup of the 

respective equations.  The three significant angles measured on various radiographic 

images are the sacral obliquity angle α, the femur head angle β and the ischial 

tuberosity angle σ.  The patterns are based on the relationships of the components of the 

pelvis and lower limbs relative to each other and to the horizontal plane.  These patterns 

are illustrated schematically with the overall postural pattern, the angles involved and 

radiographic images demonstrating the particular pattern. 

 

Standing Pattern 1 

Pattern 1 represents an orthogonal relationship of the femur heads, sacral base and gravity 

(Figure 138).  Both relative and absolute sacral obliquity are parallel and horizontal.  The 

femur head line (FHL) and sacral base line (SBL) drawn on A-P erect radiographs have no 

angular measurement relative to the horizontal plane (Figure 139). 
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Figure 138. Pattern 1 represents the orthogonal relationship of the femur heads, sacral base and gravity 
erect posture with both sacral obliquity and femur heads parallel and horizontal 

 
Figure 139. Standing Pattern 1 with no absolute or relative sacral obliquity and no leg length imbalance 
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Erect A-P lumbopelvic radiographs can be used to visualise standing pattern 1 with no 

sacral obliquity (blue line) and no leg length imbalance (red line).  The radiographic analysis 

reveals no α (sacral obliquity) and no β (femur head angle) (Figure 140). 

 
Figure 140. Erect A-P lumbopelvic radiograph representing standing pattern 1 with no sacral obliquity 
(blue line) and no leg length imbalance (red line). – (no angle α and no angle β) 

 



231 
 

Standing Pattern 2 

With pattern 2 there is no absolute sacral obliquity in standing posture but there is relative 

sacral obliquity present.  The relative sacral obliquity is due to a combination of anisomelia 

and an asymmetry of the sacrum or pelvis that compensates for the anisomelia with a 

resulting level sacral base in standing posture (Figure 141). 

 
Figure 141. Pattern 2 with no absolute sacral obliquity in standing posture but relative sacral obliquity.  
The relative sacral obliquity is due to a combination of anisomelia and an asymmetry of the sacrum or 
pelvis that results in a level sacral base in standing posture 

The positive (+) or negative (-) femur head angle is measured relative to the horizontal 

plane while there is no measured angulation of the sacral base in the frontal plane.  The 

result is a positive (+) or negative (-) that is exactly opposite the femur head angle in 

direction and equal in magnitude (Figure 142). 
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Figure 142. Standing pattern 2 with no absolute sacral obliquity angle but with leg length imbalance due 
to lower limb anisomelia and relative sacral obliquity 

An erect A-P lumbopelvic radiograph illustrates standing pattern 1 with no sacral obliquity 

(blue line) but with measureable leg length imbalance (red line) resulting in a positive (+) or 

negative (-) femur head angle.  The radiographic analysis reveals no α (SOA) but there is 

a (+/-) β (FHA) (Figure 143). 
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Figure 143. Erect A-P lumbopelvic radiograph (sacral base view) representing standing pattern 2 with no 
sacral obliquity with leg length imbalance. – (no angle α with angle β) 

Standing Pattern 3 

Pattern 3 occurs when there is ipsilateral anisomelia and absolute sacral obliquity with the 

leg length imbalance producing a greater angle relative to the horizontal plane.  This 

configuration results in a contralateral relative sacral obliquity in both sitting and standing 

posture (Figure 144).  In standing posture the base of the spine (sacral plateau) is tilted in 

one direction while in sitting posture the sacral base would be tilted in the opposite direction 

if the resting surfaces were level. 
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Figure 144. Pattern 3 has ipsilateral anisomelia and absolute sacral obliquity in standing posture.  The 
anisomelia is greater than the sacral obliquity resulting in contralateral relative sacral obliquity 

Standing pattern 3 results from absolute sacral obliquity angle that is less than the 

ipsilateral femur head angle due to leg length imbalance.  Relative sacral obliquity is 

contralateral to the femur head angle (Figure 145). 
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Figure 145. Standing pattern 3 with absolute sacral obliquity less than the ipsilateral leg length 
imbalance due to relative sacral obliquity contralateral to the femur head angle 

Erect A-P lumbopelvic radiograph (sacral base view) can be taken representing standing 

posture with a pattern 3 configuration.  This configuration involves absolute sacral obliquity 

and leg length imbalance on the same side with the sacral obliquity less than the femur 

head angle.  The result is relative sacral obliquity in the opposite direction to the femur head 

angle (+α < +β) (Figure 146). 
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Figure 146. Erect A-P lumbopelvic radiograph (sacral base view) representing standing posture with a 
pattern 3 configuration.  This configuration involves absolute sacral obliquity and leg length imbalance 
on the same side with the sacral obliquity less than the femur head angle.  The result is relative sacral 
obliquity in the opposite direction to the femur head angle (angle α < angle β) 

Standing Pattern 4 

With pattern 4 there is anisomelia (FHA) but no relative sacral obliquity.  This results in an 

absolute sacral obliquity equal to the degree of anisomelia (SOA α = FHA β) (Figure 

147). 
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Figure 147. Pattern 4 involves anisomelia (FHA) but no relative sacral obliquity.  This results in an 
absolute sacral obliquity equal to the degree of anisomelia. SOA (angle α) = FHA (angleβ) 

Standing pattern 4 results from anisomelia (FHA) causing the same degree of absolute 

sacral obliquity with no relative sacral obliquity.  The absence of relative sacral obliquity is 

due to internal pelvic symmetry coupled with anisomelia (Figure 148). 
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Figure 148. Standing pattern 4 with anisomelia (FHA) and the same degree of absolute sacral obliquity 
(SOA) with no relative sacral obliquity 

An x-ray image of standing pattern 4 shows absolute sacral obliquity (SOA) with no relative 

sacral obliquity.  This configuration results from the combination of pelvic symmetry coupled 

with anisomelia.  The absolute sacral obliquity angle (α) and femur head angle (β) are 

measured as the same angular deviation on the radiographic image (Figure 149). 
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Figure 149. An x-ray image of standing pattern 4 shows absolute sacral obliquity (SOA) with no relative 
sacral obliquity 

Standing Pattern 5 

The characteristics of standing pattern 5 are absolute sacral obliquity (SOA) with ipsilateral 

relative sacral obliquity and ipsilateral anisomelia.  The anisomelia results in a femur head 

angle that is less than the measured sacral obliquity angle (SOA).  This configuration is due 

to pelvic or sacral asymmetry with a lesser degree of anisomelia (FHA) on the same side 

(Figure 150) 
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Figure 150. Standing pattern 5 with absolute sacral obliquity (SOA) and ipsilateral relative sacral 
obliquity.  This configuration is due to pelvic or sacral asymmetry with a lesser degree of anisomelia 
(FHA) on the same side 

Standing pattern 5 involves absolute sacral obliquity (SOA) with a lesser amount of 

ipsilateral relative sacral obliquity.  This results from pelvic or sacral asymmetry with 

anisomelia on the same side that creates a femur head angle (FHA) that is less than the 

angulation of the sacral obliquity (Figure 151). 
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Figure 151. Standing pattern 5 involves absolute sacral obliquity (SOA) with ipsilateral relative sacral 
obliquity.  This due to pelvic or sacral asymmetry with anisomelia on the same side 

Standing pattern 5 is measured on erect A-P lumbopelvic radiographs (sacral base view) 

representing a standing pattern with absolute sacral obliquity (SOA) and leg length 

imbalance (FHA) resulting in relative sacral obliquity in the same direction SOA (α) > FHA 

(β) (Figure 152). 
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Figure 152. Erect A-P lumbopelvic radiograph (sacral base view) representing a standing pattern 5 with 
absolute sacral obliquity (SOA) and leg length imbalance (FHA) and an ipsilateral relative sacral 
obliquity 

Standing Pattern 6 

Standing pattern 6 represents an absolute sacral obliquity (SOA) with the same amount of 

relative sacral obliquity.  The relative sacral obliquity is the result of absolute sacral obliquity 

combined with no anisomelia (0o FHA) (Figure 153). 
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Figure 153. Standing pattern 6 with absolute sacral obliquity (SAO) as a result of relative sacral obliquity 
with no anisomelia (no FHA) 

Pattern 6 represents sacral obliquity with no other factors involved.  With no femur head 

angle, absolute sacral obliquity and relative sacral obliquity have the same measured angle.  

Absolute sacral obliquity is measured as angular displacement from the horizontal plane 

and relative sacral obliquity is measured relative to the plane of the femur heads (Figure 

154). 
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Figure 154. With pattern 6 there is no femur head angle involved, and absolute and relative sacral 
obliquity measure the same 

Pattern 6 is represented on erect A-P lumbopelvic radiographic images (sacral base view) 

as a measured angular deviation of the sacral base from the horizontal plane (absolute 

sacral obliquity) with no leg length imbalance measured as a zero femur head angle (FHA).  

This results in relative sacral obliquity SOA (α) with 0o FHA (β) (Figure 155). 
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Figure 155. On an erect A-P lumbopelvic radiographic image (sacral base view) an angular deviation of 
the sacral base is measured from the horizontal plane (SOA) with a zero femur head angle (FHA) 

Standing Pattern 7 

Standing pattern 7 involves absolute sacral obliquity (SOA) with contralateral leg length 

imbalance (FHA) resulting in relative sacral obliquity contralateral to the shorter leg.  In 

erect posture the relative sacral obliquity is partially offset by the contralateral anisomelia so 

that the absolute sacral obliquity is less than the relative sacral obliquity (Figure 156). 
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Figure 156. Standing pattern 7 involves absolute sacral obliquity (SOA) with contralateral leg length 
imbalance (FHA) 

Standing pattern 7 has absolute sacral obliquity (SOA) in one direction and contralateral leg 

length imbalance in the other direction so they have opposite signs (+/-) indicating the 

direction of rotation.  This results in relative sacral obliquity that has a sign indicating 

direction of movement (+/-) the opposite of that for the femur head angle as it always 

represents contralateral rotation to the shorter leg (Figure 157). 
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Figure 157. Standing pattern 7 has absolute sacral obliquity (SOA) in one direction and contralateral leg 
length imbalance in the other direction so they have opposite signs (+/-) indicating the direction of 
rotation 

Erect A-P lumbopelvic radiograph (sacral base view) can be used to measure angles 

representing absolute sacral obliquity (SOA) and leg length imbalance (FHA).  Standing 

pattern 7 involves absolute sacral obliquity (SOA) and leg length imbalance (FHA) on 

opposite sides resulting in relative sacral obliquity in the same direction as the absolute 

sacral obliquity (SOA opposite FHA) (Figure 158). 
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Figure 158. Standing pattern 7 involves absolute sacral obliquity (SOA) and leg length imbalance (FHA) 
on opposite sides resulting in relative sacral obliquity in the same direction as the absolute sacral 
obliquity (SOA opposite FHA) 

The standing patterns are similar to those attributed to Lloyd and Eimerbrink by Hielig (372) 

and used by Juhl et al (83) in their study of asymmetry of the pelvis in the frontal plane 

(Table 13).  None of the studies identified in the literature relating to sacral obliquity 

patterns provide information on the validity of the measurements used in the pelvic 

analysis.  For example there is no indication if the obliquity measurements referred to in the 

studies relate to true dihedral angles or apparent dihedral angles measured on standard 

plain film pelvic radiographs. 
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Table 13. Seven standing patterns used by Juhl et al in their study of asymmetry of the pelvis in the 
frontal plane 

 

While the categorisation used by Juhl and his colleagues was primarily based on clinical or 

therapeutic considerations, in this study categorisation of pelvic patterns was developed to 

relate each of the components as a trigonometric function in order to calculate the amount 

needed to level the sacral base relative to the horizontal plane.  The particular pattern 

dictated the specific formula required to calculate the vertical height that one femur head 

would need to be raised in order to level the sacral base in standing posture.  The 
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calculated distance was designated the leg length equivalent (LLE).  The formulae were 

different and specific for each of the configurations that formed the seven patterns.  The 

formulae were developed for both standing patterns to calculate the amount one foot would 

need to be raised in order to level the sacral base in erect standing posture and sitting 

patterns to calculate the amount one ischial tuberosity would have to be raised in order to 

level the sacral base in erect sitting posture. 

 

Descriptions of the seven patterns and the trigonometrical functions associated with these 

patterns are outlined in (Table 14).  The patterns are accompanied by graphical 

representations of the scalene triangles on which the trigonometrical functions are based.  

They represent the angular relationship between the horizontal plane and both the sacral 

base and plane of the femur heads.  The lines represent the plane of the sacral base 

viewed edge on (as a line) in the frontal (X-Y) plane and the plane containing the tangent 

points of the femur heads.  The angles are designated as parallel to the horizontal plane, or 

positive if inferior on the right or negative if inferior on the left relative to the horizontal 

plane.    
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Table 14. Table of the seven standing pelvic patterns, descriptions of the patterns and the amount 
needed to level the sacral base (LLE). The lines represent the plane of the sacral base (SOA) (blue), and 
the plane of the femur heads (FHA) (red) 
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If both angles are in the same direction (both + or both -) the larger angle is in bold.  In 

developing the formulae for the correction of sacral obliquity the assumption was made that 

the pelvis could rotate around the femur head as a unit on the side opposite sacral 

inferiority.  A further assumption was based on investigations by Sturesson (155), Fann (11) 

and Yochum (185) and involved the relative movement of the sacroiliac joint around the Z-

axis.  These studies suggest that, due to very limited movement of the sacrum around the 

z-axis relative to the ilium, there is a linear relationship between the height of a heel lift 

placed under one foot in erect posture and the resulting change in angulation of the sacral 

base in the frontal plane. 

 

Others (72, 383, 392) have suggested that one or both of the innominate bones rotate 

relative to the sacrum as a result of either a natural short leg or induced LLI as a result of a 

heel lift placed under one foot.  Cooperstein and Lew, in a review of the literature relating to 

the relationship between pelvic torsion and LLI state that the response to heel lift therapy 

used for the correction of scoliosis can be complicated and made variable by the impact 

torsion effect has overall on the pelvis. 

 

The equations used the width between tangent points formed as the contact point on both 

femur heads and a plane parallel to the sacral base (FHW).  The FHW represented the 

length of the hypotenuse of a right-angled triangle.  The height of the side opposite the 

acute angle (β) formed between the plane line of the femur heads and the horizontal plane 

line (FHA) was calculated using the sine function of that angle multiplied by the width of the 

femur heads (β * FHW).  The sacral obliquity angle (α) was multiplied by the femur head 

width (α * FHW) or was added or subtracted from the femur head angle (FHA) as indicated 

by the different patterns (β–α, α–β, α+β) with the sine of the resulting angle multiplied by 

the width of the femur heads.  
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8.2.2 Absolute and relative sacral obliquity in sitting posture 

Similar patterns to the standing pelvic patterns were identified based on the relationship of 

the ischial tuberosities to the sacral base.  The patterns were created by relating the 

absolute sacral obliquity (SOA) with the angle formed between a plane representing the 

ischial tuberosities and the horizontal plane.  The lines represent the plane of the sacral 

base viewed edge-on in the frontal (x-y) plane and the plane containing the tangent points 

of the ischial tuberosities. 

