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Abstract 

This thesis is comprised of studies that investigate the use of ultrasound to detect and 

characterise several impingement and entrapment syndromes affecting the shoulder and hip. 

These conditions can be intermittent, clinically silent and may be associated with vocational 

activity, such as Quadrilateral Space Syndrome (QSS) of the shoulder (1, 2). They may also 

cause clinically and financially significant long-term harm, for example severe osteoarthritis 

(OA) that requires early hip replacement in the case of Femoroacetabular Impingement (FAI) 

or early revision of a hip replacement (1). Adverse Local Tissue Reaction (ALTR) after hip 

replacement surgery contributes to a 9% revision burden for hip replacement in Australia and 

make up 13% of all revisions in the U.K. (3, 4).  

Diagnosis of impingement and entrapment syndromes can be difficult and delays in diagnosis 

can result in irreversible and costly damage to the nerve or joint mechanism in question, and 

may lead to major disability (5-7). Until recently, the diagnosis of these conditions relied on 

clinical assessment, and imaging examinations depending on the patient needs’ and 

availability of equipment (8). 

Medical imaging is playing an increasing role in the investigation and diagnosis of 

impingement syndromes (9). Currently accepted modalities include plain x-ray (XR), x-ray 

angiography, Magnetic Resonance Imaging (MRI), including MR angiography (MRA), metal 

artefact reduction MRI (MARS MRI) and computed tomography (CT) including three-

dimensional CT (3DCT) (10-13). It is essential that these conditions are detected at an early 

stage using imaging modalities that can provide accurate diagnosis and are able to monitor 

progression and assessment of the pathology during and after treatment. Access to many of 

these modalities is, however, restricted in regional and rural centres and in second and third-

world countries, in particular to MRI (9, 14). Imaging modalities such as MRI, MRA and CT 

are unsuitable for monitoring the course of the disease or for serial follow-up after treatment 
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(4). 

  

There is a need for cheap, non-invasive, non-ionising, readily available and affordable soft 

tissue imaging techniques which can reliably and accurately detect and characterize 

impingement and entrapment syndromes of the shoulder and hip. Ultrasound has the potential 

to provide this imaging technique. 

The purpose of this thesis was to: 

1. Investigate the ability and accuracy of ultrasound to detect arterial impingement of the 

PCHA as a proxy for entrapment of the axillary nerve in the quadrilateral space, 

2. Demonstrate the usefulness of ultrasound in providing objective evidence of FAI 

when CT is not available or not appropriate by comparing an ultrasound measurement 

of the femoral head-neck alpha angle to an established imaging standard. 

3. Characterize the typical ultrasound findings associated with the post-arthroplastic hip, 

with particular reference to the shape of the anterior hip capsule, the presence of fluid 

or solid material about the femoral neck and the iliopsoas bursa, as well as size of the 

iliopsoas tendon in a group of patients undergoing routine biennial review 

of arthroplastic hips. 

 

 This thesis begins with an introduction to impingement syndromes and their diagnosis, 

followed by a chapter describing the anatomy of the shoulder and hip. Chapter three is a 

literature review of the specific syndromes examined in this thesis. Chapter four describes a 

study assessing the ability of ultrasound to perform angiography of the posterior circumflex 

humeral artery (PCHA) of the shoulder. Our findings demonstrate that stenosis of this artery 

secondary to impingement with arm abduction and external rotation (ABER) can serve as a 

proxy for entrapment of the axillary nerve in the quadrilateral space in QSS (10). Chapter five 
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describes a second study using ultrasound to determine the rate of stenosis and occlusion in 

the normal population, an investigation that MRA or XR angiography are unable to perform 

due to availability, ionising radiation, expense and/or invasiveness. We have for the first time 

demonstrated that the rate of impingement of the PCHA with ABER amongst the normal 

population is 16%. These two studies confirm the primary hypothesis of this thesis, that 

ultrasound can be used for the diagnosis of impingement and entrapment syndromes of the 

shoulder especially when other modalities are not available or are too costly. 

 

Having shown that ultrasound can reliably assist in the detection of impingement of the 

PCHA at the shoulder, we were interested in assessing its suitability in detection of 

impingements that occur at the hip. Current imaging applications are problematic in terms of 

cost and availability, radiation burden amongst the young adult population in the case of FAI, 

or the ability to resolve soft tissues adjacent to orthopaedic hardware in the case of MARS 

MRI after hip arthroplasty. 

Femoral head-neck asphericity manifests as a bony “bump” at the superior capital epiphysis. It 

is thought to cause impingement between the femoral head-neck and the acetabulum, resulting 

in damage to the labrum and articular cartilage and potentially leading to OA (15). 3DCT is 

considered the preferred imaging modality in the objective quantification of femoral head-

neck asphericity of the hip through measurement of the alpha (α) angle (12). Chapter six 

presents the third study presented in this thesis, comparing ultrasound-derived measurements 

of the alpha angle with the gold-standard 3DCT, and highlights that ultrasound can indeed 

provide objective evidence of cam-type FAI.

 

The prosthetic hip has a unique impingement that affects the longevity of the implant and can 

cause significant morbidity. ALTR directly results in implant failure through aseptic 

loosening and makes revision surgery more difficult and reduces the rate of revision success 
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(16, 17). Imaging of the prosthetic hip has been recommended by several international bodies 

for regular general screening of the hip after arthroplasty, however areas adjacent to prosthetic 

hardware are not readily imaged even when using MARS MRI. (18, 19). The role of 

ultrasound in such circumstances has not been fully evaluated.   

 

Chapter seven demonstrates that ultrasound can detect ALTR earlier than any other currently 

accepted modality. Ultrasound appears to be better suited to regular screening for ALTR than 

currently accepted modalities. 

Chapter eight discusses the findings resulting from the different studies reported in this thesis. 

Chapter nine concludes this thesis. Taken together, our studies have demonstrated that 

ultrasound has a complementary role alongside currently accepted modalities in the 

assessment of impingement and entrapment syndromes of the shoulder and hip. Ultrasound 

has the potential to make earlier diagnosis as an adjunct to established modalities or alone 

when other imaging modalities are not available or considered too costly, thereby providing 

access to appropriate imaging, across a wider patient cohort, reducing costs and improving 

short- and long term outcomes after interventions for shoulder or hip impingements. 

 

I hope that this thesis will encourage the use of ultrasound as a first line of investigation for 

impingement syndromes and that it will encourage further research into the potential 

applications of this modality for these and other impingement syndromes.
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Chapter 1  Introduction 

1.1  Impingement and Entrapment Syndromes 

An impingement is a mechanical encroachment upon or collision between two objects (20, 

21). Nerve entrapment occurs secondary to compression either acutely, or over time with 

repeated short intervals of mechanical constriction (9). A range of impingement and 

entrapment syndromes exist involving tendons, nerves, arteries, veins and bony surfaces 

within a spectrum of musculoskeletal pathologies (9). Progressive encroachment can result in 

oedema, haemorrhage, fibrosis, tendinosis and bony cortical damage depending upon the 

structure involved (9, 15, 22). While some of these syndromes are well-recognised clinical 

entities, imaging technologies such as MRI and ultrasound are increasingly being used in an 

attempt to provide prompt accurate diagnosis in other cases (8). Ongoing advances in 

technologies and resolution have seen medical imaging playing an increasing role in the 

diagnosis and treatment planning for these pathologies (9). 

1.2  Prevalence of Impingement and Entrapment Syndromes 

Shoulder impingement is a very common problem, with lifetime prevalence reported to range 

from 7 – 67% (23). Clinical assessment of shoulder impingement has only moderate 

sensitivity and specificity, with large inter-observer variability (24). It should be noted that 

widely different definitions of shoulder pain contribute to the variation in reported prevalence 

rates (23). Assessment and management of the painful shoulder is based on the Neer concept 

of subacromial impingement, where interaction of the anterior supraspinatus tendon, 

acromion, coracoacromial ligament and the acromioclavicular joint progressively damages the 
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rotator cuff (24). Imaging is required to supplement clinical assessment, with the benefits of 

ultrasound well recognised, with studies showing no statistical difference between ultrasound 

and MRI for detecting full or partial-thickness rotator cuff tears or tear size (23-25).  

 

Peripheral neuropathies are also common, with about 20 million people in the United States 

(6.5%) suffering some form of peripheral neuropathy (26). Approximately 8-9% of Medicare 

(United States) recipients have peripheral neuropathy as their primary or secondary diagnosis 

(26). Neuropathy secondary to mechanical impingement or entrapment is less common. The 

incidence of carpal tunnel syndrome, the most common entrapment syndrome, has been 

reported to be  2.7% in the United States (27).  

 

Quadrilateral space syndrome, a mechanical entrapment of the axillary nerve in the 

quadrilateral space of the shoulder is an uncommon syndrome thought to occur secondary to 

either prolonged repetitive trauma in overhead athletes or manual labourers, or secondary to 

shoulder trauma, with the reported incidence after anterior shoulder dislocation ranging from 

5% to 55% (28, 29). Axillary nerve compression may also be caused by space-occupying 

lesions such as tumours, cysts and inflammatory processes, or dynamically, by narrowing of 

anatomic tunnels and passages through which the nerve travels during athletic or vocational 

endeavour (30). 

 

The bony articulation of the hip can also be subject to an impingement syndrome where the 

femoral head-neck junction impacts upon the acetabular labrum. Impingement occurs due to a 

non-spherical extra-articular protuberance of bone at the femoral head-neck junction 

impacting the acetabulum, usually with flexion of the leg upon the trunk in adduction - known 

as femoroacetabular impingement (FAI) (5, 31). This mechanical bony impingement at the 

hip can result in damage to the articular cartilage and cartilaginous labrum, possibly leading to 
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OA (32). It has been suggested that up to 65% of OA of the hip has an identifiable anatomical 

variation as a cause (33). FAI has been shown in a number of studies to occur mainly in 

younger patients (20-40 years) with an estimated incidence of approximately 10-20% (1, 31).  

Early severe OA can lead to joint degeneration and loss of function and ultimately require hip 

arthroplasty (5). The number of hip replacements in Australia has risen from 5829 in the year 

2000, to 46646 in the year 2016 at an estimated average cost of $25,000 per hip replacement 

in Victoria (3, 34). 

 

Impingement can also occur at the hip after hip replacement arthroplasty, with a small number 

of patients developing a progressive soft tissue reaction to wear debris associated with the 

orthopaedic hardware (16, 18, 35). ALTR can cause soft tissue necrosis and aseptic loosening, 

the major factor in early prosthesis failure (36). The problem is sufficient to cause recall of 

some types of hip prostheses, such as the Articular Surface Replacement, which demonstrated 

a failure rate of 25% and 48.8% at six years for resurfacing and total hip prostheses 

respectively (36).  

 

Resurfacing hip prostheses, where the native femoral neck is preserved and a prosthetic cap is 

fixed to the top of a remodelled femoral head have a unique impingement syndrome. In this 

case, ALTR causes osteolysis and thinning of the native femoral neck ultimately resulting in 

femoral neck fracture (37, 38). 

 

Early detection of ALTR to prosthetic hip wear debris is vital to improve the success of 

revision surgery for hip replacement (18). Several national bodies have recommended regular 

medical imaging follow-up of hip prostheses specifically to detect ALTR early and improve 

revision outcomes (18, 39). The revision burden of hip arthroplasty in Australia in 2016 was 

reported as 8.9% (40). Significant differences currently exist in the recommended guidelines 
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for follow-up of hip arthroplasty between the five major authorities (USA, Europe, UK, 

Canada, Australia) in both frequency and imaging technique (4). Much of the current 

worldwide guidance is not evidence-based, with most protocols lacking the sensitivity to 

detect asymptomatic ALTR lesions (4). 

1.3  Current Imaging Techniques for Impingement and Entrapment 

Syndromes 

All medical imaging techniques are currently utilised to some degree in the detection and 

characterisation of impingement and entrapment syndromes of the shoulder and hip (9, 12, 

41). Each modality however, has its own limitations. Mainstays of medical imaging such as x-

ray and CT are unable to depict soft tissue structures such as nerves and ligaments or 

demonstrate postural-based impingement or compression of soft tissues such as those which 

occur in QSS (Figure 3-2). X-ray and CT are often contraindicated due to radiation dose 

concerns for younger patients or when screening large asymptomatic populations. X-ray 

arteriography for detecting vascular compression is invasive as it requires intravenous 

administration of radio-opaque contrast and is rarely used today (29). 

 

MRI, MR angiography and MARS MRI are widely used in a number of cases, however, they 

are relatively expensive and are not always available, and in the case of angiography, can be 

invasive. MRI is unable to demonstrate the axillary nerve in the quadrilateral space or soft 

tissues adjacent to orthopaedic hardware (19, 42). 

 

Ultrasound can directly visualise some nerve abnormalities and provide information on the 

nature of impingement or constriction of a nerve, particularly in cases where the clinical 

picture is confusing or equivocal (42). In carpal tunnel syndrome, the most common upper 
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limb impingement syndrome, focal calibre changes of the median nerve can be directly 

visualised by ultrasound imaging (Figure 1-1). 

High-resolution ultrasound has become an efficient, reliable, and low-cost alternative to MRI 

for detection of entrapment and compressive neuropathies (9). Ultrasound has many 

advantages over the more established modalities. Ultrasound images are not affected by 

orthopaedic hardware or metallic implants, have better spatial and contrast resolution, and are 

able to be performed dynamically, giving functional information and have a flexible field of 

view (43).  

 

Figure 1-1: Ultrasound of the median nerve at the wrist. The median nerve (yellow shading) is 

impinged upon by the flexor retinaculum (green shading) at the carpal tunnel of the wrist in Carpal 

Tunnel Syndrome. Source: David Robinson, The Avenue X-ray & MRI 

1.3.1 Current imaging in Quadrilateral Space Syndrome 

For patients presenting with suspected QSS, diagnosis relies upon angiographic 
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demonstration of compression of the PCHA on abduction and external rotation (ABER) of the 

arm as evidence of mechanical compromise of the axillary nerve in the quadrilateral space 

(44-46). MRA has supplanted arteriography as the standard of diagnosis for QSS (Figure 1-2) 

(2, 46).  

 

Figure 1-2: Magnetic Resonance Angiogram of the PCHA. The artery is highlighted by the green 

arrowheads passing behind the surgical neck of the humerus. This procedure is difficult to perform and 

is invasive, requiring contrast administration Source: Dr. Paul Marks, The Avenue Radiology, 

Windsor. 

MRA is, however, difficult to perform and is invasive and relatively expensive, not available 

in all areas and requires the patient to maintain the arm in an uncomfortable position for an 

extended length of time (2). MRA is now considered amongst other imaging modalities such 
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as CT angiography and XR angiography for young people with evidence of upper limb 

ischaemia and/or neurogenic features depending upon clinician preference and likely 

diagnosis (2, 47). 

1.3.1.1 Doppler Ultrasound 

Currently, ultrasound has no role in the diagnosis of QSS, however, Doppler ultrasound 

techniques for the assessment of peripheral arteries may be applied to the PCHA to detect 

compression and occlusion of the PCHA with ABER. 

 

Doppler ultrasound is capable of the quantitative assessment of blood flow and blood flow 

velocity within blood vessels. It is routinely used to assess arterial stenoses and occlusions 

compromising blood flow in the upper and lower limbs, most commonly when examining 

cases of suspected atherosclerosis, arterial embolus or thrombosis (48-50). Doppler ultrasound 

is the modality of choice in the assessment of the subclavian artery in suspected thoracic 

outlet syndrome (51). When the diameter of an artery is reduced by atherosclerotic disease or 

external compression, some identifiable characteristics of the Doppler frequency spectrum 

will change (Figure 1-3)(49). Changes detectable with spectral Doppler ultrasound include 

increased flow velocity and turbulence immediately distal to a stenosis (49).  
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Figure 1-3: Doppler ultrasound of a radial artery stenosis. Color Doppler ultrasound shows a widely 

patent radial artery with uniform color filling at the wrist (upper image). Stenosis (lower image) 

demonstrates narrowing of the flow channel and color mosaicism representing increased velocities and 

turbulence, the hallmarks of arterial stenosis on Doppler ultrasound. Stenosis in this case is artificially 

generated by compressing the artery with the transducer against the radius bone. Source: David 

Robinson, The Avenue X-ray & MRI. 

Sensitivity and specificity of duplex scanning for haemodynamically significant lesions 
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(>50% stenosis) of peripheral arteries have been found to be 98%, with a positive predictive 

value of 94% and negative predictive value of 92% (52). Duplex sonography is comparable to 

the gold standard arteriography for the detection of arterial lesions and determining the degree 

of stenosis for peripheral artery disease (52). 

 

1.3.2 Current imaging for detection and quantification of FAI 

A quantitative measurement of the loss of normal sphericity of the femoral head-neck junction 

in FAI was first described by Nötzli et al in 2002 using MRI to calculate a femoral head-neck 

alpha angle (11). Thirty-nine patients with groin pain, decreased internal rotation and a 

positive impingement test were compared with 35 asymptomatic control subjects of similar 

age (group average age 30 and 35 years respectively) and the angle between the waist and 

neck at the femoral head-neck junction (alpha angle) was calculated and compared (Figure 

1-4) (11). The mean alpha angle in the control group was 42.0º ± 2.2° (range 33º to 48º) and 

74.0º ± 5.4° (range 55º to 95º) in the patients (p < 0.001) (11). 
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Figure 1-4: The alpha angle described by Nötzli et al (2002). A circular template is placed over the 

femoral head. A line is drawn from the center of the femoral head (hc) laterally through the center of 

the narrowest part of the femoral neck (point nc on line n). Another line is drawn from the center of 

the femoral head through the point at which the femoral head-neck contour exits the circular template 

(point A). The angle between the lines hc-A and hc-nc is the alpha angle. Source: Nötzli et al (2002) 

(11), adapted by David Robinson, The Avenue X-ray & MRI. 

Subsequent investigations by Beaulé et al (2005) using 3DCT found similar results to those of 

Nötzli et al (12).  
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Figure 1-5: 3DCT (left) and MRI (right) of the hip demonstrating the axial plane used for calculation 

of the alpha angle. The CT image on the left has had the alpha angle calculated according to the 

method of Beaulé (49.2 degrees). The superior bone-soft tissue contrast of the CT is preferred in our 

institution for calculation of the alpha angle. Source: David Robinson, The Avenue X-ray & MRI 

Current imaging techniques for hip FAI are problematic in the target patient group, typically a 

young asymptomatic population, due to cost and availability of MRI and CT scanning. MRI 

for evaluation of FAI is of limited availability and relatively expensive, similar to MRI for 

QSS. In the case of CT and plain X-ray, unnecessary radiation exposure in young people 

causes concern when there may be no clinically evident pathology early in the disease process 

(11, 12, 53). There is a need for new imaging techniques and classification of the FAI hip 

ahead of the onset of OA to justify surgical intervention in essentially asymptomatic young 

adults (5).  

1.3.3 Current imaging of Adverse Local Tissue Reaction 

The areas adjacent to a hip prosthesis are not readily imaged using MRI or MRI with metal 

artefact reduction sequencing (MARS MRI) protocols (54). MRI is contraindicated for some 

types of ferrous implants as safety has not been evaluated. Further, it is expensive and not 

widely available and thus not suitable for the screening of an asymptomatic well-functioning 
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prosthesis (19, 55).  

 

There is a need to develop tolerable, low-cost imaging protocols for routine follow-up of all 

patients after hip replacement surgery. The Medicines and Healthcare products Regulatory 

Agency of the UK and the United States FDA recommend ultrasound in the follow-up of hip 

prostheses (18, 19, 39). Ultrasound provides superior imaging of the periprosthetic soft tissues 

of the post-arthroplastic hip as it is unaffected by metal artefact from the prosthesis and is able 

to easily and reliably characterize soft tissue masses (54, 56). Ultrasound is ideally suited to 

convenient regular follow-up of hip arthroplasty patients, including screening for ALTR in 

asymptomatic groups. 

1.4  Purpose of thesis 

The central theme of this research is the evaluation of ultrasound techniques for the detection 

and assessment of a number of impingement and entrapment syndromes affecting the 

shoulder and hip.  

The purpose of this thesis is to:  

i. Investigate the use of ultrasound in the detection of arterial impingement of the PCHA as 

a proxy for mechanical impingement of the axillary nerve in the quadrilateral space, 

ii. To demonstrate the usefulness of ultrasound in providing objective evidence of FAI when 

CT is not available or not appropriate by comparing an ultrasound measurement of the 

femoral head-neck alpha angle to an established imaging standard, and 

iii. To characterize the typical ultrasound findings with particular reference to the shape of the 

anterior hip capsule, the presence of fluid or solid material about the femoral neck and the 

iliopsoas bursa, as well as size of the iliopsoas tendon in a group of patients undergoing 

routine biennial review of arthroplastic hips.  
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The work described in this thesis is presented as a series of published papers linked together 

according to the central thesis by assessing the ability of ultrasound to detect the PCHA, 

determining the rate of occlusion of the PCHA in a normal population, comparing ultrasound 

measurement of the femoral head-neck alpha angle to 3DCT as the established standard, and 

using ultrasound to assess characteristics of the soft tissues surrounding hip prostheses. 

The results of this research will enable clinicians with limited access to sophisticated, invasive 

and expensive modalities such as MRI arteriography and 3DCT to diagnose and commence 

treatment of impingements earlier, especially in younger patients without concerns regarding 

radiation burden and potentially, before major irreversible soft tissue damage occurs. Earlier 

detection provides a wider range of options for patient management which may reduce the 

need for expensive and invasive treatments with concomitant improvement of outcomes. 

The new applications of ultrasound described in this thesis add objective medical imaging 

evidence of disease and will result in better management and reduced morbidity.
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Chapter 2  Anatomy of the Shoulder and Hip 

2.1 Anatomy of the Shoulder joint 

2.1.1 Osteology of the Shoulder joint 

The shoulder joint is a multi-axial spheroidal joint, made up of the hemi-spherical head of the 

upper arm bone – the humerus, and the shallow glenoid cavity of the scapula (57). The 

humerus is a long bone with an expanded round head proximally having an ovoid shape, 

forming less than half of a sphere, directed medially backwards and upwards when the arm is 

by the side (57, 58). There is an anatomical neck, adjoining the margin of the head and visible 

as a slight constriction at the margin of the rounded spherical head (58). There is also a 

surgical neck visible as a tapered region where the upper part of the bone joins the shaft, 

inferior to the anatomical neck (57, 58). A groove approximately 4mm deep passes through 

the anatomical neck containing the long head of the biceps tendon, and dividing the 

anterolateral aspect into greater and lesser tubercles (Figure 2-1) (58).  

 

The scapula is a large flattened triangular bone on the posterolateral aspect of the thorax. The 

lateral angle of this triangle narrows to form the scapula neck, which then connects the 

glenoid to the scapula (57). The pear-shaped concave glenoid cavity is deepened by a 

fibrocartilaginous rim attached to its margins known as the glenoid labrum (58)
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Figure 2-1: Bony anatomy of the shoulder. Three-dimensional computed tomogram of the right 

shoulder, viewed from anterolateral. Fracture of the scapula glenoid, denoted by the white asterisk. A 

– acromion, B – bicipital groove, G – glenoid, H – humeral head, L – lesser tuberosity, GT – greater 

tuberosity. Source: The Avenue X-ray & MRI. 

2.1.2 Angiology of the Proximal Upper Limb 

2.1.2.1 The Subclavian artery 

The second part of the subclavian artery is very short and usually lies behind the scalenus 

anterior muscle (Figure 2-2) (57). Occasionally the artery perforates the scalenus anterior 

muscle and extremely rarely lies in front of this muscle. The third part of the subclavian artery 

runs downwards and laterally from the lateral margin of the scalenus anterior, behind the 

clavicle to the lateral border of the first rib to become the axillary artery (57, 59). The 
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relations of the first part of the subclavian artery are different for left and right sides, however 

posteriorly and inferiorly both sides apply closely to the pleura and apex of the lung and both 

sides lie deep to the skin and the clavicular attachment of the sternocleidomastoid muscle 

(57). 

2.1.2.2 The Axillary artery 

The axillary artery is a continuation of the subclavian artery that begins at the outer border of 

the first rib distal and inferior to the clavicle (59). The pectoralis minor muscle crosses the 

vessel and divides it into three parts – proximal, posterior (to the pectoralis minor) and distal. 

The first part of the axillary artery lies deep to the clavicular fibres of the pectoralis major 

muscle (57). The posterior part lies behind the pectoralis major and minor muscles and in 

front of the posterior cord of the brachial plexus (57). The cords of the brachial plexus 

surround the posterior (second) part on three sides, posterior, medial and lateral and separate 

it from contact with adjacent axillary vein and muscles (57). 

It is the third part of the axillary artery gives rise to the PCHA at the lower border of the 

subscapularis muscle which lies posterior to the axillary artery at this point (Figure 2-2) (57). 

2.1.2.3 The Posterior Circumflex Humeral Artery (PCHA) 

The PCHA is larger than the anterior circumflex humeral artery, with the average transverse 

diameter measuring 3.7mm (60). It branches from the third part of the axillary artery just 

below the lower border of the subscapularis muscle and passes backwards with the axillary 

nerve via the quadrilateral space (Figure 2-3) (57). The PCHA branches from a common trunk 

with the deep brachial artery from the axillary artery in 19% of individuals (61). It passes in a 

curved shape posteriorly to the neck of the humerus to give branches to the deltoid, teres 

major and minor, and long and lateral heads of triceps muscles, before anastomosing with the 

anterior circumflex humeral artery (Figure 2-5) (57, 61). 
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Figure 2-2: Coronal view of the right shoulder - detailed anatomy of the thoracic outlet. The 

subclavian artery and brachial plexus can be seen passing through the scalene triangle (red), 

costoclavicular space (green) and retropectoralis minor space (blue). The clavicle has been cut and the 

pectoralis muscles retracted for visualisation. Source: Gray, H. Anatomy of the human body, 1918 

(57). Adapted by David Robinson, The Avenue X-ray & MRI. 
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Figure 2-3: Arterial anatomy of the left shoulder viewed from behind. The Posterior Circumflex 

Humeral Artery (white cross hatch) arises from the posterior aspect of the axillary artery (black arrow) 

to pass backwards through the quadrilateral space accompanying the axillary nerve (not shown). 

Source: Primal Pictures, www.anatomy.tv (62). 

2.1.3 Neurology of the Proximal Upper Limb 

2.1.3.1 The Brachial Plexus 

The brachial plexus is formed by the union of the ventral rami of the lower four cervical 

nerves (C5 to C8) and the greater part of the ventral ramus of the first thoracic nerve (T1) 

(63). The plexus emerges between the scalenus anterior and scalenus medius muscles at first 
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above the third part of the subclavian artery and then posterior to the artery (Figure 2-2). The 

cords surround the second part of the axillary artery on three sides with the posterior cord 

behind (57). The lower four cervical nerves and the first thoracic nerve form the roots of the 

plexus, and while nearly almost equal in size, are subject to some variation in the way in 

which the plexus is formed;  the most constant arrangement is C5 and C6 to unite to form an 

upper trunk, C8 and T1 unite behind the scalenus anterior muscle to form a lower trunk, and 

C7 forms the middle trunk of the plexus (Figure 2-4) (57, 63). The three trunks pass 

downwards and laterally, and just above or behind the clavicle each splits into an anterior and 

a posterior division (63). The posterior divisions of all three trunks unite to form the posterior 

cord of the plexus, which is situated at first above and then behind the axillary artery (Figure 

2-4 & Figure 2-5) (57). The anterior divisions of the upper and middle trunk unite to form a 

cord situated on the lateral side of the axillary artery called the lateral cord of the plexus (63). 

The anterior division of the lower trunk passes down at first behind and then on the medial 

side of the axillary artery to form the medial cord of the brachial plexus (57). 

2.1.3.2 The Axillary Nerve 

The axillary nerve arises from the posterior cord of the brachial plexus, derived from C5 and 

C6 (Figure 2-4) (57, 64). It descends inferolaterally anterior to the subscapularis muscle to the 

lower border of the subscapularis muscle, and just lateral to the pectoralis minor muscle it 

arises and winds backwards in intimate relation to the lower part of the articular capsule of the 

shoulder joint, to pass through the quadrilateral space (51, 57, 64, 65). The nerve is the most 

superior structure in the space, extending on average 10mm from the glenoid labrum but as 

little as 2.5mm in some cases (66). The nerve follows Hilton’s law where the nerve supplying 

the muscles extending across and acting upon a joint also innervate the joint (64). The axillary 

nerve divides into anterior (superior) and posterior (inferior) branches, usually in the 

quadrilateral space (64, 66). It is the anterior branch that is accompanied by the posterior 
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circumflex humeral vessels, taking a tortuous path around the surgical neck of the humerus 

posteriorly deep to the deltoid muscle, supplying the anterior and middle deltoid muscle and 

providing a number of cutaneous branches (Figure 2-5 & Figure 2-6) (57, 64, 66). The 

posterior branch supplies the teres minor and the posterior part of the deltoid muscle, and 

continues as the upper lateral cutaneous nerve of the arm, supplying the skin over the lower 

part of the deltoid and the upper long head of triceps muscle (Figure 2-5 & Figure 2-6) (57, 

64). 



 25 

 

Figure 2-4: Detailed anatomy of the Brachial Plexus (Right shoulder from the front). The axillary 

nerve arises from the posterior cord. Source: Gray, H. Anatomy of the human body, 1918 (54) adapted 

by David Robinson, The Avenue X-ray & MRI. 
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Figure 2-5: The anatomy of the quadrilateral space (left shoulder viewed from behind). The PCHA (*) 

can be seen accompanying the anterior branch of the axillary nerve (yellow) through the quadrilateral 

space. The division of the nerve into anterior (arrowhead) and posterior (arrow) branches can be seen. 

Source: Gray, H. Anatomy of the human body, 1918 (57) adapted by David Robinson, The Avenue X-

ray & MRI 
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Figure 2-6: Schematic representation of the course of the axillary nerve beyond the quadrilateral 

space. A - anterior deltoid, M - middle deltoid, P - posterior deltoid. Source: Galley (2015)(64). 

2.1.4 The Quadrilateral space 

 The quadrilateral space is bounded superiorly by the teres minor, medially by the long head 

of triceps muscle, laterally by the neck of the humerus and inferiorly by the teres major 

(Figure 2-7) (57, 67). 
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Figure 2-7: The quadrilateral space of the left shoulder, viewed from behind. The deltoid muscle has 

been removed. The quadrilateral space (*) lies just below the joint capsule and medial to the surgical 

neck of the humerus. Source: Williams PL, Warwick R E (Ed.s.) Grays Anatomy 36th Ed 1980 (57) 

adapted by David Robinson, The Avenue X-ray & MRI. 

2.1.5 The Thoracic Outlet 

Three compartments form what is known as the thoracic outlet. The interscalene triangle is 

the most proximal (medial) composed of the anterior scalene muscle, middle scalene muscle 

behind and the first rib inferiorly (57). The triangle passes the subclavian artery inferior-most, 

and the three trunks of the brachial plexus. The costoclavicular space is formed by the clavicle 

superiorly, the subclavius muscle anteriorly, and posteriorly by the first rib and middle 

scalene muscle (51, 57). The costoclavicular space passes the subclavian vein anterior-most, 

the subclavian artery immediately behind, and the brachial plexus (Figure 2-2). The 

retropectoralis minor space is the most lateral of the three compartments, being bordered by 



 29 

the pectoralis minor muscle anteriorly, subscapularis muscle posterior and superior, and by 

the anterior chest wall posteriorly and inferiorly (Figure 2-2) (57).The arrangement of the 

neurovascular structures within the retropectoralis minor space is similar to the 

costoclavicular space (51).  

2.2 Anatomy of the hip joint 

2.2.1 Osteology of the Hip joint 

2.2.1.1 The Acetabulum 

The acetabulum of the pelvic innominate bone is a deep hemispherical cavity on the lateral 

aspect, with the opening directed laterally, downwards approximately 45 degrees and 

forwards approximately 15 degrees (57, 68). The sides of the cup present an articular (lunate) 

surface, widest superiorly by which the weight of the trunk is passed onto the femur bone 

when erect (57). This horse-shoe-shaped strip is covered with articular cartilage and provides 

the surface upon which the femur articulates within the hip joint (68). 

