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Abstract

Hip related pain places a massive economic burden on society and can have a
significant effect on the individual sufferer in terms of pain, ability to participate in
activity and financial costs. A delay in the accurate identification of the cause of hip
pain will lead to a delay in the initiation of appropriate management, prolonging the
period of suffering and possibly allowing time for further deterioration of pathology.
Currently, the differential diagnosis of hip pain is based on information collected from
the patient interview, a physical examination and commonly from findings identified
via medical imaging. However, there is lack of good quality evidence to support the use
of information from the clinical examination for either identifying or ruling out a
specific cause of hip joint pain. Furthermore, there is increasing evidence that pathology
identified by medical imaging is not necessarily symptomatic. The aims of this thesis
were to determine the diagnostic accuracy of the clinical examination of the hip, and of

MRA, for the identification of intra-articular pathology.

The thesis first explored the reliability of information gathered from physical tests of the
hip. The prevalence of positive tests results and the reliability of patient reports of the
reproduction of pain and of ratings of pain intensity were examined in study one.
Standardised versions of physical tests were applied in a predetermined random order to
both the symptomatic and asymptomatic hips of patients with unilateral hip pain. Tests
were repeated one hour and 2-7 days later. The prevalence of positive findings in
symptomatic hips ranged from zero to 80%, with resisted tests being the least likely to
cause pain and tests that incorporated adduction or internal rotation in flexion being the
most provocative. Several of these tests were also provocative in asymptomatic hips,
although at a much lower prevalence. The majority of tests demonstrated ‘moderate’ to
‘almost perfect’ within-session (60 minutes apart) and between-session (2-7 days apart)
reliability for both pain reproduction and ratings of pain intensity. However, the
intensity of pain experienced during testing influenced reliability, with poor reliability
being observed with tests that created low intensity pain. These findings indicate that
clinicians can be confident that patients will reliably report both the reproduction and
intensity of pain, provided the intensity is greater than 2 points on the numeric pain

rating scale.

Measures of strength (peak force) obtained with a hand held force dynamometer and

range of movement (ROM), obtained with a gravity dependent inclinometer, were
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examined in study two. Data was collected concurrently with that of study one. Within
and between-session reliability was determined and strength and ROM values between
the symptomatic and asymptomatic hips were compared. Despite the presence of pain
and pathology, excellent levels of reliability were observed for both peak force and
ROM measures. The percent standard error of measurement for most strength tests was
close to 10% and around 3% for ROM. No statistically significant differences were seen
in strength between sides. However, a statistically significant reduction in range of

movement was observed with the bent knee fall out test.

Study three investigated the association between information collected from a clinical
examination and a positive response to a fluoroscopy-guided anaesthetic injection
(FGAI). Consecutive patients with unilateral hip pain, referred for a magnetic resonance
image arthrogram by selected sports or orthopaedic specialists, were recruited.
Participants completed standardised questionnaires and were examined by an
experienced physiotherapist, both before and immediately after the FGAI. The
physiotherapist was blinded to previously obtained clinical information and the
radiologist performing the FGAI was blinded to the findings of the clinical examination.
A positive anaesthetic response (PAR) was defined as a reduction in pain intensity of at
least 80%, calculated by comparing the mean pain intensity score from the three most
provocative tests performed prior to the FGAI, to the score from the same three tests
being reapplied after this procedure. A PAR was considered to indicate the presence of
symptomatic intra-articular pathology. Two variables collected from the history
demonstrated sufficient accuracy to indicate that they should be included in the
diagnostic examination of the hip. Dominant pain in the groin had a negative likelithood
ratio (LR) of 0.18 (95% CI 0.06, 0.58) and sensitivity of 0.91 (95% C1 0.77, 0.97).
These values indicate that the absence of groin pain has utility as a screening test for
intra-articular pathology of the hip. In contrast, the presence of crepitus had a high
specificity [(0.91 (95% CI1 0.77, 0.97)] and a moderate positive LR [3.67 (95% CI 1.12
to 11.9)], indicating utility for identifying intra-articular pathology. A number of
physical tests demonstrated high sensitivity. However, only one of these, the quadrant
test, had a negative LR [0.14 (95% CI 0.02, 1.10)] that indicated that a negative test
significantly lowers the probability of a PAR. No physical test demonstrated sufficient
specificity or high enough positive LR to indicate that it would be useful for identifying

intra-articular pathology as stand-alone test.
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In study four, a clinical prediction rule was derived from the data collected in the
previous study. Logistic regression analysis was used to conduct an in-depth, systematic
exploration of all possible combinations of two or more key variables using a corrected
version of the Akaike information criterion (AICc) to measure model adequacy. The
best overall model determined by this analysis included six variables: dominant pain in
the groin; age > 39 years; the presence of crepitus; internal ROM <41°; self-reported
limited ROM and positive quadrant test. The model demonstrated an overall accuracy of
81%, sensitivity of 91%, specificity of 70%, positive and negative likelihood ratios of
3.1 and 0.12 respectively. Hence, the model has diagnostic utility to both rule in and
rule out a PAR. A screening score that appropriately weights the contribution of each
test finding was developed to provide a simplified means of interpreting findings for an
individual patient clinically. The screening score was employed to assess the accuracy
of the commonly recommended practice of ruling a specific condition in or out on the
basis of the number of positive or negative tests. This demonstrated that the accuracy of
this approach to decision-making is dependent on there being relatively equal
weightings in terms of the contribution each test makes to the likelihood of a PAR.
Where this is not the case, decisions made on the basis of the number of positive tests

may be inaccurate.

Study five investigated the diagnostic utility of magnetic resonance imaging arthrogram
(MRA) for identifying symptomatic intra-articular pathology of the hip, using pain
response to FGALI as the reference standard. Data was collected concurrently with that
obtained for study three. All participants underwent a 3 Tesla MRA immediately after
the FGAI employed in study three. MR images were reported, following a standardised
protocol, by a musculoskeletal radiologist with 30 years experience who was blinded to
the results of the FGAI and clinical details of the participant. Despite a high prevalence
of structural abnormalities identified by MRA, only the presence of subchondral bone
oedema demonstrated a statistically significant association with a positive anaesthetic
response. No individual structural abnormality demonstrated sufficient accuracy to
indicate that it has diagnostic utility as a stand-alone finding. These observations
suggest that the presence of abnormalities identified by MRA should not be considered

as evidence that an intra-articular source of hip pain has been established.

This thesis provides important new information that contributes significantly to current
understandings regarding the diagnostic accuracy of findings from the patient history,

physical examination and MRA imaging.



16

Chapter 1 Introduction

1.1 The problem

The diagnosis and management of hip pain places a significant cost burden on the
health care system in New Zealand. In a year across 2013-2014, there were 51,832 new
claims to the Accident Rehabilitation, Compensation and Insurance Corporation (ACC)
for hip injuries. These claims, along with the 65,297 existing claims for on-going hip
related pain, cost the ACC $79,976,222 (Accident Compensation Corporation, 2015).
As the ACC only covers the costs of injuries that result from accidents, these figures do
not include costs associated with non-injury causes of hip pain e.g. osteoarthritis. In
New Zealand, the prevalence of symptomatic arthritis (all joints) is projected to grow
due to the demographic ageing of the population, with total financial costs of arthritis
estimated to be 3.2 billion dollars a year (1.7% of Gross Domestic Product) (Access
Economics, 2010). The management of painful hip pain pathology not only places a
massive economic burden on society but also has significant effects on the individual in

terms of pain, suffering and personal financial costs (Bennell, 2013).

Whilst a considerable amount of health care dollars are spent in the treatment of hip
related pathology, accurate diagnosis of the cause of hip pain remains challenging for
physiotherapists, doctors and orthopaedic surgeons (Clohisy et al., 2009; McCarthy &
Busconi, 1995; Reiman, Goode, Hegedus, Cook, & Wright, 2013; Reiman, Mather,
Hash, & Cook, 2014b; Tijssen, van Cingel, Willemsen, & de Visser, 2012). A recent
study investigated the ability of six orthopaedic surgeons with expertise in the
management of hip joint pain to make a diagnosis on the basis of detail from the
patients’ history and clinical tests compared to arthroscopic surgical findings (Martin et
al., 2010c). This study demonstrated only 63% and 65% agreement respectively for the
presence of a labral tear or femoroacetabular impingement (FAI). It has been reported
that as many as 60% of patients with hip joint pain are incorrectly diagnosed on initial
assessment (Byrd & Jones, 2001). Furthermore, there is evidence that some pathology
in the hip can contribute to the development of other, more serious hip conditions (e.g.
labral tears leading to articular delamination and degenerative joint disease, and
femoroacetabular impingement leading to osteoarthritis). This suggests that more
accurate and earlier diagnosis may be beneficial in slowing or stopping this progression
(Ganz, Leunig, Leunig-Ganz, & Harris, 2008; McCarthy, Noble, Schuck, Wright, &
Lee, 2001).
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A clinical diagnosis is typically made on the basis of information collected from both
the patient interview and the physical examination. Whilst several authors have
suggested that information from the patient interview assists in the diagnostic process
(Beattie & Nelson, 2006; Domb, Brooks, & Byrd, 2009; Jaeschke, Guyatt, & Sackett,
1994a; Peterson, Holbrook, Von Hales, Smith, & Staker, 1992; Woolf, 2003), few
studies have examined the diagnostic accuracy of such information, with respect to the
hip, using an appropriate reference standard (Martin & Sekiya, 2008). Similarly, there
are significant issues in regard to the physical examination, including a lack of
consensus, even amongst medical professionals who specialise in the management of
hip joint disorders, as to which tests are most appropriate to employ, how to perform
those tests and how to interpret the test results (Martin et al., 2010a; Tijssen et al.,
2012). This lack of agreement may be a reflection of the lack of evidence to support the
use of any particular test (or tests) for identifying a specific cause of hip joint pain
(Leibold, Huijbregts, & Jensen, 2008; Rahman et al., 2013; Reiman, Goode, Cook,
Holmich, & Thorborg, 2014a; Reiman et al., 2013; Tijssen et al., 2012). There is some
research evidence that suggests that pain provocation tests may be useful for ruling out
specific intra-articular pathology of the hip (Martin, Irrgang, & Sekiya, 2008;
Maslowski et al., 2010) and that hip muscle weakness (Youdas, Mraz, Norstad,
Schinke, & Hollman, 2008) and restrictions in range of motion of the hip (Altman et al.,
1991; Birrell et al., 2001) are associated with hip pathology. However, there is

insufficient high quality evidence to corroborate these findings.

Information gained from medical imaging is often used to complement findings from
the clinical examination and advances in technology have led to the increasing use of
magnetic resonance imaging (MRI), magnetic resonance imaging arthrography (MRA)
and arthroscopy in the assessment of hip pain. These technologies have identified
various pathologies not previously considered to be common causes of hip pain
including labral tears, tears of the ligamentum teres and early articular cartilage damage
(Byrd & Jones, 2004a). However, the sensitivity and specificity of MRI/MRA varies
considerably depending on the structure involved, the stage of the ‘disease’ and the
experience of the radiologist (Byrd & Jones, 2004a; McGuire, MacMahon, Byrne,
Kavanagh, & Mulhall, 2012). Consequently, pathology identified by MRI/MRA may
not be causing symptoms and the actual cause may not be apparent. Whilst arthroscopy
can be used purely as a diagnostic procedure, there are significant costs and some

significant risks associated with this procedure including infection, vascular injury and
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nerve injury, making its utilisation as a diagnostic tool subject to careful consideration
(Collins, Ward, & Youm, 2014; Harris et al., 2013; Kelly, Weiland, Schenker, &
Philippon, 2005; Park, Yoon, Kim, & Chung, 2014).

It would be advantageous if information gathered from the clinical examination could
identify pain arising from the hip without the need for such expensive and invasive
diagnostic procedures (Jaeschke et al., 1994a; Leeflang, Deeks, Gatsonis, & Bossuyt,
2008; Martin, Shears, & Palmer, 2010b; McCarthy & Busconi, 1995; Tibor & Sekiya,
2008). This would provide a cost effective diagnosis, and would also be useful in areas
where advanced medical imaging is not available. It may also facilitate earlier,
appropriate treatment and perhaps a reduction in the incidence and severity of
secondary osteoarthritis (Feddock, 2007; Groh & Herrera, 2009; Kelly et al., 2005;
McCarthy et al., 2001).

Currently, no conclusive recommendations can be made regarding the value of
information gathered from the clinical examination of the hip due to a lack of relevant,
high quality diagnostic accuracy studies (Burgess, Rushton, Wright, & Daborn, 2011;
Rahman et al., 2013; Reiman et al., 2014a; Reiman et al., 2013; Tijssen et al., 2012).
Thus, there is a need for high quality investigation of the diagnostic utility of the
clinical examination of the hip so that health professionals involved in the diagnosis and
treatment of people with hip joint pain can have confidence that their decisions are
based on accurate and valid test findings. This thesis provides important information
regarding the utility of the clinical examination of the hip based on the findings of

studies that were designed to the highest possible standards.

1.2 Research aims

The primary aims of the thesis were:

* To determine the diagnostic accuracy of information obtained from the
patient history and from physical tests used in the clinical examination of the
painful hip

* To determine if a combination of clinical tests provides improved diagnostic
accuracy over stand-alone tests

* To determine the diagnostic value of ‘abnormal’ findings identified by MRA
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To achieve these aims, it was first necessary to determine which clinical ‘tests’ were to
be included in the central study of this thesis i.e. the diagnostic accuracy study. Both
anecdotal and research evidence suggests that a large number of tests are utilised in the
clinical examination of the hip. However, it was considered essential that the researcher
determined that the information derived from such tests was reliable and likely to be of

diagnostic value before including them in the diagnostic accuracy study.
Hence, the following questions needed to be addressed:

Question 1 ~ What is the within and between-session intra-examiner reliability of pain
provocation and of reports of pain intensity during the application of physical tests to

the symptomatic and the asymptomatic hip in people with unilateral hip pain?

Question 2 What is the between-session intra-examiner reliability of measures of
strength for both the symptomatic and asymptomatic hip in people with unilateral hip

pain?

Question 3~ What is the within and between-session intra-examiner reliability of
measures of range of movement for both the symptomatic and asymptomatic hip in

people with unilateral hip pain?

Once these questions were addressed, the primary aims could be focused upon and the

following questions answered:

Question4  How accurately do individual findings obtained from the clinical
examination of the hip predict a positive response to an intra-articular injection of

anaesthetic into the hip joint?

Question 5 What combination of findings obtained from the clinical examination of
the hip best predicts a positive response to an intra-articular injection of anaesthetic into

the hip joint?

Question 6  What is the prevalence of abnormal findings identified by magnetic
resonance imaging arthrograms in people with a painful hip and how accurately do
these findings predict a positive response to an intra-articular injection of anaesthetic

into the hip joint?
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1.3 Structure of the thesis

Chapter 1 has introduced the problem of hip joint pain and presented the specific
questions that this research addressed. Chapter 2 explores literature that has investigated
the sensory innervation of intra-articular hip joint structures. This provides an
understanding of which of these structures might be the source of hip pain. This chapter
also provides a general review of literature relevant to the processes involved in
diagnostic reasoning, the importance of diagnostic accuracy and measures of diagnostic
accuracy. Thereafter, the thesis is split into chapters that specifically address the
questions presented above. Each of these chapters begins with an overview and
background to the related research questions. This is followed by a review of literature

specific to those questions, to provide context and rationale for the study and it’s design.

