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Summary of Abbreviations 

AIN  Anterior interosseous nerve (of forearm) 

ALL  Acute Lymphocytic Leukaemia 

ALVAL Aseptic Lymphocyte-dominated Vasculitis Associated Lesion 

AMIC  Autologous Matrix Induced Chondrogenesis 

ANCA  Anti-Neutrophil Cytoplasmic Antibodies (test) 

ANJRR Australian National Joint Replacement Registry 

AOA  Australian Orthopaedic Association 

AP  Anterio-posterior (radiographic projection) 

ARMDS Adverse Reaction to Metal Debris 

ASIS  Anterior Superior Iliac Spine 

AVN  Avascular Necrosis (osteonecrosis) 

BFC  Back Foot Contact (during cricket bowling delivery) 

BHR  Birmingham Hip Resurfacing implant product (Smith & Nephew) 

BMHR  Birmingham Mid-Head Resection Arthroplasty (Smith & Nephew) 

BR  Ball Release (during cricket bowling delivery) 

CI  Confidence Interval 

CCP  Cyclic Citrullinated Peptide (antibody test) 

CRP  C - Reactive Protein (blood test) 

CT  Computerised Tomography (cross sectional imaging) 

CTh  Cemented Thompson (unipolar hemiarthroplasty) 

EMG  Electromyography 

ESR  Erythrocyte Sedimentation Rate (blood test) 

FABER Flexion Abduction External Rotation (physical test) 

FAI  Femoroacetabular Impingement 

FDP  Flexor Digitorum Profundus (of hand) 

FFC  Front Foot Contact (cricket bowling delivery) 

FH  Femoral Head 

FPL  Flexor Pollicis Longus (of thumb) 

GT  Greater Trochanter 

HR  Hazard Ratio 

HRA  Hip Resurfacing Arthroplasty 

ICD  International Classification of Diseases 
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IFU  Indications For Use (manufacturer product recommendations) 

IM  Intramedullary (internal fixation nail device) 

ISO  International Organisation for Standardisation certification 

ITB  Iliotibial Band 

IV  Intravenous (route of drug administration) 

KOS  Knee Outcome Score 

mHHS  Modified Harris Hip Score 

MHz  Megahertz (frequency)  

MoM  Metal-on-Metal (bearing hip arthroplasty device) 

MRI  Magnetic Resonance Imaging (cross sectional imaging) 

NAHS  Non-Arthritic Hip Score 

NICE  National Institute for Health and Care Excellence 

NJRR  National Joint Replacement Registry (Australia) 

NZOA  New Zealand Orthopaedic Association 

OA  Osteoarthritis 

PCR  Polymerase Chain Reaction (test) 

PSWs  Proximal stacked wires (technique) 

PMMA Polymethylmethacrylate (cement) 

RhF  Rheumatoid Factor (test) 

RF  Radiofrequency (arthroscopic debriding instrument) 

SCN  Superior Cluneal Nerve (medial divisions) 

SONK  Spontaneous Osteonecrosis of the Knee  

THA  Total Hip Arthroplasty 

TKA  Total Knee Arthroplasty 

TLES  Thoraco Lumbar Erector Spinae  

UAM  Uncemented Austin Moore (unipolar hemiarthroplasty) 

WCC  White Cell Count (blood test)  
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Summary of Terms 

Adept Hip resurfacing implant product (currently manufactured and 

distributed by MatOrtho Limited, Surry, United Kingdom). 

Allograft The transplant of an organ or tissue from one individual to another 

of the same species with a different genotype. The term allogenic is 

typically used in relation to blood transfusion. 

Antegrade For intramedullary nailing procedures, refers to the direction 

passage of the implant from proximal to distal within the bone.  

Arthroscope Instrument used for the visual inspection of joint surfaces during 

surgery. 

Autograft Graft of tissue from one point to another of the same individual's 

body. The term autologous is typically used in relation to blood 

transfusion. 

Arthroplasty  Joint replacement using an implanted prosthetic device. 

Bearing Wear resistant materials used for the moving surfaces between the 

femoral head and inner part of the prosthetic acetabulum. When 

discussing bearing surfaces in standard types of total hip 

arthroplasty devices, two bearings are defined with the femoral 

side by convention first (for example – “Ceramic on Polyethylene” 

refers to a ceramic femoral head articulating against a acetabular 

component with a polyethylene bearing surface). 

Calcar Medial portion of the proximal femoral neck. Characteristically 

demonstrates substantial thickening of the cortical bone in response 

to high physiologic compressive load, except in severe 

osteoporosis. 

Central compartment Part of the hip joint that is both intra-capsular and also within the 

confines of the acetabular labrum. Term used for description of 

arthroscopic hip anatomy. Includes the acetabular labrum, hyaline 

cartilage surfaces and ligamentum teres. Can only be accessed by 

arthroscopic means when the hip is under distraction. Compare 

term Peripheral Compartment. 

Chondrotome Arthroscopic instrument used for the debridement of joint cartilage. 

Consultant Fully qualified specialist medical practitioner. 
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Fluoroscopy Intra-operative real time X-Ray imaging. 

Hemiarthroplasty Prosthetic hip implant that replaces only the femoral head, leaving 

the native acetabulum intact. 

Iatrogenic Injury or illness caused by medical examination or treatment. 

Microfracture Arthroscopic technique for the management of full thickness 

cartilage defects where small holes are placed in the exposed 

subchondral bone plate to stimulate cartilage re-growth. 

Metal-Metal Arthroplasty bearing surfaces for use in hip arthroplasty where 

both interfaces are manufactured from cobalt-chromium alloy. 

Abbreviated as MoM. 

Modular Prosthesis with multiple components or pieces, which require 

assembly during surgery.  

Monoblock Non-modular. An implant that does not require assembly of 

independent constituent parts during surgery. Examples include hip 

resurfacing acetabular and femoral implants and also some 

hemiarthroplasty prostheses (Thompson, Austin Moore) used in 

fracture management. 

Morse Taper A system for securing together two portions of a prosthetic hip 

implant system where a male part of conical form fits into the 

female a socket which has matching geometry of equal angle. In 

hip arthroplasty, relates to the junction between the femoral stem 

and prosthetic head (or sleeve adaptor) or the junction between the 

outer acetabular shell and the bearing liner when the liner selected 

is of hard material (ceramic or metal). 

Nailing Internal fixation of a long bone by use of an intramedullary rod. 

Osteochondral Graft consisting of both bone and cartilage. 

Osteonecrosis Pathologic process associated with the death of bone cells. In the 

hip joint, the term osteonecrosis typically is used to describe 

aetiology due to avascular phenomenon, although less commonly 

osteonecrosis can also be caused by other conditions (for example 

radiation). 

Peripheral Compartment Part of the hip joint that is intra-capsular however outside of the 

confines of the acetabular labrum. Term used for description of 

arthroscopic hip anatomy. Includes the intracapsular portion of the 

https://en.wikipedia.org/wiki/Gender_of_connectors_and_fasteners
https://en.wikipedia.org/wiki/Cone
https://en.wikipedia.org/wiki/Angle
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femoral neck. Can be accessed by arthroscopic means without 

requirement of distraction. Compare term Central Compartment. 

Polymethylmethacrylate Acrylic cement used for the fixation of cemented orthopaedic 

implants. Typically referred to as “cement” or PMMA. 

Pseudotumour Non-cancerous fluid collection or soft tissue mass developing as an 

atypical pathologic reaction to a metal-on-metal bearing hip 

arthroplasty device.  

Quadrant Test Physical examination test for the evaluation of acetabular rim 

articular pathology of the hip joint. 

Registrar A medical practitioner conducting advanced training to become a 

specialist. 

Resurfacing Hip Resurfacing Arthroplasty implant (such as Birmingham Hip 

Resurfacing). 

Taper   See Morse Taper 

Trunnion A cylindrical protrusion used as a mounting and/or pivoting point. 

In hip replacement, relates to the portion of the femoral stem upon 

which the modular prosthetic head attaches. 
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Chapter 1 - INTRODUCTION 

 

Thesis Introduction 

 

This thesis is a compilation of published manuscripts arising from research activities that 

I have undertaken over the last ten years in relation to the surgical management of adult 

hip joint disorders. The objectives of these research activities have been to improve the 

outcomes of the surgical procedures performed within my own clinical practice and to 

share my conclusions more broadly with the orthopaedic community by publication. 

Typically my publications are of a practical nature, often relating to the technical aspects 

of the conduct of surgery. They represent my attempts to answer questions that have 

arisen during my day-to-day clinical practice as an orthopaedic surgeon.  

 

The themes that constitute the majority of the material included within this thesis relate to 

the development of innovative surgical techniques, testing the validity of traditional 

methods of orthopaedic practice and the management of difficult clinical presentations. 

As my clinical practice and associated research activities span a number of topics within 

the broader discipline of adult hip joint surgery, I have divided this thesis into four 

chapters. Each chapter contains manuscripts that relate to a distinct area of my clinical 

practice - Perioperative Management, Trauma Management, Hip Arthroscopy and 

Elective Hip Arthroplasty. At the start of each chapter, a content introduction and concise 

background of the contained material is provided. A chronologic listing of each of the 

manuscripts contained within this thesis is provided in Appendix 1. 

 

Perioperative Management (Chapter 2) is concerned with aspects of pre- and post- 

operative management of patients undertaking hip joint surgery, including radiologic 

evaluation, physical assessment and diagnosis. Trauma Management (Chapter 3) relates 

to the management of skeletal injury involving the hip joint and proximal femur with a 

particular emphasis on unipolar hemiarthroplasty and periprosthetic femoral fractures. 

Hip Arthroscopy (Chapter 4) is concerned with innovative surgical techniques for the 

arthroscopic management of hip disorders, in particular the use of intra-operative 

ultrasound. Elective Hip Arthroplasty and Reconstruction (Chapter 5) relates to the 

management of arthritis by prosthetic arthroplasty, describing a number of surgical 
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techniques we have developed for the conduct of conventional total hip replacement and 

hip resurfacing arthroplasty procedures.  

 

Rather than inserting each of the published manuscripts directly into this thesis, I have 

reformatted each of the papers for presentation as a cohesive single document, consistent 

with the format of a doctoral thesis. The material presented however remains unchanged 

from the original source publications. For clarity, the original citation for each publication 

precedes each manuscript and a copy of the leading page for each publication is provided 

in Appendix 2. Referencing of publications, tables and figures are presented as a single 

integrated document within the thesis, rather than individually for each manuscript.  

 

As each of the manuscripts presented within this thesis represents a stand-alone 

publication, introduction to the background relating to each of papers is presented within 

the body of each individual document.  Within each of their respective Chapter 

Introductions, a general schematic overview of the common themes of the contained 

manuscripts is presented. 

 

Summary of Materials Presented (Chapter 6) presents an overview of the main findings 

and conclusions of all materials presented within this thesis. This chapter provides an 

integrated overview of the contributions this thesis provides towards advancing scientific 

knowledge and improving the quality of health care provision within the discipline of 

adult hip joint surgery. Concluding remarks regarding the thesis, and more broadly in 

relation to the conduct of research in clinical medicine, are presented. 
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Chapter 2 – PERIOPERATIVE EVALUATION AND MANAGEMENT 

  

Chapter Introduction 

 

Chapter 2 is concerned with aspects of pre- and post- operative management of patients 

undertaking hip joint surgery. Two manuscripts within this chapter relate to digital 

imaging technology in clinical practice. Recently, both within Australia and 

internationally, we are observing an increasing trend towards the delivery of clinical 

imaging services by digital media. Whilst digital technology for the communication of 

imaging data is continually improving, at present orthopaedic surgeons are consistently 

experiencing short-comings with respect to both image quality and the practicality of 

accessing digital images in clinical practice.  The manuscript Reliability of the Australian 

twenty-cent coin as a radiographic scale marker 1 evaluates a practical method for the 

common standardisation of radiographic size measurements in plain radiography. Access 

to digital radiology imaging and the impact on specialists in private practice 2  is an 

editorial opinion article, articulating some of the accessibility problems orthopaedic 

surgeons’ face in using currently available digital image viewing platforms.  

 

Telemedicine is an emerging technology that will certainly evolve substantially into the 

future as it offers a convenient and cost effective means of health care delivery, 

particularly for patients living in remote geographic locations. The manuscript The e-

Quadrant Test for telemedicine assessment of symptomatic articular hip pathology 3 

assesses a technique of physical examination for the evaluation of hip pathology that can 

be administered by online telemedicine consultation technology.  

 

Hip resurfacing arthroplasty and perioperative blood testing 4 examines the utility of 

peri-operative blood testing in association with routine primary joint arthroplasty. This 

research was driven by clinical observations that routine pre- and post- operative blood 

testing associated with primary hip joint arthroplasty procedures seldom delivered results 

that influenced clinical management. This research constitutes an audit of my own 

practice to test this hypothesis. 

 

Finally, this chapter also includes two published case presentations of patients treated 
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within my clinical practice, both relating to peri-operative evaluation and management. 

The manuscripts are entitled Bilateral hip joint Hylan G-F 20 granulomatous synovitis 

due to viscosupplementation injections; and Entrapment of the medial branch of the 

superior cluneal nerve – A previously unrecognized cause of lower back pain in cricket 

fast bowlers. 5,6 
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Abstract 

 

Circulating coins represent an inexpensive and ubiquitously available source of 

radiographic size templating markers. This study was developed to validate the use of the 

Australian twenty-cent coin as a size marker for the purposes of pre- operative 

radiographic templating in orthopaedic surgery. 

 

500 Australian twenty-cent coins obtained from general circulation underwent 

standardized measurement across two diameters (1000 observations) under controlled 

environmental conditions. 

 

The average coin diameter measurement was 28.456 mm. A high degree of size 

consistency between coin diameter measurements was observed (standard deviation 0.045 

mm). 

 

The results of this study indicate that size variation due manufacturing tolerance and wear 

of the Australian twenty-cent coin are insufficient to impact upon the selection of 

prosthetic implant size when used as a radiographic scale marker. 

 

For the purposes of digital templating in clinical practice, we recommend the diameter of 

the Australian 20-cent coin be approximated to 28.5 mm. 

 

Introduction 

 

Radiographic templating is a common practice in the pre- operative planning for 

orthopaedic procedures. For joint arthroplasty, templating allows the surgeon to pre-
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operatively evaluate the accurate restoration of joint biomechanics and leg length by 

prediction of osteotomy levels, selection of implants and determination of optimal 

prosthetic orientation. Accurate radiographic templating therefore serves as a method to 

help improve the consistency of joint reconstruction and enhance patient safety. 

Radiographic templating, including linear size evaluation, is particularly important in 

situations of unusual patient anatomy or alternatively where the post-surgical outcome is 

significantly influenced by implant size, as is observed with hip resurfacing 

arthroplasty.7,8 

 

Radiographic templating can be conducted by traditional methods using printed images 

and acetate onlay sheets or by the use of prosthesis specific digital templating software. In 

either situation, as templating requires the appreciation of geometric size, a “fit for 

purpose” diagnostic quality image must enable the end user to accurately and 

reproducibly perform linear length measurements.9 Ideally this is facilitated by the use of 

a standardized radiographic scale marker placed within the imaging field.10 

 

Particularly since the widespread use of digital imaging technology, orthopaedic surgeons 

have experienced increasing difficulty in reliably obtaining radiographs to enable pre-

operative arthroplasty templating. As digital processing allows the arbitrary re-sizing of 

the displayed image after it has been acquired, measurement estimates may be critically 

compromised.9 This applies not only to images viewed on digital hardware, but also to 

printed images reproduced after acquisition by digital methods. Surgeons now routinely 

face uncertainty relating to potential digital manipulation of image size due to inadequate 

standardization of radiographic practice and ambiguity of nomenclature.9,11 Whilst digital 

imaging does potentially enable accurate templating by use of implant specific software 

applications, the validity of the process is often undermined in the absence of evidence to 

confirm size measurement accuracy.12 On a practical level, digital radiology technology 

has unfortunately resulted in many surgeons performing pre-operative templating less 

frequently or alternatively abandoning the practice of routine templating altogether. 

 

Commercial radiographic scale markers have been available for many years. It is our 

experience however that scale markers are very infrequently used unless specifically 

requested. Radiographer inexperience, unavailability of size markers within radiology 

departments, the extra time required to perform the imaging and a lack of standardized 
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protocols for the use of commercial scale markers are contributing factors that limit their 

widespread practical application, particularly in private practice. 

 

Circulating coins represent an inexpensive and ubiquitously available source of 

radiographic size templating markers. Coins are simple and versatile for practical use 

within clinical practice (Figure 1, Figure 2, Figure 3, Figure 4).13-15 The validity of this 

method does however rely on the assumption that all coins within community circulation 

are of a standardised size. In principle, the size of a coin may be affected by many factors, 

including manufacturing tolerances, damage, counterfeit production or the accumulation 

of wear (Figure 5, Figure 6, Figure 7). This study was developed to validate the use of the 

Australian twenty-cent coin as a radiographic size template marker. Our working 

hypothesis was that Australian twenty-cent coins within circulation are of consistent 

diameter, such that any size discrepancies are of insufficient magnitude to influence 

implant selection when used as radiographic template marker. 

 

 

 

Figure 1: Use of a twenty-cent coin for radiographic templating in preparation for the 

conduct of hip joint arthroplasty. Circular coin markers can be accurately employed by 

(a) placing directly upon the radiograph cassette (our preferred technique) or (b) applied 

to the trochanter at the level of the region of interest to account for projected 

magnification, according to surgeon preference.13 
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Figure 2: When a coin size reference marker is placed directly upon the cassette at time 

of imaging, “true magnification” of the printed images can be quickly and accurately 

confirmed by placing a coin directly over the projected image of the size marker. 

Magnification adjusted implant specific onlay templates can then be used. 

 

 

Figure 3: Digital radiographic templating using an Australian twenty-cent coin as size 

template marker. 



44 

 

 

Figure 4: Patient radiographs from Figure 3 demonstrating traditional radiographic 

templating methods for hip replacement surgery using magnification adjusted onlay 

acetates and printed films. A coin has been placed over the projected image of the size 

marker (arrow) to confirm “true magnification” of the printed film. This is currently our 

preferred technique. 

 

Figure 5: Post manufacturing edge wear reducing the coin diameter. 
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Figure 6: Examples of Australian twenty-cent coins currently within circulation 

demonstrating accumulated damage, corrosion and surface wear. 

 

Figure 7: Australian twenty-cent coin demonstrating a variance in manufacturing (note 

asymmetry of stamp). Such variation raises the possibility of counterfeit production. 
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Methods 

 

500 Australian twenty-cent coins within general circulation as legal tender were obtained 

for the conduct of this study. 4 coins, being used in error as Australian legal tender on the 

basis of having a macroscopically similar shape and size as the Australian twenty-cent 

coin, were excluded from the study (3 New Zealand twenty-cent coins, 1 Jordanian ten-

piastres coin). 

 

All coins were sequentially numbered to enable individual identification. The diameter of 

each coin was then measured in two standardized planes, defined by the apex of the letter 

“A” at the start and end of the nationality stamp “Australia” on the obverse side of the 

coin (Figure 8). 

 

Figure 8: Measurement of coins using across two diameters using a digital Vernier 

calliper. Position of the measurements was standardized by reference to the apex of the 

letter “A” at the start and finish of coin marking “Australia” on the obverse side as 

demonstrated. 
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All measurements of coin diameter were conducted by the same evaluator using a Digital 

Vernier Calliper with a resolution of 0.01mm (Kinchrome Model K11100, Kinchrome 

Australia, Scoresby Victoria Australia). The calliper was calibrated prior to testing and 

rated to 0.01mm accuracy at multiple measuring points within the working range and 

atmospheric conditions selected for this study. The calliper was zeroed after every ten 

coins measured. 

 

To minimize the effect of linear or volumetric thermal expansion on coin diameter, all 

testing was conducted within controlled temperature and humidity conditions 

representative of an average office environment (23.5 +/- 0.5ºC, humidity below 80%). 

Ambient temperature and humidity was monitored using a calibrated Kestrel 4250 

Weather Tracker (accuracy 0.5ºC and 3% relative humidity respectively; Nielsen-

Kellerman, Pennsylvania USA). 

 

In addition to the measurement of two standardized diameters, data recorded for every 

coin included the year of manufacture and any unique features such as significant 

markings, damage, wear or corrosion. 

 

Fifty coins underwent repeat measurement of both dimensions (100 observations) to 

validate reproducibility of the measurement technique. 

 

Results 

 

Manufacturing age distribution of the twenty-cent coins used within this study is 

presented in Table 1. The diameter measurements of the Australian twenty-cent coins 

used within this study were found to be highly consistent. Of the 1000 measurements 

recorded, the mean average coin diameter was 28.456 mm. A high degree of size 

consistency was observed, with the standard deviation for all observations being 0.045 

mm. 
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Table 1: Age distribution of coins within study. 

 

All coin diameter observations fell between the range of 28.27 mm (smallest) and 28.57 

mm (largest). In consideration of these extremes of measurement (0.3mm), the maximum 

variation in any observed diameter across all coins was 1%. Comparison of the two 

diameter measurements taken on each coin demonstrated a high degree of correlation 

(p<0.001). The average variation between the two measurements of each coin was 0.013 

mm (0.04%). 

 

Due to wear of the milled edge, older coins had the tendency to demonstrate smaller   

diameter measurements, however size the differences observed in relation to coin age 

were not statistically significant. This included the 20 coins manufactured in 1966. 

Repeated diameter measurements taken to assess reproducibility of the testing method 

demonstrated very high correlation (R=0.9512; p<0.001). 

 

Discussion 

 

The Australian twenty-cent coin was first introduced with decimalization of the 

Australian currency in 1966. The Royal Australian Mint has manufactured the coin since 

1967, however quantities have also been struck by the Royal Mint Llantrsant (Wales), 

Royal Mint (London, England) and the Royal Canadian Mint. The coin is circular in 

shape with a milled edge; the most common design displays an impression of a platypus 

on the reverse side. On the obverse side, the twenty-cent coin carries one of four portraits 



49 

 

 

6 

of Her Majesty Queen Elizabeth the Second, facing the right by convention. The twenty-

cent coin is manufactured from an alloy of copper (75%) and nickel (25%) and is 11.3 

grams in weight according to official nominal specification.16 

 

The twenty-cent coin was selected for this study as being the most suitable for use as a 

radiographic size marker as it is the largest circular coin in Australian circulation. In this 

respect, larger sized radiographic markers reduce potential proportionate measurement 

error. While the largest coin in Australian circulation is the fifty-cent piece (31.65 mm in 

diameter), it is dodecagonal in shape (12 sided), making it less suitable for use as a 

radiographic template marker.16 The use of non-circular coins as radiographic size 

markers may potentially introduce measurement error if the face is not projected exactly 

parallel to the radiograph plate. 

 

The findings of this study demonstrate that variation in coin diameters does exist; 

however the magnitudes of size differences observed are not of clinical significance. The 

standard deviation of all coin diameters measured was 0.045 mm, representing 0.16% of 

the average coin diameter. Even if the very largest coin measurement (28.57 mm) was 

compared to the very smallest coin measurement (28.27 mm), the difference still only 

represents a maximum of 1% variation – still acceptable for practical clinical application. 

By way of example, most acetabular arthroplasty implants in modern practice increase in 

size by 2 mm increments. A 2 mm size change for a 50 mm implant represents a 4% size 

increment. Given the reproducibility and distribution of coin diameter measurements 

observed within this study, coin size variation would not impact meaningfully on the 

clinical selection of implant size when used as a radiographic scale marker. 

 

Of interest, we also note slight variations in the published nominal diameters of the 

twenty-cent coin. The Royal Australian Mint publishes the nominal diameter of the 

twenty-cent coin as being 28.65 mm,16 however the twenty-cent proof coin held at 

Museum Victoria is slightly smaller, at 28.5 mm diameter and 11.02 grams in weight.17 

This study demonstrated an average coin diameter of 28.456 mm, representative of coins 

circulating throughout the general community and accounting for variations in diameter 

due to both manufacturing tolerances and accumulated wear. For purposes of digital 

templating in clinical practice, we recommend the diameter of the Australian twenty-cent 

coin be approximated to 28.5 mm. 
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The Royal Australian Mint maintains policies for the removal of damaged, worn or 

mutilated coins from circulation, thereby improving the consistency of coin sizes within 

the community. In this respect we note a number of the coins used within this study (and 

currently in circulation) were dated 1966, being the first year of manufacture of the coin. 

The observation that these coins were not associated with a statistically significant 

reduction in diameter due to wear is a demonstration of the durability of the materials 

used and the effectiveness of processes employed for the identification and disposal of 

defective coins. 

 

As technology available to counterfeit currency becomes more sophisticated   and readily 

available, the quality of counterfeit coins improves,  making  them  harder  to  detect.‑ 1 

The UK £ 1 Counterfeit Coin Study 2014 demonstrated 3.03% coins  in  circulation  (an  

estimated  total  of  45  million  pieces) were   counterfeit,   with   a   rapid   rise   in   the   

proportion   of counterfeit  coins  detected  by  annual  surveillance  between 2004 and 

2010.18 While the Australian twenty-cent coin is of lower value  and  therefore  somewhat  

of  a  less  attractive target for counterfeiting activities, the possibility of counterfeit 

twenty-cent coins with less stringent manufacturing tolerances and resultant variations in 

diameter should be considered. 

 

A potential limitation of this study relates to the application of the findings in relation to 

currencies outside of Australia. However assuming that wear resistance, durability and 

precise manufacturing are common requirements for all modern currencies, the results of 

this study would reasonably be expected to apply to other countries.19  Formal testing of 

other currency denominations however would be required to confirm this assumption. We 

recommend for any given currency that the largest available circular coin be selected for 

use as a radiographic scale marker. 

 

The advantages of the use of circulating currency as a radiographic size templating 

system relate primarily to the ease of use. Circulating currency is readily available to all 

clinicians at time and point of requirement. Coin templating can accommodate Surgeon 

preferences with respect to placement of the marker and methods of implant templating. 

In addition, minimal capital expenditure is required to acquire the templating device 

(twenty-cents!). 
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Conclusion 

 

The results of this study indicate that size variation due manufacturing tolerance and wear 

of the Australian twenty- cent coin are insufficient to impact upon the clinical selection of 

implant size when used as a radiographic scale marker. 

 

Acknowledgements 

 

The authors wish to thank Ian Smith (St Andrews Medical Institute) and Daniel 

McCulloch (Queensland Diagnostic imaging, St Andrews War Memorial Hospital) for 

respective statistical and technical advice in the preparation of this manuscript. 

 

Conflict of Interest Statement 

 

The author(s) have no commercial interest or disclosures relating to this material. 

 

Statement of Authenticity and Contributions 

 

PW Research concept, methodology, data collection, statistical analysis, manuscript 

preparation and submission. 

HW Data collection  

 

 

Copyright for this material remains property of the Authors. This manuscript has been 

published under the terms of the Creative Commons Attribution License which permits 

unrestricted use, distribution and reproduction in any medium provided the work is 

appropriately cited.   



52 

 

The E-Quadrant Test for telemedicine assessment of symptomatic articular hip 

pathology 

 

Reference Citation 

 

Weinrauch P., Quach L., Smith I. (2015) The e-Quadrant Test for telemedicine 

assessment of symptomatic articular hip pathology. International Journal of Advanced 

Joint Reconstruction. 1:1-15.  

 

Abstract 

 

We present a useful physical examination test for the clinical evaluation of symptomatic 

hip pathology that can be administered by telemedicine video conferencing. The basis of 

the e-Quadrant test is the reproduction of a patient’s typical symptoms of mid-inguinal 

groin discomfort when the hip is positioned into deep flexion when combined with 

adduction and internal rotation. Evaluated by randomized controlled trial, the sensitivity 

of the e-Quadrant test was demonstrated as 87% with a specificity of 79% and an overall 

accuracy of 82%. In practice, the e-Quadrant test is intended to be an adjunct to a 

comprehensive clinical evaluation, considering also other relevant information obtained 

from the patient’s presenting history, radiology imaging and pathology testing as well as 

other physical examination tests where required. 

 

Introduction 

 

Video conferencing is developing as an increasingly powerful tool in clinical 

management, particularly for those patients who have difficulty in accessing medical care 

due to distance or time constraints.20-22 With improving capability of online technologies, 

increasing proportions of clinical evaluation and management can be conducted by 

healthcare providers with reduced constraints imposed by geographic location. Online 

technology for the provision of medical care has already become integrated into many 

aspects of mainstream medical practice.23 Services such as digital radiology and digital 

pathology reporting, being services that seldom require practitioners to perform physical 

evaluation, are ideally suited to online service delivery. 
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With increasing community access to video conferencing technology from home 

computers and a variety of personal electronic devices, provided adequate Internet 

connection speed is available, clinical consultation by online technology is becoming 

more readily accessible to many patients. Accordingly, clinical consultations may be 

conducted irrespective of location or even time zone constraints, providing patients with 

convenient access for many aspects of their management. Telemedicine consultation 

services remove the necessity for a patient or health care provider to unnecessarily travel 

for evaluations that may be suitably conducted by video consultation online. 

 

Clinical evaluation for the diagnosis of surgically treatable pathology typically involves a 

thorough evaluation of a patient’s history and physical examination signs, interpreted in 

conjunction with appropriate imaging and pathology tests in order to make appropriate 

recommendations for further treatment. Of these components, the only portion that 

typically cannot be fully assessed online is a patient’s physical examination that requires, 

by definition, the patient to be in the presence of the clinician. It is possible however for 

selected physical examination signs to be evaluated using video conferencing technology. 

 

Physical examination of hip joint pathology, among other aspects, typically includes the 

assessment symptoms elicited during provocative testing. Early articular pathology of the 

hip joint is often located about the anterior and superior acetabular rim, the symptoms 

being recreated during physical examination in terminal range postures of the hip joint, 

particularly using combinations of flexion, adduction and internal rotation. Accordingly, a 

variety of physical examination tests have been described for the clinical evaluation 

symptomatic articular hip pathology.24-27 

 

This study evaluates a physical examination test for the detection symptomatic articular 

pathology of the hip joint, that we have termed the e-Quadrant test. The unique feature of 

the e-Quadrant test is that it can be easily administered by videoconferencing with a 

patient in a remote location. The e-Quadrant test may however also be administered with 

the patient physically co-located within the clinician’s rooms. 
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Method 

 

This study was undertaken as a randomized controlled trial with the evaluator being blind 

to the presence or absence of hip pathology in the joint being examined.  

 

Patients were recruited from the private clinical practice of the senior author (PW). 

Inclusion criteria were patients presenting with unilateral symptomatic articular hip 

pathology who had not undertaken previous surgical intervention of either hip joint 

within the last 12 months. Patients with bilateral symptomatic hip pathology or who did 

not have their own capability to conduct Skype video conferencing (Skype 

Communications SARL, Microsoft Corp., Luxembourg) were excluded from the study. 

Patients who had undertaken prosthetic arthroplasty procedures for either hip joint were 

also excluded. 

 

The reference standard used for the determination of symptomatic hip pathology was a 

comprehensive clinical evaluation including assessment of the patients presenting history, 

physical examination in clinic in conjunction with review of any necessary radiology 

imaging and pathology testing to confirm the diagnosis. The senior author, a consultant 

orthopaedic surgeon who exclusively manages hip disorders, conducted these evaluations. 

 

The e-Quadrant test is a hip joint articular pathology provocation test similar to other 

traditional physical evaluation tests used in the clinic setting. The basis of the e-Quadrant 

test is the reproduction of a patient’s typical symptoms of mid-inguinal groin discomfort 

when the hip is positioned into deep flexion when combined with adduction and internal 

rotation. In this position, the femoral neck in close approximation with the anterior and 

superior portion of the acetabular rim, a reproducible region of articular pathology in the 

symptomatic hip joint. The unique feature of the e-Quadrant test is that the patient 

performs the specific movement themselves under supervision, which therefore does not 

require the physical presence but only instruction of the evaluating clinician. This makes 

the e-Quadrant test ideal for administration by video conferencing. The conduct of the e-

Quadrant test is illustrated in Figure 9 and Figure 10. 
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Figure 9: Physical examination testing using videoconferencing technology Figure 1a 

(upper): Two-way videoconferencing enables the examiner to demonstrate and supervise 

the physical examination procedure in real-time while assessing the location and nature 

of any patient reported reproduction of symptoms due to articular hip pathology. Figure 

1b (lower) Screen view of examiner demonstrating and supervising conduct of the e-

Quadrant test to a patient. 
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Figure 10: Conduct of the e-Quadrant Test. Figure 2a (left): Patient places the foot of the 

leg to be evaluated onto a chair while stabilizing balance using their ipsilateral hand on 

the chair back. Both knee and hip are placed in a flexed posture. For safety, a chair 

without wheels is recommended. The e-Quadrant test is abandoned if the patient is 

unable to place the foot of the effected leg upon a chair. Figure 2b (centre): 

Contralateral hand draws the knee across the midline, resulting in relative adduction and 

internal rotation of the hip joint with the joint in flexion. Patients with symptomatic hip 

articular pathology will often experience reproduction of their typical mid-inguinal groin 

pain at this stage (positive test). Figure 2c (right): Maintaining the previous posture, the 

patient is then advised to lean forwards, increasing flexion of the hip joint. Patients with 

symptomatic hip pathology typically experience reproduction of their mid-inguinal groin 

pain or experience an increase in discomfort relative to the previous posture in Figure 

2b. Absence of mid-inguinal groin pain in this posture constitutes a negative test. 

Results 

 

35 patients were identified as suitable to enter the study and consented for participation. 

Patient demographic details summarized in Table 1. 19 patients (54%) were male. 18 

patients (51%) had symptomatic articular pathology of the right hip. Prior to participation 

in the study, 17 patients (49%) stated they used Skype on a regular basis. All patients 

received some form of radiographic imaging evaluation by either X-Ray or MRI (with or 

without associated arthrography). The results of these tests are summarized in Table 2. 
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Table 2: Patient demographic information. 