2.2.1.2 The Femur 

The femur is the longest and strongest bone of the body. Its’ proximal end comprises a 

rounded articular head projecting medially on a short neck of bone, with a greater and lesser 

trochanter (57). The head of the femur is half to two thirds of a sphere directed upwards, 

medially and slightly forwards to articulate with the acetabulum (Figure 2-8) (57, 68). It is 

entirely covered in hyaline cartilage, thickest anterosuperiorly (68). The neck of the femur is 

about 5cm long and connects the head and the shaft at an angle of about 125°-135° (the angle 

of inclination) allowing the leg to swing clear of the pelvis (57, 68). The neck of the femur is  

narrowest at its’ middle and is wider at the lateral extent than medially (57). The anterior 
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surface of the neck is flattened and is marked at its’ junction with the femoral shaft by a 

prominent rough ridge termed the intertrochanteric line (57). This anterior surface of the neck 

is entirely intra-capsular and the capsular/ligamentous structure extend to the intertrochanteric 

line on the anterior aspect (57, 68).  

 

Figure 2-8: Anatomy of the anterior femoral neck. Source: Williams & Warwick, Gray's Anatomy, 

36th ed.(57). 

Ossification of the femur occurs from five centres, in the shaft, head, greater and lesser 

trochanters and the distal end (57). The epiphyseal line between the neck and head is known 

as the capital or upper femoral epiphysis (57, 69). The epiphyses fuse independently with the 
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capital epiphysis fusing during the fourteenth year in females and the seventeenth year in 

males (57). 

 

2.2.2 Angiology of the Hip 

2.2.2.1 The Femoral Artery 

The femoral artery is a continuation of the external iliac artery beginning behind the inguinal 

ligament midway between the anterior superior iliac spine and  symphysis pubis (57, 59). It 

passes inferiorly anteromedial to the hip joint. It is separated behind from the tendon of the  

psoas major by the femoral sheath – a downward prolongation of the iliac fascia of the 

abdomen (57). It is separated from the capsule of the hip joint by the tendon of the psoas 

major. The nerve to the pectineus muscle passes medially behind the proximal end of the 

artery (57). Immediately lateral to the artery lies the femoral nerve (57). 

2.2.2.2 Arteria Profunda Femoris 

The Arteria Profunda Femoris is large branch of the femoral artery, usually from the lateral 

side approximately 3.5 cm (between 2.5 and 5 cm) below the inguinal ligament (48, 57). This 

artery passes at first laterally but then turns medial and passes behind the femoral artery and 

vein to the medial side of the femur to descend and anastomose with the muscular branches of 

the popliteal artery (57). The origin of the arteria profunda femoris is somewhat variable and 

it may sometimes arise from the medial side and more rarely, from the posterior aspect of the 

femoral artery (48, 57, 59) 

2.2.2.3 The Lateral Circumflex Femoral Artery 

The Lateral Circumflex Femoral artery arises as a lateral branch of the arteria profunda 

femoris and continues laterally between the divisions of the femoral nerve and behind the 
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sartorius and rectus femoris and divides into ascending, transverse and descending branches 

(48, 57). Occasionally the lateral circumflex femoral artery may also arise directly from the 

femoral artery (57). The ascending branch passes superiorly along the intertrochanteric line to 

the lateral side of the hip where it anastomoses with the superior gluteal and deep circumflex 

iliac arteries and forms an anastomotic ring with the medial circumflex femoral artery from 

which the femoral head and neck are supplied (48, 57). 

2.2.2.4 The Medial Circumflex Femoral Artery 

This artery usually arises from the posteromedial aspect of the profunda but also frequently 

from the femoral artery (48, 57). After supplying the adductor muscles it then passes medially 

around the femur between the pectineus and psoas major to divide into transverse and 

ascending branches (57). The ascending branch passes obliquely upward towards the 

trochanteric fossa to anastomose with the gluteal and lateral circumflex femoral arteries (57). 
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Figure 2-9: The Common Femoral Artery. The Anterior and Posterior Circumflex Humeral arteries 

can be seen branching from the Arteria Profunda Femoris, in turn a branch of the Common Femoral 

Artery. Source: (62). Adapted by David Robinson, The Avenue X-ray & MRI. 

2.2.2.5 The Common Femoral Vein 

The Common Femoral Vein accompanies and lies medial to the femoral artery at the level of 

the hip, occupying the middle compartment of the femoral sheath (57, 59). It receives 

numerous muscular tributaries as well as the vena profunda femoris vein from posterior, and 

the great saphenous vein proximally, entering its anterior aspect (57, 59). The lateral and 

medial circumflex femoral veins are also usually tributaries (57). 
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2.2.3 Arthrology  

The hip is a multi-axial ball-and-socket joint where the head of the femur (ball) articulates 

with the cup-shaped fossa (socket) of the acetabulum (Figure 2-10) (57, 68). The articular 

surfaces are not completely congruent and the close-pack position (maximal articular surface 

congruency/stability) occurs at full extension and some medial rotation, allowing the human 

to stand erect with minimal muscular effort (57, 70). At full extension, the iliofemoral 

ligament has an anchoring function assisting the maintenance of a standing position (68). The  

articular surfaces are spheroidal and the femoral head is completely covered with articular 

cartilage except for a small roughened pit called the fovea capitis, to which the ligament of the 

head is attached (57). The depth of the acetabulum is increased by a fibro-cartilagenous rim – 

the acetabular labrum (57, 68).  

 

2.2.3.1 Fibrous capsule 

The fibrous capsule is a strong and dense fibrous covering attached in front to the outer 

margin of the labrum surrounding the neck of the femur and attached in front to the 

intertrochanteric line and above to the base of the neck of the femur (57).  The fibrous capsule 

is much thicker anteriorly and at the upper part where the greatest amount of resistance is 

required, particularly during standing (57, 71).  The anterior part is reinforced by the 

iliofemoral ligament (57, 68). It is covered in front by the psoas major and iliacus muscles and 

separated from them by a bursa (57). 

 

2.2.3.2 Acetabular labrum 

The acetabular labrum is a fibro-cartilagenous ring composed of type I collagen attached to 

the margin of the bony acetabulum (57, 72, 73). The inner articular two thirds are essentially 
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avascular, while the outer one third derives an adequate blood supply from the hip capsule 

(medial and lateral circumflex femoral arteries) (72). The free edge of the labrum is turned in 

and embraces the head of the femur closely such that the head of the femur is held in place 

even if the fibrous capsule is divided (57, 68). The primary function seems to be to act as a 

sealing mechanism to trap synovial fluid, keeping the femoral and acetabular articular 

surfaces separate even when under load (72). 

 

Ramified free nerve endings involved in tactile and pain sense are found throughout all parts 

of the labrum, but are more numerous in the superior and anterior quarters of the labrum (74). 

Eighty-six percent of sensory end-organs including those involved in pressure, deep sensation 

and temperature sense are found in the superficial layer (74). The labrum is innervated with 

free nerve endings with and without end-organ mechanoreceptors, suggesting both a 

nociceptive (pain) and proprioceptive (positional) role for the labrum of the hip joint (73, 74).  
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Figure 2-10: The hip joint. Source: Primal Pictures Ltd. (62). 

2.2.3.3 Iliofemoral ligament 

The iliofemoral ligament is triangular in shape and the strongest of all the ligaments of the 

body,  lying in front of the joint and blended with the capsule (57, 68). It forms an inverted 

“Y”, with the apex of the triangle attached to the lower part of the anterior inferior iliac spine 

and its base to the intertrochanteric line of the femur (Figure 2-11) (57). The medial aspect is 

essentially vertical in orientation and attached to the lower part of the trochanteric line. The 

lateral aspect of the iliofemoral ligament is oblique and attached to the upper part of the same 

trochanteric line (57, 68, 71). This lateral band is sometimes referred to as the iliotrochanteric 

ligament. 
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2.2.3.4 Pubofemoral ligament 

The pubofemoral ligament  is also triangular with its base at the iliopectineal eminence and 

the superior ramus of the os pubis of the pelvic innominate bone (57). It blends with the 

fibrous capsule and the deep surface of the medial aspect of the iliofemoral ligament (57).  

 

Figure 2-11: The ligaments of the anterior hip joint. Source: Williams & Warwick, Gray's Anatomy, 

36th ed. 1918  (57). 

2.2.3.5 Psoas Major 

A long fusiform muscle lateral to the lumbar region of the vertebral column, it arises from the 
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transverse processes of the lumbar vertebra, the intervertebral discs of  T12 to L5 and the 

tendinous arches (57, 75). It descends along the pelvic brim, continues posterior to the 

inguinal ligament and anterior to the capsule of the hip joint before converging into a tendon 

and receiving on its lateral side nearly all of the fibres of the iliacus muscle and then attaching 

to the lesser trochanter of the femur (57). Its medial border at the level of the hip joint is 

partially overlapped by the femoral vein lying anteromedially (57). 

 

2.2.3.6 Psoas Minor 

Absent in 40% of individuals, it originates from the bodies of T12 and L1 and inserts onto the 

iliopectineal eminence of the innominate bone and the iliac fascia (75). Although not 

continuing to the lesser trochanter of the femur, the psoas minor muscle when present is 

nevertheless considered part of the iliopsoas compartment, lying ventral to the psoas major 

(75). 

 

2.2.3.7 Iliacus  

A triangular sheet of muscle arising from the inner lip of the iliac crest, the superior two-

thirds of the concavity of the iliac fossa and the upper  surface of the lateral part of the sacrum 

(57). Most of its fibres converge into the lateral side of the tendon of the psoas major but 

some attach directly to the femur distally and in front of the lesser trochanter (57). It receives 

some fibres from the upper part of the capsule of the hip joint (57, 71). 

 

2.2.3.8 The iliopsoas bursa 

Also called the subtendinous iliac bursa it separates the iliacus and psoas tendons from the 
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pubis and the capsule of the hip joint and is present bilaterally in 98% of adults (Figure 2-12) 

(57, 76). During the dissection of seven cadavers the bursa was found to extend from the level 

of inguinal ligament just lateral to its midpoint, downwards and slightly laterally over the thin 

part of the hip joint capsule between the iliofemoral and pubofemoral ligaments to the level of  

the neck of the femur just above the lesser trochanter (77). Its average dimensions were 

measured at 5.5cm long by 2cm wide and it is usually of equal width from the superior to the 

inferior aspect, but sometimes it is wider at the cephalic end (77). The distal limit of the bursa 

coincides with the insertion of the psoas tendon onto the lesser trochanter (76). Its function is 

to reduce friction between the iliopsoas muscle and the underlying hip joint during hip 

movements (77). The bursa occasionally (among 14% of adults) communicates with the hip 

joint through a circular aperture between the pubofemoral ligament and the vertical band of 

the iliofemoral ligament (57, 76). This communication can be congenital or acquired (78). In 

cases where the communication between the joint and the bursa is acquired, repeated friction 

and chronic synovitis can result in tears in the synovial membrane over time and allow fluid 

to pass into the bursa, causing it to enlarge (78). Common disorders associated with an 

enlarged iliopsoas bursa are mainly of chronic nature and associated with increased 

production of synovial fluid (and increased intra-articular pressure) including OA, 

Rheumatoid arthritis, osteonecrosis and total hip replacement (78). Superiorly, the bursa, 

when enlarged may extend into the pelvic cavity below the inguinal ligament (76). When it 

enlarges the bursa dissects anteriorly between the iliopsoas tendon and the pectineus muscle, 

posterolateral to the femoral vessels to reach the femoral ring immediately behind the inguinal 

ligament (57, 76). The bursa may also enlarge posterolaterally with a thin portion of the bursa 

dissecting between the iliac muscle and the ilium bone (78). 
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Figure 2-12: The Iliopsoas Bursa shown here in blue overlying the hip joint. The joint capsule is partly 

cut away (green) to reveal the ligaments. Source: Primal Pictures Ltd (62) (62). 

2.2.4 Neurology of the Hip 

2.2.4.1 The Femoral Nerve  

The femoral nerve is the largest branch of the lumbar plexus, arising from the dorsal branches 

of the ventral rami of the second, third and fourth lumbar nerves (57). It descends through the 

substance of the psoas major and passes inferiorly between the psoas major and the iliacus 

deep to the iliac fascia and passes behind the inguinal ligament before dividing into an 

anterior and posterior trunk (57). It lies lateral to the femoral artery and is separated from it by 

part of the psoas major behind the inguinal ligament (57). 
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Figure 2-13: The Femoral Nerve. Passing over the conjoint iliopsoas tendon anterior to the hip joint. 

Source: (62). Adapted by David Robinson, The Avenue X-Ray & MRI. 

2.2.4.2 The Saphenous Nerve 

The saphenous nerve is the largest cutaneous branch of the femoral nerve (57). It descends on 

the lateral side of the femoral artery and enters the adductor canal where it crosses the artery 

from its lateral to medial side (57). 

2.2.4.3 The Genitofemoral Nerve 

This nerve arises from the first and second lumbar nerves and passes obliquely downwards 

and forwards through the psoas major and then on the surface of that muscle before dividing 

at a variable distance above the inguinal ligament into the genital and femoral branches (57). 

The femoral branch descends on the lateral side of the external iliac artery and enters the 
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femoral sheath lateral to the femoral artery (57). It then pierces the anterior layer of the 

femoral sheath to supply the skin over the upper part of the femoral triangle (57).  

 

Figure 2-14: The Genitofemoral Nerve and its’ branches, passing obliquely downward over the surface 

of the iliopsoas shown here in orange. The Femoral Nerve (yellow) is labelled for clarity. Source: 

(62). Adapted by David Robinson, The Avenue X-Ray & MRI. 
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Chapter 3  Literature review 

3.1 Quadrilateral Space Syndrome (QSS) 

Peripheral neuropathies of the shoulder are all considered entrapment syndromes and account 

for 2% of shoulder sports-related pain (66). Many cases relate to a physical phenomenon 

where the nerve is stretched or encased into a fibrous or osteofibrous space such as the 

quadrilateral space (66). Quadrilateral Space Syndrome, where the axillary nerve is 

compromised within the quadrilateral space, was first reported in 1983 (10). The discovery of 

the syndrome originated from a critical review beginning in 1967 of the results of surgery to 

relieve thoracic outlet syndrome (10). This review found a high percentage of poor results 

where the subclavian artery was surgically decompressed without relief of symptoms.  

3.1.1 Fibrous bands 

Originally it was believed that the syndrome was caused by compression neuropathy of the 

axillary nerve within the quadrilateral space by anomalous fibrous bands traversing the space. 

Similar fibrous bands were not found at the dissection of an unknown number of cadavers 

(10). The condition is considered to be very uncommon, affecting less than two percent of the 

population, with only sixteen articles published in more than 30 years reporting 37 additional 

cases leading up the new classification in 2015 by the Mayo clinic (2, 26, 27, 45, 79, 80). 

Initially, the diagnosis of the condition was made by subclavian XR arteriography, where 

abduction of as little as 60 degrees caused occlusion of the PCHA (10). The 

subclavian/axillary angiogram in these patients had already been established as normal. 
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Impingement upon the PCHA was thought to be indicative of compression of the 

neurovascular bundle and hence pathognomonic of the condition. In the original study by 

Cahill, all asymptomatic shoulders showed a normal patent PCHA on ABER (10). Eighteen 

cases were operated on, with eight describing a dramatic improvement in symptoms, a further 

eight had improvement but with continued symptoms at night and two had no improvement 

(10).  

Successful surgical decompression to release the axillary nerve can be tested at surgery by 

palpating the reappearance of PCHA pulsations with the arm in ABER (10, 79, 81, 82). 

Some authors have speculated that the fibrous bands, usually occurring between the long head 

of triceps and the teres major, are caused by repetitive low-grade trauma to the shoulder, such 

as might occur among athletes engaged in activities requiring repetitive overhead movement 

(66, 81). QSS usually affects young active people such as young adult athletes undertaking 

repeated overhead actions such as throwers and swimmers (32, 79, 81, 83). Employment 

activities (such as cleaning, painting) may also be a source of similar repetitive trauma (29, 

84). The syndrome is not found in the elderly and less active individuals, supporting this 

hypothesis (81). In the original study Cahill and Palmer described the condition as 

“practically always in the dominant extremity” (10). Other subsequent reports have not 

remarked upon dominance or otherwise of the affected limb (29, 45, 82, 84, 85).  

Examination of a series of eight cadavers (16 shoulders, including three male and five female, 

of unknown age) in 2006 found fibrous bands traversing the quadrilateral space in 14/16  

(88%) shoulders (67). In most cases there were multiple bands, suggesting that these fibrous 

bands are perhaps a common finding (67).  

At surgery on symptomatic patients, the axillary nerve has been noted by some to be 

surrounded by fibrous tissue and tethered to the long head of the triceps (86). Examination of 
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a series of four cadavers in 1995 revealed that the axillary nerve slid freely over the surface of 

the tendinous part of the origin of the long head of triceps in presumably normal shoulders 

(86). MacClelland and Paxinos in their series of dissections found that the fibrous bands, 

when present, reduced the cross-sectional area of the quadrilateral space during both internal 

and external rotation (67).  

3.1.1 3.1.2 Shoulder translation with movement 

The axillary nerve itself passes underneath the shoulder articular capsule in close relation to 

the lower part of the humeral head (57, 65). This creates the possibility that movement of the 

humeral head (particularly inferior displacement) can give rise to axillary nerve compression 

neuropathy independent of conditions within the quadrilateral space. Humeral head 

decentering either secondary to trauma or due to instability (glenoid labral pathology or 

rotator cuff tear) may give rise to QSS (30, 79, 87-89). 

3.1.2 3.1.3 Mass lesions 

Tears of the glenoid labrum may be accompanied by the development of paralabral ganglion 

cysts. Inferior labral ganglion cysts may impinge upon the axillary nerve in the quadrilateral 

space giving rise to QSS (87). Mass lesions have been reported to be a cause of extrinsic 

compression of the axillary nerve leading to QSS (Figure 3-1). Hung et al (2014) reported a 

case of a 48 year old female with a 3cm Schwannoma of the axillary nerve in the quadrilateral 

space causing symptoms of QSS. This finding was confirmed by histopathological 

examination (80). More recently the description of QSS has been further defined as 

compression of the axillary nerve within the quadrilateral space by tumours, cysts or teres 

minor muscle hypertrophy (83).   

3.1.3 3.1.4 Other causes 

Other possible causes of axillary nerve compression neuropathy suggested in the past include 
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compression/shear between the teres major and minor during extended athletic endeavour or 

extreme abduction, hypertophy of the teres minor and/or subscapularis, as well as varicoceles 

within the quadrilateral space (30, 79). 

 

Some upper extremity vascular disorders in athletes may be caused by arterial embolic 

syndromes that are also secondary to impingement (90). Muscle hypertrophy in throwing 

athletes and fatigue-induced translational events may incite impingement on neurovascular 

structures (90).  

Impingement of the PCHA with ABER can damage the artery wall, giving rise to aneurysm 

and thrombus formation. The PCHA is particularly prone to mechanical injury as it passes 

around the neck of the humerus (91). Forceful overhead motion such as found among  high-

performance overhead athletes is postulated to cause a traction effect on the artery, leading to 

intimal injury, degeneration and aneurysm formation (47, 91). In a series of three professional 

volleyball players, Atema et al (2012) found that all had ischemia of the hand due to arterial 

emboli originating from an injured PCHA resulting in thrombosis passing retrograde to the 

axillary artery and thence to the distal small arteries (91). 
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Figure 3-1: Magnetic Resonance Image of a patient with a ganglion projecting from the inferior 

labrum (white arrow). The ganglion lies adjacent to the axillary nerve and posterior circumflex 

humeral artery. Source: Dr. Paul Marks, The Avenue Radiology, Windsor, 2010. 

3.2 Natural history of QSS 

The natural history of QSS is unknown but the condition is thought to be self-limiting.  

Progression of the condition is halted or reversed by sufferers ceasing the provocative activity 

or changing behaviours (10, 79). QSS may resolve with non-operative management provided 

there is no expanding lesion compressing the nerve within the quadrilateral space (79). 
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Behaviour modification, rest, and abstaining from activities that exacerbate symptoms and 

non-steroidal anti-inflammatory medications can often provide excellent symptomatic relief 

(2, 10, 79).  

Any lesion causing axillary nerve impingement may remain undiscovered where surgical 

intervention is not required, although space-occupying lesions such as ganglia and neuromata 

may be apparent with modern medical imaging (80, 87, 88). Fibrous bands such as those 

discovered by Cahill and Palmer cannot be imaged with any known technique at this time (10, 

66). 

The prognosis with non-operative treatment is difficult to assess because most reports only 

discuss those patients who underwent surgery (92). The axillary nerve does not appear to 

sustain injury from normal upper limb movements such as excursion and longitudinal tensile 

stress causing lengthening (2). The nerve sheath (epineurum) has circumferential collagen 

fibers that allow it to withstand more force than it transmits to the nerve core (endoneurum) 

protecting the core from injury during movements such as ABER (2). It is chronic fixed nerve 

traction that displaces the nerve in transverse and longitudinal dimensions leading to long-

term damage to axons and myelin (2). Cahill and Palmer in their original report found that 

seventy percent of patients (42/60) with compressed PCHA on angiography did not have 

symptoms sufficient to justify surgery (10). The indications for surgery included persistent 

symptoms despite non-operative management and confirmation of the diagnosis by a positive 

arteriogram or the presence of an aneurysm (2, 79). 

3.2.1 Pathophysiology of QSS 

Symptoms of QSS are varied but have been described as dull aching or burning pain over the 

lateral and posterior aspects of the shoulder, vague weakness affecting deltoid and teres minor 

muscles, and pain with applied pressure to the quadrilateral space posteriorly  (67, 79). 

Symptom onset is typically slow and intermittent and pain and paraesthesia is poorly 
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localized and has a non-dermatomal distribution (10). Symptoms are often exacerbated with 

overhead activity, in particular ABER (79). Affected persons may notice reduced abduction 

strength or an inability to raise their arm (79). Affected athletes may fatigue quickly during 

exercise, especially with overhead activity and/or heavy lifting (79). There may also be 

numbness/paraesthesia of the lateral arm, and if the syndrome is well advanced the patient 

may note atrophy or asymmetry of the deltoid muscle mass (2, 79). Employment activities 

(such as cleaning, painting) may also be a source of similar repetitive trauma (29, 45). The 

diagnosis is difficult when history and physical examination alone are relied upon, and in 

many cases no definite diagnosis can be reached (44, 93). Many individuals will present with 

unexplained pain for months or years (92). Delays in diagnosis may result in inappropriate 

treatment, prolonged disability and potentially irreversible muscular fatty atrophy of the 

deltoid and teres minor muscles, as well as permanent damage to the axillary nerve (85, 87, 

88).  

 Shoulder pain in the young athletic population is very common and may have a variety of 

causes (92). QSS may be confused with other shoulder pathology such as rotator cuff tears, 

capsulitis or impingement, also common in the relevant demographic (79, 87). The 

differential diagnosis may also include thoracic outlet syndrome and cervical radiculopathy, 

osteoarthritis and adhesive capsulitis (79, 92). 

Based on only one symptomatic patient, Mochizuki suggested that occlusion of the PCHA on 

MRA is not specific for a diagnosis of QSS when compared with six healthy volunteers (46). 

Mochizuki et al (1994) found stenoses near the origin of the PCHA in 80% of the healthy 

volunteers (46) 

Two hundred and eighty elite volleyball players were scanned with ultrasound via the axilla to 

determine the incidence of PCHA aneurysm and vessel characteristics of the PCHA and the 

deep brachial artery (61). The mean transverse PCHA diameter was 3.7mm (60). The 
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prevalence of aneurysm was 4.6% (13/280), all detected in the proximal PCHA (61). The 

PCHA arose from the axillary artery in 81% (228/280), or from a common trunk (with the 

deep brachial artery or other artery) in 19% (52/280) (61).  In the normal anatomical variants, 

the artery showed a curved course dorsally toward the humeral head in 93% (211/228), 

potentially aiding identification with ultrasound (61). 

While investigating a series of nine cases of QSS a new classification system with two new 

categories of QSS was suggested by the authors, namely vascular and neurogenic QSS (2). 

Vascular QSS (vQSS) results from repeated mechanical stress during ABER leading to 

intimal injury and damage to the vessel wall which in turn can result in thrombus and 

aneurysm formation of the PCHA, with subsequent distal embolism (2). Sufferers typically 

present with coolness of the digits, cold intolerance and cyanosis of one or more of the upper 

extremity digits (2). 

Neurogenic QSS (nQSS) involves a fixed anatomic anomaly causing extrinsic compression of 

the axillary nerve resulting in permanent scarring and adhesions (2). Sufferers of nQSS 

present with more typical symptoms of QSS, including paresis, paraesthesia, poorly localized 

shoulder pain and tenderness of the posterior shoulder over the quadrilateral space (2). The 

forward elevation, abduction and external rotation (ABER) test is a sensitive provocative test, 

with symptoms becoming apparent if the position is held for 1-2 minutes (28).  

 

3.2.2 Thoracic Outlet Syndrome 

Thoracic outlet syndrome (TOS) is complex of symptoms of the upper extremity including 

pain, parathesias, numbness and weakness of the arm and hand secondary to neurovascular 

compression in the thoracic outlet (94, 95). TOS is one of the differential diagnoses of QSS, 

and the age range of affected persons is remarkably similar at between 20-40 years of age 

(51). The condition is caused by compression of the neurovascular structures at the thoracic 
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outlet somewhere between the scalene triangle and the inferior border of the axilla (94). The 

costoclavicular space is by far the most frequent site of arterial compression, while the retro-

pectoralis minor space has, by comparison, rarely been reported as a site of compression (51, 

96).  The brachial plexus, subclavian vein and subclavian artery may all be affected by 

external compression, leading to the separate distinctions of TOS, namely arterial TOS 

(aTOS), venous TOS (vTOS) and neurogenic TOS (nTOS) (48, 97). The neurogenic type 

(nTOS) is the most common type of all cases of TOS (95%), usually occurring secondary to 

trauma, and can be diagnosed during a clinical examination (48, 97).  Arterial TOS, the first 

type to be recognised in 1821, comprises less than five percent of TOS cases and is most 

commonly due to osseous abnormalities such as cervical ribs, anomalous first ribs and callous 

formation secondary to fracture of the clavicle or first rib (48, 94). The subclavian vein, 

implicated in venous TOS does not cross the interscalene triangle, but runs in front of the 

anterior scalene muscle (57, 98). A cervical or anomalous first rib, or hypertrophied scalene 

muscle will thus not cause vTOS (98). Venous TOS makes up less than five percent of all 

TOS cases (98). 

Classification of aTOS or nTOS is difficult. They may occur concurrently (51). Because of 

the anatomical proximity of the subclavian artery and brachial plexus, compression of one 

structure can be considered to be indicative of compression of the other, and some of the 

pathophysiologic mechanisms are related (51, 94). Doppler ultrasound of the subclavian 

artery and vein in the costoclavicular space was carried out among  five patients with 

clinically suspected thoracic outlet syndrome and five healthy volunteers as controls (99). 

Patients were examined in the sitting position with the arm in neutral position, 90 degrees of 

abduction, 120 degrees and hyperabduction and again upon release of abduction (99). All 

control patients showed no Doppler changes at 120 degrees of abduction, whereas all 

symptomatic patients showed Doppler ultrasound changes characteristic of stenosis such as 
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increased peak systolic velocity (PSV) and turbulent flow (99). The observed Doppler 

ultrasound changes included turbulence and a more than doubling of peak systolic velocity 

with some cases demonstrating complete cessation of flow (99). No significant changes in 

velocities were found during these manoeuvres among  control subjects (99). 

Many asymptomatic people exhibit upper extremity pulse deficits with positional movements 

of the arm. Evidence of thoracic outlet arterial compression has been reported to be common 

in asymptomatic persons (48, 100). Photoplethysmography was used to determine objectively 

the presence of vascular arterial compression during provocative tests in 130 asymptomatic 

individuals and evidence was found of vascular compression in 60% (78/130) of these 

volunteers (p < 0.005) (100). In particular, occlusion was most common (10% - 13/130) 

during hyperabduction of the arm (100). Doppler ultrasound was performed on 20 

asymptomatic volunteers and the results showed significant compression of the subclavian 

artery (at least doubling of the peak systolic velocity or complete cessation of flow with 

hyperabduction) in four (20%) of the patients, including one with bilateral occlusion (101). 

Stapleton et al in 2009 using Doppler ultrasound attempted to establish the normal subclavian 

artery responses to a series of provocative manoeuvres, including 120 degrees of abduction 

and 90 degrees of external rotation (102). The study demonstrated a heterogeneous response 

of peak systolic velocity and specifically, lack of flow with abduction in six of 31 (19%) 

patients (p = 0.008) (102).  

It is therefore apparent that the hyperabduction of the arm (beyond 90 degrees) could 

dramatically affect blood flow in the subclavian/axillary artery in up to half of asymptomatic 

individuals (48, 51, 100-102). As the PCHA is a branch of the third part of the axillary artery 

in 81% of individuals, aTOS affecting flow in the axillary artery will also affect flow in the 

PCHA (48, 61). Doppler ultrasound characteristics of the PCHA in such a situation would not 

be representative of external forces acting on the PCHA within the quadrilateral space. 
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3.3 Diagnosis of QSS 

3.3.1.1 Clinical diagnosis 

It has been suggested that physical examination alone may be sufficient to diagnose QSS (29). 

Clinical presentation is, however, varied and inconsistent and the syndrome may present with 

variable symptoms, including poorly localized shoulder pain, paraesthesias and point 

tenderness on the posterior aspect of the shoulder over the quadrilateral space (10, 30, 79, 84). 

Symptoms are usually exacerbated with the affected arm held in ABER. QSS may be 

confused with other shoulder pathology such as rotator cuff tears, capsulitis or impingement, 

and TOS which are also common in the relevant demographic (79, 87, 92). The rarity of QSS 

requires that other diagnostic tests (such as ultrasound) be performed to rule out other more 

common causes of shoulder pain that may mimic the condition (2, 79). 

3.3.1.2 Electromyography 

Some authors have suggested that electromyography (EMG) with reduced conduction 

velocity of the axillary nerve or reduced deltoid muscle potentials may be specific for 

diagnosis (86). The posterior branch of the axillary nerve supplies two primary motor end-

points in the teres minor muscle and the posterior part of the deltoid muscle (57, 89). 

In a series of four patients with QSS, four abnormal electro diagnostic studies, manifesting as 

reduced conduction velocity of the axillary nerve were observed (86). In another series of five 

patients with surgically proven QSS, three of four had “positive” electro diagnostic studies 

indicating axillary nerve compromise, while the fifth did not have EMG performed but had a 

positive angiogram (29). However, only one had reduced motor conduction of the axillary 

nerve. In neither of these two studies was there mention of normal controls. There was no 

report of improved conduction velocity after surgery in either series reported despite all 
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patients reporting improvement of symptoms and sensory deficits, after six months of follow-

up of the four patients in the series by Chen, and an unspecified duration in the series reported 

by Francel (29, 86). The small sample sizes in these two studies make it difficult to generalise 

these findings for the community at large. 

Nerve conduction studies may not be helpful especially early in disease progression due to the 

intermittent nature of the nerve impingement, and may not become positive until chronic 

atrophic changes and muscular atrophy are present (79). Electro diagnostic studies can 

therefore be normal in cases of axillary nerve compression syndromes (66, 92). Such studies 

are also invasive and can be unreliable in isolating the teres minor nerve (89). Quality 

electromyography suffers from poor availability, with costs for a single test of multiple nerves 

up to several hundred dollars (103). 