 

In the following diagrams and radiographic views the blue lines represent the sacral base, 

the green lines represent the line tangent to the ischial tuberosities and the black lines 

represent the horizontal plane.  The angles are designated as parallel to the horizontal 

plane, or positive if inferior on the right or negative if inferior on the left relative to the 

horizontal plane.  If both angles are in the same direction the greater angle is in bold.  The 

seven patterns are comprised of normal (orthogonal) plus six abnormal patterns that relate 

sacral obliquity and the ischial tuberosity angle to a horizontal plane (Table 15).  The 

relative magnitude of the variables (SOA and ITA) along with the width of the tangent points 

on the tuberosities dictate the makeup of the respective trigonometrical equations used to 

calculate the amount the indicated ischial tuberosity would need to be raised in order to 

level the sacral base in level sitting posture.  
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Table 15. The seven sitting patterns are comprised of normal (orthogonal) plus six abnormal patterns 
that relate sacral obliquity and the ischial tuberosity angle to a horizontal plane in erect posture 

 

Sitting pattern 1 

With sitting pattern 1 there is no absolute or relative sacral obliquity and no pelvic (ischial) 

asymmetry.  The result is in sitting posture on a level base, the sacral plateau is horizontal 

with no absolute sacral obliquity (Figure 159). 
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Figure 159. Sitting pattern 1 with no absolute or relative sacral obliquity and no pelvic (ischial) 
asymmetry 

The measurements indicating sitting pattern 1 made on erect A-P lumbopelvic radiograph 

(sacral base view) demonstrate no measurable sacral obliquity nor angulation of the ischial 

tuberosities relative to the horizontal plane (no angle α and no angle σ) (Figure 160). 
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Figure 160. Erect A-P lumbopelvic radiograph (sacral base view) of sitting pattern 1 with no sacral 
obliquity angle (SOA) and no ischial tuberosity angle (ITA) 

Sitting pattern 2 

The features of sitting pattern 2 are the absence of absolute sacral obliquity (SOA) in erect 

posture coupled with pelvic asymmetry resulting in a measureable ischial tuberosity angle 

(ITA).  This configuration produces a relative sacral obliquity (SOA/ITA) that is opposite in 

direction and the same magnitude as the ischial tuberosity angle.  The relative sacral 

obliquity is due to pelvic asymmetry or a combination of pelvic symmetry, anisomelia and 

sacral obliquity.  Sitting posture on a level surface produces a sacral obliquity angle to the 

side opposite the ischial tuberosity angle (Figure 161). 
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Figure 161. Sitting pattern 2 involves no absolute sacral obliquity (SOA) in erect posture with relative 
sacral obliquity resulting from pelvic asymmetry combined with contralateral anisomelia 

Measurement of erect A-P lumbopelvic radiographs (sacral base view) that demonstrate 

sitting pattern 2 reveal no sacral obliquity angle (SOA - α) but have a positive (+) or 

negative (-) ischial tuberosity angle (ITA - σ) (Figure 162). 
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Figure 162. Erect A-P lumbopelvic radiograph that demonstrates sitting pattern 2 with no sacral 
obliquity angle (SOA - α) and a positive (+) ischial tuberosity angle (ITA - σ).  The blue line represents 
the sacral base, the green line the line tangent to the ischial tuberosities and the black lines represent 
the horizontal plane. 

Sitting Pattern 3 

Sitting pattern 3 involves absolute sacral obliquity combined with contralateral relative 

sacral obliquity (SOA/ITA) that results from pelvic (ischial) asymmetry coupled with 

anisomelia or sacral base asymmetry (Figure 163).  The ITA is greater than the relative 

sacral obliquity (SOA/ITA).  In erect standing posture this configuration results in some 

degree of absolute sacral obliquity (SOA).  In level sitting posture there is sacral 

obliquity (SOA) in the opposite direction because of the angle formed by the ischial 

tuberosities and the sacral base (relative sacral obliquity). 
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Figure 163. Sitting pattern 3 with absolute and contralateral relative sacral obliquity 

Erect A-P lumbopelvic radiographs of sitting pattern 3 reveal a measured sacral obliquity 

(SOA) with an ischial tuberosity angle (ITA) rotated in the same direction but of greater 

magnitude than the sacral obliquity [(+/-) α < (+/-) σ] (Figure 164). 
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Figure 164. Erect A-P lumbopelvic radiograph (sacral base view) of sitting pattern 3 with sacral obliquity 
and an ischial tuberosity angle in the same direction and of greater magnitude 

Sitting Pattern 4 

Sitting pattern 4 involves absolute sacral obliquity (SOA) and with an equal ischial 

tuberosity angle (ITA) but no relative sacral obliquity in relation to the ischial tuberosities 

(SOA/ITA).  This configuration is due to either contralateral sacral and ischial asymmetry 

coupled with no anisomelia (A), or a symmetrical pelvis combined with anisomelia (B).  In 

level sitting posture there is no absolute sacral obliquity angle (C) (Figure 165). 
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Figure 165. Erect A-P lumbopelvic radiograph (sacral base view) of sitting pattern 4 with the same 
amount and direction of SOA and ITA 

Measurement of erect A-P lumbopelvic radiographs (sacral base view) exhibiting a sitting 

pattern 4 have the same measured amount of sacral obliquity and ischial tuberosity angle 

(+α = +σ) (Figure 165) 

The effect anisomelia has on sacral obliquity in sitting and standing postures for pattern 4 

can be illustrated with a series of radiographic images of one individual taken in the supine, 

erect standing and sitting positions.  Structural symmetry of the pelvis is demonstrated in 

the supine lumbopelvic view with no SOA, FHA or ITA (Figure 166). 
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Figure 166. Plain film AP radiograph of an individual taken in the supine position with no measureable 
pelvic asymmetry or sacral obliquity or ischial tilt  
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A plain film radiographic image of the same individual in erect standing posture reveals no 

relative sacral obliquity (symmetrical pelvis) with anisomelia (FHA) resulting in absolute 

sacral obliquity (SOA) (Figure 167) 

 
Figure 167. Erect AP radiograph of individual standing with no relative sacral obliquity (symmetrical 
pelvis).  Anisomelia results in the same amount of absolute sacral and ischial obliquity  

Plain film radiograph of the individual in level sitting posture reveals no measured absolute 

sacral obliquity (SOA).  The anisomelia is removed in sitting posture with the weight 

transferring primarily to the ischial tuberosities (393).  The result is a levelling of the sacral 

base in sitting posture (Figure 168). 
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Figure 168. AP radiograph of the individual sitting with sacral base view of the sacrum.  There is no 
absolute sacral obliquity (SOA) in the sitting position on a level surface with the anisomelia removed 

Sitting Pattern 5 

Sitting pattern 5 involves absolute sacral obliquity (SOA) with a lesser ischial tuberosity 

angle in standing posture.  This combination produces an ipsilateral relative sacral 

obliquity (SOA/ITA).  This configuration can result from a combination of pelvic (ischial) 

asymmetry, anisomelia and sacral obliquity (Figure 169). 
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Figure 169. Sitting pattern 5 with absolute sacral and ischial obliquity in the same direction in erect 
posture and with the sacral obliquity greater than the ischial obliquity.  In upright sitting posture the 
ipsilateral relative sacral obliquity (to the ischial tuberosities) results in a residual degree of sacral 
obliquity (SOA)  

Measurement of erect A-P lumbopelvic radiograph (sacral base view) demonstrating sitting 

pattern 5 reveal absolute sacral obliquity (+/-α) with a greater degree of ipsilateral ischial 

tuberosity obliquity (+/-σ) (Figure 170) 
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Figure 170. Erect A-P lumbopelvic radiograph (sacral base view) sitting pattern 5 with SOA and smaller 
ipsilateral ITA  

Sitting Pattern 6 

Sitting pattern 6 involves absolute sacral obliquity (SOA) with no ischial tuberosity 

obliquity (ITA) in standing posture.  The SOA remains the same in standing and sitting 

postures due to the level ischial tuberosities.  The ipsilateral relative sacral obliquity 

(SOA/ITA) due to sacral and/or pelvic (ischial) asymmetry is always greater than the 

SOA in erect posture (Figure 171). 
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Figure 171. Pattern 6 involves absolute sacral obliquity (SOA) with no ischial tuberosity obliquity (ITA) 
in standing posture.  SOA remains the same in both standing and sitting postures 

Measurement of erect A-P lumbopelvic radiographs (sacral base view) demonstrating 

sitting pattern 6 reveal sacral obliquity (+α) with no ischial tuberosity angle (σ) in upright 

standing posture (Figure 172).  The sacral obliquity may or may not be associated with 

anisomelia as the SOA can be due to sacral base asymmetry or pelvic asymmetry or a 

combination of both coupled with anisomelia. 
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Figure 172. Erect A-P lumbopelvic radiograph (sacral base view) sitting pattern 6 with SOA (+α) but with 
no ITA (σ) 

Sitting Pattern 7 

Sitting pattern 7 involves absolute sacral obliquity (SOA) and a contralateral ischial 

tuberosity angle measured in erect standing posture.  This configuration can be due to a 

combination of sacral and/or pelvic (ischial) asymmetry and anisomelia (Figure 173).  

The effect is to create a relative sacral obliquity angle (SOA/ITA) that is greater than the 

standing sacral obliquity angle.  This configuration produces an increase in absolute 

SOA in level sitting posture. 
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Figure 173. Sitting pattern 7 involves absolute sacral obliquity (SOA) and contralateral ischial tuberosity 
angle (ITA) 

Measurement of erect A-P lumbopelvic radiograph (sacral base view) demonstrating sitting 

pattern 7 are characterised by absolute sacral obliquity (+/-α) with contralateral ischial 

tuberosity obliquity (+/-σ) (Figure 174). 
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Figure 174. Erect A-P lumbopelvic radiograph (sacral base view) demonstrating sitting pattern 7 with 
SOA (+α) and opposite ITA (+σ) 

The seven patterns comprising normal, plus six abnormal patterns relate ischial tuberosity 

angle (ITA) and sacral obliquity (SOA) to the horizontal plane.  The relative magnitude of 

the angles dictates the makeup of the respective trigonometrical equations.   

 

The five sitting patterns that involve sacral obliquity in sitting posture have associated 

algorithms that calculate the amount that the appropriate ischial tuberosity would have to be 

raised in order to level the sacral base in level sitting posture.  These algorithms are based 

on the degree of absolute sacral obliquity in erect posture and the degree of ischial 
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tuberosity obliquity in erect posture (Table 16).  The third component is the width of the 

tangent points on the ischial tuberosities.  
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Table 16. The five sitting patterns involving sacral obliquity in sitting posture has an associated 
algorithm that calculates the amount that the appropriate ischial tuberosity would have to be raised in 
order to level the sacral base in level sitting posture. The blue line represents the degree of sacral 
obliquity (SOA) while the green line represents ischial obliquity 
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8.2.3 Pelvic misalignment / torsion 

Trigonometry based formulae were also developed to calculate the proposed or theoretical 

effect rotation or translation of innominate bones as described by clinicians such as 

Gonstead and Schamberger (13, 77) would have on sacral obliquity.  They independently 

describe sacroiliac dysfunction that involves positional dis-relationships where innominate 

bones misalign relative to each other or the sacrum.  Rotations and translations, primarily 

involving the sacroiliac joints, have been proposed as the underlying mechanism of 

clinically observed pelvic pain and functional syndromes.  The rotation and translation of an 

innominate bone relative to the sacrum were divided into one of three movement patterns 

involving two rotations and one translation at the sacroiliac joints.  The rotations were 

designated as occurring around one of three axes.  The three axes were through, or close 

to the sacroiliac joints, the femur heads and the pubic symphysis (Figure 175). 

 
Figure 175. Top view of the pelvis illustrating theoretical axes that passes through points located in the 
sacroiliac joints, the centre of the femur heads and the pubic symphysis 

Posterior (-) or anterior (+) rotations were designated as occurring around the theoretical 

axis that passes through these points.  While the exact location of these axes, particularly 

of the sacroiliac joints, has been debated, their approximate location was assumed as being 

accurate enough and relevant enough for calculation of the effect they would have on 

sacral obliquity in erect posture (Figure 176). 
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Figure 176. Three axes of rotation of an innominate bone pass through, or close to the pubic symphysis 
(left), sacroiliac joints (centre), or femur heads (right)  

Radiographic images that would be consistent with the concept of innominate rotation with 

the axis of rotation located in the symphysis pubis joint would (Figure 177). 

 
Figure 177. Radiographic images of thee pelvis that would be consistent with innominate rotation with 
the axis of rotation located in the symphysis pubis joint 

An upward translation of one innominate bone relative to the rest of the pelvis (upslip) as 

described by Schamberger (77) was considered to occur equally in superior direction at the 

sacroiliac joint, the femur heads and the pubic symphysis (Figure 178).  If the ‘upslip’ 
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occurs in an otherwise symmetrical pelvis the sacral base would tilt down (SOA) on the 

involved side in erect standing posture with both legs level.  The degree of tilt (relative 

sacral obliquity) would be proportional to the amount translation of the innominate and the 

width of the pelvis. 

 
Figure 178. 'Upslip' of the sacroiliac joint has been described as direct upwards translation of an 
innominate relative to the sacrum and symphysis pubis 

With this model of proposed pelvic misalignment, an A-P x-ray image of the pelvis with the 

iliac crest, symphysis ramus, ischial tuberosity and femur head higher on one side relative 

to the other side, could be interpreted as an upslip or downslip of one or both innominate 

bones relative to the sacrum.  However, if the film was taken in erect standing posture the 

femur heads would remain in their level position (Figure 179). 
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Figure 179. Radiographic image consistent with up or down slip of an innominate bone relative to the 
sacrum.  The reference structures on one side of the pelvis are elevated compared to the same 
structures on the opposite side consistent with translation 

8.3 MATHEMATICAL and GRAPHICAL MODELS 

An idealised representation of the adult human pelvis was developed using the methods of 

descriptive geometry in order to develop and test algorithms used in calculating the size of 

heel and ischial lifts needed to correct sacral obliquity in sitting and standing postures.  

Paré et al (20) define descriptive geometry as the science of graphic representation and 

solution of space problems and is based on the principles of orthographic projection.  

Orthographic projection is a method of representing an object by a line drawing on a 
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projection plane which is perpendicular to the parallel projectors.  These projections can be 

used to solve problems involving the spatial relationships of points and planes associated 

with specific structures.  The projections also allow or facilitate changes in the orientation of 

the structure and viewing angles. 