The research itself had two key phases. Phase one (Chapters 3 and 4) used data
collected from a group of participants with both a painful hip and a non-painful
(normal) hip to examine various issues relevant to the application of physical tests to the
hip joint. In Chapter 3, the within-session (60 minutes apart) and between-session (2-6
days apart) reliability of reports of pain provocation and of ratings of pain intensity
experienced during the application of pain provocation tests was examined. The
prevalence of painful responses to these tests was also determined. This study was
essential given that changes in patient ratings of pain intensity following the
administration of a fluoroscopy-guided anaesthetic injection (FGAI) into the hip was
used as the reference standard in the subsequent diagnostic accuracy study. In Chapter
4, the intra-examiner reliability of measures of strength (peak force) and range of
movement (degrees) were examined. This chapter also included comparisons of mean
strength and mean range of movement between the participants’ symptomatic and
asymptomatic hips. This phase was an essential step in determining which tests were

appropriate to include in the second phase of this research.

Phase two (Chapters 5, 6 and 7) used data collected from a group of patients with a
painful hip who had been referred to a private radiology clinic by a medical specialist
(orthopaedic surgeon or sports physician) for an MRA (as part of the patient’s
diagnostic workup). Chapter 5 examined the diagnostic accuracy of information
gathered from the clinical examination of the hip by comparing those findings to the
patient’s response to a FGAI into the hip joint (the reference standard). Measures of
accuracy including sensitivity, specificity and likelihood ratios are reported for each

test. Data collected in this study was also be used to determine if any ‘cluster’ of
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findings (i.e. a ‘clinical prediction rule’) from the clinical examination could predict the
presence of hip joint pain better than findings from an individual test (Chapter 6). In
Chapter 7, the prevalence of the ‘abnormal’ findings identified via the MRA of the
patients included in the diagnostic accuracy study was determined and the presence of
abnormal findings was correlated with the anaesthetic response for each participant.

This enabled the diagnostic value of MRA findings to be determined.

1.4 Significance of the research

This research will have significance for patients with hip pain, for health professionals
who treat people with hip pain and for health care funders. Improved understandings in
regard to which elements of the clinical examination have diagnostic utility will enable
clinicians to have more confidence that they have identified the source of a patient’s
pain and subsequently in the management decisions that follow that diagnosis.
Identification of a clinical prediction rule that either ‘rules in’ or ‘rules out’ the presence
of intra-articular pathology is likely to lead to a more timely diagnosis and to decrease
the need for more costly and invasive medical procedures. With evidence that intra-
articular pathologies such as FAI and labral tears contribute to the early onset of more
serious pathologies (including chondral defects and osteoarthritis), any reduction in the
delay between patient presentation and diagnosis can only be beneficial. The period of
suffering for the patient and associated costs will be decreased and further deterioration

of the condition may well be prevented.
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Chapter 2 General Literature Review

2.1 Introduction

The objective of this chapter is to set the scene for the following studies by reviewing
literature relevant to the clinical diagnosis of hip pain. It is complimented by additional
reviews placed at the beginning of each subsequent chapter. These additional reviews
provide a more focused and relevant consideration of literature that is specific to the

study reported in that chapter.

This chapter begins a brief overview of the anatomy of the hip to provide context to a
review of literature that has investigated the nociceptive innervation of intra-articular
structures of the hip. The main study performed within this thesis explores the
diagnostic accuracy of the clinical examination of the hip in regard to the identification
of intra-articular pathology. In this study, people with unilateral hip pain will undergo a
physical examination that establishes the intensity of any pain provoked by the
application of physical tests. These tests will be repeated after the administration of a
fluoroscopy-guided anaesthetic injection into the joint space of the painful hip. A
significant reduction in pain intensity after this procedure will be used as the reference
standard. This is based on the assumption that such pain relief indicates that a
nociceptively innervated structure within the joint space has been anesthetised and that
it was likely to be the source of the patient’s pain. Similarly, the absence of a significant
reduction in pain intensity suggests that the pain originates from an extra-articular

structure of the hip, or perhaps is referred from another body site e.g. the lumbar spine.

Next, an overview of the ‘process’ of diagnosis and of diagnostic reasoning is presented
to give some insight into how diagnostic decisions are made. Contemporary literature
relevant to diagnostics is explored and discussed so that the studies undertaken within
this thesis can be viewed within the context of the diagnostic paradigm. The crucial role
that information collection and interpretation plays in the diagnostic process is

considered along with literature that describes the various measures of test accuracy.
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2.2 General search strategy

Key concepts were identified for each of the topics covered in this chapter (diagnostic
reasoning, diagnostic accuracy and nociceptive innervation of intra-articular structures
within the hip). Then a preliminary search was conducted, using the Auckland
University of Technology (AUT) library search engine and the World Wide Web via
Google, to generate an extensive list of keywords relevant to each concept. Using the
keywords generated, Boolean operators (AND/OR/NOT) and truncation, a general
literature search was performed via the following electronic databases: Allied and
Complementary Medicine Databases (AMED), Cumulative Index to Nursing and Allied
Health Literature (CINAHL), Medline (via PubMed and EBESCO), SCOPUS and
SPORT Discus (via EBESCO). The titles and abstracts were reviewed to identify and
select papers relevant to the specific topic. The reference lists of the papers selected
were screened to identify any other relevant papers and these were retrieved via
SCOPUS. Only papers written in English were included. Further detail regarding the
search strategy specific for each subsequent chapter of this thesis is presented at the

beginning of the relevant chapter.

2.3 Intra-articular hip joint pain

As this thesis focuses on intra-articular causes of hip joint pain and uses pain response
to a FGAI as the reference standard, it is important to review the current literature in
respect to the nociceptive innervation of intra-articular structures. The anaesthetic will
only affect nociceptively innervated structures contained within the hip joint space.
Whilst it is not the purpose of this thesis to identify precisely which structure is the
source of pain, knowledge of which structures have nociceptors will enable a better
understanding of how to interpret the anaesthetic response. Chapter 7 (page 204) reports
the findings identified by the magnetic resonance imaging arthrogram performed
immediately after the FGAL. In that chapter, associations between identified structural
abnormalities and anaesthetic response were explored. The current chapter provides

necessary detail that enables consideration of those findings.

The following review begins by discussing some of the broader issues surrounding
musculoskeletal pain including referred pain, neuropathic pain, central and peripheral
sensitisation. It is beyond the scope of this thesis to explore these issues in great depth

but an overview is warranted. Following this, a brief description of the anatomy of the
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hip is provided. Finally, an in-depth review of the current research into the nociceptive

innervation of intra-articular structures is presented.

2.3.1 Pain

Pain arising from nociceptively innervated somatic structures within the hip is
commonly felt in the groin, greater trochanter or ‘deep’ buttock region and may also be
referred to the thigh, lower leg and foot (Arnold, Keene, Blankenbaker, & DeSmet,
2011; Coomes, 1963; Lesher, Dreyfuss, Hager, Kaplan, & Furman, 2008).

It is clear that not all pain is nociceptive in nature and that neuropathic pain can result
from a lesion or disease affecting the somatosensory system (either centrally or in the
periphery) (Treede et al., 2008). A common manifestation of neuropathic pain is
increased sensitivity to sensory input such as pressure, light touch, warmth and cold.
Such sensitivity is known as central sensitisation and defined by Woolf (as cited in
Lluch, 2009) as “an amplification of neural signalling within the central nervous
system”. Whilst increased sensitivity may indicate neuropathic pain, it is also a part of
the ‘normal’ response to acute injury such as a sprained ankle. In this situation, local
inflammation causes peripheral sensitisation of nociceptive nerve endings in the region
of the damaged tissue as a part of a strategy designed to ensure that the tissue is
protected from further injury. Peripheral sensitisation secondary to acute injury should
not continue once the tissues damaged at the time of injury have repaired (Courtney,
Kavchak, Lowry, & O'Hearn, 2010). However, with chronic musculoskeletal
pathologies like osteoarthritis and chronic low back pain, persistent activity of
peripheral nociceptors (resulting from the on-going chemical or mechanical irritation)
causes sensitisation in the central nervous system (CNS), specifically the dorsal horn of
the spinal cord (Baron, Binder, & Wasner, 2010; Courtney et al., 2010; McDougall,
2006; Thakur, Dickenson, & Baron, 2014).

The presence of central sensitisation associated with symptomatic osteoarthritis of the
hip has been reported by a number of researchers (Gwilym et al., 2009; Kosek &
Ordeberg, 2000; Lluch, Torres, Nijs, & Van Oosterwijck, 2014; O'Driscoll & Jayson,
1974). Some studies have demonstrated that increased sensitivity seen in patients prior
to hip surgery was not present after surgery (Gwilym, Filippini, Douaud, Carr, &
Tracey, 2010; Kosek & Ordeberg, 2000; O'Driscoll & Jayson, 1974). On the basis of
this finding, Kosek & Ordeberg concluded that increase in pain sensitivity was due to

the continued nociceptive barrage arising from the damaged structures in the hip and
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was therefore not neuropathic pain. Gwilym and colleagues demonstrated that patients
with symptomatic hip OA had reduced total grey matter in the thalamus (an area of the
brain responsible for sensory-discriminative pain processing) compared to control
subjects, suggesting neuroplastic changes in the brain as a result of chronic pain
(Gwilym et al., 2010). These authors reported that the differences in volume of grey
matter were only seen preoperatively and were not present 9 months after surgery,
supporting the conclusions of Kosek & Ordeberg that the on-going nociceptive input
into the central nervous system was responsible for the observed differences. However,
the follow up period in both studies was several months after the surgery (9 months and
6-14 months respectively), a prolonged delay that would have allowed time for
neuroplastic changes in the CNS to reverse. This possibility makes it difficult to
determine if the on-going nociceptive barrage or neuroplastic changes in the CNS are
the cause of the sensitisation (Smith et al., 2014). Regardless, these studies suggest that
hypersensitivity is reversible in patients where the on-going nociceptive driver has been

removed surgically.

There is some evidence that despite the presence of central sensitisation, pain relief can
be achieved by blocking nociceptive input from damaged structures within a joint.
Siegenthaler et al. studied patients with unilateral cervical facet joint pain and
widespread hyperalgesia associated with central sensitisation and reported that a nerve
block (injection of a local anaesthetic into the nerves that supply the relevant joint)
completely eliminated the pain arising from that joint (Siegenthaler, Eichenberger,
Schmidlin, Arendt-Nielsen, & Curatolo, 2010). This is of particular relevance to this
thesis in that we used a positive anaesthetic response (>80% decrease in pain intensity
reported during the application of physical tests following an injection of anaesthetic
into the painful joint) as the reference standard for the diagnostic accuracy study (see
Chapter Seven). The presence of central sensitisation associated with damage to somatic
structures is likely to result in an increased pain response to the application of physical
tests, not only to the painful structure but also to surrounding structures (Siegenthaler et
al., 2010). Siegenthaler and colleagues tested pressure pain thresholds (in a manner
analogous to the application of passive accessory tests by a manual therapist) in patients
with pain arising from a cervical facet joint and reported that tenderness was not
localised to the affected joint but instead was widespread as a result of central

sensitisation. However, the elimination of pain following the nerve block indicates that
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the presence of central sensitisation does not hinder the effect of anaesthetic on

nociceptive pain arising from damaged tissue.

2.3.2 Anatomy

It is not necessary or appropriate to provide a detailed description of the anatomy of the
hip within this thesis however it is useful to define the boundaries of the intra-articular
space and its contents. This section of the literature review provides a brief overview of

the relevant anatomy.

The hip joint is a synovial joint comprised of the head of the femur and the acetabulum
of the pelvis. It has a strong capsule that extends from the rim of the acetabulum to the
neck of the femur. The capsule has a broad fibrous outer layer comprised primarily of
dense collagenous tissue. This layer is lined by a thinner layer of synovial tissue that
contains loose collagenous tissue, adipose tissue, a rich neurovascular network and
intercellular substance (Saxler, Loer, Skumavc, Pfortner, & Hanesch, 2007). Finally, a
very thin intimal layer sits on the surface of the synovial layer. Structures outside of the
capsule are considered extra-articular whilst those within the capsule, bathed in synovial

fluid, are considered intra-articular.

Within the capsule is the acetabular labrum, a triangular shaped fibrocartilagenous
structure. The labrum is attached securely at its base to the rim of the acetabulum,
except inferiorly where it is continuous with the transverse acetabular ligament that
spans the acetabular notch (Freehill & Safran, 2011; Grant, Sala, & Davidovitch, 2012).
Whilst in close contact with the capsule, the labrum is not attached to this structure and
is separated by a small cleft. This outer aspect of the labrum is designed to resist tension
and is comprised primarily of type I collagen fibres (Blankenbaker, De Smet, Keene, &
Fine, 2007; Grant et al., 2012). The articular side of the labrum blends with the

acetabular hyaline cartilage.

The strong ligamentum teres also sits within the hip joint space. It arises from the
transverse acetabular ligament and the acetabular articular pillars and inserts into the
anterosuperior aspect of the fovea capitis femoris (Cerezal et al., 2010). This ligament is
composed of types I, III, IV collagen and is taut with the hip in flexion and external
rotation (O'Donnell, Economopoulos, Singh, Bates, & Pritchard, 2014a; O'Donnell,
Pritchard, Salas, & Singh, 2014b). The ligament is covered first with a layer of
neurovascular and adipose tissue and then a layer of synovial membrane (Cerezal et al.,

2010).
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Finally, hyaline cartilage covers the head of the femur and the cup of the acetabulum.
The acetabular fossa itself does not take part in the articulation and does not have any
articular cartilage. Similarly, the region on the head of the femur where the ligamentum

teres inserts is devoid of cartilage.

2.3.3 Innervation of intra-articular structures of the hip

The capsule

Investigations of the macroscopic anatomy of the nerve supply to the hip joint have
demonstrated that the capsule is richly innervated (Kampa, Prasthofer, Lawrence-Watt,
& Pattison, 2007). A number of nerves contribute to this innervation including the
sciatic, obturator, femoral and superior gluteal nerves as well as the nerve to quadratus

femoris and in a some people, the accessory obturator nerve (Kampa et al., 2007).

Studies that have examined the microscopic innervation of the hip capsule show that it
contains both proprioceptive and pain related nerve endings (Gerhardt et al., 2012;
Haversath et al., 2013; Moraes et al., 2011). Haversath et al. (2013) examined capsular,
labral and ligamentum teres tissue harvested from 57 patients (mean age 55 years)
undergoing elective hip surgery for a variety of conditions including osteoarthritis,
avascular necrosis, FAI, developmental dysplasia and Legg-Calve-Perthes disease. In
this study, samples were examined immuno-histochemically with markers that indicate
nociceptive innervation (nociceptin and Substance P). Multiple slices of capsular tissue
were examined so that the nociceptive innervation of the complete anterolateral aspect
of the capsule could be determined. These authors reported that although the middle
third of the anterolateral aspect of the capsule (close to the labral-acetabular attachment)
was the most highly innervated region, the distribution of pain associated nerve fibres

was relatively homogenous throughout the capsule.