3.3.1.3 X-Ray 

X-ray is usually the first medical imaging tool used in the assessment of patients with 

shoulder symptoms. QSS may occur secondary to direct trauma to the posterior shoulder or 

compression caused by bony outgrowths such as callus post fracture of the humerus or 

scapula (79, 104). The role of X-ray is particularly important after trauma or in the follow-up 

of traumatic shoulder pathology. Differential diagnoses of QSS include degenerative OA of 

the glenohumeral joint and OA of the acromioclavicular joint which are detectable with plain 

x-ray (Figure 3-2) (79). Long-term effects of humeral head instability may be seen on plain x-

rays and suggest a mechanism for axillary nerve impingement, but instability may also be 

detectable with careful clinical examination (105). The most common cause of QSS are the 

fibrous bands first described by Cahill and Palmer and soft tissue structures such as these are 

not detectable with plain x-ray (79). 
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Figure 3-2: Anteroposterior (left) and lateral (with 15 degrees’ down tilt (right)) plain x-ray of the 

right shoulder. The shoulder appears normal. The quadrilateral space is represented by the red line 

passing from medial to lateral and slightly superior to inferior below the humeral head. Plain x-ray is 

unable to demonstrate soft-tissue abnormalities in this area. Source: David Robinson, The Avenue X-

ray & MRI 

3.3.1.4 Angiography  

Angiographic imaging of the PCHA was part of the initial description of the condition by 

Cahill and Palmer in 1983. They noticed occlusion of the PCHA in ABER, and postulated 

that this intermittent arterial occlusion was representative of pathological impingement upon 

the axillary nerve (10).  Although occlusion of the PCHA upon abduction and external 

rotation was the original description, arteriographic evidence of external compression of the 

PCHA (i.e. stenosis of the PCHA) has since been included as evidence of impingement upon 

the axillary nerve in the quadrilateral space (106). No other imaging modalities were 

described in the original report of Cahill and Palmer (10). Angiography of the subclavian 

artery is no longer performed at our institution, due to the invasive nature, radiation burden, 

time constraints and better alternatives. 

More recently, PCHA compromise in the setting of clinical suspicion of QSS has been 
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evaluated by magnetic resonance (MR) angiography (Figure 1-2) (102). MR angiography is 

able to not only assess impingement of the PCHA in abduction and external rotation, but can 

also eliminate other causes of shoulder symptoms, such as rotator cuff disease and 

glenohumeral joint osteoarthritis (84). MR angiography may also demonstrate other causes of 

axillary nerve compromise such as ganglia, fracture or dislocation (82, 103). MR angiography 

of the PCHA has since become widely utilized in the assessment of QSS (43, 76). 

However, MR angiography of the PCHA is usually the final imaging tool used in the pursuit 

of the cause of shoulder pain, where the clinical picture is consistent with QSS. MR 

angiography of the PCHA is performed predominantly amongst athletes in whom axillary 

nerve decompression surgery is being considered. In the general population when readily 

available and cheap imaging options such as x-ray and ultrasound have not revealed the cause 

of symptoms, patients are often managed conservatively with physical therapy and 

behavioural changes, without referral for  MR angiography (10, 27). 

Doubt has been cast on the specificity for QSS during PCHA occlusion on abduction and 

external rotation on MR angiography. In a study of one patient with QSS and six healthy 

volunteers the PCHA was found to be stenotic near the origin in 80% of the healthy 

volunteers (43). Positive findings on angiography was thus not specific for QSS (43). The 

evidence for PCHA compromise representing axillary nerve impingement is thus not strong, 

as published studies have used limited sample sizes and had few asymptomatic volunteers to 

serve as controls. 

3.3.1.5 MRI 

The fibrous inter-muscular bands thought responsible for extrinsic compression of the axillary 

nerve have not been revealed to date with MRI imaging (66). Axillary neuropathy caused by 

impingement of the nerve within the quadrilateral space will cause denervation atrophy of the 
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teres minor muscle and posterior deltoid muscle (89). Fatty atrophy of the teres minor or 

posterior deltoid muscle detected on MRI has been considered to be a diagnostic marker of 

the syndrome provided there is an intact teres minor tendon and rotator cuff (Figure 3-3) (85). 

MRI evidence of atrophy includes decreased muscle bulk and fatty infiltration. MRI enables 

assessment of the teres minor muscle for the presence of isolated fatty atrophy (79, 85, 106, 

107). MRI uses no intravenous contrast material and assesses the fat content of the muscle in 

question, rather than mechanical impingement upon the PCHA. Tears of the teres minor 

tendon causing atrophy are extremely rare, however there is no proof that isolated teres minor 

atrophy without oedema is related to QSS (66, 107). In such cases this finding should be 

considered an isolated finding, and the patients symptoms are probably related to another 

lesion (66). 

Teres minor atrophy however, occurs mainly in older patients approximately 60 years of age 

(and older) who do not fit the expected clinical presentation of QSS (89). Teres minor atrophy 

has been found to be associated with humeral head decentering secondary to rotator cuff tears 

(88, 89). Two hundred and seventeen consecutive shoulder MRI examinations were 

performed on patients with shoulder symptoms referred from the general population over a 

period of three months (89). Five and a half percent (12/217) had isolated teres minor atrophy 

without teres minor tendon tear. Ten of these patients (83%) had rotator cuff tears – nine had 

full thickness tears and one high-grade partial thickness tear. One 26 year-old patient had an 

isolated posterior labral tear and one 32 year old patient had no associated pathology (89).  

In a retrospective review of all shoulder MRI examinations performed over a two year period 

at one institution, a three percent (61/2563) incidence of isolated teres minor denervation was 

reported  (106). None of these patients had a clinical history consistent with QSS. The average 

patient age was not stated. Associated findings included a tear of at least one of the tendons of 

the rotator cuff (n=47), glenohumeral joint capsular injury (n=14) and labral tears (n=44) 
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(106). 

Another retrospective review of an imaging database over a 67-month period using keywords 

“quadrilateral” and “teres” identified patients with atrophy or abnormal signal in the teres 

minor muscle (107). Patients were predominantly referred for evaluation of rotator cuff tear. 

Of  2436 reports, 19 (0.8%) were found to have focal atrophy or an abnormally increased T2 

signal in the teres minor muscle (107). The mean age of patients in this study was 52 years 

(range 26-83), and only one had atrophy of the teres minor muscle,  the only abnormality 

identified on MRI (107).  The remainder of the examinations found associated labral tears 

(6/19 (31.6%)), rotator cuff tears (11/19 (57.9%)) and humeral fractures (2/19 (10.5%)) (107). 

No patients underwent further imaging evaluation of the quadrilateral space to confirm 

compression of the neurovascular bundle or surgery on the quadrilateral space (107). 

Fatty atrophy of teres minor is not an uncommon finding on MRI of shoulders in our 

institution. It leaves the practitioner with a dilemma. Is the change due to disuse, tear or 

denervation from QSS? Hence, a cheap and available confirmatory test is needed. 
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Figure 3-3: Sagittal proton density MRI scan of the shoulder of a patient referred for shoulder pain. 

Coronal view with anterior aspect to left of the image. Incidentally noted teres minor fatty atrophy 

manifests as white streaking within the teres minor (white arrow) when compared to adjacent 

infraspinatus muscle (ISP). SSP – supraspinatus muscle. Source: Dr. Paul Marks, The Avenue 

Radiology, Windsor. 

More recently, PCHA compromise in the setting of clinical suspicion of QSS has been 

evaluated by magnetic resonance (MR) angiography (Figure 1-2) (106). MR angiography is 

able to not only assess impingement of the PCHA in abduction and external rotation, but can 

also eliminate other causes of shoulder symptoms, such as rotator cuff disease and 

glenohumeral joint osteoarthritis (87). MR angiography may also demonstrate other causes of 

axillary nerve compromise such as ganglia, fracture or dislocation (85, 107). MR angiography 

of the PCHA has since become widely utilized in the assessment of QSS (46, 79). 

However, MR angiography of the PCHA is usually the final imaging tool used in the pursuit 

of the cause of shoulder pain, where the clinical picture is consistent with QSS. MR 
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angiography of the PCHA is performed predominantly amongst athletes in whom axillary 

nerve decompression surgery is being considered. In the general population when readily 

available and cheap imaging options such as x-ray and ultrasound have not revealed the cause 

of symptoms, patients are often managed conservatively with physical therapy and 

behavioural changes, without referral for  MR angiography (10, 30). 

Doubt has been cast on the specificity for QSS during PCHA occlusion on abduction and 

external rotation on MR angiography. In a study of one patient with QSS and six healthy 

volunteers the PCHA was found to be stenotic near the origin in 80% of the healthy 

volunteers (46). Positive findings on angiography was thus not specific for QSS (46). The 

evidence for PCHA compromise representing axillary nerve impingement is thus not strong, 

as published studies have used limited sample sizes and had few asymptomatic volunteers to 

serve as controls. 

Both MR angiography and MRI in the diagnosis of QSS have a number of disadvantages. MR 

angiography is time consuming, invasive, relatively expensive, not available in all areas and 

requires the patient to maintain the arm in the most uncomfortable position for an extended 

length of time. MR contrast agents are not suitable for patients with known chronic renal 

disease. The sensitivity of MR angiography–detected PCHA stenosis or occlusion has been 

called into question in a study of just six healthy volunteers (46). Two of 10 (20%) of the 

PCHA of the volunteers’ shoulders  were normal, while the others (80%) appeared stenotic 

near the origins (46). The incidence of PCHA stenosis amongst a healthy population without 

symptoms of QSS is thus not known. 

MRI-detected fatty muscular atrophy is a non-specific sign and the sensitivity for diagnosis of 

QSS has not been evaluated until 2004 (107). Fatty atrophy of the teres minor can have a 

variety of possible causes such as prior surgical intervention, glenohumeral translational 

events, ageing, lack of use, diabetes and brachial plexus and nerve root pathologies (106-108). 
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Despite the less invasive nature of MRI for isolated fatty atrophy of the teres minor muscle, 

this finding does not appear specific enough to suggest a diagnosis of QSS. 

3.3.1.6 Ultrasound 

Historically the role of ultrasound in the investigation of shoulder pain has been in the 

detection of other pathologies with a similar clinical presentation to QSS, such as rotator cuff 

tears, tendinopathy or subacromial bursitis. Rotator cuff tears and subacromial bursitis are 

common amongst the population suspected of having QSS (79, 87). Ultrasound is widely 

available and regularly combined with plain x-ray in the initial workup for patients with 

shoulder symptoms. Ultrasound is also particularly well suited for follow up of cases post 

treatment due to the lack of ionizing radiation, or risk of contrast allergy reactions, the 

relatively low cost and wide availability. 

The intra-observer variability of ultrasound of rotator cuff tears has been reported to be low in 

a study of 61 patients with shoulder pain, with two radiologists in full agreement in 92% of 

cases (109). In a study of 46 sports participants, measurements of the subacromial space, the 

subacromial bursa, the supraspinatus tendon and dynamic impingement were performed by 

two physiotherapists using a standardised ultrasound protocol (110). Intra- and inter-rater 

reliability were all above 0.80 (range 0.82–0.99) with no systematic bias. For the dynamic 

impingement examination, the overall agreement was 98% and 93%, with Kappa of 0.96 and 

0.82, for intra- and inter-rater reliability, respectively (110). 

3.3.1.6.1 Shear Wave Elastography 

Shear-wave elastography uses an acoustic radiation force of a focussed ultrasonic push pulse 

sequence to induce tissue oscillation (shear waves), which propagate perpendicular to the 

ultrasound beam (111, 112). The shear wave velocity is related to mechanical properties 

of the examined tissue such as fiber direction (relative to the shear wave propagation 
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direction) and tissue elasticity (112). Shear-wave elastography has been investigated as a 

functional tool, for example in the assessment of functional recovery of injured tendons (113).  

Shear-wave elastography is not available at our clinical practice. 

Axial strain elastography provides a more objective, semi-quantitative measure of the intrinsic 

tissue elasticity by comparing shear-wave elastography images before and after freehand 

transducer compression (111, 113).  

Shear-wave propagation has been assessed to determine if wave velocity correlates to muscle 

fatty degeneration (112). Twenty-eight patients with a history of rotator cuff repair (median 

time after surgery 2.3 (± 0.7) years) and fourteen patients with tears managed without surgery 

(N=42) had shear wave velocity measurements of the supraspinatus compared with MR 

spectroscopy measurements of fat/water ratio for fatty degeneration (112). Pearsons’ rank 

correlation test showed good correlation of 0.82 (p = 0.00008), however it should be noted 

that four patients had no shear-wave data collected due to the overlying soft tissue thickness 

exceeding two centimetres (112). 

Recent studies suggest that axial-strain sonoelastography is able to distinguish between 

asymptomatic and diseased tendons, however these techniques have not yet been 

included for routine use in clinical practice due to the level of artefacts, operator 

dependency, lack of standardization and inability to quantify the data (113). A primary 

limitation of shear-wave elastography is the lack of depth penetration and small size of the 

area for analysis, meaning that assessment of deep structures such as the iliopsoas tendon of 

the hip is not currently possible (111). The current clinical application of shear-wave 

sonoelastography is predominantly as an adjunct to conventional ultrasound (111) Shear –

wave elastography has no role in the evaluation of peripheral arteries. It is not clear how 

measurements of tissue elasticity would aid the detection of arterial occlusion or stenosis, or 

dysmorophia of femoral head-neck junction. It should be noted that fatty degeneration of the 
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Teres Minor muscle is a late-stage manifestation of QSS, and that the objective of diagnostic 

imaging is to diagnose QSS before this irreversible process begins. 

 

3.3.1.6.1 3.3.1.6.2 Ultrasound Colour mapping  

Colour Doppler ultrasound adds directional colour mapping to an image, aiding in the 

identification of blood vessels and localisation of stenosis and occlusions. A large area of the 

two-dimensional grey scale (B mode) image is assessed for evidence of Doppler shifts, and 

then those regions where a shift has been detected are colour coded (114). In this way, the 

motion of red blood cells within blood vessels can be mapped in colour onto the B-mode 

image. This is especially useful for smaller blood vessels (such as the PCHA) that are not 

always apparent on the grey-scale images (114).  

A new technique called Power Doppler uses the strength or amplitude of the Doppler signal, 

rather than the frequency and direction (115). This technique demonstrates improved 

sensitivity to blood flow due to the better dynamic range and independence to the angle of 

insonation (115). Directional Power Doppler combines the amplitude of the Doppler signal 

with the signal phase to provide directional coding using different colours similar to colour 

Doppler. Power Doppler is mainly used in clinical applications that are poorly imaged with 

colour Doppler, such as decreased flow characteristic of ischaemia, or inflammatory 

hyperaemia (115). Assessment of occlusion and stenosis of peripheral blood vessels has 

historically been performed using colour Doppler imaging (48, 59, 116). 

 

3.3.1.6.2 3.3.1.6.3 Ultrasound of the Posterior Circumflex Humeral Artery - PCHA 

Ultrasound in axillary neuropathy has been described in two papers aimed at localising the 

axillary nerve in the axillary space (42, 117).  The axillary nerve itself is difficult to visualize 
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with ultrasound even when using modern high-frequency transducers because of its small size 

of less than 4 millimetres  (61, 117). Doppler ultrasound techniques may be applied to the 

evaluation of the PCHA where there is suspicion of QSS. Colour Doppler ultrasound of the 

PCHA as a useful technique to provide indirect information about the location of the adjacent 

axillary nerve was reported in an education exhibit and literature review in 2003 (117). Colour 

Doppler imaging can be used to identify the PCHA, and thus the adjacent axillary nerve via 

the axillary space (42). An attempt to visualise the PCHA via the axillary space was made by 

Brestas et al (2006) who examined one patient with a three-month history of shoulder pain, no 

rotator cuff tear, and increased echogenicity of the teres minor (45). The PCHA was 

visualised via the axillary space with the arm abducted to 90 degrees and the elbow flexed 

(45). They found loss of Doppler flow signals of the PCHA and reported a “tight” stenosis of 

the PCHA near its’ origin (45). It is not certain whether the PCHA completely occluded in 

this patient. The technique described by Brestas examined the origin of the PCHA, 

presumably just before the PCHA enters the quadrilateral space, thus occlusion of the artery 

cannot be verified using this technique.  

3.3.1.6.3 3.3.1.6.4 Ultrasound Spectral Doppler (duplex)  

Spectral Doppler ultrasound uses electronic timing in the reception of echoes to provide a 

sample volume along a single line of sight within the ultrasound image that can be precisely 

placed in within the blood vessel under examination (114, 116). The Doppler information thus 

obtained is displayed as a graph of the frequency content of the Doppler shift (vertical axis) 

against time (horizontal axis) (114). The amplitude of the various frequency components are 

displayed on a brightness scale (114). Analysis of the resulting frequency spectrum can 

provide quantitative information on blood flow within a blood vessel, including: 

• Peak Systolic velocity (PSV) – maximum blood velocity at cardiac end-systole. PSV may 

only be calculated when the angle of the ultrasound beam to the vessel lumen is known. 
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• End-diastolic velocity (EDV) - minimum blood velocity at cardiac end-diastole. This 

evaluation also requires angle correction. 

• Systolic Acceleration time (AT) – the time interval between the beginning of systole and 

peak systole (114). Stenosis of a vessel results in reduced acceleration rate of blood flow 

during systole, manifesting as reduced slope of the upstroke part of the spectral waveform 

(a prolonged acceleration time) (114).  

• Resistive Index (RI) – a measure of the resistance to blood flow, defined by the 

expression (PSV – EDV) / PSV (114, 116). A higher RI means a small end-diastolic flow 

relative to PSV, i.e. greater resistance to flow. 

• Pulsatility Index (PI) – a measure of the resistance to blood flow, defined by the 

expression (PSV-EDV) / Time-average Velocity.  Higher PI means a greater difference 

between maximum and minimum blood flow velocity (116). 

 

In order to calculate an absolute value such as blood flow velocity (centimetres per second – 

cm/sec) in PSV and EDV the direction of flow relative to the direction of propagation of the 

sound beam must be known. It is only where the vessel lumen can be visualized on B-mode 

that the angle can be accurately determined and the absolute value of velocity calculated. 

Blood flowing within an artery can be considered to be composed of an infinite number of 

hollow cylinders each of which slides across the other (116). Cylinders adjacent to the vessel 

wall are not moving, whereas those closest to the centre have the fastest flow velocity (116). 

The velocity of blood flow is therefore not uniform across any blood vessel, with red blood 

cells near the vessel walls moving more slowly than those in the centre of the stream, known 

as a parabolic flow profile (114, 116).  Having a large Doppler sample box relative to the 

vessel being insonated will acquire Doppler signals from across the entire vessel. This results 

in a wide range of velocities being detected and subsequently a degree of spectral broadening 
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as the full range of velocities is detected and displayed on the spectral display. 

When the reduction in diameter is small these spectral changes are subtle and difficult to 

detect (and may remain within the normal range). Examples include deceleration spectral 

broadening, loss of the systolic window and a mild increase in PSV (49, 52, 116, 118, 119). 

Stenoses of up to 20% produce only spectral broadening but no PSV changes (118). This 

makes the detection of up to 20% stenoses in small vessels difficult. Stenoses up to 50% will 

show more marked spectral broadening and an up to 100% increase in PSV (118). 

 

A stenosis of sufficient calibre to reduce blood flow is termed a “hemodynamically 

significant” stenosis, equal to a  ≥50% diameter reduction, or a  ≥75% area reduction (59). 

Arterial lesions of more than 50% diameter stenosis are considered to be hemodynamically 

significant because such levels of lumen narrowing preclude the arterial segment from 

providing the amount of blood flow demanded of it (120). Hemodynamically significant 

arterial lesions display more dramatic changes in the ultrasound Doppler spectrum including 

more than doubling of the PSV above normal at and immediately beyond the stenosis (49, 

116). As the degree of lumen narrowing increases, the PSV continues to increase in an almost 

linear fashion making PSV a useful index of the degree of stenosis (120).  

 

Beyond a significant stenosis, the Doppler frequency spectrum may show resumption of 

normal PSV values, however the acceleration time (AT) becomes prolonged. This prolonged 

acceleration time and PSV values below normal result in a spectral Doppler waveform called 

“tardus parvus”. AT and RI measured on the Doppler spectrum are useful parameters because 

it is not necessary to calculate vector angles as is required for the calculation of PSV and EDV 

(114). A large section of the vessel is thus not required to be visualized in order to accurately 
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calculate the vector angle and thus velocity. Stenosis of the PCHA in abduction and external 

rotation manifest as changes in PSV and AT on spectral Doppler ultrasound and may be 

useful parameters in cases of suspected QSS. 

Ultrasound of the PCHA in abduction and external rotation in cases of suspected QSS may 

make the diagnosis of QSS simpler, cheaper, less time-consuming and more comfortable for 

the patient (Figure 3-4). Ultrasound also has the added advantage over other imaging 

modalities because of the ability to carry out the examination in real time and to repeat 

immediately any low quality or non-diagnostic examination.  

 

Figure 3-4: Posterior circumflex humeral artery ultrasound. The PCHA (coloured red) passing behind 

the neck of the humerus is seen on this transverse colour Doppler ultrasound. Blood flow direction is 

toward the transducer. Source: David Robinson, The Avenue X-ray & MRI 

3.3.1.7 The Teres Minor Muscle 



 68 

Ultrasound may be able to detect teres minor atrophy, with the echogenicity of the affected 

muscle increasing (corresponding to increasing numbers of fat cells) relative to adjacent 

unaffected muscles (121). The increase in fatty content increases the number of ultrasound 

reflective interfaces and subsequently echogenicity (121). Decreased muscle bulk and 

increased echogenicity, with increased sound beam attenuation may be an indicator of muscle 

atrophy, potentially secondary to denervation (88, 122).  

Reports by two radiologists regarding the visibility of muscle contour, pennate pattern, central 

tendon and muscle echogenicity of supraspinatus and infraspinatus muscles on ultrasound 

were evaluated using MRI as the reference standard in 65 consecutive patients with possible 

rotator cuff tears (123). For radiologist 1 and 2 the accuracy of ultrasound in depicting fatty 

atrophy of supraspinatus muscle was 75% (49 of 65) and 72% (47 of 65), sensitivity was 89% 

(eight of nine) and 100% (nine of nine), and specificity was 73% (41 of 56) and 68% (38 of 

56), respectively. The accuracy of ultrasound in depicting fatty atrophy of infraspinatus 

muscle was 85% (55 of 65) and 80% (52 of 65), sensitivity was 58% (11 of 19) and 63% (12 

of 19), and specificity was 96% (44 of 46) and 87% (40 of 46), respectively (p < 0.001) (123). 

The authors claimed that ultrasound was moderately accurate in the diagnosis of rotator cuff 

muscle atrophy when compared to MRI (Figure 3-5 & Figure 3-6) (123).  



 69 

 

Figure 3-5: Transverse ultrasound of posterior right shoulder. The echogenicity of adjacent teres minor 

(TM) and infraspinatus (ISP) muscles is comparable with no evidence of fatty atrophy. Source: David 

Robinson, The Avenue X-ray & MRI. 

Teres minor atrophy in isolation (without concomitant rotator cuff tear) has previously been 

noted (retrospectively) in four percent among 199 routine shoulder ultrasound examinations 

(88). In the case reported by Brestas, there was a diffuse increase in echogenicity of the teres 

minor with a slight reduction in muscle bulk, confirmed on MRI (45). 
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Figure 3-6: Transverse ultrasound of the posterior right shoulder. The echogenicity of the teres minor 

muscle is increased and bulk reduced consistent with fatty atrophy. ISP – infraspinatus muscle. 

Source: David Robinson, The Avenue X-ray & MRI 

 

The hip also manifests a number of mechanical impingement syndromes that may also be 

occupational or sports related, as in the case of FAI and may result in considerable patient 

morbidity and expense during rehabilitation. Young, active patients presenting clinically with 

groin pain from hip impingement have a wide differential diagnosis, similar to the shoulder 

joint. The most common pathologies considered at the hip include inguinal hernia and muscle 

or tendon tear. In these cases, where the problem is considered to be soft tissue related, the 

first imaging investigation is often ultrasound. Other imaging modalities are limited because 

of radiation burden for young patients or the ability to resolve soft tissues adjacent to 

orthopaedic hardware. As a consequence, diagnosis is often delayed. 

Ultrasound currently has no role in the assessment of OA of the hip, and the use of ultrasound 
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in the assessment of impingements such as FAI at the hip has not been widely reported on.  
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3.4 Pathophysiology of Primary Osteoarthritis of the hip 

The diagnosis of hip OA has been long understood to manifest on plain x-rays as narrowing 

of the joint space, roughened texture and flattening (mushrooming) of an upwardly and 

outwardly displaced femoral head, and lengthening of the acetabulum through an osteophyte 

(124). The aetiology of this process has been divided into Secondary OA, where the condition 

has some known (usually traumatic) cause, and primary OA, where some unknown intrinsic 

defect of the joint cartilage predisposes sufferers to early joint degeneration (125). However, 

it has been suggested as early as 1933 that mild mechanical imperfections of the joint may be 

the cause of early OA, such that all OA is in fact secondary (124).  

 

In a series of x-rays of 25 adult controls and 200 randomly chosen patients with primary OA, 

minor abnormalities could be detected by examination of pelvic radiographs (33). The 

researchers found that evidence of minor anatomic abnormalities such as acetabular dysplasia 

and femoral head “tilt” deformity was present in the 200 patients’ pelvic radiographs, possibly 

resulting from minor asymptomatic disruption to the proximal femoral epiphysis (p < 0.001) 

(33). Several other radiological studies have since reported that unrecognized mild hip 

abnormalities are causally related to OA (22, 69, 126-128). 

 

In an attempt to further define the essential x-ray characteristics of the normal adult hip, one 

hundred and thirty patients with a diagnosis of OA due to “idiopathic arthritis” and 30 male 

and 30 female controls with no x-ray evidence of hip OA were studied (127). Four 

characteristics of the hip acetabulum were evaluated including the slope of the acetabulum, 

the acetabular roof, depth of the acetabulum and the centre-edge angle (127). Sixty-three of 
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the 130 patients (48%) had acetabular dysplasia when compared with the controls (127). In 

another study the researchers studied radiographs of 75 patients with slipped capital femoral 

epiphysis (SCFE) and 187 patients with Legg-Perthes disease before comparing the findings 

with radiographs of 75 patients with primary OA (69). The configuration of the femoral head 

and neck was examined for evidence of the association between a minimally slipped epiphysis 

and Legg-Perthes disease with idiopathic, or primary OA (69). The researchers first assessed 

femoral head sphericity, the position of the femoral head relative to the axis of the femoral 

neck and the contour of the femoral neck (69). The authors coined the term “pistol-grip 

deformity for characteristic changes to the femoral head and neck that occur after both 

minimally SCFE and Legg-Perthes disease that include:	

1. Flattening of the normally concave surface of the lateral femoral neck	

2. A bump on the anterolateral surface of the femoral neck	

3. Increased concavity of the posteromedial surface of the femoral neck with the formation 

of a hook at the junction of the articular surface of the femoral head and neck (Figure 3-7) 

(69). 

 

Striking similarities were observed between the characteristics of hips with primary OA and 

the hips of patients with known childhood hip disease, with 40% demonstrating the pistol-grip 

deformity (69). The researchers found that the pistol-grip deformity occurred much more 

frequently in males, appearing in 66% of patients with primary OA but only in 10% of the 

equivalent females (69). The deformities frequently occurred on the contralateral 

asymptomatic hips of those patients with known childhood hip disease (69). 

 

This “femoral” abnormality appears to be most dominant amongst young men and may be 

produced by several aetiologies, including SCFE, Legg-Calve-Perthes disease, multiple 

epiphyseal dysplasia, and spondyloepiphyseal dysplasia and may also be produced post 
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femoral neck fracture when the femoral head remains in a retrotorted or varus position (5, 69, 

127, 129, 130)		

 

Figure 3-7:  Normal hip (left) compared to hip demonstrating a small bump (black arrow-right) at the 

superolateral junction of the femoral head and neck. The resulting change in femoral head-neck 

morphology is said to represent the handle of an old-fashioned pistol (insert) – pistol grip deformity. 

Source: Ty Seaton, Richmond Diagnostic Imaging. 

Fifteen patients with anterior FAI attributable to a non-spherical femoral head and 15 age and 

gender-matched controls were examined using MR arthrography (131). The results showed a 

statistically significant difference between patients and control subjects in head-neck offset (p 

= 0.011 – 0.049) and lateral epiphyseal extension (p = 0.0002 – 0.041) suggesting a growth 

abnormality of the capital physis as a cause of the femoral head asphericity (131). Femoral 

head asphericity may be a developmental disorder as SCFE as a cause of the pistol-grip 

deformity was not supported by the findings since no hips were observed to have a posterior 

tilt of the epiphysis (131). 

 

A study of 327 cases of OA  for which adequate clinical, radiological and anatomical data 



 75 

were available, showed that only a small fraction had no detectable abnormality of the joint, 

with just 27 (8.3%) falling into this category (125). The integrity of the articular cartilage 

appears to be  intimately dependent upon the architectural integrity of the joint as a whole 

suggesting that OA is almost always associated with some underlying, but not immediately 

obvious abnormality of the joint (125). More than 90% of patients with primary OA appeared 

to have abnormalities of the hip joint, most commonly mild acetabular displacement and/or 

pistol grip deformity (125).  

 

Most cases of primary OA are in fact secondary OA, with mild developmental abnormalities 

having been overlooked in earlier radiographic studies (33, 125, 127, 129, 131).  

3.4.1 Natural History of Hip Dysmorphia 

A number of studies have found a relationship between hip dysmorphia and the onset of OA 

through biomechanical damage to the hip joint. Twenty-nine symptomatic adults were 

examined clinically, as well as with x-ray and CT.  The “acetabular rim syndrome” was 

described in all patients as a dysplastic acetabulum that is a precursor to OA of the hip (22). 

Dysplastic acetabulae appeared to be either shallow or have a “short roof” that does not 

adequately cover the femoral head, predisposing the hip to damage to the articular cartilage 

that leads to instability and progressive damage to the entire joint over time (22). On clinical 

examination during passive flexion, adduction and internal rotation of the thigh, the proximal 

and anterior part of the femoral neck are brought into contact with the rim of the acetabulum 

at the point where damage to the cartilage is likely to be found (22).  

 

Dysmorphia was also demonstrated in a small retrospective review of 30 patients with 

primary OA, with 97% (29/30) having at least one abnormal measurement on the AP or cross-

table lateral x-ray (128). 
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In a dated study conducted between 1915 and 1952, 31 hips among 28 patients with SCFE 

were observed over a mean period of 41 years (range 26 – 54 years) without interventional 

treatment (132). The severity of the displacement of the femoral head was graded as mild, 

moderate or severe using the difference between the head-shaft angle between the two sides 

on the first radiographs available for review (132). The progression of SCFE to OA was 

observed over the study period in  all 13 patients with moderate or severe grade slips (132).   

 

The link between the presence of “slip” morphology and the development of OA was further 

demonstrated in a study of 2665 adult human skeletons from the Cleveland city morgue. Slip 

morphology unrelated to age was reported to be a major risk factor (31/83 – 37%) for 

development of high-grade OA (133). Post-slip morphology appears to expose the prominent 

anterosuperior metaphyseal portion of the femoral neck to the anterior surface of the 

acetabulum during flexion and internal rotation, producing wear or damage of the hip joint 

cartilage (133).	

 

In a clinical and radiological study (anteroposterior x-ray and CT), 310 adult patients (620 

hips) referred due to hip pain of at least one hip were studied and a dysmorphic orientation of 

the acetabulum was discovered in 43 of 446 (9.6%) abnormal exams, where the mouth of the 

acetabulum was rotated posteriorly (retroverted) (134).  

This pathological orientation results in the anterolateral cover of the femoral head being more 

extensive (65%) than usual (49%) (134). During flexion of the hip, the anterior wall and 

anterosuperior roof of a retroverted acetabulum appear to be vulnerable to impingement 

between them and the femoral neck, causing significant degenerative change. 

Further support for these observations was provided by intraoperative examinations of 13 

consecutive adolescents (14 hips) with SCFE (135). The findings showed that a prominent 
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femoral metaphysis restricts the normal range of movement (ROM) and that labrum and 

cartilage damage are the result of an impingement (mechanical jamming) between the 

metaphysis and the superomedial acetabular rim triggering arthrosis (135).  

 

While minor structural abnormalities may not cause damage to the articular labrum and 

cartilage in normal activity profiles, the increased range of movement demanded in many 

sporting activities may result in impingement and joint damage at the limits of the range of 

motion (134, 136). The tilt deformity on AP pelvic x-ray is  more common in physically 

active individuals (126). This association of sporting activity and joint damage has been 

confirmed in a study investigating patients undergoing osteoplasty for FAI who reported 

developing pain with sports participation (137).  Three hundred and one patients presented for 

surgery for FAI. Just 24% reported a traumatic event preceding pain onset, but 91% reported 

symptoms with high-demand sports (137). In another similar study, 292 patients presenting 

with mechanical hip pathology were examined clinically and radiologically with three x-ray 

views, demonstrating that 70% of patients played some type of sport with 30% participating 

at a high-level competition (regional or national level) and just 19% reporting trauma as the 

initial cause of their pain (138). This supports the view that the wide range of movement 

required in competitive sports may exacerbate damage from dysplasia (138). 