 

A graphical model representing the angles and linear relationships of an idealised pelvis 

and femur heads was modified to represent various configurations of leg length imbalance, 

ischial tuberosity obliquity and sacral obliquity in erect standing and sitting postures using 

CorelDraw© (Ottawa, Canada), a computer graphics program.  Distances were drawn to 

scale representative of an adult human pelvis but were not necessarily the actual 

dimensions of a pelvis. 

 

The graphical models were used to validate mathematical equations developed to calculate 

the vertical displacement of one femur head relative to the other for various configurations 

of the pelvis and limbs in standing posture and the effect this would have on sacral 

obliquity.  The same model was modified to represent various configurations of the pelvis in 

relation to sacral obliquity and ischial tuberosity obliquity as they would influence sitting 

postures.  These distances represent the amount, proportional to the scale of the drawing, 

that the lower limb or ischium would need to be raised in order to level the sacral base in 

the frontal plane when the pelvis was represented in a standing or sitting position 

respectively. 

 

8.3.1 Standing posture 

The basic model was modified to produce the seven different configurations needed to 

represent the relationships of the plane of the sacral base and femur heads to the 

horizontal plane.  The relationships were based on the side of each angle (if any) and which 

of the two angles was the greater, the sacral obliquity angle (SOA) or the femur head angle 

(FHA).  The basic configuration (normal) had both the sacral obliquity angle and the femur 
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head angle aligned to the horizontal plane.  For the other configurations, rotation around 

the Z-axis was designated positive if the direction of the slope of the sacral base or plane of 

the femur heads was lower on the right and negative if lower on the left.  Only those seven 

configurations with no sacral obliquity or with a positive sacral obliquity angle were used.  

An additional six configurations represented mirror images of the patterns used for the 

graphic models and were not included for analysis. 

 

Three measurements were made using the appropriate dimensioning tools incorporated in 

the graphics program.  The angles and distances representing the absolute sacral obliquity 

angle, absolute femur head angle and the distance between the centres of the femur heads 

or the tangent points of the femur heads and a plane resting on them were measured in the 

frontal plane (Figure 180).  They were recorded as angles in degrees for the two angles and 

millimetres for the linear distance between the tangent points on the femur heads.  The 

measurements were arbitrarily made with three decimal places of accuracy as the drawing 

program was capable of measurements with accuracy to ten decimal places.  
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Figure 180. Reflective symmetry with lines representing the plane of the sacral base and plane of the 
femur heads in the frontal plane.  Angulation of these lines to the horizontal plane form a sacral 
obliquity angle (SOA) and femur head angle (FHA) respectively.  The width of the femur heads (FHW) is 
the distance between the tangent points on the femur heads formed by the femur head line 

Most radiographic measurements relating to leg length imbalance are made to the nearest 

millimetre and angles to the nearest degree.  The amount of angulation used to represent 

sacral obliquity and the angle of the femur heads were chosen for convenience rather than 

being representative of an actual individual pelvis.  While the linear measurements and 

scaling of the pelvic drawings were not to actual size, dimensions and structural 

relationships remained consistent as the model was graphically manipulated (Figure 181). 
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Figure 181. Graphic representation of the amount needed to raise one limb in order to level the sacral 
base in erect posture 

The six models representing a combination of anisomelia and sacral obliquity that result in 

a measured absolute sacral obliquity or femur head angle were individually manipulated as 

required using the ‘rotation’ function in the drawing program so that the sacral base was 
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aligned to the horizontal plane.  The axis of rotation was the centre of the femur head on 

the lower side of the sacral obliquity.  The degree of rotation was the same degree of 

angulation and in the opposite direction as the measured sacral obliquity.   

 

The vertical height from the upper most point on the stationary femur head to the upper 

most point of the opposite femur head in the rotated position with the sacral base level was 

measured in millimetres with an accuracy of three decimal places (Figure 182) and (Figure 

183).  This distance represented the theoretical vertical adjustment to the leg length needed 

to level the sacral base for that configuration.  In a clinical setting, this distance would be 

the height of a heel lift, foot orthotic or shoe insert needed to compensate for obliquity of the 

sacrum in erect posture with all other factors being equal.  It would also represent the 

change in limb length for surgical intervention in extreme cases. 
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Figure 182. Three standing patterns (2 - 4) in erect position as they would be measured on a plain film 
radiograph (left) and with sacral obliquity corrected (right).   On the corrected pelvis the measurement in 
RED is the amount of actual leg length imbalance, the measurement in BLUE is the amount of change in 
leg length needed to level the sacral base and the BLACK is the amount of lift needed to level the sacral 
base 
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Figure 183. Three standing patterns (5 - 7) in erect position as they would be measured on a plain film 
radiograph (left) and with sacral obliquity corrected (right) using a shoe insert.  RED is the amount of 
actual leg length imbalance, BLUE is the amount of change in leg length needed to level the sacral base 
and the BLACK is the height of the lift needed to level the sacral base 

Another line drawing and measurement method has been suggested and used primarily by 

osteopathic educators, clinicians and researchers including Kuchea and Kuchea (8), Fann 

et al (58), Juhl et al (83), Irvin (65) and Tilly (189).  The method uses a radiographic 

analytical protocol (or a slight variation) to quantify the vertical height of a heel lift or shoe 
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orthotic needed to level the sacral base in the frontal (X-Y) plane.  The method involves 

constructing vertical lines perpendicular to the bottom edge of the film through the highest 

point of each femoral head.  A line representing the plane of the sacral base is constructed 

through two points representing the convergence of the sacral ale and the articular pillars 

on the A-P radiographic image.  The height (relative to the bottom of the film) of points 

where this line crosses the two vertical lines passing through the high point of the femur 

heads is measured.  The difference in height between the two points is calculated and 

represents the sacral base unleveling (SBU) (Figure 184). 

 
Figure 184. Some clinicians use the difference in height of points where the sacral base line crosses 
two vertical lines passing through the high point of the femur heads for the purpose of prescribing heel 
lifts is measured and the difference in height between the two points represents the amount of sacral 
base unleveling (SBU)  

A similar process can be used to calculate the difference in height of the ischial tuberosities 

on an erect standing radiograph if they are visible on the film.  While levelling of the sacral 

base is the primary objective of the analysis, femoral head unleveling (FHU), can also be 
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calculated using the same technique.  One limitation of this method is that it does not 

account for the difference between pelvic obliquity (symmetrical pelvis) related to 

anisomelia and sacral obliquity due to sacral asymmetry (Figure 185). 

 
Figure 185. The pelvis on the left has the same degree of sacral obliquity and the same width between 
the femur heads as the pelvis on the right.  Even with the same dimensions they can have different 
measurements for the degree of lift needed to level the sacral base because of the different femur head 
angles.  The pelvis on the left has no anisomelia but has sacral asymmetry while the pelvis on the right 
has anisomelia producing an equivalent amount of sacral obliquity 

8.3.2 Sitting posture 

Seven pelvic graphical models were constructed to represent the same combinations of 

sacral obliquity and asymmetry as for leg length imbalance only with ischial tuberosity 

imbalance substituted for the femur head imbalance.  The ischial tuberosities of each 

innominate bone were drawn as part of the pelvis in erect posture with analogous 

relationships to the sacral base as with the leg length imbalances and as they would be 

visualised on an erect A-P lumbopelvic radiograph.  Six of the configurations (excluding 

normal) were rotated from the erect position to represent the orientation of the pelvis in 

sitting posture.  In this position the lowest point of each ischial tuberosity was aligned to a 

horizontal plane.  The angle formed between the plane of the sacral base and horizontal 

plane was measured as it would be with the orientation of the pelvis in the sitting posture 

(Figure 186) and (Figure 187). 
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Figure 186. Three of the sitting configurations (excluding normal) 2-4, were rotated from the erect 
position (left) to represent the orientation of the pelvis in sitting posture (right). 
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Figure 187. Three of the sitting configurations (excluding normal) 5-7, were rotated from the erect 
position (left) to represent the orientation of the pelvis in sitting posture (right). 

 



288 
 

8.3.3 Pelvic Misalignment / Torsion 

Two specific types of movement of the innominate bones relative to the sacrum were 

identified from the literature and represented graphically as idealised orthographic 

projections of the pelvis.  The angles and distances of a hypothetical amount of rotation or 

displacement were measured.  The two types of movement involved anterior and posterior 

rotation around the X-axis (± Rx) and translation along the Y-axis (± TY).  Three axes of 

rotation were modelled and one translation.  The three centres of rotation approximated a 

line joining the centre of the sacroiliac joints, a line joining the centre of the femur heads 

and the centre of the symphysis pubis joint.  The translation was represented as an upward 

displacement of one innominate relative to the other with no associated rotation (Figure 

188).  In each of the graphical representations of the four pelvic misalignment patterns the 

leg lengths were considered to be level before the positional changes were made.  The 

pelvis incorporating the misalignments was then rotated when necessary so that it rested 

on level femur heads following the internal positional changes.  The pelvis was further 

rotated around the centre of the femur head on the side of the high sacral base to level the 

sacral base.  The vertical distance between the ischial tuberosity in the level position and 

the level sacral base position was recorded as the amount of lift need to remove sacral 

obliquity.  This amount would also represent the amount of leg length imbalance that could 

be expected to be corrected by restoring normal alignment to the misaligned pelvis. 
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Figure 188. Graphic modelling of the three pelvic rotations and one innominate translation.  The 
rotations were modelled with rotation in only one direction around one of the specific axes.  One 
innominate was rotated 5 degrees relative to the other around the specified axis.  The translation 
involved upward displacement of one innominate bone relative to the other 
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8.4 RESULTS 

8.4.1 Trigonometric model 

8.4.1.1 Standing 

The development of equations to calculate the leg length equivalent (LLE) based on sacral 

obliquity angle, femur head angle and femur head width in standing posture resulted in five 

different formulae for patterns 3 to 7.  Patterns 1 and two needed no correction as there 

was no absolute sacral obliquity present.  If the femur head width is measured in millimetres 

the height of the heel lift or foot orthotic will be in millimetres (Table 17). 

Table 17. Equations to calculate the leg length equivalent (LLE) based on sacral obliquity angle, femur 
head angle and femur head width in standing posture 

 

8.4.1.2 Sitting 

Algorithms were developed to calculate the amount needed to level the sacral base in erect 

sitting posture with various degrees and combinations of sacral obliquity and ischial 

tuberosity obliquity (Table 18). 
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Table 18. Algorithms used to calculate the amount needed to level the sacral base in erect sitting 
posture for six pelvic patterns involving sacral obliquity 

 

Algorithms were developed calculate the effect various hypothetical or proposed pelvic 

misalignments would have on apparent sacral obliquity in erect posture (Table 19).  
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Table 19. Algorithms used to calculate the effect various hypothetical or proposed pelvic misalignments 
would have on apparent sacral obliquity in erect posture 
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8.4.2 Graphical model 

8.4.2.1 Standing patterns 

The six idealised pelvic graphic models representing combinations of sacral obliquity or leg 

length imbalance (or both) was manipulated using a graphics program to level the sacral 

base.  The axis of rotation was the centre of the femur head opposite the side the lift was to 

be placed.  The change in leg length needed to compensate for sacral obliquity was 

measured and recorded. 

 

Standing pelvic pattern 2 with level sacral base (Figure 189) 

 
Figure 189. Standing pelvic pattern 2 with level sacral base 

Standing pelvic pattern 3 rotated to level the sacral base with the vertical change in height 

of the femur head (Figure 190). 
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Figure 190. Standing pelvic pattern 3 rotated to level the sacral base with the vertical change in height 
of the femur head 

Standing pelvic pattern 4 rotated to level the sacral base with the vertical change in height 

of the femur head (Figure 191). 
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Figure 191. Standing pelvic pattern 4 rotated to level the sacral base with the vertical change in height 
of the femur head 

Standing pelvic pattern 5 rotated to level the sacral base with the vertical change in height 

of the femur head (Figure 192). 
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Figure 192. Standing pelvic pattern 5 rotated to level the sacral base with the vertical change in height 
of the femur head 

Standing pelvic pattern 6 rotated to level the sacral base with the vertical change in height 

of the femur head (Figure 193). 



297 
 

 
Figure 193. Standing pelvic pattern 6 rotated to level the sacral base with the vertical change in height 
of the femur head 

 Standing pelvic pattern 7 rotated to level the sacral base with the vertical change in height 

of the femur head (Figure 194). 
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Figure 194. Standing pelvic pattern 7 rotated to level the sacral base with the vertical change in height 
of the femur head 

Measurements were made of the amount needed to level the sacral base in erect posture 

based on graphical models of the pelvis and femur heads with various combinations of 

sacral obliquity and leg length imbalance (Table 20).  
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Table 20. Measurement of the amount needed to level the sacral base in erect posture for the various 
combinations of sacral obliquity and leg length imbalance 
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8.4.2.2 Sitting patterns 

The five graphic models of the pelvis with an absolute sacral obliquity in sitting posture 

were then rotated around the ischial tuberosity on the elevated side of the sacral base to 

level the base.  The angle through which each pelvis was rotated was equal to, but in the 

opposite direction to the absolute sacral base obliquity of the sacrum in the sitting position.  

For one pelvis (pattern 4), the sacral base was horizontal (no absolute sacral obliquity) in 

the sitting position so no further rotation was required.  This configuration is due to equal 

but opposite obliquity of the sacral base and the ischial tuberosities resulting in the two 

planes being parallel to each other or a symmetrical pelvis associated with anisomelia as 

measured on an A-P radiograph.  The vertical difference in height of the ischial tuberosities 

in the rotated position with the sacral base level was measured using the vertical 

dimensioning tool in CorelDraw graphics program (Figure 195). 
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Figure 195. The amount the ischial tuberosity needs to be raised for each of the sitting patterns in order 
to level the sacral base is indicated under the appropriate ischial tuberosity (green block) and the 
dimension in millimetres 

Measurements were made of the amount needed to level the sacral base in erect sitting 

posture based on graphical models of the pelvis and ischial tuberosities with various 

combinations of sacral obliquity and ischial tuberosity obliquity (Table 21). 
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Table 21. Measurement of the amount needed to level the sacral base in erect sitting posture based on 
graphical models of the pelvis with combinations of sacral and ischial obliquity 

 

8.4.3 Pelvic Misalignment 

The amount of sacral obliquity that could be expected from torsion within the pelvis due to 

the rotation or translation of an innominate bone relative to the sacrum and opposite 

innominate bone is difficult to predict and quantify as a theoretical construct.  A reason for 

the lack of clarity is that those who often propose and describe the type and amounts of 

movement are clinicians or the analysis is based on clinical assessments (77, 131, 377).  In 

this respect they do not generally specify a single location for the centre of rotation (COR) 

of the sacroiliac joint or the mechanical behaviour of the system.  In published studies the 

loading and coupling patterns of the pelvis are not described in sufficient detail to allow 

accurate predictions of the precise location of rotation centres and how the system 

functions in vivo. 
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The formulae and graphical models developed to analyse the degree of sacral obliquity 

expected to occur as a result of pelvic misalignments are based on assumptions relating to 

the general location of the axis of rotation, but the amount of rotation is not representative 

of the amount commonly reported at the sacroiliac joints or symphysis pubis.  The graphical 

representations act as generalised depictions of the type and amount of movement involved 

(Figure 176), (Figure 178) and (Figure 188).   