 

Table 3: X-Ray and MRI findings of symptomatic hip. 
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16 patients were randomized to have their symptomatic hip evaluated and 19 patients had 

their asymptomatic hip evaluated by the e-Quadrant test. Three patients had previously 

been managed by surgical intervention for symptomatic hip pathology and were 

experiencing recurrence of articular symptoms (2 patients post- hip arthroscopy, 1 post- 

open surgical debridement). Two of these patients were randomized to have their 

asymptomatic hip evaluated by the e-Quadrant test; one was randomized to have the 

symptomatic hip tested. 

 

Results if the e-Quadrant test are summarized in Table 3. Sensitivity of the test was 87% 

with a specificity of 79% and an overall accuracy of 82%. 

 

Of the 35 patients enrolled in the study, 5 demonstrated negative hip pathology 

provocation tests on their symptomatic hip when assessed in-person by the senior author. 

This represents a false negative rate for traditional in-clinic hip provocation testing of 

14% (5/35) with sensitivity of 86% in this series. These findings are comparable to the 

findings of the e-Quadrant test within this study. 

 

Table 4: e-Quadrant Test Outcomes.  
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Of the 35 patients enrolled in the study, 89% of patients stated that they would find 

evaluation by telemedicine consultation service more convenient and 74% stated the costs 

associated with attending clinic in person made telemedicine consultation service a more 

attractive option. 80% of patients stated to a preference use telemedicine consultation 

services if the quality of their evaluation was satisfactory. 

 

For management of their symptomatic hip joint pathology, 28 of 35 patients enrolled in 

this study were recommended as suitable candidates for surgical intervention (after their 

participation in this study). At time of publication submission, 24 of these 28 patients had 

undertaken their procedure (13 hip arthroscopy procedures, 11 prosthetic arthroplasty 

procedures). In all patients undertaking surgery, articular hip pathology accounting for the 

patient’s reported symptoms was identified and surgical treatment resulted in clinical 

improvement 

 

Discussion 

 

The aim of this research was to evaluate the accuracy and clinical utility of a unique 

physical examination test for the assessment of symptomatic hip pathology that can be 

administered by telemedicine video conferencing. In practice, the e-Quadrant test is 

intended to be an adjunct to a comprehensive clinical evaluation, considering also other 

relevant information obtained from the patient’s presenting history, radiology imaging 

and pathology testing as well as other physical examination tests where required. While 

we recommend that the final determination of suitability for surgical intervention requires 

a comprehensive physical examination in person, preliminary evaluation by telemedicine 

services is of substantial practical value, particularly for those patients who live in remote 

locations. In this study, typically patients conducted the video conferencing from the 

convenience of their own home. 

 

While the e-Quadrant test demonstrated an 82% overall accuracy, it serves as a useful 

guide to assist the clinical evaluation of groin pain and potential hip pathology. It should 

also be noted that traditional physical examination tests for the evaluation of hip 

pathology in the clinic setting demonstrate a similar accuracy.25 In this study, the 
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accuracy of clinic based articular provocation testing in the hands of an experienced hip 

Surgeon was equivalent to the online e-Quadrant test. 

 

The practical limitation of this study relates predominantly to the selection criteria 

selected. To be entered into the study, we enrolled only patients who were familiar with 

video conferencing, with almost half using the technology regularly. In wider clinical 

practice, the authors acknowledge that not all patients will have access to or familiarity 

with video conferencing technology. In our experience however we have observed a 

surprisingly high proportion of patients presenting our clinic have access to video 

conferencing, particularly as camera enabled smart phones, lap top computers and iPad 

devices are now widely available. Anecdotally, we have found the main factor currently 

limiting clinical utility of telemedicine services is not access to suitable hardware, but the 

speed and stability of the Internet connection required, which may be limited in some 

geographic locations. This will no doubt however improve over time. 

 

The potential methodological limitation of this study relates to the reference gold 

standard used for the determination of symptomatic hip pathology (comprehensive clinic 

based consultant surgeon clinical evaluation including assessment of presenting history, 

physical examination and associated radiology imaging with pathology testing where 

required to confirm the diagnosis). In the 24 patients undertaking intervention for their 

symptomatic hip pathology after study participation however, all patients were confirmed 

to have articular pathology at surgery and all patients experienced clinical improvement 

in their presenting symptoms as a result of their intervention. These observations assist in 

validating the reference standard selected. 
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Abstract 

 

It is standard practice in many institutions to routinely perform preoperative and 

postoperative haemoglobin level testing in association with hip joint arthroplasty 

procedures. It is our observation, however, that blood transfusion after uncomplicated 

primary hip arthroplasty in healthy patients is uncommon and that the decision to proceed 

with blood transfusion is typically made on clinical grounds. We therefore question the 

necessity and clinical value of routine peri-operative blood testing about the time of hip 

resurfacing arthroplasty. We present analysis of peri-operative blood tests and transfusion 

rates in 107 patients undertaking unilateral hybrid hip resurfacing arthroplasty by the 

senior author at a single institution over a three-year period. We conclude that routine 

peri-operative testing of haemoglobin levels for hip resurfacing arthroplasty procedures 

does not assist in clinical management. We recommend that post-operative blood testing 

only be considered should the patient demonstrate clinical signs of symptomatic anaemia 

or if particular clinical circumstances necessitate. 

 

Introduction 

 

Hip resurfacing arthroplasty, when indicated, is usually recommended in younger and 

healthier patient populations with less medical comorbidity. Hip resurfacing arthroplasty, 

in comparison to conventional total hip replacement, typically requires additional soft 

tissue releases and surgical dissection and therefore can be associated with increased 

blood loss.28-32 

 

In many institutions it is standard management in the peri-operative period associated 

with major interventions such as hip joint arthroplasty to measure haemoglobin levels 

prior to and just after surgery. The rationale for such measurement is to assist in 
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identification of patients with anaemia that may benefit from allogenic blood transfusion. 

There are, however, risks associated with allogenic blood transfusion and therefore a 

growing trend to rationalise the use of this limited resource.33-36 

 

Particularly in younger and healthier population groups, the numeric value or relative 

decrease in haemoglobin levels around the time of surgical intervention is often of less 

clinical consequence due to a greater physiologic capacity to manage with moderate 

volume blood loss. The decision to proceed with blood transfusion in these circumstances 

is more often guided by clinical observations of symptomatic anaemia. Particularly in 

younger patients without significant medical comorbidity, postoperative haemoglobin 

levels should be considered a relative guide to overall patient assessment and clinical 

management, rather than an absolute indicator to the requirement of blood transfusion. 

 

It has been our observation for patients undertaking resurfacing arthroplasty of the hip 

that the degree of blood loss is typically modest and the requirement for blood transfusion 

is uncommon, as patients rarely develop clinical symptoms of anaemia. In this context we 

question the value or rationale of routine haemoglobin testing in the perioperative period 

associated with resurfacing arthroplasty. 

 

Method 

 

A retrospective review of consecutive patients undertaking unilateral hybrid hip 

resurfacing arthroplasty under the care of the senior author (PW) over a three-year period 

from June 2009 to June 2012 was undertaken. Patients undergoing bilateral simultaneous 

hip resurfacing, simultaneous contralateral side procedures, or management with 

uncemented resurfacing or mid-head resecting implants were excluded. Only patients 

managed by the senior author at a single institution (St. Andrew’s War Memorial 

Hospital, Brisbane) were included in the study. 

 

All procedures were undertaken under a general anaesthetic with preoperative fascia lata 

block administered by the anaesthetist on induction. Posterior surgical approach was used 

in all patients. Typically the approach included partial recession of the femoral 

attachment of the gluteus maximus tendon from the femur and complete anterior 

capsulotomy. All patients entered into the study were managed with hybrid resurfacing 
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arthroplasty consisting of a monoblock uncemented acetabular component and a 

cemented monoblock femoral component using Antibiotic Simplex 

polymethylmethacrylate (PMMA) cement. The femoral component was impacted at 90–

120 seconds after the mixing of cement. No topical or systemic procoagulants, wound 

drainage catheters, or cell salvage methods were used in any patient. Infiltration of 

anaesthetic mixture into the wound was conducted by the Surgeon during the procedure 

(ropivacaine 0.2% 150 ml, ketorolac 30 mg, morphine 5 mg, and adrenaline 1/1000 

0.5 ml). General anaesthesia was undertaken using total intravenous methods with 

aggressive crystalloid volume loading (typically 3 litres of Hartmann’s solution during 

surgery) to facilitate early mobilisation by correction of volume depletion as a result of 

fasting and intraoperative blood loss. Patients were usually mobilised within 4–6 hours 

after surgery. Chemical thromboprophylaxis included rivaroxaban 10 mg daily for 30 

days, starting on the second postoperative day. All patients were managed with short leg 

graduated compression stockings for 6 weeks and pneumatic leg or foot intermittent 

compression devices while in hospital. 

 

All patients underwent a blood test on admission prior to surgery and a second blood test 

taken in the morning of their first postoperative day. Recorded haemoglobin and albumin 

levels were collated onto a database for further analysis. Further outcome measures 

recorded included length of stay, transfusion rate, re-admission rate within 90 days of 

intervention, joint infections, and arthroplasty revision recorded from the Australian 

National Joint Replacement Registry. 

 

Criteria for discharge from hospital included adequate analgesia with demonstrated safe 

independent mobility using crutches and a suitable home environment with supervision. 

 

Approval for the conduct of this research was obtained from the St. Andrew’s Medical 

Research Institute Ethics Committee (Approval number 2012.20.59). 
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Results 

 

A total of 107 patients met the criteria for inclusion in the study. Patient demographics 

and main findings are summarised in Table 5. The mean age was 50.9 years and 98 

patients (92%) were male. 

 

 

 

Table 5: Summary of patient demographics and findings. Unless otherwise stated, values 

shown are mean (range). 

 

 

The mean preoperative haemoglobin was 148.1 g/L (range: 121 g/L–171 g/L). The mean 

postoperative haemoglobin was 118.1 g/L (range: 92 g/L–149 g/L) (Figure 11). The mean 

decrease in haemoglobin observed between blood tests was 30.1 g/L. The percentage 

decrease in haemoglobin correlated statistically with the decrease in albumin levels 

observed on postoperative blood testing (Pearson’s rho = 0.216, p = 0.012; Figure 12). 
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Figure 11: Pre- and postoperative haemoglobin measurements. 

 

 

Figure 12: Comparison of percentage haemoglobin and albumin decrease after surgery. 
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Of the 107 patients who underwent hip resurfacing, there was one patient who required 

blood transfusion. This patient was a 53-year-old male with multiple medical 

comorbidities including obesity (160 kg, body mass index of 46.7 kg/m2) and obstructive 

sleep apnoea using continuous positive airway pressure (CPAP) machine and was 

previously a heavy smoker. He recorded a modest reduction in haemoglobin in 

association with his surgery in comparison to the remainder of the cohort (preoperative 

147 g/L, postoperative 118 g/L); however, on the basis of persistent fatigue and dyspnoea 

with pre-syncopal episodes a blood transfusion of packed red cells was undertaken. The 

transfusion significantly improved his symptoms and rehabilitation outcome. 

 

The cohort mean length of stay was 3.5 days (median duration: 3 days). No statistical 

correlation was observed between haemoglobin levels and length of stay (p>0.2). 

 

There were no recorded deaths, infections, or revisions of implants within the time 

period. 

 

Discussion 

 

The rational use of allogeneic blood products in patients undertaking major surgical 

intervention is assisted by the use of protocols and criteria to guide treating 

physicians.28,37 This data, however, questions the validity of routine testing of 

haemoglobin levels in the perioperative period to guide blood management after 

resurfacing hip arthroplasty, an intervention which is typically undertaken in a younger 

population with less medical comorbidity. 

 

The overall transfusion rate in this series is under 1% (0.9%, 95% confidence interval: 

0.1%–5.8%). The sole patient requiring blood transfusion, who was somewhat atypical 

for a patient undertaking resurfacing arthroplasty in the context of having multiple 

medical comorbidities, had a reasonable postoperative haemoglobin level at 118 g/L. The 

decision to proceed with blood transfusion was made on clinical grounds of symptomatic 

anaemia despite the reasonable postoperative haemoglobin level recorded. In no other 

patient was significant clinical anaemia detected that precluded early mobilisation or 

relatively early hospital discharge. It should be noted that intraoperative or postoperative 

tranexamic acid was used in no patient within this study, although the authors 
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acknowledge that the wide volume infiltration of local anaesthetic including adrenaline 

used may have reduced intraoperative blood loss. 

 

Adding doubt to the relevance of early post-operative haemoglobin testing was the 

observed strong correlation with albumin levels in the postoperative period. This finding 

suggests the post-operative reduction in haemoglobin levels observed is representative of 

haemodilution rather than blood loss during surgery.38,39 While routine blood testing on 

day 2 after surgery may reduce the influence of intra-operative crystalloid administration 

on the post-operative haemoglobin results obtained, the absence of requirement to 

perform blood transfusion on clinical grounds in all but 1 patient in this series remains 

consistent. 

 

We recommend from this data that routine testing of haemoglobin in the peri-operative 

period associated with hip resurfacing arthroplasty is seldom necessary. In particular, this 

applies to postoperative blood testing on day one after intervention, as the results are 

potentially poorly representative of absolute blood loss. Reduction in unnecessary blood 

testing in the peri-operative period reduces overall health care costs associated with the 

intervention, simplifies nursing care, and reduces patient discomfort. The authors do, 

however, recommend that post-operative blood testing can be of value in patients who 

demonstrate persistent symptomatic anaemia in whom blood transfusion is considered on 

clinical grounds. We also recommend that pre-operative blood testing may be of value to 

detect and evaluate preoperative anaemia, but only when performed substantially in 

advance of the intervention to allow correction prior to surgery. 

 

While this study has only evaluated patients undertaking hip resurfacing arthroplasty, 

who tend to be younger with less medical comorbidity and greater physiologic reserve to 

withstand moderate post-operative anaemia, we believe the results are also applicable to 

suitable patients undertaking conventional total hip replacement procedures, particularly 

as the soft tissue releases and degree of potential blood loss are typically less in total hip 

arthroplasty. 

 

Limitations of the study include the observational nature of the data and the fact that the 

results have been drawn from the outcomes of a single surgeon experienced in resurfacing 

arthroplasty operating in a single institution. Accordingly, these outcomes may not be 
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reflective of general orthopaedic practice.40 In addition, formal measurement of intra-

operative blood loss was not undertaken. 

 

Conclusion 

 

In summary, these data do not support the routine testing of haemoglobin associated with 

hip resurfacing arthroplasty. 
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Bilateral hip joint Hylan G-F 20 granulomatous synovitis due to 

viscosupplementation injections 
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Abstract 

 

We present the diagnosis of bilateral granulomatous inflammation of the hip joints 

associated with Hylan G-F 20 viscosupplementation injections. Clinicians recommending 

therapeutic Hylan injections for the management of hip arthritis should maintain clinical 

awareness regarding this potential complication. 

 

Introduction 

 

Viscosupplementation injections for the management of osteoarthritis of the hip have 

been demonstrated to be both safe and effective.41-49 Acute injection related synovitis is 

observed in approximately 5–10% of patients undertaking this treatment, but these 

reactions are characteristically transient without longer-term clinical effects.50-55 Chronic 

granulomatous inflammatory synovial reactions associated with Hylan injections have 

however been described within the knee joint as an infrequent occurrence.55-57 To our 

knowledge, we present the first description of Hylan induced granulomatous 

inflammation within the hip joint. 

 

Case Presentation 

 

A 52-year-old male presented with bilateral hip osteoarthritis secondary to cam type 

femoroacetabular impingement, particularly affecting the right hip joint. He described 

symptoms spanning a period of a number of years, slowly progressive in nature with 

typical features associated with osteoarthritic degeneration. The patient was otherwise 

well and besides intermittent analgesics and glucosamine was taking no other 
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medications. No other joint pathologies were noted with the exception of previous 

subacromial bursitis of the right shoulder, successfully treated by arthroscopic 

decompression. 

 

Previous management for his right hip had included central compartment arthroscopic 

debridement seven months previously. In an attempt to optimise his joint preservation 

therapies, the patient had also undertaken injectable therapies. A single 2 mL Synvisc 

(Hylan G-F 20, Genzyme Biosurgery, Ridgefield, USA) injection had initially been 

administered to the patient four months earlier and approximately six weeks later he had 

been treated with adipose derived stem cell therapy injection. On the basis of the severity 

of his degenerative joint disease on both clinical and radiographic grounds, the patient 

was recommended for definitive treatment by Birmingham Hip Resurfacing Arthroplasty 

(Figure 13). 

 

Figure 13: Postoperative radiograph after right Birmingham Hip Resurfacing. Left hip 

demonstrates features consistent with cam type femoroacetabular impingement and 

secondary osteoarthritis. 



72 

 

 

Operative findings at time of surgical intervention for his right hip resurfacing included 

macroscopically florid hypertrophic synovitis, substantially beyond that typically seen 

with osteoarthritic degeneration. Biopsies were accordingly taken which demonstrated 

histological evidence of chronic granulomatous change (Figure 14). No bacteria were 

identified on Gram stain and no crystals were detected. Cultures remained negative and 

specific staining and histological evaluation conducted to evaluate a cause for the 

granulomatous synovitis failed to identify mycobacteria or fungal elements. The patient’s 

recovery after his resurfacing procedure was unremarkable, with a good clinical result in 

terms of pain relief and function. Despite the finding of florid synovitis within the joint at 

time of arthroplasty, the postsurgical recovery appeared to be unaffected. The precise 

cause for the granulomatous synovitis observed within the hip joint at this stage was not 

determined but was felt possibly to be due to a reaction secondary to the adipose derived 

stem cell therapy. 

 

Figure 14: (Left) Low power H&E stain of synovial specimen demonstrating 

granulomatous inflammation. (Right) High power image, H&E stain. Central amorphous 

material demonstrated. 

Twelve months after his right hip resurfacing, the patient described increasingly 

problematic symptoms due to left hip degenerative joint disease, interfering with 

function. X-rays demonstrated significant arthritic change with radiographic loss of 

articular joint space. The decision was made at this time to treat the left hip by a single 

Hylan G-F 20 viscosupplementation injection (Synvisc 2 ml). The initial response after 

the injection was unremarkable; however, within seven days, the patient described 

increasing discomfort. The symptoms at this stage were consistent with articular hip 

irritation; however, he remained ambulant and systemically well without signs of 
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infection. The clinical picture was consistent with an acute local reactive synovitis and 

recommendations made for continued observation. Accordingly, the acute features seen 

about the time of injection settled however on the basis of continued chronic joint 

irritability and significant arthritis on radiographic grounds; a decision was made to 

proceed with a Birmingham Hip Resurfacing two months after his left hip Hylan 

injection. At time of surgical intervention, again macroscopic florid hypertrophic 

synovitis was observed. Histology specimens upon the left hip similarly demonstrated 

chronic synovitis with granulomatous inflammation consistent with those observed on the 

right hip one year previously. Culture growth remained negative and no crystals or 

mycobacterial or fungal elements were identified. Clinical recovery after left resurfacing 

arthroplasty was also unremarkable, with clinical results apparently unaffected by the 

finding of florid synovitis at time of surgery. 

 

On the basis of the operative histology findings of bilateral granulomatous inflammation, 

the patient was evaluated for a potential underlying systemic or infective pathology, 

including but not limited to mycobacterium serology (Quantiferon TB Gold assay), cyclic 

citrullinated peptide (CCP) antibodies, rheumatoid factor (RhF) latex, and anti-neutrophil 

cytoplasmic antibodies (ANCA). These evaluations revealed no identifiable evidence of 

systemic or infective cause. Further evaluation of the histological specimens was 

subsequently requested, specifically to evaluate a potential association with the previous 

conducted Hylan injections. Alcian blue stain demonstrated Hylan material centrally 

located within the granulomas with evidence of pre-digestion of the material when treated 

with hyaluronidase (Figure 15, Figure 16). On the basis of these findings, together with 

the clinical history and macroscopic appearance at time of surgery in both hips, the 

diagnosis of chronic granulomatous inflammation, secondary to Hylan G-F 20 (Synvisc) 

injections, was diagnosed. 
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Figure 15: Alcian blue stain of central material consistent with previously injected Hylan 

G-F 20. 

 

Figure 16: Alcian blue stain after treatment of specimen by hyaluronidase. Lack of 

staining in centre of granuloma indicative of enzymatic digestion. 
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Discussion 

 

Granulomatous inflammation associated with viscosupplementation in the knee joint was 

described by Chen et al.56 in six patients with chronically inflamed synovium with 

histiocytic foreign body giant cell reactions observed on microscopy. Central within the 

granulomas, acellular amorphous material was identified by Alcian blue stain which was 

subsequently removed by hyaluronidase digestion. The authors concluded that the 

granulomatous inflammation was secondary to the injected Hylan. Granulomatous 

inflammation within the knee has also been described by Zardawi and Chan.55 

 

Sasaki et al.58,59 demonstrated the subcutaneous and intramuscular induction of a delayed 

foreign body granulomatous inflammation in Guinea pig and rabbit models with the 

conclusion that Hylan may also potentially induce unfavourable soft tissue reactions in 

humans, contradicting previous reports of favourable biocompatibility. Waddell et al.57 

demonstrated hyaluronate granulomas in 5.9% of patients undergoing total knee 

replacement who had previously been treated with Hylan G-F 20 injections. Half of the 

patients who demonstrated histological evidence of hyaluronate granulomata had 

previously experienced acute local reactions within 30 days of administration of the 

injection. The authors questioned the clinical significance of synovial hyaluronate 

granulomas within the knee joint, although only a limited number of patients were within 

the affected cohort. 

 

Hylan viscosupplementation injections are a relatively recent therapeutic strategy for the 

management of hip joint osteoarthritis in comparison to their use in knee pathology. They 

remain an effective management strategy, particularly for patients who are not suitable 

for definitive surgical intervention on clinical or other grounds. The most common side 

effect, being a transient acute post injection local joint irritation, can be managed by 

symptomatic measures alone. To our knowledge, this is the first description of 

hyaluronate induced chronic granulomatous inflammation within the hip joint due to 

viscosupplementation injections. Clinicians recommending hyaluronate injections for the 

management of hip arthritis should maintain clinical awareness regarding this potential 

complication. 
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Entrapment of the medial branch of the superior cluneal nerve – A previously 

unrecognized cause of lower back pain in cricket fast bowlers 
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Abstract 

 

Cricket fast bowlers have a high incidence of injury and are prone to back problems that 

can become debilitating and foreshorten their careers. We present a case of superior 

cluneal nerve (SCN) entrapment neuropathy as a previously unrecognized etiology of 

lower back pain in a professional cricket fast bowler, often misdiagnosed as a lumbar 

spine disorder. We believe that the SCN may be susceptible to compression related to 

repetitive contraction of the back musculature, in particular the thoraco-lumbar erector 

spinae (TLES) and latissimus dorsi which contribute to a fibro-osseous tunnel through 

which the SCN runs. The problem can be readily treated with surgical decompression and 

patients can expect a return to near full function. Clinicians should be aware of this 

diagnosis when investigating athletes for chronic lower back pain. 

 

Introduction 

 

Cricket fast bowlers have a high incidence of injury and are especially prone to back 

problems. As a result they can miss 16% of all potential playing time during their careers, 

whereas players from other positions miss only 5%.60 Individual bowler workload61 and 

mechanics have been the most studied risk factors for fast bowler injury.62 A proportion 

of these injuries will go unrecognized and untreated despite modern investigations. 

Common problems include facet joint irritation, disc degeneration and iliolumbar 

syndrome.63 We present a case of superior cluneal nerve (SCN) entrapment neuropathy as 

a previously unrecognized etiology of lower back pain in cricket fast bowlers, often 

misdiagnosed as a lumbar spine disorder. This problem can be treated with surgical 

decompression and patients can expect return to near full function. 
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The medial branch of the superior cluneal nerve (SCN) innervates a fan shaped area of 

skin from the iliac crest, 7 - 8 cm from the midline.64 The thoracolumbar and latissimus 

dorsi muscles attach to the dorsal rim of the posterior iliac crest and the medial branch of 

the superior cluneal nerve enters a fibro-osseous tunnel formed by these muscles and the 

bone above the level of the iliac crest. The nerve travels in this tunnel before perforating 

the fascia 8 cm from the midline.64 The medial branch can become irritated or entrapped 

in the fibro-osseous tunnel causing tenderness over the iliac crest and pain radiating in the 

distribution of the nerve.65 The intermediate and lateral branches tend to pass through the 

fascia above the level of the iliac crest and are not routinely compressed as a result. There 

are limited case reports in the literature of this problem.66,67 

 

Case Report 

 

A 31-year-old professional cricketer playing at an elite level presented with a 5 month 

history of new onset left iliac crest and buttock discomfort superimposed on a background 

of generalized back problems for the preceding 12 month period. These problems had 

been very disruptive to his professional career and he had been unable to participate in 

elite cricket during this time. He presented with point tenderness over the left iliac crest 8 

cm from the midline, and pain radiating in a fan shaped distribution inferior and lateral 

from this location. The pain was made worse by right arm fast bowling. He did not have 

symptoms distributed to the groin or thigh and his back was relatively pain free on 

presentation. 

 

On examination, there was point tenderness to palpation of the iliac crest 8 cm from the 

midline. Range of motion of the lumbar spine was preserved. Range of motion of the hip 

throughout mid and terminal arc was pain free. The FABER test and quadrant sign were 

negative. A lower limb neurological examination of both motor and sensory was 

unremarkable. The subject noticed pain in the buttock region with deep squats. 

 

MRI of the right hip did not demonstrate clear evidence of acetabular labral pathology. 

There was an incidental finding of a small cyst on the head neck junction of the proximal 

femur. Disc degeneration at L5/S1 was observed with a region of increased uptake on 
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bone scan in the pedicle of L5 on the right side which had remained unchanged over 

many years and as was considered coincidental to his symptoms. 

 

Infiltration of local anaesthetic Marcaine into the point of maximal tenderness to 

palpation (8 cm laterally to the midline, 0.6 cm inferiorly to the iliac crest) on two 

separate occasions resulted in a clear improvement in symptoms with a pain-free interval. 

On this basis the diagnosis of SCN entrapment was confirmed. The patient gave their 

informed consent to undergo surgical decompression. 

 

The patient was administered a general anaesthetic and placed in the prone position. An 

operating microscope was used. Skin was marked over the operative site. An oblique 

incision was made, 8.5 cm from the midline at the level of the iliac crest. The medial 

branch of the superior cluneal nerve was identified tracking inferiorly to the crest and 

seen to emerge from beneath the fibro-osseous fascia before bifurcating (Figure 17). 

Thoracolumbar fascia over the nerve was then identified and released (Figure 18) and a 

fat graft placed over the nerve release site. 

 

Figure 17: The medial branch of the superior cluneal nerve was identified and seen to 

emerge from beneath the fibro-osseous fascia before bifurcating. 
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Figure 18: Thoracolumbar fascia over the nerve was released. 

The patient recovered well and was able to return to cricket four weeks post-surgical 

decompression. The peri-operative bruising and post-surgical inflammation took six 

weeks to fully settle and the patient reported mild discomfort during this time. He was 

able to return to elite cricket the following season and has had no recurrence of symptoms 

in the area to date. 

 

Discussion 

 

Previous anatomical studies of the superior cluneal nerve have demonstrated that the 

leading edge of the thoracolumbar fascia compresses the superior cluneal nerve against 

the iliac crest causing symptoms.64 Anything that increases the tension of fascia or 

stretches it will exacerbate symptoms and we believe that this may occur during the 

bowling action. A number of different bowling techniques have been identified which are 

based around the relative alignment of the shoulders and pelvis at back foot contact.62,68 
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However during the period from back foot contact (BFC) to front foot contact (FFC) and 

then ball release (BR) certain spinal movements consistently occur regardless of differing 

techniques. For example the trunk rotates toward the bowling arm between BFC and FFC 

and from FFC to ball release the trunk is flexing.68 We believe either by repetition or 

large excursion, both of these movements have the potential to irritate the SCN on the 

contralateral side to the bowling arm. Indeed this is consistent with the clinical 

presentation in our case subject who experienced pain in the distribution of the superior 

cluneal nerve during trunk rotation between front and back foot contact and during trunk 

flexion after front foot contact and delivery. 

 

The SCN may also be susceptible to compression related to contraction of the back 

musculature, in particular the thoraco-lumbar erector spinae (TLES) and latissimus dorsi 

which contribute to a fibro-osseous tunnel through which the medial branch of the SCN 

runs.64 There is an increasing awareness that some presentations of low back pain are 

associated with increased activity in the TLES.69 Several studies have linked chronic low 

back pain with increased TLES activation and increased lumbar compressive forces.70,71 

In our case subject the preceding history of back problems would be consistent with 

possible increased TLES muscle activity which may contribute to a compression of the 

SCN. The latissimus dorsi muscle has been proposed to increase tension in the superficial 

layer of the thoraco-lumbar fascia and assist in load transfer between the trunk and legs in 

weight bearing activities.72 Considering a fast bowler has front foot impact forces from 6 

- 8 times their body weight during the delivery stride,62 it would be reasonable to expect 

high latissimus dorsi activation at this time. We therefore postulate that increased tone in 

the muscles around the SCN may also contribute to a compression of the SCN. 

 

At the time of surgery, the medial branch was compressed by a fibrous band of tissue as it 

passed from beneath the fibro-osseous tunnel. The operating microscope is a useful but 

not essential adjunct for this procedure. This is in keeping with the findings reported by 

Maigne et al. in a series of surgical releases where he reported a success rate of 75%.67 

Best results were in those patients with visible changes in the nerve. 

 

Since treating this patient we have diagnosed a further two patients with superior cluneal 

nerve entrapment and successfully treated it with surgical decompression. Stringent 

diagnostic criteria must be maintained. These include, point tenderness over the iliac 
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spine 8 cm from the midline with a fan shaped distribution of pain from this point,64,65,67 

and a diagnostic pain free interval with infiltration of local anaesthetic into the region on 

at least two separate occasions. Other causes of pain about the region must be excluded. 

 

Clinicians should be aware of this diagnosis when investigating athletes for chronic lower 

back pain and in particular fast bowlers who are likely to become predisposed to this 

problem through the nature of their bowling action. This report adds the growing body of 

evidence that sportsmen such as cricket bowlers, tennis players and volleyball athletes 

who engage in stretching of the lower trunk fascia and forceful contraction of the back 

musculature, may be at risk for developing superior cluneal nerve entrapment neuropathy. 
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Access to digital radiology imaging and the impact on specialists in private practice 
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Manuscript 

 

Orthopaedic surgeons have expressed increasing concern about the impact of 

transitioning to digital radiology on clinical practice. Predominantly our concerns have 

centred about the quality of the images provided. Inferior ‘non diagnostic’ images and 

(often) inadequate mechanisms to allow accurate preoperative templating remain current 

limitations. 

 

Of more recent concerns, however, are our observations that radiology firms are 

restricting the provision of printed films and providing patients with digital images upon 

CD media. While the CD usually contains the appropriate software, image loading is 

often a slow and frustrating process. As patients often present to specialists with multiple 

previous imaging sets, obtaining access to numerous CD-based digital images becomes 

an increasingly time-consuming exercise. 

 

Furthermore, the software provided to access digital imaging from CD media is 

sometimes of poor quality or difficult to navigate, with no uniform software platform 

adopted by radiology providers. Ultimately, the specialist spends more time wrestling 

with image CDs and less time talking with their patients, impacting upon the quality of 

service that we provide. While universal Dicom processing software programs such as 

OsiriX (www.osirix-viewer.com) may assist, we consider images provided in CD format 

to represent a relative barrier to practical clinical access. Image accessibility impacts most 

significantly on specialists practicing in radiology-reliant disciplines, such as 

orthopaedics. 

 

Digital radiology imaging does hold many merits and will no doubt yield many 

advantages in the future when universal unobstructed access to good quality, uniformly 
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size-referenced diagnostic standard images are made available to clinicians. 

Unfortunately, we are not there yet. We consider the trend towards digital CD provision 

in lieu of printed images a worrying precedent that adversely impacts upon clinical 

practice. 

 

As consumers of radiology services, we recommend specialists should consider not only 

image quality but also image accessibility in their referral patterns. 
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Chapter 3 – TRAUMA MANAGEMENT 

 

Chapter Introduction 

 

Chapter 3 is concerned with the management of traumatic skeletal injury of the hip joint 

and proximal femoral fractures.  

 

The manuscripts Early prosthetic complications after unipolar hemiarthroplasty 73 and 

Intraoperative error during implantation of the Austin Moore hemiarthroplasty 74 were 

developed in response to my observations as a junior doctor of unacceptably high 

prosthetic complication rates associated with the management of subcapital hip fractures 

within the public hospitals where I was employed. The first manuscript compares the 

incidence of early prosthesis related complications after UAM and Cemented Thompson 

(CTh) hemiarthroplasty procedures. The second manuscript examines the incidence of 

technical errors demonstrated to be associated with suboptimal outcomes with the use of 

the UAM prosthesis. 

 

The final three manuscripts of this chapter describe surgical techniques for the 

management of proximal femoral trauma. Two of these manuscripts relate to internal 

fixation of femoral fractures by intramedullary nailing devices.  