Gerhart et al. used a modified gold chloride staining technique and light microscopy to
identify and map the concentrations of neural receptors in specimens of capsular tissue
harvested from eight cadaveric hips (mean age 76.5 years). Five of the subjects had
“mild to moderate’ degenerative changes and three had ‘severe’ arthritic changes. These
authors identified a “moderate number” of pain fibres in both the anterior and supero-
lateral aspects of the capsule. However, they reported that there were not any in the

inferior or posterior capsule.
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Gold chloride staining and light microscopy were also used by Moraes et al. (2011) who
compared tissue samples removed during total arthroplasty from patients with advanced
OA of the hip (age 38-50 years) with samples removed from cadavers (age 21-50 years)
with no history or evidence of OA. These authors reported that although free nerve
endings (FNE) were identified in the capsule in both OA and non-OA subjects, the
density of these nerve endings in patients with OA was statistically significantly
reduced compared to that seen in the non-OA group. Whilst this may indicate a
difference between pathological and non-pathological joints, it could be associated with
differences in the age of the subjects between groups. Subsequent work by Haversath
and colleagues demonstrated that increasing age was associated with a slight decrease in
the population of pain related nerve fibres in the hip capsule (Haversath et al., 2013).
Although Moraes at al. did not report the mean age of their subjects, the age range
suggests that the mean age of those with OA was older than that of the non-OA group.

The synovium

Up until the late 80’s and early 90’s, there was considerable debate over the question as
to whether or not synovial tissue was innervated (Mapp, 1995). Whilst there is still
some conflicting evidence, both sympathetic and pain related nerve fibres have been
identified in synovial tissue (Mapp et al., 1990; Saxler et al., 2007; Shirai, Ohtori,
Kishida, Harada, & Moriya, 2009; Takeshita et al., 2012). Mapp et al. (1990) harvested
samples of synovial tissue from the fingers or knees in 5 cadavers with normal joints
(mean age 39.4 years) and 5 patients having knee joint replacement surgery for
treatment of rheumatoid arthritis (RA) (mean age 56.6 years). The presence of
immunoreactivity to protein gene product 9.5 (PGP 9.5), substance P (SP) and/or
calcitonin gene-related peptide (CGRP) was used to determine the innervation of the
synovium. PGP 9.5 is a marker of sensory nerve fibres, including small diameter fibres
responsible for transmitting pain (Karanth, Springall, Kuhn, Levene, & Polak, 1991),
and SP and CGRP are peptides that play an important role in pain perception as well as
the induction of neurogenic inflammation (Haversath et al., 2013; Takeshita et al.,
2012). Mapp and colleagues reported that normal synovium contained pain nerve fibres
throughout the full depth of the synovium, with some terminating in the intimal layer
and others extending to the boundary between the joint space and the intimal cell layer.
These authors also reported that whilst the deeper layers of rheumatoid synovium were

innervated, the density of innervation was greatly reduced compared to normal
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synovium. Interestingly, the superficial synovium of the rheumatoid patients was devoid

of free nerve endings as were any areas of the synovium that were intensely inflamed.

In respect to normal synovium, these findings are supported by those of Saxler et al.
(2007) who investigated 3 patients (aged 74 or 75 years) with painful hip osteoarthritis
and compared them to 3 patients (aged 52, 64 & 80 years) with femoral neck fractures
as controls. Immuno-histochemical methods were used to identify SP and CGRP nerve
fibres. Pain nerve fibres were identified, primarily in the sub-intimal part of the synovial
layer, in both the control patients and those with osteoarthritis. These authors reported
that the density of innervation was significantly higher in the patients with painful OA.
These findings are interesting when considered alongside those of Mapp et al. (1990)
who demonstrated a decrease in the density of innervation in patients with rheumatoid
arthritis. It is possible that these differences in innervation reflect the different joints

investigated between these studies, not just the different pathologies.

In contrast to both of these studies, Shirai et al. (2009), who investigated the innervation
of the synovium and labrum removed from 6 patients with OA, 3 patients with femoral
head osteonecrosis and one patient with a fractured neck of femur, reported that they
could not identify evidence of the presence of pain fibres in the normal synovium of the
patients with osteonecrosis. Similarly, following a large study that investigated the
inflamed synovial tissue removed during reconstructive surgery in 50 patients with
symptomatic osteoarthritis and the ‘normal’ synovium removed from 12 patients having
surgical repair after a fractured neck of femur, Takeshita et al. (2012) reported an
absence of pain fibres in normal synovium. In support of the work of Saxler and
colleagues, both Shirai et al. and Takeshita et al. reported evidence of pain innervation
in the inflamed synovium of patients with OA. Takeshita and co-workers also
performed histopathological analysis of the synovium to determine the degree of
synovitis present. They reported that patients with OA demonstrated low-grade
synovitis, consistent with degenerative synovitis as opposed to the high-grade synovitis
seen with rheumatoid arthritis. The hip fracture patients had no evidence of synovitis.
Based on these findings, these authors concluded that pain in the OA hip was associated
with invasion of blood vessels and nerve fibres secondary to the inflammation of

synovial tissue.

In conclusion, on the basis of the studies identified by the current search, it appears that

the evidence regarding nociceptive innervation in normal synovium is contradictory.
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Two small studies (Mapp et al., 1990; Saxler et al., 2007) report that normal synovium
is innervated throughout its entire depth, whilst two more recent (and larger) studies
(Shirai et al., 2009; Takeshita et al., 2012) reported an absence of such innervation.
However, there is a consensus of evidence that demonstrates that pain nerve endings are
present in the synovium of patients with symptomatic OA when there is an associated
low-grade inflammation. In contrast, the synovium of patients with the high-grade
synovitis associated with rheumatoid arthritis is not innervated, except for in its deepest

layers where it has a sparse population of pain fibres.

The labrum

Nociceptive and proprioceptive nerve fibres have also been identified within the labrum
(Haversath et al., 2013; Kim & Azuma, 1995; Shirai et al., 2009). Kim and Azuma
(1995) used light and electron microscopy to examine acetabular labral tissue removed
from 24 ‘fresh’ cadavers (mean age 64.8 years). These authors identified free nerve
endings in all specimens. These authors did not report whether or not the study
participants had a history of hip pain or any signs of pathology. However, given the
broad range of subjects, it seems likely that there was a mix of normal and abnormal

hips.

The previously mentioned study by Shirai et al. (2009), (see page 29 for detail) also
investigated the innervation of labral tissue. In this study, immunoreactive sensory
nerve fibres were identified in the labrum of patients with symptomatic OA, but only
when it was associated with hyperplastic synovial tissue. This led these authors to
suggest that the pain associated with OA of the hip joint was secondary to an infiltration
of sensory nerve fibres into the labrum secondary to chronic synovitis. These findings
contrast to those of Haversath et al. (2013) (see page 27 for study detail) who did not
see any significant difference in the distribution of FNE’s in the labrum despite the
inclusion of patients with several different pathologies including OA, avascular necrosis
and femoroacetabular impingement (FAI). Unfortunately, these authors did not report
the presence or absence of associated synovial hyperplasia or inflammation making it
difficult to confirm the findings of Shirai et al. Haversath and colleagues reported that
the nociceptive FNE’s were located predominantly at the base of the labrum (closest to
its acetabular attachment) and that the density of these pain-associated nerves decreased

closer to the periphery of the labrum.
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The ligamentum teres
The ligamentum teres (LT) has been shown to have pain nerve endings (Haversath et
al., 2013; Leunig, Beck, Stauffer, Hertel, & Ganz, 2000; Sarban, Baba, Kocabey,
Cengiz, & Isikan, 2007). Leunig and colleagues used light microscopy and immuno-
histochemical analysis to identify nociceptive fibres. Specimens were removed from 18
patients (median age 38) during hip joint surgery undertaken for a variety of reasons
including femoral neck fracture, acetabular fracture, AVN secondary to slipped capital
femoral epiphysis and Perthes disease. They reported the presence of Type [Va
(unmyelinated free nerve endings that convey information about pain and inflammation)
in all 18 subjects, regardless of the patient’s diagnosis. Whilst not specifically stated by
these researchers, it is likely that the LT tissue in several of the included patients was
‘normal’ tissue (e.g. those with femoral neck fracture) and that some was ‘abnormal’
tissue (e.g. those with Perthes Disease). If this is the case, this suggests that FNE are
present in both the normal and abnormal LT. Leunig et al. also reported that the density

of pain nerve endings was not significantly correlated with age.

Sarban et al. (2007) examined tissue from 21 children (mean age= 33.8 months,
undergoing open reduction for developmental dysplasia of the hip. Whilst they
identified free nerve endings in the majority of samples (58.8%), seven samples did not
contain these nerve endings. This contrasts with the previous work of Leunig et al. who
identified FNE’s in all of their subjects. Sarban and colleagues also compared patients
with partial versus full dislocation of the hip to see if the degree of tissue damage had
any influence on the density of FNE’s. They reported that there were not any
differences between these two groups, suggesting that severity of disease does not affect
the density of FNE’s. These authors also reported the absence of any correlation
between age and the density of FNE, supporting the earlier findings of Leunig et al.,
although the age range in this study was limited to 13 to 52 months compared to 9 to 94

years in the study by Leunig and colleagues.

One study (Maslon, Jozwiak, Pawlak, Modrzewski, & Grzegorzewski, 2011), has
investigated the innervation of the LT in 19 patients with cerebral palsy undergoing
open reduction of a dislocated hip. This study demonstrated a significant (p= 0.0001)
correlation between the density of pain nerve endings and the pain intensity reported by
the participants (preoperatively). Higher density of pain nerve endings was associated
with higher pain intensity. Similarly, the density increased in those with loss of cartilage

and this increase was more significant as the degree of cartilage damage increased.
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The most recent study (Haversath et al., 2013) identified in the current search was
described previously with respect to innervation of the capsule and labrum. These
authors also examined the LT and reported that pain nerve endings were present
throughout the LT. The highest concentration of pain nerve endings was seen in the
centre of the ligament, closely associated with the blood vessels. Density was lower at
both the acetabular and femoral ends of the ligament. All patients in this study were

undergoing surgery for painful hip pathology (including OA, AVN and FAI).

In summary, apart from Sarban et al., who reported the absence of pain nerve endings in
some of the young children having surgery for developmental dysplasia of the hip, there
is a consensus of evidence that supports the presence of pain nerve endings in the
ligamentum teres. Whilst this evidence suggests that the population of pain nerve
endings in this structure does not change as a result of aging, the population increases
when there is associated cartilage damage. Furthermore, increasing degrees of cartilage

damage appear to lead to higher concentrations of these nerve endings.

Articular cartilage and subchondral bone

No studies that have explored the innervation of articular cartilage in the hip joint were
identified in the current search. There appears to be a general consensus that normal
articular cartilage does not contain nerves, blood or lymph vessels (Maslon et al., 2011;
van Dijk, Reilingh, Zengerink, & van Bergen, 2010). There is some evidence that there
are sensory nerve endings in the deepest layer of articular cartilage but there is little to
suggest that these fibres come into contact with chondrocytes in the growth plate or
outer layers of the cartilage in humans (Gréssel, 2014). However, there is some
evidence that damaged articular cartilage can contain both blood and neural tissue
(Ogino et al., 2009; Suri et al., 2007; Szadek, Hoogland, Zuurmond, De Lange, &
Perez, 2010). The earliest of these studies (Suri et al., 2007) identified pain nerve fibres
associated with blood vessel ingrowth into the articular cartilage from the underlying
subchondral bone. Participants in this study were primarily patients undergoing total
knee joint replacement as a treatment for symptomatic OA. Nerve fibres
immunoreactive to PGP 9.5, SP and CGRP were observed at the osteo-chondral
junction as well as within marrow cavities of osteophytes and within the subchondral
bone marrow. Suri and colleagues also reported that these findings were seen across
patients with a wide range of severity of OA, not just in the end-stage patients. Ogino et
al. investigated the innervation of sub-chondral bone in 15 patients undergoing total

knee arthroplasty (TLA) for severe medial compartment OA. These authors compared
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sections from the affected medial component to sections from the normal lateral
compartment from the same patient. Ogino et al. reported the presence of substance P,
Cox-2, TNF-a and TUJ1 in the subchondral plate of the affected compartment but no

evidence of innervation of the subchondral bone in the normal compartment.

Szadek et al. (2010) investigated the innervation of articular cartilage of the sacroiliac
joint in 10 human cadavers (mean age 69.8) using immunoreactivity to substance P and
CGREP as indicators of nociceptive innervation. These authors reported
immunoreactivity to both SP and CGRP in the superficial layer of both the sacral and
iliac cartilage in nine of the 10 cadavers. The authors noted the presence of degenerative
changes of the articular cartilage and commented that the immunoreactivity that they
observed might represent extracellular deposits of SP and CGRP secondary to this
degeneration. Unfortunately, it could not be established if the patients had any history
of symptoms related to the SIJ that might suggest that these changes were relevant.

Sensory nerves were not identified in subchondral bone.

It is difficult to compare the findings of Szadek et al. to the two previous studies given
that they were conducted in patients with OA severe enough to warrant total knee joint
replacement whereas Szadek and colleagues investigated the sacroiliac joints of
cadavers that may well have been asymptomatic. However, all of these studies point
towards the fact that articular cartilage in joints with degenerative changes may well be
innervated by pain nerve endings. These findings may not be relevant to hip articular

cartilage.

2.3.4 Review Summary

This literature provides evidence that the capsule, the synovium, the labrum, the
ligamentum teres and articular cartilage may contribute to pain arising from within the
hip. Whilst the capsule is richly innervated, particularly in its anterolateral aspect, the
population of nerve endings appears to reduce in the presence of symptomatic OA. One
small study, performed on elderly cadavers, has reported that the inferior or posterior
capsule is not innervated. The evidence regarding innervation of the normal synovium is
conflicting. However, most authors have reported innervation of the synovium in the

presence of inflammation secondary to OA.

Sensory nerve fibres are present in the labrum, with a higher density at the base than the
periphery. Some evidence exists to suggest that this innervation is associated with

hyperplastic synovial tissue in patients with symptomatic OA. Similarly, the
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ligamentum teres is normally innervated. Interestingly, the density of pain nerve
endings in this ligament appears to be higher in patients with higher pain. There is some
contradictory evidence regarding a correlation between the severity of associated
cartilage damage and the density of pain nerve endings. Normal articular cartilage is not
innervated although some research has demonstrated that it may contain sensory nerves

in people with osteoarthritic joints secondary to vascular ingrowth.

2.4 The diagnostic process

The process of collecting information from the history and clinical examination in an
attempt to determine the cause of a patients symptoms and signs has long been the
mainstay of medical practice. The word diagnosis is derived from the Latin word
diagignoskein meaning “to distinguish”. Diagignoskein is derived from the Greek
words dia meaning “apart” and gignoskein meaning “to learn” or “to know” (Harper,
2015). Whilst the making of a diagnosis was clearly a part of the process in managing
patients in the ancient Greek schools of medicine at the time of Hippocrates (¢ 460-370
BC), there is evidence that the Egyptian physician Imhotep (¢ 3000-2500 BC) made a
diagnosis (that defined both the treatment and prognosis of a patient) on the basis of
information collected from the history and objective examination (Brandt-Rauf &

Brandt-Rauf, 1987).