 

Measurement of the amount that would needed to level the sacral base as a result of pelvic 

misalignments with various axes of rotation and/or directions of movement (Table 22). 

Table 22. Measurement of the amount that would needed to level the sacral base as a result of pelvic 
misalignments with various axes of rotation and/or directions of movement 
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8.5. MATHEMATICAL and GRAPHICAL ANALYSIS 

8.5.1 Standing patterns (Table 23) 

Table 23. Comparison of measurements obtained from the graphical pelvic model and calculations 
based on the appropriate algorithm for standing postures  
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8.5.2 Sitting patterns (Table 24) 

Table 24. Comparison of measurements obtained from the graphical pelvic model and calculations 
based on the appropriate algorithm for sitting postures 
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8.5.3 Pelvic misalignments (Table 25) 

Table 25. Table comparing calculated ASOA using algorithms with measurements made on graphical 
models. The input measurements used for the algorithms were obtained from the graphical models  

 

8.6 DISCUSSION 

An objective of many musculoskeletal practitioners and therapists is to establish or maintain 

a level foundation for the spinal column.  Numerous studies have investigated the validity, 

reliability and clinical significance of leg length imbalance (LLI) and its effect on spinal 

balance.  However, there have been very few studies that have specifically investigated the 

relationship between pelvic asymmetry and lower limb anisomelia and the effect this 

relationship has on sitting and standing posture.  In one study that specifically investigated 
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the prevalence of frontal plane pelvic postural asymmetry (sacral obliquity) combined with 

leg length imbalance, Juhl et al (83) classified pelvic asymmetry into six (seven including 

normal or symmetrical) types of pelvic postural asymmetry.  They suggest that this 

classification system is based on unpublished osteopathic teaching material that they 

attribute to Lloyd and Eimerbrink and later published in 1978 as a practical system of heel 

lift intervention by Heilig (372).  For their study they used a slightly modified osteopathic 

radiographic analytical procedure for assessing pelvic asymmetry and leg length imbalance 

as described by William et al (394).  The basis of their classification system was the 

absolute obliquity rated to the amount of leg length imbalance as measured on erect 

radiographs. 

 

The numbering of the various patterns used by Juhl et al would seem arbitrary and they 

offer no reason of their numbering system or the order or relationship of the various 

configurations other than it is based on the system used by Lloyd and Eimerbrink and 

Heilig.  Ebrall (16) illustrates and describes six distinct lumbopelvic patterns or phases of 

misalignment that he credits to the earlier work of Schafer (103).  These patterns involve 

the relative position of the femur heads, iliac crests and the sacrum.  Schafer describes six 

postural patterns (seven including orthogonal) that he attributes to functional and structural 

problems.  The developer of the Logan Basic Methods (374) describes the sacrum as a 

platform upon which the spine rests and determines the ‘subluxation’ patterns in the spine 

above.  Logan directed much attention to corrections that would level the sacral base in the 

frontal plane.  He outlines body framework abnormalities that he divides into ten typical 

distortion patterns.  Six of the distortion patterns involve an inferiority of the sacral base in 

the frontal plane.  Logan explores the effect the patterns have on both sitting and standing 

postures. 

 

Esposito and Philipson (395) in their text on chiropractic technique illustrate sacral obliquity 

secondary to rotation of one ilium relative to the sacrum around the sacroiliac joint.  They 
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describe an anterior superior rotation of the involve ilium resulting in an elevated sacral 

base on the side of the involved joint.  The opposite misalignment is described as a 

posterior inferior rotation of the ilium resulting in inferiority of the sacral base on the involved 

side.  From these illustrations and descriptions of the correction of the rotation of the ilia at 

the sacroiliac joint there is a presumed change to the level of the sacral base. 

 

While radiographic analysis is considered the gold standard for measuring leg length 

differences and pelvic asymmetry (69) there are very few studies specifically designed to 

establish the validity of erect A-P lumbopelvic radiographs to measure sacral obliquity. 

 

Numerous chiropractic techniques have been used clinically to assess the absolute and 

relative positional relationships of the bony segments of the pelvis and lower limbs (136).  

However, very few have attempted to validate the prescription of heel and ischial lifts with 

correction of specific structural asymmetry of the sacrum.  There are no commonly used 

chiropractic techniques that have been shown to be valid for quantifying sacral obliquity in a 

clinical setting (139). 

 

The Gonstead method is a commonly used chiropractic technique that involves the analysis 

of radiographs of the lumbopelvic spine as a clinical assessment method for quantifying 

positional integrity of individual segments of the axial skeleton.  The method involves the 

measurement of femur head height on erect A-P radiographs of the lumbopevic spine.  The 

measured leg length difference is designated as either a measured difference or actual 

difference.  The actual difference is the measured difference plus or minus a theoretical 

correction of a misalignment of the pelvis.  The Gonstead technique provides a method for 

calculating the effect pelvic distortion will have on the amount of measured leg length 

difference.  The technique also provides a formula for determining the degree of change 

expected as a result of correcting pelvic misalignments measured on radiographs (13). 
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Based on the Gonstead technique protocols a heel lift may be suggested to correct an 

actual leg length difference.  The protocol makes no direct reference to the inferiority of the 

sacral base although the sacral notch is measured as a deviation from the horizontal.  

There are two contraindications to the use of a heel lift that Gonstead states are important.  

The first is a recommendation to never prescribe a lift for a patient when the lumbar 

scoliosis is on the opposite side of the low femur head.  The second states that a lift is 

never to be prescribed for a patient when the lumbar bodies have rotated to the side 

opposite the low femur head.  Neither of these contraindications allows for, or takes into 

consideration the possibility that relative sacral obliquity could be a confounding factor 

influencing the spinal structures above. 

 

The validity of the Gonstead radiographic analysis methods has been questioned in respect 

to errors associated with both radiographic projection and the analytical processes (line 

drawing) used in the radiographic analysis.  The similar graphic modeling and trigonometric 

processes have been used to investigate systematic errors associated with the Gonstead 

radiographic analytical method (237, 396, 397). 

 

8.7 SUMMARY and CONCLUSION 

This chapter involved analysing the combination of factors that produce sacral obliquity 

from a mathematical and geometrical perspective.  The result was the development of 

categories from which corrective algorithms can be produced for each unique combination 

of factors.  Each category required its own algorithm to determine the amount of correction 

required in either standing or sitting posture.  The corrective algorithms were verified using 

geometrical, mathematical and graphical simulations. 
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SUMMARY AND CONCLUSIONS 
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“We shall not cease from exploration 

And the end of all our exploring 
Will be to arrive where we started 

And know the place for the first time.” 
 

 T.S.Eliot - The Gidding 
 

9.1 INTRODUCTION 

It is difficult to quantify the difference between measured angles on radiographs and the 

true dihedral angles that form the functional in vivo spine without invasive or complex 

imaging techniques.  The pelvic model and analytical methods developed for this study 

were used to identify the presence of systematic errors that may be associated with the 

quantification of dihedral angles such as sacral obliquity on plane film and computed 

tomography images.   Random error could be expected with any angular measurements 

made on radiographic images.  These types of error can generally be identified with 

statistical analysis of the data.  However, because systematic error is not a random 

variation around a mean it is more difficult to identify and correct unless it is assessed 

against a known ‘gold standard’ or ‘yardstick’. 

 

The quantification of sacral obliquity undertaken in this study using different radiographic 

views and different imaging modalities suggests that unless specific imaging and analysis 

protocols are used the resulting angular measurements will intrinsically contain systematic 

errors.  This conclusion is supported by the consistent variation in the measurement of 

sacral obliquity in different views of the same segment or in the quantification of known 

amounts of sacral obliquity.  This variation in the measurement of sacral and vertebral 

obliquity could significantly influence the analysis and clinical interpretation of spinal 

radiographic images. 

 

CHAPTER 9 
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The scoliosis research society has specifically defined ‘sacral obliquity’ as “angular 

deviation of the sacrum from the line drawn parallel to a line across the femoral heads on a 

supine A-P view of the sacrum.”  They differentiate sacral obliquity from pelvic obliquity by 

defining the latter as “angulation of the pelvis from the horizontal in the frontal plane, 

possibly secondary to a contraction below the pelvis, e.g. of the hip joint.  If this angulation 

is due to a leg length inequality, then the leg lengths should be equalized to create a level 

pelvis for measurement purposes.”  Pelvic obliquity under this definition may or may not 

result in absolute sacral obliquity, which would be an inclination of the sacral base relative 

to the horizontal plane.  Relative sacral obliquity may be present according to these 

definitions with or without pelvic obliquity.  This can come about because the relationship 

between the femur heads and sacral base is defined as sacral obliquity, not the position of 

the sacral base relative to the horizontal plane.  A limitation of these definitions is that they 

do not make clear how either pelvic or sacral obliquity is measured and what landmarks or 

reference points are to be used to assess the obliquity. 

 

9.2 LIMITATIONS OF STUDY 

The use of dry bone specimens and a radiographic phantom for this study allowed a direct 

comparison of radiographic methods and analytical procedures involving plain film 

radiographs and digital imaging.  This was done to detect and quantify potential systematic 

errors associated with the measurement of sacral obliquity on radiographic images.  The 

study did not address questions of clinical validity or clinical utility of the measurements 

made on the images. 

 

There was a significant limitation associated with the use of the particular dry bone 

specimens that was common to other cadaveric specimens and in vivo studies.  Unless the 

obliquity measured on the images could be verified post examination using potentially 

destructive techniques there was no reliable method to establish a direct relationship 

between the radiographic image and the actual degree of obliquity inherent in the 
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specimen.  However, this limitation did not affect the objective of this aspect of the study of 

identifying the presence of systematic error. 

 

The radiographic phantom overcame the problem of validating the radiographic procedures 

and analytical methods through the use of predetermined degrees of sacral obliquity.  

However, with this method there was no technique employed to verify that the degree of 

sacral obliquity and the type of asymmetry it represented was consistent with sacral 

obliquity reported to have been measured on radiographic images by various clinicians.  

The pelvic model was not calibrated to ensure reflective symmetry or that the sacral base 

on which the sacral wedges were attached was parallel to the plane of the structures 

representing the femur heads.  These limitations did not detract from the primary objective 

of this aspect of the study to identify and quantify systematic error associated with the 

radiographic measurement of sacral obliquity as measured on different views of the same 

bone or model. 

 

Because it was not possible in this study to confirm the amount of sacral and vertebral 

obliquity measured on radiographic images with actual in vivo degree of obliquity, idealised 

graphical models and the use of projective geometry were used.  These images provided a 

basis for developing and validating algorithms and protocols to determine true sacral and 

vertebral obliquity. 

 

9.3 CLINICAL IMPLICATIONS OF THE STUDY 

Even though the sample sizes in this study were limited to sixteen individual sacrums, fifty 

CT data sets and five variations of the pelvic model, the data obtained from radiographic 

images of the specimens and the radiographic phantom supports the concept that when 

taking spinal radiographs or acquiring digital images, the angle of the central ray relative to 

the segment, orientation of the segment and image plane (film) along with reference points 

used in the analysis can significantly influence the validity of the measurement of obliquity 
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in specific cases.  Based on this finding, the measurement of sacral obliquity on plain film 

A-P lumbopelvic radiographs and CT imaging cannot be assumed to be independent of the 

projection angle and positioning of the segment.   

 

Seven radiographic imaging techniques for quantifying sacral obliquity were assessed using 

data from this study.  Four (4) of the views involve plain film radiography, two (2) involve CT 

imaging and three (3) involve slot scan imaging.  Each of these techniques has advantages 

and disadvantages in the clinical measurement of sacral obliquity.  The advantages and 

disadvantages have been generally characterised for each of the views relative to the 

amount of ionising radiation needed, accuracy and ease of analysis as well as the cost and 

availability of the particular radiographic study. 

 

Plain film 

The four erect A-P views of the lumbopelvic spine and hips include: 

1. A-P standing view with the central ray positioned to the centre of the film. 

2. Angled (Ferguson’s) view of the sacral base taken in erect standing posture with 

the x-ray tube tilted and the central ray positioned to align with the sacral base. 

3. Zero angle view of the sacral base central ray aligned with the sacral base and 

perpendicular to the image plane (film). 

4. Sitting erect sacral base view with the central ray aligned and angled to align 

with the sacral base (Figure 196). 
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Figure 196. Four erect A-P views of the lumbopelvic spine and hips. 1. A-P standing view 2. Sacral base 
(Ferguson's) view 3. Zero angle view 4. Sitting sacral base view 

Computed Tomography 

The two computed tomography (CT) views include: 

1. Multiplanar reconstructions (MPR) 

a. Parallel to the table top and centred on the sacral base. 

b. Perpendicular to, and centred on the sacral base. 

2. Volume rendered (3D) images (Figure 197). 
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Figure 197. Three MPR views and volume rendered 3D image of the radiographic phantom with 15 
degrees of simulated sacral obliquity.  The first multiplanar reconstruction is a mid-sagittal plane 
through the pelvis and shows the orientation of the sacral base relative to the table top. In the second 
view the reconstructed plane is perpendicular to the sacral base and for the third view the image plane 
is parallel to the table top.  The 3D image is a volume rendered reconstruction of the same data set.  The 
3D image has been manipulated to remove pelvic rotation and orientate the pelvis so that the plane of 
the sacral base is horizontal. 

Slot Scan (CT Imaging) 

The three slot scan views are: 

1. CT scout view (Figure 198). 

2. Linear slit scanning radiography / Planar slot scan digital radiography 

(SSDR). 

3. Biplane slot scan radiography (Figure 199) and (Figure 200). 
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Figure 198. Lateral and A-P computed tomography scout views of the lumbopelvic spine 
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Figure 199. Simultaneously acquired biplanar slot scan radiographic images of patient in erect standing 
posture, lateral view on the left and A-P view on the right. Image used with permission EOS imaging. 
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Figure 200. Slot scan image taken in erect sitting posture. Image used with permission EOS imaging. 
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Advantages And Disadvantages Of Each Radiographic View 

Plain film views (Table 26) 

i. A-P view 

ii. Sacral base view 

iii. Zero angle view 

iv. Sitting sacral base view 

Table 26. Advantages and disadvantages of plain film imaging of the pelvis 
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CT imaging (Table 27) 

i. MPR 

ii. Volume rendered 3D 

Table 27. Advantages and disadvantages of computed tomography (CT) imaging of the pelvis 

 

Slot scan imaging (Table 28) 

i. Scout views 

ii. Planar slot scan 

iii. Biplane slot scan  
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Table 28. Advantages and disadvantages of slot scan imaging of the pelvis 

 

 

9.4 FUTURE RESEARCH RELATED TO THE MEASUREMENT OF SACRAL OBLIQUITY 

Based on the findings of this study that relate to the measurement and correction of sacral 

obliquity, future research could explore the clinical application of the information.  