 

The studies discussed above indicate that hip dyslasia is more common than has been 

previously appreciated and that dysmorphia provides a mechanism for impingement and joint 

damage that may lead to OA, particularly in activities were the full range of hip motion is 

tested such as during many competitive sporting activities. 

3.4.2 Femoroacetabular Impingement 

An impingement syndrome at the bony articulation of the hip occurs where the femoral head-
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neck junction impinges upon the acetabular labrum (Figure 3-8).  

 

Although this is a mild deformity, if unrecognized in early life, it may prove to be a major 

cause of OA in later years (11). Early intervention to eliminate the abnormality or manage the 

condition may prevent the onset of OA and preserve the integrity of the joint (32, 125).  

The idea that an impingement between the femoral head or neck and the acetabulum might 

cause damage to the joint mechanism that leads to the onset of OA has been further developed 

when using MRI (139). The researchers compared the femoral head-neck offset of 24 patients 

with a painful hip and a labrum abnormality confirmed by MRI with 24 asymptomatic 

controls and found a statistically significant reduction in the concave taper from the anterior 

femoral head to neck (p = 0.002) (139). The authors postulated that the proximal femur abuts 

the labrum lining the acetabular rim or possibly intrudes underneath the acetabular rim (the 

cam effect) even during the normal range of movement, causing damage and eventually OA 

over time (Figure 3-8) (139). 

 

In a review of their clinical experience spanning more than 10 years and 600 surgical hip 

dislocations, damage to the hip cartilage from FAI apparently occurs due to normal movement 

of the hip and not axial loading as previously believed, thus supporting the idea of FAI 

causing OA (15). Two distinct types of FAI were identified by the authors based on the 

observed pattern of labral and chondral injuries (15). Cam impingement seemed to result from 

a femoral head with increased radius jamming into the acetabulum during forward flexion 

(15). Pincer impingement is the result of linear contact between the acetabular rim and the 

femoral head-neck junction, often the result of an acetabular abnormality (15). 

3.4.2.1 Cam-type FAI 

This type of impingement occurs due to a non-spherical extra-articular protuberance of bone 
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at the femoral head-neck junction impacting the acetabulum and causing damage to the 

articular cartilage and cartilaginous labrum, usually with flexion of the leg upon the trunk in 

adduction (5, 15, 31, 135). It is called cam impingement due to the action of the non-spherical 

portion of the femoral head jamming onto the acetabulum (Figure 3-8) (5).  

A similar non-spherical pathomorphology was found in 13 consecutive adolescents with 

SCFE during surgery to correct a reduced femoral head-neck offset (135). The same series 

showed cartilage defects at the superomedial acetabulum without corresponding femoral head 

cartilage damage (135). Flexion of the hip joint and additional internal rotation caused 

impingement of the metaphyseal area against the superomedial acetabulum and labrum (135). 

Surgical observations have described an “outside in” abrasion of the acetabular cartilage 

and/or avulsion from the labrum, leading in turn to tear or detachment of the un-involved 

labrum (15). The majority of hip motion occurs between neutral and 90 degrees of flexion 

making the most at-risk area of the hip the anterosuperior quadrant of the acetabular rim (15, 

72, 140). In order to evaluate the relationship between a decrease in femoral head-neck offset 

and increase of the lateral epiphyseal extension, and an unusual orientation of the capital 

physeal scar, MR arthrography was carried out among patients with FAI attributable to a non-

spherical femoral head and compared to gender and age-matched controls (131). The findings 

suggested a growth abnormality of the capital physis as a cause of the dysplastic femoral 

head-neck, such as delayed separation of the common physis or eccentric closure of the 

capital epiphysis rather than SCFE (131). The study by Siebenrock et al (2004) supported the 

idea that the reduced head-neck offset is a developmental disorder rather than the result of a 

slipped capital epiphysis (129, 131). 

 

Damage to the labrum, acetabulum and femoral head was evaluated after surgical dislocation 

in 149 hips (141). The authors hypothesized that the pattern of articular damage for cam and 

pincer impingement is different (141). In cam type impingement damage occurred mainly at 
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the anterosuperior part of the acetabulum and was made worse by internal rotation, however 

in pincer-type impingement damage occurred circumferentially about the entire acetabulum 

and movement was limited by the over-covering acetabular rim impacting with the femoral 

neck (141).  This study provided evidence that both cam and pincer impingement have a 

specific pattern of damage, however, they often occurred together in the same hip with just 26 

of the 149 (17%) hips demonstrating pure cam impingement and 16/149 (11%) pure pincer 

impingement (141). 

 

Figure 3-8: The cam effect. As the non-spherical femoral head rotates with flexion, the anterior labrum 

is impinged causing damage. Source Ganz et al (2008) (5). 

The cam impingement was described as causing an avulsion of the acetabular cartilage from 

the labrum and subsequently the subchondral bone destroying cartilage and causing an 

approximation of the femoral head into the acetabulum leading to joint space narrowing (5). 

Cam impingement appears to be more prevalent in young male patients (5, 12, 131, 139, 140).  

 

A quantitative method to describe the concavity of the femoral head-neck junction was first 

described in 2002 and the ability of the method to distinguish between patients with positive 

impingement tests and asymptomatic hips with a normal examination was tested (11). The 
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group compared MR examinations of 39 patients with groin pain, decreased internal rotation 

and positive impingement test with 35 asymptomatic control subjects (11). The anterior 

margin of the waist of the femoral head-neck junction was defined and measured using an 

angle (Figure 1-4) (11). The findings demonstrated a significant difference in the 

measurement of this alpha (α) angle, measuring 74.0 (± 5.4) degrees in symptomatic patients 

and 42.0 (± 2.2) degrees in the control group (p < 0.001) (11). Measurement of the α angle 

has also been performed with radiography, CT scan and MRI, with only CT able to repeat 

reliably the original findings of MRI (11, 12, 41, 53, 139).  

3.4.2.2 Pincer-type FAI 

Pincer impingement, in contrast to cam impingement, occurs when there is contact anteriorly 

between the femoral neck and an extended acetabulum causing over-coverage of the femoral 

head (5). This was demonstrated in a series of 170 consecutive patients admitted for 

reconstructive surgery of the hip with a diagnosis of degenerative joint disease (127). The hips 

were evaluated using  four characteristics of the acetabulum (127): 

1. Slope of the acetabulum – the angle between a horizontal line and a line connecting 

the lateral edge of the acetabular roof and the floor of the acetabular fossa. 

2. Acetabular roof- angle between a line parallel to the lateral edge of the acetabulum 

and a line tangent to the roof of the acetabulum 

3. Depth of the acetabulum – measure of the perpendicular distance from the deepest 

point of the articular surface of the acetabulum to a line connecting the lateral edge of 

the acetabular roof and the floor of the acetabular fossa. 

4. Center-edge (CE) angle - angle between two lines radiating from the center of the 

femoral head, one passing through the outer edge of the acetabular roof and the other 

connecting the centers of the two femoral heads (127) 
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A large proportion of the hips with no history of hip disease and therefore suffering “idiopathic” 

OA (63/130 (48%)) were found to have acetabular dysplasia when compared to controls (127). 

Fifty of the 63 (79%) hips with acetabular dysplasia were female (127). 

The alignment of the acetabulum rather than morphology can also provide a mechanism for 

pincer impingement. In this case, the mouth of the acetabulum inclines more posterolaterally 

giving rise to a more extensive anterolateral cover of the femoral head and impingement between 

the femoral neck and the anterosuperior acetabular rim (134). The movement in such hips appears 

to be limited by an over-covering acetabular rim causing damage at the limits of movement by the 

femoral neck impacting against the labrum (Figure 3-9) (141). 

 

Figure 3-9: Pincer Impingement. This type of FAI, results from linear impact due to the acetabular 

over-coverage. The femoral head is round (contrast with Figure 3-8) however the extended acetabular 

rim causes impact between the femoral head-neck junction and the acetabular rim. Source: Ganz et al 

(2008) (5) . 

The over-coverage of the normal femoral head and neck by the dysplastic or malpositioned 

acetabulum results in impingement between the femoral neck and the acetabular rim, known as 

pincer impingement (Figure 3-9) (5). In pincer-type FAI the labrum fails leading to fissuring and 

ganglion formation, the acetabular cartilage degenerates becoming thinner until bone apposition 
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occurs (5). OA as a result of pincer impingement is a slower process than cam FAI affecting 

mainly females at a later age (5, 127, 141).  

3.4.3 Diagnosis of Femoroacetabular Impingement 

3.4.3.1 Clinical diagnosis 

More than 80% of patients with FAI present with pain in the groin which is often mistaken for 

other pathologies such as hernia or muscular injury as patients are often young and physically 

active (15, 22, 137, 138, 142). Groin symptoms may radiate to the medial thigh and patients 

often demonstrate the ‘‘C’’ sign, where the ipsilateral hand is cupped above the greater 

trochanter with the fingers gripping into the anterior groin describing deep interior hip pain 

(143). Symptoms of FAI are often initially intermittent and include pain and stiffness 

particularly after strenuous or prolonged exercise, or sitting for a prolonged period, becoming 

more constant as the disease progresses (15, 142, 144).  

 

Many patients will describe a lack of flexibility in comparison to the contralateral hip, or 

stiffness which manifests as a reduction in the degree of flexion and internal rotation of the 

joint (22, 134, 142, 143). The hallmark of FAI is diminished internal rotation caused by the 

altered bony joint architecture and this range of motion is further reduced when OA is present, 

although patients with OA tend to be older (137, 143). Passive movement of the thigh into 

maximum flexion, adduction and internal rotation (FADIR - the anterior impingement test) 

brings the femoral head-neck junction into contact with the rim of the acetabulum, recreating 

the impingement thought responsible for the damage to the articular labrum and cartilage and 

is almost always positive in cases of FAI (15, 22, 72, 137). The FABER test (Patrick test) 

involves flexion, abduction and external rotation of the hip such that the ankle is placed on the 

contralateral distal thigh just above the knee, demonstrating an increased distance between the 
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knee and the examination table when compared to the unaffected leg if positive for FAI (72, 

137, 145). A positive McCarthy sign occurs when the patients’ symptoms are reproduced 

when the flexed hip is passively extended in external rotation and then internally rotated. This 

may be a sign of an acetabular labral tear (72). Resisted extension, such as rising from a 

sitting position is uncomfortable for many sufferers (143). 

 

Diagnosis is often delayed or incorrect and treatment including surgical treatment is often 

inappropriate (136, 137). In the early stages of the condition patients with FAI do not display 

any of the classic radiological signs of hip OA such as joint space narrowing, subchondral 

sclerosis, osteophyte formation or cyst formation (31). The time from symptom onset to 

diagnosis was found to be more than three years in one study of 52 hips with radiographic 

structural abnormalities consistent with FAI (136).  Seven of the 52 (13%) hips were found to 

have had prior surgery at another site without improvement (136). 

3.4.3.2 Diagnostic imaging:  

3.4.3.2.1 X-ray 

The first group to define the x-ray characteristics of the dysplastic hip suggested that hip OA 

was the result of minor anatomical abnormalities resulting in incongruity of joint surfaces. 

The results showed that such hips had a tilt deformity of the femoral head on AP x-rays of the 

pelvis that indicated an abnormal relationship between the femoral head and neck (33). This 

minor deformity was thought to be related to prior injury to the femoral head-neck, as seen in 

SCFE or epiphysiolysis (33, 69, 125). Standard AP pelvic x-rays were first used to perform 

four measurements of the acetabulum to define the essential characteristics of normal and 

dysplastic hips in 1974 (127). A large proportion of women thought to have idiopathic OA 

were found to have previously unrecognized acetabular dysplasia (127).  

It has been claimed that the AP pelvis plain x-ray can be used to demonstrate the pistol-grip 
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deformity, head tilt deformity, and a lateral bump (145).  

 

A number of studies over the years have attempted to further characterise and quantify 

abnormal hip morphology prior to the development of OA using measurements derived from 

x-ray. Subjective qualitative findings of FAI such as the pistol-grip deformity are common in 

the young adult population, particularly males, with 21.5% of males and 3.3% of females 

having the pistol-grip deformity (146). 

Thirty patients with idiopathic arthritis were retrospectively compared with 54 normal 

controls using nine measurements from x-ray images of the AP and cross-table lateral pelvis 

(128). Twenty nine (97%) had at least one abnormal measurement and up to seven abnormal 

measurements in one hip, whereas there were no abnormal measurements in the control group 

(128).   

 

X-ray has also been used to measure the alpha angle of the femoral head-neck junction. Six x-

ray projections were performed on 21 desiccated femurs to determine the best view for 

depicting the asphericity of the femoral head-neck junction and to determine alpha angle 

(147). The Alpha angle was highest during the  Dunn view with 45 degrees flexion (71º +/- 

10º) and smallest  in the cross-table 15º external rotation (51º +/- 7º) (147). In a review article 

Rylander et al (2010) suggested that special lateral views of the femoral neck would better 

visualize the anterosuperior lesion on the femoral neck, such as 15 degree internally rotated 

lateral, Dunn view and the modified Dunn view (72).  

Other authors have claimed that the non-spherical osseous abnormality of the femoral head is 

usually located anterolaterally or anterosuperiorly on the head-neck junction in a sagittal 

plane and is thus not normally visible in standard anteroposterior (AP) radiographs, but is best 

demonstrated with 15 degrees of internal rotation, a lateral view of the femur such as the 

Dunn view, a cross-table lateral or frog-leg lateral (5, 11, 41, 53, 145, 148). 
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Studies have however shown that many x-ray derived measurements including femoral head 

asphericity and head-neck offset have poor agreement, or that the abnormalities may be 

missed altogether (149-151). X-ray derived alpha angles may vary by up to 30 degrees 

depending on radiographic projection used and the anterosuperior location of the deformity 

means that some views may miss the asphericity (147, 152). Osteophytes at the femoral neck 

may produce an elevated alpha angle called a “false cam” effect, putting the validity of the 

alpha angle derived from x-ray into doubt (153). The inter- and intra-observer reliability of 

the alpha angle derived from plain radiography has been found to range from excellent to 

poor, with the measurement only becoming abnormal in some studies when the bump is 

placed anteriorly (154-156).  

 

3.4.3.2.2 Magnetic Resonance Imaging 

MRI has also been evaluated in the assessment of morphological abnormalities of the hip. 3D 

MRI was used to compare the femoral head-neck offset of patients with positive impingement 

test and labral damage confirmed on MRI, with asymptomatic controls of similar age 

distribution (139). A statistically significant reduction in the head-neck offset was found in 

the anterior aspect of the femoral neck between patients and control subjects (p=0.002) which 

occurred mainly in the anterior and lateral aspects, leading to a shallow taper between the 

head and neck (139). The offset ratio was defined as: 

Equation 3-1: Formula for femoral head-neck offset ratio. 

!" = $%&'()*		%),	(),-./ − $%&'()*	1%23	(),-./
$%&'()*	ℎ%),	(),-./	2)*2.*)5%,	6('&	5ℎ%	)(%)	'6	5ℎ%	6%&'()*	ℎ%),	2'15'.( 

 

MR arthrography has also been used to assess hip morphology in 15 patients with anterior 

femoroacetabular impingement and 15 age and gender-matched controls by measuring the 
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femoral head-neck offset at 16 points around the axis of the femoral neck (131). A statistically 

significant reduction in femoral head-neck offset in the patients’ group at the anterosuperior 

quadrant (4.3mm versus 7.6mm, p=0.011 to p=0.049) was reported (131). 

For better detection of superiorly-located lesions radial reconstruction of the femoral head-

neck from MR arthrograms was performed on 41 patients clinically suspected of having FAI 

(157). The head-neck junction was divided into a clock face where superior was denoted 12 

o’clock and anterior 3 o’clock in order to compare the alpha angle obtained from oblique axial 

images (equivalent to the 3 o’clock vector - anterior head neck junction) to the maximal alpha 

angle obtained between 12 o’clock to 3 o’clock (Figure 3-10) (157). The mean maximal radial 

reconstruction alpha angle (70.5 degrees) was higher than the oblique axial method (53.4 

degrees), with the highest alpha angles occurring at the 1 o’clock and 2 o’clock vectors (157). 

Alpha angles are generally found to be greater in males corresponding to the finding that the 

femoral head-neck physeal extension is more common amongst males (5, 12, 139, 140). 
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Figure 3-10: The clock-face nomenclature of Rakhra et al. The superior head-neck junction is denoted 

to be 12 o'clock, and the anterior-most head-neck junction is 3 o'clock. 3DCT of an 18 year old male 

post osteoplasty. Source: Rakhra et al (2009) (157), David Robinson, The Avenue X-ray & MRI. 

A simple method of describing the concavity of the femoral head-neck junction that could 

distinguish between those with clinical evidence of cam-type impingement and asymptomatic 

controls was proposed using MRI imaging in 2002 (11). From an oblique axial image the 

alpha angle is the angle between two lines, one along the longtitudinal axis through the center 

of the narrowest part of the femoral neck and another from the center of the femoral head to 
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the point where the femoral head-neck contour leaves a circular femoral head template 

(Figure 1-4) (11). This approach was tested among 39 patients who presented with groin pain, 

decreased internal rotation and a positive impingement test. They were compared to 35 

asymptomatic control subjects. The mean alpha angle was 42.0º ± 2.2° (range 33º to 48º) in 

the control group and 74.0º ± 5.4° (range 55º to 95º) in the patients (p < 0.001) (11).  

Causes of impingement that are due to a dysmorphic femoral head-neck junction such as a 

wide neck, formation of osteophytes or displacement of the head posteriorly will cause the 

alpha angle to be high (11). Notzli et al (2002) suggested a threshold of abnormality of 55 

degrees (11).  

 

Some researchers have suggested that the more invasive MR arthrography is not warranted for 

evaluating intra-articular lesions in the hip (158). Preoperative MRI was performed in 46 

patients with clinical suspicion of FAI in order to evaluate the modality in the identification of 

labral and articular cartilage tears (158). Thirty seven of the 38 (97%) surgically confirmed 

lesions occurred in the labral-chondral transition zones, 50% of which were placed 

anterosuperior on the acetabulum (158). 

Many authors consider MRI to be the definitive imaging modality because of its contrast 

resolution, multiplanar imaging ability, 3D depiction of internal hip derangement and the fact 

that other sources of groin pain such as stress fracture are also readily excluded (155).  

The current standard of diagnosis of cam-type impingement is considered to include loss of 

sphericity of the femoral head-neck junction, manifesting as an elevated alpha angle (31). 

3.4.3.2.3 CT (including 3DCT) 

CT and in particular 3DCT is another axial imaging technique that has been assessed as an 

imaging method for characterising hip morphology. In a study of 310 adult patients (620 hips) 

referred for symptoms associated with dysplasia arising from at least one hip, AP x-ray and 
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axial CT were performed to define the orientation of the acetabular opening (134).  Of 

446/620 (72%) hips symptomatic for dysplasia, 43 (10 %) were found  to have an  acetabular 

opening that is inclined more posterolaterally (retroverted) from the sagittal plane (134). It 

was suggested that the more lateral-lying anterior acetabular edge may result in impingement 

between it and the femoral neck (134). 

 

The multi-dimensional image post-processing features available with 3DCT of the hip allows 

global visualization of the bony contours without invasive intra-articular contrast injection 

almost independently of the patient position (12). MR arthrography and 3DCT were 

compared among 20 hips with 12 controls. All patients had 3DCT for other indications.  The 

resultant 3DCT calculation of the alpha angle closely reproduced the findings of Notzli et al 

(2002) when using MRI (11, 12). In this study, the alpha angle was calculated by placing the 

femoral neck axis line parallel to the anterior femoral neck and used the anterior-facing 

paraxial section (3 o’clock) to calculate alpha angle (12). 

3.4.3.2.4 Ultrasound  

Ultrasound has been used to examine the hip joint and surrounding soft tissues (14, 159). The 

normal ultrasound appearance of the anterior joint capsule was studied in six cadaveric adult 

specimens, 58 healthy children and 105 children with unilateral transient synovitis (159). A 

concave anterior joint capsule where it passes over the femoral neck effectively rules out joint 

effusion (159). Tendons, ligaments and superficial cortical surfaces of the bony structures of 

the hip joint can be visualised using ultrasound as the imaging modality (14). Ultrasound has 

been used as the imaging modality in a number of reported case studies of iliopsoas bursitis 

on its own or in combination with CT and MR (78, 160).  
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Figure 3-11:Forty-three-year-old female with hip and groin pain. Small cystic structure (denoted by X-

X and  +-+) representing a paralabral ganglion. This pathology was secondary to damage from FAI. 

Key: A – acetabulum, FH – femoral head, iliopsoas – conjoint iliopsoas muscle and tendon. Source: 

David Robinson, The Avenue X-ray & MRI. 

Calculation of the α angle involves fitting a spherical template over the femoral head and then 

drawing a straight line along the longitudinal axis of the femoral neck (Figure 1-4) (11, 152). 

Ultrasound is able to provide limited imaging of the anterior and anterolateral femoral head 

and neck but may be able to demonstrate a sufficient volume of the femoral head to fit the 

spherical template for calculation of the alpha angle. Previous reports of ultrasound in the 

assessment of femoral head-neck alpha angle have been performed using undescribed or 

inconsistent methods for calculating the alpha angles (161, 162). Fifty patients were assessed 

with MR arthrography and ultrasound and the alpha angles from the two modalities compared 
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with a strong significant relationship for Reader 1 (Pearson correlation coefficient -PCC 

0.891) but poor to moderate agreement for Reader 2 (PCC 0.425) (162). The investigators 

used two distinct methods of computing the alpha angle for the ultrasound and MR 

arthrography, where the femoral neck axis line was approximated by a tangential line 

connecting the distal insertion of the joint capsule to the femoral head contour (162). Alpha 

angle measurements were compared on 40 patients using ultrasound and MRI, using the 

method of Notzli for the MRI femoral neck baseline but the method of Beaulé for US, where 

the femoral neck baseline is parallel to the visible anterior femoral neck cortical surface (11, 

12, 161). A high level of agreement was found for the hip in neutral position (r=0.67, 

p<0.0001) and agreement was best with 20 degrees of internal rotation (r=0.77, p<0.0001) but 

there was poor agreement with 20 degrees of external rotation (161).  

 

The ability to make a diagnosis of FAI, in particular among younger populations, before 

major joint damage occurs, using a non-ionising, widely available and cost-effective 

technique for early detection of cam-type FAI would be highly beneficial. Prospective 

longitudinal long-term follow-up studies that could prove the hypothesis that FAI causes OA 

of the hip have yet to be performed (5). Ultrasound is ideal for this younger patient 

demographic. Being able to confirm a link between FAI and later OA would provide 

justification to surgically restore normal anatomy before major cartilage damage occurs (5). 

These established imaging techniques are unable to provide useful imaging for such studies. 

Ultrasound may be helpful in the early assessment of bony impingement syndromes such as 

FAI. Ultrasound currently has no meaningful role in the assessment of OA of the hip. 

Ultrasound is unable to demonstrate the bulk of the articular surface due to overlying bone, 

although it may demonstrate more advanced disease, such as marginal bony erosions and 

anterior osteophytic changes typical of established OA (14).  
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3.4.4 Treatment of Femoroacetabular impingement 

3.4.4.1 Conservative Treatment 

Proximal femoral head-neck deformities that occur in childhood such as SCFE and Legg-

Calve-Perthes disease are known to often develop severe progressive OA secondary to the 

dysplastic joint (5, 133). However not all radiologically detectable cam defects cause 

symptoms of FAI (143, 163, 164). This was demonstrated in a study of 755 asymptomatic 

hips from 429 randomly selected patients having CT scans for other medical indications.  

Alpha angles were measured from the AP scout view. The results showed that cam-type 

abnormalities of the hip were not rare with 62/215 (28.84%) males and 63/540 (11.67%) of 

females regarded as having abnormal femoral head-neck morphology (165). As the 

impingement that causes damage mainly occurs at extremes of motion such as during 

energetic sporting activities, more sedentary individuals will not provoke impingement even 

with abnormal anatomy (15, 135, 143, 166). This was confirmed in a study of 96 patients with 

radiological evidence of FAI who were retrospectively reviewed for signs of symptoms.  Over 

a mean of 18.5 years (range 10-40 years) 79/96 (82.3%) remained symptom free (167). 

Regression analysis showed that only the presence of idiopathic OA of the contralateral 

diseased hip was predictive of development of OA on the asymptomatic side (p = 0.039) 

(167).  

 

Identification of abnormal femoral head-neck anatomy may prompt behaviour modification to 

avoid the impingement and occurrence of symptoms obviating the need for surgical correction 

(143, 168). Thirty-seven athletic patients with evidence of mild FAI (alpha angle < 60 degrees 

measured on XR) were instructed to modify and adapt daily activities to minimize adduction 

and internal rotation (169). After 25-28 months four patients required surgical intervention 

after failure of this conservative treatment and six had recurrent pain and discomfort not 
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severe enough to warrant intervention.  The mean (±SD) visual analogue scores for hip pain 

improved from 6 (±1) to 2 (±1) (p < 0.01) and mean non-arthritic hip scores improved from 

72 (±4) to 91 (±5) (p < 0.01) (169).  

 

In many cases however, conservative management of activity and symptoms fails as the 

disease is progressive and affects young physically active individuals (144). 

3.4.4.2 Surgical Treatment 

Even though the anatomical abnormalities associated with FAI are subtle radiologically, and 

may not be clinically important, the apparent biomechanical basis of idiopathic OA suggests 

that early surgical correction of the anatomical abnormality may delay or even prevent onset 

of OA (5, 128, 170). Surgical FAI treatment should aim to relieve symptoms where present, 

enhance activity and function and would be most effective when abnormal hip morphology 

can be reconstructed to allow improved clearance for normal range of motion before any 

major acetabular or cartilage damage occurs, thus preserving the natural hip joint (5, 15, 170). 

Retardation of the development of OA would be of considerable benefit even if such an 

intervention did not address any symptomatic manifestation of FAI (5).  

 

Thirteen patients were treated by osteochondroplasty of the femoral head-neck region by an 

anterior approach without dislocation of the femoral head by Sionek et al (2010) revealing an 

improvement in the Harris outcome classification of pain, range of movement and gait in 12 

of the 13 patients (171, 172).  

Cam deformities may be treated by osteochondroplasty, labral lesions may be repaired and 

acetabular over-coverage may be treated by trimming the acetabular rim, however it cannot be 

said with certainty that surgical intervention will prevent the development of OA and 

potentially hip joint arthroplasty. Where such secondary damage to the labrum and articular 
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cartilage exists, surgical treatment should aim to restore normal joint morphology (164).  

Such surgical interventions are, however, not without risks. Major complications of hip joint 

surgery include avascular necrosis, revision to total arthroplasty, femoral head-neck fracture, 

failure of fixation or inadequate osteotomy requiring revision surgery, deep infection and loss 

of range of movement by heterotopic ossification (170). The long-term benefits of surgical 

intervention have not been established (164, 170). 

An open surgical approach usually involves dislocation of the femoral head and incurs the 

risk of avascular necrosis of the femoral head (15). An open surgical approach that involves 

protecting the femoral head vessels was described by Ganz et al (2003) involving anterior 

dislocation and removal of any non-spherical portion of the femoral head, removal of any 

anterior acetabular over-covering rim and any torn or degenerate labrum, with the remaining 

labrum reattached (15). 

3.4.4.3 Surgical treatment - Arthroscopic 

Femoral head dislocation and the risk of femoral head vascular disruption and avascular 

necrosis can be avoided by an arthroscopic approach using traction to widen and access the 

joint space (15). An arthroscopic approach offers a less invasive intervention with associated 

faster recovery and return to activity (173). However, traction of the joint can result in 

neuropraxia, particularly of the pudendal nerve (174). Osteoplasty of an osseous abnormality 

requires access to the peripheral compartment of the hip which is more technically 

demanding, produces greater trauma to the patient and requires a longer operating time (175). 

 Results have shown, however, that arthroscopic surgery can alleviate symptoms and improve 

hip functionality with minimal complications in young physically active patients with FAI. 

Sixty patients who were 16 years or younger with clinical and radiological FAI and positive 

impingement test or alpha angle > 60 degrees underwent arthroscopic treatment including 
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labral repair and focal femoral osteoplasty. Of those, only 8/60 (13%) required a revision for 

persistent pain due to capsulo-labral adhesions (all female) (173).  

Similar results were demonstrated in 27 hip arthroscopies among 21 athletically active 

patients 19 years and younger with positive clinical signs of FAI. They were retrospectively 

assessed after arthroscopic surgery for complications and improvement of hip function (176). 

Self-reported ability to engage in the pre-operative level of athletic competition improved in 

all cases (p < 0.001). Positive surgical outcomes have also been reported with regard to 

changes in the alpha angle.  In another study of 55 patients (56 hips) under 40 years of age 

who underwent hip arthroscopy for symptomatic labral tears associated with FAI, the mean 

alpha angle decreased from 68 ±10 degrees to 40 ±4 4 degrees (p ≤ 0.001) (70). 

 

Surgery to repair hip dysmorphia before major joint damage occurs, thereby preventing 

progression to OA is therefore possible. Arthroscopic surgical correction of cam impingement 

has been demonstrated to be achievable with minimal complications, even in younger patients 

for whom such intervention might be questioned. 

3.5 Post-Arthroplastic Impingement 

For patients who undergo replacement of a hip impingement remains an issue for the 

prosthetic joint. Impingement by prosthetic wear debris does not always cause symptoms such 

as groin pain and reduced ROM. Its’ sequelae upon both the soft tissues surrounding the joint 

and the remaining bone, however, has serious consequences for the longevity of the prosthesis 

and morbidity, should revision surgery be necessary.  

3.5.1 Adverse Local Tissue Reaction around hip replacements – ALTR 

Prosthetic hip joints produce wear debris mainly from the bearing surfaces, which is shed as 
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nanoparticles directly into the joint synovial fluid (16). Other parts of the bearing such as the 

femoral stem or the trunnion between the femoral head and the upper part of the femoral stem 

may also shed particulate debris from the implant into the joint or surrounding soft tissues. 

These particles cause an adverse inflammatory cellular response that can damage bone at the 

implant interface, altering fixation of the prosthesis and ultimately leading to aseptic 

loosening (16, 35). Sufficient fluid, necrotic tissue and prosthetic debris may accumulate and 

form a macroscopic mass, referred to as pseudotumor, or more recently, Adverse Local Tissue 

Reaction (ALTR). 

 

Large accumulations of phagocytic cells and macrophages can lead to peri-prosthetic 

osteolysis and reduction in bone stock (16, 35). Soft tissue thickening impinging upon the 

native femoral neck has been thought to predispose to osteolysis and bone remodelling 

resulting in thinning of the neck with the potential for subsequent neck fracture (13, 18, 177).  

3.5.2 Current Imaging of the Post-Arthroplastic Hip 

Early identification of the poorly performing prosthesis provides the option of early revision 

which is thought to provide a better long-term outcome (18). Follow-up imaging of the 

symptomatic post-arthroplastic hip is usually performed with serial x-ray and cross-sectional 

imaging modalities such as CT and MRI. However, these imaging modalities are 

compromised in their ability to image the soft tissues, mainly due to significant metal artefact 

from the prosthesis (Figure 3-12) (13, 18, 39, 177). The role and need for regular follow-up 

imaging has been unclear with respect to asymptomatic, well- functioning hip replacements 

(4). Current imaging protocols lack the sensitivity to detect ALTR in these prostheses, even 

though high rates of ALTR have been reported in this cohort (4, 19, 39, 178). Even 

asymptomatic, well-functioning prostheses should be periodically assessed with cross-

sectional imaging to look for evidence of accumulating wear debris that may hasten aseptic 
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loosening, femoral neck osteolysis and early prosthesis failure (4, 179).  

 

Figure 3-12: CT scan of a Birmingham Hip resurfacing showing metal artefact degrading the image of 

the periprosthetic soft tissues. Source Dr. Paul Marks, The Avenue X-ray & MRI. 