 

Ultrasound assisted trochanteric entry point development for antegrade femoral nailing 

procedures 75 demonstrates the surgical technique of ante-grade femoral nailing utilising 

intraoperative ultrasound to assist with the accurate three dimensional localisation of the 

proximal entry point, particularly of use in obese patients and in fractures where 

significant deformity is present. Extraction of intramedullary nails by proximal stacked 

wire technique 76 demonstrates a percutaneous method of nail removal of intramedullary 

nailing devices in the context of difficult extraction and failed attempts by conventional 

methods. The technique described is particularly useful for the extraction of narrow or 

solid intramedullary nails where failure of extraction bolt devices has occurred. Proximal 

femoral fracture after hip resurfacing managed with blade plate fixation 77 describes the 

successful management of an intertrochanteric femoral fracture distal to a hip resurfacing 

implant, by use of an angled blade plate with retention of the prosthesis, a situation where 
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substantially more complex and invasive intervention by revision total hip arthroplasty 

would often be considered necessary.  
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Abstract 

 

Background:  In Australia, the most frequently used hemiarthroplasty prosthesis for the 

management of displaced intra-capsular femoral neck fractures is the Uncemented Austin 

Moore (UAM). Despite concerns regarding poor functional outcomes and increased early 

revision rates associated with the UAM prosthesis, apprehension regarding the systemic 

side-effects of polymethylmethacrylate cement implantation in the elderly patient 

continues to influence prosthesis selection. This study examines the incidence of early 

prosthesis related complications after UAM and Cemented Thompson (CTh) 

hemiarthroplasty procedures for the management of femoral neck fractures. 

 

Methods:  A multicentre retrospective review of charts and radiographs was conducted in 

1118 unipolar hemiarthroplasty implantations to determine early complications associated 

with the CTh and UAM prostheses over a 6-year period in five Queensland public 

hospitals. 

 

Results:  Intraoperative periprosthetic fractures were sustained in 11.8% of UAM and 

1.8% of CTh implantations (P < 0.0001). Intraoperative periprosthetic fractures were 

associated with an increased requirement for reoperation within 1 month of the index 

procedure (P = 0.05). No statistical difference in the incidence of intraoperative 

periprosthetic fractures could be observed between the hospitals participating, regardless 

of the proportional use of each prosthesis. Early dislocation rates were similar for the 

UAM and CTh prostheses. The intraoperative mortality rate attributable to the use of 

polymethylmethacrylate cement during hip hemiarthroplasty was 1/738 (0.14%). 
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Conclusions:  The results of this study support the use of the CTh prosthesis for the 

management of femoral neck fractures to reduce the high incidence of intraoperative 

periprosthetic fractures and associated requirements for early reoperation experienced 

with the UAM. 

 

Introduction 

 

In Australia, the most frequently used hemiarthroplasty prosthesis for the management of 

displaced intracapsular femoral neck fractures is the Uncemented Austin Moore 

(UAM).78 The Australian Orthopaedic Association National Joint Replacement Registry 

2004 has now reported on 7679 unipolar hip prostheses over a 3-year period. The 2004 

Registry data demonstrates the UAM to have shown higher revision rates compared with 

the Cemented Thompson (CTh), with over 6% of implantations requiring revision within 

2.5 years (HR 2.89; 95% CI 1.8–4.6; P < 0.0001).78 The registry concludes on the basis of 

these observations that continued use of the UAM is becoming increasingly difficult to 

justify. Foster et al. in a review of 244 patients undergoing UAM or CTh for femoral neck 

fractures found a 7% periprosthetic fracture rate over a 2-year period in patients managed 

with the UAM prosthesis.79 There were no periprosthetic fractures observed in 174 

patients managed with CTh over the same time period (P = 0.002) and the periprosthetic 

fracture rate was found to be independent of age or sex. Jadhav et al. reviewed the 12- to 

48-month results of 40 patients managed with the UAM prosthesis and showed that 70% 

had pain of non-infective origin, with calcar resorption detected in 85% of implantations 

and radiological evidence of stem migration in the majority of cases.80 

 

Obtaining satisfactory clinical results after implantation of the UAM prosthesis is 

dependent on accurate and reproducible surgical practice because multiple factors in the 

operative technique have been shown to result in early failure of the prosthesis. Sharif and 

Parker in a review of 12-month outcomes after UAM implantation in 243 patients found 

that 25.1% of patients had residual hip pain and 7% required revision within 1 year for 

aseptic loosening.81 The incidence of hip pain and revision surgery at 1 year was higher in 

patients with a prosthesis not seated flush on the femoral calcar, with an inappropriate 

selection of prosthetic head size or in whom short neck resections were detected on 

immediate postoperative anterior–posterior radiographs. Kwok and Cruess in a review of 

599 Austin Moore and Thompson hemiarthroplasty implantations concluded that 
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dislocation of the UAM prosthesis was associated with inappropriate neck resection 

length and improper selection of prosthetic head size.82 Yau and Chiu in a series of 44 

patients managed with the Austin Moore prosthesis for acute displaced fractures of the 

femoral neck at 2- to 7-year follow up found that proximal metaphyseal fill of less than 

70% was associated with subsidence and postoperative pain.83 

 

Despite concerns regarding the poor functional outcome and increased revision rates 

associated with the UAM prosthesis, apprehension about the systemic effects of 

polymethylmethacrylate (PMMA) acrylic cement implantation in the elderly patient 

continues to influence prosthesis selection. Cement insertion has been shown to adversely 

influence pulmonary and cardiovascular function during the conduct of surgery and the 

immediate postoperative period, which may be poorly tolerated in the elderly with pre-

existing comorbidity.84,85 Parvizi et al. in a review of 38 488 hip arthroplasty procedures 

reported 23 intraoperative deaths due to irreversible cardiorespiratory disturbances 

initiated during cementing.86 Twelve of the 23 deaths were in patients undergoing 

cemented hemiarthroplasty. No intraoperative deaths were recorded in any of the 15 411 

uncemented hip replacements during the 28-year period. Elderly patients with pre-

existing cardiovascular conditions undergoing arthroplasty for the management of hip 

fractures were identified as patients at risk of intraoperative death associated with the use 

of cement. Similarly, Patterson et al. in a review of seven intraoperative cardiac arrests 

occurring during hip arthroplasty implicated advanced age, osteoporotic bone and larger 

volumes of cement as risk factors during the cementing process.87 

 

The objective of this study is to examine the early prosthesis related complication rates 

after UAM and CTh hemiarthroplasty implantation for the management of femoral neck 

fractures. 

 

Method 

 

A multicentre retrospective review of charts and radiographs was conducted to determine 

early prosthetic complications associated with the CTh and UAM prostheses. Five public 

hospitals in Queensland, Australia, participated in the study. Patients were identified by 

ICD-10 procedure diagnosis code. Inclusion criteria were the use of either the UAM or 

CTh monoblock prosthesis for the management of femoral neck fracture or failed internal 
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fixation within the 6-year period from 01 January 1998 to 30 November 2003. Patients 

who were managed with a hemiarthroplasty other than the UAM or CTh were excluded. 

 

End-points were selected to reflect outcomes most likely to be influenced by prosthesis 

choice. Because of the retrospective methodology, a limited number of unambiguous end-

points were selected to allow reliable data collection. As capturing the information 

retrospectively was considered to be less accurate beyond the immediate perioperative 

period, 1 month from the initial procedure was selected as the time frame for 

discontinuing data collection. 

 

This study considered four end-points: (i) intraoperative periprosthetic fracture; (ii) 

intraoperative death; (iii) reoperation on the same hip (any reason) within 1 month of 

procedure; and (iv) dislocation within 1 month of initial procedure. 

 

Intraoperative fractures were defined using Vancouver classification for periprosthetic 

fractures.11 Statistical analyses were conducted using χ2-test or Fischer’s exact test, 

depending on the dataset. 

 

Results 

 

A total of 1360 patients underwent hemiarthroplasty of the hip joint during the time 

period (Figure 19). Hospital records were missing or incomplete in 65 (4.8%) patients and 

they were excluded from analysis. A total of 177 patients were managed with a 

hemiarthroplasty other than the UAM or CT prosthesis and were therefore excluded from 

the study. Bipolar hemiarthroplasty was conducted in 145 patients, cemented Austin 

Moore in 2 patients and Uncemented Thompson in 30 patients. Hospital 3 used a bipolar 

device in 108 of 460 (23.5%) of hip hemiarthroplasty procedures conducted at that 

institution; however, all other hospitals used a bipolar device in less than 10% of cases. 
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Figure 19:  Patients excluded from the data analysis and frequency of prosthetic usage. 

(AM: Austin Moore, CT: Cemented Thompson; UAM: Uncemented Austin Moore). 

 

A total of 1118 implantations were included for data analysis after exclusions. The CTh 

prosthesis was used in 738 (66%) of the patients and UAM in 380 (34%). Significant 

regional variation in the prosthesis selection used was observed (Figure 20). Twenty-six 

patients had bilateral sequential procedures, one patient required simultaneous procedures 

for bilateral acute displaced fractures of the femoral neck. A total of 1107 implantations 

were undertaken for acute intracapsular fractures of the femoral neck, 11 procedures were 

undertaken for failed internal fixation. A total of 356 (93.7%) of UAM and 708 (95.9%) 

of CTh implantations were conducted by Registrars (P = 0.096, χ2-test). 
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Figure 20: A total of 1118 unipolar hemiarthroplasty procedures conducted at 

participating hospitals over a 6-year period. From left to right increasing proportional 

use of the CTh prosthesis is observed (Dark: Thompson Prosthesis; Light Grey: Austin 

Moore). 

Intraoperative periprosthetic fractures were sustained in 45/380 (11.8%) UAM and 

13/738 (1.8%) CTh implantations (Figure 21; P < 0.0001, χ2-test). Of the procedures 

conducted by a Consultant Orthopaedic surgeon, 5/24 (20.8%) of UAM and 0/30 (0%) 

CTh implantations resulted in periprosthetic fractures during implantation (P = 0.01, 

Fisher’s exact test). No statistical difference in the incidence of intraoperative 

periprosthetic fracture was observed between Registrars and Consultants for either the 

CTh (P = 0.59; two-tailed Fisher’s exact test) or the UAM prosthesis (P = 0.10, χ2-test), 

although the total number of procedures conducted by Consultants was low. Comparing 

the fracture incidence between hospitals showed a correlation between intraoperative 

periprosthetic fracture incidence and increased proportional use of the UAM prosthesis 

(Pearson correlation 0.972; P = 0.006). Hospital 1 (exclusive use of the UAM) reported 

intraoperative periprosthetic fractures in 22/146 (15.1%) of hemiarthroplasty procedures, 

which was significantly higher than that observed in Hospital 5 (exclusive use of CTh) 

which sustained fractures in 2/146 patients (1.3%) (P < 0.0001, Fisher’s exact test). 

Institutions that selectively used the UAM for frail and low-demand patients (Hospitals 3 

and 4) did not show a higher incidence of fractures when using this prosthesis compared 

with institutions using this prosthesis routinely (Hospitals 1 and 2) (P = 0.29, χ2-test) 

(Figure 22). 
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Figure 21: Complication rates for Uncemented Austin Moore and Cemented Thompson 

prostheses. Fractures P < 0.0001. (Dark:  Thompson Prosthesis; Light Grey: Austin 

Moore). 

 

Figure 22: Intraoperative periprosthetic fractures sustained during implantation of the 

uncemented Austin Moore prosthesis. No statistical difference in fracture incidence is 

observed between hospitals using this prosthesis. (Dark: Fracture; Light Grey: No 

fracture). 
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A total of 46/58 (79.3%) patients sustaining an intraoperative periprosthetic fracture 

required internal fixation and in 42 cases this was carried out as part of the index 

procedure. Reoperation within 1 month of the index procedure was required in 5/58 

(8.6%) of patients sustaining an intraoperative periprosthetic fracture and in 43/1062 

(4%) of patients not sustaining an intraoperative fracture during the index procedure (P = 

0.05, Fisher’s exact test). Of the five patients requiring reoperation after sustaining an 

intraoperative periprosthetic fracture, four required their additional procedure specifically 

for fracture management and one for infection. Of the 43 patients not sustaining an 

intraoperative periprosthetic fracture during the index procedure and requiring 

reoperation within 1 month, 16 patients required open or closed reduction of dislocations, 

14 patients required evacuation of haematoma, 12 patients required washout and 

debridement of infection and 1 patient required removal of excess PMMA cement. 

Dislocation was not associated with intraoperative periprosthetic fracture (P = 0.2, 

Fisher’s exact test). 

 

Intraoperative periprosthetic fractures sustained during the implantation of the CTh 

prosthesis were in all 13 patients type A according to the Vancouver Classification. A 

total of 10 of 13 fractures were managed with circlage wire and 3 of 13 were assessed as 

stable and not requiring internal fixation. A total of 39 of 45 (86.7%) of intraoperative 

periprosthetic fractures sustained during insertion of the UAM prosthesis were Vancouver 

Classification type A and 6 (13.3%) were type B. A total of 32 of 39 type A fractures 

sustained with the UAM prosthesis required internal fixation with circlage wire and two 

prostheses were in addition cemented to improve prosthetic stability. All type B 

periprosthetic fractures sustained during implantation of the UAM prosthesis required 

internal fixation, five using circlage wire and one requiring internal fixation by plate and 

screws. 

 

No statistical difference in the incidence of prosthetic dislocation or reoperation within 1 

month of the index procedure could be detected between the CTh and UAM implants 

(Fig. 3). Only one intraoperative death was recorded. This patient was being managed for 

an acute femoral neck fracture with a Thompson prosthesis and cement was considered a 

contributing factor to the arrest. There was no statistical difference in the incidence of 

intraoperative death between the CTh and UAM prostheses (P > 0.95, Fisher’s exact test). 
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Discussion 

 

This series shows a significantly greater incidence of intraoperative periprosthetic 

fractures when using the UAM compared with the CTh prosthesis. The majority of 

patients sustaining intraoperative periprosthetic fracture in this series required additional 

internal fixation during their index procedure. Intraoperative periprosthetic fractures were 

also associated with a statistically higher reoperation rate. Patient selection bias is 

unlikely to explain the higher incidence of intraoperative periprosthetic fracture with the 

UAM prosthesis as the fracture rate is independent of the proportional use of either 

prosthesis at the hospitals involved. Institutions that exclusively or predominantly used 

the UAM (Hospitals 1 and 2) had an equivalent fracture incidence to those institutions 

that selectively reserved the UAM for frail patients with shorter life expectancy 

(Hospitals 3 and 4). In addition, Hospital 1 (exclusive use of the UAM) showed a 

significantly higher complication rate compared with Hospital 5 (exclusive use of CTh), 

with an 8.6 times greater incidence of intraoperative periprosthetic fractures. Within the 

hospitals participating in this study, displaced subcapital femoral neck fractures were 

consistently treated with either the UAM or CTh prosthesis. No alternative unipolar 

prosthesis was used for any patient in this series and bipolar prostheses were used 

infrequently. Internal fixation or total hip arthroplasty are procedures infrequently carried 

out for displaced intracapsular femoral fractures at the hospitals participating in this 

study.12 Preferential selection of relatively healthy patients to receive alternative 

treatments therefore does not explain the high complication rate observed with the UAM 

prosthesis. The high intraoperative periprosthetic fracture incidence shown in this series 

is independent of surgeon experience as Consultant Surgeons and Registrars sustained 

fractures using the UAM prosthesis with equal frequency. 

 

The use of acrylic cement in the elderly population remains a concern to many 

orthopaedic surgeons. Within this series, only one intraoperative death in 738 CTh 

implantations was recorded. This is consistent with the findings of Parvizi et al. who 

showed the incidence of intraoperative death contributed by the use of acrylic bone 

cement during hip hemiarthroplasty to be less than 0.2%.86 The risk of intraoperative 

complications related to the use of cement may be reduced by venting the femur, avoiding 

excessive pressurization during insertion and adequate preoperative hydration.86-88 Offset 

against the quantitatively small risk associated with the use of acrylic bone cement are the 
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significant advantages shown for its use in hemiarthroplasty of the hip joint. Khan et al. 

reviewed the results of 244 patients managed with the Austin Moore prosthesis with and 

without the use of cement. At 32- to 36-month follow up, patients who were managed 

without cement had greater pain (P = 0.003) and reduced functional capacity, namely, 

walking ability (P = 0.002), use of walking aids (P = 0.003) and activities of daily living 

(P = 0.009). The use of cemented hemiarthroplasty in the elderly was supported by these 

findings.89 Similarly, the Australian Orthopaedic Association National Joint Replacement 

Registry 2004 Annual Report recommend the critical factor influencing results after 

hemiarthroplasty of the hip joint is the use of cement. Registry data suggest the 

Thompson prostheses inserted without cement has a similar failure rate to the UAM but if 

an Austin Moore prosthesis is cemented, then the incidence of early revision is similar to 

that seen with the CT.78 Parker and Gurusamy in a meta-analysis of 15 trials involving 

1670 patients concluded that cemented prostheses were associated with a lower risk of 

failure to regain mobility (HR 0.60; 95% CI 0.44–0.82) and a lower incidence of 

postoperative pain at 1 year (HR 0.51; 95% CI 0.31–0.81).90 It would appear therefore 

that the choice of which hemiarthroplasty prosthesis to use is less important than the 

decision to use cement. 

 

Results of this study support the use of the CTh prosthesis for the management of femoral 

neck fractures to reduce the high incidence of intraoperative periprosthetic fracture 

experienced with the UAM. Intraoperative fracture sustained during hemiarthroplasty 

implantation frequently requires internal fixation and is associated with an increased 

requirement for early reoperation. Routine use of the CTh prosthesis for the management 

of femoral neck fractures in the elderly has not been shown to be associated with an 

increased incidence of intraoperative death compared with the UAM prosthesis. 
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Intraoperative error during implantation of the Austin Moore hemiarthroplasty 
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Abstract 

 

Purpose: To examine the frequency of technical errors during implantation of the Austin 

Moore prosthesis in a public hospital. 

 

Methods: Radiographs and charts of 147 consecutive patients managed with uncemented 

Austin Moore hemiarthroplasty prostheses were retrospectively reviewed with particular 

reference to intra-operative errors associated with early failure of the implant. 

 

Results: 48% of the patients had at least one error pertinent to implantation and 14% 

sustained intraoperative fractures. The error rates between relatively junior doctors and 

consultants were not significantly different. 

 

Conclusion: The uncemented Austin Moore prosthesis is a technically demanding 

prosthesis that is difficult to implant well. Greater selectivity should be exercised when 

considering its use for femoral neck fractures. 

 

Introduction 

 

For displaced subcapital fractures of the femoral neck, the uncemented Austin Moore is 

the most frequently used monoblock hemiarthroplasty in Australia.78,91 This procedure is 

commonly reserved for the elderly or frail low-demand patients, who represent poor 

candidates for revision should the prosthesis fail.92-94 Australian National Joint 

Replacement Registry data indicate that the uncemented Austin Moore prosthesis has a 

three times higher rate of revision within 2.4 years compared to the cemented Thompson 

prosthesis (hazard ratio [HR], 2.89; 95% confidence interval [CI], 1.8–4.6; p<0.0001).78,91 

Technical errors in implantation of the uncemented Austin Moore are common and have 
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been associated with early failure of the prosthesis.81-83,95 Inadequate calcar seating, 

insufficient residual femoral neck length, insufficient metaphyseal fill and errors in sizing 

the prosthesis are all associated with early failure of the Austin Moore hemiarthroplasty. 

In a review of 243 patients receiving Austin Moore prostheses, 61 (25%) had residual 

pain and 17 (7%) required revision surgery for aseptic loosening within one year. Both 

residual pain and revision for aseptic loosening were strongly associated with 

shortcomings in the operative technique—namely caudad resection level of the femoral 

neck, inadequate seating of the prosthesis, and inappropriate selection of prosthetic head 

size.81 Dislocation of the Austin Moore prosthesis was related to inappropriate residual 

neck length and poor selection of the prosthetic head size.82 In patients with acutely 

displaced fractures of the femoral neck, proximal metaphyseal fill of less than 70% was 

associated with subsidence and postoperative pain.83 

 

In public hospitals, unipolar hemiarthroplasty for femoral neck fracture is frequently 

performed by less experienced Surgeons and under difficult circumstances. This study 

aimed to assess the technical accuracy of implantation of the uncemented Austin Moore 

prosthesis. 

 

Method 

 

147 consecutive patients who underwent unipolar uncemented Austin Moore 

hemiarthroplasty at the Cairns Base Hospital, Brisbane, Australia between January 1998 

and 2004 inclusive for subcapital fracture of the femoral neck were identified. 

Identification was by discharge diagnosis coding and operation logs; no patients were 

excluded. Charts including operative notes were reviewed and preoperative and 

immediate postoperative radiographs were analysed. The radiographs and the technical 

accuracy of the prosthetic implantation was assessed using methods described by Sharif 

and Parker.8 The following were counted as errors in implantation: an intra-operative 

periprosthetic fracture or any of the four following technical aspects of implant insertion 

associated with early failure of the prosthesis:81,82,95  

 

(1) Inadequate length of the neck remnant (≤12 mm): Measured from the superior 

margin of the lesser trochanter to the resection margin at the calcar femorale 

(Figure 23). If an inadequate neck remnant was identified on postoperative 
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radiographs, the neck length from the lesser trochanter to the level of the fracture 

on preoperative radiographs was also measured. 

(2) Inadequate calcar seating (>1 mm): Measured from the medial prosthetic collar to 

calcar (Fig. 1). A prosthesis collar seated on the medial calcar was recorded as 

zero. 

(3) Difference in prosthetic head size compared with the contralateral normal femoral 

head using circular overlays: Diameter of prosthesis up to 2 mm larger to account 

for articular cartilage was considered satisfactory. If the contralateral femoral head 

was not suitable for analysis (due to disease or previous prosthetic replacement), 

the ipsilateral femoral head on preoperative radiographs was used for assessment 

of the appropriate prosthetic head size. 

(4) Intra-operative periprosthetic fracture: Fracture classification was conducted using 

the Vancouver system.96 

 

 

Figure 23: Prosthesis inadequately seated on the femoral calcar showing measurements 

used for radiographic analysis of intra-operative errors: (1) Length of neck remnant; and 

(2) Calcar seating distance. 
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Results 

 

147 patients were treated with the unipolar uncemented Austin Moore prostheses over the 

time period: 128 (87%) had surgery performed by relatively junior doctors—14% by 

senior medical officers, 57% by training registrars, and 17% by principal house officers; 

19 (13%) were performed by a consultant surgeon. 

 

84 errors in implantation were identified in 71 patients; only 76 (52%) had no errors in 

implantation, while 52 (35%) had one error, 17 (12%) had 2 errors, and 2 (1.4%) had 3 

errors. 21 (14%) of the patients sustained intra-operative fractures (Figure 24), of which 

20 involved the proximal femur; all were Vancouver Classification Type A1 and 

identified during the procedure. Of these, 15 were managed with cerclage wire, 2 with 

both cerclage wiring and cementing of the prosthesis, 2 were considered stable and not 

requiring specific management, and one was treated by cementing the prosthesis alone. 

One patient sustained a non-displaced fracture of the acetabulum, located outside the 

weight-bearing dome. The latter fracture was not identified during surgery and was 

associated with oversizing of the prosthetic head by 3 mm. The fracture rate for relatively 

junior doctors was 15% compared to 11% for consultants (p=0.73). 

 

12 (8%) of patients were excluded from assessment of neck length remnant as 

postoperative radiographs were either unsuitable or unavailable for analysis. 36 (27%) of 

the remaining 135 patients had inadequate length of the neck remnant on postoperative 

radiographs (Figure 25). Of the 36 patients with insufficient neck remnant remaining 

postoperatively, 29 had preoperative radiographs suitable for comparison. 13 (45%) of the 

29 patients had an insufficient neck remnant available prior to surgery due to the pattern 

of fracture sustained. The resection level of the femoral neck was judged insufficient in 

26% of procedures conducted by relatively junior doctors, and in 29% of procedures 

conducted by consultants (p=0.66). 

 

27 (18%) of patients were excluded from assessment of calcar seating as postoperative 

radiographs were either unsuitable or unavailable for analysis. 26 (22%) of the remaining 

120 patients had inadequate calcar seating demonstrated on postoperative radiographs 

(Figure 23). 13 prostheses were proud by >3 mm. Three prostheses were proud by >10 
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mm, all of which were implanted by junior doctors. The incidence of inadequately seating 

the prosthesis on the calcar was 24% for junior doctors and 7% for consultants (p=0.09). 

 

Incorrect prosthetic head size was identified in 2 patients. One sustained an intra-

operative acetabular fracture associated with implantation of a 3-mm oversized 

prosthesis. 

 

 

Figure 24: Intra-operative periprosthetic fracture of the proximal femur managed with 

cerclage wire. 

 

Figure 25: Femoral neck is resected inappropriately distally with insufficient neck 

remnant remaining. 
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Discussion 

 

In this study, the technical error rate of Austin Moore hemiarthroplasty performed by 

junior doctors is high, but not significantly different to that of consultants, such findings 

being similar to other reports in the literature.79,81,82,95  

 

Inadequate residual neck remnant was the most common error identified. Both increased 

rates of residual thigh pain and early revision due to loosening have been associated with 

such neck remnants.81 Almost half of patients with inadequate residual neck remnant had 

an insufficient length available due to the fracture pattern, which was evident on 

preoperative radiographs. Failure to maintain sufficient neck length in these cases 

represents inappropriate prosthesis selection and preoperative planning rather than an 

intra-operative technical error. Given the inferior results of the uncemented Austin Moore 

implants with short neck remnants, the use of this prosthesis in low-neck fractures is 

questionable, and an alternative should be considered. 

 

Intra-operative periprosthetic fractures sustained during the procedure were common 

(14%), the rates being similar for trainees and consultants. From a review of the operative 

notes and discussion with the surgeons involved, most fractures were sustained either 

during impaction of the prosthesis after broaching or during its reduction. Under-

broaching and relative oversizing of the stem with intent to provide interference fit of the 

prosthesis in osteoporotic bone may result in fracture during prosthesis insertion. The 

high error rate of implantation without adequate seating implies that surgeons commonly 

experience difficulty due to the size and proximal geometry of the prosthesis. To assist 

with adequate prosthetic seating without excessive impaction, the routine use of a narrow 

stem Austin Moore prosthesis should be considered, however proximal metaphyseal fill 

of >70% is required to reduce the risk of early postoperative subsidence and loosening.83 

Both narrow and standard stem Austin Moore prostheses should be available to the 

surgeon to allow an intra-operative assessment of the most suitable stem to enable 

appropriate metaphyseal fill so as to provide stability without excessive risk of fracture or 

inadequate calcar seating. 
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A loose stem with inadequate rotational stability may predispose to intra-operative 

fracture during reduction of the prosthesis, particularly if the leg has been lengthened and 

the capsule preserved. If the rotational stability of the prosthesis after impaction remains 

questionable, reduction should not be attempted. Options available in this situation 

include an alternative prosthesis or cementing the Austin Moore prosthesis. 

 

All surgeons regardless of level of experience reliably accomplished selection of correct 

prosthetic head size using sterile circular sizing rings. 

 

Conclusion 

 

Intra-operative error during implantation of the uncemented Austin Moore prosthesis is 

relatively common. The error rates between junior doctors and consultants were not 

significantly different. Austin Moore hemiarthroplasty is a technically demanding 

operation; the prosthesis is difficult to implant well. Greater selectivity should be 

exercised when considering this prosthesis for management of femoral neck fractures. 
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Ultrasound assisted trochanteric entry point development for antegrade femoral 

nailing procedures 
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Abstract 

 

The surgical technique of ante-grade femoral nailing utilizing intraoperative ultrasound to 

assist with the accurate three dimensional localisation of the proximal entry point is 

demonstrated. Adjunctive intraoperative ultrasound in the management of femoral 

fractures is easy to conduct, reduces operative time and assists with accurate percutaneous 

internal fixation in complex fracture patterns. Intraoperative ultrasound is particularly 

useful in the management of obese patients and in fractures of the proximal femur where 

significant deformity is present. 

 

Introduction 

 

Internal fixation of proximal femoral fractures by antegrade intramedullary devices 

typically requires passage of the fixation device through the piriformis fossa or 

trochanteric apex. Failure to select an accurate proximal femoral entry point risks mal-

reduction of the fracture or subsequent suboptimal positioning of the proximal cross 

locking screw(s) within the femoral head. For fractures of the femoral shaft where the 

proximal femur has minimal deformity due to injury, accurate localisation of the proximal 

femoral nail entry point can be easily obtained by a combination of intraoperative 

fluoroscopy and direct palpation (Figure 26). 
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Figure 26: Demonstration of the standard techniques used for localisation of landmarks 

during antegrade femoral nailing procedures, using a combination of fluoroscopy and 

direct palpation. This technique is consistently accurate when obesity or significant 

fracture deformity are not present. 

 

There are circumstances however where selection of the nail entry point using these 

methods becomes more difficult, due either to patient obesity or the presence of more 

complex fracture patterns. In particular, this applies to proximal femoral shaft and 

subtrochanteric femoral fractures, where flexion and rotation of the proximal fragment 

makes three dimensional localisation of the femoral entry point using fluoroscopy and 

palpation alone less accurate (Figure 27). In these fracture patterns, while fluoroscopic 

images assist with cranio-caudad and medial-lateral positioning of the nail entry point, 

orientation in the anterior-posterior plane is less certain, with a tendency to enter the 

femur more anterior than predicted. Alternatives to improve localisation of the entry point 

in three dimensions include the use of lateral and rotated fluoroscopy images (time 

consuming and often with suboptimal clarity) or to conduct more extensive surgical 

dissection. 
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Figure 27: Reverse obliquity subtrochanteric proximal femoral fracture with typical 

deformity demonstrating flexion and rotation of the proximal fragment. Although these 

fractures can often be managed by percutaneous antegrade nailing, typically the 

deformity cannot be reduced adequately by closed methods prior to the passage of 

instrumentation into the proximal femur. In these situations accurate three-dimensional 

localisation of the proximal nail entry site for antegrade nailing is more difficult with a 

tendency to enter the femur more anterior than predicted. 

 

At our institution, we have found intra-operative ultrasound useful in a variety of surgical 

procedures about the hip and pelvic region. We have previously described the use of 

intraoperative ultrasound for the conduct of hip arthroscopy in the central, peripheral and 

extra-articular compartments, including proximal iliotibial band release.97-99 We have 

since applied these techniques to the management of patients with femoral fractures 

undertaking percutaneous internal fixation by antegrade intramedullary nail. 

 

We have found the use of intraoperative ultrasound a useful adjunct to the use of 

fluoroscopy, enabling the accurate localisation of the proximal femoral nail entry point in 

three dimensions, particularly in obese patients or those with significant deformity or 

displacement of the proximal femur. For the management of skeletal trauma, intra-

operative ultrasound has previously been described for the removal of metalwork (K 

wires, cross locking screws) and to assist in the reduction of femoral shaft fractures.100-103 

 

This technique is easy to conduct, reduces operative time and assists with the accurate 

percutaneous nailing of complex femoral fractures. 
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Surgical Technique 

 

At our institution we prefer to conduct antegrade intramedullary femoral nailing 

procedures with the patient in a supine position upon a traction table, although the 

techniques of ultrasound we describe are equally valid and easy to conduct with the 

patient in lateral decubitus traction position. 

 

The patient is placed supine with a padded perineal post and attention is made to the 

adequacy of binding and pressure area care to the foot. The patient is typically 

administered a general anaesthetic and intravenous antibiotic prophylaxis. The 

contralateral leg is placed into abduction and flexion to enable access for the fluoroscopy 

image intensifier between the legs. Traction to the operative leg is applied and, where 

possible, closed reduction is obtained utilizing fluoroscopic guidance in two planes. The 

ultrasound machine is placed on the operative side of the patient, ensuring accessibility 

and ease of vision for the operating surgeon. All other equipment is placed according to 

surgeon´s preference for femoral intramedullary nailing procedures. 

 

At our institution we use a LOGIQe ultrasound (General Electric Healthcare, Sydney 

Australia) with a 4C-RS 2.0-5.5 megahertz transducer for intraoperative imaging about 

the hip and pelvic region. The ultrasound transducer is prepared by placing non-sterile gel 

on the transducer, which is then covered with a sterile plastic transducer bag (Elastic 

Cover 91x76cm, Bard Lifemed, North Ryde, NSW, Australia). The sterile transducer bag 

is then placed and secured in the fluid collection pouch of a vertical isolation drape. A 

small quantity of sterile urinary catheterisation lubricant or sterile water is applied to the 

ultrasound probe site to improve conductivity of the ultrasound signal. 

 

We recommend the combined use of intraoperative fluoroscopy and ultrasound to assist 

with accurate localisation of the nail entry site and placement of the proximal skin 

incision (Figure 28). Fluoroscopy in the anterior-posterior plane is used to provide two-

dimensional images to assist with the cranio-caudad and medial-lateral positioning of the 

nail entry point. Ultrasound imaging is used to assist with the anterio-posterior location of 

the proximal femoral entry point and to orientate the surgeon with respect to flexion and 

rotation of the proximal femoral fragment. For intramedullary nailing procedures the 



112 

 

ultrasound probe is initially oriented transverse to localize the greater trochanteric tip and 

assess orientation of the proximal femur should deformity be present (Figure 28). This is 

particularly useful in substantially obese patients. The transducer is subsequently oriented 

in a longitudinal direction to the proximal femoral fragment at the level of the greater 

trochanter tip, accounting for any flexion or rotatory deformity of the proximal fragment 

that may be present (Figure 29, Video 6). For percutaneous procedures, the location of the 

skin incision is judged taking into account the location of the greater trochanter relative to 

the thickness of the overlying adipose layer (Figure 29). Standard fascia and muscle 

splitting techniques for proximal femoral intramedullary nailing are conducted. Both 

ultrasound and fluoroscopy are able to guide the initial placement of instrumentation such 

as an awl or guide-wire used for the initial development of the femoral entry point. As 

ultrasound does not have conductivity to allow diagnostic imaging within bone, only the 

bone surface can be appreciated by intraoperative ultrasound and therefore after initial 

development of the proximal entry point, the remainder of the procedure is conducted 

with fluoroscopic imaging using standard techniques (Figure 30, Figure 31). 

 

 

Figure 28: Left - Combined use of intraoperative ultrasound and fluoroscopic imaging to 

obtain accurate three-dimensional orientation of the proximal femoral fragment and 

trochanteric entry point. Right - Initial transverse ultrasound imaging of proximal femur. 
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Figure 29: Left - Longitudinal ultrasound imaging of left proximal femur (GT–Greater 

trochanter; ITB–Iliotibial band). Right - Localisation of the skin incision and 

trochanteric entry point with ultrasound assistance. 