Epidemiological studies could expand the in vivo findings of this study using specific CT 

imaging involving a larger sample size of randomly selected subjects.  Epidemiological 

studies could also be used to identify the distribution, incidence, prevalence and 

characteristics of sacral obliquity in the general population or in relation to specific groups 

such as low back pain sufferers.  These studies could be helpful in the development of 

preventative strategies and better clinical management of patients with these conditions.  

Without epidemiological data it is not possible to speculate on the clinical implications of 

sacral obliquity or its association with any particular pain syndrome or musculoskeletal 

condition. 
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Further studies could involve validating the amount of heel and ischial lift needed to level 

the sacral base in both sitting and standing posture.  Evidence based guidelines could then 

be applied in a clinical setting to determine the efficacy of correcting sacral obliquity with 

heel and ischial lifts. 

 

Another area of research involves assessing the reliability and clinical utility of specific 

radiographic modalities (CT, PF, Slot Scan) and radiographic views (erect A-P, sacral base) 

in measuring sacral obliquity.  This could help remove underestimation or overestimation of 

sacral obliquity by standardising radiographic imaging and analytical techniques.  This 

would help to develop a greater understanding and management of back problems and 

pain syndromes. 

 

Future research could explore the impact sacral obliquity has on the musculoskeletal areas 

above the pelvis.  Theoretically a tilt of the sacral base could result in bilateral asymmetry of 

the spinal muscles, presence of minor scoliosis throughout the spine and joint tropism.  

Many clinical assessments such as range of movement and posture are based on the 

assumption of normal being represented by symmetry around a vertical axis.  

 

9.5 CONCLUSION 

The first question to be explored when looking at the measurement of sacral obliquity on 

radiographic images, was the possibility of systematic errors effecting the measurement of 

the sacral obliquity and hence the validity of the measurements.  Measurements derived 

from two specific radiographic views employing plain film radiography of dry bone sacral 

specimens indicated the presence of systematic error with particular views, reference points 

and analytical methods in the measurement of dihedral angles such as sacral obliquity.  

This was supported by graphic analysis of images employing the principles of projective 

geometry.  
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It was found that the nature and magnitude of the error is specific to both the view and 

imaging modality used to visualise the structures of interest and the analytical methods 

employed to obtain the angles representing the structures involved.  Algorithms were 

developed using the information obtained from plain film and CT imaging of the 

radiographic phantom to compensate for the inherent systematic errors in measuring 

dihedral angles such as sacral obliquity on two dimensional radiographic images. 

 

Sacral obliquity was examined for fifty in vivo sacrums based on CT studies.  It showed an 

antisymmetric pattern for sacral obliquity in the population study.  The clinical application of 

this information resulted in a classification system of sacral obliquity with accompanying 

corrective algorithms for orthotic intervention. 

 

These results have implications for clinicians and researchers interested in quantifying the 

positional and anatomical relationships between segments of the spine and pelvis using 

radiographic techniques. 

 

Clinicians and researchers who take and use radiographs to assess positional integrity of 

the spine and pelvis generally believe that doing so has clinical significance.  It is therefore 

important to know that the radiographic and analytical methods they employ are not only 

reliable but also provide valid information in relation to the structures being evaluated. 

 

This study suggests that there are potentially significant systematic errors associated with 

the measurement of dihedral angles such as sacral obliquity and Cobbs angles made on 

standard radiographic and CT images due to projection angles or viewing planes and the 

analytical methods employed.  The specific radiographic methods and analytical 

procedures commonly used in clinical practice or recommended as a method for measuring 

sacral obliquity and investigated in this study each had associated systematic errors.  Only 
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by following strict protocols for generating and analysing images can the systematic errors 

be eliminated or minimised.   

 

With more time spent in an orthogonal environment skeletal asymmetry increases in 

importance.  Sacral obliquity could be an important contributor to skeletal asymmetry that 

has gone relatively unnoticed.  As sitting time and standing on hard flat surfaces increases 

the importance of having a level sacral base is becoming more significant.  The information 

gained from this study can be used to calculate the size of orthotic intervention required to 

level the base of the spine in either standing or sitting posture. 
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“The relation between what we see and what we know is never settled……… 

the knowledge, the explanation, never quite fits the sight.” 

― John Berger 

 

Trigonometric functions can be used to calculate theoretical values for various specified 

angles associated with the measurement of sacral obliquity such as sacral base and pelvic 

rotation angles as well as angles associated with the measurement of vertebral alignment 

such as Cobb angles.  The formulae are based on specific input angles that related to both 

orthographic projections, viewing angles and the orientation of the object.  The output 

values represented the actual dihedral angles as opposed to the angles that would be 

measured on radiographic images.  The formulae can also be used to calculate what 

measured angles would be expected on an image for a specified object orientation and 

projection method.  For this purpose the calculations were based on the true dihedral 

values representing rotations of various structures.  The process involved developing 

formulae that relate actual or true dihedral angles to the apparent angles that would be 

measured on the various images or projections. 

 

The objective was to develop algorithms that could be used to calculate true dihedral 

angles (θx) from the apparent dihedral angle (αx) and projected angles (x) as they would be 

measured on orthographic projections, conventional plain film radiographs, CT multiplanar 

reconstructions (MPR) or 3D reconstructions.  Algorithms were also developed to calculate 

the apparent dihedral angles (αx) that would be measured when a plane representing an 

object was viewed from different perspectives.  Similar algorithms were developed to 

calculate the anticipated apparent dihedral angle (αx) based on the true dihedral angle (θx) 

with and without accompanying rotation in the horizontal (θ3) and vertical planes (θ2).  The 

APPENDIX 1 

CORRECTIVE ALGORITHMS TO DETERMINE TRUE SACRAL OBLIQUITY 
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initial given factors (angles) were sacral and vertebral obliquity angles (θ1, θ5), sacral and 

vertebral base angles (θ2, θ6) and the pelvic and vertebral rotation angles (θ3, θ7).  These 

values represented the true rotation angle of the sacral plateau and vertebral endplate 

around the global Zg, Xg, and Yg axes respectively. 

 

ALGORITHMS USED TO CALCULATE ROTATION ANGLES 

Pelvic and vertebral rotations were calculated from measurements that could be obtained 

from orthographic projections, plain film radiographs, or CT images.  All measurements 

were recorded and calculations made using Microsoft Excel (2010).  Calculation of the 

influence rotation has on the measurement of sacral and vertebral obliquity as they would 

be measured on orthographic projections, plain film radiographs and CT images was based 

on an estimation of horizontal pelvic and vertebral rotation angles in degrees (θ3, θ7) from 

linear measurements made on projected images, plain film radiographs and CT images 

using trigonometric formula similar to the one developed by Stokes et al (398) and a 

method reported on by Illés et al (325).  They employ trigonometric functions to calculate 

the degree of rotation based on measurements made on radiographic images.  The 

calculation of pelvic rotation using these formulae represents an approximation of the actual 

rotation around the Y-axis for plain film radiographs as the calculations are based on 

orthographic projection principles rather than perspective projection as would be the case 

for measurements made on radiographic images of the spine (Figure 201).  The factors 

primarily associated with plane film magnification are the source imaged distance (SID) and 

object image distance (OID).  Short source to image distances (SID) may introduce errors 

due to unequal magnification of the involved structures but at longer distances the effect of 

magnification is generally minimised (237, 244, 399). 
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Figure 201. Rotation of the pelvis measured as horizontal displacement (Pdap) of the symphysis pubis 
relative to the sacral tubercle on an AP radiograph (left).  Horizontal distance (Pdlat) measured between 
the symphysis pubis and the sacral tubercle needed to calculate pelvic rotation on an AP radiographic 
image measured on the lateral radiograph.    

Similar measurements were made on orthographic projection images representing pelvic 

rotation angle (PRA θ3) and vertebral rotation angle (VRA - θ7) (Figure 202) 

 
Figure 202. Rotation of a vertebra can be calculated by measuring horizontal displacement (Vdap) of the 
vertebral body relative to the spinous process on an AP radiograph (right).  Horizontal distance (Vdlat) 
needed to calculate vertebral rotation on an AP radiographic image is measured as the distance 
between the vertebral body and the lamina junction on the lateral radiograph (left).  
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Algorithms used to calculate pelvic rotation angles (PRA - θ3) and vertebral rotation angles 

(VRA - θ7) on orthographic projections were: 

tan PRA (θ3) = Pdap / Pdlat [1] 

 

tan VRA (θ7) = Vdap / Vdlat [2] 

 

ALGORITHMS TO CALCULATE BASE ANGLES ON ORTHOGRAPHIC PROJECTIONS 

The sacral base angle (θ2) and vertebral base angle (θ6) were calculated using algorithms 

with data derived from measurements that represented the apparent sacral base (α2) and 

vertebral base (α6) angles, along with the pelvic rotation (θ3) and vertebral rotation (θ7) 

angles (Figure 203). 

 
Figure 203. The apparent sacral base angle (ASBA) is a measurement on an orthographic projected 
image of the sacral base in the sagittal plane when the sacrum is rotated around Z-axes in addition to 
the X-axis rotation being measured.  The resulting measurement is an apparent dihedral angle (left) 

Algorithms used to calculate sacral base angle (SBA - θ2) and vertebral base angle (VBA - 

θ6) on orthographic projections were: 

tan SBA (θ2) = tan ASOA (α2) * cos PRA (θ3) [3] 

tan VBA (θ6) = tan AVOA (α6) * cos VRA (θ7) [4] 
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The apparent sacral base angle (α2) and apparent vertebral base angle (α6) were calculated 

using algorithms based on data derived from measurements that represented the true 

sacral base angle (θ2) and vertebral base angle (θ6) along with the pelvic and vertebral 

rotation angles (θ3, θ7) (Figure 204). 

 
Figure 204. The apparent vertebral base angle (AVBA) is the angle formed by by a line drawn along the 
centre of the image representing the base of the vertebra and a line representing the horizontal plane.  
The vertebral rotation angle (VRA) represents the degree of rotation of the vertebra around the Y-axis. 
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Algorithms used to calculate apparent sacral base angle (ASBA - α2) and apparent 

vertebral base angle (AVBA α6) on orthographic projections were: 

tan ASBA (α2) = tan SBA (θ2) 
 cos PRA (θ3) [5] 

tan AVBA (α6) = tan VBA (θ6) 
 cos VRA (θ7) [6] 

 

ALGORITHMS TO CALCULATE OBLIQUITY ANGLES 

True dihedral angles (TDA) representing true sacral obliquity angle (SOA - θ1) and true 

vertebral obliquity angle (VOA - θ5) were calculated using algorithms with measurements 

derived from orthographic projections of the sacrum and lumbar vertebra.  The algorithms 

were based on the measurement of graphical representations of a sacral or vertebral base 

angle (α1, α5), and apparent sacral and vertebral obliquity angles (α1.3, α5.3) without any 

accompanying pelvic or vertebral rotation (θ3, θ7) respectively (Figure 205). 

 
Figure 205. Orthographic projection of the relationship between a graphical representation of the sacral 
obliquity angle (SOA) and the apparent sacral obliquity angle (ASOA) due to the influence of the sacral 
base angle (SBA) 
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Algorithms used to calculate sacral obliquity angle (SOA - θ1) and vertebral obliquity angle 

(VOA - θ5) using factors as they would be measured on orthographic projection images with 

no pelvic or vertebral rotation (θ3 and θ7) were: 

tan SOA (θ1) = tan ASOA (α1.3) 
 cos SBA (θ2) [7] 
 
tan VOA (θ5) = tan AVOA (α5.3) 
 cos VBA (θ6) [8] 

 

Apparent sacral obliquity angle (ASOA - α1.4) and apparent vertebral obliquity angle (AVOA 

- α5.4) are representations of apparent dihedral angles (ADA) as they would be seen on 

conventional radiographic images (DR, CR and PF radiographic images) of the sacrum or 

vertebra receptively (Figure 206). 

 
Figure 206. Orthographic projection of a sacrum with 0, 5, 10, 15, and 20 degrees of sacral obliquity 
(SOA) and a sacral base angle (SBA) of 37.5 degrees.  The apparent sacral obliquity angle is measured 
as the angle of the major axis of the sacral base relative to the horizontal plane on the AP image 
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The same angular measurements of apparent sacral obliquity and apparent vertebral 

obliquity were made on orthographic projections of graphical representations of an idealised 

sacrum and vertebra with additional Y-axis rotation (θ3, θ7) accompanying the base and 

obliquity angles.  Algorithms were used to calculate the true sacral and vertebral obliquity 

angles using these measurements (Figure 207). 

 
Figure 207. Orthographic projection of an image representing an ideal sacral segment with a known 
amount of sacral obliquity (SOA), sacral base angle (SBA) and pelvic rotation (PRA). This results in an 
apparent sacral obliquity angle (ASOA) measured on the AP orthographic projection. 

Algorithms used to calculate sacral obliquity angle (θ1) and vertebral obliquity angle (θ5) as 

they would be measured on orthographic projections used to represent plain film images 

with Y-axis pelvic or vertebral rotation (θ3 and θ7) were: 

tan SOA(θ1) = tan ASOA(α1.4) * cos [PRA(θ3) + SPA(α3)]  
 cos SBA(θ2) * cos SPA(α3) [9] 

 

tan VOA(θ5) = tan AVOA(α5.4) * cos [VRA(θ7) + VPA(α7)] 
 cos VBA(θ6) * cos VPA(α7) [10] 

 

ALGORITHMS TO CALCULATE APPARENT OBLIQUITY ANGLES 

Algorithms were also developed to calculate the apparent sacral obliquity angle (ASOA - 

α1.3) and apparent vertebral obliquity angle (AVOA - α5.3) that would be measured on 
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orthographic images representing AP plain film radiographs.  The algorithms were based on 

given true dihedral angles representing the sacral and vertebral base angles (θ2, θ6) and 

the sacral and vertebral obliquity angles (θ1, θ5).  The apparent sacral and vertebral 

obliquity angles (α1.4, α5.4) that would be expected on conventional radiographic (PF) 

images with pelvic or vertebral rotation were calculated using the developed algorithms.  

The algorithms were based on the true dihedral angles (TDA) representing the sacral and 

vertebral obliquity angles (θ1, θ5), sacral and vertebral base angles (θ2, θ6) with an 

accompanying pelvic or vertebral rotation angle (θ3, θ7) respectively (Figure 206) (Figure 

208). 