MRI with metal artefact reduction sequencing (MARS) algorithms have been suggested for 

the assessment of periprosthetic soft tissues (13, 18, 19, 180). MRI is, however, not optimal 

because the tolerability of some types of metal implants have, to date, not been evaluated 

(180). MRI is a relatively expensive modality not widely available in all areas, has a 

prolonged scan time and is contraindicated in patients with some ferromagnetic implants, 

making MRI unsuitable for screening patients with asymptomatic, well-functioning 

prostheses (55). Further, the soft tissues adjacent to the native or prosthetic femoral neck are 

not readily imaged even with MARS MRI (54). Small-volume ALTR adjacent to the implant 

or native femoral neck in the case of resurfacing can be missed on MRI even when using 
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metal artefact reduction protocols. Such accumulations have been reported to progress if left 

untreated (179, 181). There is a need to develop tolerable, low-cost imaging protocols for 

routine follow-up of all patients after hip replacement surgery.  

 

The United Kingdom Medicines and Healthcare products Regulatory Agency (MHRA) has 

recommended annual follow-up of metal-on-metal hip replacements for at least five years 

following hip replacement surgery with medical imaging including ultrasound to evaluate any 

developing fluid collections and soft tissue masses (178). 

3.5.3 Ultrasound 

Conditions of the hip and groin previously considered worthwhile investigating with 

ultrasound include effusions of the native hip and hernias, but not conditions associated with 

the post-arthroplastic hip such as ALTR and iliopsoas bursitis (182). Ultrasound has been 

suggested as an imaging modality in symptomatic cases where metal sensitivity is suggested, 

as a complement to CT imaging in suspected cases of iliopsoas impingement, or combined 

with diagnostic and therapeutic injection of the iliopsoas bursa in cases of anterior iliopsoas 

impingement (183-186).  

Previous studies examining the utility of ultrasound in the follow-up of hip arthroplasty have 

focused on large-diameter, metal-on-metal implants and the presence of periprosthetic soft 

tumour masses and fluid collections, with results varying from poor to almost perfect 

agreement with MARS MRI (4, 54, 56, 181, 187, 188).  

These studies have demonstrated that ultrasound can provide superior imaging of the 

periprosthetic soft tissues of the post-arthroplastic hip as it is unaffected by metal artefact 

from the prosthesis and is able to easily and reliably characterize soft tissue masses. Multiple 

international agencies have recommended annual follow-up of metal-on-metal hip 
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replacements following hip replacement surgery with ultrasound looking specifically for fluid 

collections and soft tissue masses that may represent ALTR (19, 178). 

Ultrasound is ideally suited for convenient regular follow-up of hip arthroplasty patients. 

Whilst ultrasound has been recommended as an imaging modality in the follow-up of hip 

replacement surgery, few descriptions of typical ultrasound appearances of the major 

pathologies that may afflict the hip replacement have been published and there is little 

information to guide operators.  

 

 In the following series of chapters, we describe four studies which have evaluated the ability 

of ultrasound to detect and assess impingement and entrapment syndromes affecting the 

shoulder and hip. The first two published studies explore the potential of ultrasound to detect 

QSS of the shoulder. In chapter 4 we evaluated the ability of ultrasound to visualise the 

PCHA of the shoulder. In chapter 5 we determined the rate of occlusion and stenosis of the 

PCHA with ABER in the normal population. In chapter 6, the third published study, we assess 

the ability of ultrasound to quantify the femoral head-neck alpha angle of the hip in the 

detection of FAI. Finally, in chapter 7 we performed a study of the appearances of ultrasound 

of the post-arthroplastic hip to evaluate the potential of ultrasound to detect ALTR at the 

earliest possible stage. 

All four studies have been published and each chapter provides an exact copy of the published 

article. 
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Chapter 4  Ultrasound of the Posterior Circumflex Humeral 

Artery 
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Health Sciences, Monash University, Clayton, Australia  

Journal of Medical Imaging and Radiation Oncology 54 (3) (June 2010) 219–223  
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This chapter is an exact copy of the journal paper referred above in which ultrasound was 

assessed for its ability to demonstrate the PCHA and obtain pulsed Doppler signals in neutral 

arm position and in ABER. 

 

One of the aims of this thesis is to investigate the usefulness of ultrasound in detecting 

occlusion and stenosis of the PCHA as a proxy for mechanical impingement of the axillary 

nerve in QSS. In this chapter, we examine the ability of ultrasound to detect blood flow in the 

PCHA. Ultrasound is the modality of choice for detecting stenosis and occlusions of 

peripheral arteries, of which the PCHA is a branch. Ultrasound angiography does not require 

catheterisation of the vessel or contrast media for visualisation. Fifty volunteers were 

recruited and an attempt made to detect the PCHA using ultrasound in both neutral arm 

position, and in abduction and external rotation – the position that causes impingement in 

QSS. This chapter confirms that ultrasound is viable method to detect stenosis and occlusion 
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of the PCHA.
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Ultrasound of the Posterior Circumflex Humeral Artery 

4.2 Summary  

Quadrilateral space syndrome (QSS) is described as compression neuropathy of the axillary 

neurovascular bundle in the quadrilateral space of the shoulder. This neurovascular bundle 

includes the posterior circumflex humeral artery (PCHA). Historically, angiography and more 

recently magnetic resonance angiography have been used to assess occlusion and stenosis of 

the PCHA in cases of suspected QSS. These traditional imaging techniques have a number of 

disadvantages in terms of cost, availability, invasiveness and patient comfort. We undertook 

to examine the ability of ultrasound to reliably visualise the PCHA. Asymptomatic adult 

volunteers were recruited from staff, and patients attending the radiology department who 

presented for pathologies unrelated to the shoulder. We used a new technique to assess blood 

flow in the PCHA, performing the scan from a posterolateral approach on the upper arm just 

above the level of the surgical neck of the humerus. This technique enabled the scan to be 

undertaken with the patient seated comfortably. Fifty volunteers were recruited into the study. 

The mean (SD) age was 35 (14 years). The PCHA was visualised in all patients. Our method 

was able to maximise Doppler sensitivity and visualisation of the artery without discomfort to 

the patient in less than 10 min. Ultrasound can be used to reliably visualise the PCHA. 

Ultrasound has potential to be used in the assessment of the PCHA in cases of QSS.  

Key words: 

axillary neuropathy; posterior circumflex humeral artery; quadrilateral space syndrome; teres 

minor muscle; ultrasonography  

4.3 Introduction 
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Quadrilateral space syndrome (QSS) is defined as compression neuropathy of the axillary 

nerve in the quadrilateral space (79). The quadrilateral space is bounded superiorly by the 

capsule of the shoulder joint and subscapularis muscle, medially by the long head of triceps 

muscle, laterally by the neck of the humerus and inferiorly by the teres major (57) 

The axillary nerve is a branch of the posterior cord of the brachial plexus, derived from C5 

and C6, and divides into anterior and posterior branches. It is the anterior branch that is 

accompanied by the posterior circumflex humeral vessels, winding around the surgical neck 

of the humerus posteriorly deep to the deltoid muscle and supplying it, and providing a 

number of cutaneous branches (57). The posterior branch supplies the teres minor and the 

posterior part of the deltoid muscle and continues as the upper lateral cutaneous nerve of the 

arm, supplying the skin over the lower part of the deltoid and the upper long head of triceps 

muscle (57).  

Symptoms are varied but have been described as dull aching or burning pain over the lateral 

and posterior aspects of the shoulder, vague weakness affecting deltoid and teres minor 

muscles, and pain with applied pressure to the quadrilateral space posteriorly (67, 79). 

The mechanism of injury to the axillary nerve is considered to be most frequently due to 

repeated external compression of the neurovascular bundle in the quadrilateral space (79, 85). 

Cahill and Palmer in their original study published in 1983 believed that the syndrome was 

caused by anomalous fibrous bands traversing the quadrilateral space (10).  

Other possible causes of the axillary nerve compression neuropathy suggested in the past 

include compression/shear between the teres major and minor during extended athletic 

endeavour or extreme abduction, hypertophy of teres minor and/or subscapularis, and 

varicocele within the quadrilateral space (30, 79).  Sufferers are normally young adult athletes 

undertaking repeated overhead actions, such as throwers and swimmers (30, 79, 87). 

The diagnosis of QSS is difficult when history and physical examination alone are relied 

upon, and in many cases no definite diagnosis can be reached (10, 189). Many individuals will 
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present with unexplained pain for months or years (92). Delays in diagnosis may result in 

inappropriate treatment, prolonged disability, and potentially irreversible muscular fatty 

atrophy of the deltoid and teres minor muscles, as well as permanent damage to the axillary 

nerve (85, 87, 106).  

Angiographic imaging of the PCHA was part of the initial description of the condition by 

Cahill and Palmer in 1983 (10). They noticed occlusion of the PCHA in abduction and 

external rotation, and postulated that this intermittent arterial occlusion was representative of 

pathological impingement upon the axillary nerve (10). In this original study by Cahill, all 

asymptomatic shoulders showed a normal patent PCHA on abduction and external rotation 

(10).  

More recently, PCHA compromise in the setting of clinical suspicion of QSS has been 

evaluated by magnetic resonance (MR) angiography (46). MR angiography of the PCHA is 

usually the final imaging tool used in the pursuit of the cause of shoulder pain, where the 

clinical picture is consistent with QSS. MR angiography of the PCHA is performed 

predominantly among athletes in whom axillary nerve decompression surgery is being 

considered. MR angiography is time consuming, invasive, relatively expensive, not available 

in all areas and requires the patient to maintain the arm in the most uncomfortable position 

(abducted and externally rotated) for an extended length of time.  

Historically the role of ultrasound in the investigation of shoulder pain has been in the 

detection of other pathologies with a similar clinical presentation to QSS, such as rotator cuff 

tendinopathy and tears or subacromial bursitis. Ultrasound is capable of the quantitative 

assessment of blood flow within the human body and is routinely used to assess arterial 

stenoses and occlusions compromising blood flow in the upper and lower limbs in a setting of 

atherosclerosis, arterial embolus, and thrombosis (48). We hypothesised that Doppler 

ultrasound techniques may be applied to the evaluation of the PCHA where there is suspicion 

of QSS. We investigated whether ultrasound colour Doppler may be able to reliably detect 
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blood flow within the PCHA with a view to providing a simpler, cheaper and more 

comfortable method of diagnosing QSS.  

4.4 Methods 

4.4.1 Patient Selection 

Volunteers were recruited consecutively from different groups of attendees to the radiology 

clinic at our institution. Only volunteers over 18 years of age were considered for inclusion.  

Patients attending the clinic for ultrasound not involving the shoulder were informed by 

reception staff that a research project was being undertaken into a small artery at the back of 

the shoulder. Those who expressed an interest in participating were given an information 

sheet to read while waiting for their ultrasound. If after reading this sheet they agreed to 

participate they were included in the study.  

Additionally, posters briefly describing the study were placed in the patient waiting room and 

staff common areas, instructing any others who might be interested to ask for an information 

sheet at the radiology reception. Those who, after reading an information sheet, agreed to 

participate and provided written consent were included in the study.  

All those who volunteered to undergo the scan were initially included. The volunteers were 

asked to complete a detailed patient questionnaire prior to the scan, providing detail on age, 

current symptoms if any, significant prior trauma or surgery to the shoulder and any other 

evidence of glenohumeral instability.  

Ethics approval for the project was received from the Standing Committee on Ethics in 

Research involving Humans at Monash University.  

 

4.4.2 Ultrasound Technique 
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A Siemens Sonoline Anteres release 5 was the machine of choice for all scans. The 

assessment of the PCHA requires a vascular transducer to detect the small vessel and 

relatively weak Doppler signals. A VFX 9-4 linear transducer was used with harmonics on at 

4.2MHz and 50 decibel. A single focus was set at an equivalent depth to the inferior glenoid. 

Lines of sight were set to medium to maintain good frame rate. Colour settings included high 

write priority, low wall filter (84 Hz) operating at 6.7 MHz to maximise the Doppler signal. In 

larger patients it was necessary to reduce the Doppler transmit frequency to 5MHz to allow 

penetration to the target area and good colour fill of the PCHA. 

Spectral Doppler settings were used with a dynamic range at 55 decibel, 2mm gate and fast 

sweep speed to spread out the spectral trace for accurate Doppler measurements. Only two to 

three spectral peaks were required on the spectral display to perform the measurements. 

The scan was performed with the patient erect and seated comfortably. The transducer was 

placed on the posterolateral arm just above the level of the surgical neck of the humerus 

[Figure 4-1: & Figure 4-2]. For the left shoulder the patient sat slightly to the right of the 

ultrasound machine at an angle of approximately 45 degrees to a straight line drawn from 

front to back through the ultrasound machine, allowing the sonographer access to the control 

panel. The sonographer positioned himself to the patient’s left at an approximately 90 degree 

angle to the seated patient, assuming the sonographer scans with the right hand [Figure 4-2]. 

For the right shoulder, the patient was seated in essentially the same location, but rotated 180 

degrees (The patient was facing away from the ultrasound machine) so that the right shoulder 

was nearest to the sonographer. This provides access to the vessels of the right shoulder and 

the control panel of the machine. 

Spectral Doppler traces of both shoulders were acquired in neutral position, and in ABER. 

Assessment of the PCHA in ABER was achieved by asking the patient to place the palm of 

their hand on the back of their head, and then repositioning the transducer to maintain the 
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humeral shaft in a transverse plane. The artery could then be imaged using the same technique 

as described above.  

The Doppler sample box was placed in the most proximal part of the PCHA visible on the B-

Mode scan as it emerged from the quadrilateral space. Doppler values were measured once 

and recorded in both neutral and ABER for peak systolic velocity (PSV), end-diastolic 

velocity (EDV), resistive index (RI) and acceleration time (AT) in both PCHA and distal 

subclavian artery [Figure 4-3]. 

The PCHA branches from the third part of the axillary artery just below the lower border of 

the subscapularis muscle and passes posteriorly with the axillary nerve via the quadrilateral 

space, emerging just beneath the teres minor muscle to reach the surgical neck of the humerus 

(57). It passes posteriorly to the neck of the humerus to give branches to the deltoid, teres 

major and minor, and long and lateral heads of triceps muscles, before anastomosing with the 

anterior circumflex humeral artery (57). As it emerges from the quadrilateral space it is 

ideally positioned for Doppler ultrasound as it passes directly towards a strategically placed 

transducer, thus maximising the Doppler signals [Figure 4-1: and Figure 4-3]. Approaching 

the PCHA from behind with the artery passing directly toward the transducer thus maximises 

the Doppler shift and hence the signal strength and sensitivity to blood flow.  
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Figure 4-1: Assessment of the left PCHA. The transducer is placed on the posterolateral upper arm in 

transverse plane. Source:  Williams PL, Warwick R Ed.s. Grays Anatomy 36th Ed 1980 (modified). 
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Figure 4-2: Patient positioning for ultrasound scanning of the left posterior circumflex humeral artery.  
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Figure 4-3: Posterior circumflex humeral artery (PCHA) ultrasound.�Transverse color Doppler 

ultrasound of the PCHA. The artery (coloured red) passes behind the neck of the humerus. Flow 

direction is towards the transducer. 

4.5 Results 

Fifty volunteers were recruited into the study. The mean (SD) age was 35 (±14). Using the 

scanning technique outlined above, the PCHA could be observed in neutral and abduction and 
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external rotation in all cases.  

 

Figure 4-4: Tendon of the teres minor passing across the posterior humeral head. The transducer is in 

transverse plane with respect to the humeral shaft. The posterior glenoid can be seen to the left of the 

rounded humeral head. The posterior circumflex humeral artery can be found by passing the 

transducer directly inferiorly from this point. 

The musculotendinous junction of the teres minor was visible when passing over the inferior 

glenoid and lower part of the humeral head [Figure 4-4]. From this point, moving the 

transducer inferiorly along the humeral shaft brought the PCHA into view as it emerges from 

the quadrilateral space. The PCHA was seen as pulsating colour with flow directly towards 
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the transducer and concavity of the curve towards the humeral shaft [Figure 4-3 and Figure 

4-5]. The curvilinear walls of the PCHA were seen closely applied to the posterior humerus in 

grey scale as well, aiding identification of the artery. Introducing a cephalic angulation of the 

transducer back towards the glenoid will expose a longer section of the PCHA as it passes 

inferiorly through the quadrilateral space.  
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Figure 4-5:Typical pulsed Doppler signal obtained from the posterior circumflex humeral artery in 

neutral position.  

4.6 Discussion 

Our study has demonstrated that ultrasound can be used successfully to visualize and evaluate 

the PCHA in asymptomatic patients.  

Ultrasound assessment of the PCHA has previously been described in only one case of QSS 



 117 

(45). This patient was examined with ultrasound via the axillary space with the arm abducted 

to 90° and the elbow flexed. They found loss of Doppler flow signals of the PCHA and 

reported a ‘tight’ stenosis of the PCHA near its origin (45). 

It is not certain whether the PCHA completely occluded as has been suggested by Cahill and 

Palmer (10). The technique described by Brestas examined the origin of the PCHA, 

presumably just before the PCHA enters the quadrilateral space; thus, occlusion of the artery 

cannot be verified using this technique (45). They did suggest that colour Doppler may help to 

identify the PCHA and confirm compression of the neurovascular bundle with the arm in 

stress positions, but they did not carry out this technique.  

We have described an alternative method using ultrasound colour Doppler to insonate the 

PCHA via the posterolateral arm as the PCHA leaves the quadrilateral space. We have found 

this method to be reliable and reproducible with good patient acceptance.  

Assessment of the PCHA in both neutral and abduction and external rotation is easily 

achieved using our method, allowing comparison of Doppler parameters of the PCHA in both 

arm positions.  

An ultrasound method of assessing the PCHA in cases of suspected QSS has many 

advantages over current methods. The ultrasound examination can be completed in less than 

10 min and can be included in a standard ultrasound examination of the shoulder at no extra 

cost. Ultrasound is more widely available, it involves no radiation or toxic contrast materials, 

there is no requirement for catheterisation and the test is able to be readily repeated.  

As our study only evaluated asymptomatic volunteers, future studies will need to be carried 

out among patients with a history of shoulder pain and suspected QSS and evaluate if the 

PCHA can be equally well visualised and assessed in that patient cohort.  

4.7 Conclusion 
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We have described a new technique using ultrasound to assess the PCHA. The PCHA may be 

easily and reliably identified via a posterolateral approach on the upper arm. With our 

technique it is possible to assess the PCHA in both neutral and abducted and externally 

rotated positions quickly and comfortably.
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Chapter 5  Occlusion and stenosis of the posterior circumflex 

humeral artery: Detection with ultrasound in a normal population  
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This chapter is an exact copy of the journal paper referred above in which ultrasound was 

used to determine the rate of occlusion of the PCHA with ABER in the normal population.  

 

Due to the nature of imaging modalities previously utilised to examine the PCHA, the rate of 

occlusion and stenosis of the PCHA with ABER in the normal population is unknown. The 

specificity of this sign as a proxy for axillary nerve impingement has therefore been called 

into question. The benefit of using ultrasound to examine the PCHA is that the lack of 

radiation dose or invasiveness allows testing of a large population of normal volunteers and 

the true rate of PCHA compromise with ABER can be explored. This chapter reports the 

findings of our study which has shown a rate of PCHA compromise with ABER in the normal 

population of 16%.
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Occlusion and stenosis of the posterior circumflex humeral artery: 

Detection with ultrasound in a normal population  

5.2 Abstract  

Introduction: The posterior circumflex humeral artery (PCHA) travels together with the 

axillary nerve through the quadrilateral space of the shoulder. Angiographic occlusion of this 

artery upon abduction and external rotation (ABER) of the arm has been accepted as evidence 

of mechanical compression of the axillary nerve and thus considered pathognomonic of 

quadrilateral space syndrome (QSS). The specificity of this sign for QSS has however been 

called into question as there are, to date, limited data on the incidence of axillary 

neurovascular compression during ABER in a normal population. We set out to determine the 

rate of stenosis or occlusion of the PCHA on ABER in healthy volunteers using ultrasound.  

Methods: Healthy volunteers asymptomatic for shoulder complaints were recruited from 

patients attending the clinic for ultrasound imaging not related to the shoulder, as well as 

volunteers among staff. Doppler sampling of the PCHA of both shoulders of participants was 

conducted in neutral and abduction and externally rotated positions. Each shoulder was 

treated as a separate entity.  

Results: Results showed that 15/93 (16%) of shoulders demonstrated Doppler ultrasound 

evidence of occlusion or significant stenosis in the absence of shoulder complaints.��

Conclusion: Occlusion or stenosis of the PCHA on ABER is an uncommon finding in an 

asymptomatic population. Axillary neurovascular compression is unlikely if colour Doppler 

ultrasound does not show PCHA compromise during ABER.  

 

Key words:  
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axillary neuropathy; posterior circumflex humeral artery; quadrilateral space 

 syndrome; ultrasonography.  

5.3 Introduction 

The axillary neurovascular bundle passes through the quadrilateral space just below the 

shoulder joint (57). This neurovascular bundle includes the posterior circumflex humeral 

artery (PCHA) as well as the axillary nerve (57). Quadrilateral space syndrome (QSS) is 

defined as compression neuropathy of the axillary nerve in the quadrilateral space (79). 

The mechanism of injury to the axillary nerve is considered to be most frequently due to 

repeated external compression of the neurovascular bundle in the quadrilateral space (79, 85). 

Affected persons may notice numbness/ parasthesia of the lateral arm, rapid fatigue in athletic 

activity, reduced abduction strength or an inability to raise their arm (79). 

The diagnosis is difficult when history and physical examination alone are relied upon, and in 

many cases no definite diagnosis can be reached (10, 189). QSS may easily be overlooked in 

patients suffering from shoulder symptoms as other shoulder pathology such as rotator cuff 

tears, capsulitis or impingement are much more common (79, 87). Wrong diagnosis may lead 

to inappropriate patient management and unnecessary and unsuccessful treatment. If the 

syndrome is well advanced, clinical presentation may include atrophy or asymmetry of the 

deltoid muscle mass (79).  

PCHA compromise in the setting of clinical suspicion of QSS has been evaluated by MR 

angiography (46). Doubt has been cast upon the specificity for QSS of PCHA occlusion upon 

abduction and external rotation (ABER) of the arm with MR angiography. Mochizuki, in a 

study of one patient with QSS and six healthy volunteers, found that PCHA was stenotic near 

the origin in 80% of the healthy volunteers and that positive MR angiography was thus not 

specific for QSS (46). Magnetic resonance angiography in the diagnosis of QSS has a number 
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of disadvantages as a first-line investigative imaging modality. Magnetic resonance 

angiography is time-consuming, invasive, relatively expensive and not available in all areas. It 

also requires the patient to maintain the arm in the most uncomfortable position for an 

extended length of time. Otherwise, more easily available and cheaper imaging modalities are 

therefore needed to provide initial imaging of this pathology.  

Ultrasound is routinely used to assess arterial stenoses and occlusions compromising blood 

flow in the upper and lower limbs in a setting of atherosclerosis, arterial embolus and 

thrombosis (48). We designed this study with the aim to use Doppler ultrasound to 

characterise blood flow within the PCHA and to determine the prevalence with arm ABER of 

occlusion and arterial stenosis sufficient to cause detectable Doppler spectral changes in 

healthy, asymptomatic volunteers.  

5.4 Patients and methods  

Ethics approval for the project was received from the Standing Committee on Ethics in 

Research Involving Humans at our institution. All patients attending the clinic for ultrasound 

not involving the shoulder were invited by reception staff to participate in the research 

project.  

Participants were asked to complete a detailed patient questionnaire prior to the scan, 

providing detail on age, current symptoms if any, significant prior trauma or surgery to either 

of their shoulders and any other evidence of glenohumeral instability. Volunteers who were 

younger than 18 years were excluded from the study. Each shoulder was considered a separate 

entity, and characteristics and results were recorded separately for each. Shoulders of 

participants that had had prior surgery potentially affecting shoulder stability such as labral or 

rotator cuff repair were excluded, while the participants’ unaffected contralateral shoulder 

was included. Patients who were deemed suitable for participation in this study gave written 
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consent.  

5.5 Ultrasound Technique 

A Siemens Sonoline Anteres Release 5 (Siemens, Issaquah, WA, USA) was used for all 

scans. A VFX 13-5 linear small part transducer was used to assess the shoulder rotator cuff 

using maximum frequency (11.4 MHz) at 55 dB. A VFX 9-4 transducer was used to assess 

the distal subclavian artery in neutral and ABER positions for evidence of arterial thoracic 

outlet syndrome. The assessment of the PCHA also requires a vascular transducer to detect 

the small vessel and relatively weak Doppler signals. The VFX 9-4 linear transducer was 

therefore chosen. It was used with harmonics on at 4.2 MHz and 50 dB. The field of view 

extended over a depth of approximately 4 cm.  

Scanning was performed with the patient seated on a swivel chair in front of and to the right 

of the ultrasound machine. The shoulder being examined was closest to the sonographer. The 

PCHA was identified on the posterolateral shoulder by scanning in transverse plane inferior to 

the tendon of teres minor. In this way, the PCHA travels almost directly towards the 

transducer maximising the Doppler signal (190) (Figure 5-1). Spectral Doppler traces of both 

shoulders were acquired in neutral position and in ABER. The latter was achieved by asking 

volunteers to place their palm on the back of their head (Figure 5-2). The Doppler sample box 

was placed in the most proximal part of the PCHA visible on the B-mode scan as it emerged 

from the quadrilateral space. Doppler values were measured once and recorded in both neutral 

and ABER for peak systolic velocity (PSV), end-diastolic velocity (EDV), resistive index (RI) 

and acceleration time (AT) in both PCHA and distal subclavian artery (Figure 5-3). A 

significant stenosis was considered to be at least a doubling of PSV on ABER, implying a 

50% or greater stenosis from the neutral position. A delayed AT was considered to be greater 

than 80 ms.  
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Figure 5-1 PCHA emerging from the quadrilateral space. Flow is towards the transducer. Concavity of 

the path of the vessel is towards the humeral shaft. (PCHA, posterior circumflex humeral artery). 



 127 

 

Figure 5-2  Scanning the PCHA with the arm in ABER. Transducer remains in transverse plane with 

respect to the humeral shaft. (ABER, abduction and external rotation; PCHA, posterior circumflex 

humeral artery). 

5.6 Statistical Analysis 

Mean (± standard deviation (SD)) PSV, EDV, RI and AT for the PCHA were recorded and 

compared between the arm in neutral position and in ABER position using a Student’s t-test. 

All analyses were carried out using SPSS (version 16.0, SPSS Inc, Chicago, IL, USA). A P-

value of <0.05 was considered statistically significant.  

5.7 Results 
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Fifty volunteers were recruited into the study. The age range was 20 to 75 years, with a 

median age of 37 years. There were 33 females and 17 males. 

Seven shoulders were not included in the analysis. One 26 year old male had had surgery for 

repair of a labral tear of the dominant shoulder and this shoulder was excluded from the final 

results. The contralateral shoulder was included. Another participant, a 22 year old female 

demonstrated complete loss of flow in both distal subclavian arteries on ABER. Both 

shoulders of this individual were excluded from the final analysis. 

Four participants were noted to have full thickness tears of at least one rotator cuff tendon. All 

shoulders demonstrating full-thickness tears of any rotator cuff tendon were also excluded. 

There were 93 shoulders remaining for the analysis (N=93) (Table 5-1). 

Seventy-eight of 93 (83.87%) shoulders showed no evidence of occlusion or significant 

stenosis of the PCHA on ABER.  

The mean PCHA PSV (± SD) for the dominant shoulder in neutral was 29.58 cm/sec (±8.69 

cm/sec). In ABER this changed slightly to 29.81 cm/sec (± 19.76 cm/sec) (p = 0.932). For the 

non-dominant shoulder PCHA PSV in neutral was 28.99 (±9.38) cm/sec, and upon ABER this 

changed to 25.79 (±16.80) cm/sec (p= 0.217). Eight shoulders demonstrated total occlusion of 

flow in the PCHA on ABER (8.60%). Of these, three (37.50 %) involved the dominant side. 

All demonstrated normal blood flow in neutral position. 

Average AT was 37.73 (± 9.34) msec in neutral and 49.51 (± 31.38) msec in ABER (p = 

0.001). The resistive index average was 0.92 (±0.07) in neutral and 0.93 (± 0.14) in ABER (p 

= 0.66) (Table 5-2). 

Two of 93 (2.15 %) shoulders demonstrated a significant stenosis (at least a doubling of PSV 

from that found in neutral position) of the PCHA on ABER. One of these was a dominant side 

and the other involved the non-dominant side [Figure 5-4]. 
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Six (6.45%) shoulders demonstrated a prolonged (> 80 msec) acceleration time on abduction 

and external rotation – just one of these demonstrated evidence of ipsilateral arterial thoracic 

outlet syndrome (greater than doubling of distal subclavian PSV with ABER).  Five of the six 

stenoses thus most probably occurred within the proximal quadrilateral space and damping of 

the PCHA Doppler signal was not likely due to subclavian artery external compression. 

Delayed acceleration time in the sixth case was discounted as being due to PCHA 

compromise due to evidence of arterial thoracic outlet syndrome. Three of the remaining five 

(60%) involved the dominant shoulder. 

Table 5-1: Doppler ultrasound evaluation of PCHA blood flow in asymptomatic shoulders (n/N (%)). 

PCHA flow n/N(%) Reason 

Normal 78/93 (83.87%) - 

Abnormal 15/93 (16.13%) - 

Occluded on ABER 8/15 (53.33%) No detectable Doppler 
signal 

Stenosed on ABER 2/15 (13.33%) ABER PSV > 2 times 
neutral PSV 

Delayed acceleration  5/15 (33.33%) AT>80 msec without 
evidence of aTOS 

Key: ABER – abduction and external rotation, AT – acceleration time in milliseconds; aTOS – arterial thoracic 

outlet syndrome.; PCHA – posterior circumflex humeral artery; PSV – Peak systolic velocity. 
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Figure 5-3 Typical Doppler values of the PCHA in neutral position. (PCHA, posterior circumflex 

humeral artery.)  
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Figure 5-4 (a and b) Normal PCHA Doppler trace in neutral position. In b (below) PSV dramatically 

increases with ABER (129 cm/s), more than three times PSV (41.3 cm/s) in neutral position, indicative 

of a significant stenosis of the PCHA with ABER. (ABER, abduction and external rotation PCHA, 

posterior circumflex humeral artery; PSV, peak systolic velocity). 

Table 5-2 Ultrasound characteristics of the PCHA according to arm position and dominance. 

 Neutral ABER 

PSV Dominant arm 29.58 (±8.69) cm/sec 29.81 (±19.76) cm/sec 

PSV Non-dominant arm 28.99 (±9.38) cm/sec 25.79 (±16.80) cm/sec 

Resistive Index 0.92 (±0.07) 0.93 (±0.14) 

Acceleration time 37.73 (±9.34) 49.51 (±31.38) 

Key: ABER = Abduction and External Rotation PSV = Peak Systolic velocity 

5.8 Discussion 

We have assessed the PCHA in fifty volunteers with the arm in both neutral and ABER 

positions using normal ultrasound Doppler parameters. Ultrasound criteria for occlusion or 
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stenosis of the PCHA on ABER of the arm were met in 16% of asymptomatic volunteers. We 

have found significant stenosis or occlusion of the PCHA with abduction and external rotation 

of the arm in fifteen (16.13%) of 93 included shoulders. All included participants were 

asymptomatic. Eight of the 15 (8.60%) shoulders showed complete occlusion of the PCHA on 

ABER. Two (2.15%) shoulders showed at least a doubling of the PCHA PSV upon ABER 

and five (5.37%) shoulders demonstrated prolonged acceleration time of greater than 80 

milliseconds without evidence of arterial thoracic outlet syndrome, indicating a significant 

stenosis within the proximal part of the quadrilateral space.  

Our participants were healthy volunteers, and were excluded from participation if conditions 

that may affect PCHA impingement such as rotator cuff tendon tears or glenoid labral 

pathology were present. Doppler evidence of stenosis was taken to be at least a doubling of 

PSV representing an at least 50% stenosis of the PCHA or delayed acceleration time greater 

than 80msec without evidence of arterial thoracic outlet syndrome. We believe that our 

findings represent the prevalence of axillary neurovascular bundle impingement within the 

quadrilateral space upon ABER in the normal population, and that it is an uncommon 

phenomenon in asymptomatic shoulders. 

The first report of QSS by Cahill and Palmer described the use of angiography to detect 

external impingement upon the neurovascular bundle in the quadrilateral space (10). 