 

Figure 30: Pre-operative radiographs of patient with a comminuted proximal femoral 

fracture and significant angulation of the proximal fragment, subsequently managed by 

ultrasound assisted percutaneous antegrade femoral nailing. 

 

Figure 31: Post-operative radiographs of patient in previous figure. 
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Conclusion 

 

Intraoperative ultrasound is a simple and useful adjunct to fluoroscopy in the accurate 

three-dimensional localisation of the proximal entry point in antegrade femoral nailing 

procedures. The technique is particularly useful in the management of obese patients and 

in fractures of the proximal femur where significant deformity is present. 

 

Additional Material  

 

The video demonstration for this surgical technique (referenced as Video 6) can be 

accessed online (http://www.healthyjoints.eu/IJAJR or www.youtube.com) and are also 

available on the CD located inside the back cover of this manuscript. 

 

Statement of Authenticity and Contributions 

 

This material has been developed with PW as a sole author. 

 

Copyright for this material remains property of the Author. This manuscript has been 

published under the terms of the Creative Commons Attribution License which permits 

unrestricted use, distribution and reproduction in any medium provided the work is 

appropriately cited.   
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Extraction of intramedullary nails by proximal stacked wire technique 

 

Reference Citation 

 

Weinrauch P., Blakemore, M. (2007) Extraction of intramedullary nails by proximal 

stacked wire technique. Journal of Orthopaedic Trauma. 21 (9): 663 – 664.  

 

Abstract 

 

We describe the use of proximal stacked wires for the removal of an intramedullary nail 

in the context of difficult extraction and failed attempts by conventional methods. This 

percutaneous technique is particularly useful for the extraction of narrow cannulated or 

solid intramedullary nails after failure of removal by extraction bolt devices. 

 

Introduction 

 

Removal of intramedullary (IM) nails used for the internal fixation of fractures is a 

common procedure, which is frequently underestimated in terms of potential difficulty. 

There are multiple reports in the literature describing techniques for the removal of 

broken intramedullary nails; however, extraction of intact nails may also represent a 

difficult procedure.104-107 

 

Intact IM nails are ideally extracted using implant-specific threaded extraction bolts or 

similar instrumentation. The limitation of these devices, however, is the reliance on a 

patent proximal nail thread or other means to attach the extraction device. Proximal nail 

threads may be damaged by cross-threading of implantation instruments, nail end caps, or 

extraction bolts, particularly when the nail is manufactured using softer materials such as 

titanium alloys. Alternatively, proximal nail threads may be blocked by the in-growth of 

bone or fibrous tissue, impeding simple percutaneous nail extraction. Universal conical 

extraction devices may be used in situations where proximal nail threads have been 

damaged. However, these devices may still fail to remove the implant and such 

instrumentation may typically not be available unless difficult extraction is anticipated 

preoperatively.104 
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An alternative method of nail extraction using distally impacted guidewires involves the 

passage of multiple wires along the length of the IM nail, with one or more olive-tipped 

ends protruding from the distal end of the nail.108,109 This technique of nail extraction 

however can only be conducted with nails that have an internal diameter wide enough to 

allow the passage of two or more guidewires. Therefore, solid or narrow cannulated IM 

nails110 or nails with distal bone ingrowth111 cannot be removed using a distally stacked 

wire technique. 

 

We describe IM nail extraction by the use of proximal stacked wires (PSWs), a technique 

which does not require patent proximal nail threads and is also suitable for the removal of 

narrow and solid IM nails. 

 

Surgical Technique 

 

Eighteen months after management of a closed femoral shaft fracture with a T2 

Antegrade Femoral Nail (Stryker Osteosynthesis, Le Lumion, Switzerland), a 24-year-old 

female patient elected to undertake routine removal of metalwork after the fracture had 

successfully united. With fluoroscopic assistance, after removal of the cross-locking bolts 

and clearance of bone and soft tissue from the proximal nail region, a threaded extraction 

bolt was introduced into the proximal nail region to enable nail extraction. Despite 

several attempts, firm attachment of neither the extraction bolt nor a threaded conical 

extraction device was able to be achieved and the nail was unable to be removed using 

these techniques. Subsequently, the passage of an olive-tipped guide wire into the nail 

lumen to allow extraction by distal wire staking was attempted. This method of removal 

also was found to be unsuccessful as the available intramedullary nail guide wires were 

thicker than the lumen of the IM nail in situ and therefore could not be passed beyond the 

proximal flare of the implant. 

 

After failure to remove the nail using conventional methods, extraction was successfully 

accomplished without extending the surgical approach by the use of multiple proximally 

stacked guide wires. Two olive-tipped guide wires were fashioned with a bend of 

approximately 30 degrees in the distal 1 cm and sequentially passed under fluoroscopic 

guidance into the proximal section of the nail. Making use of the bend created in the 

guidewires, the olive tips were positioned to pass out of the nail through opposing locking 
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holes in the proximal nail region (Figure 32). Backing out of the olive-tipped guide wires 

was prevented by the passage of a smooth guidewire to occupy the remaining space in the 

proximal nail lumen. Multi-grip pliers were then attached to the olive-tipped guide wires, 

allowing extraction by application of a retrograde force. 

 

 

Figure 32: Olive tipped guidewire ends positioned to pass out of the nail through 

opposing locking holes in the proximal nail region 

 

Discussion 

 

PSW nail extraction is a simple technique that can be conducted using equipment that is 

routinely available in most orthopaedic operating theatres. Specialized extraction devices 

such as conical bolts or extraction hooks are often available only if difficult nail removal 

is anticipated preoperatively. Unexpected failure of implant-specific extraction devices 

with narrow cannulated or solid IM nails in situ is a particularly difficult scenario. 

Georgiadis et al 104 describe a technique of IM nail removal in the context of failure of the 

proximal extraction device by creating a slot in the proximal nail using a high speed 
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carbide metal cutting bit, allowing attachment of a hook or punch for subsequent removal. 

This technique requires significant additional dissection to access the proximal nail, 

which may be extensive in the case of femoral intramedullary nails. After failure of nail 

extraction by conventional methods, the PSW technique can easily be undertaken as 

salvage technique without the requirement for extensive additional surgical dissection. As 

the nail is removed by securing attachment onto the proximal portion of the implant, the 

PSW technique is not suitable for the removal of broken nails. 

 

Conclusion 

 

In summary, we describe a useful technique for the removal of intramedullary nails in the 

context of difficult extraction with failed attempts by other conventional methods. This 

percutaneous technique is particularly useful for the extraction of narrow or solid 

intramedullary nailing devices. 

 

Conflict of Interest Statement 

 

The author(s) have no commercial interest or disclosures relating to this material. 
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submission (including revision where required). 

MB Supervision. 

 

Copyright for this material remains the property of the Journal of Orthopaedic Trauma 

(Wolters Kluwer Health). Permission has been obtained for reproduction by print and 
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Proximal femoral fracture after hip resurfacing managed with blade plate fixation 
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Introduction 

 

Periprosthetic and proximal femoral fractures that occur after hip resurfacing are a 

challenging problem which, with the increasing popularity of resurfacing arthroplasty, are 

likely to increase in frequency. In the presence of a well-fixed acetabular component, 

periprosthetic femoral neck fractures about a hip resurfacing implant may be successfully 

managed by isolated revision of the femoral component and retention of the socket. 

However, successful internal fixation of the fracture would allow retention of the femoral 

implant and salvage of a previously well-functioning resurfacing prosthesis. When the 

resurfacing femoral component is retained, however, the presence of the implant stem, 

which is centrally located in the femoral neck, causes difficulty in placing the typical 

implants (e.g., a screw-plate device or a cephalomedullary nail) that are used in the 

management of intertrochanteric and proximal femoral fractures.  

 

We present the case of a patient in whom an intertrochanteric femoral fracture distal to a 

hip resurfacing implant was successfully managed by internal fixation with use of an 

angled blade plate. The patient was informed that data concerning the case would be 

submitted for publication, and he consented. 

 

Case Report 

 

A sixty-seven-year-old man with end-stage osteoarthritis underwent left hip resurfacing 

through a posterior approach and with use of a Cormet (Corin Group, Cirencester, United 

Kingdom) metal-on-metal resurfacing prosthesis. The femoral component was fixed with 

Simplex polymethylmethacrylate (PMMA) cement (Stryker, Limerick, Ireland), which 

was poured into the prosthesis early in the curing cycle prior to application of the implant 

to bone. The stem of the femoral component was not cemented. Immediate post-operative 
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radiographs revealed satisfactory orientation of the implant (Figure 33), and the patient 

made an uneventful recovery. 

 

 

Figure 33: Immediate postoperative radiograph after primary resurfacing arthroplasty. 

 

At twelve months postoperatively, the prosthesis was considered to be functioning well 

on the basis of satisfactory pain relief as reported by the patient, and the Harris hip score 

was 92.112 Radiographs at one year showed the prosthesis to be well fixed with no change 

in position and no new radiolucency relative to the immediate postoperative radiographs.  

 

At nineteen months postoperatively, the patient sustained a closed intertrochanteric 

fracture (Kyle type-II pattern) 113   as a result of a fall in which he landed directly on the 

hip on a hard surface (Figure 34). After consideration of the management options and 

completion of preoperative templating and with the patient under combined spinal and 

general anesthesia, the fracture was reduced in a closed manner on a traction table and 

then internally fixed with use of an 80-mm, four-holed, 130-degree angled blade plate 

(Synthes, Solothurn, Switzerland). The duration of surgery was fifty-five minutes. The 

patient recovered without complication and was discharged seven days after surgery, with 

instructions to walk with the use of crutches and toe-touch weight-bearing for eight 

weeks.  
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Figure 34: Intertrochanteric femoral fracture (Kyle type II; stable configuration), 

sustained nineteen months after the index procedure, is seen distal to the well-functioning 

resurfacing prosthesis. 

 

Figure 35: Anteroposterior and lateral post-operative radiographs obtained seventeen 

months after fracture fixation. The fracture has healed in excellent alignment. 
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Radiographs obtained at three months after the injury showed the fracture to be solidly 

united; the satisfactory reduction was unchanged relative to the immediate postoperative 

radiographs. At the latest clinical review, seventeen months after fracture, radiographs 

showed no complication related to either the resurfacing implant or the internal fixation, 

and the Harris hip score was 88 (Figure 18). The patient reported only slight and 

occasional discomfort, which did not limit activity. No plans have been made to remove 

the blade plate. 

 

Discussion 

 

Guidelines from the National Institute for Health and Care Excellence (NICE) and data 

from the Australian Orthopaedic Association National Joint Replacement Registry 

(NJRR) recommend that alternatives to resurfacing arthroplasty should be considered in 

patients who are older than sixty-five years.114,115 Our patient, despite being 67 years of 

age at time of initial surgery, was functioning well prior to sustaining a proximal femoral 

fracture as a result of substantial trauma. Had this patient initially been managed with a 

conventional total hip replacement and sustained a periprosthetic femoral fracture about 

the stem, fracture treatment may have been more challenging.  

 

Successful fracture fixation allows the femoral resurfacing component to be retained and 

is therefore an attractive alternative, particularly in physiologically younger patients. 

With regard to internal fixation of a proximal femoral fracture distal to a resurfacing 

femoral component, however, the practical problem is how to obtain adequate proximal 

purchase and stability. Most screw-plate devices for internal fixation of intertrochanteric 

hip fractures utilize a lag screw with an outer thread diameter of 12.7 mm. With a 

resurfacing femoral component stem centrally located within the femoral neck, the 

placement of an implant of this diameter might be impossible or would require the lag 

screw to be placed into a substantially eccentric position within the femoral neck and 

head, potentially compromising the quality of internal fixation. The Synthes angled blade 

plate has a U-shaped profile and measures 16 mm in width and 6.5 mm in height. With a 

resurfacing component in situ, the reduced height and the U shape of the blade makes 

positioning of the proximal fixation easier and enables the blade to be placed into a more 

central position within the femoral neck, if desired. After consolidation of the fracture in 

our patient, the femoral component was in a slightly varus position in comparison with its 
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pre-fracture alignment; however, we believe both the fracture reduction and implant 

orientation are acceptable. Aning et al. described an alternative method of fixation of a 

comminuted fracture and concomitant proximal femoral shaft fracture distal to a 

resurfacing femoral component; this method involved the use of a cephalomedullary 

reconstruction nail and two proximal interlocking screws on either side of the resurfacing 

femoral component stem.116 In less complex fractures, however, as a technically easier 

alternative, we suggest consideration of internal fixation with a suitable blade plate. We 

acknowledge potential technical difficulties and limitations in using a blade plate for 

intertrochanteric hip fractures, with or without a resurfacing femoral component in situ, 

particularly in situations of unstable fracture patterns and extensive comminution. In 

addition, if cement is pressurized into the femoral neck around the stem of the implant at 

the time of the resurfacing arthroplasty, it might obstruct the passage of the blade. This 

was not a concern in the case of our patient. 

 

Conflict of Interest Statement 

 

The author(s) have no commercial interest or disclosures relating to this material. 

 

Statement of Authenticity and Contributions 

 

PW Manuscript preparation, manuscript submission and revision. 

SK Concept, manuscript supervision. 

 

Copyright for this material remains the property of the Journal of Bone and Joint Surgery 

(America). Permission has been obtained for reproduction by print and electronic media 

within this manuscript. 

  



124 

 

 

  



125 

 

Chapter 4 – HIP ARTHROSCOPY    

 

Chapter Introduction 

 

Chapter 4 describes surgical techniques for the arthroscopic management of hip disorders. 

Of the manuscripts presented within this chapter, it is the demonstration of intra-operative 

ultrasound during arthroscopic hip surgery that holds the greatest potential for significant 

impact upon clinical practice. Hip arthroscopy procedures are traditionally reliant upon 

intraoperative fluoroscopy for the safe development of arthroscopic portals. Fluoroscopic 

guidance however presents the challenges of resource access, theatre staff fatigue and 

radiation safety. Ultrasound assisted hip arthroscopy 98 and Ultrasonography assisted 

arthroscopic proximal iliotibial band release and trochanteric bursectomy 99 describe 

operative techniques for effectively using intraoperative ultrasound for the conduct of hip 

arthroscopy procedures within the central, peripheral and peri-trochanteric extra-articular 

compartments. These manuscripts outline methods of arthroscopic portal development 

during hip arthroscopy without the requirement for fluoroscopic guidance and provide 

measures to improve peri-trochanteric space decompression.  

 

The next two manuscripts within Chapter 4 describe surgical methods for the 

management of various types of hip pathology by arthroscopic methods. The use of a 

ureteric stone basket for the removal of loose bodies in hip arthroscopy 117 demonstrates 

the use of a ureteric stone basket for arthroscopic removal of loose bodies from the hip 

joint. Hip arthroscopy after resurfacing arthroplasty: Surgical technique, clinical 

examples and literature review 97 demonstrates the procedural conduct of hip arthroscopy 

in the evaluation and treatment of complications after hip resurfacing arthroplasty. 

Anterior capsular debridement, acetabular rim osteoplasty, iliopsoas tenotomy and 

pseudotumour biopsy techniques are demonstrated and discussed.  

 

Finally, Early post-operative septic arthritis after hip arthroscopy using Tisseel fibrin 

sealant - A report of two cases 118 presents the diagnosis and management of septic 

arthritis of the hip joint after arthroscopic intervention associated with the intraarticular 

use of Tisseel fibrin. 
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Ultrasound assisted hip arthroscopy 
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Abstract 

 

We describe the use of intraoperative ultrasound for the safe development of arthroscopic 

portals during hip arthroscopy without the requirement for fluoroscopy. We find this 

technique consistently accurate, allowing the safe introduction of arthroscopic 

instruments into the hip with a very low rate of iatrogenic injury. We have further 

developed the technique for application to both central and peripheral compartment 

procedures. We now have a total experience of more than 700 procedures to date. With 

the described technique of ultrasound guidance for portal placement, fluoroscopy is 

required in fewer than 2% of hip arthroscopy procedures at our institution.  

 

Introduction 

 

Arthroscopic procedures of the hip are becoming increasingly popular for the 

management of early articular pathology and pre-arthritic disorders of the hip joint. 

Because of the deep location and highly constrained nature of the hip joint, safe passage 

of arthroscopic instrumentation to the hip joint routinely requires intraoperative imaging 

in the form of fluoroscopy. In the hands of an experienced surgeon, using appropriate 

techniques under fluoroscopic guidance, the rate of iatrogenic articular damage during hip 

arthroscopy to either the acetabular labrum or hyaline cartilage surfaces is very low. 

However, the use of fluoroscopy does have some disadvantages. Although the required 

fluoroscopic exposure time is usually limited to the development of the hip arthroscopic 

portals, radiation is applied not only to the patient but also to staff, who may be involved 

in large volumes of procedures over time. Protecting staff from radiation behind lead 

screens can increase the operative time under traction, and the use of lead gowns 

increases staff fatigue. There are also the practical implications with the use of 

fluoroscopy because lead screens and fluoroscopic equipment and monitors lead to 
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congestion in operating theatres with limited space. Furthermore, the use of fluoroscopy 

usually requires coordination with radiology departments, and in some institutions with 

limited imaging resources, competing for intraoperative fluoroscopy assistance can lead 

to theatre delays. In addition, there are sterility requirements for the fluoroscopy C-arm 

that may be of particular concern with the patient in a lateral decubitus arthroscopic 

position in which the arm needs to be swung either over or under the patient to obtain 

appropriate imaging.  

 

Hua et al.119 described the use of ultrasound guidance in the establishment of hip 

arthroscopic portals in 18 patients in the supine position by use of a low- frequency (3- to 

5-MHz) convex transducer. The described technique required arthroscopy to be 

undertaken with both a surgeon and radiologist in consultation during the procedure. The 

first arthroscopic portal was developed with the hip not distracted initially, which in part 

may explain the relatively high rate of chondro-labral injuries observed with this 

technique (4 of 18 patients).  

 

We describe an alternative method of arthroscopic portal development with the hip 

distracted, using a sequence of instrumentation that would be familiar to hip arthroscopy 

surgeons. Furthermore, our technique is relatively easy to learn and can simply be 

conducted by the operating surgeon without radiologist or radiographer assistance. We 

have previously described the use of intraoperative ultrasonography in the conduct of 

arthroscopic proximal iliotibial band release about the hip.99  

 

Technique 

 

At our institution, we prefer to conduct hip arthroscopy with the patient in a supine 

position, although the technique using ultrasound described is equally valid and easy to 

conduct with the patient in the lateral decubitus position. The patient is placed supine 

with a well-padded perineal post; particular attention is given to the adequacy of binding 

and pressure area care to the foot. The patient is administered a general anaesthetic with 

muscle paralysis. No antibiotics are administered. The contralateral leg is placed in slight 

traction to stabilize the pelvis. Traction to the operative leg is applied in the line of the 

femoral neck by a combination of adduction across the broad perineal post and 

longitudinal traction applied by the traction table in the line of the leg. While under 
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traction, the hip is placed in slight flexion and approximately 10 degrees of internal 

rotation. The ultrasound machine is placed on the operative side, beside the patient’s 

head, ensuring accessibility and ease of vision for the surgeon. All other equipment 

required is placed on the non-operative side of the patient (Figure 36).  

 

 

Figure 36: Basic operating theatre layout for ultrasound assisted hip arthroscopy 

Initial assessment of the adequacy of traction is made by use of real-time ultrasound 

while the traction is being applied. We use a LOGIQe ultrasound machine (GE 

Healthcare, Sydney, Australia) with a 4C-RS 2.0- to 5.5-MHz transducer (GE 

Healthcare). The transducer is placed longitudinal to the femur, approximately 3 cm 

above the greater trochanter (Figure 37). Traction is then applied to the patient before 

sterile preparation and draping are conducted to assess the adequacy of joint distraction. 

If inadequate distraction of the joint is observed at this stage, the reasons are identified 

and addressed. Traction is removed while the hip region is prepared with antiseptic 

solution and drapes are applied. The ultrasound transducer is prepared by placing 

unsterile gel on the transducer, which is then covered with a sterile plastic bag (Elastic 

Fluoro Cover; Bard Lifemed, North Ryde, Australia) (Figure 38). The sterile transducer 

bag is then placed and secured in the fluid collection pouch of a vertical isolation drape. 

Sterile urinary catheterization lubricant is applied to the operating area to allow 

conductivity of the ultrasound wave signal.  
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Figure 37: Ultrasound image of right hip (longitudinal view, minimal traction). The 

green arrows indicate the bony artefact, and the orange arrow indicates the joint space. 

(A: Acetabulum; FH: Femoral head; GT: Greater trochanter). 

 

Figure 38: Sterile draping of ultrasound transducer. 

The first portal developed is the posterior trochanteric portal, located 1 cm above the 

posterior one-third of the greater trochanter (Figure 39, Video 1). The greater trochanter 

is identified by direct palpation; however, its location can also be assisted by ultrasound if 

the patient is obese. Traction is applied with visualization of the degree of distraction by 

real-time ultrasound. Adequate distraction is judged to be on the order of 8 to 10 mm and 

can be judged by the evaluation of the femoral head excursion in relation to the 

acetabulum. Frequently, it is possible to see the acetabular labrum clearly, particularly in 

thinner patients. The initial portal needle is placed into the hip joint under direct 

ultrasound guidance.  
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Figure 39: Position of transducer for initial (viewing) portal for central-compartment hip 

arthroscopy. (ASIS, anterior superior iliac spine; GT, greater trochanter). 

Usually, if an effusion is not present, an ultrasound artefact is observed at the interface 

between the air vacuum within the hip and the capsule of the joint. This will cast a linear 

echo shadow into the joint, which we have termed the “light-saber sign” (Figure 40). The 

most superficial portion of the light saber represents the interface between air and the 

intra-articular vacuum, and the needle is directed toward the centre of this. Specific 

attention is taken to avoid the acetabular labrum, and particular attention is taken to avoid 

iatrogenic damage to the hyaline cartilage of the femoral head. After the initial portal 

needle has been placed, a standard cannulated instrument technique is used with passage 

of a nitinol wire, and subsequent development of the portal by use of cannulated 

instruments is con- ducted. Subsequent development of the portal after passage of the 

initial needle is conducted blind without the requirement for further imaging. This initial 

posterior trochanteric portal is used for placement of a 70-degree arthroscope (4.0 mm 

70-degree autoclavable video arthroscope, 160- mm working length; Smith & Nephew, 

North Ryde, Australia), and initial evaluation of the hip joint surfaces can be conducted at 

this point under dry conditions without lavage fluid. Development of the anterior working 

portal is conducted by direct vision without the use of either ultrasound or fluoroscopy. 

After the working anterior portal has been developed, saline lavage fluid under pressure 

using an arthroscopic pump is delivered into the joint and joint assessment with corrective 

intervention can be conducted as necessary.  
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Figure 40: Ultrasound image showing air–intra-articular artefact (light-saber sign) and 

needle position for initial (viewing) portal placement. The green arrows indicate the bony 

artefact, the orange arrows indicate the needle, and the blue arrows indicate the light-

saber artefact. (A, acetabulum; FH, femoral head; GT, greater trochanter). 

For peripheral-compartment procedures, we prefer to develop separate dedicated portals 

all instruments used for establishment of the central-compartment procedure are removed 

from the hip joint, and traction is released. The foot is taken out of the traction device and 

is flexed to approximately 30 degrees. The ultrasound transducer is placed on the anterior 

groin and aligned with the femoral neck (Figure 41). Movement of the ultrasound 

transducer is conducted to identify the superior and inferior portions of the femoral neck. 

The central to lower third of the femoral neck is selected for placement of the camera 

portal, and the femoral head-neck junction is identified by its curved contour. The initial 

portal needle is placed under ultrasound guidance into this location and developed using a 

cannulated instrument technique as in the central-compartment procedure (Figure 42, 

Video 1). A 70-degree arthroscope is introduced into the peripheral compartment, and the 

lens is rotated in a superior direction to allow clear visualization of the reduced hip and 

anterior surface of the femoral neck.  

http://www.arthroscopytechniques.org/article/S2212-6287(13)00136-9/addons
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Figure 41: Transducer position for peripheral-compartment initial portal placement—

longitudinal view along femoral neck. (ASIS, anterior superior iliac spine; GT, greater 

trochanter). 

 

Figure 42: Fluoroscopic image demonstrating location of initial (camera) portal 

placement for peripheral compartment procedures. We now rarely use fluoroscopy for 

peripheral compartment procedures at our institution. 

The articular portion of the femoral head can be seen to curve underneath the labrum into 

the acetabulum. The peripheral-compartment working portal is placed at right angles to 

the line of the femoral neck, running from a superior direction, and is developed under 

direct vision, although ultrasound may be used to assist when necessary. 
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Discussion 

 

Ultrasound guidance for the development of hip arthroscopic portals is a relatively easy 

technique that we recommend to surgeons who perform hip arthroscopy on a regular basis 

(Table 1). We find this technique fast to conduct and very reliable. Since developing the 

technique, we have used fluoroscopy very seldom in our practice, although simultaneous 

fluoroscopic evaluation can easily be conducted when required. Our rate of iatrogenic 

arthroscopic injury to the femoral head or labrum is less than 1% to 2%. Even in hips in 

which it is difficult to achieve distraction, ultrasound guidance is accurate enough to be 

able to provide safe access to the joint. One of the advantages of ultrasound guidance is 

that the surgeon is able to visualize his or her portal placement in 3 dimensions such that 

the portals may be developed in a more posterior position, which would be somewhat 

more difficult with the use of fluoroscopy (Figure 43). This enables the surgeon to be able 

to identify the usually can be seen more in its entirety because the fluid within the joint 

will transmit ultrasound echoes. Although the absence of the light-saber sign does not 

interfere with the accurate use of ultrasound in hip arthroscopy, the difference in the 

visual appearance of the joint must be taken into consideration. A further limitation of 

ultrasound is that when the initial needle is placed and the vacuum is released, the 

appearances of the hip joint air capsule interface changes. This can make subsequent 

repositioning of the needle more difficult; however, we have found repositioning to be 

rarely necessary. 

 

Table 6: Tips for introducing intraoperative ultrasound into hip arthroscopy practice. 

The ultrasound and probe require clarity at 10 to 12cm of depth 

Attend training in ultrasound prior 

Understand use of your specific ultrasound machine and transducer 

Use combined ultrasound and fluoroscopy for your first 30 cases 

The light-saber sign is an accurately identifiable feature when the hip is under traction 



135 

 

 

Figure 43: Fluoroscopic image of posterior trochanteric central compartment (camera) 

portal, originally placed under ultrasound guidance. A more posterior position behind 

the femoral head is easy to obtain using ultrasound which may assist in treating superior 

acetabular cartilage lesions. We now rarely use fluoroscopy for central compartment 

procedures at our institution. 

 

In summary, we describe a technique of ultrasound- assisted hip arthroscopy that is 

technically simple and very reproducible for the management of both central- and 

peripheral-compartment procedures.  

 

Additional Material 

 

The audio-visual demonstration of this surgical technique (referenced as Video 1) can be 

accessed online (Arthroscopy Techniques). 

 

 

http://www.arthroscopytechniques.org/article/S2212-6287(13)00136-9/addons
http://www.arthroscopytechniques.org/
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Abstract 

 

We describe arthroscopic iliotibial band release and trochanteric bursectomy assisted by 

intraoperative ultrasonography for accurate placement of arthroscopic portals and to 

ensure adequate decompression of the peri-trochanteric space. We have found 

ultrasonography for endoscopic iliotibial band release a useful tool to assist with 

localizing the site and length of decompression. 

 

Introduction 

 

Greater trochanteric pain syndrome due to trochanteric bursitis and gluteus medius 

enthesopathy is a reasonably common condition that usually responds to non-operative 

therapy, consisting of an abductor musculature–conditioning program and selective 

therapeutic injections. There are patients, however, who do not respond adequately to this 

therapy in whom surgical intervention is worthwhile. Proximal iliotibial band (ITB) 

release and trochanteric bursectomy for this condition may be performed by either 

arthroscopic or open techniques.120-125 Arthroscopic techniques offer the advantage of 

providing the surgeon the capability to address any associated intra-articular pathology 

such as hyaline chondral or acetabular labral damage by minimally invasive means. 

Arthroscopic ITB release, compared with open techniques, generally facilitates faster 

rehabilitation and is also cosmetically more acceptable. Arthroscopic release at the level 

of the greater trochanter can be performed by either “inside-out” or “outside-in” 

techniques in relation to the camera placement and sequence of the release relative to the 

ITB. We describe the conduct of an arthroscopic outside-in ITB release with ultrasound 

assistance to enable accurate decompression of the peri-trochanteric space. 



138 

 

Technique 

 

The patient is administered general anesthesia without the requirement of muscle 

paralysis or traction. The procedure is performed in a supine position with only the lateral 

aspect of the hip undergoing sterile preparation before draping with an adhesive vertical 

isolation drape. The position of the greater trochanter and anatomic thickening of the ITB 

is confirmed by ultrasonography in two planes (Figure 44, Figure 45, Video 2). The initial 

(distal) portal for placing the arthroscopic camera is approximately 7 cm distal from the 

tip of the greater trochanter, but it may be adjusted according to the body habitus of the 

patient. It is important to ensure that the tip of the arthroscopic cannula is placed far 

enough distal to the greater trochanter to allow adequate distal release of the ITB over the 

greater trochanteric prominence. A 5.0-mm Hip Arthroscopy Cannula (model 7207745; 

Smith & Nephew, Andover, MA) and Obturator (model 72077475; Smith & Nephew) tip 

is advanced onto the superficial aspect of the ITB under ultrasound guidance. Resistance 

is also felt when the arthroscopic cannula is at the level of the ITB. We place both 

proximal and distal portals centrally in line with the femur in the coronal plane. A 30° 

camera lens (30° 4.0-mm video-arthroscope [model 7205922]; Smith & Nephew) is used 

for the conduct of the procedure through the distal portal, but its placement may be 

switched to the proximal portal at the end of the procedure if further distal decompression 

is required. Irrigation fluid is administered under a pressure of approximately 80 to 100 

mm Hg to allow distension of the tissues lateral to the ITB, thereby creating a potential 

cavity for the further conduct of the procedure. The skin incision for the working 

(proximal) portal is approximately 4 cm above the level of the greater trochanter, and the 

track of the portal is identified by initial placement of a 19-gauge arthroscopy needle 

(Disposable Hip Pac, including 3 guidewires and 2 arthroscopic needles [model 

7209874]; Smith & Nephew). Standard hip arthroscopic cannulated wire techniques are 

used for developing this portal under direct vision. 

http://www.arthroscopytechniques.org/article/S2212-6287(13)00071-6/addons
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Figure 44: Transverse view of femur. The arrows indicate the bony artifact. (GT: Greater 

trochanter). 

 

Figure 45: Longitudinal view of femur. The orange arrows indicate the bony artifact, and 

the blue arrows indicate the ITB. 

 

Initial clearance of the fat and loose fibrous tissue from the lateral aspect of the ITB is 

conducted with an ArthroCare ambient Megavac 90 device (model ASCA5001-01; 

ArthroCare Sports Medicine, Stockholm, Sweden) and may be assisted by use of an 

arthroscopic shaver. Release of the ITB from over the prominence of the greater 

trochanter is then conducted from distal to proximal by use of the Megavac 90 or 
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equivalent radiofrequency device and an ellipse-shaped defect or T-shaped incision is 

created in the ITB. The extent of the proximal release is confirmed by observation of the 

thickness of the ITB becoming less substantial beyond the tip of the greater trochanter, 

together with direct visualization of the fibers of the gluteus medius inserting into the tip 

of the greater trochanter, as well as ultrasound guidance where necessary. We find that 

excision of the sub-maximus trochanteric bursa is best conducted with a shaver device, 

although radiofrequency can also be used. Once exposed, a Topaz RF micro-debrider 

(Topaz XL with integrated cable [model AC4045-01]; ArthroCare Sports Medicine) may 

be applied in a grid pattern to the gluteus medius tendon if tendinopathy is shown on 

preoperative magnetic resonance imaging. Infiltration of local anesthetic is then 

conducted through the arthroscopic cannula, and an infiltration catheter for local 

administration of postoperative analgesia is placed. 

 

We recommend that patients after ITB release and bursectomy be managed with hip-to-

ankle length Lycra compression pants to assist in reducing the swelling within the hip and 

thigh region. We have found that an additional infiltration of Naropin 0.2% (Astra 

Zeneca, North Ryde, NSW, Australia), 40 mL, through a pain catheter the morning after 

the procedure also provides good analgesia for postoperative day 1. We permit patients to 

mobilize immediately after surgery but recommend the use of at least a single crutch for 6 

weeks postoperatively while abductor strength and endurance are being regained. We 

recommend an early abductor-conditioning program under the guidance of a physical 

therapist. 

 

Discussion 

 

We have observed the technique of arthroscopic ITB release to be as effective as open 

procedures with quicker rehabilitation. We find the use of intraoperative ultrasonography 

useful in the accurate placement of both the distal camera portal and the proximal 

working portal to ensure proper location and to ensure that sufficient decompression of 

the ITB has been conducted. The use of intraoperative ultrasonography is relatively easy 

to conduct and does not require additional duration under anesthetic. Intraoperative 

ultrasonography does, however, require the use of equipment that is not routinely used by 

many orthopaedic surgeons, and we recommend specific training before use. The 

equipment selected also significantly influences the quality of the images obtained. In 
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particular, this relates to the type of ultrasound probe used. For hip arthroscopy 

procedures, we recommend an ultrasound probe that can provide reasonable clarity at 8 to 

10 cm of depth, although for the majority of cases and in particular for more superficial 

procedures such as ITB decompression, less depth of penetration is often satisfactory. 

 

Additional Material  

 

The audio-visual demonstration of this surgical technique (referenced as Video 2) can be 

accessed online (http://www.arthroscopytechniques.org/) and is also available on the CD 

located inside the back cover of this manuscript. 

 

Conflict of Interest Statement 

 

The author(s) have no commercial interest or disclosures relating to this material. 