 
Figure 208. The apparent dihedral angle (α1.4) representing sacral obliquity angle (SOA) measured as 
an orthographic projection with both X-axis and Y-axis rotation of the oblique sacral base 
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Algorithms used to calculate apparent sacral obliquity angle (α1.3) and apparent vertebral 

obliquity angle (α5.3) as would be measured on an orthographic projection representing 

plain film (PF) with no pelvic or vertebral rotation were: 

tan ASOA (α1.3) = cos SBA (θ2) * tan SOA (θ1) [11] 

tan AVOA (α5.3) = cos VOA (θ5) * tan VBA (θ6) [13] 

 

Algorithms used to calculate apparent sacral obliquity angle (α1.4) and apparent vertebral 

obliquity angle (α5.3) as they would be measured on orthographic projection images 

representing plain film images with Y-axis pelvic or vertebral rotation (θ3 and θ7) were: 

tan ASOA(α1.4) = tan SOA(θ1) * cos SBA(θ2) * cos PRA(α3) 
 cos [PRA(θ3) + SPA(α3)] [12] 

tan AVOA(α5.4) = tan VOA(θ5) * cos VBA(θ6) * cos VRA(α7) 
 cos [VRA(θ7) + VPA(α7)] [14] 

 

 
ALGORITHMS TO CALCULATE OBLIQUITY ANGLES ON CT IMAGES 

The true dihedral angles (TDA) of sacral and vertebral obliquity angles (θ1, θ5) were 

calculated from measurements that represent the sacral and vertebral base angles (θ2, θ6), 

along with the apparent sacral and vertebral angles (α1.1, α5.1) obtained from multiplanar 

reconstructions (MPR) of the A-P (coronal), transverse (axial) and lateral (sagittal) planes of 

specific spinal structures visualised on computerised tomography (CT) data sets.  The MPR 

views represent an orthographic projection of structures that would be seen when three 

mutually perpendicular cutting planes pass through a computed tomographic data set at 

various orientations relative to the structure or plane involved (Figure 209). 
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Figure 209. A cutting plane passing through and object positioned in two different orientations to the x-
axis in a similar way to an MPR image plane.  A diagonal line was constructed to represent the 
measurement of a dihedral angle on an MPR image in each orientation 

Algorithms were used to calculate true sacral and vertebral obliquity (θ1, θ5) using the sacral 

vertebral base angles (θ2, θ6) and apparent sacral and vertebral obliquity angles (α1.1, α5.1) 

with no accompanying pelvic or vertebral rotation (θ3, θ7) around the vertical axis (Yg) 

based on orthographic projections were:. 

tan SOA(θ1) = tan ASOA-CT(α1.1) * cos SBA(θ2) [15] 

tan VOA(θ5) = tan AVOA-CT(α5.1) * cos VBA(θ6) [16] 

 

The true dihedral angles (TDA) representing relative sacral and vertebral obliquity angles 

(θ1, θ5) were also calculated from measurements made of the apparent sacral obliquity 

angle (α1.2) and apparent vertebral obliquity angle (α5.2), apparent sacral base angle (α2) 

and pelvic rotation angle (θ3) and vertebral rotation angle (θ7) on computerised tomography 

(CT) multiplanar (MPR) images. 
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Algorithms for calculating the sacral obliquity angle (θ1) and vertebral obliquity angle (θ5) 

with Y-axis rotation were: 

tan SOA(θ1) = [tan ASOA(α1.2) / (cos PRA(θ3) * tan ASBA(α2))] – sin (PRA(θ3) 
 cos PRA(θ3)) * sin SBA(θ2) [17] 

tan VOA(θ5) = [tan AVBA(α5.2) / (cos VRA(θ7) * tan AVBA(α6))] – sin VRA(θ7) 

 cos VRA(θ7)) * sin VBA(θ6) [18] 

 

Algorithms were used to calculate the apparent sacral and apparent vertebral obliquity 

angles (α1.1, α5.1) that would be measured on MPR images derived from computed 

tomography (CT) data sets.  The calculations were based on given values such as the true 

dihedral angles representing the angle between the image plane and the plane of the sacral 

or vertebral base (θ2, θ6) and the sacral and vertebral obliquity angles (θ1, θ5). 

Algorithms for calculating apparent sacral and vertebral obliquity angles (α1.1, α5.1) with no 

Y-axis rotation were: 

 

tan ASOA(α1.1) = tan θ1 

  cos θ2 [19] 

tan AVOA (α5.1) = tan θ5 

 cos θ6 [21] 
 

The apparent sacral and apparent vertebral obliquity angles (α1.4, α5.4) that would be 

expected on an MPR image with Y-axis rotation were calculated given the true dihedral 

angles (TDA) representing the sacral and vertebral obliquity angle (θ1, θ5), sacral and 

vertebral base angles (θ2, θ6) and pelvic rotation and vertebral angles (θ3, θ7). 

 

Algorithms for calculating apparent sacral and vertebral obliquity angles (α1.2, α5.2) with Y-

axis rotation were: 

tan α1.2 = cos θ3 * tan α2 * sin (θ4 + θ3) 
 cos θ4 [20] 

tan α5.2 = cos θ7 * tan α6 * sin (θ9 + θ7) 
 cos θ9 (22) 
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CALCULATING SACRAL BASE ANGLE (SBA) 

Because A-P lateral images of the involved structures are not necessarily bi-planar in the 

routine radiographic examination of the spine and pelvis measurements of distances such 

as the object to image distance (OID) and angles such as the sacral base angle (SBA) 

made on one image cannot be directly transferred to the other.   

 

To overcome this lack of congruency between the two images a method was developed to 

determine what the sacral base angle (SBA) would have been when it was projected on the 

A-P image.  On the A-P image two arbitrary points were chosen (A,B) representing 

superimposed structures or two points lying on the same horizontal plane. Ideally these two 

structures would be close to the midline of the body with as much anteroposterior 

separation as possible.  Another requirement is that both structures should be visible and 

identifiable on a lateral image of the same region.  To calculate the vertical angle of the 

divergent beam that passes through the superimposed points relative to the central ray, the 

distance from the superimposed structures to the central ray measured is measured on the 

A-P image and divided by the SID (Figure 210). 

 
Figure 210. A drawing representing the factors used to calculate the orientation of the sacral base as 
seen on the A-P image of the pelvis 



382 
 

The result is calculated as the tan of the divergent beam that passes through the 

superimposed points (A) and (B): 

 tan β = a/SID [24] 

 

The sacral base angle projected on the A-P radiographic image can be calculated by 

adding or subtracting angle (β) from angle (α) (Figure 211): 

 
Figure 211. Lateral view of the pelvic phantom with the sacral base orientated as it was for the A-P view 
(right image) and at a non-specified angle (left image).  The angle between the line joining the two points 
superimposed on the A-P image and the sacral base was measured on the lateral pelvic image. 

 SBA = α +/- β  [25] 

Angle (β) is subtracted from angle (α) when the central ray (CR) is located above the sacral 

base on the A-P pelvic image and is added when the central ray is located below the sacral 

base on the A-P image (Figure 212). 
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Figure 212. An erect A-P plain film view of a pelvic phantom illustrating the superimposition of an 
identifiable point on the sacrum or coccyx and the upper border of the symphysis pubis and the 
location of the central ray in the centre of the image.  The vertical distance from the central ray to the 
superimposed points is measured on the DICOM image.  

Calculating Plan Rotation Angle (PRA) from radiographic images. 

tan PRA =  __________ tan (90 – LPA)  
  (tan (90 – PFHA)) – (tan (90 – LPA) * tan PPA) [26] 

 

SUMMARY and CONCLUSIONS 

Protocols to obtain true dihedral angles on radiographic images 

1. Central ray has to be perpendicular to the image plane 

2. The plane of the structure being measured on the radiographic image such as 

the sacral base or vertebral endplate must be projected as a line on the image. 

3. The two planes forming the angle being measured must be parallel to the image 

plane. 

 

Algorithm to calculate true dihedral angles from radiographic images 

The true sacral obliquity angle can be calculated from measurements obtained from plain 

film radiographs and source to image distance using the general formula (Figure 213): 
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Figure 213. Plain film radiographic images (AP and LAT) of the pelvic phantom with 20 degrees or sacral 
obliquity with measurements needed to calculate true sacral obliquity from the image 

The simple question asked as the basis for this study was “can sacral obliquity be 

measured accurately on radiographic images.”  The simple answer to that question as a 

result of this study is “no”.  The more comprehensive answer is that the degree of sacral 

obliquity can be determined by applying algorithms to compensate for inherent systematic 

errors associated with the measurement of dihedral angles on radiographic images.  

Alternately, radiographic protocols have been developed that if adhered to would ensure or 

enhance the validity of sacral obliquity measurements in vivo. 

 

Those clinicians who now use radiographic images to assess the positional integrity of the 

spine in erect posture may be under or over estimating the degree of obliquity of the sacral 

base and other segments of the spine.  Lack of valid information in this respect could have 

clinical implications in the treatment and management of patients with musculoskeletal 

conditions as suggested by Brown et al (27). 

  



385 
 

 
Abbreviations and description of terms used in the document have been tabulated as 

follows: 

 Radiographic terms (Table A) 

 True and apparent vertebral obliquity angles (Table B). 

 True and apparent sacral obliquity angles (Table C). 

 Angles associated with projected structures and planes (Table D). 

 Linear measurements made on radiographic images (Table E). 

 

These Tables are followed by an alphabetical list of definitions of important terms used in 

the thesis.  

Appendix 2 

Abbreviations and Glossary of Terms 



386 
 

 

Table A Abbreviations of radiographic terms
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Table B Symbols and abbreviations associated with the measurement of true and apparent 

vertebral obliquity angles 
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True Dihedral Sacral Obliquity Angles 

True Angle Abbreviation Description 

θ1 SOA Sacral Obliquity Angle 

θ2 SBA Sacral Base Angle 

θ3 PRA Pelvic Rotation Angle 

θ4 ESPA Extended Sacral Plan Angle 

Apparent Dihedral Sacral Obliquity Angles 

Measured Angle Abbreviation Description 

α1.1 ASO-CT Apparent Sacral Obliquity Angle 

α1.2 ASO-CT+R Apparent Sacral Obliquity Angle 

α1.3 ASO-PF Apparent Sacral Obliquity Angle 

α1.4 ASO-PF+R Apparent Sacral Obliquity Angle 

α2 ASBA Apparent Sacral Base Angle 

α3 APRA Apparent Pelvic Rotation Angle 

α4 SPA Sacral Plan Angle 

 

Table C Symbols and abbreviations associated with the measurement of true and apparent 

sacral obliquity angles 
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Table D Symbols and abbreviations for projected angles 
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Table E Symbols and abbreviations for linear measurements 
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Definitions 

Descriptive geometry 

Descriptive geometry is the branch of geometry that uses the representation of 

three-dimensional objects such as skeletal structures in two dimensions using a 

specific set of procedures and protocols.  The protocol used allows spinal and 

pelvic structures to be drawn in such a way that the drawing represents the 

dimensions and angles of an actual or theorised three-dimensional spine.  In 

the resulting drawing, all geometric aspects of the spine and pelvis are 

accounted for as representing their true size and shape.  The protocols allow 

the object to be represented on a two-dimensional drawing surface as if seen 

from any position in space. 

 

Displacement 

Absolute displacement 

Absolute displacement is the measured degree of angular or linear 

displacement of an object, or the degree of rotation and linear displacement of a 

local reference frame, in relation to the global (Newtonian or inertial) frame of 

reference. 

Relative displacement 

Relative displacement is the measured degree of angular or linear displacement 

of an object or structure within a reference frame.  Relative displacement can 

also occur between two or more structures within a reference frame.  The 

reference frame itself can be moveable or arbitrarily assigned to a specified 

structure.  The reference frame generally consists of three axes (X, Y, Z) formed 

at the junction or origin (0) of three mutually perpendicular planes.  The pelvic 

reference frame was chosen for the analysis of relative sacral obliquity. 
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Right hand thumb rule 

The direction of translations and rotations within the reference plane or 

movement of the reference plane is designated as positive (+) or negative (-) 

arbitrarily based on the right hand thumb rule.  The right hand thumb rule states 

that with the thumb of the right hand aligned to the axis of rotation and pointing 

in the direction designated as positive, the fingers of the right hand point in the 

direction of positive rotation.  The positive (+) X-axis was designated as being to 

the left, the positive (+) Y-axis upwards and the positive (+) Z-axis to the front. 

 

Measured and calculated distances 

Femur Head Width (FHW) 

The horizontal distance representing the width of the femur heads in the X-Y 

plane measured on AP pelvic radiographs and CT images.  The distance is 

measured between the tangent point on the head of the femur where it touches 

the line representing the plane of the femurs (femur head line). 

Ischial Tuberosity Width (ITW) 

The horizontal distance representing the width between the ischial tuberosity of 

each innominate bone in the X-Y plane as measured on AP pelvic radiographs 

and CT images.  The distance is measured between the tangent points on the 

lower most curve of the visible ischial tuberosity (ischial tuberosity line). 

Equivalent Leg length Imbalance (ELLI) 

LY - Equivalent leg length imbalance (ELLI) is the calculated change in leg 

length in upright posture that would result in a levelling of the sacral base in the 

coronal (X-Y) plane. 

Equivalent Ischial Tuberosity Imbalance (EITI) 

LY - Equivalent ischial tuberosity imbalance (EITI) is the calculated change in 

ischial tuberosity height in upright sitting posture that would result in a levelling 

of the sacral base in the coronal (X-Y) plane. 
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Horizontal pelvic and vertebral displacement (Pdap) (Pdlat) (Vdap) (Vdlat) 

(Pdap) horizontal distance of the projected image of the symphysis pubis from 

the projected image of the second sacral spinous process measured on an AP 

radiograph. 

 

(Pdlat) the horizontal distance from the projected image of the symphysis pubis 

to the projected image of the second sacral spinous process measured on a 

lateral radiograph. 

 

(Vdap) horizontal distance of the projected image of the vertebral body from the 

projected image of the luminal junction of the same vertebral measured on an 

AP radiograph. 

 

(Vdlat) the horizontal distance from the projected image of the centre of the 

vertebral body to the projected image of the luminal junction of the same 

vertebra measured on a lateral radiograph. 