There has been a considerable amount of research and debate about the cognitive
processes involved in diagnostic reasoning in clinical medicine over the last 40 years
(Elstein, 2009; Elstein & Schwarz, 2002; Monteiro & Norman, 2013). Research has
been dominated by consideration of two key theories i.e. hypothetico-deductive
reasoning and pattern recognition. The ‘hypothetico-deductive’ theory, the earliest
model of reasoning, is based upon the formulation of hypotheses (with an order of most
to least likely), testing of these hypotheses (via examination of data collected from the
patient examination) and subsequent modification or re-ranking of the hypotheses until
the clinician is confident that the most likely cause of the patients problem has been
identified. Data collection is guided by the initial hypotheses and modification and re-
ranking occurs when additional findings either support or place in doubt the primary
hypothesis. This process is analytical and time consuming. It is based on the Bayesian
method of considering the probability of a particular diagnosis being present (based on
the clinicians own experience or perhaps by published evidence) prior to the collection
of new data (e.g. results of a diagnostic test or the patient’s answer to a new question

from the clinician) and then again after consideration of that new data.
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In this model, poor initial hypothesis generation (e.g. clinicians with an inadequate
knowledge base or experience), inappropriate data collection (e.g. using a test that is
unreliable or not valid) and/or misinterpretation of the data collected (e.g. inaccurate
reading/measurement, misunderstanding between patient and clinician) can have a
significant effect on the diagnostic decision (Elstein & Schwarz, 2002). Apart from this
type of error, the method is also subject to a number of other factors that can
significantly influence decision-making including fatigue, inattentiveness, distraction
and cognitive overload. Research in this area has demonstrated that both novices and
experts use hypothesis testing and that it appears that it is the depth of knowledge of the
clinician that is the primary determinant of a successful outcome (correct diagnosis)
rather than the process of generating and testing of hypotheses (Elstein, 2009; Elstein &
Schwarz, 2002; McLaughlin, Eva, & Norman, 2014).

In contrast to the hypothetico-deductive model, the pattern-recognition model is
intuitive and rapid. In this model, it is proposed that experienced clinicians recognise
overall patterns in patient presentation almost instinctively. The clinician employs
mental shortcuts (aka heuristics) such as ‘common sense’, ‘rules of thumb’ or ‘I’ve seen
this before’ to make an ‘educated guess’ at the diagnosis. In this model, diagnostic
accuracy is dependent on the clinician’s knowledge base rather than the process of
decision-making (Croskerry, 2009; Elstein, 2009; Elstein & Schwarz, 2002). There is
evidence that ‘Experts’ often forgo explicit hypothesis testing having faith that their
extensive experience and mastery of the knowledge base can be relied upon (Norman,
Coblentz, Brooks, & Babcook, 1992). This method of decision-making is consequently
dependent on the depth and breadth of the clinicians knowledge base and their ability to
be able to retrieve, from their memory, ‘packages of information’ that represent an
accurate clinical diagnosis. Whilst more clinical experience provides more opportunity
to recognise and learn different patterns of symptoms and signs (representing unique
diagnostic categories), it does not ensure success in the diagnostic process. Heuristics
are subject to various cognitive biases including framing, anchoring, overconfidence
and omission (Croskerry, Singhal, & Mamede, 2013a). A lack of awareness that these
biases are likely to be present, or a lack of a willingness to institute strategies to address
such biases, is likely to have an adverse affect on the reasoning process and ultimately
the conclusions made by the clinician (Croskerry, Singhal, & Mamede, 2013b; Elstein,
2009).
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Dual-process theory proposes that the hypothetical-deductive and pattern
recognition/intuitive models of diagnostic reasoning are not necessarily dichotomous
but instead that they sit along a continuum (Croskerry, 2009; Monteiro & Norman,
2013). Croskerry proposed a model of diagnostic reasoning, based on dual-process
theory, that provides a framework that helps explain the interactions between the
intuitive approach, which he calls ‘System 1’ processes and analytical approach
(‘System 2’) (Croskerry, 2009). Whilst dual processing models appear to dominate
current research in this area, it is important to note that there are numerous variations of
this basic theory. No one universal model has been agreed upon, primarily because none
has been identified that explain all of the characteristics of diagnostic decision making
that have been observed amongst clinicians with various levels of experience and/or

across various clinical situations (Monteiro & Norman, 2013).

What does seem to be a consistent observation in this literature is that the content
knowledge of clinicians is a key factor in their ability to make accurate clinical
diagnoses (Elstein, 2009; McLaughlin et al., 2014; Monteiro & Norman, 2013).
Whether it be knowledge gained through clinical experience (and reflection), through
implicit learning (case studies, course, conferences) or study of research evidence, and
regardless of whether it be knowledge that feeds the intuitive or analytical systems of
reasoning, the larger the knowledge base, the more likely an accurate diagnostic

decision will be made.

The obvious corollary of this understanding is that this content knowledge needs to be
sound. Decisions made on the basis of incorrect information are less likely to lead to
accurate diagnoses and consequently may lead to ineffective, or even inappropriate,
treatment. Gawande (as cited in Croskerry, 2009) reported that autopsy findings
demonstrate that as many as 40% of diagnoses made when the patient was alive are
incorrect and frighteningly, that if a correct diagnosis had been made (and appropriate

treatment administered), then one third of patients being autopsied would not have died.

Whilst the consequences of poor diagnostic decision making in regard to the
management of hip pain are unlikely to lead to death, serious consequences may result
from a failure to identify pathologies such as infection, osteonecrosis or a slipped upper
femoral epiphysis (Assouline-Dayan, Chang, Greenspan, Shoenfeld, & Gershwin, 2002;
Maj, Gombar, & Morrison, 2013). Even with more benign causes of hip pain such as

femoroacetabular impingement (FAI), there is evidence that delayed treatment
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secondary to lack of an early accurate diagnosis may lead to long term consequences
(Ganz et al., 2008; Leunig, Beaule, & Ganz, 2009). Similarly, ‘over-diagnosis’ resulting
from inappropriate testing or over-emphasis on some test findings can have significant

effects on management and outcomes (Deyo, 2013; Larson et al., 2015; Tang, 2007).

Information collected from history and physical examination provide the basis for the
making of a diagnosis (Feddock, 2007; Hampton, Harrison, Mitchell, Prichard, &
Seymour, 1975; Peterson et al., 1992; Woolf, 2003). Rather than make a decision on the
basis of just one finding, clinicians consider the overall pattern or ‘picture’ of the patient
before them (Feddock, 2007). However, information collected during the diagnostic
process influences subsequent diagnostic decisions. In theory, each test finding should
increase or decrease the probability of a given diagnosis being present (Jaeschke et al.,
1994a). However, if data collected early during the assessment is inaccurate or
misleading, subsequent assessment may be inappropriately focussed. Consequently, the
accuracy of such information is imperative. As few tests are 100% accurate, knowledge
of the level of accuracy of individual findings from the clinical examination of a patient

allows the clinician to consider the value of that finding for that patient.

Whilst a number of researchers have explored the reliability and diagnostic accuracy of
data collected from both the history and clinical examination of patients with hip pain of
musculoskeletal origin, most commentators agree that there is insufficient, high quality
evidence to support the use of the majority of tests currently utilised in this area of
practice (see Chapter 5 for an in-depth review of this literature) (Burgess et al., 2011;
Leibold et al., 2008; Rahman et al., 2013; Reiman et al., 2014a; Reiman et al., 2013;
Tijssen et al., 2012).

2.5 Performance characteristics of tests

A reliable test will give consistent results with repeated measures. It will have only
small errors in measurement and hence will allow the clinician to use information
gained from that test with confidence (Haas, 1991; Jensen, Wang, Potts, & Gould,
2012). Whilst it is essential for diagnostic tests to be reliable, they must also be valid
(Delitto & Snyder-Mackler, 1995). A valid test will accurately measure what it is
supposed to measure. The diagnostic accuracy of a test is a measure of how valid that
particular test is at correctly identifying or ruling out a specific pathology. If the
reliability and accuracy of the test is unknown, then diagnostic and management

decisions may well be based on incorrect information.
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There are a number of metrics that are used to describe diagnostic accuracy. The
following review provides an overview of those most commonly used. It describes the
different aspects of accuracy that each metric reflects alongside a discussion regarding
its key strengths and weaknesses. This will provide an understanding that will enable
the most appropriate decisions to be made in regard to which test to employ given the
circumstances and intent of its use (e.g. to identify or to screen out a specific
pathology). This has particular relevance to the diagnostic accuracy study performed in
Chapter 5. More focused reviews of the literature concerning the reliability of measures
of pain, strength and ROM and of the diagnostic accuracy of physical tests for the hip

joint are presented in subsequent chapters of this thesis.

2.5.1 Sensitivity and specificity

Perhaps the two most commonly reported measures of test accuracy are sensitivity and
specificity. These measures provide detail about the likelihood that a fest finding will be
accurate. A sensitive test will be positive in people known to have the condition of
interest and a specific test will be negative in those known not to have the condition.
The level of sensitivity is determined by calculating the proportion of patients with the
disease in whom the test is positive. Similarly, the level of specificity is determined by

calculating the proportion of patients without the condition in whom the test is negative.

A test that is always positive in people with a particular condition is 100% sensitive.
With such a test, a negative result can be relied upon to ‘rule out’ that condition, given
that there will not be any false negatives with this test. Similarly, a test that is always
negative in people without the condition is 100% specific. With this test, there will
never be any false positives, enabling the clinician to ‘rule in’ the condition in the event
of a positive test result. Sackett (1992) proposed the use of the mnemonics SnNout
(where Sensitivity is high and the test result is Negative, rule the condition ouf) and
SpPin (where Specificity is high and the test result is Positive, rule the condition in).
However, few tests are 100% accurate and the possibility of false test results is usually
present. Pewsner et al. (2004, p. 212) cautioned “...the power to rule a disease in or out
is eroded when highly specific tests are not sufficiently sensitive, or highly sensitive

tests are not sufficiently specific”.

Knowledge of the level of sensitivity and specificity of a test gives an estimate of the
likelihood that the test result will be a true reflection of the status of the condition e.g.

with a sensitivity of 80%, there is an 80% probability that the test will be positive in
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someone with the condition and a probability of 20% that the test will be a false
negative (Griner, Mayewski, Mushlin, & Greenland, 1981). There is no apparent
consensus as to what level of sensitivity or specificity is acceptable for clinical use, in
part because such levels are likely to change depending on the severity of the
consequences of making the wrong diagnostic decision (Griner et al., 1981; Haneline,
2007; Sackett, 1992). For example, a sensitivity of 80% is probably acceptable for a test
that is being used to rule out a gluteal tendinopathy, whereas this level of sensitivity
might be considered inappropriate to rule out a slipped upper femoral epiphysis ina 13

year old with a painful hip.

Whilst an understanding of the probability of a true or false test result is useful, this
does little to inform the clinician about the probability of the condition of interest being
present (Aliu & Chung, 2012; Griner et al., 1981). In the clinical situation, the status of
the condition is not known. During the diagnostic process, the clinician is trying to
determine which condition is most likely to be causing the patient’s symptoms/signs.
Instead of asking what is the likelihood of a test result being accurate, the clinician
wants to know what is the probability that a condition is present given the results of

particular test.

2.5.2 Predictive values

This question is answered, to a degree, by calculating the predictive value of the test.
The positive predictive value (PPV) is the proportion of people who test positive that
have the condition (i.e. true positives) and represents the probability that the condition
will be present (Griner et al., 1981). Conversely, the negative predictive value (NPV) is
the proportion of people who test negative that do not have the disorder (true negatives)
and represents the probability of the condition being absent. A PPV of 75% informs the
clinician that, in the event of a positive test finding, there is a 75% probability that the
condition will be present. Similarly, with a NPV of say 95%, there is a 95% probability

that the condition will be absent when that test is negative.

A limitation regarding the use of predictive values, compared to sensitivity and
specificity, is that they are influenced by the prevalence of the condition in the cohort of
patients in which tests are being used or evaluated (Sackett, 1992). The prevalence of a
condition will vary depending on a number of factors including, but not limited to, the
age of participants (e.g. degenerative conditions are more likely with increasing age),

the reference standard used to determine the presence of the condition (e.g. labral tears
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identified at surgery versus MRA or MRI), the definition of a positive index test (e.g.
reproduction of pain versus loss of ROM) and the definition of a positive reference test

(e.g. a 50% reduction in pain after an intra-articular anaesthetic injection compared to a

80% reduction) (Griner et al., 1981).

As an example, the FABER test was investigated by Maslowski et al. (2010) in 50
patients, aged between 22 and 76 years (mean 60 years), who had an intra-articular
anaesthetic injection of their hip as the reference standard. Twenty-six patients reported
at least an 80% reduction in pain intensity after this procedure and were considered to
have symptomatic intra-articular pathology. These authors reported that the FABER test
had sensitivity of 81% (95% CI 58-95) and specificity of 25% (95% CI 8-50). Based on
the response to the anaesthetic injection, the prevalence of the condition of interest in
this study was 52%. The PPV was reported as 54% (95% CI 35-72) and the NPV as
55% (95% CI 20-86). Other authors (Martin et al., 2008) have used a 50% reduction in
pain intensity as the reference standard. If Maslowski et al. had used a 50% cut-off
point, the prevalence of intra-articular pathology in their study would have increased to
70%. Sensitivity and specificity would have remained similar, at 80% and 26%
respectively. However, the PPV would have increased to 71% and the NPV would have
dropped to 36%. Conversely, if a 100% reduction in pain intensity after the anaesthetic
had been considered as the reference standard, the prevalence of intra-articular
pathology would decrease to 30%, sensitivity would increase slightly to 87%,
specificity would stay at 26%, but the PPV would drop to 33% and the NPV would rise
to 81%.

For predictive values reported for a given test to be useful in another setting, users of
the test need to ensure that the prevalence of the condition of interest in the new setting
is similar to that in the study in which the test was evaluated. Fortunately, this is not an
onerous or additional task in that the rationale for applying any test should only be to
confirm or deny the presence of a condition that is likely to be present. Thus, the
clinician already has a suspicion that the condition is present, based on the patient
characteristics, history, symptoms and signs. This is discussed in more detail in regard

to likelihood ratios.

2.5.3 Likelihood ratios

Likelihood ratios (LRs) are an alternative measure of test accuracy that provide a

number of advantages over sensitivity, specificity and predictive values. Likelihood
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ratios combine the information contained in both sensitivity and specificity and express
the odds of a given test result occurring in a patient with the condition of interest
compared to without that condition (Davidson, 2002; Sackett, 1992). Both positive and
negative likelihood ratios are often reported in diagnostic accuracy studies. Positive LRs
(LR+) reflect the change in odds of a condition being present based on a positive test
result whereas a negative LR (LR-) reflects the change in odds that the condition will be
present when that test result is negative (Aliu & Chung, 2012). Sackett (1992, p. 2643)
argues that LRs are “much faster and more powerful than the sensitivity and specificity
approach”. Unlike predictive values, LRs are not influenced by prevalence (Denegar &

Fraser, 2006; Simel, Samsa, & Matchar, 1991).