 

Statement of Authenticity and Contributions 

 

PW Development of surgical technique, research concept, manuscript preparation and 

submission, production of audio-visual material. 

SK Photography and image manipulation. Video acquisition. 

 

Copyright for this material remains property of Arthroscopy Techniques (Elsevier). 

Permission has been obtained for reproduction by print and electronic media within this 

manuscript.  

http://www.arthroscopytechniques.org/article/S2212-6287(13)00071-6/addons
http://www.arthroscopytechniques.org/


142 

 

The  use  of  a  ureteric  stone  basket  for  the  removal  of  loose  bodies  in  hip  

arthroscopy 

 

Reference Citation 

 

Weinrauch P., Kermeci S., Lang A. (2013) The use of a ureteric stone basket for the 

removal of loose bodies in hip arthroscopy. Arthroscopy Techniques. 2(3): 311-313.  

 

Abstract 

 

We present the use of a ureteric stone basket for arthroscopic removal of loose bodies 

from the hip joint. The technique is easy to perform and reduces the time required for 

loose body retrieval while minimizing the risk of iatrogenic damage to the cartilage 

surfaces of the joint. 

 

Introduction 

 

Removal of symptomatic loose bodies from the hip often provides patients with 

immediate reduction in mechanical symptoms and potential longer-term benefits in joint 

preservation.126-128 Although symptomatic loose body removal may be conducted by open 

hip arthrotomy, hip arthroscopy techniques and instrumentation have facilitated relatively 

simple and minimally invasive extraction techniques with decreased blood loss, reduced 

risk of neurovascular injury, and faster recovery time.126,128,129 Arthroscopic removal of 

symptomatic loose bodies from the hip joint is now the standard of care. Loose bodies are 

also sometimes identified as an incidental finding at hip arthroscopy for early to moderate 

osteoarthritis. Removing loose bodies in this situation is also likely to improve patient 

satisfaction and potentially longer-term clinical outcomes. 

 

Most loose bodies within the hip joint in either central or peripheral compartments are 

easy to extract by arthroscopic methods. However, there are certain loose bodies that are 

difficult to remove because of their large size and hard consistency, making them difficult 

not only to grasp but also to extract.130 
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 A number of different methods are described for removing loose bodies within the hip 

that generally rely on the use of grasping forceps, a chondrotome blade, suction-assisted 

removal, or similar techniques.129,130 There are limitations in these techniques, however, 

including restriction in instrument manoeuvrability because of the deep location of the 

joint and dense surrounding tissues, difficulties in grasping the loose body because of its 

hard nature and size, and the floating nature of loose bodies that can evade grasping by 

forceps.127,130 We present a simple, reproducible, and safe technique for removing loose 

bodies during hip arthroscopy using a ureteric stone retrieval basket. 

 

Technique 

 

The technique of using a ureteric stone basket to extract loose bodies from the hip joint is 

independent of the surgeon's chosen method of performing hip arthroscopy with the 

patient in either the supine or lateral position. We choose to perform hip arthroscopy with 

the patient in the supine position using the camera in the posterior trochanteric portal with 

an anterior instrument portal, but the technique would work just as well for surgeons 

using the lateral position with a variety of portal locations. Our technique consists of the 

patient under general anaesthesia with muscle paralysis placed supine on a standard 

traction table with a well-padded perineal post. The operative-side lower limb is placed in 

slight flexion and abduction and 10° of internal rotation with the traction vector applied 

along the femoral neck. Traction is applied until adequate joint distraction for surgical 

instrument clearance is confirmed by ultrasound imaging. Traction is released while 

surgical draping is conducted and reapplied before development of the central 

compartment portals. A posterior trochanteric portal is developed with ultrasound 

guidance, and direct arthroscopic vision is used to develop the anterior instrument portal. 

A standard 70° arthroscope lens is used for all procedures, with a 30° arthroscope used 

when required. 

 

On visualization of the loose body, a ureteric stone retrieval basket (Nitinol Stone Basket 

model B9002; Applied Medical, Rancho Santa Margarita, CA) is introduced to the joint 

through either portal (Video 3). Typically, the anterior working portal can be used to 

retrieve all central-compartment loose bodies. Accurate positioning of the flexible stone 

basket wire can be assisted by placing the instrument through a rigid cannulated device 

http://www.arthroscopytechniques.org/article/S2212-6287(13)00048-0/addons
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such as a switching stick (Smith & Nephew, Andover, MA) or through a chondrotome 

sheath (4.5-mm Full-Radius Curved Concave Blade, 180 mm long; Smith & Nephew) 

(Figure 46, Figure 47, Figure 48, Figure 49). We find a curved extended-length 

chondrotome sheath most useful in this regard because rotation of the sheath will assist in 

delivering the stone basket closer to the location of the loose body. Given the flexibility 

of the basket wire, the device can be delivered easily to regions within the hip joint that 

are otherwise difficult to access with rigid instruments. Precise approximation of the 

basket device to the loose body is not necessary, however, because of the expandable 

volume of the basket when opened. Opening of the basket achieves encapsulation of the 

loose body without risk of damage to the adjacent hyaline chondral surfaces. Retraction 

of the basket delivers and secures the loose body to the end of the cannulated instrument, 

allowing for extraction. Because the stone basket is quite large when opened, the 

technique is particularly useful for loose bodies that are large and have a hard 

consistency. Extension of capsular and skin incisions may be required to deliver the loose 

body out of the joint, particularly if the loose body is very large. 

 

 

Figure 46: Introduction and expansion of basket. 
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Figure 47: Manipulation around loose body. 

 

Figure 48: Capture and firm grasp of loose body. 

 

Figure 49: Secure, simple extraction of loose body from joint. 
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Discussion 

 

We present a novel technique for removing loose bodies from the hip joint using 

arthroscopic methods. We have found this method simple to conduct with reduced 

operative time and minimal risk of iatrogenic hyaline chondral injury. Because the 

technique avoids the necessity to grip the surface of the loose body that is required with 

typical forceps grasping techniques, we have found it particularly useful for larger sized 

and hard-consistency loose bodies. Typically, these are the more difficult loose bodies to 

remove by regular methods. There is a reduced requirement for instrument 

manoeuvrability compared with forceps and decreased technical difficulty to capture the 

floating and mobile loose body. 

 

The described technique is sometimes limited by the strength of the basket wire when 

delivering very large loose bodies from the joint and soft tissues. In these situations we 

recommend extending both the capsule and skin incisions. If the basket wire is stretched 

during extraction of such a loose body, the mechanism may not open or close completely 

and a second basket may be required for subsequent loose body removal. 

 

Additional Material  

 

The audio visual demonstration of this surgical technique (referenced as Video 3) can be 

accessed online (http://www.arthroscopytechniques.org/). 
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Abstract 

 

Surgical techniques for the conduct of hip arthroscopy in the evaluation and treatment of 

complications after hip resurfacing arthroplasty are described. Anterior capsular 

debridement and acetabular rim osteoplasty procedures may provide therapeutic benefit 

for both pain reduction and improved range of motion. Hip arthroscopy also enables the 

collection of diagnostic quality biopsy samples to assist in further management where 

required. At our institution, we have found arthroscopic intervention useful in the 

evaluation and management of selected patients after hip resurfacing arthroplasty. 

 

Introduction 

 

Hip Resurfacing Arthroplasty (HRA), in appropriately selected patients, is continuing to 

demonstrate excellent medium to long-term outcomes in multiple studies.7,131-138 

Although the incidence of complications after hip arthroplasty procedures is low, 

establishing an accurate diagnosis in a patient presenting with groin pain after hip 

arthroplasty is potentially difficult. In these situations, arthroscopy has been described as 

a useful tool for both diagnostic and therapeutic purposes. 

 

Khanduja et al.139 described the use of hip arthroscopy after HRA in the evaluation of a 

patient with residual pain in whom pre-operative testing remained inconclusive. Aseptic 

loosening of the acetabular component was subsequently established by stability testing 

during hip arthroscopy. Bajwa et al.140 later published the use of hip arthroscopy in 24 

patients with complications after hip joint arthroplasty, including 17 hip resurfacing 

prostheses. Arthroscopic evaluation successfully confirmed or assisted in establishing a 
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diagnosis in 23 patients. Therapeutic interventions resulting in improvement in symptoms 

were successfully conducted in 10 patients. Pattyn et al.141 published their findings and 

results of hip arthroscopy in 15 patients presenting with persistent and incapacitating pain 

after HRA. Synovial biopsies were obtained in 7 patients, of which 5 were diagnostic. 

Therapeutic procedures included arthroscopic iliopsoas tendon release in 3 patients and 

arthroscopic femoral osteoplasty in 3 patients. Ultimately, revision arthroplasty for the 

diagnoses of adverse reaction to metal debris or infection were required in 7 patients. 

Arthroscopic intervention was judged as able to assist in either diagnosis or management 

in 13 of 15 the patients in this series. 

 

We present a description of the operative techniques that we have developed for the 

conduct of hip arthroscopy after resurfacing arthroplasty at our institution, including 

illustrative examples of pathologic conditions managed by arthroscopic methods. 

 

Surgical Technique 

 

Complete details of our surgical techniques for the conduct of standard hip arthroscopy 

have been previously described.4,98,99,117 For hip arthroscopy after prosthetic arthroplasty 

procedures including HRA, we recommend conducting the procedure similar to a 

standard central compartment arthroscopy under traction in the majority of cases. We 

prefer to conduct hip arthroscopy with the patient in a supine position, although the 

surgical techniques used for evaluating HRA by arthroscopic methods are equally valid in 

the lateral decubitus position. The patient is placed supine with a well- padded traction 

post and particular attention is given to the adequacy of binding and pressure area care to 

the foot. The patient is administered a general anaesthetic with muscle paralysis and the 

contralateral leg is placed in slight traction to stabilize the pelvis. Traction to the 

operative leg is applied in the line of the femoral neck by a combination of adduction 

across a broad padded traction post and longitudinal traction applied by a traction table 

device in the line of the leg. While under traction, the hip is placed in slight flexion and 

approximately 10° of internal rotation. Traction is applied to the hip joint before sterile 

preparation and draping to assess the adequacy of joint distraction by fluoroscopy. If 

inadequate distraction of the joint is observed at this stage, the reasons are identified and 

addressed. Traction is removed while the hip region is prepared with antiseptic solution 

and drapes are applied. 
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Administration of intravenous antibiotic prophylaxis is delayed until the intra-operative 

specimens of fluid and synovial tissue have been retrieved. We recommend the use of 

Cefazolin 2g followed by a slow infusion of Vancomycin 1g depending on patient weight 

and suitability. We do not use antibiotics for routine hip arthroscopy except in the 

presence of prosthetic implants. 

 

Due to poor image clarity, we have found intraoperative ultrasound unreliable for the 

initial assessment of traction and the subsequent accurate development of the initial 

portals for hip arthroscopy when conducted after joint arthroplasty procedures. We 

therefore recommend the use of fluoroscopy by standard methods. In the majority of 

cases after arthroplasty procedures, the deep landmarks used for ultrasound assessment 

under traction are substantially distorted by artefact, precluding the conduct of hip 

arthroscopy using ultrasound imaging alone. 

 

Consistent with our standard arthroscopic central compartment techniques, the first portal 

developed is the posterior trochanteric portal, located 1 cm above the posterior one-third 

of the greater trochanter. The greater trochanter is identified by direct palpation but can 

also be assisted by the use of fluoroscopy or ultrasound if the patient is obese. Traction is 

applied with visualization of the degree of distraction by fluoroscopy. Adequate 

distraction is judged to be on the order of 8 to 10 mm of excursion of the femoral 

component excursion in relation to the acetabulum. We have found the degree of 

distraction of the hip after resurfacing arthroplasty to be similar to standard (non-

arthroplasty) hips under traction – similar amounts of tension are required to obtain 

similar amounts of articular distraction (Figure 50). 
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Figure 50: Central compartment posterior trochanteric portal development sequence 

under fluoroscopic guidance with traction applied. Birmingham Hip Resurfacing in situ. 

 

After the initial posterior trochanteric portal needle has been placed (in slightly cephalic 

direction) and aspirate of synovial fluid taken, standard arthroscopic techniques are used 

with passage of a nitinol wire, then subsequent development of the portal by use of 

cannulated instruments. Further development of the portal may be conducted without 

further imaging or alternatively using fluoroscopy for sequential passage of portal dilating 

instruments or cannulas if the tissues are stiff and excessively fibrous (Figure 50). The 

posterior trochanteric portal is used for placement of a 70° arthroscope (4.0 mm × 70° 

video arthroscope, 160-mm working length; Smith & Nephew, North Ryde, Australia), 

and initial evaluation can be conducted at this point under dry conditions without lavage 

fluid. Development of the anterior working portal is conducted by direct vision without 

the use of imaging. Biopsy of soft tissues and synovium with further aspiration of fluid 

can be conducted at this point (Figure 51). After the working anterior portal has been 

developed, saline lavage fluid under pressure using an arthroscopic pump is delivered into 

the joint and joint assessment with corrective intervention can be conducted as necessary. 
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Figure 51: Left hip central compartment view of a hip resurfacing. Biopsy of soft tissues 

adjacent to prosthesis for histology and culture analysis. 

For patients who present with the formation of peri-articular fluid collections or 

pseudotumours, arthroscopic instruments may be introduced into the pseudotumour 

cavity to obtain soft tissue biopsy, without the use of traction. In these situations we have 

found intra-operative ultrasound useful to accurately localize the collection and guide 

accurate portal placement and development (Figure 52). As adequate diagnostic 

information may be obtained from biopsy of tissues from within the pseudotumour, the 

application of traction to enable central compartment evaluation of the joint may not be 

necessary in these situations. 



153 

 

 

Figure 52: Transverse view intra-operative ultrasound assessment of a pseudotumour 

cavity demonstrating communication with the prosthetic joint space posterior to greater 

trochanter. Large fluid cavity with internal loose fibrinous debris observed (GT: Greater 

Trochanter; F: Fluid collection cavity). 

Post-operatively we place the patent on oral antibiotics for 5 days. Although we have not 

encountered any cases of prosthetic instability, we recommend the patient respect 

“standard hip precautions” for three months given that the soft tissues have been 

distracted under traction and also that a capsulotomy of variable degree has often been 

conducted during the procedure. We allow patients to full weight bear as tolerated, using 

walking aides as necessary (typically for 2-3 days). 

 

Clinical Examples 

 

Condition 1: Prosthetic stiffness after HRA 

 

A 58-year-old male presented at 11 months post HRA with persistent symptomatic 

stiffness of the joint, resulting in difficulty with ordinary daily activities such as tying 

shoelaces. Although the patient had a pain-free joint with substantial improvement in 

function as a result of the hip resurfacing procedure, the degree of stiffness remained of 
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functional concern. The patient had been previously managed with a Birmingham Hip 

Resurfacing (BHR) via a posterior approach using surgical techniques we have previously 

described 4 (Figure 53). Of note, is our routine practice during the conduct of HRA to 

ensure appropriate anteversion of the acetabular component such that the anterior edge of 

the acetabular prosthesis is seated below the acetabular rim and that excision of excess 

anterior osteophytes is conducted in order to avoid post-operative soft tissue iliopsoas 

tendon impingement. We routinely treat patients with Celecoxib 200mg twice daily for 

five days and rarely observe heterotopic ossification using this protocol. 

 

 

Figure 53: Post-operative radiograph in a patient presenting with persistent symptomatic 

stiffness after hip resurfacing (Case Example 1). 

Radiographs taken at 11 months post surgery demonstrated well osseo-integrated and 

stable implants. Blood tests including Cobalt/Chromium levels, C - reactive protein 

(CRP), Erythrocyte Sedimentation Rate (ESR) and White Cell Count (WCC) were 

normal. CT scan with metal artefact reduction sequences demonstrated an excess of 

acetabular bone about the anterior rim of the acetabulum, potentially restricting flexion 

range of the joint (Figure 54). 
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Figure 54: 2D and 3D CT scans with metal artefact reduction sequences demonstrating 

prominent bone about the anterior acetabular rim, resulting in limitation in hip flexion 

range. 

 

Figure 55: Anterior acetabular rim osteophyte before and after excision conducted by 

central compartment hip arthroscopy. 

After discussion about management alternatives, the patient elected treatment by hip 

arthroscopy, conducted 14 months after the index resurfacing procedure. Examination 

under anaesthesia demonstrated 80 degrees of flexion. Central compartment evaluation 

demonstrated no effusion and macroscopically normal soft tissues. Arthroscopic 

recession of the prominent anterior acetabular bone was conducted together with a 

circumferential capsulotomy and limited anterior capsule debridement (Figure 55, Video 

https://www.youtube.com/watch?v=dyVcxQUeuGk&feature=youtu.be&list=UU9Bzf6-it1ZkNmpMYpRcUSw
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4). Improvement in flexion range under anaesthesia of approximately 20 degrees was 

obtained. 

 

At 3 months post arthroscopy, the patient reported satisfaction with the functional 

improvement in his hip joint range of motion in flexion. He remained comfortable 

throughout all daily activities and was able to place his shoes and tie shoelaces without 

discomfort. At 18 months post arthroscopic intervention, the patient reported maintained 

improvement in range of motion with functional benefit as a result of his arthroscopic 

intervention. 

 

Condition 2: Delayed type hypersensitivity (ALVAL) associated with HRA 

 

A 53-year-old male presented 5 months after Birmingham Hip Resurfacing with a 

painless fluctuant swelling about the lateral aspect of his thigh of reasonable size ( 

Figure 56). The patient demonstrated no systemic clinical features of infection and the 

joint was otherwise pain free and of good function. 

 

 

 

Figure 56: (Left): Immediate post-operative radiograph of BHR implant in patient 

subsequently presenting with a persistent peri- articular soft tissue swelling (Right): 

Metal artefact reduction MRI of right hip at 5 months post resurfacing. Fluid collection 

communicating with arthroplasty posterior to trochanter demonstrated. 

https://www.youtube.com/watch?v=dyVcxQUeuGk&feature=youtu.be&list=UU9Bzf6-it1ZkNmpMYpRcUSw
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WCC and CRP were normal and serum chromium level was within normal range. Serum 

cobalt level was elevated at 80 nmol/L (reference range 0-20 nmol/L). Aspiration 

drainage of the collection under ultrasound guidance demonstrated scanty growth of a 

coagulase negative staphylococcus in 1 of 4 fluid specimens. Repeated aspiration 

drainage demonstrated no growth. Given the clinical presentation and other supporting 

information available, prosthetic infection was judged unlikely but could not be excluded. 

MRI demonstrated evidence of an effusion about the joint posterior to the proximal femur 

with communication with the arthroplasty ( 

Figure 56). Skin patch testing for cutaneous allergy reactions (including methyl 

methacrylate, cobalt, chromium, nickel and molybdenum) was reported as normal. 

At 10 months after the index resurfacing procedure the hip prosthesis remained pain-free 

with good functional result however the fluctuant swelling remained persistent. On the 

basis of this, decision was made to proceed with arthroscopic evaluation and biopsy of the 

peri-articular tissues to obtain a histologic diagnosis and exclude infection. Arthroscopic 

evaluation was limited to the cavity of the pseudotumour, without the use of traction, as 

evaluation of the central compartment or anterior rim of the acetabulum was judged to be 

unnecessary for diagnosis in this presentation. 

 

Under ultrasound guidance, arthroscopic portals were established within the cavity of the 

pseudotumour (Figure 57; Left). Stability assessment of both the femoral and acetabular 

arthroplasty components was conducted by direct visualization and probing via the 

communication between the pseudotumour and joint. Biopsy of local tissues and 

aspiration of pseudotumour fluid was undertaken (Video 5). 

 

 

https://www.youtube.com/watch?v=20TCkk0dOVg&feature=youtu.be&list=UU9Bzf6-it1ZkNmpMYpRcUSw
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Figure 57: (Left) Traction-free peripheral compartment assessment of BHR via the 

communicating pseudotumour cavity enables simple evaluation of prosthetic component 

stability and biopsy of the peri-articular tissues adjacent to the implant (FN: Femoral 

neck; I: Implant). (Right) Post-operative radiograph after revision total hip arthroplasty 

for the diagnosis of ALVAL 

Subsequent analysis of the aspirate fluid and tissue biopsy specimens demonstrated no 

evidence of infection with negative culture growth and no amplifiable bacterial material 

detectable by Polymerase Chain Reaction (PCR). Histology of the peri-articular soft 

tissue specimens demonstrated evidence of a chronic inflammatory change with 

lymphocyte infiltration, including reactive lymphoid hyperplasia with peri- vascular 

localization, consistent with a diagnosis of ALVAL. 

 

On the basis of these findings the patient was advised to undertake a single stage revision 

Total Hip Arthroplasty (Figure 57; Right). 

 

The histology specimens taken at the time of revision arthroplasty demonstrated features 

equivalent to those at the initial arthroscopic biopsy, with cultures also being negative. At 

5 months post revision arthroplasty, the patient reported a pain-free well-functioning hip 

prosthesis without recurrence of peri-prosthetic swelling. 
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Condition 3: Iliopsoas impingement after HRA 

 

A 29-year-old male underwent left Birmingham Hip Resurfacing for established 

osteoarthritis secondary to femoroacetabular impingement (Figure 58). At 5 months post 

intervention, the patient reported persistent residual groin discomfort of a nature different 

to his original arthritic pain. Clinical features were suggestive of iliopsoas tendinopathy, 

with irritation specifically in active and resisted flexion. The wound had healed soundly 

and blood parameters including ESR, CRP and WCC were normal. Ultrasound 

demonstrated no evidence of an effusion about the joint and an attempted aspirate was 

unsuccessful. Plasma chromium levels at 6 months surgery demonstrated chromium of 90 

nmol/L (reference range 10-100 nmol/L) and cobalt level of 47   nmol/L. Bone Scan at 7 

months post resurfacing demonstrated no abnormal features. Radiographs demonstrated 

stable well orientated implants. CT scans with metal artefact reduction sequences 

demonstrated an excess of acetabular bone about the anterior rim of the acetabulum, 

potentially contributing to iliopsoas tendon irritation (Figure 58). 

 

 

Figure 58: (Left) Post-operative radiograph of left BHR implant in patient presenting 

with iliopsoas tendon irritation (Case Example 3). (Right) Sagittal CT scan with metal 

artifact reduction sequences demonstrating a prominent anterior acetabular rim bone 

lesion (arrow), potentially contributing to iliopsoas irritation. 

 

At 9 months post resurfacing arthroplasty, the patient noted ongoing irritability in active 

hip flexion. Blood inflammatory markers remained negative and MRI demonstrated no 

evidence of fluid collections or pseudotumour formation. The provisional diagnosis of 
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anterior soft tissue impingement and iliopsoas tendinopathy was made. Recommendation 

was made for arthroscopic evaluation and treatment. 

 

At 10 months after the index resurfacing procedure, the patient underwent hip 

arthroscopy. The operative findings included   a   well   fixed   and   stable   HRA   

implants with prominence of the anterior bony acetabular rim, consistent with the 

previous CT evaluation. The synovium maintained normal macroscopic appearance and 

there was no visual evidence of infection. Anterior acetabular osteoplasty and soft tissue 

debridement was performed as well as synovial biopsy for histology and culture (Figure 

59). As adequate correction of the impinging bone lesion could be obtained without 

significant capsulotomy, the iliopsoas tendon was not directly visualized. 

 

Culture of the synovial fluid and capsular specimens revealed no growth or evidence of 

infection. Histology specimens demonstrated stromal fibrosis without evidence of acute 

or chronic inflammatory change. 

 

At review at 4 months and 7 months post hip arthroscopy, the patient noted substantial 

reduction in left hip symptoms with inflammatory markers remaining normal. Cobalt and 

chrome levels were incidentally noted to be progressively reducing, as expected with 

 

 

Figure 59: Left hip anterior acetabular rim osteophyte before and after excision, 

conducted by central compartment hip arthroscopy. Anterior capsule retained and 

iliopsoas tendon not exposed. 
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increasing duration of time after the index arthroplasty procedure (33 nmol/L & 53 

nmol/L respectively at 14 months). 

 

Discussion 

 

Establishing an accurate diagnosis in a patient presenting with groin pain after hip 

arthroplasty is potentially difficult. For HRA, the diagnoses may include (but are not 

limited to) aseptic loosening, infection, iliopsoas tendonitis or an adverse reaction to 

metal debris.  Many of these diagnoses share common clinical features. Often we have 

observed that the results of joint aspiration are inconclusive, due inability to obtain 

sufficient fluid volume to establish diagnosis. Furthermore, percutaneous joint aspiration 

cannot provide good quality soft tissue specimens for histologic assessment to evaluate 

for potential adverse reactions to the metal on metal bearing surfaces. As hip arthroscopy 

consistently provides both good quality tissue and fluid specimens, we have found this 

technique to be a useful in the evaluation of complications after HRA. 

 

For the majority of diagnostic and therapeutic hip arthroscopy procedures after joint 

arthroplasty (including HRA), we recommend the conduct of a central compartment 

procedure using techniques similar to standard hip arthroscopy. While direct inspection of 

the bearing surfaces is unlikely to yield additional useful diagnostic information, the 

application of traction creates an anatomic gap into which instruments can be easily 

placed without necessitating resection of peri-articular capsule or scar tissue. Adopting 

this method minimizes the degree of surgical dissection required for portal development, 

potentially reducing the risk of post- arthroscopic prosthetic instability. Introducing the 

instruments into the central compartment under traction also facilitates accurate biopsy of 

the soft tissues anatomically closest to the bearing surfaces and also allows capture of the 

greatest amount of synovial fluid from within the joint. Under traction, the stability of 

bone- implant interfaces can be assessed and evaluation of the anterior-superior 

acetabular rim for rim lesions can easily be conducted. 

 

Although iliopsoas tendon irritation or anterior soft tissue impingement after hip 

arthroplasty procedures are relatively uncommon diagnoses, the symptoms may be both 

persistent and also significantly limit function. Where non-surgical treatments including 

activity modification, physiotherapy and therapeutic injections fail to provide sufficient 
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clinical improvement, arthroscopic intervention may be considered. While iliopsoas 

tenotomy may be conducted by either open or arthroscopic methods, the associated de-

functioning of hip flexor strength concerns many patients, particularly those who are 

highly active. For patients with suitable anterior and superior acetabular rim lesions, 

arthroscopic osteoplasty and selective capsular debridement may be considered. In 

situations where more extensive bone resection is required, the iliopsoas tendon may be 

visualized and directly assessed to exclude ongoing mechanical irritation (Figure 60). 

 

Conclusion 

 

Hip arthroscopy is a useful minimally invasive technique for the evaluation and treatment 

of selected complications after Hip Resurfacing Arthroplasty. Anterior capsular 

debridement and acetabular rim osteoplasty procedures may provide therapeutic benefit 

for both pain reduction and improved range of motion. Hip arthroscopy also enables the 

collection of diagnostic quality soft tissue biopsy samples to assist in further management 

where required. 

 

 

 

Figure 60: Iliopsoas tendon irritation after left hip resurfacing arthroplasty. Central 

compartment arthroscopic view of anterior acetabular rim osteophyte, before and after 

excision. Anterior capsule also debrided during the osteoplasty procedure, demonstrating 

proximity of iliopsoas tendon (IP: Iliopsoas tendon; F: Femoral component; A: 

Acetabular component). 



163 

 

Additional Material  

 

Audio-visual demonstrations of these surgical technique (referenced as Video 4 and 

Video 5) can be accessed online (http://www.healthyjoints.eu/IJAJR/). 
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Early post-operative septic arthritis after hip arthroscopy using Tisseel fibrin 

sealant - A report of two cases 

 

Reference Citation 

 

Weinrauch P., Kermeci S. (2013) Early post-operative septic arthritis after hip 

arthroscopy using Tisseel fibrin sealant - A report of two cases. Journal of Medical 

Cases. 2013 (4) 9: 608 – 611. 

 

Abstract 

 

We present two cases of septic arthritis of the hip joint after arthroscopic intervention 

where both patients were treated with fibrin sealant in association with acetabular micro 

fracture procedures. Both patients presented with aggressive early onset symptoms, 

atypical for standard post-operative wound infections. We have now reduced use of 

Tisseel Fibrin Sealant within the context of hip arthroscopy procedures for concern 

regarding risk of infection. 

 

Introduction 

 

Arthroscopic hip procedures are gaining rapidly in popularity for the management of 

early symptomatic and pre-arthritic joint disorders. Symptomatic articular pathology of 

the hip typically includes damage to the acetabular hyaline cartilage and labrum of the 

superior-lateral and anterior portions of the joint. In many instances chondral damage 

may be localised to these specific regions. In situations of focal full thickness chondral 

loss with otherwise good condition chondral surfaces upon the remainder of the joint, 

chondral repair or re-growth procedures such as micro-fracture or chondrocyte grafting 

may be indicated.   Chondral grafting procedures using autologous chondrocyte grafting 

or alternatively acellular collagen matrix scaffolds such as Chondro-Gide for Autologous 

Matrix Induced Chondrogenesis (AMIC) (Life Health Care, North Ryde, NSW, 

Australia) commonly requires adhesion to the point of chondral loss by the use of Tisseel 

fibrin sealant (Baxter AG, Vienna, Austria).  
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Tisseel sealant has a wide variety of applications in spinal and general surgery for the 

control of small vessel bleeding by haemostasis. In intra-articular surgery it is commonly 

used as glue for the adhesion of cellular or non-cellular cartilage repair matrix sheets. 

Tisseel may also be used for the stabilisation of the autologous fibrin clot associated with 

the conduct of micro-fracture procedures. Tisseel is delivered by pre-filled single use only 

syringes within sterile packaging for use during operative procedures. Tisseel syringes are 

pre-warmed in sterile water solution prior to use. Tisseel is administered by cannula 

directly onto the point of requirement.  

 

Tisseel is produced from pooled human plasma, which in theory may contain infectious 

agents. The infection risk from human plasma associated with Tisseel use relates 

predominantly to the potential for viral infection or associated blood pathogens such as 

Creutzfeldt-Jakob’s disease.142 To our knowledge, bacterial infection and subsequent 

septic arthritis with articular applications has not been described with the use of Tisseel 

Fibrin Sealant. We describe the diagnosis of septic arthritis in two patients, both of whom 

were treated with Tisseel Fibrin Sealant as part of their arthroscopic hip procedures for 

the management of acetabular chondral defects. 

 

Case Presentations 

 

Patient Case 1 

 

26-year-old male with cam type femoroacetabular impingement (FAI) of the right hip, 

presented with symptomatic articular hip pathology consisting of mid-inguinal groin 

discomfort of a persistent nature which was interfering with his activities and sporting 

pursuits. On physical examination there was clear evidence of articular pathology of the 

acetabular rim with a positive provocation Quadrant test and stiffness of the hip range of 

motion in rotational profile assessment consistent with FAI. CT scans with two and three 

dimensional reconstructions demonstrated irregularity of the femoral head neck junction 

of both hips, correlating with clinically meaningful FAI.  

 

One month following initial evaluation the patient underwent a right hip arthroscopy with 

arthroscopic femoral osteoplasty. The procedure was undertaken in a supine position with 

standard two portal central compartment arthroscopic techniques under general 
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anaesthetic. No perioperative antibiotics were administered as per our usual practice 

during routines arthroscopic hip procedures. Central compartment findings included a 

region of grade 4 chondral loss from Zone C0 and D0 with a large flap of delaminating 

full thickness cartilage forming (Figure 61, Figure 62).143 In an attempt to retain the large 

delaminating chondral flap, micro-fracture was conducted behind the lesion and the flap 

was repaired by Tisseel sealant (Figure 63, Figure 64 Figure 65). The chondral flap was 

judged to be stable at the end of repair. Arthroscopic femoral osteoplasty was 

subsequently conducted via two dedicated peripheral compartment portals after the 

removal of traction. Total operative time was 75 minutes with 25 minutes under traction. 

Post procedure, there was a substantial improvement in the internal rotational profile of 

the hip while in 90 degrees hip flexion from pre-operative 20 degrees to 50 degrees 

rotation post-osteoplasty. 

 

Figure 61: Initial appearance of lesion in case 1. 

 

Figure 62: Full thickness delamination of hyaline cartilage from acetabular socket. 



167 

 

 

Figure 63: Microfracture behind delaminated chondral flap. 

 

Figure 64: Application of Tisseel fibrin sealant behind the chondral flap. 

 

Figure 65: Chondral flap repair with fibrin sealant supporting microfracture clot and 

cartilage flap. 
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Postoperatively, the patient was managed in hospital overnight with our standard 

procedure. Immediate physiotherapy was prescribed for abductor strengthening and peri 

articular endurance exercises with waterproof dressings re-applied to wounds prior to 

discharge from hospital.  

 

Within only 36 hours of his operative procedure, the patient represented with increasing 

severe pain about the hip. Recommendations at this stage were for modification of 

analgesia however on the basis of progressive deterioration in symptoms, re-admission to 

hospital at 4 days after the index procedure was required. At this point, the patient was 

describing severe pain of an articular nature with clinical signs of deep space infection. 

White cell count on readmission was 10.2 × 109/L (4.0 - 11.0 normal range), C-reactive 

protein (CRP) 110 mg/L (0 - 6 normal range) and ESR 67 (1-15 normal range). X-rays 

and CT did not demonstrate evidence of fracture. Ultrasound of the hip joint 

demonstrated an effusion and subsequent culture of aspirate revealed infection with 

Staphylococcus Caprae. Sensitivity analysis demonstrated the bacteria to be sensitive to 

all tested antibiotics with the exception of penicillin. Arthroscopic washout of the hip 

joint was undertaken at 5 days post index procedure and the patient was placed on IV 

vancomycin. At time of surgery, the chondral repair was judged to be stable (Figure 66). 