Impingement upon the PCHA was thought to be indicative of neurovascular bundle 

compression and thus pathognomonic of the condition. All asymptomatic shoulders showed a 

normal patent PCHA on abduction and external rotation (ABER), whereas abduction of as 

little as 60 degrees caused PCHA occlusion in symptomatic shoulders (10). They described 

the condition as practically always affecting the dominant extremity (10). Other subsequent 

reports have not remarked upon dominance or otherwise of the affected limb (29, 45, 84, 85, 

191).  We have found Doppler ultrasound evidence of PCHA occlusion of the non-dominant 

arm. Five of eight (62.50%) volunteers demonstrated complete loss of Doppler signal in the 
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PCHA on ABER of the non-dominant arm. 

One recent study using MR angiography of one patient with QSS and six healthy volunteers 

found that PCHA was stenotic near the origin in 80% of the healthy volunteers(46). 

Mochizuki et al have suggested based upon their single study that PCHA occlusion or stenosis 

on ABER is not a specific finding for QSS (46). There is hence considerable dispute 

regarding the association of PCHA compression on ABER and QSS. Brestas et al (2006) 

examined the PCHA of one patient with ultrasound and suggested that colour Doppler may 

help to identify the PCHA, and confirm compression of the neurovascular bundle with the 

arm in stress positions (45). Ultrasound colour Doppler is the preferred method of assessment 

of the PCHA as it does not require the patient to maintain the arm in the most uncomfortable 

position for an extended length of time, is non-invasive and requires no toxic contrast agents. 

Analysis of ultrasound Doppler frequency spectrum can provide quantitative information on 

vessel blood flow (114). In particular, when an artery diameter is reduced identifiable 

characteristics of this Doppler frequency spectrum will change (49). Typical parameters 

measured include PSV, RI and AT. PSV is considered most sensitive to arterial diameter 

reductions, but RI and AT have the advantage of not requiring angle correction (114). 

Visualisation of a large section of the PCHA is thus not required as it is to accurately calculate 

true velocity. EDV is required for the calculation of the RI. 

Hyperabduction of the arm (beyond 90 degrees) can dramatically affect blood flow in the 

subclavian/axillary artery in a small percentage of asymptomatic individuals. Many 

asymptomatic people exhibit upper extremity pulse deficits with positional movements of the 

arm, and evidence of thoracic outlet arterial compression has been reported to be common in 

asymptomatic persons (48, 100). As the PCHA is a branch of the third part of the axillary 

artery, arterial thoracic outlet syndrome affecting flow in the axillary artery will also affect 

flow in the PCHA. Altered Doppler ultrasound characteristics of the PCHA in such a situation 
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would not be representative of external forces acting on the PCHA within the quadrilateral 

space.  

It is thought that only chronic repetitive impingement upon the axillary neurovascular bundle 

gives rise to the atrophic changes and muscular atrophy characteristic of the condition (79, 

85). Intermittent impingement such as might occur in those performing everyday activities for 

example amateur sports or office work is unlikely to give rise to QSS. The causative fibrous 

bands have been found in a percentage of cadavers with no apparent record of QSS (67). 

Those suffering QSS are normally young adult athletes undertaking repeated overhead actions 

such as throwers and swimmers (30, 79, 87). PCHA stenosis or occlusion on ABER could 

therefore still be present in those that do not suffer symptoms consistent with QSS. The 

results of our study have shown that axillary neurovascular impingement is detectable in the 

normal population, but uncommon. In a population of patients with symptoms consistent with 

QSS ultrasound may be used to exclude axillary neurovascular impingement and obviate 

further invasive and expensive testing. 

A weakness of our study was the difficulty in proving the absence of a Doppler signal. The 

absence of a Doppler signal could be due to patient movement, poor technique or 

malpositioning of the ultrasound transducer. This occurs most frequently when the operator is 

inexperienced in the technique, but less so as the anatomical arrangements in neutral and 

ABER become better understood. Our study was conducted by one experienced sonographer 

and hence, we do not believe that our findings were affected by this issue. Absence of colour 

flow on ABER can be confirmed by repeating the action of moving from neutral to ABER, 

essentially performing a number of repeated samplings – one of the advantages of ultrasound 

over other modalities. The PCHA can also be followed as the subject abducts and externally 

rotates observing cessation of colour flow in real time.  

Further work is required to prove the association between ultrasound-detected 
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occlusion/stenosis of the PCHA with ABER and patients with clinical QSS. The assumption 

that PCHA impingement always represents impingement of the axillary nerve may not be 

valid. Our study was performed with the patient seated in the erect position, whereas 

angiography and MR angiography are performed with the patient supine. Ideally a 

comparative study utilizing MR angiography, Doppler ultrasound and surgical cross-

correlation should be performed to determine a reference standard. However, such a study 

will be difficult to perform due to the rare nature of QSS.  

In summary, we have demonstrated that occlusion or stenosis of the PCHA upon ABER is 

detectable with ultrasound Doppler techniques. It is an uncommon finding in an 

asymptomatic population. Doppler ultrasound is able to quickly and safely assess the PCHA 

with ABER and may make angiography for the diagnosis of QSS in suspected sufferers 

unnecessary. 
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This chapter is an exact copy of the journal paper referred above comparing ultrasound 

measurements of the femoral head-neck alpha angle with an established modality, in this case 

CT. 

 

This study demonstrates the usefulness of ultrasound in providing objective evidence of 

femoroacetabular impingement. The advantages of ultrasound are particularly relevant for 

young adult populations for whom early detection of FAI before major joint damage has 

occurred would have significant advantages. In this chapter, we compared an ultrasound 

measurement of the femoral head-neck alpha angle to an established standard. Thirty-nine 

hips were analysed and the femoral head-neck alpha angle calculated for both ultrasound and 

3DCT. Results were compared using the Bland-Altman test of agreement between two 

methods of clinical measurement. 

This manuscript demonstrates that ultrasound measurement of the alpha angle can provide 
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objective evidence of cam-type femoroacetabular impingement in symptomatic patients and 

can direct patients to more established imaging techniques where appropriate.
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Ultrasound determination of the femoral head-neck alpha angle  

6.2 Abstract 

The femoral head-neck alpha angle is used to quantify the degree of femoral head asphericity 

in patients suspected of cam-type femoroacetabular impingement. The measurement was first 

performed using magnetic resonance imaging and, more recently, three-dimensional 

computed tomography (CT). We set out to determine whether the alpha angle could be 

reliably measured using ultrasound. Patients were recruited from a cohort presenting for CT 

of the hip. Alpha angles were calculated following the departmental protocol by institutionally 

accredited radiographers. After the CT, patients were imaged with ultrasound and the alpha 

angle calculated from the ultrasound image by a sonographer blinded to the CT result. 

Statistical comparison of the two methods was performed with the Bland-Altman test using 

SPSS (version 21.0, Chicago, USA), and a p < 0.05 afforded significance. Twenty-eight 

patients were recruited. Eleven patients were bilateral examinations, providing 39 hips for 

analysis. There were 15 females and 13 males, with 21 right and 18 left hips examined. 

Average patient age (±standard deviation) was 40 y (±13.9 y). Mean (±standard deviation) 

measurements for CT and ultrasound were 62.5° (±14.2°) and 64.5° (±12.6°), respectively. 

The mean absolute difference between the two methods was 10.5° (95% confidence interval 

6.9°–14.0°). Sensitivity of each individual ultrasound measurement was 91.3%. The 

specificity of ultrasound was 43.75%. The positive predictive value was 0.7, and the negative 

predictive value was 0.78. Overall accuracy of the ultrasound-derived alpha angle was 

calculated at 0.718. Ultrasound demonstrates good sensitivity and good negative predictive 

value in calculation of the femoral head-neck alpha angle compared with CT; however, 

specificity is low. Ultrasound measurement of the alpha angle can provide objective evidence 

of cam- type femoroacetabular impingement in symptomatic patients and can direct patients 
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to more established imaging techniques where appropriate.  

(E-mail: djrob6xx@gmail.com)  

© 2018 World Federation for Ultrasound in Medicine & Biology. Published by Elsevier Inc. 

All rights reserved.  

Key Words: Ultrasound, Musculoskeletal, Hip, Femoroacetabular impingement, Alpha 

angle.  
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6.3 Introduction 

Femoracetabular impingement (FAI) has been postulated to be a cause of acetabular labral 

and articular cartilage damage to the hip (11). The sequelae of the condition and the damage 

that it causes are thought to contribute to early onset of osteoarthritis (OA) (15). Cam-type 

FAI is impingement of the antero-superior femoral head-neck junction upon the acetabular 

labrum as the result of an osseous bump at the superior end of the upper femoral epiphysis (5, 

69, 129). The bony prominence causes an abnormality of the femoral head-neck contour, 

manifesting as a loss of sphericity of the femoral head, a shallow head-neck offset and 

impingement upon the acetabulum, in particular, with flexion of the leg upon the trunk with 

internal rotation (15). Symptoms of cam impingement occur at the limits of forward flexion 

and internal rotation where the loss of the normal femoral head-neck offset impacts upon and 

damages the acetabulum over time (15). Delay or misdiagnosis of cam-type FAI may result in 

potentially more severe joint damage or unnecessary medical and surgical treatments (15). 

Qualitative criteria such as a pistol-grip shape of the femoral head-neck junction cannot be 

used to quantify the severity of the condition (15). An attempt to provide an objective 

measurement of this femoral head asphericity coined the alpha angle was pioneered using 

magnetic resonance imaging (MRI) by Nötzli et al. (2002)(11).  
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Figure 6-1: Diagram of the alpha angle calculation from the axial oblique image as described by 

Beaulè et al. (2005). A circular template is drawn over the femoral head. From the center of the 

femoral head template (hc) a straight line is drawn laterally along the long axis of the femoral neck 

parallel to the anterior bony cortex. A second line is then drawn from the center of the femoral head 

template to intersect the point where the femoral head-neck contour exits the circular template (point 

A). The resulting angle between the two lines is the alpha angle.  

The alpha angle was subsequently modified for computed tomography (CT) by Beaulè et al. 

(2005) with a minor change in the placement of the femoral neck axis line (Figure 6-1) (11, 

12). With the femoral neck axis line placed parallel to the anterior femoral neck cortex Beaulè 

et al. (2005) found that their data closely reproduced that of Nötzli et al.’s work (2002).  

MRI and CT are the imaging modalities of choice for the evaluation of the hip for their ability 

to image intra-articular causes of symptoms. However, they are expensive, not always readily 
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available, and, in the case of CT, involve ionizing radiation. The ability to make a diagnosis 

of this abnormality, particularly among younger populations, before major joint damage 

occurs, using a non-ionizing, widely available, and cost-effective technique for early detection 

of cam-type FAI would be highly beneficial. Ultrasound can provide imaging of the soft 

tissues associated with the hip when looking for musculoskeletal disorders and effusions of 

the joint (14). Ultrasound can also provide images of the cortical surfaces of the anterior 

femoral head and neck equivalent to the oblique axial view described by Nötzli et al. (2002) 

and Beaulè et al. (2005) for MRI and CT, respectively. To date, no study has explored the 

usefulness of ultrasound in the quantification of femoral head asphericity using an identical 

method of measurement as an accepted reference standard.  

We hypothesize that ultrasound-based calculations of the alpha angle are a clinically useful 

alternative to those obtained using a CT gold standard when the same measurement method is 

applied. Our aim was to demonstrate the usefulness of ultrasound in providing objective 

evidence of FAI when CT is not available or not appropriate.  

Table 6-1: Indications for hip evaluation among 28 patients (39 hips) presenting for CT  

Indication     | Number of hips (% of 39) 

---------------------------------------------------------------|-------------------------------- 
 Suspected FAI     | 14 (37%) 

Groin/Hip/other pain    | 6 (16%) 
 Included as part of bilateral examination | 5 (13%) 
 Dysplasia     | 3 (8%) 
 Avascular necrosis    | 3 (8%) 
 Post-surgery assessment   | 3 (8%) 
 Osteitis Pubis     |  2 (5%) 
 Osteoarthritis     | 1 (2%) 
 Labral tear     | 1 (2%) 
 History of # NOF    | 1 (2%) 
Key:  
FAI – femoroacetabular impingement 
# NOF – Fractured neck of femur 
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6.4 Materials and Methods 

Ethics approval for the study was received from the Monash University Human Research 

Ethics Committee. Participants were consecutively recruited from amongst patients attending 

the department for CT imaging of one or both hips for a variety of indications (Table 6-1). 

Written informed consent was obtained from all patients. We prospectively recruited 28 

patients with a mean (±SD) age of 40 (±13.9) y. Eleven patients had bilateral examinations, 

providing a total of 39 hip joints for analysis. The cohort consisted of 15 women and 13 men 

with measurements taken from 21 right hips and 18 left hips.  

CT method  

A Toshiba Aquilion 16 TSX101-A Version 3.38 ER005 (Toshiba Medical Systems 

Corporation, Tochigi- Ken, Japan) was used to perform a 300-mm helical acquisition from 

above the acetabulum to below the lesser trochanter. Scan parameters were 135 kVP, 120–170 

mA and 400-mm field of view. The reconstruction interval (slice thickness) was 2.5 mm. The 

data block was rotated to create a group of axial oblique images passing through the plane of 

the femoral neck, from which the alpha angle was calculated by an Institute of Radiography-

registered radiographer according to the method described by Beaulè et al. (2005) (Figure 

6-2).  
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Figure 6-2: Computed tomography axial oblique image of the right hip of a 36-y-old female referred 

for possible femoroacetabular impingement. Calculated alpha angle is 73°.  

Ultrasound method  

Ultrasound imaging was then performed immediately after the CT using a General Electric 

Logiq E9 (Wauwatosa, WI, USA) by the same sonographer with 15 y’ experience in 

ultrasound of the musculoskeletal system. Imaging was performed with the patient positioned 

supine with the leg extended and with approximately 20 degrees of internal rotation. A linear 

ML6-15 MHz transducer was used to obtain a longitudinal image of the femoral head- neck 

junction with the cortical surface of the femoral head maximally exposed, and the distal 

attachment of the iliofemoral ligament visible on the image (Figure 6-3). Acoustic settings 

included 12-MHz center frequency, dynamic range at 60 dB, acoustic output 100% and virtual 
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convex for wide field of view and good resolution at depth. High cross- beam setting (spatial 

compounding) was used to improve lateral resolution and ensure good visualization of as 

much of the femoral head cortex as possible to aid drawing of the circular femoral head 

template. Three separate images were taken of each hip, with the transducer repositioned 

between each image. The three ultrasound images were exported to a separate workstation for 

analysis.  

 

Figure 6-3: Ultrasound image of the anterior femoral head and neck used for calculation of the alpha 

angle. A circular template is fitted over the femoral head. A straight line is drawn from the center of 

the circular template along the femoral neck parallel to the anterior femoral neck. Another line is 

drawn from the center of the circular template to intersect the point where the femoral head-neck 

contour leaves the template. The angle between the two lines is the alpha angle. FH = femoral head; 

FN = femoral neck; L = acetabular labrum.  

Ultrasound images were analyzed by the principal author blinded to the CT result using Gimp 
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for Windows 2.8.0 (Free Software Foundation, Boston, MA, USA), a GNU Public License 

image manipulation program. The alpha angle was calculated by drawing a circular template 

fitted closely over the femoral head using the ellipse-select tool on the computer. Care was 

taken to ensure that a true circle was drawn by ensuring that the width and height of each 

circle were equal. Composition guides (center lines) were turned on so that the center of the 

circle could be accurately located. The pixel address of the center was noted by placing the 

cursor over the marked center. The selected circle was then stroked (painted over the selected 

outline) to draw the femoral head template (Figure 6-3).  

A straight line was then drawn from the pixel address of the center of the femoral head 

template laterally, parallel to the anterior femoral neck cortex. Another line was then drawn 

from the center to cross the femoral head circular template at the point where the femoral 

head outline leaves the circle, equivalent to point “A” in the description by Nötzli et al. (2002) 

(Figure 6-1). The angle between these two lines was then calculated using the Measure Tool 

on the computer software and noted as the ultrasound alpha angle. The alpha angle 

measurements were repeated for the other two ultrasound scans by the same investigator at 

intervals of greater than 48 h so that the result of previous calculations was not known. After 

the third image was analyzed, the investigator averaged the measurement of all three alpha 

angles. The mean alpha angle was used as the final ultrasound alpha angle.  

The principle researcher was then un-blinded to the CT measurements and the CT and mean 

ultrasound alpha angle compared.  

Statistical analysis  

The average of the absolute difference between the three-repeated ultrasound alpha angles 

measurements and the CT reference standard for all hips were compared using the Bland-

Altman test of agreement between two methods of clinical measurement. The null hypothesis 

was that no difference exists between ultrasound and CT calculations of the alpha angle.  

An alpha angle >55° obtained on the CT was classified as an abnormal test result (11). 
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Statistical analyses were carried out using SPSS (v 21.0, Chicago, IL, USA) and a p < 0.05 

afforded significance. The accuracy for ultrasound was calculated using the formula for 

observational error:   

Equation 6-1 Formula for accuracy 

!""#$%"& = ($#)	+,-./.0) + ($#)	2)3%/.0)
($#)	+,-./.0) + 4%5-)	+,-./.0) + ($#)	2)3%/.0) + 4%5-)	2)3%/.0) 	 

 

6.5 Results  

Mean (±SD) (range) measurements for CT and ultrasound were 62.5° degrees (±14.2°) 

(37.7°–90.9°) and 64.5° degrees (±12.6°) (44.4°–101.6°), respectively (Table 6-2).
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Table 6-2: Measured alpha angle for each hip calculated from CT and three separate ultrasound images (N = 39) with mean difference between ultrasound and CT 

Hip Number | CT alpha angle | US alpha angle #1 | US alpha angle #2 | US alpha angle #3 | mean difference CT:US 

1   46.7   50.00   54.00   52.00   -5.30 

2   52.7   66.28   67.90   64.11   -13.40 

3   65.2   62.50   51.32   54.18   +9.20 

4   88.9   73.58   63.18   76.48   +17.82 

5   61.7   57.34   65.39   66.33   -1.32 

6   49.0   53.30   54.65   55.64   -5.53 

7   56.8   62.69   63.44   58.91   -4.88 

8   78.0   63.87   67.29   67.58   +11.75 

9   66.2   75.47   75.34   79.63   -10.61 

10   52.0   55.10   58.45   56.28   -4.61 

11   48.4   48.97   52.87   32.83   +3.51 

12   90.9   76.80   76.60   77.97   +13.78 

13   64.6   62.83   55.11   61.05   +4.94 

14   76.1   67.65   58.66   62.46   +13.18 
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15   67.4   65.39   80.14   68.35   -3.89 

16   61.4   65.82   69.78   71.99   -7.80 

17   53.6   64.56   56.11   57.82   -5.90 

18   44.3   89.07   96.10   93.73   -48.67 

19   63.1   59.19   71.63   75.38   -5.63 

20   44.5   45.72   48.14   57.57   -5.98 

21   50.5   58.32   65.72   61.60   -11.38 

22   67.9   64.97   74.53   71.16   -2.32 

23   89.2   79.31   79.97   85.48   +7.61 

24   82.1   59.63   56.62   57.44   +24.20 

25   67.6   65.02   68.02   66.10   +1.22 

26   54.1   73.14   51.88   57.05   -6.59 

27   49.4   73.60   53.92   47.69   -9.00 

28   76.6   93.12   72.19   45.83   +6.22 

29   48.3   102.62   102.31   99.81   -53.28 

30   37.7   58.59   52.36   42.78   -13.54 
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31   45.7   47.22   42.34   43.65   +1.30 

32   67.7   56.63   58.35   55.67   +10.79 

33   87.0   81.49   83.32   77.67   +6.21 

34   51.2   55.49   49.68   51.11   -0.89 

35   48.7   60.81   58.07   44.33   -5.70 

36   74.8   58.02   54.36   68.61   +14.47 

37   61.8   59.40   57.66   64.33   +1.34 

38   73.0   48.37   57.06   61.56   +17.34 

39   71.7   86.37   94.02   86.88   -17.39 

Key: CT = three-dimensional Computed Tomography; US - ultrasound
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Large discrepancies of >45° were noted in two cases where there was a history of femoral 

neck osteoplasty in patients of advanced y (>60 y). We found 62/116 (53%) instances where 

ultrasound returned a greater value than CT with an average overestimation of 12.4°. 

Ultrasound underestimated the CT on 54/116 (47%) occasions, with the average under-call 

being 10.1°. Average coefficient of variation for the three ultrasound measurements was 

8.28% (1%–33.7%).  

The mean of the absolute differences between the ultrasound-measured alpha angles and the 

CT measurements was 10.5° (p < 0.001) (95% CI 6.9°–14.0°) (Figure 6-4).  

 

Figure 6-4 Results. Bland-Altman scatter plot of the mean of the computed tomography (CT) and 

ultrasound measurements of the alpha angle (X-axis) versus the mean absolute difference between the 

CT and the ultrasound measurements of the alpha angle (Y-axis). The null hypothesis of no difference 
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is represented as the X-axis at 0 difference. The 95% confidence intervals are drawn at 6.917 and 

14.031 (dashed lines).  

Twenty-three positive tests among all hips were obtained using the CT alpha angle result as 

the gold standard. Sixty-three of 69 (91.3%) individual ultrasound measurements resulted in a 

correct positive diagnosis (sensitivity of 91.3%). The specificity of ultrasound was 43.75% 

with 21 of 48 negative ultrasound measurements deemed to be truly negative. The positive 

predictive value (PPV) was 0.7 and the negative predictive value (NPV) was 0.78. Overall 

accuracy of the ultrasound-derived alpha angle was calculated at 0.718.  

6.6 Discussion 

In our study, we have, for the first time used CT as the reference standard and compared it 

with ultrasound to calculate the alpha angle using an identical method from the same image 

vector. Our results demonstrate that ultrasound could replicate the image vector used by CT, 

and that the sensitivity of ultrasound measurements was good with PPV = 0.7 and the NPV = 

0.78. Overall accuracy of the ultrasound-derived alpha angle was calculated at 0.718.  

Many attempts to radiologically characterize a cam deformity associated with FAI have been 

made using a variety of imaging modalities and methods (11, 12, 53, 139, 157). Ultrasound 

has been used to detect the presence or absence of a non-spherical head-neck junction in the 

evaluation of cam-type FAI by Buck et al. (2011) who found that the NPV of such a 

deformity was between 50%–80% (162). Nötzli et al. (2002) used MRI to quantify the degree 

of femoral head asphericity by measuring a femoral head-neck alpha angle. CT has been used 

to confirm the original findings of Nötzli et al. (2002), with the femoral neck axis line placed 

parallel to the anterior femoral neck bony cortex, rather than through the center of the 

narrowest part of the femoral neck (Figure 6-2) (12). Alpha angle calculations using the 

method of Beaulè from an axial oblique image have been widely adopted, including at our 
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facility, and these can be reproduced using ultrasound imaging (12, 161, 192). The plane of 

imaging described is regularly used to assess for hip joint effusion and is achievable even for 

a novice sonographer (Figure 6-3) (14, 193). We have used ultrasound to image the anterior 

aspect of the femoral head-neck junction to calculate the femoral head-neck alpha angle, 

using the original work of Nötzli et al. (2002) and Beaulè et al. (2005) as the gold standard.  

Ultrasound has been used in the past to calculate the femoral head-neck alpha angle and 

compared with MRI arthrography as the reference standard (161, 162). In a study of 50 

patients with suspected cam-type FAI based upon clinical examination, ultrasound was 

compared with MRI arthrography and inter-rater agreement was evaluated between two 

readers (162). Reader one showed a strong significant relationship between ultrasound 

measurements and MRI (Pearson correlation coefficient (PCC) 0.891) (162). A second reader, 

however, showed only poor-to- moderate agreement (PCC 0.425) (162). The authors in that 

study used a different approach to measure the alpha angle on MRI and ultrasound, with the 

method of Nötzli et al. (2002) used for calculating the alpha angle in the MRI images, but a 

tangential line between the most distal insertion of the joint capsule and the femoral head 

contour was used as the femoral neck axis line for the ultrasound images (162). The poor 

inter-rater reliability demonstrated in this study is likely the result of using two different 

methods for calculation of the alpha angle for each modality.  

In another study, 40 patients with a pre-surgical axial oblique MRI and a diagnosis of cam-

type FAI were examined with ultrasound, with a mean alpha angle on MRI of 64.8° and on 

ultrasound of 61.2° in neutral position, and 65.6° with 20° of internal rotation (161). PCC in 

this study ranged 0.67–0.77 (p < 0.0001) for neutral position and 20° of internal rotation 

respectively (161). Inter-observer reliability for ultrasound calculation of the alpha angle 

ranged 0.86–0.95 (161). In this study, the MRI alpha angle was calculated according to Nötzli 

et al’s method; whereas on ultrasound, the femoral neck axis line was positioned parallel to 

the anterior visible surface of the femoral neck following the method of Beaulè et al. (2005) 
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(161). This discrepancy may have affected the resultant measurements but was not addressed 

by the author. A more accurate and reliable evaluation of ultrasound to calculate the alpha 

angle would be performed if the same method were used for both imaging modalities.  

We have found that ultrasound can replicate the image vector used on CT to calculate the 

femoral head-neck alpha angle. Using the CT alpha angle result as the gold standard and 

using the same method for both modalities, the sensitivity of ultrasound was calculated at 

91.3% and overall accuracy at 0.718. However, calculations of the alpha angle performed 

using ultrasound are significantly different than CT. Our study has shown an average 

discrepancy between the reference standard CT and ultrasound calculation of alpha angles of 

slightly more than 10° and low specificity of 43.75%.  

Our study had several limitations. Ultrasound imaging was performed by a single 

sonographer. Hence, inter-observer reliability of the ultrasound alpha angle calculation could 

not be evaluated in this series, although Lerch et al. (2013) estimated inter-observer reliability 

of ultrasound- measured alpha angle at 0.86–0.95.  

Two instances occurred in this series where very large differences were observed between the 

ultrasound and CT values of alpha angle. The largest difference exceeded 53° (Marked X in 

Figure 6-4). Both patients were older individuals (>60 y) with a history of femoral head-neck 

osteoplasty. In the case demonstrating the largest discrepancy, very minor osteophyte 

formation (mushrooming) has occurred, causing the bony contour to break the femoral head 

circular template on the ultrasound but not on the CT image (Figure 6-5). Bony cortical 

irregularities such as those related to advanced age or prior surgery may significantly reduce 

the accuracy of the ultrasound alpha angle calculation. Hence, ultrasound may not be suitable 

to patients of advanced y or those with a history of prior hip surgery or disease. We believe, 

however, that ultrasound calculation of the alpha angle would have its major application in 

younger individuals before major joint damage secondary to FAI, and who have had no prior 

hip disease.  
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Figure 6-5 Left hip ultrasound and computed tomography (CT) (insert) performed for groin pain of a 

63-y-old female with a history of femoral head-neck osteoplasty (#) for cam femoroacetabular 

impingement. Dramatic difference between the ultrasound and CT calculation of the alpha angle 

caused by very mild degree of mushrooming (*) of the femoral head-neck junction causing the contour 

to exceed the femoral head template on the ultrasound but not on the CT image. The difference in the 

ultrasound and CT alpha angles exceeds 53° and is marked X on the Bland-Altman scatter plot (Figure 

6-4).  

Our technique has revealed a large range in the co-efficient of variation across the ultrasound 

measurements, ranging from 1% to almost 34%. Nötzli et al. (2002) found an intra-observer 

variation of ±3% for their measurements of alpha angles when using MRI, indicating that 

placement of the base and inclination (to point A) lines have an acceptable error. Our 

technique involves placing the baseline parallel to the anterior cortical surface by visual 

approximation, perhaps giving rise to this larger variation. Variation in the ultrasound alpha 

angle may be reduced if a line is first drawn parallel to the anterior cortex and then translated 
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to intersect the center point of the femoral head template before calculation of the alpha angle.  

6.7 Conclusion 

Young active patients with groin pain have a wide differential diagnosis including stress 

fractures of the femoral neck, iliopsoas tendonitis, tears of the adductor tendons and nerve 

entrapment syndromes. Ultrasound has many well-established advantages over CT and MRI, 

is better suited to preliminary screening and can be performed quickly as a general 

investigation of groin symptoms that might include as a differential diagnosis FAI.  

Ultrasound demonstrates good sensitivity and good NPV in calculation of the femoral head-

neck alpha angle compared with CT. Ultrasound calculation of the alpha angle does, however, 

suffer poor specificity and perhaps further studies should be undertaken to refine the 

described technique. Ultrasound measurement of the alpha angle in young patients with no 

prior hip surgery or trauma can, however, provide objective evidence of cam-type FAI in 

symptomatic young patients and direct patients to more established imaging techniques where 

clinically appropriate.
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The final aim of this thesis is to demonstrate the usefulness of ultrasound in the 

characterisation of soft tissue findings around hip prostheses after hip arthroplasty. Small 

accumulations of wear debris adjacent to the prosthetic hardware can impinge upon the native 

bone, causing tissue destruction and necrosis, giving rise to aseptic loosening. Currently 

MARS MRI is the modality of choice for detection and monitoring of ALTR after hip joint 

arthroplasty. This modality is limited, however, by an inability to clearly visualise soft tissues 

adjacent to the prosthesis, as well as the issues pertaining to costs to patients and availability 

especially in rural, remote and/or underdeveloped countries. These same characteristics also 



 161 

make the modality unsuitable to screening an asymptomatic population. This manuscript 

shows that ALTR development in asymptomatic well-functioning prostheses may be 

recognised earlier using ultrasound rather than MARS MRI. Ultrasound findings after hip 

arthroplasty can assist in the management of patients who may require a more frequent 

surveillance program.
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Ultrasound Screening for Adverse Local Tissue Reaction after Hip 

Arthroplasty  

7.2 Abstract 

Early detection of adverse local tissue reaction (ALTR) to prosthetic hip wear debris is vital to 

improve the success of revision surgery. Magnetic resonance imaging with metal artefact 

reduction sequencing (MARS MRI) is considered the modality of choice to provide cross-

sectional imaging of the soft tissues. The areas adjacent to the prosthesis are, however, not 

readily imaged using these protocols. Ultrasound has also been recommended as an imaging 

modality in the follow-up of hip replacement surgery. We decided to characterise the typical 

ultrasound findings in a group of patients undergoing routine biennial review of arthroplastic 

hips with particular reference to the hip capsule, femoral neck and iliopsoas bursa and tendon 

adjacent to the implant. Fifty-two patients with a mean (±SD) age of 60.4 (±12) y were 

prospectively recruited. Twelve patients had bilateral hip prostheses, giving 64 hips for 

analysis. Mean (±SD) age of the prosthesis in situ was 8.2 (±3.3) y. Data were grouped on the 

basis of the shape of the iliofemoral ligament. The median (range) maximal anteroposterior 

synovial thickness was 5 (2–8) mm in the normal concave iliofemoral ligament group and 7 

(4–56) mm in the abnormal straight/convex iliofemoral ligament group (p = 0.001). The 

anteroposterior iliopsoas tendon measurement was 5 (3–8) mm in the normal group and 5 (4–

8) mm in the abnormal group (p = 0.065). ALTR development in asymptomatic well-

functioning prostheses may be recognised earlier using ultrasound rather than MARS MRI by 

carefully assessing the shape of the iliofemoral ligament. Ultrasound findings of an abnormal 

straight or convex ligament may be suggestive of early ALTR and warrant streaming of 

patients to a more frequent surveillance program.  

 Keywords 
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Ultrasonography, Hip replacement, arthroplasty 

7.3 Introduction 

Hip replacement surgery is an increasingly common medical procedure in Western societies, 

with the rate increasing from 17,105 in 2001 to 44,419 in 2015 according to data from the 

Australian Joint Replacement Registry (3). Implant loosening without evidence of infection 

(aseptic loosening) is the most common reason for implant failure and subsequent revision 

surgery (16). Early implant failure is a concern because the success of revision hip 

replacement surgery may be reduced by the higher complication rate, soft tissue necrosis and 

reduction of femoral bone stock (17, 178, 194, 195).  Adverse local tissue reaction (ALTR) to 

wear debris, mainly from the prosthetic bearing, may hasten aseptic loosening and result in 

early prosthetic failure (16). ALTR causing thickening of the soft tissues at the femoral neck 

of a resurfacing prosthesis may be a portent of osteolysis and impending femoral neck failure 

(13, 16, 18, 19, 38, 196).  