LR’s are relatively easy to interpret. LR’s greater than 1.0 indicate that the probability
of a specific condition being present has increased as a result of that test finding. The
larger this value, the more probable (higher odds) that the condition will be present. For
example, a LR of 15 reflects that a positive test result is 15 times as likely to occur in a
patient with the condition than in one without that condition (Jaeschke et al., 1994a;
Sackett, 1992). LR’s less than 1 indicate that, in the event of a negative test result, the
probability of the condition of interest being present has decreased. The smaller the
negative value, the smaller the probability (lower odds) that the condition will be
present and the more useful a negative test result is for helping to rule out that condition
(Sackett, 1992). LR’s of 1 indicate that the pre-test and post-test probability of the
presence of a specific condition is exactly the same after the test as it was before the test

1.e. the test has no diagnostic value.

As discussed with predictive values, levels of accuracy for a given test can change
depending on the circumstances in which they are used. For predictive values, the
prevalence of the condition of interest is a significant factor. The severity of the
condition in the cohort in which a test is being utilised is another factor that will
influence test accuracy (Jaeschke et al., 1994a; Pewsner et al., 2004). The more severe
the condition, the more sensitive a test is likely to be. With an increase in sensitivity,
both positive and negative LRs shift further from the value of 1 reflecting an
improvement in the ability of the test to distinguish between those with and those
without the condition. Hence, tests evaluated in patients that have undergone surgery
(suggesting that they have a condition severe enough to warrant surgical intervention)
will demonstrate better accuracy than those evaluated in a primary health care setting.

Expecting the levels of accuracy across these two settings to be the same is unrealistic.



42
Bearing this in mind, an advantage of LRs is that they provide a means to quantify the
actual odds of a condition being present, as opposed to the probability of a positive or
negative test result occurring in someone with the condition (Jaeschke et al., 1994a). To
do this, the clinician must first make an estimate of the probability of the condition
being present in the patient before they apply the test. Such an estimate may be based on
evidence from the literature regarding the prevalence of that condition in specific
populations, or, more commonly, based on the clinician’s clinical experience. For
example, an experienced clinician might estimate that the likelihood that a female, aged
18 years, who injured her knee playing netball (by landing suddenly in a manner that
forced knee hyper-extension with internal rotation) and who reported immediate pain
and significant swelling, has an 80% chance of having damaged her anterior cruciate
ligament (ACL). Next, this pre-test probability is converted into pre-test odds (using the
formula odds = probability/(1-probability). In this example, the pre-test odds is 4,
meaning that the netballer is 4 times more likely to have damaged her ACL than

someone without this history.

Based on this evidence, it would be appropriate for the clinician to investigate the
integrity of the ACL using a test with a high level of diagnostic accuracy. One such test
is the prone Lachman test, which has a positive likelihood ratio of 20 (Mulligan,
Harwell, & Robertson, 2011). In the event of a positive test, the post-test odds of an
ACL injury is calculated by multiplying the pre-test odds by the positive LR. Using the
current example, the odds of this netballer having an ACL injury has now risen to 80%
(4 x 20). Finally, the post-test odds is converted back to probability (post-test odds =
post-test odds/(post-test odds + 1). In the current example, the probability of an ACL
tear has increased to 99% as a result of this positive test finding. Whilst this process is
cumbersome, post-test probabilities can be obtained easily through the use of
nomogram proposed by Fagan (Fagan, 1975), provided the LR of the test is known and

the clinician has estimated the pre-test probability of the condition being present.

Another advantage of LRs is that they provide a means to consider the multiplicative
effect of more than one test result in that the post-test probability of a condition being
present after one test becomes the pre-test probability for the subsequent test. Each item
of history & physical examination can be considered a diagnostic test in its own right
and can either increase or decrease the probability of the condition of interest being
present (Jaeschke et al., 1994a). However, this is only the case when there is not too

close a relationship between the included tests, i.e. each test needs to provide
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information that is distinctly different and ‘independent’ (Jaeschke et al., 1994a;

Sackett, 1992).

2.5.4 Overall accuracy

Each of the abovementioned metrics provides different and specific information
regarding the diagnostic accuracy of a given test. Where these values are known and the
purpose of further testing is clear (e.g. a highly sensitive test is needed to rule out a
competing diagnosis), it is often not difficult for clinicians to select the most appropriate
test to use. However, sometimes the relative merits of one test over another are not so
obvious and it would be useful if there were a single indicator that provided an overall
measure of the accuracy of a test to guide test selection. A number of statistics have
been proposed as a way of summarising test performance, the most common of which

are discussed below.

Youden index

The Youden index (Y]) is calculated by subtracting 1 from the sum of sensitivity and
specificity) and represents the total correctly classified rate (Youden, 1950). A value of
1 indicates that there are no false positives or false negatives A value of 0 indicates that
the same proportion of positive test results was seen in people with and those without
the condition i.e. the test has no discriminatory power. The major disadvantage with this
index is that two tests can have the same Y1 despite having very different sensitivity and
specificity. Consequently, it should always be considered in conjunction with these

other metrics.

Accuracy index

Another statistic used to give an indication of overall test performance is the ‘accuracy
index’ (aka ‘accuracy’). The accuracy index (Al) is simply the percentage of individuals
tested with correct results (true positives and true negatives). Aliu and Chung (2012)
suggest that this measure is not particularly useful in that it does not distinguish false
positives from false negatives, a distinction that has importance clinically. When
sensitivity and specificity are not equal, the Al is affected by the prevalence of the
target condition in the cohort in which the test is being examined (Glas, Lijmer, Prins,
Bonsel, & Bossuyt, 2003). Thus, the reported Al of a given test may not reflect how that

test will perform under different circumstances.
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Diagnostic odds ratio
A third alternative for giving an indication of the overall performance of a specific test
is the diagnostic odds ratio (DOR). The DOR is the ratio of the odds of positivity in
people with the condition to the odds of positivity in those without the condition (Glas
et al., 2003). Thus, the DOR 1is a measure of strength of the association between the test
finding and the condition. It is not affected by prevalence of the condition of interest.
Whilst there are a number of ways to calculate the DOR, perhaps the most simple
means is to divide the LR+ by the LR- (Glas et al., 2003). A test with a DOR of 1 has
no discriminatory power i.e. it will not be able to distinguish people with a condition
from those without that condition. As test performance improves, the DOR value
increases (with no upper limit). A major advantage of the DOR is that it is easy to
interpret e.g. for a test with a DOR of 52, the odds of a positive test result in someone
with the condition of interest is 52 times higher than the odds of a positive test in
someone without that disorder. Thus, comparison of the overall diagnostic strength of

two or more tests is simple.

As LRs are derived from sensitivity and specificity, the information contained in these
metrics is incorporated into the DOR. However, like the Youden index, two tests with
the same DOR may have very different sensitivity and specificity. Hence, in a clinical
situation where it is important to know the error rates, sensitivity and specificity would
still be the metric of choice. For example, if screening to rule out a serious condition
(say avascular necrosis or infection), knowledge of the likelihood of a false negative
result associated with a test is crucial and would require the clinician to consider the test
sensitivity. As with all other measures of test performance, the DOR is affected by the
severity of the condition and the criteria for defining a positive test results (both index

and reference tests).

Glas et al. (2003) argue that the DOR is a measure worth utilising when the combined
diagnostic value of a number of test findings is being explored such as when using
logistic regression analysis to construct clinical prediction rules (CPR). This type of
statistical analysis determines the degree of accuracy of various combinations of test
findings, taking into account any interactive effects of one test result on another (Guyatt
et al., 1995). The DOR for various combinations of test findings can be compared to

help identify the CPR that has the optimum clinical utility.
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Receiver operator characteristic curves
Range of movement, muscle strength and participant age are examples of information
gathered from the history or clinical examination that have a continuous rather than a
dichotomous outcome. When these findings are compared to a reference standard, the
cut-off point selected to represent a positive test, will to a large degree, determine the
level of accuracy for that test. Receiver operator characteristic (ROC) curves provide a
way of comparing sensitivity and specificity at any cut-off point. They are constructed
by plotting the true positive rate (sensitivity) of the test against the false positive rate (1-
specificity) for that test at each cut-off point (Hagen, 1995). This produces a visual
representation of the trade off between sensitivity and specificity depending on the cut-

off point selected.

The area under the resulting ‘curve’ on this graph is another measure that represents the
overall performance of a test. It can be interpreted as the average sensitivity over the
entire range of specificities or vice versa (Eng, 2005). A test that has 100% sensitivity
and specificity will have an area under the curve (AUC) of 1. A test that has no
diagnostic value would have an AUC of 0.5 and the ‘curve’ on the graph would in fact
be a straight line running diagonally from the bottom left to the top right of the graph.
AUC values less than 0.5 do not necessarily mean that the test has no diagnostic value.
In fact, the closer the value approximates zero, the more test accuracy improves
provided that the test result is inverted. For example, it might be expected that age over
50 would be a predictor of hip osteoarthritis. If this association is explored in a
diagnostic accuracy study and the AUC for this age at this cut-off point is very low (say
0.12), this indicates that age over 50 is a poor predictor of OA. However, such a small

AUC indicates that age under 50 is in fact a good predictor of hip OA.

An advantage of ROC analysis is that if gives an opportunity to consider the test
accuracy over all possible cut-off points and prevents the potential loss of information
that might result if just one, predetermined, point is used to define a positive test. Cut-
off points can be selected to suit the intended use of the test, for example, if high
sensitivity is required so that a test can be used to rule out a specific condition, the point
closest to the upper right portion of the curve should be selected (Griner et al., 1981;
Hagen, 1995). False positives are of concern with a test that is used to identify a
condition that might require a subsequent invasive procedure (e.g. surgery) (Hagen,

1995). In this case a cut-off point closest to the lower left portion of the ROC curve will
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minimise the number of false positives and therefore the risk associated with exposure

to such procedures.

2.5.5 Review Summary

There is usually a degree of uncertainty during the diagnostic decision making process.
Whilst numerous indicators of test performance are available, none provide a stand-
alone measure that allows the user of a diagnostic test to attain a complete picture of the
degree of uncertainty associated with the use of that test. Indeed, many of the metrics
used can be misleading given the fact that most are influenced by characteristics of the
population of interest as well as the methods employed in the studies that have
evaluated the test performance. Recognition of this factor is crucial to understanding
diagnostics and the appropriate selection of clinical tests and the interpretation of their

findings.

Ideally, clinicians should consider the similarities between the patient to whom they
intend applying a given test and those included in the study that evaluated that test.
Tests need to be performed and interpreted in the same manner, in a patient that has
similar characteristics and a similar stage of disease as those in the diagnostic accuracy

study. To quote Jaeschke et al. (1994a):

If you practice in a setting similar to that of the investigation and your
patient meets all of the study inclusion criteria and does not violate
any of the exclusion criteria, you can be confident that the results are
applicable. If not, a judgement is required. (p. 706)

Given a situation where the clinician decides that there is sufficient similarity to justify
the use of a test, the findings of the test are best interpreted with a combination of test
metrics. Ruling in or out a condition on the basis of one test could be considered
inappropriate. Doing so on the basis of one measure of accuracy of a single test might

be considered foolhardy.

Studies that investigate the diagnostic accuracy of tests should be designed in a manner
that optimises the generalisability of their findings. The tests being evaluated should
have proven reliability and researchers should provide a detailed description of how to
perform and interpret each test. This will enable others to replicate the test and to have
confidence that they will make the same decisions regarding the findings of that test.
Diagnostic tests should only be used in clinical practice when there is a sufficient

degree of suspicion that a given condition is likely to be present. Hence a broad
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spectrum of participants should be included in diagnostic accuracy studies so that it is
representative of the population of patients to which the test is most likely to be used in
clinical practice. Study participants should have symptoms and/or signs that suggest the
presence of the condition of interest. The stage and severity of the condition of interest
should be as wide as possible i.e. not just end stage disease that is easily identifiable.
Finally, researchers should report study findings using a wide range of test metrics so
that clinicians can get a more complete understanding of the tests diagnostic utility.
Preferably, raw data (the number of true and false positives and negatives) should be

reported so that users of the research can do their own analysis of test performance.

2.6 Chapter summary

This chapter has discussed key issues relevant to the diagnosis of intra-articular
pathology of the hip joint. It has provided an up-to-date review of the sensory
innervation of the intra-articular structures of the hip joint space. It is clear from this
evidence that all intra-articular structures are capable of causing pain. This is
particularly likely in joints with pathological changes that alter the innervation of tissue
e.g. osteoarthritis leading to innervation of articular cartilage (which is not innervated in
its normal state) and to an increase in density of nerve endings and fibres in the
synovium and labrum. This information will enable both clinicians and researchers to

interpret responses to intra-articular injections of anaesthetic.

The chapter also considered the process of diagnosis and demonstrated that this process
is essentially one based on probability where, given the patients presenting symptoms
and signs, the clinician must first estimate the probability of the presence of the various
conditions capable of causing the patient’s problem. Based on these estimates, further
evidence that either strengthens the probability of the presence of the most likely
diagnosis, or decreases the probability of the presence of a competing diagnosis is
obtained and considered. Hence, the collection and correct interpretation of additional
evidence from the clinical examination is crucial. The choice of test to employ and how
to interpret the findings of that test should only be made on the basis of the test metrics.

This provides the rationale for performing studies of diagnostic accuracy.
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Chapter 3 Pain Provocation and Pain Intensity During the
Application of Physical Tests

This Chapter relates specifically to Question 1 of this thesis:

What is the within and between-session intra-examiner reliability of pain provocation
and of reports of pain intensity during the application of physical tests to the

symptomatic and the asymptomatic hip in people with unilateral hip pain?

3.1 Introduction and background

Pain felt in the groin, thigh and/or buttock might originate from the hip joint or the soft
tissue structures surrounding the hip. Alternatively, it may be referred from the lumbar
spine or sacroiliac joint. Tests performed as a part of a clinical examination help
identify the likely source of a patient’s pain (Laslett, Aprill, McDonald, & Young,
2005; Woolf, 2003). Pain provocation tests (PPT’s) are tests applied to load specific
structures. A positive test is considered to be one that reproduces the pain that a patient
‘normally’ feels in association with their presenting condition (i.e. a 'familiar pain').
Reproduction of familiar pain provides the examiner with some evidence that the
structure(s) being stressed by that test is the source of the patient’s pain (Laslett et al.,

2005). A negative test suggests that structure is not the cause of the patient’s pain.

Ideally, a PPT should be specific (negative in the absence of pathology) and sensitive
(positive in the presence of pathology). However, the application of physical loads to
‘normal’ structures is provocative if the load is sufficient. Although the requirement for
a positive test may be to ‘reproduce familiar pain’, it would be beneficial to know the
prevalence of painful responses reported during the application of PPTs in the
asymptomatic population. A low prevalence in this population would allow the clinician

to be more confident that a painful response indicates the presence of pathology.