Patient was changed to IV flucloxacillin in accordance with culture sensitivity and 

remained in hospital for 7 days post washout. At 17 days post arthroscopic washout for 

his infection, the patient was faring well. His hip was relatively comfortable throughout 

mid arc motion and he was comfortably weight bearing with inflammatory markers 

having normalised. He was kept on oral antibiotic cover as a precaution for 4 weeks and 

subsequent to his discontinuing antibiotic therapy, his ESR and CRP remain normal with 

no recurrence of his infection on clinical grounds. At 3 months post intervention the 

patient was able to return to high grade physical pursuits including impact sport with 

relative comfort. There has been no evidence of infection recurrence at beyond 6 months 

post-surgery. 
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Figure 66: Stable chondral flap at time of revision hip arthroscopy. 

Patient Case 2 

 

38-year-old male with bilateral symptomatic FAI, presented with the right side more 

symptomatic than left. His clinical evaluation included some early joint space narrowing 

on plain x-ray on the lateral radiograph and MRI scans demonstrated a patch of full 

thickness hyaline chondral damage from the anterior superior acetabulum in association 

with an adjacent degenerative acetabular labral tear. The patient had a stiff hip in multiple 

planes but particularly in rotational profile assessment with an obligatory external rotation 

contracture in flexion and a positive Quadrant test indicative of damage of the acetabular 

rim. On the basis of his ongoing symptoms, arthroscopic intervention for his right hip was 

recommended and conducted 10 weeks after his initial evaluation. The intraoperative 

central compartment findings demonstrated a grade 4 chondral defect from zones C0 and 

D0 upon the acetabular rim, which had also progressed to more medial zones C1 and D1 

(Figure 67). Degenerative acetabular labral pathology was debrided. The acetabular 

hyaline chondral defects were managed by chondroplasty and micro-fracture (Figure 68). 

Due to the reasonable size of the micro-fracture area, stabilisation of the micro-fracture 

clot was conducted by administration of Tisseel onto the micro-fractured surface (Figure 

69). Femoral osteoplasty was felt to be contra-indicated in the context of the more 

extensive degenerative cartilage damage. On the basis of increasing severe pain and 

fevers starting at 3 days post surgery, the patient, necessitated re-admission to his local 

hospital. Ultrasound demonstrated no significant effusion within the joint and aspiration 

on two occasions was unsuccessful. Inflammatory markers at that stage demonstrated a 
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substantial rise in both CRP (186) and also ESR (65) in association with fevers of 38.5o C. 

On the basis of his deteriorating clinical picture, fevers and elevated inflammatory 

markers, the diagnosis of post-operative septic arthritis of the hip joint was made. 

Intravenous flucloxacillin was started prior to obtaining a tissue or fluid specimen for 

analysis. The patient was subsequently readmitted to our institution for further 

management. On admission, repeat ultrasound demonstrated minimal effusion and 

aspiration of 1ml of clear fluid was able to be obtained under x-ray guidance. Synovial 

fluid analysis demonstrated 2+ leucocytes but no bacteria observed on gram stain and 

subsequent culture revealed no growth (patient was already being treated with 

intravenous antibiotics). On the basis of only small volumes of fluid observed in serial 

ultrasound, together with a relatively rapid clinical response to the administration of IV 

antibiotics, a decision was made to manage his infection by non-operative means. The 

patient was placed on IV vancomycin for 4 days with relatively rapid clinical 

improvement and discharged with oral clindamycin 450 mg TDS for a further 4 weeks. 

All inflammatory markers (ESR, CRP and WCC) were normal at 1 month post surgery. 

There has been no recurrence of infection at beyond 6 months post-surgery. 

 

 

Figure 67: Full thickness chondral flap in case 2. 
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Figure 68: Prepared microfracture surface. 

 

Figure 69: Fibrin sealant in place over microfracture surface. 
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Discussion 

 

Post-operative infections after arthroscopic procedures of the hip are very rare.144,145 In 

part this is due to the thick soft tissue envelope that surrounds the hip. We have over the 

last 5 years at our institution conducted greater than 1100 arthroscopic procedures on the 

hip joint, with no patient experiencing deep space infection until now. We have used 

Tisseel glue in now only 10 patients of whom 2 have now experienced atypical early 

onset deep space septic arthritis (p < 0.001). Both of these infections were atypical. They 

both presented with very early symptoms after intervention, somewhat suggestive that the 

joints have potentially been inoculated with a dose of bacteria contained within 

contaminated specimens of Tisseel Fibrin adhesive. While this mechanism of infection 

cannot be definitively proven, it would explain the early presentation in these patients. An 

alternative mechanism of action might be that the Tisseel fibrin may act as a scaffold for 

the adhesion of bacteria allowing infection to subsequently develop. Given our 

experience, the authors would recommend caution with the use of Tisseel sealants in intra 

articular surgery, particularly in the presence of other foreign materials such as collagen 

scaffold matrices. 

 

We recommend as a precaution that Surgeons using Tisseel Fibrin Sealant during 

arthroscopic joint procedures consider taking culture swabs of the sealant at the time of 

intervention. 
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Chapter 5 – ELECTIVE HIP ARTHROPLASTY AND RECONSTRUCTION 

 

Chapter Introduction 

 

Direct anterior approach total hip replacement without use of traction table 146 presents 

an audio visual demonstration of anterior approach conventional total hip arthroplasty 

without the use of a traction table. Anterior approach techniques are increasing in 

popularity both within Australia and internationally, however traditional methods require 

the use of an intraoperative traction table, which presents challenges in terms of dynamic 

joint assessment and leg length evaluation. Traction free methods are less reliant on 

fluoroscopy and are more suited to hospitals where the capital expenditure required for 

acquisition of a traction table represents a significant factor limiting the introduction of 

the anterior approach techniques within the institution.  

 

Diagnostic value of routine drain tip culture in primary joint arthroplasty 147 evaluates 

the correlation between routine drain tip culture and the diagnosis of superficial or deep 

postoperative wound infection after primary knee and hip replacement. This research was 

undertaken in response to my uncertainty relating to the validity of this long-standing 

practice at the The Prince Charles Hospital (Brisbane), where I was employed at the time 

as a junior doctor.  

 

Chapter 5 also includes 4 manuscripts describing surgical techniques for the management 

of established arthrosis by both conventional total hip arthroplasty and hip resurfacing. 

Two of these manuscripts relate to bone grafting procedures. Knee joint osteochondral 

reconstruction using fresh femoral head auto-graft 148 presents the successful 

management of knee joint lateral femoral condyle osteonecrosis by the use of a fresh 

femoral head autograft, obtained during simultaneous conventional total hip arthroplasty.  

A technique for bone graft preparation in total hip arthroplasty for the management of 

severe protrusio acetabuli 149 describes the surgical technique for simplified preparation 

of particulate autograft and the subsequent removal of an incarcerated femoral head 

during total hip arthroplasty for the management of osteoarthritis in the presence of 

severe protrusio acetabuli. A practical method to improve grip upon a surgical hammer 

during the conduct of hip joint arthroplasty 150 presents the application of a self-adhesive 
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elastic bandage to the handle of larger mass surgical hammers to improve the surgeon’s 

handgrip for the impaction of acetabular implants during hip joint reconstruction. Adept 

Hip Resurfacing – A practical comparison of operative technique and surgical 

instrumentation relative to Birmingham Hip Resurfacing 151 presents technical advice for 

the conduct of Adept Hip Resurfacing to assist surgeons considering the introduction of 

this implant into their clinical practice. 

 

Finally, Chapter 5 also includes 3 case presentation manuscripts of educational value, 

drawn from patients managed within my clinical practice. Isolated thumb interphalangeal 

flexor weakness after total hip arthroplasty 152 describes the presentation of partial 

anterior inter-osseous nerve palsy with isolated thumb flexor pollicis longus weakness 

after total hip arthroplasty. Recommendations for the intra-operative positioning of the 

hand and forearm during total hip arthroplasty are highlighted.  Femoral neck stress 

shielding in Birmingham Mid Head Resection Arthroplasty – Case report and literature 

review 153 describes the phenomenon of stress shielding with secondary femoral neck 

thinning in an otherwise well-functioning Birmingham Mid Head Resection arthroplasty 

prosthesis. Cemented constrained total hip arthroplasty in a patient with osteogenesis 

imperfecta and recurrent grand mal seizure activity 154 presents the successful 

management of secondary osteoarthritis due to posttraumatic femoral head osteonecrosis, 

in the context of osteogenesis imperfecta and poorly controlled grand mal seizure activity, 

using cemented constrained total hip arthroplasty devices.  
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Direct anterior approach total hip replacement without use of a traction table. 

Audio-visual surgical demonstration 

 

Reference Citation 
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Abstract 

 

Surgical techniques for the conduct of traction-free direct anterior approach total hip 

arthroplasty are presented and discussed. 

 

Material 

 

This material is presented in audio visual format. Access to the material can also be 

obtained online though VuMedi (https://www.vumedi.com) (secure login account 

required). 
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Diagnostic value of routine drain tip culture in primary joint arthroplasty 

 

Reference Citation 

 

Weinrauch P. (2005) Diagnostic value of routine drain tip culture in primary joint 

arthroplasty. ANZ Journal of Surgery. 75 (10): 887 – 8.  

 

Abstract 

 

Background:  Closed suction drainage after joint arthroplasty is common practice in many 

institutions. The purpose of this study was to determine the correlation between routine 

drain tip culture and the diagnosis of superficial or deep postoperative wound infection 

after primary knee and hip replacement. 

 

Methods:  Over a 12-month period, drain tips were retrieved and cultured in all patients 

who underwent unilateral primary total knee or hip replacement with the use of closed 

suction drainage. A total of 393 cultures were performed in 387 patients (145 hip 

replacements, 242 knee replacements). Patients were followed for an average of 8.9 

months after surgery to assess for postoperative wound infection. 

 

Results:  Three patients had a positive drain tip culture, none of which were diagnosed 

with superficial or deep infection. Four patients (1%) were diagnosed with deep infection, 

16 (4.1%) with superficial infection. No patient with either superficial or deep infection 

had a positive drain tip culture after their index procedure. The sensitivity of routine drain 

tip culture for the diagnosis of postoperative infection in primary joint replacement was 

0% and specificity was 99.2%. 

 

Conclusions:  These data do not support the practice of routine drain tip culture after 

primary hip or knee replacement for the diagnosis of postoperative infection. 
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Introduction 

 

Closed suction drainage after joint arthroplasty is common practice in many institutions. 

Bacterial colonization of the drain track via retrograde migration increases as long as the 

drain remains in situ, particularly beyond 24 hours.155-158 

 

Because volumes collected in closed suction drains after total joint arthroplasty are 

minimal after 24 hours, many surgeons remove surgical drains early to reduce the risk of 

wound contamination.155,158 

 

At Prince Charles Hospital (Brisbane, Australia) primary joint replacements managed 

with closed suction drainage routinely have their drains removed prior to 24 hours after 

surgery, and patients also receive antibiotic prophylaxis while the drain remains in situ. 

Surgical wound infection screening for many years at Prince Charles Hospital has 

included culture of all drain tips removed after routine joint arthroplasty. The purpose of 

the present study was to assess the validity of this practice by establishing the diagnostic 

value of routine drain tip culture for the diagnosis of wound infection after primary knee 

and hip replacement. 

 

Methods 

 

All patients undertaking unilateral primary total hip or knee replacement at the Prince 

Charles Hospital between January 2003 and December 2003 were identified 

retrospectively by discharge diagnosis coding and the hospital arthroplasty register 

(Orthowave; Stryker, Rutherford, NJ, USA). A total of 387 patients (393 drains) were 

managed with closed suction drainage and were included in the study. A total of 145 

patients (147 drains) had total hip arthroplasty (THA) and 242 patients (246 drains) had 

total knee arthroplasty (TKA). 

 

Antibiotic prophylaxis consisted of intravenous Cephalothin 1 gram on induction of 

anaesthesia and four postoperative doses each separated by 6 hours. The use of antibiotic-

impregnated polymethylmethacrylate (PMMA) cement was according to surgeon 

preference and was used in approximately 50% of cases. Closed suction drains were of 

minimum size 10 French, and brought out through skin separate from the operative 



182 

 

incision. Routine management included removal of all drains within 24 hours of surgery. 

According to this protocol, all drains were removed prior to discontinuing antibiotic 

prophylaxis. 

 

Drain removal was conducted using a sterile technique. Utilizing single-use sterile 

scissors, the terminal segment of approximately 1 centimetre drain tip was selected and 

detached for analysis. Drain tips were inoculated onto 5% sheep's blood agar using the 

standard 16-streak technique and incubated in a 5% CO2 chamber at 35°C. Specimens 

were inspected every 24 hours for 3 days, at which time if no growth was detected the 

result was reported as negative. Isolates of positive drain tip cultures were referred for 

further identification and sensitivity testing. 

 

Dressings were removed and inspected for signs of infection on postoperative day 4 or 

the day of discharge by either orthopaedic consultant or registrar. Outpatient wound 

inspections after discharge were conducted at postoperative week 6 and at 1 year, unless 

the patient returned earlier with a postoperative complication. All complications including 

superficial and deep infections were recorded on the hospital arthroplasty register. All 

patients included in the study underwent a minimum postoperative follow up of 3 months, 

with an average duration of 8.9 months. Included in the data analysis are the 1.2% of 

patients lost to outpatient follow up after hospital discharge. 

 

Results 

 

Of the 393 drain cultures performed, only three (0.8%) were positive. One drain tip 

isolated a coagulase-negative Staphylococcus, and two yielded a mixed (>3 strains) scant 

growth of normal skin flora. No patient with a positive drain tip culture was diagnosed 

with either superficial or deep infection. Treatment for infection was not instituted in any 

patient on the basis of drain tip culture results because none demonstrated evidence of 

infection on clinical grounds. 

 

Twenty patients were diagnosed with infection. Four patients (1%) had deep prosthetic 

infection, which required operative management. Sixteen patients (4.1%) had superficial 

infection managed with antibiotics alone. No patient who was diagnosed with either 

superficial or deep infection had a positive drain tip culture after their index procedure. 
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The sensitivity of routine drain tip culture for the diagnosis of postoperative infection in 

primary joint replacement was 0% and the specificity was 99.2%. 

 

The total financial cost to Prince Charles Hospital in performing 393 drain tip cultures 

over a 12-month period was AUD$12 210 (effective 2005). 

 

Discussion 

 

Drain tips removed within 24 hours of clean orthopaedic surgery have 0−10.8% culture-

positive rate in the literature.155-158 The low rate of culture-positive drain tips seen in the 

present study may in part be due to early removal, but also due to our current practice of 

routine postoperative antibiotic prophylaxis while drains remain in situ. 

 

The results of the present study do not support the practice of routine drain tip culture 

after primary hip or knee replacement for the diagnosis of postoperative wound infection 

due to the poor sensitivity of the test. Continued patient assessment for the diagnosis of 

infection presenting beyond the time period selected for the present study (minimum 3 

months, average 8.9 months) was not considered necessary because this would not have 

significantly impacted on the demonstrated sensitivity. Prince Charles Hospital has now 

discontinued the practice of drain tip screening after primary joint replacement. 
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Knee joint osteochondral reconstruction using fresh femoral head auto-graft  
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Abstract 

 

We present the management of polyarticular osteonecrosis in a 17-year-old female, with 

marked symptoms involving both hips and one knee. As a complication of chemotherapy 

to treat leukaemia, the articular surfaces of both femoral heads and the right knee lateral 

femoral condyle collapsed, resulting in significant pain and disability. For this unusual 

case a novel technique was employed, using a method we believe has not been described 

previously. The articular surface of the knee was reconstructed using fresh bulk 

osteochondral autograft harvested from the ipsilateral femoral head during a simultaneous 

total hip arthroplasty. Reconstructive options in young patients with multiple joints 

involved are often restricted, and suitable osteochondral allografts can be difficult to 

obtain. Fresh osteochondral auto-grafting enabled rapid osseous integration and articular 

surface reconstruction using living host cartilage, resulting in an excellent clinical 

outcome. Although uncommon, concurrent avascular necrosis of multiple large joints is 

occasionally encountered, and management options are particularly limited in young 

patients. We recommend this innovative technique be considered in those patients who 

satisfy the criteria for bulk osteochondral grafting procedures where total hip replacement 

is also required. 

 

Introduction 

 

A 14-year-old female patient presented for evaluation of bilateral hip osteonecrosis she 

developed as a complication of chemotherapy used in the management of acute 

lymphocytic leukaemia. The patient reported multiple other complications due to 

chemotherapy including bilateral humeral head osteonecrosis, bilateral distal femoral 

osteonecrosis, peripheral sensory and motor neuropathy, and a bowel perforation 
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requiring partial resection and ileostomy. The patient was intermittently wheelchair 

bound on the basis of her hip pathology, superimposed upon the ataxia secondary to her 

peripheral motor neuropathy. Over the preceding months both hips had become 

persistently symptomatic with moderate pain on a daily basis, with a corresponding 

significant reduction in function and difficulty with ambulation. 

 

On examination the patient demonstrated an ataxic gait with hyper tonicity of the lower 

limb musculature and a foot drop. X-ray and MRI evaluation demonstrated significant 

avascular segments of both femoral heads with articular collapse (Steinberg stage 5C 

right side, Steinberg 4C left) (Figure 70). Avascular necrosis of the left acetabulum was 

also noted. Surgical intervention for the hips was delayed due to the high risk of infection 

related to her ongoing chemotherapy and the presence of an ileostomy. Non-operative 

therapy included intravenous bisphosphonate infusions and symptomatic measures for 

analgesia. 

 

 

Figure 70: MRI of pelvis showing avascular segments of femoral heads (2008). 
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Upon review at 15.5 years of age, progressive collapse of both femoral heads was noted 

on serial radiographs. The patient at this time also reported increasing pain about the 

lateral aspect of her right knee with radiographic evidence of osteonecrosis of the lateral 

femoral condyle (Figure 71, Figure 72). Drill decompression of the lateral condyle 

segment was conducted however the right knee continued to deteriorate with increasing 

pain, progressive stiffness, instability, and mechanical symptoms. A knee X-ray five 

months after the decompression procedure demonstrated progressive collapse of the right 

lateral femoral condyle (Figure 73). Subsequent arthroscopy confirmed significant 

disruption of the articular surface of the lateral femoral condyle, with the remaining 

articular surfaces remaining relatively well preserved. Arthroscopic debridement with 

removal of loose bodies was conducted as an interim measure. The right knee joint 

however remained persistently symptomatic and treatment by bulk osteochondral 

allograft was recommended. 

 

 

Figure 71: X-ray (weight-bearing) of anterio-posterior and lateral right knee (May 

2010). 
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Figure 72: MRI of right knee showing areas of osteonecrosis (May 2010). 

 

Figure 73:  X-ray anterio-posterior and lateral of right knee post drilling procedure (Oct 

2010). 
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The patient, by now 17 years of age, also described increasing symptoms attributable to 

both hip joints. Chemotherapy had been ceased 16 months prior and no recurrence of 

leukaemia was detected on bone marrow aspirates. The ileostomy had been reversed and 

the peripheral neuropathy almost completely resolved. Considering the marked pain and 

significant disability resulting from the osteonecrosis of both femoral heads, bilateral total 

hip arthroplasty was also recommended. 

 

Surgical Technique 

 

Preoperative imaging demonstrated the posterior and inferior aspect of the right femoral 

head was relatively unaffected by avascular necrosis with an overall shape potentially 

suitable for bulk osteochondral reconstruction of the lateral femoral condyle. A 

provisional surgical plan was made to proceed with right total hip arthroplasty and 

simultaneous osteochondral reconstruction of the right lateral femoral condyle, if the 

resected femoral head was judged to be suitable for auto-grafting. This procedure was 

preceded by left total hip arthroplasty by a direct anterior inter-muscular approach; 

however, the left femoral head was considered unsuitable for use in osteochondral auto-

grafting on the basis of global articular surface damage. 

 

Two weeks after left total hip replacement the patient underwent right total hip 

arthroplasty via a direct anterior intermuscular approach. Particular care was made during 

dislocation of the joint and resection of the femoral neck to avoid damage to the posterior 

and inferior portion of the femoral head. The femoral head was found to have undamaged 

cartilage surfaces in the inferior aspect with good quality sub-articular bone (Figure 74), 

and judged suitable to proceed with the proposed knee joint reconstruction procedure. A 

second surgical team prepared the graft while the total hip arthroplasty procedure was 

completed. 
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Figure 74: Right femoral head with undamaged cartilage on inferior aspect. 

Exposure of the right knee was achieved through a midline incision and a medial para-

patellar arthrotomy (Figure 75). The involved areas of the lateral femoral condyle were 

resected, resulting in a trapezoidal defect of 15 mm2; native bone was retained where 

viable, creating a vascular bed of cancellous bone (Figure 76). The trapezoidal shape of 

the resection facilitated primary stability of the bulk auto-graft; the graft was prepared to 

best match the shape of the osteochondral defect. The intact articular surface of the 

femoral head was unfortunately discontinuous, and the autograft was therefore harvested 

in two distinct sections (Figure 77). To reproduce the relatively elliptical contour of the 

distal femoral articular surface compared to the spherical femoral head, an incomplete 

osteotomy of the autograft fragments was conducted to the level of subchondral bone 

(Figure 78). The thickness of the auto-graft was maintained at a minimum of 10 mm 

throughout. After graft impaction and final seating, internal fixation was performed using 

multiple headless compression screws (Figure 79). Very satisfactory patello-femoral 

tracking and coronal plane stability of the knee was confirmed after completion of the 

procedure, prior to closure. 
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Figure 75: Exposure of lateral femoral condyle. 

 

Figure 76: Resection of avascular bone from lateral femoral condyle. 
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Figure 77: Shaped autograft sections from femoral head. 

 

Figure 78: Reproduction of the desired elliptical contour of the lateral condyle. 
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Figure 79: Fixation of the autograft into position using headless compression screws. 

 

Postoperative rehabilitation included immediate full weight-bearing on the left hip 

arthroplasty. The right knee and hip underwent a graduated program of protected activity 

with touch weight bearing for a period of six weeks, progressing to partial weight bearing 

for a further six weeks. Early knee range of motion exercises were permitted as tolerated 

without restriction. Seven weeks after the procedure both hips were pain free; the right 

knee demonstrated a 15° fixed flexion deformity, and flexion had returned to greater than 

130°. At six months post surgery the knee exhibited full extension and flexion to 150°, 

with only a mild ache on prolonged walking. 

 

At 12 months post-operative both hips remained pain free and radiographs demonstrated 

the hip implants were stable and well osseo-integrated (Figure 80). The Modified Harris 

Hip Score (mHHS) results improved from 37.4/100 (preoperatively) to 100/100 (post-

operatively), and the Non- Arthritic Hip Score (NAHS) improved from 40/84 to 72/84. 

The right knee was causing only very minor and occasional discomfort about the medial 

aspect. There was no effusion and the range of motion was almost equal to the 

contralateral side, with full extension and flexion to 160° (Figure 81). The Knee Outcome 

Score (KOS) 12 months after the procedure was 113/125. On further physical 

examination the knee remained stable to varus/valgus stress, patellar tracking was 
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unremarkable, and there was no demonstrable ligamentous instability. Radiographs of the 

right knee confirmed the bulk osteochondral autograft had united completely and 

remained viable, with no evidence of necrosis, loss of reduction, or change in position of 

the hardware (Figure 82). The knee joint surfaces appeared smooth, with a contour very 

closely approximating normal. 

 

 

Figure 80: Postoperative anterio-posterior pelvis x-ray. 
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Figure 81: Full extension and flexion of right knee. 

 

Figure 82: Postoperative anterio-posterior and lateral right knee x-rays. 
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Discussion 

 

This young woman initially presented with a polyarticular osteonecrosis as a 

complication of the chemotherapy used in the management of her acute lymphocytic 

leukaemia (ALL). During the course of her management, she developed marked 

symptoms involving both hips and one knee after the articular surfaces of both femoral 

heads and the right knee lateral femoral condyle all collapsed, resulting in significant pain 

and disability. For this particular case a novel technique was employed, cognisant of the 

various limitations imposed by the number of joints involved, the nature and size of the 

lesions, the patient’s age, and the difficulties inherent in procuring a suitable fresh 

osteochondral allograft. We chose to reconstruct the articular surface of the knee using a 

fresh osteochondral autograft harvested from the ipsilateral femoral head during a 

simultaneous total hip arthroplasty, a technique we believe to be novel and unique. 

 

After failing non-operative measures, management options would generally include 

arthroplasty, arthrodesis, and osteochondral grafting, either allograft or autograft. 

Multiple factors would influence this decision, including which joint is involved, the size 

of the lesion, bilaterality, the age of the patient, and the number of joints involved. 

Further factors may include specific considerations such as patient expectations, 

anticipated demands, and the surgeons training and experience. 

 

In such a young patient the treatment options are further limited, and definitive 

reconstruction by joint arthroplasty may be considered less palatable. Total hip 

replacement is generally regarded as the most consistent and predictable arthroplasty, 

with the greatest potential for adequate longevity to warrant the considerable risks 

associated. In this patient the polyarticular nature, female gender, and bilaterality all 

precluded hip arthrodesis as an option, and we elected to manage her hip pathology with 

bilateral uncemented total hip replacements. Bulk osteochondral grafting of the lateral 

femoral condylar lesion was our preferred option. In this case, fresh osteochondral auto-

grafting enabled rapid osseous integration and articular surface reconstruction using 

living host cartilage, resulting in an excellent clinical outcome. Although uncommon, 

concurrent avascular necrosis of multiple large joints is occasionally encountered, and 

management options are particularly limited in young patients. We recommend this 
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innovative method be considered in those patients who satisfy the criteria for bulk 

osteochondral grafting procedures where total hip replacement is also required. 

 

While this procedure would be suitable to perform using any preferred surgical approach, 

we believe the use of an anterior inter-muscular approach has particular advantages in 

complex cases such as this to facilitate more rapid rehabilitation. In this situation, after 

two weeks our patient had recovered sufficiently from her left hip replacement to proceed 

with her combined right hip and knee procedure and safely mobilise touch weight bearing 

in the immediate postoperative period. Performing the right hip procedure by the anterior 

approach further assisted in her rehabilitation following her combined procedures. 

 

Corticosteroids are used routinely as part of the chemotherapy treatment regimen for 

many neoplastic conditions, including ALL. Unfortunately, one of the recognised and 

established complications of this treatment is osteonecrosis, which can be particularly 

debilitating when it involves weight-bearing joints. In a prospective MRI study, Ojala et 

al. 159 reported development of osteonecrosis in 32% (9 of 28) of patients during 

treatment for ALL, although only four of those nine were symptomatic. The management 

of this condition poses particular challenges given the typical juvenile onset of ALL. Joint 

preserving strategies dominate management efforts, avoiding joint replacement whenever 

possible in patients so young.160 

 

Werner et al. 160 reviewed eight patients who developed osteonecrosis during treatment 

for ALL and Non-Hodgkin’s lymphoma, and discussed the various management 

strategies available. Potential options for the knee included core decompression, 

cancellous bone transplantation (autologous or allogeneic) combined with collagen pads, 

bone substitutes, periosteal flaps, and osteochondral autografts harvested from the 

ipsilateral or contralateral knee. Two patients in this study also required concomitant hip 

replacements; however, use of the femoral head for osteochondral grafting was not 

employed. Fujita et al. 161 presented a case series of three young patients (aged 18, 24 and 

25 years) who all developed osteonecrosis of the knee secondary to steroid use for 

chronic renal conditions. All three underwent autologous osteochondral grafting to the 

affected weight-bearing surface, and two also underwent micro-fracture for treatment of 

chondral defects in non-weight-bearing areas. They reported satisfactory clinical 
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outcomes with symptomatic improvement, and at two years post-operative both MRI and 

arthroscopy demonstrated viability and incorporation of the grafts. 

 

Gortz et al. 162  have reported the largest case series of young patients with osteonecrosis 

of the knee related to corticosteroid use, managed by the use of fresh osteochondral (shell 

or plug) allografts to the affected femoral condyles. Their study cohort included 22 

patients (28 involved knees) with an average age of 24.3 years (16 - 44). They reported 

promising results, with 18 of 19 surviving participants having a significant reduction in 

the severity of their symptoms; only two of the 14 osteochondral allografts with long-

term follow up demonstrated radiographic collapse. Three of their cases were later 

revised, with only one requiring a TKA at 78 months secondary to pain. 

 

Multiple small case series 163-167 have described the success of osteochondral autografts 

for treatment of osteochondral defects in the knee, including cases of spontaneous 

osteonecrosis of the knee (SONK), secondary osteonecrosis, or osteochondritis dissecans. 

As for other small osteochondral defects, osteochondral autograft plugs are harvested 

from the periphery of either the ipsilateral or contralateral knees. The recent literature 

review by Lieberman et al. 168 critically examined the evidence for various surgical 

procedures in treatment of osteonecrosis of the knee. The evidence is unfortunately 

limited, principally due to the paucity of available cases and the lack of randomised 

controlled studies. Core decompression was a successful technique, with better results 

achieved prior to collapse and with smaller osteochondral defects. Osteochondral grafting 

techniques employed in knees were successful both pre-collapse (0% failure) and post-

collapse (8.2% failure). The success of this procedure in knees has not been replicated in 

hips, which typically continue to collapse and usually later require arthroplasty. 

 

Having conducted a thorough review of the available literature, the technique we describe 

here appears to be unique. Harvesting the remaining intact articular surfaces of the 

femoral head during a simultaneous total hip arthroplasty for use as an immediate 

osteochondral autograft transfer to the knee has not been previously described. Although 

distinctly uncommon, this clinical scenario is not rare and we believe other patients may 

obtain genuine benefit from this novel treatment strategy. 
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Conclusion 

 

We have described here a unique case of successful management of lateral femoral 

condyle osteonecrosis by use of fresh femoral head autograft obtained during 

simultaneous total hip arthroplasty. To the best of our knowledge this paper reports on the 

first, and to date only, use of this innovative technique. The use of a fresh osteochondral 

autograft has a number of advantages; we recommend this technique be considered in 

those unusual situations where total hip arthroplasty is contemplated in patients also 

requiring bulk osteochondral grafting procedures to the knee or other large joints. 
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of severe protrusio acetabuli 
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Abstract 

 

A useful technique for the preparation of particulate autograft and the subsequent removal 

of the femoral head during total hip arthroplasty in the presence of severe protrusio 

acetabuli is demonstrated. 

 

This simple technique facilitates rapid preparation of autograft for subsequent acetabular 

reconstruction and allows safe removal of an incarcerated femoral head without risking 

fracture. 

 

Introduction 

 

Secondary osteoarthritis in the presence of protrusio acetabuli is diagnosed by an anterio-

posterior pelvic radiograph demonstrating a centre-edge angle greater than 40 degrees 

with medialisation of the medial wall of the acetabulum beyond the ilio-ischial line.169 

Protrusio can be defined as a primary condition or secondary to a variety of pathological 

conditions associated with pelvic bone remodelling, including adult and juvenile 

rheumatoid arthritis, Marfan’s syndrome, Paget’s disease and renal osteodystrophy.169-176 

Typically the structural deformity associated with primary protrusio acetabuli consists of 

a contained medial bone defect with an acetabular rim of sufficient integrity to enable 

secure rim fit for uncemented reconstruction (Figure 83). Total hip arthroplasty in the 

presence of severe protrusio acetabuli is technically more challenging both in terms of 

restoration of hip biomechanics and the procedural conduct of surgery. Protrusio 

acetabuli substantially limits joint range of motion, making both sterile draping and the 

surgical approach more difficult during prosthetic joint reconstruction. Safe dislocation of 



200 

 

the femoral head, whilst minimizing the risk of iatrogenic acetabular or femoral fracture, 

is typically more difficult if severe protrusio is present. In situations of an incarcerated 

femoral head, in situ femoral neck osteotomy may be required. After osteotomy, 

subsequent removal of an incarcerated femoral head may still necessitate sectioning and 

removal in pieces. Acetabular preparation in protrusio typically requires medial bone 

grafting to lateralize the acetabular centre rotation and to provide axial acetabular 

prosthetic support. 

 

 

Figure 83: Bilateral hip osteoarthritis with significant protrusio acetabuli. Difficult 

intraoperative joint dislocation with potential requirement for an in situ neck osteotomy 

prior to head removal is anticipated. 

A useful technique for the simplified preparation of particulate autograft and the 

subsequent removal of the femoral head during total hip arthroplasty in the presence of 

severe protrusio acetabuli is demonstrated. This simple technique facilitates rapid 

preparation of autograft for subsequent acetabular reconstruction and allows safe removal 

of the incarcerated femoral head without risking intraoperative fracture. 
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Method and Surgical Technique 

 

For the conduct of total hip arthroplasty in the presence of protrusio acetabuli, 

preoperative templating will identify the requirement for significant correction of 

acetabular hip centre of rotation and if other reconstructive considerations such as 

decreased femoral offset with potential trochanteric impingement or leg length inequality 

are present. For cases of severe protrusion, we prefer to utilize the posterior approach for 

hip reconstruction, although the techniques demonstrated below are equally applicable to 

other surgical approaches. These techniques are most applicable to situations where 

severe protrusion is present and safe delivery of the femoral head from the acetabulum 

cannot be conducted safely without prior in situ femoral neck osteotomy. 

 

After joint arthrotomy has been performed, dislocation of the femoral head is attempted, 

being mindful of avoiding excessive force which may increase the risk of either femoral 

or acetabular fracture. Should safe femoral head dislocation be unsuccessful, an in situ 

femoral neck osteotomy is conducted (Figure 84). Rather than remove or section the 

femoral head after in situ osteotomy, the incarcerated femoral head is left within the 

acetabulum. Acetabular exposure is then obtained using standard techniques and retractor 

placement with the femoral head retained in situ (Figure 85). We typically place two long 

Hohman style retractors in anterior and inferior acetabular positions respectively to obtain 

sufficient exposure. Upon the exposed cancellous bone of the central part of the retained 

femoral neck an acetabular reamer is applied to the incarcerated femoral head (Figure 

86). Initially the smallest size acetabular reamer is selected. Prior to reaming limited 

cleansing of marrow and fat from the femoral head may be achieved by pulse lavage, 

according to surgeon preference. When the acetabular reamer head becomes full with 

particulate cancellous autograft sequentially larger reamer heads are selected (Figure 87). 