Some symptomatic complications such as component suboptimal positioning, implant 

loosening and peri-prosthetic fracture can be optimally imaged with plain radiography (19, 

196). Periodic follow-up of both symptomatic and asymptomatic patients, using cross-

sectional imaging of the soft tissues, has also been recommended for the detection of ALTR 

around hip prostheses (13, 18, 19, 196). The role of follow-up with imaging has, however, 

been unclear with respect to asymptomatic well- functioning hip replacements. Current 

imaging protocols lack the sensitivity to detect ALTR in asymptomatic well-functioning 

prostheses, even though high rates of ALTR have been reported in this cohort (4, 18, 19, 196). 

Even asymptomatic, well-functioning prostheses should be periodically assessed with cross-

sectional imaging to look for evidence of accumulating wear debris that may hasten aseptic 

loosening, femoral neck osteolysis and early prosthesis failure (4, 179).  
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Magnetic resonance imaging (MRI) with metal artefact reduction sequencing (MARS) 

algorithms have been suggested for the assessment of periprosthetic soft tissues (13, 18, 19, 

196). MRI is, however, not optimal because the tolerability of some types of metal implants 

have to date not been evaluated (19, 196). MRI is a relatively expensive modality not widely 

available in all areas, has a prolonged scan time and is contraindicated in patients with some 

ferromagnetic implants, making MRI not always suitable for screening an asymptomatic well-

functioning prosthesis (55). Further, the soft tissues adjacent to the native or prosthetic 

femoral neck are not readily imaged even with MARS MRI (54). There is a need to develop 

tolerable, low-cost imaging protocols for routine follow-up of all patients after hip 

replacement surgery.  

Ultrasound (US) has been suggested as a cross- sectional imaging modality for assessment of 

the post-arthroplastic hip as it is readily available, relatively cost effective and radiation and 

artefact free (18, 19, 196). Only limited information is available in the literature on the 

usefulness of US screening of the asymptomatic hip prosthesis. We decided to characterize 

the typical US findings with particular reference to the shape of the anterior hip capsule, the 

presence of fluid or solid material about the femoral neck and the iliopsoas bursa and size of 

the iliopsoas tendon in a group of patients undergoing routine biennial review of arthroplastic 

hips.  

7.4 Methods 

Ethics approval for the study was received from the Monash University Human Research 

Ethics Committee. Volunteers were consecutively recruited from patients attending the 

department for routine biennial review of their hip prosthesis. Patients were included if they 

were over 18 y of age and gave written informed consent to use their de-identified medical 

records for the research project. All patients, both symptomatic and asymptomatic for 
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prosthesis complications, were imaged using X- ray and ultrasound of one or both prosthetic 

hips.  

7.4.1 X-ray protocol  

A Phillips Optimus 65 (Hamburg, Germany) was used to obtain X-ray images of the pelvis 

and hips(s). An anteroposterior (AP) view of the pelvis centred on the symphysis pubis with 

the patient supine was performed at 73 kVP, 32 mAs. A horizontal beam lateral at 90 kVP 

and 160 mAs centred on the femoral neck of the prosthetic hip with a portable grid was also 

performed with the contralateral leg raised.  

7.4.2 Ultrasound protocol  

Ultrasound imaging was performed for all patients by the same operator (D.R.) using a GE 

Logiq E9 (Wauwatosa, WI, USA). A linear high-frequency broadband transducer (ML6-15) 

operating in harmonics mode at 15 MHz, 60 dB, low cross-beam and virtual convex field of 

view was used to image the anterior and posterior prosthesis at the level of the articulation 

and femoral neck. Images of the iliopsoas bursa and tendon superior and inferior to the 

prosthetic joint were also obtained. In corpulent patients, a 9 L linear transducer was used at 9 

MHz harmonics and 69 dB, specifically to image the posterior prosthesis. The prosthetic 

acetabulum, femoral head and neck were imaged together in an anterior axial oblique plane 

approximately parallel to the plane of the iliofemoral ligament with the patient supine and leg 

extended with 15° of internal rotation (Figure 7-1). The maximum AP thickness of the 

pseudo-synovium was measured from the anterior aspect of the native or prosthetic femoral 

neck to the posterior aspect of the joint capsule. The measurement was performed two more  
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Figure 7-1: Anterior axial oblique ultrasound of a 44-y-old man with an asymptomatic right-sided 

MITCH resurfacing in situ for 5 y revealing the anterior recess with concavity of the iliofemoral 

ligament and maximal anteroposterior measurement 0.7 cm, considered within normal limits. Inset: 

Corresponding anteroposterior weight-bearing plain X-ray (cropped) revealing no adverse features. N 

= native femoral neck; PH = prosthetic femoral head.  

times, and the average of the three measurements was taken and recorded as AP synovium. 

The iliopsoas bursa and tendon were imaged in the transverse and sagittal planes at the level 

of the joint and superior to it, to just above the inguinal ligament. The maximal AP thickness 

of the iliopsoas tendon was measured at the level of the prosthetic joint with the leg in the 

same position as described above (Figure 7-2). This measurement was performed two more 

times, and the average of the three was taken as the final AP tendon measurement. Images 

were also obtained of the posterior prosthetic neck and acetabulum in an axial oblique plane 
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along the line of the long axis of the femoral neck where possible.  

Patients whose blood metal ion levels were elevated or who reported symptoms attributable to 

the hip, such as groin pain and clicking, were assigned to a symptomatic subgroup. Patients 

who did not report pain attributable to the hip prosthesis and had normal blood metal ion 

levels were assigned to the asymptomatic group. X-ray and ultrasound results were analysed 

with the non-parametric X2 test of variance to compare the symptomatic and asymptomatic 

groups. AP synovium and maximal AP iliopsoas tendon measurements of the symptomatic 

and asymptomatic groups were compared using the Mann–Whitney U- test for non-parametric 

data. The AP synovium and AP iliopsoas tendon measurements were regrouped using a 

normal concave or (abnormal) straight/convex shape of the iliofemoral ligament as seen on 

US as the variable, and the analysis was repeated. Statistical analyses were carried out using 

SPSS (Version 21.0, IBM, Armonk, NY, USA), and a p < 0.05 indicated significance.  
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Table 7-1 Patient demographic data according to implant type 

Implant type Number (%N) | No. of Males Patient Age (y) Time In situ (y) 

Birmingham resurfacing 
(BHR) 45 (70%) 29 63.98 (±12.36)  9.6 (±2.61) 

Stryker MITCH 10 (16%) 9 50.1 (±7.06) 4.2 (±1.68) 

Articular surface 
replacement (ASR) 5(8%) 3 47.5(±14.03) 7.8 (±1.17) 

Total Hip replacement 
(THR) 3 (5%) 1 69(±1.63) 4 (±2.16) 

ADEPT resurfacing 1 (1%) 1 60 2 

Total 64 (100%) 43 60.4(±12) 8.2(±3.3) 

Key: In situ – number of years hip prosthesis in situ 
 

7.5 Results 

Fifty-two patients were prospectively recruited with a mean ± standard deviation (SD) age of 

60.4 ± 12 y. Twelve patients had bilateral hip prostheses, yielding 64 hips for analysis. Mean 

(±SD) age of the prosthesis in situ was 8.2 ± 3.3 y (Table 7-1). Twenty-four (38%) patients 

had signs or symptoms that could be attributed to the hip prosthesis, including elevated blood 

ion levels. The most common presenting symptom was groin pain (Table 7-2). The remaining 

40 hips were considered to be asymptomatic.   
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Ultrasound was able to reliably image the periprosthetic soft tissues of all hips. Forty-three 

(67%) hips presented with a normal ultrasonic appearance (p <0.001). Fifty-three (83%) X-

rays were classified as normal (p <0.001).  

Ten of 20 (50%) symptomatic cases manifested some abnormality on one or both imaging 

modalities (Figure 7-3). Two of these were sonographically normal, but X-ray revealed 

radiographic bone lucency at the lateral acetabulum and proximal femoral shaft of an ASR 

(buttock pain) and an ADEPT THR (raised blood metal ion levels) respectively (Table 7-3).  

 

Figure 7-2: Anterior sagittal ultrasound of a 76-y-old male patient with an asymptomatic revision 

uncemented Accolade THR in situ for 7 y revealing the iliopsoas tendon in the longitudinal plane 

(between 1 cursors). The normal fibrillary pattern of the tendon is noted, and the anteroposterior 

measurement is approximately 5 mm. Note the large iliopsoas bursa surrounding the tendon filled with 

fluid and soft tissue echoes (asterisks). PH 5 prosthetic femoral head. Right inset: Corresponding 

anteroposterior plain X-ray (cropped) revealing moderate heterotopic bone formation, but no 

periprosthetic lucency or fracture.  

In the asymptomatic group, 17 of 44 (39%) cases manifested some abnormality on imaging 

(Figure 7-4 and Figure 7-5). Two of these manifested some abnormality on X-ray but were 

normal on US. In both cases the abnormality was peri-articular heterotopic bone formation 

visualised only on the X-ray. Another patient with heterotopic bone formation also manifested 
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an unrelated small iliopsoas bursal effusion and thickened, heterogeneous iliopsoas tendon on 

US imaging. One patient manifested synovial thickening that was only visible posteriorly on 

US; however, the X-ray was normal (Figure 7-6). 

The median (range) maximal AP synovial thickness was 5 (2–26) mm in the symptomatic 

group and 5 (3–56) mm in the asymptomatic group (p = 0.339). The AP iliopsoas tendon 

measurement was 5 (3–6) mm in the symptomatic group and 5 (3–8) mm in the asymptomatic 

group (p = 0.355) (Figure 7-2).  

All hip data measurements were regrouped according to whether the normal concave shape of 

the anterior iliofemoral ligament was preserved, disregarding the presence or absence of 

symptoms. Hips in which the normal iliofemoral ligament concavity was preserved were 

labelled the normal group, and the remainder were labelled abnormal. AP synovium and AP 

iliopsoas tendon data were then re-analysed using this grouping. The median (range) maximal 

AP synovium measured 5 (2–8) mm in the normal (concave iliofemoral ligament) group and 7 

(4–56) mm in the abnormal group (p = 0.001). The AP iliopsoas tendon measurement was 5 

(3–8) mm in the abnormal group and 5 (4–8) mm in the normal (concave iliofemoral 

ligament) grouping (p = 0.065).  

Table 7-2 Patients presenting for imaging of the post- arthroplastic hip with symptoms (N 5 26) 

Symptom Number of hips (% of 64) 

Groin Pain 9 (14%) 

Blood metal ions 6 (9%) 

Other pain* 5 (8%) 

Iliopsoas clicking/pain 2 (3%) 

Sciatica 1 (2%) 

Decreased range of motion 1 (2%) 

Leg rash 1 (2%) 
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Total with symptoms 26 (41%) 

* Other pain = buttock, thigh or trochanteric pain.  

 

 

Figure 7-3: Anterior longitudinal ultrasound of a 75-y-old man with right-sided BHR in situ for 8 y 

presenting with iliopsoas symptoms, demonstrating a trace of fluid in the iliopsoas bursa (denoted by + 

cursors 1 and 2). The common femoral artery (CFA) is used as a sonographic window to aid detection 

of this small effusion lying just medial to the iliopsoas tendon (not shown). The prosthetic femoral 

head (PH) lies below this level. Inset: Corresponding weight-bearing anteroposterior X- ray (cropped) 

revealing satisfactory alignment. 
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Table 7-3 X-ray and US results of all implants found to have abnormal imaging (N = 24)  

Hip type Side Time in situ (y)  Symptoms  X-ray finding    US finding  

BHR�  L  7  Nil   Moderate neck narrowing Neck narrowing 
BHR�  L  8  Nil   NAD    Large iliopsoas bursa 
BHR�  R  10  Nil   Mild neck narrowing  NAD 
BHR�  L  10  Nil   NAD    Small iliopoas bursa 
BHR�  L  8  Nil   Mild neck narrowing  Enlarged head-neck offset 
BHR�  L  12  Nil   Mild neck narrowing  Iliopsoas bursa fluid & synovial thickening 
BHR�  R  12  Nil   NAD    Moderate iliopsoas bursa 
BHR�  L  11  Nil   NAD    Moderate iliopsoas bursa 
BHR�  L  5  Nil   NAD    Small iliopsoas bursa 
BHR�  L  13  Nil   Mild heterotopic bone  NAD 
BHR�  L  11  Nil   Mild neck narrowing  NAD 
MITCH� R  3  Nil   NAD    Synovial thickening posterior 
BHR   L  13  Nil   Heterotopic bone  Small iliopsoas bursa/thick heterogeneous tendon 
Accolade THR R  7  Nil   NAD    Large joint and bursal effusion 
BHR   R  12  Nil   NAD    Small iliopsoas bursa 
BHR�  L  10  Nil   NAD    Small iliopsoas bursa 
BHR�  R  14  Nil   Heterotopic bone  NAD 
BHR�  R  10  Pain   NAD    Moderate iliopsoas bursa 
BHR�  R  11  Pain   NAD    Large effusion 
BHR�  R  10  Groin pain  NAD    Synovial thickening 9mm 
THR�  R  2  Buttock pain  NAD    Posterior collection 
BHR�  R  13  Clicking  NAD    Small iliopsoas bursa 
BHR�  L  11  Pain post-fall  NAD    Large head-neck offset 
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BHR   R  7  Groin pain  NAD    Moderate iliopsoas bursa 
ADEPT THR  R  2  Metal ions  Lucency, femoral stem  NAD 
ASR   R  8  Buttock pain  Lucency, lateral acetabulum NAD 
ASR  R  10  Metal ions  NAD    Moderate iliopsoas bursa 
 
ASR = articular surface replacement; BHR = Birmingham hip resurfacing; NAD = no abnormality detected; THR = total hip replacement;  
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7.6  Discussion 

Wear debris and the subsequent cellular reactions in the implant bed are considered to be 

significant contributors to the development of periprosthetic osteolysis and aseptic loosening 

in both metal-on-metal and metal- or ceramic-on-polyethylene prosthetic hip bearings (16, 

35). Wear particles originate predominantly from the prosthetic bearing and are shed directly 

into the synovial fluid from which they are removed by macrophages in the fluid and the 

pseudo- synovium lining the prosthetic joint (16). ALTR to wear debris can lead to significant 

soft tissue and bone damage, including necrosis and osteolysis, making revision surgery more 

difficult with additional post-surgical complications (17, 194, 195). Current protocols lack the 

sensitivity to detect ALTR in the asymptomatic well-functioning prosthesis (4). Early 

identification of a poorly performing prosthesis provides the option of early revision, which is 

thought to provide a better long-term outcome (18).  
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Figure 7-4: Ultrasound of a 77-y-old male patient with an asymptomatic revision left THR in situ for 8 

y. Transverse view of the iliopsoas tendon and bursa above the level of the inguinal ligament. An 

enlarged iliopsoas bursa (asterisk) is noted with low-level echoes denoting the presence of thickened 

synovial tissue and/or wear debris displacing the iliacus muscle anteriorly (iliacus). PT = psoas tendon. 

Right inset: Anteroposterior weight-bearing X-ray (cropped) revealing normal alignment and no 

periprosthetic lucency or fracture.  

Previous studies examining the utility of US in the follow-up of hip arthroplasty have 

focussed on large- diameter metal-on-metal implants and the presence of periprosthetic soft 

tumour masses and fluid collections, with results varying from poor to almost perfect 

agreement with MARS MRI (4, 54, 56, 181, 187, 188). Small-volume ALTR adjacent to the 

implant or native femoral neck in the case of resurfacing can, however, be missed on MRI 

even when using metal artefact reduction protocols. Such accumulations have been reported 

to progress if left untreated (179, 181). It is important to detect small but aggressively 

expanding ALTR as early as possible to minimise bone and soft tissue damage (187, 188). 

Ultrasound has previously been used in the investigation of the hip and immediate 
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surrounding soft tissue structures. The hip joint capsules of 6 adult cadaveric specimens, 58 

healthy children and 105 children with unilateral transient synovitis were investigated with 

US by Robben et al. (1999), who found that a concave anterior capsule rules out effusion 

(193). In another study, Tormenta et al. (2012) examined the anterior hips of patients with 

symptomatic osteoarthritis using US and found an enlarged iliopsoas bursa in 19 of 860 

patients (2.2%), indicating that US can detect associated findings of osteoarthritis with high 

reproducibility (197).  

Increased soft tissue and/or fluid in cases of synovitis can be readily seen on US scanning in 

the anterior axial oblique plane (14, 193). Soft tissue thickening such as might be seen with 

intracapsular ALTR at the anterior recess will cause the normally concave iliofemoral 

ligament to become straight or convex with larger accumulations (193).  

 

Figure 7-5: Anterior axial oblique ultrasound of a 65-y-old woman with an asymptomatic left BHR in 

situ for 7 y revealing a large ‘‘step’’ (asterisk) between the prosthetic head and native femoral neck, 
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suggesting femoral neck osteolysis. Colour box reveals no detectable vascularity. The head-to-neck 

gap is 9 mm (asterisk). The iliofemoral ligament (L) has lost the normal concavity and appears 

straight. Inset: Corresponding X-ray revealing a mild degree of femoral neck thinning. PH = prosthetic 

femoral head; N = native femoral neck.  

The anterior joint capsule has been assessed in 152 asymptomatic metal-on-metal hip 

resurfacings with repeat US (188). In this study, a depth of fluid at the anterior joint line 

exceeding 15 mm was considered to be a pathologic effusion (188). The incidence of an 

effusion (grade 3 lesion) either progressing or developing to pseudo-tumour was found to be 

43% (3/7) in this series (188). In another study, Siddiqui et al. (2014) evaluated 19 patients 

with metal-on-metal hip arthroplasties with either large-diameter bearing or who were 

symptomatic using MARS MRI as the imaging gold standard (54). A measurement of 4 mm 

between the femoral neck and the hip capsule was used as the threshold of normal according 

to the ‘‘joint expansion’’ pattern of Nishii et al. (2012) (54). Joint effusion using this 

classification was detected in 10 of 19 patients (53%) on US (average: 8 mm), none of which 

was detected by MARS MRI (54). Pseudo-tumour was found to be common (7/10) in the 

presence of joint effusion (54).  
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Figure 7-6: Sixty-seven-year-old female patient with an asymptomatic right BHR resurfacing in situ 

for 12 y. Axial oblique image of anterior recess reveals synovial tissue within normal limits at 6 mm 

(between 1 cursors). However, the iliofemoral ligament (asterisk in left upper image) is noted to be 

convex as it passes over the femoral head and neck. Posterior axial oblique of the posterior joint (left 

lower image) demonstrates marked synovial thickening (#). Right image: Anteroposterior X-ray 

(cropped) revealing normal alignment with no periprosthetic lucency or fracture seen. PH = prosthetic 

femoral head; N = native femoral neck.  

We used an anterior axial oblique view of the anterior hip and measured the maximal AP 

thickness of the anterior synovial recess of the joint space of prosthetic hips and found that 

when symptomatic and asymptomatic groups are compared, there is no significant difference 

in the measurement (193). However, we found that when hips with a straight or convex 

iliofemoral ligament are compared with those with the normal concave pattern, a difference in 

the AP synovial measurement becomes apparent (7 mm vs. 5 mm, respectively, p < 0.001). 

Changes in the shape of the iliofemoral ligament from concave to straight or convex is an 
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important sign of soft tissue thickening that may represent wear debris accumulating deep to 

the hip capsule (18, 19, 196). Wear debris may be present at the posterior or anterior recess in 

isolation; hence the posterior aspect of the prosthesis must be scanned as part of the routine 

imaging protocol. A normal anterior ligament shape or AP measurement does not preclude 

thickening or fluid posteriorly (16).  

We found no statistically significant difference in iliopsoas tendon thickness between 

symptomatic and asymptomatic groups or between normal and abnormal iliofemoral ligament 

groupings. Larger fluid and/or synovial tissue collections can decompress anteromedially into 

the medial compartment containing the common femoral artery and vein and superiorly under 

the inguinal ligament into the pelvis and may present as a pelvic mass (78, 198). We found 

that the majority (9/13, 69%) of iliopsoas bursal effusions were present in asymptomatic 

patients.  

There are several limitations to our investigation. US in this study was performed by a single 

sonographer (D.R.). Inter-observer reliability of US cannot therefore be determined from this 

series. Validation of the US findings, such as surgical confirmation, was performed in only 

one case to date, where a large ALTR was caused by trunnionosis. The false-positive and 

false-negative rates of US cannot be calculated. For patients who under-went prior US 

imaging of their prosthesis, the protocol used was different from that described here. Thus, no 

longitudinal data are available; however, all patients were part of a routine biennial review 

program and previous imaging had been considered normal. Abnormal findings observed in 

our cohort are yet to be re-imaged. Some minor abnormalities seen in this series may 

therefore not persist or progress. Approximately 20% of small US- detected lesions have, 

however, been reported to progress further, and these lesions require early identification and 

early follow-up to detect progression (188).  

Our findings have further clarified the abnormal characteristics of a hip prosthesis imaged 

using US. ALTR development in asymptomatic well-performing prostheses may be 
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recognised earlier using US by carefully assessing the shape of the iliofemoral ligament. US 

findings of an abnormal straight or convex ligament may be suggestive of early ALTR and 

warrant streaming of patients to a more frequent surveillance program. Where a measurement 

of the femoral neck–joint capsule distance is performed, we suggest 7 mm as a threshold of 

normal. Small iliopsoas bursa effusions can be detected using the femoral artery as a 

sonographic window. Given the increasing and common use of hip replacement surgery, we 

believe that regular follow-up with imaging is warranted among all patients and suggest that 

US is better suited to the serial evaluation of asymptomatic well- functioning hip prostheses 

than any other cross-sectional imaging modality. 
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Chapter 8  Discussion 

Our research has demonstrated that ultrasound can provide important imaging of impingement 

syndromes at the shoulder and hip. The ability of ultrasound to provide high resolution 

images of soft tissues around these anatomical structures enables imaging earlier in the 

disease process before symptoms become apparent. Other more invasive or radiation-based 

imaging methods may no longer be required. Ultrasound provides not only the ability to 

image impingements at the shoulder and hip, but also facilitates regular follow-up imaging 

and monitoring of disease progression, an improvement on currently accepted imaging 

methods.  

8.1 Ultrasound as an angiography tool in the assessment of the PCHA 

Our novel approach to assessing the PCHA as it exits the quadrilateral space was able to 

reliably demonstrate the PCHA on colour Doppler, and allowed an assessment of the rate of 

occlusion with ABER in the normal population. We performed our sampling from a 

posterolateral approach on the arm in contrast to the trans-axillary approach described by 

other groups (45, 199). This technique does not require partial abduction of the arm to 

visualise the PCHA, and allows assessment of the Doppler characteristics of the PCHA in 

genuine neutral arm position, and comparison of these results with those with the arm 

abducted and externally rotated. Doppler sampling as the PCHA emerges from the 

quadrilateral space, downstream from any potential stenosis is a more conventional and well 

understood method of using ultrasound to test for occlusion and stenosis in any vessel (48). 
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The diagnosis of QSS using ultrasound involves angiographic confirmation of stenosis of the 

PCHA with ABER of the arm serving as a proxy for entrapment of the axillary nerve within 

the quadrilateral space (10, 45). Until now, x-ray angiography and MRA have been the 

modalities of choice in the assessment of the PCHA (10, 46). These modalities are invasive, 

expensive and not readily available or repeatable. There is no gold standard method of testing 

for PCHA stenosis on ABER. The only two previous studies using asymptomatic volunteers 

have been the angiography study reported by Cahill and Palmer (1983), and the MR 

angiography study reported by Mochizuki (1994) (10, 46). These two methods, namely 

angiography and MR angiography have numerous disadvantages, precluding their use to 

screen a large, asymptomatic population due to radiation dose concerns, cost and availability. 

There has, until now, existed some controversy over the relevance of impingement of the 

PCHA on abduction and external rotation (46). Axillary nerve entrapment must be an 

intermittent process, as it only occurs in abduction and external rotation - in a neutral arm 

position no entrapment occurs. It is only after repeated and prolonged compromise such as 

would occur in overhead athletes that neuropathy of the axillary nerve commences and 

symptoms become apparent. More recently, it has become apparent that repeated PCHA 

compromise in the quadrilateral space can also lead to PCHA degeneration and aneurysm 

formation (61). If the causative fibrous bands are common, then there must exist a rate of 

neurovascular bundle impingement amongst the general population that is asymptomatic, as 

not all would abduct and externally rotate the arm sufficiently often to cause a symptomatic 

neuropathy or aneurysm formation to develop (10, 46, 61, 67, 86). Most of the previous 

studies in the literature were limited by small sample sizes. 

Our patient group is  much larger  than those previously described, with a wide range of ages 

and our results are more likely to be clinically relevant to a healthy population than the 

findings reported  by Mochizuki et al, which were based on  a very small sample size of only 

six volunteers (46). In our sample of healthy volunteers, PCHA compromise with arm in 
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ABER occurred in 15/93 (16.13%) compared to rates previously described between 0% and 

80% (10, 46). We believe that this rate of PCHA stenosis or occlusion is more likely to be 

representative of the status in the general population. Our results show that axillary 

neurovascular impingement is detectable in the normal population, but that it is relatively 

uncommon.  

 

Without external impingement upon the axillary neurovascular bundle there can be no axillary 

neuropathy, and hence QSS should not exist. Sonographic evidence of PCHA stenosis or 

occlusion confirms the existence of neurovascular bundle mechanical impingement with 

ABER and is a useful confirmation that QSS may be present, or that the patient is at risk of 

aneurysm development. Conversely, absence of PCHA stenosis or occlusion on ABER 

effectively rules out QSS as a diagnosis in a patient suffering symptoms consistent with QSS. 

Presenting symptoms consistent with QSS in these cases are more likely to have a more 

common pathology such as rotator cuff disease or subacromial bursitis. 

 

Ultrasound is already widely used in the assessment of shoulder pain and is readily available, 

non-invasive and requires no contrast materials. The assessment of the PCHA with ultrasound 

is simple, quick and was well-tolerated by patients. We suggest that ultrasound could be a 

useful screening test for patients with symptoms consistent with QSS. The posterolateral 

approach that we have described provides maximal Doppler signal strength, maximizing the 

rate of visualization and successful acquisition of the Doppler trace. While the prevalence of 

arterial thoracic outlet syndrome in an asymptomatic population is low, it nevertheless must 

be ruled out as a cause or contributor to damped PCHA signal on ABER. Hence, we suggest 

that the distal subclavian artery should also be assessed in neutral and ABER. 

 

Ideally, our technique would be tested not just with normal volunteers but also among patients 
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suffering with QSS. True sufferers of QSS are extremely rare and hence it is difficult to 

recruit patients for a comparative study using our technique and another independent 

technique. It would be ideal if patients suspected of QSS would be referred for ultrasound 

before the advent of fatty atrophy. Future studies should aim to recruit a group of patients 

with QSS well before significant fatty atrophy is demonstrated. These patients should then 

undergo angiography of the PCHA using both Doppler ultrasound and MR prior to surgical 

intervention. The findings of both modalities could then be directly compared and our 

ultrasound technique validated for diagnosis of QSS. Ideally, both modalities would be 

performed again after surgery to prove reconstitution of PCHA blood flow on ABER post 

quadrilateral space decompression. Elite overhead athletes such as throwers and swimmers 

could have ultrasound screening for PCHA compromise on ABER at a young age. Patients 

who record a positive result should be considered at risk for PCHA aneurysm formation and 

be periodically followed up to determine the rate at which PCHA impingement leads to 

PCHA aneurysm.  

 

Ultrasound assessment of PCHA occlusion requires proof of absence of blood flow, 

something that is difficult to establish. The absence of a Doppler signal could be due to 

patient movement, poor technique or malpositioning of the ultrasound transducer. This occurs 

most frequently when the operator is inexperienced in the technique, but less so as the 

anatomical arrangements in neutral and ABER become better understood. Ultrasound has a 

low interoperator reliability when examining small peripheral vessels (48, 59). However, 

approaching the PCHA from behind with the artery passing directly toward the transducer 

maximises the Doppler shift and hence the signal strength and sensitivity to blood flow 

making detection of this relatively small peripheral vessel much simpler. The ability to repeat 

the ultrasound, and simplicity of the ultrasound examination conveys an advantage here in 

that the absence of blood flow in the PCHA can be confirmed in real time by repeating the 
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arm movement from neutral to ABER. The cessation of PCHA flow can be noted as it occurs 

– essentially by performing a number of repeated measurements. This is one of the 

considerable advantages that ultrasound has over other modalities. Ultrasound has been used 

in the assessment of aTOS where, in a similar method to that described here, the loss of blood 

flow is noted with abduction of the arm, and confirmed by repeating the test a number of 

times (51, 101, 102). It is not known if a false positive rate exists for angiography or MR 

angiography, but it must presumably exist as not all PCHA will opacify sufficiently in ABER 

to be visualised. 

8.2 Comparison of measurement of the hip alpha angle between ultrasound 

and 3DCT 

It is now widely accepted that primary OA does not exist and that in fact all OA is secondary 

to damage to the joint from mild previously undetected hip dysmorphia (15, 33, 129).  

We have used ultrasound to image the anterior aspect of the femoral head-neck junction to 

determine the ability of ultrasound to detect and characterize a cam lesion. The plane of 

imaging described is regularly used in the assessment of the hip for effusion. This ultrasound 

plane of imaging is already taught to novice sonographers. We used 3DCT as the reference 

standard and compared it with ultrasound to determine the degree of femoral head-neck 

contour abnormality using the alpha angle method devised by Nötzli et al (2002) (11). Using 

the CT alpha angle result as the gold standard and using the same method of calculation in 

both modalities, the sensitivity of ultrasound was calculated at 91.3% and overall accuracy at 

0.718, with a large Coefficient of Variation (1-33.7%) of repeated measurement by a single 

operator. Inter-rater reliability of ultrasound measurement of the alpha angle was not tested in 

our study. Other imaging modalities have not performed well in determining the alpha angle. 

X-ray derived alpha angles may vary by up to 30 degrees depending on radiographic 
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projection used and some views may miss the asphericity completely (147, 152). Other x-ray 

derived measurements of femoral head asphericity have poor agreement (149-151). A study 

using MRI found that the alpha angle determined from the conventional axial image was 

significantly different to that determined from a radial plane image (p < 0.001) (157). Other 

studies utilising ultrasound have used different methods to calculate the alpha angle and 

compare those to angles obtained by to MRI, resulting in poor inter-rater reliability or only 

moderate correlation (161, 162). 

 

Detection of FAI prior to joint damage in elite athletes requires imaging modalities that can be 

used as methods of screening, where patients who are asymptomatic for the condition have 

imaging tests that are non-invasive and impart no radiation burden. Ultrasound is ideally 

suited for this purpose.  

Symptomatic young athletes with groin pain potentially arising from FAI have a wide 

differential diagnosis that involves many soft tissue structures preferably imaged with 

ultrasound (126, 144, 200). Ideally, FAI could be detected in this cohort, often in teenage 

years when symptoms first appear and prior to the occurrence of advanced joint damage. 

Other modalities such as x-ray, CT and MRI are often held in reserve in this younger cohort 

due to radiation burden, invasiveness, cost and availability, factors which also favour 

ultrasound as the first line investigation. Ultrasound is known to be able to demonstrate the 

anterior femoral head-neck junction and we have shown that ultrasound can provide 

quantitative evidence of a cam lesion and is better suited than CT or MRI for the  preliminary 

screening for the condition (193).  

 

Our investigation has shown that in some cases there is a large discrepancy in the measured 

alpha angle between ultrasound and 3DCT. This mainly occurs in older patients with evidence 

of OA and in patients who have had prior osteoplasty. The bony cortical irregularities that 
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result cause the femoral head contour to break the femoral head circular template used for the 

alpha angle calculation on the ultrasound but not on the CT image. Bony cortical irregularities 

such as those related to advanced age or prior surgery may significantly reduce the accuracy 

of the ultrasound alpha angle calculation. Ultrasound calculation of the alpha angle would, 

however, have its major application in younger individuals who have not had surgical 

intervention. 

Our results showed a large coefficient of variation in the ultrasound measurement, that we 

believe may have resulted from placement of the femoral neck baseline by visual 

approximation. Refining the technique for performing the alpha angle measurement could 

potentially reduce this variation. 