It is not uncommon for clinicians to ask patients to ‘score’ the intensity of pain
reproduced with PPT’s. A decrease in pain intensity reported with a test after an
intervention compared to that reported prior, suggests that the intervention has had a
beneficial effect on the patient (Jensen, Turner, Romano, & Fisher, 1999). This can be
seen as an indicator that the correct pathology has been identified (diagnostic) or that an
appropriate intervention has been utilised (or both). Similarly, significant changes in
pain intensity after a diagnostic anaesthetic injection provides evidence that the

structure(s) anaesthetised is the source of a patient’s pain.
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Thus, high reliability of patient reports of pain reproduction and of pain intensity is
important for the correct interpretation of the effect of diagnostic or therapeutic
interventions. However, whilst some studies (Laslett & Williams, 1994; Michener,
Walsworth, Doukas, & Murphy, 2009; Prather et al., 2010; Wainner et al., 2003) have
been undertaken to determine the reliability of pain reproduction during the application
of PPTs tests, it appears that the reliability of reports of the intensity of pain provoked

by such tests has not been considered.

A secondary focus of this chapter was to consider the prevalence of painful responses to
pain provocation tests in both the symptomatic and asymptomatic hips in the cohort of
patients recruited for the reliability study. The chapter begins with a literature review
that first considers previous research that has examined the reliability of pain
reproduction and reports of pain intensity. Next, literature that has reported the
prevalence of painful responses during pain provocation tests is presented. A narrative
review of research that considers the key methodological factors important to the design
and conduct of reliability studies is also provided. Finally, the chapter presents the
methods, results and discussion for the reliability study undertaken to answer question 1

of this thesis.

This study is both novel and necessary. Evidence that reports of pain provocation and
pain intensity are reliable will allow clinicians and researchers to confidently interpret

the findings of such tests.

3.2 Literature review

The general aim of this review was to determine if any previous research in this area
had been conducted. Relevant research was used to inform the study reported in this

chapter. The specific aims of the review were to answer the following questions:

*  What is the intra-examiner reliability of reports of pain reproduction and
pain intensity resulting from the application of pain provocation tests to the
hip?

*  What is the inter-examiner reliability of reports of pain reproduction
resulting from the application of pain provocation tests to the hip?

* What is the prevalence of painful responses resulting from the application of

pain provocation tests to the hip?
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*  What key methodological issues need to be considered in the design and

analysis of a study designed to answer the above questions?

The initial search was performed using the search strategy detailed in Chapter 2 in May
2010, prior to the commencement of data collection for the current study, and this was
updated with a follow-up search performed in March 2015. Key concepts were
identified and searched separately in 5 main categories summarised as: 1) "hip joint"
OR "hip pain" OR "groin pain" OR groin OR hip; 2) reliability OR accura®* OR
consistency OR validity; 3) pain OR "pain intensity" OR "pain provocation" OR “pain
reproduction”; 4) "Physical examination" OR " tests" OR "clinical examination" OR
"objective examination" OR "impairment"; 5) prevalence OR incidence OR "cross

sectional studies" OR epidemiology.

Results are detailed below under sub-headings that reflect the above aims. No relevant
systematic reviews were identified. Hence, only the findings of experimental research

are provided.

3.2.1 Intra-examiner reliability of reports of pain reproduction and pain
intensity

It appears that there is only one study (Cliborne et al., 2004) that has examined the
reliability of reports of pain intensity associated with pain provocation tests for the hip.
In this study, four physical tests for the hip (squat, FABER, end ROM hip flexion and
‘scour’) were applied to patients with symptomatic knee osteoarthritis (OA). Patients
rated the intensity of pain provoked by the tests using the numeric pain rating scale
(NPRS). Tests were repeated, in the same order, after a two-minute rest period. Whilst
these authors reported excellent reliability (Intraclass Correlation Coefficient’s between
0.87 and 0.90) for reports of pain intensity, this study had some limitations. Firstly, the
time between test sessions was only two minutes. It is likely that participant’s ratings of
pain intensity during the re-testing session would be influenced by their recall of the
intensity that they had reported just a few minutes earlier. Secondly, although pain
intensity was rated during the application of hip tests, the included participants were
patients with symptomatic knee OA. The authors did not make it clear if participants
had any hip pain or if a positive test involved provocation of knee or hip pain. This
makes it difficult to interpret the results of this study and to generalise them to patients

with painful hips.
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3.2.2 Inter-examiner reliability of reports of pain reproduction

Three studies (Cibere et al., 2008; Martin & Sekiya, 2008; Ratzlaff et al., 2013) that
have investigated the reliability of pain provocation during the application of physical
tests to people with symptomatic hips were identified. Martin and Sekiya (2008)
investigated the within-session, inter-examiner reliability of flexion abduction external
rotation (FABER), log roll and flexion adduction internal rotation (FADDIR) tests. This
study included 70 subjects with hip pain, recruited from one orthopaedic surgeon.
Participants were examined by the surgeon and then by a physiotherapist, blinded to the
findings of the orthopaedic surgeon. Examinations were one hour apart. These authors
reported kappa values and 95% confidence intervals of 0.63 (0.43-0.83) for FABER,
0.58 (0.29-0.87) for FADDIR and 0.61 (0.41-0.81) for the log roll test. One significant
limitation of this study was that a positive test was considered to be one that
“reproduced pain in any location”. It was not made clear if this meant that the pain had
to be similar in site and nature to the pain that the patient normally feels in association

with their painful hip (‘a familiar pain’) or if any pain was considered.

Cibere et al. (2008) investigated the reliability hip joint tests and the effect of
standardisation of the physical examination in a small group of volunteers (n=6) with
symptomatic osteoarthritis of the hip. A positive test was described as “groin pain
present”. Six examiners (rtheumatologists and orthopaedic surgeons) performed all tests
after a two-day standardisation process. These authors used prevalence and bias
adjusted kappa (PABAK) to calculate point estimates of reliability. They reported inter-
examiner reliability for pain reproduced with end ROM flexion (PABAK = 0.82),
external rotation at 90° flexion (0.72); internal rotation at 90° (0.52); FABER (0.8) and
log roll (0.88). With the exception of internal rotation at 90°, these results demonstrate
reliability values acceptable for clinical use. However, with such a small cohort, the

degree of error around these point estimates is likely to be high.

The most recent study (Ratzlaff et al., 2013) investigated the inter-examiner reliability
of a number of physical tests for femoroacetabular impingement (FAI) including the log
roll, FABER, FADDIR, flexion internal rotation (FIR), full flexion adduction internal
rotation (FFADDIR) and flexion adduction compression (FADC). Nine assessors
examined both hips of the 12 participants in this study. Five participants were
asymptomatic (no history of hip pain), 4 had bilateral hip pain and the remaining 3 had
unilateral hip pain (a total of 11 symptomatic hips out of the 24 hips examined).

Examinations were 5 minutes apart. A positive test was “pain in the upper thigh, inner
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thigh or groin” (not necessarily reproduction of familiar pain). These authors reported
positive and negative agreement as well as overall raw agreement (ORA). Negative
agreement ranged from 0.68 (0.27, 0.91) for FFADDIR to 1.00 (0.98, 1.0) for log roll.
Positive agreement ranged from 0.00 (0.0, 0.25) for log roll to 0.84 (0.71, 0.94) for
FFADDIR. Ratzlaff et al. did not use a chance-corrected measure of reliability (e.g.
kappa or PABAK). Positive and negative agreement do not correct for chance.
However, when both are satisfactorily large, concerns about chance related inflation of
reliability are reduced (Cicchetti & Feinstein, 1990). The extremely low positive
agreement reported for the log roll test in this study is likely to be a poor indication of
the actual reliability of this test. Instead, it reflects the fact that the prevalence of a
positive result was just 1%. Ratzlaff and colleagues reported that 6 of the 8 tests
examined had ORA of >0.75 and concluded that this indicated adequate inter-examiner
reliability and was sufficient to allow clinicians to agree on distinguishing normal hips

from those with painful FAI.

One study (Prather et al., 2010) investigated inter-examiner reliability of the straight leg
raise, FABER, FADDIR and log roll tests in 28 asymptomatic participants (mean age 31
years; SD 11). Multiple examiners (including 9 physiotherapists and 2 orthopaedic
surgeons) performed each test once, on both hips, of all participants. A positive test was
defined as a report of pain “in the groin, lateral hip or posterior pelvic region”. Prather
et al. (2010) were unable to determine reliability of these tests as the prevalence of
positive tests in their study was very low, not surprising given that the participants did

not have symptomatic hip pathology.

3.2.3 Prevalence of painful responses during the application of pain
provocation tests

The aforementioned study by Prather et al. (2010) appears to be the only study that has
investigated the prevalence of positive test findings from the application of hip tests to
asymptomatic participants. In this study, FADDIR was positive in 7.1% of participants
and FABER 1in 3.6%. The log roll test was not provocative in any participant.

In contrast, a number of studies have reported the prevalence of positive test results in
people with hip pain (Burnett et al., 2006; Clohisy et al., 2009; Hananouchi, Yasui,
Yamamoto, Toritsuka, & Ohzono, 2012; Martin et al., 2008; Maslowski et al., 2010;
Mitchell et al., 2003; Narvani, Tsiridis, Kendall, Chaudhuri, & Thomas, 2003; Springer
et al., 2009; Suenaga et al., 2002; Troelsen et al., 2009). Of these studies, 6 were
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prospective, with 3 performing tests on patients scheduled for arthroscopy (Clohisy et
al., 2009; Springer et al., 2009; Suenaga et al., 2002), two on patients scheduled for
MRI (Martin et al., 2008; Narvani et al., 2003) and one prior to a guided anaesthetic
injection of the hip (Maslowski et al., 2010). Retrospective studies were performed after
arthroscopy in three studies (Burnett et al., 2006; Mitchell et al., 2003; Troelsen et al.,
2009) and after MRI in one study (Hananouchi et al., 2012). All studies bar one
(Suenaga et al., 2002) provided a definition of a positive test. Whilst the majority
considered a positive test to be ‘production of groin pain’ (Burnett et al., 2006; Clohisy
et al., 2009; Hananouchi et al., 2012; Narvani et al., 2003; Springer et al., 2009;
Troelsen et al., 2009), three studies considered that ‘reproduction of groin pain’ to be a
positive test (Martin et al., 2008; Maslowski et al., 2010; Mitchell et al., 2003). Across
these studies seven physical tests were investigated. Table 3.1 provides detail of the

reported prevalence.

Table 3.1 Prevalence of positive results for physical tests in symptomatic hips (%)

Study FFIR FFER FABER FIR FADDIR Scour FADC Log Roll
Suenaga et al 2002 38 27 - - - - - -
Mitchell et al 2003 - - - - 88 - -

Narvani et al 2003 - - - - - - 61

Burnett et al 2006 - - - - 95

Martin et al 2008 - - 70 - 83 -
Clohisy et al 2009 - - 69 88 - - 30
Springer et al 2009 - - - - - 89-97

Troelsen et al 2009 - - 38 55 -

Maslowski et al 2010 - - 78 88 - 62

Hananouchi et al 2012 - - - - 44

FFIR, Full Flexion Internal Rotation; FFER, Full Flexion External Rotation; FABER, Flexion Abduction External Rotation; FIR,
Flexion Internal Rotation at 90° Flexion; FADDIR, 90° Flexion Adduction Internal Rotation; FADC, Flexion Adduction
Compression.

Comparison of prevalence rates across these studies is difficult due to a number of
differences between studies including, but not limited to, the manner of performing the
tests, the definitions of a positive test, the type and stage of the included pathologies and
the background and experience of the examiner. Only four tests were investigated by
more than one study. Table 3.1 demonstrates that the prevalence of positive tests results

reported for these tests was dissimilar across studies.
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3.2.4 Methodological considerations

Various methodological factors that need to be considered in the design and analysis of
the reliability study reported in this chapter, were identified in the current search. Key

factors and presented below.

Participant and examiner characteristics

The characteristics of the participants included in a study, and those of the examiners
performing the tests, have the potential to influence the results of that study and
therefore the generalizability of those results to other settings. Of the 5 relevant
reliability studies identified by the current review, all described the method of
recruitment, the selection criteria and the included participant characteristics. Similarly,
all described the characteristics of the examiners, with four including physiotherapists
(Cliborne et al., 2004; Martin & Sekiya, 2008; Prather et al., 2010; Ratzlaff et al.,
2013), three including orthopaedic surgeons (Cibere et al., 2008; Martin & Sekiya,
2008; Prather et al., 2010) and two including rheumatologists (Cibere et al., 2008;
Ratzlaff et al., 2013).

Measurement of pain intensity

Whilst a variety of tools can be used to measure pain intensity, some appear to have
advantages over others (Hawker, Mian, Kendzerska, & French, 2011). Two of the most
commonly used measures, the visual analogue scale (VAS) and the NPRS, have proven
reliability and construct validity (Hawker et al., 2011). A limitation of the VAS is that it
requires the participant to physically mark a point that represents their pain intensity on
a 100mm long continuous line anchored by two verbal descriptors (commonly ‘No
pain’ and ‘Worst possible pain’). Good visuospatial abilities are necessary for
participants to make this judgement and there is evidence that people with cognitive or
motor impairments can have more difficulty with the VAS than the less complicated
NPRS (Hawker et al., 2011; Salaffi, Ciapetti, & Carotti, 2012). The 0-10 numbering on
the NPRS makes it a pragmatic and easily understood measurement tool that can be
administered verbally or graphically (Hawker et al., 2011). The NPRS was used by
Cliborne et al. (2004), the only study identified in the current search that has

investigated reliability of pain intensity during the application of physical tests.

For the follow-up diagnostic accuracy study, it is important that meaningful changes in
pain intensity can be recognised. Several authors have investigated the minimal

clinically important difference (MCID) for changes in pain intensity when using the
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NPRS (Childs, Piva, & Fritz, 2005; Farrar, Young, LaMoreaux, Werth, & Poole, 2001;
Salaffi, Stancati, Silvestri, Ciapetti, & Grassi, 2004). A MCID of 2 points has been
demonstrated in patients with sub-acute low back pain (Childs et al., 2005) and chronic
pain associated with osteoarthritis (Salaffi et al., 2004). Farrar et al. (Farrar et al., 2001)
reported that a 1.74-point reduction from the baseline score was associated with
meaningful change (much or very much better) for patients with chronic pain associated
with a variety of conditions including diabetic neuropathy, post-herpetic neuralgia,
chronic low back pain, fibromyalgia, and osteoarthritis. Farrar and colleagues also
reported that the specificity of a 2-point (or 30%) reduction in pain intensity being
associated with meaningful change was =~80% and that specificity increased to ~92%
when there was a 3-point (or 50%) reduction. Salaffi et al. (2004) demonstrated that the
intensity of an individual’s baseline pain influenced the size of the change necessary to
see a MCID. They reported that a meaningful decrease (much better) was 0.7 points (a
17% decrease) for patients with baseline pain of 4 or below. However, a 2.1 point
(=33%) decrease was necessary for patients with baseline pain intensity between 4.1

and 7 and this rose to 2.8 points (=40%) for those with baseline intensity greater than 7.