As the femoral head is firmly held inside the acetabulum due to the protrusio deformity, 

reaming is easily conducted. As reaming approaches the subchondral plate of the femoral 

head and all useful cancellous bone has been removed, the remaining “rind” of femoral 

head can then be easily scooped from the acetabulum without risking intra-operative 

fracture (Figure 88). 
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Figure 84: Approach for the conduct of left total hip arthroplasty for patient previously 

illustrated. In situ femoral neck osteotomy necessitated due to significant joint stiffness 

due to protrusio deformity. 

 

Figure 85: Appearance after in situ femoral neck osteotomy. Femoral head remains 

within the acetabulum. Options at this point include attempting removal of the femoral 

head by retrograde placement of a cork-screw (often still difficult to remove), sectioning 

of the femoral head to enable removal in pieces or leaving the femoral head in situ for 

preparation of particulate bone graft by reamers followed by subsequent head removal 

(described within this article; see subsequent images). 
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Figure 86: In situ reaming of the femoral neck and head. The smallest acetabular reamer 

head available selected. As the femoral head is firmly held inside the acetabulum due to 

the protrusio deformity, reaming is easily conducted. When the acetabular reamer head 

becomes full with particulate cancellous autograft, sequentially larger acetabular reamer 

heads are selected. 

 

Figure 87: Good quality small size particulate cancellous autograft obtained from within 

the reamer heads. Graft can be further cleaned of marrow and fat debris by pulsatile 

lavage when placed within a large gauze swab. 
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Figure 88 (left to right in sequence): Simplified removal of the incarcerated femoral 

head. After femoral head reaming has been conducted to remove all available good 

quality cancellous bone, the remaining “rind” of subchondral bone and cartilage can be 

easily scooped out and removed. Even in the presence of severe acetabular protrusio, 

easy and safe removal of the femoral head is facilitated using this method without risking 

intraoperative fracture. 

 

Reconstruction of the acetabulum can then be conducted according to surgeon preference. 

Prior to graft impaction, the autograft is further cleaned within a large gauze swab using 

saline lavage to remove excess marrow and fat. In the presence of a satisfactory 

acetabular rim to enable stable uncemented reconstruction, we favour the compaction of 

cleaned small chip size cancellous autograft into the contained acetabular defect by a 

reverse reaming technique (Figure 89, Figure 90, Figure 91, Figure 92, Figure 93, Figure 

94). Although firm primary acetabular stability is typically obtained from acetabular rim 

interference fit, we recommend the adjunctive use of multiple screws to augment fixation. 

We recommend preferential localization of screws into the posterior and superior 

acetabular quadrants to obtain good quality fixation whilst minimizing the risk of 

neurovascular injury.177,178 Where additional lateralization of hip centre is required after 

impaction of the acetabular shell, offset liners may be selected, although this is unusual in 

our experience using this technique. We recommend the combined use of external and 

internal acetabular landmarks for the accurate placement of the acetabular component and 

the adjunctive use of intraoperative fluoroscopy if the surgeon is uncertain. 
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Figure 89: Subsequent acetabular preparation. Appearance after limited reaming of the 

medial wall to bleeding subchondral bone followed by sequential dilation of acetabular 

rim to enable stable interference fit of an uncemented acetabular component. 

 

Figure 90: Particulate graft placed to correct the acetabular medial wall deficiency. As 

the acetabulum has been prepared for the use of an uncemented press fit implant, 

attention is made to keep the acetabular rim free of particulate graft. 
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Figure 91: Reverse reaming of acetabulum to obtain firm medial impaction of the 

particulate cancellous autograft. The last reamer size used for acetabular rim 

preparation (allowing for implant press fit) is selected for reverse reamer impaction. 

Compaction allows sequential addition of more cancellous autograft. As a guide to 

reconstruction, the reamer head approximates final acetabular component depth and 

orientation. 

 

 

Figure 92: Firm medial acetabular bone graft base obtained with good quality 

cancellous autograft after reverse reaming. 
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Figure 93: Final appearance of an uncemented acetabular component with stable rim fit 

and appropriate implant position after correction of the medial defect allowing 

lateralization of the prosthesis. 

 

Figure 94: Bilateral uncemented total hip arthroplasty in the patient previously 

illustrated. Correction of protrusio deformity by medial acetabular bone grafting 

conducted. 
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Discussion 

 

Total hip arthroplasty using cemented or uncemented acetabular reconstruction in the 

presence of protrusio acetabuli demonstrates satisfactory medium-long term results with 

appropriate surgical technique.179,180 Accurate restoration of acetabular centre of rotation 

is associated with lower rates of mid-term prosthetic failure.181 High rates of acetabular 

loosing are associated with cemented acetabular reconstruction where correction the 

centre of hip rotation to within 10 mm of anatomic position has not been achieved.182 To 

enable both accurate reconstruction of hip biomechanics and restoration of bone volume 

(particularly in younger patients), the use of bone graft during total hip arthroplasty for 

protrusio acetabuli is therefore recommended. 

 

Numerous factors influence the initial stability and clinical performance of impacted 

particulate bone graft in total hip arthroplasty.183 The mechanical properties of an 

impacted bone graft construct are improved by the impaction of dry grafts with fat and 

marrow debris removed.184,185 For cemented acetabular reconstruction, implant stability is 

reliant on both the material properties of the graft mantle (inter-particle shear resistance 

and compressive strength) and also the degree of cement penetration. In this situation, 

larger bone chip size, approximating 10 mm3 as typically created by hand using rongeur, 

is recommended.186-188 For uncemented reconstruction, where primary rim interference fit 

is typically obtained and subsequently augmented by screw fixation, the graft however 

serves mainly to provide compressive axial support and longer term restoration of bone 

volume. Initial acetabular component stability in uncemented reconstruction is therefore 

less reliant on the inter-particle shear resistance of the bone graft mantle. In these cases 

we have observed that firmly impacted small particle size bone graft, as produced using 

this technique, provides reproducible results. 

 

Summary 

 

A useful technique for the simplified preparation of particulate autograft and the 

subsequent removal of an incarcerated femoral head during total hip arthroplasty for the 

management of osteoarthritis in the presence of severe protrusio acetabuli is 

demonstrated. 
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Isolated thumb interphalangeal flexor weakness after total hip arthroplasty 
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Abstract 

 

We describe the unique presentation of partial anterior inter-osseous nerve palsy with 

isolated thumb flexor pollicis longus weakness after total hip arthroplasty. We 

recommend particular attention be paid to the intra-operative positioning of the hand and 

forearm in order to prevent this rare complication. 

 

Introduction 

 

Perioperative peripheral nerve injuries presenting as a complication of anaesthesia and 

surgery have an estimated incidence ranging from 0.03% - 1.4% for permanent damage. 

Nerve injuries are the second most common cause of litigation against anaesthetists in 

Australia.189,190 While many nerve injuries under general anaesthesia may be 

multifactorial, without clear singular cause, careful positioning of the patient under 

anaesthesia is an important method to help avoid nerve injury. We present a partial inter-

osseous nerve palsy with isolated thumb flexor pollicis longus weakness after total hip 

arthroplasty. 

 

Case Report 

 

A 57-year-old right hand dominant Registered Nurse presented with progressive 

deterioration in function and increasing pain attributable to left hip osteoarthritis despite 

non-operative measures. The patient was otherwise well of health with a history of mild 

asthma managed with intermittent inhalational agents. She had previously undertaken a 

hysterectomy, hernia repair and breast augmentation without complications observed 

after the previous administration of general anaesthesia. On the basis of persistent 
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symptomatic articular hip pathology, the patient was recommended for treatment by total 

hip arthroplasty. 

 

Surgery was conducted under general anaesthesia using the direct anterior inter-muscular 

approach. For this procedure, we position the patient supine on a standard operating table 

without the application of traction. Typically, both arms are placed onto padded boards 

with partial abduction at the shoulder (approximately 70 degrees), partial flexion at the 

elbow (approximately 10 degrees) and with the forearms in partial supination to protect 

the ulnar nerve at the elbow. Particular attention is made to avoid excessive abduction at 

the shoulder to prevent brachial plexus injury and also for provision of adequate padding 

of bony all prominences, particularly about the elbow. Depending on a patient’s natural 

resting upper limb posture under general anaesthetic, the arm may be secured to the 

padded board to prevent inadvertent movement of the arm during conduct of hip 

replacement surgery (Fig. 1). 

 

Figure 95: With the patient in a supine position, securing the position upper limb to 

prevent inadvertent movement during surgery in this manner places the forearm into 
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supination whilst simultaneously placing the thumb on stretch with combined extension 

and adduction. 

 

Induction and maintenance of general anaesthesia was achieved by the use of intravenous 

Midazolam, Fentanyl and a Propofol infusion. For the conduct of a left side hip 

replacement procedure, the patient’s intravenous line is placed on the dorsum of the 

contralateral right hand or forearm. The patient was administered Cefazolin antibiotic 

prophylaxis. The patient was paralysed and continuously monitored, including regular 

surveillance of upper limb posture in case of movement during the surgical procedure. 

During the conduct of the hip replacement (duration approximately 65 minutes) wide 

infiltration of local anaesthesia into the peri-articular tissues was conducted by the 

surgeon using a mixture of Naropin 0.2% 150ml, Ketorolac 30mg, Morphine 5mg and 

Adrenaline 1:1000 1ml. An infusion catheter was placed into the wound for later 

administration of a further 40mls of Naropin 0.2% at 12 hours post intervention. Surgery 

proceeded in an uneventful manner with the successful implantation of uncemented 

femoral and acetabular components using Biolox Delta ceramic bearings. 

 

At day 1 post surgery, the patient noted isolated inability to perform active flexion at the 

inter-phalangeal joint of the left thumb. Functionally, the patient described difficulty in 

holding a glass of water. All other hand and upper limb movements were maintained, in 

particular active flexion of all fingers and the wrist was normal. No sensory dysfunction 

was noted. The patient reported no pain about the hand, wrist, forearm or upper limb. No 

abrasions, bruising or marks were noted and passive motion of the thumb was 

unrestricted and pain-free. Flexor pollicis longus (FPL) tendon was palpable and on 

examination no discomfort was noted during extension at the thumb interphalangeal joint. 

Median nerve sensation was maintained and flexion of flexor digitorum profundus (FDP) 

to the index and all other fingers was noted to be normal. 

 

On the basis of persistent thumb weakness at 2 weeks post surgery the patient was 

referred for MRI scan of the forearm and hand that demonstrated no irregularity in the 

muscle or tendon of FPL. Nerve conduction study conducted at 6 weeks post surgery by 

needle electromyography (EMG) demonstrated frequent fibrillations and no voluntary 

activity of the left FPL muscle, consistent with isolated denervation but not affecting FDP 
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to digits 2 and 3. The pronator teres and abductor pollicis brevis demonstrated normal 

EMG activity. 

These findings were consistent with partial injury to the Anterior Inter-osseous Nerve 

(AIN) affecting only the isolated branch supplying FPL. 

 

On the basis of these findings non-operative management with continued observation was 

advised. Gradual return of function was noted in flexion strength and at 6 months after 

surgery the patient fortunately was noted to have complete recovery of motor function of 

FPL with substantial improvement in flexion strength at the inter-phalangeal joint. 

 

Discussion 

 

Anterior Inter-osseous Nerve (AIN) palsy is an uncommon peripheral nerve injury, most 

commonly associated with local trauma to the forearm or anatomic variants causing 

compression upon the nerve such as a fibrous band or anomalous muscle. AIN palsy after 

general anaesthetic is exceedingly rare. 

 

The AIN is a branch of the median nerve that arises 5-8 cm distal to the medial 

epicondyle of the humerus. The nerve runs along the volar aspect of the inter-osseous 

membrane terminating at the pronator quadratus muscle at the level of the wrist. The AIN 

nerve has an exclusively motor function, innervating the pronator quadratus, the flexor 

digitorum profundus of the index and middle fingers, and the flexor pollicis longus. 

 

In regard to anatomic variations, the Martin-Gruber anastomosis is a neural connection 

between the median and ulnar nerves occurring at the level of the forearm that is present 

in 10-30% of the population.191 

 

In an injury to the AIN supplying the FPL, the patient demonstrates an inability to flex 

the interphalangeal joint of the thumb. The “Pinch Test” demonstrates this characteristic 

deformity, whereby the interphalangeal joint of the thumb cannot perform active flexion 

in performing a pincer action.192  Importantly, flexion of the flexor digitorum profundus 

of the index and middle fingers must be examined to determine the level of injury to the 

AIN. It is difficult to clinically examine the pronator quadratus reliably as it is a weak 

pronator of the forearm that only partly contributes to this movement.193 
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In evaluating for loss of flexion strength at the thumb, patency of the flexor pollicis 

longus tendon may be clinically determined by the tenodesis effect.194 

 

Electro-diagnosis is a primary investigation in the evaluation of peripheral nerve injuries. 

This testing modality is useful since it can assess and define the level of the nerve lesion, 

confirm normal function of associated nerve structures and is capable of excluding 

polyneuropathy or other pathologic diagnoses. This investigation is also able to monitor 

neurological recovery following injury.192 

 

In considering the differential diagnosis for this patient, clinical evaluation and 

investigation identified an isolated partial injury to the AIN affecting only the branch 

supplying FPL. Brachial plexus lateral cord injury, global AIN palsy or FPL tendon 

injury were excluded. 

 

Kiloh-Nevin syndrome 193 is a condition whereby the AIN is compressed by the arcuate 

ligament of Fearn and Goodfellow 195 at the ante-cubital fossa. Additional compressive 

neuropathies have been identified in the setting of forearm fractures,196 blunt trauma, the 

use of plaster casts and the use of crutches.197 Neuropathies of the AIN can also occur 

following penetrating trauma. 

 

In the case of an isolated compressive or non-penetrating neuropraxia to the AIN branch 

supplying the FPL, recommendations are to await spontaneous recovery over a 12 – 18 

month period. In the majority of cases, spontaneous recovery will occur.192,193,196 

 

We present the highly unusual diagnosis of a partial AIN palsy of the forearm 

manifesting as profound isolated weakness of FPL function of the thumb after total hip 

replacement. The patient presented no risk factors for peripheral neuropathy factors such 

as pre-existing neuropathic disease, vascular pathology, diabetes or smoking. In addition, 

hip replacement surgery would be considered as low risk for the development of such a 

nerve injury, in the absence of local surgical dissection or regional anaesthesia of the 

limb. 
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We conclude the mechanism of injury was a traction neuropraxia to an isolated the 

branch of the AIN supplying FPL as a result of positioning whilst under general 

anaesthesia. We note that with the patient in a supine position, preventing inadvertent arm 

movement by securing the hand (as demonstrated in Figure 95) may place both the 

forearm into supination whilst simultaneously placing the thumb into combined extension 

and adduction. In this way, particularly in patients with anatomic variants that may 

prevent normal excursion of the AIN, an isolated palsy of the branch supplying the FPL 

may be sustained. We recommend attention be paid to the intra-operative positioning of 

the hand and forearm in order to prevent this rare complication. In particular, a relaxed 

posturing of the hand without combined extension and adduction of the thumb is 

recommended as shown in Figure 96. 

 

 

 

Figure 96: Patient in supine position with forearm and hand in relaxed posture. 
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Conclusion 

 

We describe the unique presentation of partial anterior inter-osseous nerve palsy with 

isolated thumb flexor pollicis longus weakness after total hip arthroplasty. We 

recommend attention be paid to the intra-operative positioning of the hand and forearm in 

order to prevent this rare complication with relaxed posturing of the hand, in particular 

avoiding combined extension and adduction of the thumb. 
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A practical method to improve grip upon a surgical hammer during the conduct of 

hip joint arthroplasty 
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Abstract 

 

We describe the application of a self-adhesive elastic bandage to the handle of surgical 

hammers to improve the surgeon’s handgrip for the impaction of acetabular implants 

during hip joint reconstruction. We have found this technique particularly useful for the 

impaction of more rigid acetabular implants in patients with harder bone, such as 

typically encountered during hip resurfacing arthroplasty. 

 

Introduction 

 

Secure primary fixation of uncemented prostheses in hip joint arthroplasty requires 

sufficient interference fit to prevent motion at the implant-bone interface during early 

postoperative axial and rotational loading. For acetabular reconstruction, press fit 

implants principally obtain primary fixation by “rim fit” purchase obtained upon the 

relatively hard cortical bone of the acetabular edge. Rough prosthetic surface textures,198 

macroscopic prosthetic design features such as anti-rotation fins/ screws and the surgical 

preparation of acetabular bone by under-reaming relative to implant diameter199 assist in 

obtaining reliable primary fixation. When these methods are employed, reasonable 

impaction force is typically required to obtain both optimal rim fit and also complete 

acetabular seating. In particular, this applies to the use of more rigid acetabular implants 

and in patients with harder bone, such as typically observed during hip resurfacing 

arthroplasty. 

 

In selection of instrumentation for acetabular reconstruction, it is our preference to use a 

larger, heavier hammer to deliver sufficient impaction force whilst maintaining accurate 
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control of implant orientation. We have observed however that hammers of larger mass 

may become difficult for a surgeon to grip while impacting the acetabular implant, 

particularly when the handle becomes slippery. We present a practical method to improve 

a Surgeon’s grip upon the hammer should this occur. 

 

Method 

 

Coban (3M, North Ryde, Australia) is a self–adhesive elastic bandage traditionally used 

for the treatment of venous ulcers or as a general dressing after limb surgery. The 

bandage is a porous, non-woven polyester and is presented sterile within individually 

wrapped packaging. 

 

Using moderate tension during application, 4-inch width Coban bandage is wrapped 

around the hammer handle as desired ( 

Figure 97). The applied Coban dressing is rough in texture and provides the Surgeon with 

excellent grip upon the hammer during acetabular impaction, even in the presence of 

slippery body fluids such as fat, blood and bone marrow. 

 

The material properties of Coban bandage make it ideal for this application. As the 

bandage is self-adhesive it sticks to itself without requirement for the use of additional 

tape or pins. The combination both self-adhesive and elastic properties result in a handle 

covering that remains secure during use and does not loosen after application. 

 

Discussion 

 

Successful uncemented acetabular reconstruction requires a combination of secure 

fixation and accurate three-dimensional implant orientation with consideration of 

appropriate axial seating, anteversion and abduction angles. While incomplete acetabular 

seating with a small polar gap does not necessarily impact upon implant survivorship if 

sufficient rim fit is obtained,199-205 complete seating does however increase the implant-

bone contact surface area, potentially influencing both primary stability200 and secondary 

porous osseointegration. While over-vigorous acetabular impaction is seldom necessary 

and  may  risk  intraoperative  peri-prosthetic  fracture,204  achieving  appropriate  primary  
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Figure 97: Self-adhesive elastic Coban bandage applied to the handle of a surgical 

hammer. The roughened slip resistant texture enables excellent grip to be obtained 

during acetabular impaction, even in the presence of slippery body fluids and bone 

marrow. 

 

stability and implant seating typically does require moderate force to be applied during 

impaction. As hammers with larger mass allow the Surgeon to deliver the necessary force 

at a lower swing velocity, we consider that they deliver a more controlled method of 

acetabular impaction, being both easier to achieve impaction and enabling more 

consistent implant orientation. The use of hammers with greater mass do however require 

better grip upon the instrument during use, which may be compromised by the presence 

of body fluids. 

 

Summary 

 

We present the application of a self-adhesive elastic bandage to the handle of surgical 

hammers of larger mass to improve the surgeon’s handgrip for the impaction of 

acetabular implants during hip joint reconstruction. 
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Femoral neck stress shielding in Birmingham Mid Head Resection Arthroplasty – 

Case report and literature review 
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Abstract 

 

We describe the presentation of substantial neck thinning due to stress shielding about a 

well-fixed Birmingham Mid Head Resection femoral implant. Despite significant 

resorption of proximal peri-articular bone adjacent to the modular femoral head, 

secondary bone remodelling about the implant stem and proximal femur has occurred and 

stress shielding has appeared to stabilize, resulting in a satisfactory clinical outcome to 

date. For total hip arthroplasty utilizing short femoral implants we recommend 

consideration of alternative design stems to reduce the risk of stress shielding. 

 

Introduction 

 

Management of younger aged higher activity demand patients with established hip joint 

osteoarthritis represents a difficult clinical problem. Not only do younger patients have 

longer to live but they also typically demonstrate less favourable arthroplasty 

survivorship rates.7,206 Considerations particularly relevant for the selection of 

arthroplasty devices in this group include bearing surface durability, impact resistance, 

bone preservation and the ease of future revision. 

 

While the use of metal on metal bearing hip arthroplasty implants has substantially 

declined, HRA continues to demonstrate exceptional results in appropriately selected 

patients.7,131,132,137,138 HRA is traditionally indicated in younger patients with the most 

favourable results being observed in males with larger size femoral head geometry. As 

HRA requires sufficient bone quality to support the femoral component, the procedure 

may be contraindicated in the presence of extensive femoral head cystic change, 
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avascular necrosis, proximal femoral deformity or significant osteopenia. The 

Birmingham Mid Head Resection arthroplasty (BMHR; Smith & Nephew Advanced 

Surgical Devices; TN, USA) was therefore developed in order to address the 

requirements of young patients with osteoarthritis assessed as unsuitable for HRA on 

these grounds.207 

 

The BHMR is a short stem total hip replacement with a large diameter metal on metal 

bearing articulation (Figure 98). Typically the monoblock cobalt chromium BHR 

component is used for the acetabular side bearing. The BMHR femoral implant is 

modular, consisting of two components. The femoral head component resembles a 

traditional resurfacing implant but requires subtotal resection of the femoral head and 

couples with the BMHR stem component by means of a Morse taper junction. The 

BMHR stem is titanium alloy with a splined distal portion for rotational stability and a 

proximal conical flare with hydroxyapatite coating designed to promote proximal 

osseointegration and physiologic loading. The BMHR (femoral)/ BHR (acetabular) 

implant has a 5 year revision rate of 5.8% in the 2014 Australian National Joint 

Replacement Registry.7 

 

 

Figure 98: Birmingham Mid Head Resection (BMHR) arthroplasty femoral component. 
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Case Presentation 

 

A 41-year-old male presented with established secondary osteoarthritis of the right hip 

due to haematogenous septic arthritis diagnosed at age of 13. Successful eradication of 

joint infection had been conducted by open joint lavage by anterior approach arthrotomy 

and antibiotic management. Since childhood the patient remained infection free with 

normal inflammatory markers. 

 

At age 38 the patient reported his first onset of groin pain consistent with symptomatic 

articular hip pathology. Radiographs demonstrated established osteoarthritis of the right 

hip with a small-moderate sized acetabular geode and slight deformity of proximal femur 

(Figure 99). DEXA scan demonstrated moderate reduction of bone density in both hips 

and lumbar spine (average T Score -2.1). Endocrinology service review identified no risk 

factors for osteopaenia on clinical history or blood test evaluations. 

 

 

Figure 99: Preoperative radiograph demonstrating established right hip secondary 

osteoarthritis. 
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On the basis of the progressive arthritic symptoms at age 41, the patient was 

recommended for treatment by hip joint arthroplasty. Birmingham Mid-Head Resection 

(BMHR) arthroplasty was selected in consideration of the patient’s younger age, high 

activity demands and relative osteopenia. 

 

Surgery was conducted via a standard posterior approach to the hip joint using a 58 mm 

BHR acetabular component, a 52 mm BMHR femoral head implant and a size 3 stem 

(Figure 100). For implantation of BHR and BMHR metal-metal devices we favour the 

posterior approach as it facilitates consistently reproducible access for accurate 

implantation of the acetabular component despite retention of the femoral head. 

 

 

Figure 100: Immediate postoperative radiograph after management by Birmingham Mid 

Head resection arthroplasty. 
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The patient’s surgical intervention and perioperative recovery was unremarkable. Tissue 

specimens and culture swabs taken at the time of surgery revealed no evidence of residual 

infection. 

 

At one-year post surgery the implants were radiographically stable and well osseo-

integrated (Figure 101). Clinically the patient was pain-free and had resumed high-grade 

physical activity including longer distance cycling. 

 

 

Figure 101: 1-year postoperative anterio-posterior and lateral radiographs. 

 

Clinical review at 2 years post-surgical intervention demonstrated early superior femoral 

neck thinning beneath the femoral head component (Figure 102). The patient remained 

asymptomatic and functionally excellent, riding his bicycle 150 km per week and he was 

also pain-free whilst participating in multiple other sporting pursuits. MRI demonstrated 

no evidence of fluid collections or soft tissue irregularity about the joint (Figure 103). 

Bone Scan demonstrated generalized osteoblastic activity about the proximal femur 

consistent with bone remodelling. Minimal bone scan activity immediately adjacent to the 

femoral stem prosthesis was observed (Figure 104). Blood inflammatory markers 

including C reactive protein, white cell count and ESR were unremarkable. The blood 

plasma chromium level was 31 nmol/L (reference range 10-100 nmol/L) and the blood 

plasma cobalt level was acceptably raised at 51 nmol/L (reference range 0-20 nmol/L). 

On the basis of these observations, a diagnosis of early stress shielding was made. 

Arrangements were made for continued surveillance on a 6 monthly basis. 
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Figure 102: 2-year postoperative radiograph demonstrating initial femoral neck thinning 

with radiographically stable implants. Patient was clinically asymptomatic. 

 

Figure 103: Axial MRI right hip (metal artefact reduction sequences) taken at 2 years 

post intervention. No atypical metal bearing associated fluid collection or soft tissue 

pseudotumour formation identified. 
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Figure 104: Tc99 Bone scan taken 2 years post BMHR implantation demonstrating 

generalized proximal femoral osteoblastic activity consistent with bone remodelling. 

 

Clinical review at 2.5 years post-surgical intervention demonstrated radiographic 

evidence of progressive stress shielding however the implants remained well osseo-

integrated (Figure 105). The patient maintained clinically excellent function. Blood 

plasma chromium level remained within normal range and cobalt levels had reduced (27 

nmol/L). 
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Figure 105: 2.5-year post-operative radiograph. 

 

At 3 years and 4 years post-surgical intervention, neck thinning due to stress shielding 

had stabilized on serial radiographs (Figure 106, Figure 107). Both femoral and 

acetabular implants appeared radiographically osseo-integrated. Progressive slight 

increase in density of the femoral calcar was observed. The patient remained clinically 

asymptomatic. 
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Figure 106: 3-year postoperative radiograph demonstrating no radiolucency at bone-

implant interface. Medial calcar bone remodelling with increasing density observed. 

Patient remained clinically asymptomatic 

 

Figure 107: 4-year post-operative radiograph. 



230 

 

At most recent review, at 5 years post mid-head resection arthroplasty, the patient 

remained very satisfied with the clinical result being pain free even in high activity 

function. Radiographs demonstrated the implants remained stable and well osseo-

integrated without further femoral neck resorption compared to previous radiographs 

(Figure 108). 

 

 

Figure 108: 5-year post-operative radiograph at most recent clinical review. Patient 

remains asymptomatic and bone resorption due to stress shielding appears to have 

stabilized. Proximal femoral remodelling observed with increased medial calcar bone 

density and formation of tension trabeculae from the tip of the prosthetic femoral stem 
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Discussion 

 

After hip resurfacing arthroplasty, femoral neck thinning is typically a benign 

phenomenon that has been well documented.134,208-211 While progressive neck thinning 

and more severe femoral osteolysis may be associated with HRA failure, femoral neck 

thinning after HRA is typically asymptomatic, non-progressive, limited to less than 10% 

of femoral neck width and often associated with a compensatory increase in medial calcar 

bone density. Stress-shielding has been also well documented in femoral implants with 

conventional hip replacement designs, particularly those of a more rigid nature with 

extensive porous ingrowth surfaces encouraging distal stem osseointegration. 

 

Despite BMHR arthroplasty demonstrating acceptable early survivorship within clinical 

and National Registry data,7,207 literature reports of femoral side osteolysis and our own 

observations raise concern with regards to the longer term clinical performance of this 

implant. Asaad et al. 212 report a 100% survivorship for 49 BMHR implants at mean 

follow-up of 6 years, with 7 (16%) demonstrating femoral neck osteolysis. Femoral neck 

osteolysis was found to strongly correlate with the presence of metal bearing related 

pseudo-tumour formation, but not implant orientation or size. As a result of the observed 

rate of femoral osteolysis the authors ceased using the BMHR arthroplasty and 

recommended against continued use of this device. Of interest, the same authors in earlier 

publications reported no cases of femoral osteolysis within the first two years of BMHR 

implantation, a common finding amongst other short-term series concerning this device. 

207,213-215 

 

While proximal bone resorption due to stress shielding about any implant is of concern, it 

is potentially of greater significance when observed about shorter femoral stem implants 

due to the limited surface area available for both osseointegration and implant support. In 

particular, femoral bone resorption such as demonstrated in this case report would be 

associated with a progressive increase in varus moment upon the bone-implant construct, 

with potential consequence on longer term implant stability and survivorship. 

 

Whilst commercial distribution of the BMHR has discontinued, the significance of stress 

shielding and neck thinning around this implant is of importance for two reasons. Firstly, 

the clinical outcome and radiographic appearances are of practical use in in the guidance 
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of recommendations for ongoing surveillance and management of patients managed with 

this device. In addition, patient selection, stress shielding and proximal bone resorption 

around short stem implants is of significance in the context of a growing trend towards 

the development of short length stem and neck-preserving arthroplasty implants. In the 

design of short stem femoral prostheses, consideration needs to be made with respect to 

prosthetic design features that may reduce the risk of stress shielding and peri-prosthetic 

bone reabsorption. 

 

Conclusion 

 

We present a case of significant stress shielding with secondary femoral neck thinning in 

an otherwise well-functioning Birmingham Mid Head Resection arthroplasty used for the 

management of osteoarthritis. For total hip arthroplasty utilizing short femoral implants 

we recommend consideration of alternative design stems to reduce the risk of stress 

shielding. 
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Abstract 

 

A comparison of surgical instrumentation and operative techniques for the conduct of 

Adept Hip Resurfacing and Birmingham Hip Resurfacing is presented. For surgeons 

experienced with Birmingham Hip Resurfacing, practical recommendations for the 

conduct of Adept Hip Resurfacing are discussed. 

 

Introduction 

 

Hip Resurfacing Arthroplasty (HRA) is a bone conserving enhanced stability prosthetic 

alternative to conventional Total Hip Arthroplasty, optimally indicated for patients who 

satisfy defined suitability criteria relating to implant size and underlying pathology. 

Despite concern relating to cobalt alloy metal-metal prosthetic bearings, HRA continues 

to demonstrate exceptional medium and long-term results both within national joint 

replacement registries and case series publications. 

 

Daniel et al. (2014) reviewed 1000 consecutive Birmingham Hip Resurfacing (BHR; 

Smith & Nephew Inc., Memphis, TN, USA) prosthetic implantations at 12.3-15.3 years. 

With no patient lost to follow up, the revision rate for any cause was 2.6% and 3.1% at 10 

years and 15 years respectively.131 The revision rate in male patients was 2% at 15 years. 

In particular, males under 50 years of age managed with BHR demonstrated a revision 

rate of 0.6% at 15 years. Matharu et al. (2013) reviewed 447 consecutive patients under 

the age 50 years managed with BHR (average age 41.5 years) at an average of 10.1 

years.133 With no patient lost to review, the revision rate for any cause was 3.6 % and 

5.9% at 10 years and 14 years respectively, with no patient requiring revision for the 
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diagnosis of metal related pathology. Other longer-term independent case series of the 

BHR similarly report favourable survivorship rates for the BHR beyond 10 years, 

particularly in males and in those patients with larger femoral implant sizes.138,216,217 

 

Data from national joint registries also report favourable implant survivorship outcomes 

for HRA in selected population groups. In the 2015 Australian National Joint 

Replacement Registry (ANJRR), HRA conducted in males for the indication of 

osteoarthritis demonstrates a 10-year revision rate of 6.7%, inclusive of all implant 

designs and prosthetic femoral head sizes.218 For bearing diameter sizes ≥50mm, revision 

of HRA for the diagnosis of adverse metal related pathology is approximately 2% at 14 

years inclusive of all resurfacing implant designs. If however the resurfacing implant 

designs identified as “under-performing” within the ANJRR are excluded, the revision 

rate for adverse metal related pathology in all remaining resurfacing designs 

(predominantly represented by the BHR, Adept Hip Resurfacing and MITCH Resurfacing 

implants) is 0.8% at 13 years, inclusive of all indications, all bearing sizes, both genders 

and in the hands of all surgeons performing these procedures.219-225 

 

In modern practice, the Birmingham Hip Resurfacing (BHR) has become almost 

synonymous with hip resurfacing arthroplasty, particularly since the withdrawal of many 

competitor resurfacing devices from clinical use. Recent changes to the Indications For 

Use (IFU) for the BHR have however constrained the practical application of the BHR in 

clinical practice, due to narrowing of clinical indications recommended by the 

manufacturer.226 It is the view of some surgeons (including the author) that components 

the recent BHR IFU amendments are inadequately supported by sufficient scientific merit 

and unnecessarily exclude a proportion of patients that would otherwise benefit from 

management by hip resurfacing arthroplasty. For these reasons, surgeons are considering 

with greater interest alternative resurfacing devices to meet the requirements of patients 

within their clinical practices. 

 

The Finsbury Adept Hip system was introduced in 2005, initially offering both metal on 

metal conventional total hip replacement and hip resurfacing designs. Currently, the 

Adept Hip Resurfacing (MatOrtho Limited, Surrey, United Kingdom) inventory offers 

femoral head sizes 48mm to 58mm in 2mm increments with two matching acetabular 

components per femoral head size and an Extra Fixation acetabular component allowing 
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optional rim screw fixation. The Adept Hip Resurfacing is manufactured from an “as 

cast” high carbon cobalt-chromium alloy (ISO 5832-4) without post-casting heat 

treatment. From a design perspective, the Adept Hip Resurfacing acetabular implant is 

externally hemispherical with the internal bearing surface demonstrating a fixed arc of 

160 degrees articular coverage across the implant size range.227 This internal feature 

results in a reduced risk of edge loading in smaller implant femoral sizes compared to 

other resurfacing designs, including the BHR. The Adept Hip Resurfacing within the 

ANJRR demonstrates a 3.5% revision rate at 7 years and favourably equivalent or 

superior mid-term survivorship in comparison to the BHR in other joint replacement 

registries.218,228 The Adept Hip Resurfacing has now reached 10 years of data collection 

within the ANJRR, with results to be published shortly. 