 

 It is difficult to justify surgical intervention to correct an anatomical abnormality before joint 

damage occurs as it is not clear that OA is an inevitable consequence of a mild abnormality 

(167, 201). Large scale studies demonstrating the progression of FAI to OA have not been 

performed due to the nature of the imaging studies used to characterise and quantify the 

degree of hip dysmorphia (5). Ultrasound, utilising our technique for quantifying the degree 

of anatomical abnormality, would be ideal in a prospective, longitudinal setting with the aim 

of examining the association between FAI and OA over time. 

  

It has recently been discovered that many patients with FAI demonstrate generalized joint 

hypermobility (202). Microinstability of the hip has been cited as a cause of symptoms that 

occur in the presence of translation of the femoral head away from conformity with the 

acetabular fossa due to capsular laxity, leading to abnormal motion of the articular surfaces 

(203). The pathomechanics of hip microinstability are thought to involve anatomical 

abnormalities, repetitive forces/microtrauma across the hip (overuse in elite athletes) and 

capsular ligamentous laxity (202-204). The hip capsule is a key static constraint to 
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translation/subluxation of the hip through a wide range of physiological motion (205). Small 

translations of the femoral head can lead to large increases in cartilage pressure leading to 

cartilage degeneration, tears of the anterosuperior labrum, and OA similar to FAI (203, 206). 

The iliofemoral ligament is the primary structure controlling hip joint stability in anterior 

translation and external rotation of the hip (202).  

 

It is generally accepted that hip microinstability may cause rim loading, further worsening of 

articular cartilage damage, and eventual degenerative changes of the hip joint in a similar way 

to FAI (203). The hip capsule is thickest anteriorly at the 1-2 o’clock position, corresponding 

to the iliofemoral ligament (205). The iliofemoral ligament can become stretched and focally 

lax, particularly after overuse in elite athletes and/or after arthroscopy (202, 204, 206-208). 

The iliofemoral ligament has been shown to be abnormally thinned in patients with 

microinstability (202). In the course of our investigations of the hip we have used ultrasound 

to image the hip anteriorly, with the plane of imaging corresponding approximately to the 

iliofemoral ligament. Further studies could compare ultrasound measurements of the 

thickness of the iliofemoral ligament with arthroscopic or MRI assessment of the iliofemoral 

ligament thickness amongst patients with FAI or microinstability. Ultrasound potentially has 

the ability to detect and quantify FAI secondary to cam lesions of the femoral head-neck 

junction, and at the same time, assess the thickness of the iliofemoral ligament for thinning 

that potentially represents hip instability. 

 

Iliopsoas impingement in the native hip is a mechanical conflict between the iliopsoas tendon 

and the labrum, primarily in extension that can result in acetabular labral impingement 

producing distinct anterior labral lesions (175, 209, 210). The iliopsoas tendon directly 

overlies the anterior capsulolabral complex at 2-3 o’clock (175). This area is included when 

imaging the hip for simple effusions or FAI. Seven of 24 (29.2%) patients who required 
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revision hip arthroscopy for ongoing symptoms were found to have a “tight” iliopsoas tendon 

overlying and impinging upon a torn or inflamed anterior labrum  (210). Soft tissues 

conditions adjacent to the hip like iliopsoas tendon impingement and bursal effusions are thus 

ideal candidates for ultrasound imaging. 

 

8.3 Ultrasound replacing MRI for early ALTR detection 

Regular periodical follow-up of hip prosthetic implants has been recommended even in 

asymptomatic well-functioning cases by a number of international organizations to detect 

ALTR (19, 178). Current imaging protocols lack sensitivity to detect ALTR in asymptomatic 

well-functioning prostheses even though high failure rates of up to 48.8% at six years for 

certain types of implant have been reported (4, 36, 178, 196). Small implant-related soft tissue 

lesions have been shown to progress in size over time (188). MRI and CT imaging are not 

optimal due to difficulty in detecting small ALTR close to the implant due to artefact from the 

orthopaedic hardware. The safety of MRI has not been established for all types of ferrous 

implants. It also has a prolonged scan time, and an inability to image soft tissues with 

sufficient accuracy. 

 

We have used ultrasound to characterise the typical appearances after hip arthroplasty, 

demonstrating that soft tissue thickening such as might be seen with intracapsular ALTR will 

manifest on ultrasound imaging as capsular expansion similar to fluid accumulation in the 

native hip. The normally concave anterior iliofemoral ligament becomes straight or convex as 

ALTR accumulates deep to the hip capsule. Such changes in the shape of the iliofemoral 

ligament are therefore an important sign of soft tissue thickening that may represent wear 

debris accumulating adjacent to the implant. The median maximal (range) AP measurement of 
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the anterior hip capsule was seven millimetres (4 – 56mm) when an abnormal shape of the 

anterior capsule was taken into account. Our investigation has shown that an important sign of 

early ALTR occurs when the AP anterior hip capsule measurement exceeds seven 

millimetres. 

 

Our investigation has also found that the majority of iliopsoas bursal effusions occur in 

asymptomatic patients, and that larger fluid and/or synovial tissue collections can decompress 

anteromedially into the medial compartment containing the common femoral artery and vein, 

and superiorly under the inguinal ligament into the pelvis which may present as a pelvic mass. 

We have demonstrated that fluid in the iliopsoas bursa is a pathological finding after hip 

arthroplasty. Ultrasound examinations must therefore include the portion of the iliopsoas 

bursa above the line of the hip joint, deep to the inguinal ligament. 

 

In our study, all ultrasound examinations were performed by a single operator. The inter-

observer reliability of ultrasound cannot therefore be determined from our series. No 

longitudinal data for our study is available to confirm progression of small ultrasound 

detected abnormalities. Further validation of our findings, such as surgical confirmation, has 

not been performed and the false-positive and false-negative rates of ultrasound cannot be 

calculated. It is known that approximately 20% of small ultrasound- detected lesions will 

progress further, and therefore small lesions detected in our study will be included as part of 

the regular ongoing monitoring of these prostheses (179, 181). The patient cohort that we 

have studied here should continue to be monitored periodically for the life of the implant to 

determine if small ALTR that we have detected progress further. Ultrasound should always be 

performed together with plain x-ray imaging as aseptic loosening that can also be responsible 

for pain cannot be demonstrated with ultrasound imaging. 

Training of sonographers to perform the ultrasound imaging that we have described will not 
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be difficult, as many of the structures that are included in the standard examination are 

already taught to novice sonographers as part of musculoskeletal ultrasound imaging. Only a 

small extra component of anatomical recognition is required. 

 

Persistent groin symptoms after hip arthroplasty are present in 0.4% up to 18% of patients and 

present a diagnostic dilemma (211). Causes include acetabular loosening, fracture, ALTR and 

iliopsoas tendonitis and impingement (211). We have developed ultrasound imaging criteria 

that can be applied in situations where patients present with symptoms that are consistent with 

ALTRwhen performing ultrasound imaging of the post arthroplastic hip. The development of 

ALTR giving rise to groin or hip pain can now be recognised earlier on ultrasound than any 

other imaging modalityon ultrasound imaging, potentially earlier in the process due to the 

nature of ultrasound imaging and its relatively low cost and wide availability.  

Tendonitis or impingement of the iliopsoas tendon post arthroplasty may also give rise to 

groin symptoms that may mimic ALTR or loosening prosthesis. Up to 3.9% of all hip 

arthroplasties will demonstrate symptoms of iliopsoas tendonitis (212). Iliopsoas 

impingement may result from a prominent or malpositioned acetabular component, retained 

cement, excessively long screws, an acetabular cage, a prominent femoral component collar, 

an oversized acetabular component or femoral head larger than the native femoral head (211). 

Iliopsoas tendonitis may also occur, however, without any structural problem being identified 

and may manifest as a snapping or clunking sensation without pain (211). Iliopsoas 

impingement should be included in the differential diagnosis of groin pain following hip 

arthroplasty. Impingement usually occurs between the tendon and the anterior edge of the 

acetabular cup overhanging the acetabular ring (212, 213). Our study has shown that focal 

tendinopathy can be demonstrated using ultrasound, were the normal tendon fibrillary echo 

pattern is lost. Ultrasound, with its advantages of imaging soft tissue closely adjacent to 

orthopaedic hardware would be ideal to utilise in an investigation of the rate of iliopsoas 
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tendinitis post arthroplasty. These applications should be explored further in future studies in 

order to establish the position of ultrasound in the investigation of iliopsoas tendinopathy post 

arthroplasty compared to CT and MRI. 

 

We have clarified the abnormal characteristics of a hip prosthesis when imaged using 

ultrasound. Sonographers can now recognise early ALTR development in asymptomatic well-

performing prostheses by carefully assessing the shape of the iliofemoral ligament and the 

iliopsoas bursa above the joint line.  The early detection of ALTR provides the opportunity to 

selectively stream asymptomatic, well-functioning prostheses to a more frequent imaging 

program when required, reducing health costs and improving outcomes. 

Given the increasing and common use of hip replacement surgery, we believe that regular 

follow up with imaging is warranted among both symptomatic and asymptomatic patients and 

suggest that US is better suitedwell-suited to the serial evaluation of all hip prostheses. than 

any other cross-sectional imaging modality. 
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Chapter 9  Conclusion 

Ultrasound is a proven soft tissue imaging modality that has excellent image resolution, can 

be viewed in real time, is repeatable, is widely available and relatively inexpensive. 

Ultrasound is increasingly utilised to investigate all types of maladies and sources of pain, 

including several impingement and entrapment syndromes previously investigated with other 

more expensive and invasive imaging modalities. Although operator dependency is 

considered a weakness of ultrasound, the examinations that we have described are performed 

as part of current ultrasound practice, and can be quickly learned by inexperienced 

operatorsor can be repeated multiple times. The ultrasound techniques described require no 

specialist knowledge and can be learned quickly. 

  

In Chapters 4 and 5 we have described a novel approach for the detection and evaluation of 

the PCHA for occlusion or stenosis in ABER in patients suspected of suffering QSS. Our 

technique can rule out external impingement upon the axillary neurovascular bundle in 

ABER, effectively eliminating QSS as a diagnosis in most cases. Doppler ultrasound of the 

PCHA is a non-invasive, simple-to-perform test of occlusion or stenosis of the PCHA in 

ABER. The ready availability of ultrasound in comparison to alternative techniques means 

ultrasound may obviate the need for MR angiography in many patients.  

Future studies could correlate the incidence of PCHA stenosis using our method with the later 

development of vascular QSS and PCHA aneurysm formation in overhead athletes.  

 

In Chapter 6 we have assessed the ability of ultrasound to quantify the femoral head-neck 

sphericity by comparing to 3DCT, the established Gold Standard.  

We have shown that ultrasound measurement of the alpha angle in young patients without 

prior hip surgery or trauma can provide objective evidence of cam-type FAI in symptomatic 



 197 

individuals, enabling clinicians to reserve more expensive and/or radiation-based modalities 

for patients in whom a cam lesion has already been detected by ultrasound. Recent reports in 

relation to hip impingement have indicated that symptoms can be the result of impingement 

via a thickened iliofemoral ligament. Ultrasound would be ideal to investigate the association 

of symptoms with such a thickened area of soft tissue.  

 

Chapter 7 investigates the application of ultrasound to assessment of the post-arthroplastic 

hip. ALTR development in asymptomatic well-performing prostheses may be recognised 

earlier using ultrasound by carefully assessing the shape of the iliofemoral ligament. Given 

the increasing and common use of hip replacement surgery, we believe that regular follow up 

with imaging is warranted among all patients with ultrasound. Our characterisation of new 

findings associated with the soft tissues about the arthroplastic hip will allow other 

sonographers to perform these examinations with confidence. Current interest in follow-up of 

hip arthroplasty involves assessment of the iliopsoas tendon for impingement with the 

orthopaedic hardware. Ultrasound is ideally suited for this purpose. 

 

We have demonstrated that ultrasound is an excellent first-line imaging investigation in the 

detection, characterisation and quantification of impingement and entrapment syndromes of 

the shoulder and hip. Ultrasound has an advantage over other established imaging techniques 

in screening programmes, young patient cohorts and in routine or post-surgical follow up. 

Ultrasound has emerged as a key imaging modality in the assessment of several entrapment 

and impingement syndromes affecting the shoulder and hip.  
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Appendix 1 Ultrasound of the Posterior Circumflex Humeral 

Artery 

Volunteers for the studies detailed in Chapters four and five of this thesis were the same 

sample. They were recruited consecutively from attendees to the radiology clinic for imaging 

not involving the shoulder, or accompanying another patient having imaging performed. If 

volunteers were older than 18 years, and agreed to participate they were included.  
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Explanatory Statement 

Investigators: 

Mr. David Robinson 

Dr. Michal Schneider-Kolsky 

Dr. Paul Marks 

Research Project:  
Ultrasound of the Posterior Circumflex Humeral Artery 

This information sheet is for you to keep. 

The research staff at the Department of Medical Imaging & Radiation Sciences at Monash University, Dr. 

Michal Schneider-Kolsky, and Dr. Paul Marks and Mr. David Robinson at the Avenue Hospital will be 

conducting this project. 

 

Introduction. 

Your doctor has referred you to our clinic to have an ultrasound scan. This scan will take a few minutes to 

complete, and the results will be provided to your doctor, together with the images that we make. 

 

Additionally, we are undertaking an investigation into the appearances on ultrasound of a small artery at the back 

of the shoulder. This artery is of interest in the diagnosis of a condition called Quadrilateral Space Syndrome 

(QSS). 

 

Historically, this artery has been investigated using MRI and Arteriography, however very little is known about 

its’ appearances on ultrasound. We aim to characterise this artery’s’ appearance using ultrasound, and hopefully 

make the diagnosis of QSS simpler. 

 

This information will be important for the physicians of patients with shoulder pain, and for sonographers who 
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might perform scans in the diagnosis of QSS. 

 

While the data collected will be important for the sonographers and referring medical staff, there will be no 

direct benefit to those people participating in this study. 

 

What is involved? 

You will be given a questionnaire to complete prior to your shoulder scan. The questionnaire covers three 

sections: Section 1 asks you a few questions about yourself. Section 2 deals with any medical problems you may 

have had with your shoulders, and section 3 asks some questions about any symptoms that you may be 

experiencing now. 

 

Completion of the questionnaire will take only a few minutes. The ultrasound scan will take only a few minutes, 

and there will be no further requirements placed upon you. 

Apart from answering the questionnaire and undertaking an ultrasound scan, participation in this study will not 

cause you any further inconveniences. 

 

There will be no financial rewards to the patients participating in this study. 

 

Participation is voluntary 

Participating in this study is completely voluntary – you are under no obligation to consent to participation and 

you may withdraw at any stage, or avoid answering questions which are felt to be too personal or intrusive. 

 

Confidentiality/results 

All aspects of the study, including results, will be strictly confidential and only the researchers will have access 

to information on participants. The data collected will not identify your personal details. All data collected will 

be summarised and no individual will be identified. 

 

Storage of data 

Storage of the data collected will adhere to the University regulations and kept on University premises in a 

locked cupboard/filing cabinet for 5 years. A report of the study may be submitted for publication, but individual 

participants will not be identifiable in such a report. 

 

Questions about the study and the results 

If you have any queries or would like to be informed of the aggregate research finding, please contact Dr. Michal 

Schneider-Kolsky on 99051348 of Fax 99058149. The findings will be accessible for 5 years. You can ask Dr. 

Schneider-Kolsky to send you the final report once the study is completed. Please indicate your interest to one of 

the investigators at the time of your scan. 

 

What if I have a complaint? 
Should you have any complaint concerning the manner in which this research project is conducted, please do 
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not hesitate to contact the Monash University Standing Committee on Ethics in Research Involving Humans 

at the following address: 

The Secretary 

The Standing Committee on Ethics in Research Involving Humans (SCERH) 

Building 3D 

Research Grants & Ethics Branch 

Monash University VIC 3800 

            
 

Thank you for considering participation in this research project. 

 
Dept of Medical Imaging & Radiation Sciences 

Faculty of Medicine, Nursing and Health Sciences 

Monash University 

Wellington Road 

Clayton 3800 

 

 

ABN 12 377 614 012 CRICOS provider number 00008C 
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Department of Medical Imaging & Radiation Science 

Patient Questionnaire 

Research Project:  

Ultrasound of the Posterior Circumflex Humeral Artery 

Investigators: 

Dr Michal Schneider-Kolsky 

Dr. Paul Marks 

Mr. David Robinson (Research student) 

S1. Please provide us with some information about yourself: 

1. Are you male or female?    Male  Female  (circle) 

2. How old are you?       __________    years 

3. Which arm is your dominant arm (i.e. which arm do you use to write)   

       Right  Left (circle) 

4. Do you or have you ever participated in any sport at “elite” level? Yes (detail) No 

S2. We would like to enquire about the medical history of your shoulder 

5. Have you ever had an operation on either shoulder? Left Right Never (circle)  

a) Detail the operation  _______________________________________ 

b) When was the operation carried out? _________________________________ 
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6. Have you had shoulder pain before today?  Yes  No (go to S3) 

a) Which shoulder    Left  Right 

b) Did you have a scan of the shoulder  Yes  No 

c) What type of scan 9circle all that apply) X-Ray CT MRI Ultrasound 

d) What was the diagnosis

 _________________________________________________________

_______________________________________________________________ 

e) What treatment were you given? (e.g. rest, physiotherapy, anti-inflammatories, 

Cortisone injection

 _________________________________________________________

_______________________________________________________________ 

S3. We would like to ask you if you currently have shoulder pain 

7. Are you having shoulder pain right now?  Left  Right  Neither 

a) For how long have you had pain? _____________________________ 

8. Do you have shoulder pain At work At sport Always Never 

a)  What activity gives you pain? (i.e. Golf, Tennis, Gardening, Cleaning)

 ________________________________________________________ 

b) Rate the level of pain that you experience undertaking this activity.  

 (no pain at all)  0  1  2  3  4  5  6  7  8  9  10 (worst possible pain) 

 

Thank you for your time!  
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Consent Form 

Ultrasound of the Posterior Circumflex Humeral artery 

NOTE: This consent form will remain with the Monash University researcher for their records 

I agree to take part in the Monash University research project specified above. I have had the project 
explained to me, and I have read the Explanatory Statement, which I keep for my records. I 
understand that agreeing to take part means that I am willing to: 
 
I agree to participate in the survey by the researcher � Yes  � No 
 
and 
 
I understand that my participation is voluntary, that I can choose not to participate in part or all of the 
project, and that I can withdraw at any stage of the project without being penalised or disadvantaged 
in any way. 
 
and 
 
I understand that any data that the researcher extracts from the study for use in reports or published 
findings will not, under any circumstances, contain names or identifying characteristics. 
 
and 
 
I understand that any information I provide is confidential, and that no information that could lead to 
the identification of any individual will be disclosed in any reports on the project, or to any other party. 
 
and 
 
I understand that the data will be destroyed after a 5-year period unless I consent to it being used in 
future research. 
 

Participants’ name  ___________________________________ 

Signature   ___________________________________ 

Date    _______________________  
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Suggested Amendments 

Exclusion criteria 

 Volunteers were excluded if they were having any imaging procedure of the shoulder 

performed. 

Pulsatility Index (PI) 

 While PI is a well-understood measure of vascular resistance, it is not commonly 

utilised in the determination of peripheral artery stenosis. Its’ major application is in assessing 

vascular resistance in pregnancy. 

Number of males and females 

 There were 33 females and 17 males. 

Students t-test 

This should read paired t-test. It was assumed all t-tests were Students’ t tests, including 

paired and unpaired as the test statistic follows a Student's t-distribution under the null 

hypothesis. 

 

Results table. 

 Neutral ABER 

PSV Dominant arm 29.58 (±8.69) cm/sec 29.81 (±19.76) cm/sec 

PSV Non-dominant arm 28.99 (±9.38) cm/sec 25.79 (±16.80) cm/sec 

Resistive Index 0.92 (±0.07) 0.93 (±0.14) 
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Acceleration time 37.73 (±9.34) 49.51 (±31.38) 

 

 Reliability of scanning method 

This publication was a “technical article” describing a new method for insonating the PCHA. 

This paragraph refers to our method of obtaining Doppler signals from the PCHA when 

compared to a previously described method of placing the transducer in the axilla, which 

necessitates abduction of the arm, ruling out assessment of the PCHA in true neutral position. 

It is acknowledged that the word “reliability” here is slightly misleading as it does not refer to 

a statistical analysis, but rather that the technique is simple to execute repeatedly. 
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Appendix 2 Ultrasound determination of the femoral head-neck 

alpha angle  

 

Monash University Human Research Ethics Committee (MUHREC)  

Research Office  

Human Ethics Certificate of Approval 

Date:� 2 August 2012 

Project Number: �CF12/2103 – 2012001144 

Project Title: �Ultrasound of femoroacetabular impingement  

Chief Investigator: Dr Michal Schneider-Kolsky 

Approved: From: 2 August 2012   To: 2 August 2017 

 

Terms of approval  

 

1. The Chief investigator is responsible for ensuring that permission letters are obtained, if 
relevant, and a copy forwarded to MUHREC before any data collection can occur at the 
specified organisation. Failure to provide permission letters to MUHREC before data 
collection commences is in breach of the National Statement on Ethical Conduct in 
Human Research and the Australian Code for the Responsible Conduct of Research. 

2. Approval is only valid whilst you hold a position at Monash University.  
3. It is the responsibility of the Chief Investigator to ensure that all investigators are aware of 

the terms of approval and to ensure the project is conducted as approved by MUHREC. 
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4. You should notify MUHREC immediately of any serious or unexpected adverse effects on 
participants or �unforeseen events affecting the ethical acceptability of the project. 

5. The Explanatory Statement must be on Monash University letterhead and the Monash 
University complaints clause �must contain your project number. 

6. Amendments to the approved project (including changes in personnel): Requires the 
submission of a �Request for Amendment form to MUHREC and must not begin without 
written approval from MUHREC. �Substantial variations may require a new application. 

7. Future correspondence: Please quote the project number and project title above in any 
further correspondence. 

8. Annual reports: Continued approval of this project is dependent on the submission of an 
Annual Report. This is �determined by the date of your letter of approval. 

9. Final report: A Final Report should be provided at the conclusion of the project. 
MUHREC should be notified if the �project is discontinued before the expected date of 
completion. 

10. Monitoring: Projects may be subject to an audit or any other form of monitoring by 
MUHREC at any time. 

11. Retention and storage of data: The Chief Investigator is responsible for the storage and 
retention of original data �pertaining to a project for a minimum period of five years. �
   

Professor Ben Canny  
Chair, MUHREC ��
�
 
cc: Mr David John Robinson, Dr Steven Lee  

  
ABN 12 377 614 012 CRICOS Provider #00008C  
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Explanatory Statement 

01/08/2012 

Title: Ultrasound of femoroacetabular Impingement 
This information sheet is for you to keep 

 
My name is David Robinson and I am conducting a research project with Dr. Steven Lee 
and Dr. Michal Schneider-Kolsky (Senior Lecturer) in the Department of Medical Imaging 
and Radiation Sciences towards a PhD at Monash University. 
 
You are invited to take part in this study. Please read this Explanatory Statement in full before 
making a descision to participate. 
 
Why were you chosen for this research? 
You have been chosen to participate because you have been referred for an imaging procedure 
on your hip. You therefore qualify for the first of two research groups of this project. 
 
The aim/purpose of the research 
I am conducting this research to find out if ultrasound may be able to be used as an alternative 
to CT scanning for femoroacetabular (FAI) of the hip. FAI is when part of the leg bone 
impacts against the bone of the pelvis, over time causing osteoarthritis of the hip joint. 
 
Possible benefits 
There will be no direct benefits to you in taking part in this study. The study may prove that 
ultrasound can be used to assess FAI in place of other imaging modalities. This will make 
imaging cheaper, more readily available and safer as no radiation is used. 
 
What does the research involve? 
The study involves a short ultrasound scan of your hip immediately before the CT scan. You 
will have to partially undress and lie on an ultrasound scanning couch while the scan takes 
place. 
 
How much time will the research take? 
The ultrasound scan will take no more than five to ten minutes. 
 
Inconvenience/discomfort 
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You should experience no more than mild pressure over the front of your hip during the scan. 
As no x-rays are used, there will not be any side effects at all arising from the scan. 
 
Payment 
There will be no financial reward for participation in this research. There will be no cost to 
you or Medicare if you participate in this research. 
 
Being in this study is voluntary and you are under no obligation to consent to 
participation. However, if you do consent to participate, you may withdraw from 
further participation at any stage. You will only be able to withdraw however, prior to 
the ultrasound scan being completed. Once data from the scan has been collected, you 
will not be able to withdraw as all data will be non-identifiable. 
 
Confidentiality 
Personal data that we collect in this research will not include names, address or phone 
numbers. We will collect basic demographic data only such as date of birth, gender and 
previous injury history from your medical record provided by your medical practitioner, and 
already in our practice records. 
 
Storage of data 
Data collected will be stored in accordance with Monash University regulations, kept at The 
Avenue X-ray & MRI in a locked cupboard in the office of the investigator or on a password-
protected computer. 
 
Use of data for other purposes 
Your data will not be used for any other purpose. 
 
Results 
If you would like to be informed of the aggregate research finding, please contact David 
Robinson on  
 

If you would like to contact the researchers about any 
aspect of this study, please contact the Chief 
Investigator 

If you have a complaint concerning the manner in 
which this research CF12/2103 – 2012001144 is 
being conducted, please contact: 

Dr. Michal Schneider-Kolsky 
Senior Lecturer 
Faculty of Medicine, Nursing and Health 
Sciences 
Department of Medical Imaging and Radiation 
Sciences 
Monash University 

 
 

Executive Officer 
Monash University Human Research Ethics 
Committee (MUHREC) 

 
 

 
     
 

 
 
Thank You 
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David Robinson 
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Consent Form 

Title: Ultrasound of Femoroacetabular Impingement 

NOTE: This consent form will remain with the Monash University 
researcher for their records 

 
I understand that I have been asked to take part in the Monash University research project 
specified above. I have had the project explained to me, and I have read the Explanatory 
Statement, which I keep for my records. 
 

I understand that: YES NO 
I will be asked to undergo a short ultrasound scan of my 
hip 

� � 

My medical record will be used for basic demographic 
data only and will be completely anonymised 

� � 

 
I understand that my participation is voluntary, that I can choose not to participate in part or 
all of the project, and that I can withdraw at any stage of the project without being penalised 
or disadvantaged in any way 
and 
I understand that any data that the researcher extracts from the scan for use in reports or 
published findings will not, under any circumstances, contain names or identifying 
characteristics with my signed consent below 
and 
I understand that data from the scan will be kept in secure storage and will be accessible to the 
research team only. I also understand that the data will be destroyed after a five year period 
unless I consent to it being used in future research 
and 
I will remain anonymous at all times in any reports or publications from the project. 
 
Paticipants name: 

 

Signature:___________________________ Date:____________________________  
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Suggested Amendments 

Results contingency table: Ultrasound determination of the Femoral Head-Neck alpha angle 

 # CT Positive 
(gold standard) 

# CT  Negative 
(gold standard) 

Ultrasound Positive 63 27 

Ultrasound Negative 6 21 

 

 

IntraClass Correlation Coefficient 

 
This measure was not included as it would inconvenience our volunteers to ask them to return 

for repeat measurements. All measurements were performed at the same sitting. For this 

reason the CoV was used. We acknowledge that the ICC would benefit the overall findings of 

the thesis. 

Doppler Settings 

 

Settings 
Frequency 

Pulse repetition 

Freq. 
Wall Filter 

Sample 

Volume size 

Colour 

Doppler  
3 - 5.0 MHz 2 - 4 MHz Level 1 Variable 

Spectral 

Doppler  
4 - 5 MHz 2 - 4  MHz Variable 2-3mm 
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It should be noted that on the machine in question (Siemens Sonoline Antares) color and 

spectral Frequency and PRF are dynamically variable depending upon what depth the sample 

box is placed. 
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Appendix 3 Ultrasound of the Iliopsoas Bursa 

Explanatory Statement 

01/08/2012 

Title: Ultrasound of the Iliopsoas Bursa 
This information sheet is for you to keep 

 
My name is David Robinson and I am conducting a research project with Dr. Steven Lee 
and Dr. Michal Schneider-Kolsky (Senior Lecturer) in the Department of Medical Imaging 
and Radiation Sciences towards a PhD at Monash University. 
 
You are invited to take part in this study. Please read this Explanatory Statement in full before 
making a descision to participate. 
 
Why were you chosen for this research? 
You have been chosen to participate because qualify into one of the two research groups 
because you have had a hip replacement and been referred for an ultrasound of your hip. 
 
The aim/purpose of the research 
I am conducting this research to document and describe typical appearances of a fluid sac in 
front of the hip on ultrasound after hip replacement. 
 
Possible benefits 
Ultrasound is a cheaper and safer method of scanning the soft tissues surrounding the hip after 
hip replacement surgery but typical appearances on ultrasound are not generally well known. 
Results of the scan will be forwarded to your referring practitioner. 
 
What does the research involve? 
The study involves a short ultrasound scan of your hip. You will have to partially undress and 
lie on an ultrasound scanning couch while the scan takes place. 
 
How much time will the research take? 
The ultrasound scan will take no more than five to ten minutes. 
 
Inconvenience/discomfort 
You should experience no more than mild pressure over the front of your hip during the scan. 
As no x-rays are used, there will not be any side effects at all arising from the scan. 
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Payment 
There will be no financial reward for participation in this research. There will be no cost to 
you or Medicare if you participate in this research. 
 
Being in this study is voluntary and you are under no obligation to consent to 
participation. However, if you do consent to participate, you may withdraw from 
further participation at any stage. You will only be able to withdraw however, prior to 
the ultrasound scan being completed. Once data from the scan has been collected, you 
will not be able to withdraw as all data will be non-identifiable. 
 
Confidentiality 
Personal data that we collect in this research will not include names, address or phone 
numbers. We will collect basic demographic data only such as date of birth, gender and 
previous injury history from your medical record provided by your medical practitioner, and 
already in our practice records. 
 
Storage of data 
Data collected will be stored in accordance with Monash University regulations, kept at The 
Avenue X-ray & MRI in a locked cupboard in the office of the investigator or on a password-
protected computer. 
 
Use of data for other purposes 
Your data will not be used for any other purpose. 
 
Results 
If you would like to be informed of the aggregate research finding, please contact David 
Robinson on  
 

If you would like to contact the researchers about any 
aspect of this study, please contact the Chief 
Investigator 

If you have a complaint concerning the manner in 
which this research CF12/2103 – 2012001144 is 
being conducted, please contact: 

Dr. Michal Schneider-Kolsky 
Senior Lecturer 
Faculty of Medicine, Nursing and Health 
Sciences 
Department of Medical Imaging and Radiation 
Sciences 
Monash University 

 
 

Executive Officer 
Monash University Human Research Ethics 
Committee (MUHREC) 

 
 

 
     
 

 
 
Thank You 
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David Robinson 
  



 230 

Consent Form 

Title: Ultrasound of the Iliopsoas Bursa 

NOTE: This consent form will remain with the Monash University 
researcher for their records 

 
I understand that I have been asked to take part in the Monash University research project 
specified above. I have had the project explained to me, and I have read the Explanatory 
Statement, which I keep for my records. 
 

I understand that: YES NO 
I will be asked to undergo a short ultrasound scan of my 
hip 

� � 

My medical record will be used for basic demographic 
data only and will be completely anonymised 

� � 

 
I understand that my participation is voluntary, that I can choose not to participate in part or 
all of the project, and that I can withdraw at any stage of the project without being penalised 
or disadvantaged in any way 
and 
I understand that any data that the researcher extracts from the scan for use in reports or 
published findings will not, under any circumstances, contain names or identifying 
characteristics with my signed consent below 
and 
I understand that data from the scan will be kept in secure storage and will be accessible to the 
research team only. I also understand that the data will be destroyed after a five year period 
unless I consent to it being used in future research 
and 
I will remain anonymous at all times in any reports or publications from the project. 
 
Paticipants name: 

 

Signature:___________________________ Date:____________________________ 
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Suggested Amendments 

Exclusion criteria 

 As volunteers were recruited from consecutive patients presenting for followup 

imaging of hip prostheses, only those who did not sign informed consent were excluded. 

Ultrasound measurements 

 All three ultrasound measurements were performed at the same session by the same 

sonographer, after repositioning the transducer. 

Threshold of normal 

 The median maximal (range) AP measurement of the anterior hip capsule was seven 

millimetres (4 – 56mm) when an abnormal shape of the anterior capsule was taken into 

account. 