Projection methods 

Orthographic projection 

Orthographic projection produces an image of a specified, imaginary object, 

such as an idealised or specified sacrum or vertebra, as viewed from any 

direction of space. It is distinguished by parallel projectors from the imaged 

object that intersects a plane of projection at right angles.  In linear algebra and 

functional analysis, a projection is a linear transformation P from a vector space 

to itself such that p2 = p.  Projections map the whole vector space to a subspace 

and leave the points in that subspace unchanged.  This definition of "projection" 

formalises and generalises the idea of graphical projection.  Given a plane in 3D 

space, the projection area of the orthographic projection function is considered 

the half space on one side of (and including) the plane.  Given a point p2 in the 
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projection area, if p2 is not in the plane, there is one line that both passes 

through p2 and is perpendicular to the plane.  If p is the point at the intersection 

of that line with the plane, the projection P assigns the value p to p2.  That is 

P(p2) = p.  If the point p2 lies in the plane, P(p2) = p2 so that points in the plane 

are fixed points of the projection.  In the case that the plane is the XY-plane, 

P(x, y, z) = (x1, y1, 0).  Orthographic projection differs from other projection 

methods in that it allows measurement of true dihedral angles due to the ability 

to view the object from any angle.  Specific orthographic projections show true 

angular relationships between objects or surfaces. 

Perspective projection 

Perspective projection allows definition or analysis of the magnification and 

distortion inherent in plain film radiography.  Perspective projection distorts the 

angular relationship between objects or structures due to the relationship of an 

object to the point source of the projection lines.  The projection of a point 

associated with the object is not unique, as all points on a specific projection 

line will have the same value in reference to the image plane.  Radiographic 

imaging is a specific form of perspective or point projection that generally 

involves positioning the object being studied between the x-ray source (focal 

spot) and the image plane or film.  For any given image this results in a single 

point projection (focal spot) creating a specific source image distance (SID) and 

a specific object image distance (OID).  The relationship of a point on an object 

(x,y,z) to the corresponding point on the image (x1,y1,0) is inversely proportional 

to the source to image distance (SID) and proportional to the object to image 

distance (OID).  This relationship can be expressed as: 

x/(SID) = x1/(SID) + (OID). 
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Reference frames 

Global reference frame 

A fixed and unmoveable reference frame relative to the ground with the vertical 

axes aligned to the vector representing the earth’s gravitational force.  The 

three axes (XG, YG, ZG) represent the junction of three mutually perpendicular 

planes, XG-YG, XG-ZG, YG-ZG.  The Y-axis is aligned to the gravitational force 

vector. 

Pelvic reference frame 

A local rectangular coordinate system with the origin (O) centred on the sacral 

base.  The X-axis is aligned with the transverse (major) axis of the sacral base.  

The Y-axis is perpendicular to the sacral base.  The Z-axis is aligned to the mid 

sagittal plane (minor axis) of the sacral base and orientated to the end plate of 

the segment.  The direction of the positive (+) X-axis is to the left, the positive 

(+) Y-axis is upward or superior and the positive (+) Z-axis is to the front or 

anterior.  The three axes (XP, YP, ZP) represent the junction of three mutually 

perpendicular planes, XP-YP, XP-ZP, YP-ZP representing the frontal or coronal, 

axial or transverse and sagittal planes of the body respectively. 

 

Reference planes 

Plane of the sacral base 

The sacral base or plateau is the relatively flat upper surface of the sacrum that 

forms the structural foundation for the superimposed flexible spine above.  

Viewed from above it is roughly oval shaped but is ‘bean’ shaped as a normal 

variant.  The upper surface is slightly concave with a rounded outer rim.  The 

plane representing the sacral base can be considered the flat surface that 

would rest on the outer rim with at least three points of contact.  The major axis 

of the sacral base is aligned to the XP-YP (frontal) plane and lies along the X-
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axis.  The Y-axis of the pelvic reference frame is perpendicular to the surface of 

the sacral base plane and located at the junction of the X and Z-axes. 

Plane of the femur heads 

The femur heads are approximately spherical in shape.  The plane of the femur 

heads is specified and constructed as either a tangent to the upper surface of 

both femur heads or a plane that passes through the centre of the femur head 

(axis of rotation).  An infinite number of theoretical planes can be constructed as 

tangents to both femur heads or through the centres of both femur heads.  The 

angulation of the femur head plane relative to the plane of the sacral base can 

vary depending on the individual plane chosen and rotation of elements of the 

pelvis around axes other than the axis of interest.  The plane of the femur heads 

is arbitrarily aligned with the X and Z-axes of the plane of the sacral base.  With 

no relative sacral obliquity, the two planes (sacral base and femur head) are 

parallel in the three orthogonal planes. 

Plane of reflective symmetry 

Symmetry is an attribute of a shape or structure with exact reflection of form on 

opposite sides of a dividing line or plane.  Symmetry in biological structures can 

involve the balanced distribution of duplicate body parts or shapes creating 

bilateral symmetry around in a specified plane.  Vertical reflective symmetry of 

the human body exists when the body as a whole or specific structure can be 

divided into mirror images by a vertical plane passing through the middle 

(sagittal plane) of the body or structure.  This is known as line or reflective 

symmetry.  In two dimensions, a bilaterally equal structure or object would have 

an axis of symmetry. 

 

In 3D space, the same structure would have a plane of symmetry.  The axis or 

plane of symmetry of a two or three -dimensional figure is a line or plane that is 

constructed bisecting the structure so that any number of perpendicular lines 
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can be constructed and extended in both directions from the line or plane of 

symmetry.  Any two points lying on the perpendicular lines at equal distances 

from the presumed axis of symmetry must be identical in shape and transposed 

in position and orientation around the axis of symmetry.  Vertical structural 

asymmetry exists when the body or specific structure cannot be divided into 

symmetrical halves by a vertical plane passing through the middle (sagittal 

plane) of the body or structure. 

Viewing or image plane 

A viewing or image plane is the surface, either real or virtual, on which a three-

dimensional object is projected or viewed.  It can be either a real image such as 

a radiographic photosensitive film or a virtual computer-generated image.  The 

relationship between the lines of projection and the angle of the object relative 

to the viewing or image plane will influence the resulting two-dimensional 

representation.  Two inherent characteristics of a viewing or image plane that 

can alter the appearance of the three-dimensional object being viewed are 

magnification and distortion. 

Cutting plane 

A cutting plane indicates a plane or planes exposed by cutting and removing an 

imaginary section of the object. The exposed plane is called the sectional view 

and the line representing the end view of the plane that is used to cut the object 

is referred to as the cutting plane line.  This process is used to form graphical 

reconstructions of various planes generated from CT data and to view planes 

passing through three-dimensional reconstructions obtained from CT data sets.  

Cutting planes are used as a descriptive geometry technique to view internal 

structures within an object and to view the true positional relationship of points 

or surfaces within the object. 
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Radiographic views 

A-P view 

For a standard erect anteroposterior (A-P) view of the lumbopelvic spine the 

central ray is positioned so that it is centred on the film and perpendicular to it.  

The result is the central ray positioned approximately at the level of the third 

lumbar vertebra and in line with the vertical mid-line of the film and 

perpendicular to the image plane. 

Sacral base (Ferguson’s) view 

For the sacral base view the central ray is aligned with, and angled to the same 

degree as the plane of the sacral base.  Vertical alignment is to the mid line of 

the film.  Unless the plane of the sacral base is horizontal the central ray is 

angled relative to the image plane (film). 

P-A view 

The posteroanterior (P-A) view is the same as the anteroposterior (A-P) film 

except that the lumbopelvic spine is facing in the opposite direction with the 

front of the pelvis facing the film instead of facing the tube as in the A-P view. 

Zero Angle View 

For the zero angle view the central ray is aligned with, and angled to the same 

degree as the plane of the sacral base.  Vertical alignment is to the mid line of 

the film.  The plane of the sacral base is horizontal with the central ray 

perpendicular to the image plane (film). 

 

 

Reference lines 

Specific lines were drawn or constructed on conventional radiographs, digital 

images or CT images and graphical representations of the pelvis to assess the 

relative or absolute angulation and linear displacement of the various skeletal 

structures involved.  The lines are constructed and measured in the same way 
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for the analysis of graphical representations of the same structures seen on the 

radiographic images.  Where applicable the lines and angles were incorporated 

into trigonometrically based equations used to calculate the theoretical 

relationships of the same structures. 

Femur head line (FHL) 

The femur head line is constructed on conventional radiographs or images from 

CT studies of the lumbopelvic spine.  The line represents the plane of the femur 

heads.  It can be used to measure the angle of the plane of the femur heads 

relative to the X-axis in the X-Y plane of the reference frame or absolute 

horizontal plane when measured on erect films or images. 

Sacral plane line (SPL) 

The sacral plane line is drawn in the frontal (X-Y) plane to represent the 

horizontal plane of the sacral base or sacral plateau.  The sacral plane line is 

drawn on the superior lateral margins of the sacral base as they appear on the 

radiographic or digital image.  The line can be used to measure an angle 

relative to other pelvic and spinal structures or the absolute angle formed to the 

horizontal plane when measured on erect films or images. 

Horizontal plane line (HPL) 

The horizontal plane line represents a plane perpendicular to the vector 

representing the force of gravity.  The horizontal plane line is consistent in all 

erect views (front and side) even though its vertical location along the Yg-axis 

may vary. 

Intersulcate line (ISL) 

The intersulcate line is constructed on the standard erect AP views of the pelvis 

and is used as an alternate reference line to the sacral plane line (SPL).  The 

line is constructed to measure the orientation of the sacrum around the Z-axis in 

the coronal plane.  The line is constructed by joining reference points located at 
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the junction of the boarder of the sacral ala and the lateral aspects of the 

superior articular processes. 

Apparent sacral plane line (ASPL) 

The apparent sacral plane line is drawn in the frontal (X-Y) plane to represent 

the apparent horizontal plane of the sacral base or sacral plateau.  The 

apparent sacral plane line is drawn on any visible symmetrical structures to 

represent the plane of the sacral base as they appear on the radiographic or 

digital image.  The line can be used to measure an angle relative to other pelvic 

and spinal structures or the absolute angle formed to the horizontal plane when 

measured on erect films or images. 

Sacral base line (SBL) 

The sacral base line represents the plane of the sacral base or sacral plateau in 

the sagittal (Y-Z) plane and id perpendicular to the sacral base line.  It can be 

used to measure an angle relative to other pelvic and spinal structures or the 

absolute angle formed to the horizontal plane when measured on erect films or 

images.  When the sacral base line is used to measure absolute position it 

forms an angle in relation to the horizontal plane line and is known as 

Ferguson’s base angle. 

Vertebral plane line (VPL) 

The vertebral plane line (VPL) is drawn in the frontal (X-Y) plane to represent 

end view of the horizontal plane of the vertebral body or vertebral end plate.  

The vertebral plane line is drawn on the superior or inferior lateral margins of 

the vertebral body as they appear on the radiographic or digital image.  The line 

represents the x-axis of the plane of the vertebral end plate.  The line can be 

used to measure the angle of the vertebra relative to other vertebra or spinal 

structures or the absolute angle formed to the horizontal plane when measured 

on erect films or images.  A vertebral plane line (VPL) can be constructed in the 

frontal (X-Y) plane to represent the major axis of the elliptical image of the 
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projected horizontal plane of the base of the vertebral body or vertebral end 

plate when the plane is not projected edge on as a line.  The vertebral plane 

line can be drawn on either the superior or the inferior lateral margins of the 

vertebral body as they appear on radiographic or digital images. 

Vertebral base line (VBL) 

The vertebral base line represents the plane of the vertebral body in the sagittal 

(Y-Z) plane.  It can be used to measure an angle relative to other vertebra and 

spinal structures or the absolute angle formed to the horizontal plane when 

measured on erect films or images. 

Ischial tuberosity line (ITL) 

The ischial tuberosity line is constructed as a tangent to the inferior margin of 

the ischial tuberosity in the frontal (X-Y) plane on conventional radiographs, 

digital images and CT reconstructions. 

Intercristal or Iliac crest line (ICL) 

The intercristal line represents the edge of an imaginary horizontal plane drawn 

as a tangent to the superior margin of the iliac crests.  The intercristal line is 

used in a clinical setting as a palpated reference plane for assessing pelvic 

orientation or tilt.  It is also used to quantify pelvic obliquity in the frontal plane 

on AP radiographs or CT images by constructing a line on plain film radiographs 

and computer generated radiographic images. 

 

Specified angles 

The specified angles used in the graphical and trigonometrical analysis 

corresponded with angles measured on radiographic images.  In order to 

quantify vertebral and sacral obliquity and Cobb angles on radiographic images, 

the angles measured or calculated were divided into one of three groups. 
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A true dihedral angle (TDA) is the degree of angulation between two planes.  

The dihedral angle is measured in a plane perpendicular to the line of 

intersection of the two planes forming the angle.  The dihedral angle can also be 

measured as the angle formed by the intersection of vectors that are 

perpendicular to the planes.  The dihedral angle θAB between two planes 

denoted A and B is the angle between their two normal unit vectors nA and nB 

where cos θAB = nA . nB. 

 

The lines drawn perpendicular to the endplates of the vertebra forming a 

scoliosis to measure Cobb’s angle on conventional radiographs are 

representations of these vectors.  A true dihedral angle can only be measured 

when viewing the object or on images such as radiographs and digital 

reconstructions of CT data, if the planes forming the dihedral angle are projected 

or seen as a line and the line representing the junction of the planes is projected 

or seen as a point. 

 

The apparent dihedral angle (ADA) is the measured degree of angulation 

between two planes when the image or viewing plane on which the angle is 

measured or viewed is not perpendicular to the line of intersection of the two 

planes forming the dihedral angle or when the image or viewing plane is not 

perpendicular to the planes involved. 

 

Perspective projection is a type of projection where three-dimensional objects 

are not projected along parallel lines, but along lines emerging from a single 

(small) point as is the case with an x-ray beam with the rays emanating from the 

focal spot within the x-ray tube.  This has the effect that distant objects appear 

smaller than nearer objects of the same size. 
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True Dihedral Angles (TDA) θx 

True dihedral angles are represented in the line drawing analysis of 

radiographic images of the pelvis and spine.  The lines, representing planes, 

and the angles defining the angular relationship of the planes involved, were 

recreated as graphical representations of both plain film radiographic and 

computed tomographic images.  In the orthographic projections and 

radiographic analysis, lines represented the end view of planes and the junction 

of the planes were visualised as a point in one of the other views. 

Sacral obliquity angle (SOA) θ1 

Sacral obliquity is measured as the true dihedral angle of the sacral base 

relative to the vertical line of symmetry of the sacrum, the femur heads or 

horizontal plane.  It is measured as angular displacement around the Zp-axis in 

the XP-YP plane.  The angle is measured by extending the sacral base line (SBL) 

to meet the femur head line (FHL) for relative sacral obliquity within the local 

reference plane or a horizontal plane line (HPL) for absolute sacral obliquity in 

the global reference plane.  The angle measured between the sacral base line 

(SBL) and the femur head line (FHL) in the XP-YP plane is referred to as relative 

sacral obliquity.  The measured angle between the sacral plane line (SPL) and 

the horizontal plane line (HPL) in the Xg-Yg plane is referred to as absolute 

sacral obliquity. 