 

This manuscript describes a practical comparison between Adept Hip Resurfacing and the 

BHR, highlighting differences in the instrumentation platform and surgical technique that 

will be of value to surgeons already familiar with Birmingham Hip Resurfacing. 

Fundamental principles of resurfacing arthroplasty and procedural techniques relating to 

surgical approach are not discussed, as these aspects are assumed prior knowledge and 

are beyond the intentions of this manuscript. The techniques described have been drawn 

from personal clinical experience with use of both the BHR and Adept Hip Resurfacing 

devices, in the setting of a relatively high volume hip resurfacing practice (>100 per 

annum). The techniques presented are intended for consideration by experienced hip 

resurfacing surgeons, to provide practical advice when introducing the Adept Hip 

Resurfacing prosthesis into their clinical practice. For surgeons less familiar with hip 

resurfacing arthroplasty, regardless of the implant or instrumentation platform selected, 

specific training in the conduct hip resurfacing is strongly recommended. 

 

Comparison of instrumentation and surgical technique 

 

Whilst the author acknowledges that both the BHR and Adept Hip Resurfacing implants 

offer a number of alternative instrumentation platforms, the commentary within this 

manuscript is confined to the use of standard (non-customised) instrumentation and the 

use of pin-less neck referencing jigs for femoral side preparation. A summary of 

recommended technical tips specific to the conduct of Adept Hip Resurfacing is 

presented in Table 7. 
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Adept Hip Resurfacing Technical Tip 1: Using the pin-less neck referencing femoral 

instrumentation jig 

 

The BHR pin-less neck referencing jig consists of an incomplete ring that clamps the 

femoral neck distal to the femoral head-neck junction. Coronal plane alignment can be 

adjusted by releasing a locking screw that allows the guide assembly to move into 

variable degrees of valgus. The proposed final alignment of the initial guide-wire may 

then be confirmed in two planes by the use of an alignment rod placed through the 

assembly housing (Figure 109). 

 

 

Figure 109: Left hip resurfacing conducted via a posterior approach demonstrating the 

BHR pin-less neck referencing jig with guide-wire placed and alignment rod attached 

(GW: Guide-wire, AR: Alignment rod, LS: Locking screw). 

 

By comparison, the Adept Hip Resurfacing pin-less jig consists of a complete ring that 

encircles the femoral neck, which is advanced proximally onto the head-neck junction by 

a plunger to achieve stability (Figure 110). Unlike the BHR, the Adept pin-less jig is size 

specific according to the measured minimum effective diameter of the femoral neck. 

When secured, the pin-less jig is rigid in design and accurately places the guide-wire 
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centrally within the femoral neck at the level of the head-neck junction. If the pin-less jig 

selected is tight upon the femoral neck however, freedom to adjust the degree of valgus 

orientation may be compromised. This is relevant in cases where proximal femoral 

deformity is present, due to either excessive osteophyte formation or resulting from a 

previous slipped capital epiphysis. In situations where the surgeon desires to increase the 

degree of valgus orientation of the pin-less jig assembly, I have found upsizing the neck 

referencing jig (typically by 2mm; occasionally 4mm) greater than the measured 

minimum femoral neck diameter measurement to be of value. The use of a marginally 

oversized encircling ring allows the surgeon to place the assembly into valgus orientation 

and to achieve some limited translation if required, whilst still remaining relatively 

central within the femoral neck at the level of the head-neck junction. I have found it a 

useful and simple process to confirm the correct orientation of the assembly in two planes 

by twisting the apparatus about the femoral neck prior to securing the jig, without 

influencing orientation of the plunger (Figure 111). 

 

Adept Hip Resurfacing Technical Tip 2: Femoral cylinder preparation 

 

Once correct orientation of the neck referencing instrumentation has been confirmed for 

guide-wire placement and subsequent preparation and insertion of the guide-rod has been 

conducted, both the BHR and Adept Resurfacing systems require cylinder preparation as 

the first stage of femoral side preparation. The Adept guide rod has a depth stop that 

limits the penetration of the cylinder cutter to match the proposed height of the femoral 

implant (Figure 112). This has two advantages. Firstly, the depth-stop feature serves as a 

useful safety measure to limit the risk of femoral notching. Perhaps the most useful aspect 

of the depth stop however relates to creating a reproducible reference for determination of 

the position of the top cut resection. As the depth of the cylinder cutter preparation is 

limited to the referenced height of the femoral implant, an incomplete bone “ledge” is 

often created at the head neck junction, consisting of distally located osteophytes which 

have been incompletely excised. The prominence and location of the bone ledge created 

is determined by the shape of the femoral neck, prominence of osteophytes at the head-

neck junction, orientation of the implant (degree of valgus) and the relative size of the 

femoral implant selected. It is useful to initially leave this residual bone shelf  intact  after  
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Figure 110: Left Adept Hip Resurfacing conducted via a posterior approach 

demonstrating the pin-less (neck referencing) jig assembly. The Adept pin-less jig 

provides very accurate and secure medial referencing, however occasionally may not 

easily allow the surgeon to adjust coronal orientation (valgus) when required. If 

necessary, use of an encircling ring 2mm greater than the anticipated femoral implant 

size will allow greater control of guide-wire position in both coronal plane alignment and 

with limited translation. 

 

Figure 111: Prior to locking the femoral jig assembly into position, twisting by 90 

degrees medially will allow the surgeon to further assess anteversion relative to the 

femoral neck calcar. 
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Figure 112: Adept Resurfacing during initial “first pass” of femoral cylinder 

preparation. The risk of femoral notching is minimized by the depth stop mechanism that 

references cylinder preparation to the anticipated femoral implant length (arrow: depth 

stop). 

the initial “first pass” of the cylinder reamer, as it provides a useful reference guide for 

placing the napkin ring for evaluation of the top cut resection height (Figure 113, Figure 

114). 

 

Adept Hip Resurfacing Technical Tip 3: Proximal femoral preparation/ Top cut 

 

The Adept top cut is prepared by either a reciprocating or oscillating saw using either a 

cutting block or “napkin ring” cutting guide to determine depth and orientation of the 

resection plane. In comparison to using a top planar over a guide rod (as with BHR), both 

of these techniques are arguably less optimal in terms of workflow efficiency and 

resection accuracy. One advantage however of the Adept Resurfacing instrumentation 

platform is that referencing from the maximum resection line of the cylinder cutter more 

accurately reproduces the appropriate height of the top cut (as previously described; 

Figure 114). With the current instrumentation platform for the Adept Resurfacing, I 

prefer marking the height and orientation of the top cut using diathermy and then 

performing the top cut resection freehand, as the guide-jig quickly becomes unstable with 

vibration of the oscillating saw, even if secured with pins (Figure 115). 
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Figure 113: After “first pass” cylinder preparation, a limited or incomplete shelf of 

osteophyte at the femoral head-neck junction often remains, depending on the relative 

size of the femoral implant and orientation. At this stage do not resect this bone, as it 

serves as a useful reference guide for placing the napkin ring to assess top cut resection 

height. (Arrows: bone shelf at femoral head-neck junction). 

 

Figure 114: Placement of the “napkin ring” proximal femoral resection guide. Accurate 

positioning of the proximal resection guide is assisted by placing the instrument upon the 

ledge of bone created after the “first pass” cylinder preparation using the Adept 

instrumentation. 
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Figure 115: Although the napkin ring resection guide may be secured to the bone, the 

author prefers removing the resection guide after marking the orientation and location of 

anticipated resection, to perform the proximal top cut free hand. 

Adept Hip Resurfacing Technical Tip 4: “Second Pass” cylinder preparation 

 

Rather than excise the excess osteophytes at the head-neck junction by use of an 

osteotome or rongeur, I recommend performing a “second pass” with the cylinder cutter 

after the top cut preparation has been conducted (Figure 116). This not only efficiently 

removes any excess femoral osteophytes but also ensures that the cylinder width has been 

correctly prepared. To perform this, the guide rod is replaced after the top cut resection 

has been performed and the cylinder cutter is passed for a second time, to a greater depth 

than previously possible due to the depth stop. This step may be performed either before 

or after chamfer preparation. Care must be taken at this stage to avoid notching the 

femoral neck. 
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Figure 116: “Second pass” cylinder preparation. After the top cut is performed, the 

guide-rod is reinserted and a second pass of the cylinder cutter is conducted to a greater 

depth to enable resection of residual osteophytes at the femoral head-neck junction. 

 

Adept Hip Resurfacing Technical Tip 5: Femoral stem hole dilation 

 

The Adept Hip Resurfacing femoral component has a 9.0mm straight cylindrical stem 

profile for the part contained within the internal portion of the femoral implant and a 

tapered stem profile distally (Figure 117). Preparation for the femoral stem is conducted 

by the prior use of the 8.9mm diameter cannulated drill, required for placing the guide rod 

for initial femoral preparation. The cylindrical (proximal, internal) portion of the femoral 

stem therefore has a 0.1mm diametrical press fit when prepared in this manner. This 

design feature was selected to prevent the extravasation of low viscosity cement adjacent 

to the femoral stem during impaction of the femoral implant. It has been my observation 

however that occasionally, particularly in hard bone, excessive force may be necessary to 

seat the femoral implant due to interference fit of the cylindrical portion of the stem. For 

this reason, limited over-drilling to oversize the proximal portion of the femoral stem hole 

is recommended. This may be achieved by using the 8.9mm cannulated drill using a 

conical movement pattern (Figure 118). 
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Figure 117: Profile of the Adept Hip Resurfacing femoral implant stem. The portion of 

the stem within the confines of the femoral component is cylindrical, whilst the distal 

portion is tapered (CP: Cylindrical portion; TP: Tapered portion). 

 

Figure 118: Developing clearance for proximal cylindrical portion of the femoral implant 

stem by limited depth reaming using the 8.9mm cannulated drill employed with a conical 

movement pattern. 
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Adept Hip Resurfacing Technical Tip 6: Acetabular preparation and implantation 

 

Operative technique for the Adept Hip Resurfacing recommends under-reaming the 

acetabulum by 2mm in normal situations, with adjustment according to bone density and 

acetabular size (3mm under-ream in larger cancellous acetabulae, 1mm under-ream in 

smaller sclerotic acetabulae).229 I would however recommend caution against this, in 

favour of reaming line-line for the Adept Hip Resurfacing, as the incidence of both 

acetabular fractures and polar unseating is significantly increased if under-reaming is 

conducted. The only exception to this is where the posterior acetabular wall is thin and 

the anticipated rim fit is softer. Only in these cases can 1mm under-reaming be safely 

considered. I have found line-line reaming of the Adept has a similar feel on implant 

impaction to a BHR when reamed 1mm under. 

 

Summary 

 

This manuscript describes technical advice for the conduct of Adept Hip Resurfacing to 

assist surgeons considering the introduction of this implant into their clinical practice. 

 

 

Table 7: Summary of technical tips for the conduct of Adept Hip Resurfacing in 

comparison to BHR. 
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Cemented constrained total hip arthroplasty in a patient with osteogenesis 

imperfecta and recurrent grand mal seizure activity 
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Abstract 

 

We present the management of secondary osteoarthritis due to posttraumatic femoral 

head osteonecrosis in a patient with osteogenesis imperfecta and poorly controlled grand 

mal seizure activity using cemented constrained total hip arthroplasty devices. The use of 

a cemented constrained acetabular implant has provided a successful outcome in this 

high-risk presentation. 

 

Introduction 

 

Osteogenesis imperfecta (OI) is a genetic disorder effecting the production of type 1 

collagen with clinical manifestations relating to altered bone and connective tissue 

structure.230 Orthopaedic manifestations of OI include high fracture rates and variable 

degrees of joint laxity, muscular weakness and spinal scoliosis, depending on severity of 

the condition.231 Type 1 OI accounts for 50-60% of all people diagnosed with the 

condition.232 

 

With improving life expectancy of people with OI, increasing numbers of patients with 

this condition are becoming candidates for joint replacement surgery. Total hip 

arthroplasty (THA) in patients with OI may be associated with an increased risk of 

prosthetic instability and peri-prosthetic fractures due to bone fragility and ligamentous 

laxity.233 As a result, the long-term outcomes from primary THA in patients with OI are 

potentially jeopardized due to increased risks of arthroplasty related complications. 

 



247 

 

Patients suffering epilepsy, particularly in the presence of grand mal seizure activity, are 

at higher risk of musculoskeletal injury and complications after joint arthroplasty, 

especially if when co-existent risk factors for fragility fractures such as OI are present. 

Seizure activity increases the danger of proximal femoral and acetabular fractures, as well 

as prosthetic hip instability and dislocation.234-236 

 

Concern associated with the use of constrained liners relates to the potential for higher 

rates of aseptic loosing secondary to early prosthetic impingement and reduced functional 

range of motion. Contemporary data from the Australian National Joint Replacement 

Registry however demonstrate favourable revision rates at 10 years with the use of 

constrained devices even in high-risk populations.218 

 

We describe the management of secondary post-traumatic hip osteoarthritis in a high-risk 

patient with a combination of both OI and poorly controlled grand mal seizure activity. 

We discuss the use of cemented implants for the treatment of osteoarthritis in patients 

with OI and the use of a cemented constrained device in this unique presentation. 

 

Case Report 

 

A 46-year-old woman with type 1 OI presented with osteoarthritis secondary to femoral 

head osteonecrosis as a result of a displaced subcapital femoral fracture previously 

managed by internal fixation (Figure 119). Past medical history included poorly 

controlled grand mal seizure activity, resulting in numerous fractures in the context of her 

skeletal fragility. 

 

On the basis of significant hip articular symptoms and functional disability, definitive 

treatment by THA was recommended. Risk factors considered for this patient included 

the high risk of dislocation due to seizure activity and also the increased risk of peri-

prosthetic fractures due to bone fragility. Pre-operatively we considered the use of a 

constrained arthroplasty device as favourable due to the presence of recurrent seizure 

activity; however, we remained concerned about the use of uncemented devices due to 

the risk of intra-operative fracture during implant impaction. In particular, this concern 

related to the risk of pelvic fracture during implantation of an uncemented constrained 

acetabular prosthesis. 
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Figure 119: Femoral head collapse and secondary osteoarthritis due to post-traumatic 

osteonecrosis. 

THA was performed via a posterior approach using a cemented Freedom acetabular 

implant (Biomet Orthopaedics, Indiana, USA) and a cemented double tapered polished 

femoral stem. For implantation of the femoral component, no cement restrictor was used, 

allowing the cement to pass distally into the medullary canal for additional bone 

reinforcement below the femoral component to reduce the risk associated with a distal 

stress riser at the tip of the femoral component. 

 

Post-operative radiographs are demonstrated in Figure 120. The patient was permitted to 

weight-bear as tolerated post-operatively and the immediate pre-operative recovery 

progressed uneventfully. 

 

At both 6-week and 6-month post-operative reviews, the patient was progressing well 

with substantial improvement in pain and functional capability. Two years following the 
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right total hip replacement, as a result of a fall unrelated to the index procedure, the 

patient sustained a left (contralateral) proximal femoral fracture. This was managed by 

internal fixation using an intramedullary nail. The right hip replacement remained well 

functioning. 

 

 

At most recent review, approaching 4 years post-arthroplasty, the patient presents a well-

functioning prosthetic hip joint with successful clinical and radiologic outcomes (Figure 

121). Although the patient experiences difficulties in performing functional activities due 

to other musculoskeletal conditions associated with her OI, the right hip joint is pain-free 

and she remains highly satisfied with the result. 

 

 

Figure 120: Immediate post-operative radiograph demonstrating a fully cemented 

constrained total hip arthroplasty. Note the absence of a femoral cement restrictor with 

passage of cement distal to the femoral stem. 
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Figure 121: Three-year post-operative radiograph. Patient suffered a left hip fracture in 

the year prior to the radiograph being taken. Satisfactory clinical and radiographic 

outcomes obtained from the right total hip arthroplasty. 

Discussion 

 

Prosthetic instability remains a leading cause for revision of THA in modern 

practice.219,228,237 Patients at risk of prosthetic hip instability include those with 

neuromuscular disorders such as epilepsy, particularly when presenting with grand mal 

seizure activity. When considering the appropriate prosthetic selection for this patient 

group, consideration must be made to the increased risk of both peri-prosthetic fracture 

and dislocation. 

 

For the treatment of this complex presentation of combined skeletal fragility and 

instability risk, limited literature is available to guide appropriate arthroplasty 

management. Cemented implants were chosen due to concerns with bone fragility and the 

suitability of press fit implants due to the risk of intraoperative peri-prosthetic fracture 

during impaction and the increased risk of post-operative fractures, particularly about the 



251 

 

femoral component. Another potential advantage of using a cemented femoral component 

relates to the ability to reinforce the distal femur with cement, reducing the potential for 

fracture creation at the tip of the femoral implant due to stress transition. To address 

concerns regarding dislocation and instability, especially when considering the patient’s 

seizure activity, a constrained acetabular implant was chosen. Hernigou et al. support the 

use of constrained acetabular implants in patients with neurological or cognitive 

impairment, demonstrating a 2% failure unconstrained devices at 5 years.238  

 

The use of constrained devices, particularly in younger patients, is less common in 

modern arthroplasty practice. This is due to the perception of complications of 

complications relating to the use of constraint including loss of fixation, early aseptic 

loosening, liner disassociation, and material failure.239 As most constrained acetabular 

components currently used are modular uncemented devices, the impaction of an 

uncemented acetabular component in our patient also represented increased threat of 

acetabular or pelvic fracture. Consequently, the decision to use a cemented acetabular 

component was made to address this concern. When using constrained total hip implants, 

to address the potential for early prosthetic impingement and associated loss of functional 

range of motion, we favoured the use of the Freedom implant (Biomet Orthopaedics, 

Indiana, USA). The Freedom constrained implant allows secure prosthetic constraint 

whilst providing an enhanced range of motion prior to impingement of up to 114° (in 36 

mm head devices) and offers both cemented and uncemented variants.240 Particularly in 

comparison to other constrained devices, Freedom constrained acetabular implants have 

demonstrated highly favourable results.241,242 

 

Conclusion 

 

In summary, we describe the successful conduct of a fully cemented and constrained 

THA in a patient at high risk of periprosthetic fractures and prosthetic instability. In 

particular, we have found the use of a cemented constrained acetabular device useful in 

this unique clinical presentation. 
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Chapter 6 – SUMMARY OF MATERIALS PRESENTED 

 

Contributions to Scientific Knowledge 

 

The following is a summary of the main findings and conclusions of the materials 

presented within this thesis. I have developed this section to provide an integrated 

overview of the contributions this thesis provides towards advancing the quality of health 

care provision within the discipline of adult hip joint surgery. 

 

Chapter 2 – Perioperative evaluation and management 

 

Reliability of the Australian twenty-cent coin as a radiographic scale marker 1 

demonstrates that size variation due manufacturing tolerance and wear of the Australian 

twenty cent coin are insufficient to impact upon the clinical selection of implant size 

when used as a radiographic scale marker. This research validates the use of the 

Australian twenty-cent coin as a size marker for the purposes of pre- operative 

radiographic templating in orthopaedic surgery. For the purposes of digital templating in 

clinical practice, the diameter of the Australian 20-cent coin be approximated to 28.5 mm. 

These findings are of significance as circulating coins represent an inexpensive and 

ubiquitously available source of radiographic size templating markers and standardisation 

of radiographic size measurements is becoming of greater relevance in the context of the 

trend towards radiology image provision by digital media. Also in relation to radiology 

image provision, Access to digital radiology imaging and the impact on specialists in 

private practice 2 articulates some of the challenges medical specialists in private practice 

currently experience in obtaining “fit for purpose” digital imaging. 

 

The e-Quadrant Test for telemedicine assessment of symptomatic articular hip pathology 

3 describes a useful physical examination test for the clinical evaluation of symptomatic 

hip pathology that can be administered by telemedicine video conferencing. For the 

diagnosis of articular hip joint pain, this research demonstrated the sensitivity and 

specificity of the e-Quadrant test to be 87% and 79% respectively, with an overall 

accuracy of 82%. In this study the e-Quadrant test was demonstrated to have equivalent 

diagnostic accuracy to clinic based articular provocation testing in the hands of an 

experienced hip surgeon, the latter representing the current gold standard in physical 
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evaluation. The results if this study validate the use of the e-Quadrant test for the 

evaluation of hip joint disorders, providing a method to assist in accurate clinical 

examination unconstrained by the relative geographic location of the patient and 

clinician.  

 

Hip resurfacing arthroplasty and perioperative blood testing 4 challenges the standard 

practice amongst many orthopaedic surgeons to routinely perform preoperative and 

postoperative haemoglobin level testing in association with hip joint arthroplasty 

procedures. This research demonstrates that routine peri-operative testing of haemoglobin 

levels for hip resurfacing arthroplasty procedures does not assist in clinical management 

and that post-operative blood testing should only be considered should the patient 

demonstrate clinical signs of symptomatic anaemia or if particular clinical circumstances 

necessitate. 

 

Bilateral hip joint Hylan G-F 20 granulomatous synovitis due to viscosupplementation 

injections 6 presents the diagnosis of bilateral granulomatous inflammation of the hip 

joints associated with Hylan G-F 20 viscosupplementation injections. Recommendations 

for clinician awareness regarding this potential complication are highlighted. 

 

Entrapment of the medial branch of the superior cluneal nerve – A previously 

unrecognized cause of lower back pain in cricket fast bowlers 5 presents the diagnosis of 

superior cluneal nerve (SCN) entrapment neuropathy as a previously unrecognized 

etiology of lower back pain a cricket fast bowlers. The pathologic mechanism of SCN 

injury is described relative to this population group. The successful management by 

surgical decompression is described. 

 

Chapter 3 – Trauma management 

 

Early prosthetic complications after unipolar hemiarthroplasty 73 evaluates the incidence 

of early prosthesis related complications after Uncemented Austin Moore (UAM) and 

Cemented Thompson (CTh) hemiarthroplasty procedures for the management of femoral 

neck fractures. Within this multicentre study of 1118 prosthetic implantations, 

periprosthetic fractures were sustained in 11.8% of UAM and 1.8% of CTh implantations 

(P < 0.0001). Intraoperative periprosthetic fractures were associated with an increased 
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requirement for reoperation within 1 month of the index procedure (P = 0.05). No 

statistical difference in the incidence of intraoperative periprosthetic fractures was 

observed between the hospitals participating, regardless of the proportional use of each 

prosthesis. Early dislocation rates were similar for the UAM and CTh prostheses. The 

intraoperative mortality rate attributable to the use of polymethylmethacrylate cement 

during hip hemiarthroplasty was 1/738 (0.14%). In the associated manuscript, 

Intraoperative error during implantation of the Austin Moore hemiarthroplasty, 74 the 

frequency of technical errors in implantation of the UAM prosthesis associated with early 

prosthetic failure are evaluated. The results of this study demonstrate that 48% of the 

patients managed with the UAM experienced at least one technical error pertinent to 

implantation and 14% sustained intraoperative fractures. The error rates between 

relatively junior doctors and consultants were not significantly different.  

 

Conclusions that are drawn from these two manuscripts, both relating to the management 

of femoral fractures by unipolar hemiarthroplasty, support the preferential use of the CTh 

prosthesis to reduce the high incidence of intraoperative periprosthetic fractures and 

associated requirements for early reoperation experienced with the UAM. These studies 

conclude that the UAM should be considered a technically demanding prosthesis that is 

difficult to implant well and greater selectivity should be exercised when considering its 

use for femoral neck fractures. These recommendations are now being observed within 

clinical practice, demonstrated within recent data obtained from the Australian National 

Joint Replacement Registry where a substantial reduction in the use of uncemented 

unipolar hemiarthroplasty prostheses (particularly the UAM) for the management of hip 

fractures is documented within recent years.243 

 

Ultrasound assisted trochanteric entry point development for antegrade femoral nailing 

procedures 75 demonstrates the surgical technique of ante-grade femoral nailing utilising 

intraoperative ultrasound to assist with the accurate three dimensional localisation of the 

proximal entry point, particularly of use in obese patients and in fractures where 

significant deformity is present. The use of intra-operative ultrasound for surgical 

interventions relating to the hip joint hip joint is further developed in Chapter 4 in relation 

to hip arthroscopy. Extraction of intramedullary nails by proximal stacked wire technique 

76 demonstrates an additional surgical technique associated with intramedullary 

management of long bone fractures, describing a percutaneous method of nail removal of 
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intramedullary nailing devices in the context of difficult extraction and failed attempts by 

conventional methods. The technique described is particularly useful for the extraction of 

narrow or solid intramedullary nails where failure of extraction bolt devices has occurred. 

 

Proximal femoral fracture after hip resurfacing managed with blade plate fixation 77 

describes the successful management of intertrochanteric femoral fracture distal to a hip 

resurfacing implant, by use of an angled blade plate with retention of the prosthesis, a 

situation where substantially more complex and invasive intervention by revision total hip 

arthroplasty would often be considered necessary. Since publication of this manuscript, 

similar interventions enabling retention of hip resurfacing implants in association with 

peri-prosthetic fractures have been described.244-249 

 

Chapter 4 – Hip arthroscopy 

 

Ultrasound assisted hip arthroscopy 98 and Ultrasonography assisted arthroscopic 

proximal iliotibial band release and trochanteric bursectomy 99 describe operative 

techniques for effectively using of intraoperative ultrasound for the conduct of hip 

arthroscopy procedures within the central, peripheral and peri-trochanteric extra-articular 

compartments. These manuscripts outline methods of arthroscopic portal development 

during hip arthroscopy without the requirement for fluoroscopic guidance and provide 

measures to improve assessment of peri-trochanteric space decompression. Using these 

techniques in a large number of patients, these manuscripts demonstrate consistently 

accurate methods of enabling the safe introduction of arthroscopic instruments into the 

hip joint with a very low rate of iatrogenic injury. In clinical practice, these techniques 

now constitute our routine standard of care. 

 

The use of a ureteric stone basket for the removal of loose bodies in hip arthroscopy 117 

demonstrates the use of a ureteric stone basket for arthroscopic removal of loose bodies 

from the hip joint. The technique is easy to perform and reduces the time required for 

loose body retrieval while minimizing the risk of iatrogenic damage to the cartilage 

surfaces of the joint.  

 

Hip arthroscopy after resurfacing arthroplasty: Surgical technique, clinical examples 

and literature review 97 demonstrates the procedural conduct of hip arthroscopy in the 
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evaluation and treatment of complications after hip resurfacing arthroplasty. Hip 

arthroscopy is demonstrated as a useful minimally invasive technique for the evaluation 

and treatment of selected complications after Hip Resurfacing Arthroplasty. Anterior 

capsular debridement, acetabular rim osteoplasty, iliopsoas tenotomy and pseudotumour 

biopsy techniques are demonstrated and discussed.  

 

Early post-operative septic arthritis after hip arthroscopy using Tisseel fibrin sealant - A 

report of two cases 118 presents the diagnosis and management of septic arthritis of the hip 

joint after arthroscopic intervention where both patients were treated with fibrin sealant in 

association with acetabular micro fracture procedures. We have now reduced use of 

Tisseel Fibrin Sealant within the context of hip arthroscopy procedures for concern 

regarding the risk of associated infection. 

 

Chapter 5 – Elective hip arthroplasty and reconstruction 

 

Direct anterior approach total hip replacement without use of traction table 146 presents 

an audio visual demonstration of anterior approach arthroplasty without the use of a 

traction table. Anterior approach hip arthroplasty is increasing in popularity both within 

Australia and internationally, however traditional methods require the use of an 

intraoperative traction table, which presents limitations in terms of dynamic joint 

assessment and leg length evaluation. Traction free methods are less reliant on 

fluoroscopy and are more suited to hospitals where the capital expenditure required for 

acquisition of a traction table represents a significant factor limiting the introduction of 

anterior approach hip arthroplasty within the institution. The material presented in this 

audio visual publication has been used extensively for the education of surgeons learning 

this technique throughout the Asia-Pacific region. 

 

Diagnostic value of routine drain tip culture in primary joint arthroplasty 147 

demonstrates the poor correlation between routine drain tip culture and the diagnosis of 

superficial or deep postoperative wound infection after primary knee and hip 

replacement. The sensitivity of routine drain tip culture for the diagnosis of postoperative 

infection in primary joint replacement within this study was 0%. This research does not 

support the practice of routine drain tip culture after primary hip or knee replacement for 

the diagnosis of postoperative infection. Accordingly, the long-standing practice of 
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performing drain tip cultures at the index institution was discontinued. Since publication 

of this manuscript, other authors have confirmed the results and conclusions drawn from 

this research.250-252 

 

Knee joint osteochondral reconstruction using fresh femoral head auto-graft 148 presents 

the successful management of lateral femoral condyle osteonecrosis by use of a fresh 

femoral head autograft obtained during simultaneous total hip arthroplasty was 

conducted. The advantages of fresh osteochondral autograft obtained at time of total hip 

arthroplasty are discussed. Since publication of this manuscript, both senior authors have 

identified further patients for consideration of management by this method.  

 

A technique for bone graft preparation in total hip arthroplasty for the management of 

severe protrusio acetabuli 149 describes the surgical technique for simplified preparation 

of particulate autograft and the subsequent removal of an incarcerated femoral head 

during total hip arthroplasty for the management of osteoarthritis in the presence of 

severe protrusio acetabuli. 

 

Isolated thumb interphalangeal flexor weakness after total hip arthroplasty 152 describes 

the presentation of partial anterior inter-osseous nerve palsy with isolated thumb flexor 

pollicis longus weakness after total hip arthroplasty. Recommendations for the intra-

operative positioning of the hand and forearm in order to prevent this rare complication 

with relaxed posturing of the hand, in particular avoiding combined extension and 

adduction of the thumb, are highlighted. 

 

A practical method to improve grip upon a surgical hammer during the conduct of hip 

joint arthroplasty 150 presents the application of a self-adhesive elastic bandage to the 

handle of larger mass surgical hammers to improve the surgeon’s handgrip for the 

impaction of acetabular implants during hip joint reconstruction. We now perform this 

routinely during total hip replacement and resurfacing procedures. 

 

Femoral neck stress shielding in Birmingham Mid Head Resection Arthroplasty – Case 

report and literature review 153 describes the phenomenon of stress shielding with 

secondary femoral neck thinning in an otherwise well-functioning Birmingham Mid Head 

Resection arthroplasty. For total hip arthroplasty utilising short femoral implants, 
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consideration of alternative design stems is recommended to reduce the risk of stress 

shielding. 

 

Adept Hip Resurfacing – A practical comparison of operative technique and surgical 

instrumentation relative to Birmingham Hip Resurfacing 151 demonstrates technical 

advice for the conduct of Adept Hip Resurfacing to assist surgeons considering the 

introduction of this implant into their clinical practice. 

 

Cemented constrained total hip arthroplasty in a patient with osteogenesis imperfecta 

and recurrent grand mal seizure activity 154 presents the successful management of 

secondary osteoarthritis due to posttraumatic femoral head osteonecrosis, in the context 

of osteogenesis imperfecta and poorly controlled grand mal seizure activity, using 

cemented constrained total hip arthroplasty devices. The use of a cemented constrained 

acetabular implant provided a successful outcome in this high-risk presentation. 

 

Overview and Future Direction 

 

The environment within which we deliver health care in Australia is constantly changing.  

Medical professionals, whether we like it or not, are required to adapt our methods of 

health care delivery in response. Some of the forces that are shaping modern orthopaedic 

care are driven by the natural desire amongst clinicians themselves to achieve improved 

outcomes by innovation – better diagnostic tools, better implants, better techniques and 

better application of knowledge. For clinicians, the link between change and direct 

quality improvement is both logical and embraced. However, for better or for worse, 

many of the forces that are exerting an increasing influence upon how we practice 

orthopaedic surgery in this country are issues that are not clearly related to delivering best 

quality clinical outcomes. Government financial constraint, health insurance reform, 

administrator managed care, market competition and evolving patient expectations within 

an evolving medico-legal landscape all exert influence upon the environment within 

which we deliver health care. These influences require continual adaptive response on 

behalf of health care providers to maintain and improve the high standards that we 

currently enjoy.  
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The manuscripts presented within this thesis represent a selection of practical adaptations 

to the delivery of health care I have instituted within my own personal practice over the 

last 10 years.  These activities were predominantly driven by hypotheses about how I 

might improve clinical outcomes for patients under my care. Publication has necessitated 

maturation and formalisation of my ideas to a greater degree and has enabled sharing of 

my findings and experiences with colleagues.  

 

It is my belief that within Australia, the gradual dissociation of medical practitioners from 

the process of scientific activity is driven in part by an increasing perception amongst 

doctors that research typically involves university based laboratory style activity. As 

doctors, we are trained to apply medical care – we are not necessarily equipped with the 

skills nor the motivation to conduct laboratory based research that typically fails to 

deliver directly clinically relevant outcomes.  

 

Research however need not be divided from practical medical practice. As doctors we are 

ideally situated to perform research and to test hypotheses that may relate directly to the 

conduct of our core daily activities. This style of practical and clinically oriented research 

I have found both rewarding and highly valuable in improving my capability as a 

surgeon, guiding the evolution of my own proficiency.  In this respect, I see academic 

endeavour as an essential part of every clinician’s professional development, in particular 

for senior medical practitioners within surgical disciplines, in whom procedural 

development requires a combination of both literature interpretation and innovation. 
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Chapter 4 – Hip arthroscopy 
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Chapter 5 – Elective hip arthroplasty and reconstruction 
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