Definition of a positive test

In respect to the current study, a clear definition of a positive test is required if the
reliability of pain provocation is to be determined. The application of physical tests to a
joint can be provocative even in the absence of any pathology (Prather et al., 2010).
Previous researchers in this area have defined a positive test as one that ‘reproduces’ the
patient’s pain (Cadogan, McNair, Laslett, & Hing, 2013; Laslett et al., 2005; Sutlive et
al., 2008). Some advocate that the term ‘reproduction’ itself should be clarified,
suggesting that only the provocation of a pain that is very similar in nature and site to
the pain that it typically experienced with the presenting condition (i.e. a ‘familiar’ or
‘typical’ pain) should be considered (Cadogan et al., 2013; Laslett et al., 2005). Various
definitions of a positive test were used in the reliability studies identified in the current
search including: “pain in the groin, lateral hip or pelvic region” (Prather et al., 2010);
“pain in any location” (Martin & Sekiya, 2008); “discomfort in or around the hip”
(Cibere et al., 2008); and “pain greater than 1 point on the NPRS” (Cliborne et al.,
2004).

With respect to the diagnostic accuracy study that follows, baseline pain needs to be
considered so that changes in pain intensity can be interpreted appropriately. The

International Spine Intervention Society (ISIL) guidelines suggest that the level of
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baseline pain needs to be of sufficient intensity that any change in pain intensity after
injection of an anaesthetic is ‘credible and meaningful’ and recommend a minimum of
20mm on a 100mm VAS (Bogduk, 2004b). Whilst these recommendations were made
for studies of the spine and sacroiliac joint, they have been applied to diagnostic
accuracy studies of peripheral joints including the shoulder and acromio-clavicular

joints (Cadogan et al., 2013).

Performance of tests

Whilst all of the studies identified in the current literature search provided detail
regarding the performance of the tests that they investigated, it is clear that there is
inconsistency in the method of application of many commonly used PPT’s. The
performance characteristics of a test will depend not only on the peculiarities of the
included participants but also on the manner in which that test is applied and interpreted
(Fritz & Wainner, 2001; Whiting, Rutjes, Reitsma, Bossuyt, & Kleijnen, 2003). If the
findings of a study are to be generalized to clinical practice (or compared to other
research findings), the method of application needs to be described in sufficient detail
that included tests can be replicated (Kottner et al., 2011; Lucas, Macaskill, Irwig, &
Bogduk, 2010).

Blinding

Test findings can be influenced by additional information that is not normally part of
the test under investigation. Blinding examiners from previous test scores as well as
from other background information such as clinical notes, previous
imaging/investigations, provisional or confirmed diagnoses, will enhance the
independence of the test findings (Lucas et al., 2010). All of the reliability studies
identified by the current search reported blinding of examiners from previous test
measurements except for (Ratzlaff et al., 2013). Only two studies reported that
examiners were blinded from clinical information (Martin & Sekiya, 2008; Ratzlaff et

al., 2013).

Statistical analysis

There are various statistical approaches that can be adopted to estimate reliability
(Dunn, 1992; Haas, 1991; Hopkins, 2000). There seems to be a general consensus in the
literature that continuous data should be analysed with the intraclass correlation statistic
(or similar) and categorical data should be analysed with the kappa statistic (or similar)

(Cicchetti & Feinstein, 1990; Kottner et al., 2011; Lucas et al., 2010). Similarly, it is
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recommended that combinations of coefficients be reported and confidence intervals
constructed around point estimates so that readers can develop a better overall
understanding of the level of reliability (Kottner et al., 2011; Lucas et al., 2010). Of the
studies identified in the current literature search, four used these statistics to estimate
reliability. Ratzlaff et al. (2013) reported overall agreement and proportion of specific
agreement for categorical data and the median of the absolute difference for continuous

variables.

The kappa statistic is a chance corrected measure of reliability. It assumes that some of
the agreement that occurs between trials is purely a result of chance and corrects for this
possibility (Feinstein & Cicchetti, 1990). Kappa is adversely affected by prevalence
(where raters agree that the proportion of positive tests and negative tests is different)
and bias (the extent to which there is disagreement between raters in the proportion of
positive and negative results) (Byrt, Bishop, & Carlin, 1993; Fritz & Wainner, 2001;
Haas, 1991). In this case it is inappropriate to use kappa and instead prevalence & bias
adjusted kappa (PABAK) is justified (Byrt et al., 1993). Therefore, statistical tests
should be performed to determine if either prevalence or bias is likely to affect the

calculated kappa.

Parameters like kappa and ICC are relative measures of reliability and relate variability
in participants to error associated with measurement. They reflect the degree to which
individuals maintain their ‘position’ or ‘ranking’ in regard to the repeated measurements
(Atkinson & Nevill, 1998). Measures of absolute reliability include the standard error of
measurement (SEM), limits of agreement (LOA) and smallest detectable difference
(SDD). These measures estimate the size of error involved with repeated measurements
(in the same metric as the original scale) and hence allow the clinician to consider how
important that error might be when interpreting change in scores for an individual
patient. Test results smaller than the SEM are unlikely to be detected reliably in clinical

practice (Knols, Aufdemkampe, De Bruin, Uebelhart, & Aaronson, 2009).

3.2.5 Review Summary

Whilst both intra-examiner and inter-examiner reliability are important, intra-examiner
reliability is essential to this research. The proposed diagnostic accuracy study (Chapter
5 ) requires the researcher to perform tests on participants before and soon after the
administration of an intra-articular injection of anaesthetic into the participant’s painful

hip joint. Response to the injection will be determined by the percent reduction in pain



58
produced with these tests. Thus, the researcher needs to have confidence in the
reliability of reports of pain reproduction and of pain intensity during the application of

such tests applied by the researcher.

It is clear that there is insufficient research evidence to demonstrate that these measures
are reliable. The existing literature has not considered the reliability of ratings of pain
intensity. Whilst the reliability of pain reproduction has been reported, this research has
primarily investigated inter-examiner reliability. This, along with the considerable
heterogeneity of this research and the limitations presented above make it inappropriate
to assume that such tests will have sufficient reliability to justify their inclusion in main

study of this thesis.

Therefore, the main purpose of the current study was to determine the within and
between-session reliability of pain reproduction and reports of pain intensity during the
application of pain provocation tests for the hip in a group of patients with hip
pathology. A secondary aim was to determine the prevalence of positive tests in both
symptomatic and asymptomatic hips. The results of this study were used to determine
which tests and measures were included in the diagnostic accuracy study. The reliability
study also served as a ‘pilot’ for trialling methods of recruitment and data collection that

were to be used in the diagnostic accuracy study.

3.3 Methods and procedures of the current study

3.3.1 Study design

This study was a test-retest study of the between and within-session, intra-examiner

reliability of pain provocation tests for the hip joint.

3.3.2 Sample size calculation

A minimum sample size of 18 participants was calculated, based on the aim of detecting
a minimum acceptable reliability of .60 with an a level (1-tailed) of .05 and power of

80% (Sim & Wright, 2005).

3.3.3 Participants

Patients with pain felt primarily in the groin or deep buttock region, which had been
present for a minimum of one month, were recruited from selected sports medicine
practices as well as by advertisements placed in a University setting. Prospective

participants were screened to ensure that the site and nature of their pain suggested hip
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pathology and not pathology that might mimic hip pain e.g. pain referred from the
lumbar spine or sacroiliac joint. Inclusion criteria were: a history of at least one month
of pain felt primarily in the groin or deep buttock region, between 20 and 80 years old
and able to speak English. Exclusion criteria were: a history of hip joint replacement,
treatment for low back pain within the preceding 12 months, pregnancy, illness or
systemic disease. Also, prospective participants who described their pain as severe (or
greater than 9 on the NPRS) were excluded as a requirement for ethical approval.
Ethical approval for this study was granted by the AUT University Committee
(AUTEC) (Reference number 10/44) (See Appendix 1).

3.3.4 Examiner

One experienced examiner (the PhD Candidate), a physiotherapist with 32 years

experience, assessed all participants.

3.3.5 Procedures

Potential participants were provided with a study information sheet that explained the
purpose of the research, eligibility criteria, experimental procedures, possible associated
discomfort or risks, compensation and privacy issues and procedures for dealing with
any concerns about the study (see Appendix 2). They were given time to read and
consider this information sheet and to ask for advice from third parties if necessary. The
researcher followed up a day or so later to determine if they were interested in
participating in the study and to answer any questions they had about the study. Those
that expressed a desire to be included in the study were then screened to ensure that they
met all inclusion criteria and none of the exclusion criteria. Appointments for data

collection were made for those that were appropriate to include in the study.

On the day of data collection, participants signed a statement of informed consent (see
Appendix 3). Baseline data including age, occupation, levels of activity, cause and
nature of current symptoms, associated symptoms, aggravating and easing factors and
any previous injury details were collected via a standardised questionnaire (see
Appendix 4). This questionnaire was developed by the researcher on the basis of current
understandings in the field (Clohisy et al., 2009; Cook, 2010; Domb et al., 2009; Martin
et al., 2010b; Peterson et al., 1992; Woolf, 2003) and on expert opinion. This opinion
was sort by interviewing five medical specialists with expertise in the diagnosis and
management of patients with hip joint pain (two orthopaedic surgeons, two sports

physicians and a recognised specialist physiotherapist). Also, for the sake of
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completeness, four patients with hip pain were interviewed to get a patient perspective
of the diagnostic process. These interviews helped to identify items from the history and
clinical examination that experts and patients considered important. Consent for these
interviews were approved as a part of the current reliability study (see Appendix 5 and
Appendix 6 for detail). A body chart was used for participants to indicate the site of
pain (both primary and secondary) and any associated symptoms. Participants also
completed validated questionnaires that provided information about activity levels (the
Lower Limb Task Questionnaire) (McNair et al., 2007) (see Appendix 14), and the
possibility of a neuropathic pain component to the participant’s problem (The self-
report version of the Leeds Assessment of Neuropathic Symptoms and Signs
questionnaire [S-LANSS]) (Bennett, Smith, Torrance, & Potter, 2005; Weingarten et
al., 2007) (see Appendix 15). Finally, a composite baseline pain score was calculated
for each participant by averaging the pain intensity scores that they reported for pain felt
in the morning, afternoon, evening and with activity over the 2 days immediately prior

to data collection.

Standardised versions of physical tests were performed bilaterally on each participant
(for detail regarding performance of each test see Appendix 7). To minimise order
effects, tests were performed in a random order (pre-determined by a random number
generator) for each participant. For participants with unilateral hip pain, the
asymptomatic hip was tested first. For those with bilateral hip joint pain, the least
painful hip was tested first. Participants were required to report the onset of any pain
during the application of the tests. When the symptomatic hip was being tested,
participants were asked if the test provoked a ‘familiar’ pain i.e. pain that was very
similar in nature and site to the pain they usually felt with their hip. For the non-
symptomatic hip, the patient was asked to describe where the pain was felt. The
participant was then asked to rate the intensity of the pain provoked using the 11-point
NPRS. This scale was anchored at 0 (no pain) and 10 (worst pain imaginable). Results

for each test were recorded immediately on a standardised assessment form.

Three trials were performed. Trial one was followed approximately 60 minutes later by
trial two. Trial three was 2-7 days later (dependent on participant availability). During
the interval between trial two and three, participants were asked not to make any
changes to their normal daily routine in terms of mechanical loading on the hip
(exercise, work activity) or to vary the dose of any medications that they had been

taking for the two days prior to the first day of testing. When participants returned for
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trial three, they completed a questionnaire that explored these factors so that anything
that might explain differences in pain intensity from baseline testing could be identified
(see Appendix 8). Also, the composite baseline pain score calculated prior to trial one
was repeated on the day of testing for trial three so that any changes in baseline pain

intensity could be identified.

3.3.6 Blinding

The examiner was blinded to all baseline data until after the physical examination
except for detail regarding the exact site, the nature and intensity of pain. Knowledge of
these details was necessary so that any pain produced by the test procedures could be
recognised and therefore confirmed as the same pain as the patient typically feels. On
completion of each trial, results for that trial were placed in a coded, sealed envelope.
To minimise bias, neither the examiner nor the participant could refer back to the

previous results.

3.3.7 Included tests

There are a number of studies that have reported the diagnostic accuracy of various tests
for the hip (Burgess et al., 2011; Kivlan, Martin, & Sekiya, 2011; Martin et al., 2008;
Maslowski et al., 2010). Tests that have been commonly investigated include: the
impingement test, the scour/quadrant test and FABER. Whilst these tests are widely
used in clinical practice, an examination of the relevant literature reveals that there is
inconsistency in the description and application of these tests. To provide a
comprehensive report on the reliability of these tests, we investigated a number of the
modified versions of tests as reported in the literature and as described by various expert

clinicians. Appendix 7 provides full descriptions of the tests included in this study.

3.3.8 Definition of a positive test

A ‘positive’ test for the painful hip was considered to be reproduction of ‘familiar’ pain,
provided the pain intensity was greater than or equal to 2 points on the NPRS. A
positive test for the asymptomatic hip was considered to be pain greater than 2 points on
the NPRS felt anywhere in the hip region (groin, greater trochanteric or deep buttock

regions).

3.3.9 Analysis

Intra-examiner reliability for categorical data (pain produced or not) was calculated

using Cohen's chance-corrected Kappa. Cohen’s Kappa values were calculated for each
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test on the basis of whether or not a ‘familiar’ pain was reproduced i.e. the reproduction
of pain was considered and not pain intensity. Statistical tests were employed to
determine if either prevalence or bias had affected the calculated kappa. For these tests,
a zero value for either the Prevalence Index (PI) or Bias Index (BI) was interpreted as
indicating that no prevalence or bias was present (Byrt et al., 1993). A maximum BI
value of 1 was considered as indicating significant bias. For PI values (which range
from -1 to +1), scores of greater than 0.5 or less than -0.5 were considered to indicate
significant prevalence issues existed. These values were used to determine when to use
the PABAK statistic (Cadogan, Laslett, Hing, McNair, & Williams, 2010; Sim &
Wright, 2005).

Pain intensity data were examined to determine if they exhibited normal distribution
using the Kolmogorov-Smirnov non-parametric test. Variables with a significance of
greater than 0.05 were classified as having a normal distribution and were then assessed
for reproducibility using single-measure Intraclass Correlation Coefficient’s (ICC,;)
(two way random and absolute) via the Statistical Package for the Social Sciences
software, version 19.0 (SPSS Inc, Chicago, USA). The standard error of measurement
(SEM) for each test was calculated so that the magnitude of any error associated with
estimations of pain intensity could be appreciated. We used the formula SEM = SD x
V(1-R) where the standard deviation (SD) was obtained from the data from Trial 1 and
the reliability (R) was the reliability value as calculated in the current study for each test
(Wyrwich, 2004). Variables that did not exhibit normal distribution were assessed for
reproducibility using Lin’s Concordance Correlation Coefficient (CCC) (Dunn, 1992;
Lin, 1989) via the online calculator provided by the National Institute of Water and
Atmospheric Research (http://www.niwa.co.nz/online-services/statistical-

calculators/concordance).