Sacral base angle (SBA) θ2 

The sacral base angle is measured on lateral radiographs with no Y-axis 

rotation and is a true dihedral angle measurement of the degree of absolute 

slope of the sacral base in the sagittal plane.  It represents the tilt of the plane of 

the sacral plateau around the Xg axis.  It is measured as the acte angle formed 

between the plane of the sacrum and the horizontal (Xg-Zg) plane.  The sacral 
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base angle is measured by projecting the sacral plane line (SPL) to meet an 

arbitrary horizontal plane line (HPL) in the lateral or sagittal (Y-Z) plane. 

Pelvic rotation angle (PRA) θ3 

The pelvic rotation angle (PRA) is the measurement of the absolute degree of 

rotation of the structures that make up the pelvis and their associated local 

orthogonal reference frame in relation to the vertical (Y) axis of the global 

reference system or viewing plane.  The pelvic rotation angle (PRA) is 

measured as degrees of rotation of the local reference frame representing the 

plane of vertical symmetry around a centre of rotation perpendicular to the 

viewing plane.  The pelvic rotation angle is measured in the horizontal (XG-YG) 

plane from the junction of the pelvic rotation line (PRL) and the Z-axis of the 

global reference frame.  Relative pelvic rotation angle would involve rotation of 

specific pelvic structures such as the ilia around the Y-axis within the local 

orthogonal reference frame centred on and aligned to the sacral base. 

Extended sacral plan angle (ESPA) θ4 

The extended sacral angle (ESA) is the angle measured on the plan (X-Z) view 

of an orthographic projection when one plane is tilted around an axis 

perpendicular to the line of intersection of the plane and the reference frame 

that form a dihedral angle.  The angle is measured between the X-axis of the 

reference frame and the line representing the intersection of the tilted plane and 

the X-Z plane in the plan view. 

Vertebral obliquity angle (VOA) θ5 

Vertebral obliquity angle (VOA) is the measured dihedral angle of the vertebral 

body relative to horizontal plane.  It is measured as angular displacement 

around the Zg-axis in the X-Y plane.  The angle is measured by extending the 

vertebral plane line (VPL) to meet the horizontal plane line (HPL).  The 

measured angle between the vertebral plane line (VPL) and the horizontal plane 
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line (HPL) in the Xg-Yg plane is referred to as apparent vertebral obliquity angle 

(AVOA). 

Vertebral base angle (VBA) θ6 

The vertebral base angle is the true dihedral angle measured in the Yg-Zg plane 

and is formed by rotation of the plane of the end plate of a vertebra around the 

Xg-axis and is measured relative to the horizontal (Xg-Zg) plane on plane films 

and CT images. 

Vertebral rotation angle (VRA) θ7 

The vertebral rotation angle (VRA) is the measurement of the absolute degree 

of rotation of a vertebra and its associated local orthogonal reference frame in 

relation to the vertical (Y) axis of the global reference system or viewing plane.  

The vertebral rotation angle (VRA) is measured as degrees of rotation of the 

local reference frame around a centre of rotation perpendicular to the viewing 

plane.  The vertebral rotation angle is measured in the horizontal (X-Y) plane 

from the junction of the vertebral rotation line (VRL) and the Z-axis of the global 

reference frame.  Relative vertebral rotation is the angular displacement of the 

vertical plane of symmetry of a specific vertebra around the Y-axis within the 

local orthogonal reference frame centred on and aligned to the sacral base or 

relative to other segments. 

True Cobb angle (TCA) θ8 

The true Cobb angle (TCA) is constructed from the vertebral obliquity angle 

(VOA) of the segments that are at either end of the curve being measured.  

When assessing a curve the apical vertebra is first identified as this segment 

generally has the greatest linear displacement in the horizontal plane, rotation 

around the vertical axis and the vertebra with the least tilted end plate.  The end 

vertebra is then identified as the vertebra forming a tangent point between the 

curve above and below.  The end vertebra is generally the most superior and 

inferior vertebra of the curve being studied.  They are also generally the least 
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displaced and rotated and have the maximally tilted end plate.  A vertebral 

plane line (VPL) is drawn along the superior end plate of the superior end 

vertebra and a second line (VPL) drawn along the inferior end plate of the 

inferior end vertebra.  If the end plates are indistinct, the line may be drawn 

through the pedicles.  The angle between these two lines, or lines drawn 

perpendicular to them is measured as the apparent Cobb angle (ACA), 

represents a compound angle, and is measured as an apparent dihedral angle. 

Extended vertebral plan angle (EVPA) θ9 

The angle measured on the plan (X-Z) view of an orthographic projection when 

one plane is tilted around an axis perpendicular to the line of intersection of the 

plane and the reference frame that form a dihedral angle.  The angle is 

measured between the X-axis of the reference frame and the line representing 

the intersection of the tilted plane and the X-Z plane in the plan view. 

 

Apparent Dihedral Angles (ADA) αx 

Apparent dihedral angles are formed on two-dimensional orthographic images 

when the object is projected onto the viewing plane so that the line formed at 

the junction of the two planes being measured is not viewed as a point in one 

view or the edge of the planes are not projected as lines in a perpendicular 

view. 

Apparent sacral obliquity angle (ASOA) α1 

The apparent sacral obliquity (ASOA) angle is a measurement generally used 

for the quantification of lateral sacral tilt as measured on an orthographic 

projection of the pelvis.  A line (ASBL) is drawn on an image representing the 

pelvis along the superior end plate of the sacral base.  Another line (FHL) is 

drawn as a tangent to the upper surface of both femur heads.  Apparent sacral 

obliquity measured as an absolute value is the measured angle between an 

extension of the apparent sacral plane line (ASPL) and a horizontal plane line 
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(HPL) in the global reference frame.  The angle measured between the 

apparent sacral plane line (ASBL) and the femur head line (FHL) in the XP-YP 

plane is referred to as relative apparent sacral obliquity.  The measured angle 

between the sacral plane line (SPL) and the horizontal plane line (HPL) in the 

Xg-Yg plane is referred to as absolute apparent sacral obliquity. 

ASOA (CT) α1.1 

The angle measured on a computed tomographic (CT) image with no rotation 

around the Y-axis is an apparent dihedral angle representing sacral obliquity.  

The angle is measured on a cutting plane through an image stack generated 

from a computerised tomography (CT) study.  The resulting image is not 

perpendicular to the line of intersection of the two planes forming the angle or 

the reference plane. 

ASOA (CT +R) (as measured on computed tomographic images with rotation) α1.2 

The apparent dihedral angle representing sacral obliquity measured on a cutting 

plane through an image stack from a computerised tomography (CT) study that 

was not perpendicular and was rotated relative to the line of intersection of the 

two planes forming the dihedral angle.  The planes forming the dihedral angle 

do not project as a line and the line formed by the junction of the two planes is 

not projected as a point. 

ASOA (orthographic projection with no Y-axis rotation) α1.3 

The apparent dihedral angle representing sacral obliquity measured as an 

orthographic projection with X-axis rotation and no Y-axis rotation. 

ASOA (+R) (orthographic projection with Y-axis rotation) α1.4 

The apparent dihedral angle representing sacral obliquity measured as an 

orthographic projection with X-axis rotation and Y-axis rotation. 

Apparent sacral base angle (ASBA) α2 
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The apparent sacral base angle (ASBA) is a measurement on an orthographic 

projected image of the sacral base in the sagittal plane when the sacrum is 

rotated around either the X, or Z-axes in addition to the X-axis rotation being 

measured.  The resulting measurement is an apparent dihedral angle. 

Apparent pelvic rotation angle (APRA) α3 

Apparent pelvic rotation is the horizontal displacement of two pelvic reference 

points seen on an A-P radiographic image such as the second sacral spinous 

process and the centre of the symphysis pubis that are in the same vertical 

plane perpendicular to the image plane with no actual Y-axis rotation present.  

The apparent horizontal displacement can be due to projection distortion or 

rotation of the structures involved around axes other than the Y-axis. 

Sacral plan angle (SPA) α4 

The angle measured on the plan (X-Z) view of an orthographic projection or 

horizontal plane through the object when the plane forming the dihedral angle is 

rotated around the horizontal (X) axis that is perpendicular to the line of 

intersection of the two planes forming the dihedral angle. 

Apparent vertebral obliquity angle (AVOA) α5 

The apparent vertebral obliquity angle (AVOA) is a measurement generally 

used for the quantification of curves in a scoliotic spine as measured on an 

orthographic projection or CT image of the spine.  A line (VPL) is drawn 

representing the superior or inferior end plate of the vertebra of interest as seen 

on the radiographic image.  If the end plates are indistinct, the line may be 

drawn through the pedicles of the vertebral.  The apparent vertebral obliquity 

angle is formed at the junction of the vertebral plane line (VPL) and the 

horizontal plane line (HPL).  The acute angle formed between lines drawn 

perpendicular to the vertebral plane lines constructed on two vertebrae can be 

measured as the combined angulation of the two lines. 

AVOA (CT) (as measured on CT images) α5.1 
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The apparent dihedral angle representing vertebral obliquity measured on a 

cutting plane through an image stack from a computerised tomography (CT) 

study that is not perpendicular to one of the two planes forming the angle. 

AVOA (CT +R) (as measured on CT images with X or Y-axis rotation) α5.2 

The apparent dihedral angle representing vertebral obliquity measured on a 

cutting plane through an image stack from a computerised tomography (CT) 

study that was not perpendicular and was rotated relative to the line of 

intersection of the two planes forming the dihedral angle.  The planes forming 

the dihedral angle do not project as a line and the line formed by the junction of 

the two planes is not projected as a point. 

AVOA (orthographic projection images with no Y-axis rotation) α5.3 

The apparent dihedral angle representing sacral obliquity measured on an 

orthographic projection with X-axis rotation and no Y-axis rotation. 

AVOA (+R) (measured on orthographic projection images with X or Y-axis rotation) 

α5.4 

The apparent dihedral angle representing vertebral obliquity measured on 

conventional radiographs or digital images when the plane (film or image) on to 

which a true dihedral angle has been projected or viewed was not perpendicular 

and was also rotated relative to the line of intersection of the two planes forming 

the dihedral angle. 

Apparent vertebral base angle (AVBA) α6 

An apparent vertebral base angle (AVBA) is the angle measured on a lateral 

(Yg-Zg plane) image of the spine between an extension of the vertebral base line 

(VBL) representing the lateral profile of the end plate of a vertebra and a 

horizontal plane line (HPL). 

Apparent Vertebral Rotation Angle (AVRA) α7 

Apparent vertebral rotation is the horizontal displacement of two vertebral 

reference points seen on an A-P radiographic image such as the spinous 
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process and the centre of the vertebral body that are in the same vertical plane 

perpendicular to the image plane with no actual Y-axis rotation present.  The 

apparent horizontal displacement can be due to projection distortion or rotation 

of the structures involved around axes other than the Y-axis. 

Apparent Cobb angle (ACA) α8 

(α8) In an S-shaped scoliosis where there are two contiguous curves, the lower 

end vertebra of the upper curve will be the same as the upper end vertebra of 

the lower curve.  The true dihedral angle would be the angulation between the 

planes representing the end plates of the vertebra at either end of the curve 

viewed along the junction of the planes.  An apparent Cobb angle is the 

apparent dihedral angle formed when the viewing direction or image plane does 

not align with the junction of the two planes forming the angle or the end view of 

the planes is not a line. 

Vertebral plan angle (VPA) α9 

The angle measured on the plan (X-Z) view of an orthographic projection or 

horizontal plane through the object when the plane forming the dihedral angle is 

tilted around a horizontal (X) axis perpendicular to the line of intersection of the 

two planes forming the dihedral angle. 

 

Projected compound angles (PCA) φx 

Plain film radiographic images are used primarily by clinicians to measure 

specified angles such as sacral base angle (SBA) and Cobb angle.  These 

images are produced from rays emanating from a point source (focal spot) with 

compound rotations around all three axes. 

Projected sacral base angle (PSBA) φ1 

The projected sacral base angle (PSBA) is a measurement on a projected 

image of the sacral base in the sagittal plane when the sacrum is rotated 
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around either the X, or Z-axes in addition to the X-axis rotation being measured.  

The resulting measurement is an apparent dihedral angle. 

Projected pelvic rotation angle (PPRA) (measured on plain film radiographs) φ2 

The projected pelvic angle is the angle calculated from measurements obtained 

directly from A-P or P-A plain film radiographic images of the pelvis. 

Projected sacral obliquity angle (PSOA) φ3 

The projected sacral obliquity angle is the angle measured directly on A-P or P-

A plain film radiographic image of the pelvis. 

Projected vertebral obliquity angle (PVOA) φ4 

The projected vertebral obliquity angle (PVOA) is a measurement generally 

used for the quantification of curves in a scoliotic spine as measured on an A-P 

or P-A plain film radiographic projection or CT image of the spine.  A line (VPL) 

is drawn representing the superior or inferior end plate of the vertebra of interest 

as seen on the radiographic image.  If the end plates are indistinct, the line may 

be drawn through the pedicles of the vertebral.  The apparent vertebral obliquity 

angle is formed at the junction of the vertebral plane line (VPL) and the 

horizontal plane line (HPL).  The acute angle formed between lines drawn 

perpendicular to the vertebral plane lines constructed on two vertebra can be 

measured as the combined angulation of the two lines. 

Projected vertebral base angle φ5 

The projected vertebral base angle (PVBA) is a measurement on a projected 

image of the vertebral endplate in the sagittal plane when the vertebra is rotated 

around either or both the X -, or Z-axes in addition to the X-axis rotation being 

measured.  The resulting measurement is an apparent dihedral angle. 

Projected vertebral rotation angle (PVRA) φ6 

The projected vertebral rotation angle (PVRA) is the amount specified reference 

points are displaced around a vertical axis on an A-P radiographic image. 

Projected Cobb angle (PCA) φ7 
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Because the Cobb angle projects as a curvature and is measured in a single 

plane only, it fails to account for other rotations.  A measured Cobb angle on a 

radiographic image may not accurately demonstrate the severity of three-

dimensional spinal deformities.  The projection of a compound angle produces 

an apparent dihedral angle based on the projected vertebral obliquity angle 

(AVO) as measured on AP radiographic and CT images.  The projected Cobb 

angled is the combination of the true Cobb angle with systematic error relating 

to the measurement of apparent dihedral angles plus the inherent errors 

associated with projection distortion. 

Lateral projection angle (LPA) φ8 

Angle formed between the central ray and a specified reference point in the 

lateral (Y-Z) plane.  The angle is calculated from source image distance (SID) 

and the distance measured on the radiographic image from the central ray to 

the reference point. 

Plan projection angle (PPA) φ9 

Angle formed between the central ray and a specified reference point in the 

frontal (Y-X) plane.  The angle is calculated from source image distance (SID) 

and the distance measured on the radiographic image from the central ray to 

the reference point. 
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