Ninety five per cent confidence intervals (CI) were constructed as a measure of
precision for both the kappa and ICC/CCC values (Sim & Wright, 2005). Reliability
values for ICC’s, Lin’s CCC, Kappa and PABAK were interpreted according to the
guidelines of Landis and Koch i.e. <0.00 = poor; 0.00 - 0.20 = slight; 0.21 - 0.40 = fair;
0.41 - 0.60 = moderate; 0.61 - 0.80 = substantial; 0.81 - 1.00 = almost perfect (Landis &
Koch, 1977).
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3.4 Results

Eighteen volunteers (11 females) with painful hips were recruited; mean age 29.5 years
(range 20-51); mean body mass index 24.9 BMI kg/m? (range 17.9-35.9). All
participants completed all three trials. The average number of days between trial two
and three was four. Two participants had bilateral hip joint pain. For these subjects, the
‘most’ painful hip was considered as the ‘symptomatic’ hip. The data from their ‘less’
painful hip was recorded but not included in the analysis. As these hips were painful, it
would have been inappropriate to include these data with that from asymptomatic hips.
It would also be inappropriate to classify these hips as a second ‘symptomatic’ hip as
this could violate the assumption of independence of observation required in statistical
analysis. At the time of assessment, one participant had a constant low intensity pain
(NPRS of 2). For that participant a positive test was considered to be one that caused an
increase from her baseline pain. For her, the NPRS was anchored at 2 (baseline pain)

and 10 (worst pain imaginable).

Most participants (78%) were employed at the time of data collection. Diagnoses for the
participants included labral tear (n = 7), osteoarthritis (n = 6), femoro-acetabular
impingement (n = 4), inflammatory arthritis (n = 2) and ligamentum teres rupture (n =
1). Fourteen diagnoses were confirmed with appropriate medical imaging (radiograph,
magnetic resonance imaging CT) and/or blood tests. The referring physician made a

diagnosis on the basis of clinical findings for four participants.

The average duration of symptoms at the time of data collection was 25.2 months with a
range between 1 and 60 months. Table 3.2 provides detail regarding the frequency and
nature of participants’ symptoms. Aching pain was the main symptom for the majority

(83%) of participants. The most common associated symptom was crepitus (78%).



Table 3.2 Frequency of reported symptoms
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Symptom

Number of Participants

Main Symptom
Pain
Stiffness

Main Pain Nature
Sharp
Ache

Associated Symptoms
Crepitus
Painful click
Non-painful click
Locking
Tingling
Giving way
Burning or coldness
Pins & needles
Loss of movement
Morning stiffness

15
3

83
17

17
83

78
39
50
28
22
22
17
17
55
39

All but two subjects felt pain in their groin and 78% of participants reported that the

groin was the site of their predominant (or main) pain. Forty percent of participants had

pain in the region of the greater trochanter and 45% had buttock pain. Associated pain

was also reported in the anterior and/or posterior aspects of the thigh (see Table 3.3).

When a test reproduced pain, that pain was felt at the same body site at subsequent trials

for all participants. Pain was reported at the primary site for all participants and all tests

except for three participants who also experienced pain at a secondary site for a small

number of tests. Five participants reported that a test caused pain that they could not

confidently say was a ‘familiar pain’. This occurred with only one or two tests for three

participants and with four tests for the others.

Table 3.3 Region of pain

Region Number of Participants %
Groin 16 89
Upper thigh 2 11
Anterior thigh 1 5

Knee 1 5

Mid-buttock 5 28
Low-buttock 3 17
Upper hamstring 3 17
Posterior thigh 1 5

Trochanteric Region 7 40

Table 3.4 provides detail regarding the behaviour of pain. All participants reported

having pain during the month prior to participation in the study and just over one half
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(55%) of the participants had experienced pain on most days during that month. All but
two participants reported having pain free days during that same period. The range of
‘worst’ pain intensity during the month was from 1 to 8§ with a mean of 5.3 (SD 1.9).
One participant described constant pain. Three participants (17%) regularly used

medication for pain relief.

Table 3.4 Pain behaviour

Number %

Over the last month
Pain on most days 10 55
Painful to sleep on sore side 3 17
Painful to sleep on good side 2 11
Wakes during the night with pain 6 33
Intermittent Pain 17 94

The most common aggravating activity was walking or using stairs, with 72% of
participants reporting pain with these activities (see Table 3.5 for detail). Jogging and

twisting were the most provocative activities.

Table 3.5 Pain intensity (NPRS)

Number of .
. . Maximum Mean L.
Aggravating Factor Participants . . Std. Deviation
Intensity Intensity
(%)
Time of Day
Morning' 10 (55) 6 2.8 1.6
Afternoon' 13 (72) 7 2.8 1.6
Evening' 14 (78) 5 2.9 1.2
Activity
Walking 13(72) 5 2.6 1.7
Stairs 13(72) 3 1.8 0.9
Standing 9 (50) 6 2.7 1.7
Sit to Stand 8 (44) 6 3.0 1.7
Getting in/out of car 9 (50) 7 3.1 2.0
Putting on socks 8 (44) 7 3.2 2.4
Squatting 12 (67) 5 2.2 1.5
Driving 8 (44) 5 2.8 1.7
Jogging/running 12 (67) 8 3.6 23
Twisting 12 (67) 9 3.8 2.5

! Mean pain intensity felt over the 2 days prior to participation

The majority of participants were unsure about the cause of their hip pain with only
33% attributing the cause to a specific incident. Eighty-nine percent played regular sport
however ten (55%) had to limit their participation in sport because of their hip pain.

Sixty-seven percent of participants played sport that could be considered ‘high demand’



for the hip joint including running, racquet sports, contact sports, weight lifting and

martial arts (see Table 3.6).

Table 3.6 Cause, history and activity levels
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Number of %
Participants
Cause
Trauma 6 33
Overuse 3 17
Unknown 8 44
Previous problem same hip 7 40
Previous problem other hip 3 17
Family history of hip problems 8! 44
Plays sport regularly 16 89
Plays high demand sport 12 67
Sport limited because of hip 10 55

1 . .
Two participants unsure

Scores on the Self-completed Leeds Assessment of Neuropathic Symptoms and Signs

(S-LANSS) questionnaire were generally very low with a mean of just 3.5 out of a

possible maximum of 24 (see Table 3.7). One participant scored a maximum of 24 on

this questionnaire suggesting that she had a neuropathic component to her pain.

Table 3.7 Baseline composite pain intensity, functional and neuropathic pain scores

Minimum
Composite Pain Intensity Baseline Scores'
Trial 1
Trial 2 0
Functional Status (LLTQ)
ADL score’ 29
Recreational score’ 19

Neuropathic Pain Status
S-LANSS score’ 0

Maximum

53
53

40
40

24

Mean

1.9
2.1

37.1
322

3.5

SD

1.4
1.7

3.8
7.9

5.5

LLTQ, Lower Limb Task Questionnaire; SD, Standard deviation

S-LANNS, Self-completed Leeds Assessment of Neuropathic Symptoms and Signs;
! Group mean score calculated by averaging individual scores for pain felt in morning, afternoon, evening and with activity over the

; 2 - 3 .
preceding 48 hours; “ Maximum score =40; ~ Maximum score = 24

There was no statistically significant difference (p = 0.09) between the group mean

composite baseline scores calculated at trial one and trial three. Only two individuals

had a change in this score of greater than 1 point on the NPRS. Both of these

individuals had a decrease in the intensity of pain experienced over the two days prior

to trial 3 compared to the two days prior to trial 1 (data not shown).
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3.4.1 Reliability of categorical yes/no response to pain reproduction

Table 3.8 provides detail regarding the within-session reliability of tests when a positive
test was considered to be reproduction of familiar pain (with an intensity of 2 or greater
on the NPRS). One test (passive extension in prone) demonstrated perfect reliability
with a PABAK value of 1. Four tests demonstrated ‘almost perfect’ reliability, ten tests
demonstrated ‘substantial’ reliability, eleven demonstrated ‘moderate’ reliability and
three tests, ‘fair’ reliability. Kappa values range from 0.29 for full flexion external
rotation (FFER) to 0.85 for the bent knee fall out (BKFO) test. High prevalence index
values (either less than -0.5 or greater than 0.5) were seen with 17 tests. Nine of these
tests also had high chance agreement (greater than 0.85). Consequently, PABAK was
used as an index of reliability for these tests rather than kappa (Byrt et al., 1993).
PABAK values ranged from 0.44 to 1. Percent agreement ranged from 71% for full
flexion and to 100% for rise from chair. Seventeen tests had percent agreement scores

of 80% or better.

Table 3.9 provides detail regarding the between-session reliability of tests when a

positive test was reproduction of familiar pain (with an intensity of 2 or greater). Six
tests demonstrated ‘almost perfect’ reliability, fifteen tests demonstrated ‘substantial’
reliability; five demonstrated ‘moderate’ reliability; one test ‘fair’ and one test ‘poor’

reliability.

Kappa values range from 0.03 for adduction in standing (ADDSt) to 0.78 (FABER,
FIR, FER). High prevalence index values (either less than -0.5 or greater than 0.5) were
seen with 17 tests. Eleven tests also had high chance agreement (greater than 0.85).
Consequently, PABAK was used as an index of reliability for these tests rather than
kappa (Byrt et al., 1993). PABAK values ranged from 0.44 to 0.89. Percent agreement
ranged from 56% for adduction in standing and to 100% for rise from chair and resisted

extension. Nineteen tests had percent agreement scores of 80% or better.



Table 3.8 Within-session reliability for yes/no reports of pain reproduction

Percent
K PABAK
Test ( 9:‘: /f:aCI) (Observed)
Agreement
Impingement Tests
Quadrant 0.78' 0.89 (0.65, 0.99)
FADDIR 0.51 (0.10, 0.91) 0.78 (0.52, 0.94)
FADC 0.56 (0.12, 1.00) 0.83 (0.59, 0.96)
FIRC 0.56 (0.18, 0.93) 0.78 (0.52, 0.94)
Miscellaneous Tests
FF 0.38 (-0.1, 0.83) 0.71 (0.44, 0.90)
FABER 0.43 (0.01, 0.85) 0.72 (0.47, 0.90)
BKFO 0.85 (0.57, 1.10) 0.94 (0.73, 1.00)
EPr 1.0"? 1.0
Log Roll 0.78'2 0.89 (0.65, 0.99)
Internal Rotation Tests
FFIR 0.56' 0.78 (0.52, 0.94)
FIR 0.44! 0.72 (0.47, 0.90)
IRSit 0.40 (-0.04, 0.84) 0.72 (0.47, 0.90)
IRPr 0.66 (0.31, 1.00) 0.83 (0.59, 0.96)
IRSt 0.56 (0.18, 0.93) 0.78 (0.52, 0.94)
External Rotation Tests
FFER 0.29 (-0.16, 0.74) 0.72 (0.47, 0.90)
FER 0.44! 0.72 (0.47, 0.90)
ERSit 0.67'2 0.83 (0.59, 0.96)
ERPr 0.78'2 0.89 (0.65, 0.99)
ERSt 0.89' 0.94 (0.73, 1.00)
‘Functional’ tests
ADDSt 0.54 (0.15, 0.93) 0.78 (0.52, 0.94)
ADDKn 0.78 (0.49, 1.10) 0.94 (0.73, 1.00)
FKn 0.73 (0.38, 1.10) 0.89 (0.65, 0.99)
Squat 0.88' 0.94 (0.00, 0.00)
Rise - 1.0
Resisted Tests
RAD 0.67'2 0.83 (0.59, 0.96)
RAB 0.67" 0.83 (0.59, 0.96)
RF 0.78" 0.89 (0.65, 0.99)
RE 0.89' 0.94 (0.73, 1.00)
RIR 0.56' 0.78 (0.52, 0.94)
RER 0.56' 0.78 (0.52, 0.94)

CI = confidence intervals; PABAK= prevalence and bias adjusted kappa

! Tests with high prevalence index values (either less than -0.5 or greater than 0.5)

% Tests with high chance agreement (greater than 0.85)

- Incalculable (all tests were true negatives)

FADDIR, 90° Flexion Adduction Internal Rotation; FADC, Flexion Adduction Compression; FIRC, Flexion Internal Rotation
Compression; FF, Full Flexion; FABER, Flexion Abduction External Rotation; BKFO, Bent Knee Fall Out; EPr, Extension in
Prone; FFIR, Full Flexion Internal Rotation; FIR, Flexion Internal Rotation at 90° Flexion; IRSit, Internal Rotation in Sitting; IRPr,
Internal Rotation in Prone; IRSt Internal Rotation in Standing; FFER, Full Flexion External Rotation; FER, Flexion External
Rotation at 90° Flexion; ERSit, External Rotation in Sitting; ERPr, External Rotation in Prone; ERSt External Rotation in Standing;
ADDSt, Adduction in Standing; ADDKn Adduction in 4-point kneel; FKn, Hip flexion in 4-point kneel; Squat, squat to chair; Rise,
rise from chair; RAD, Resisted Adduction; RAB, Resisted Abduction; RF, Resisted Flexion; RE, Resisted Extension; RIR, Resisted
Internal Rotation @ 90°; RER, Resisted External Rotation @ 90°



Table 3.9 Between-session reliability for yes/no reports of pain reproduction

Kappa Percent
Test (95‘: /i’ cn PABAK (Observed)
Agreement
Impingement Tests
Quadrant 0.78'2 0.89 (0.65, 0.99)
FADDIR 0.61 (0.21, 1.00) 0.83 (0.59, 0.96)
FADC 0.56 (0.21, 0.90) 0.78 (0.52, 0.94)
FIRC 0.56 (0.18, 0.93) 0.78 (0.52, 0.94)
Miscellaneous Tests
FF 0.38 (-0.07, 0.83) 0.71 (0.44, 0.90)
FABER 0.78 (0.49, 1.06) 0.89 (0.65, 0.99)
BKFO 0.45 (-0.01, 0.91) 0.78 (0.52, 0.94)
EPr 0.89' 0.94 (0.73, 1.00)
Log Roll 0.78'2 0.89 (0.65, 0.99)
Internal Rotation Tests
FFIR 0.73 (0.38, 1.07) 0.89 (0.65, 0.99)
FIR 0.78 (0.49,1.07) 0.89 (0.65, 0.99)
IRSit 0.60 (0.19, 1.00) 0.82 (0.57, 0.96)
IRPr 0.67" 0.83 (0.59, 0.96)
IRSt 0.75 (0.44 - 1.07) 0.89 (0.65, 0.99)
External Rotation Tests
FFER 0.67" 0.83 (0.59, 0.96)
FER 0.78 (0.49, 1.07) 0.89 (0.65, 0.99)
ERSit 0.89' 0.94 (0.73, 1.00)
ERPr 0.78'2 0.89 (0.65, 0.99)
ERSt 0.78'2 0.89 (0.65, 0.99)
‘Functional’ tests
ADDSt 0.03 (-0.29, 0.35) 0.56 (0.31, 0.78)
ADDKn 0.44! 0.72 (0.47, 0.90)
FKn 0.67" 0.83 (0.59, 0.96)
Squat 0.88' 0.94 (0.73, 1.00)
Rise - 1.0
Resisted Tests
RAD 0.67" 0.83 (0.59, 0.96)
RAB 0.89' 0.94 (0.73,1.00)
RF 0.89' 0.94 (0.73, 1.00)
RE - 1.0
RIR 0.89' 0.94 (0.73, 1.00)
RER 0.78'2 0.89 (0.65, 0.99)

CI = confidence intervals; PABAK= prevalence and bias adjusted kappa

! Tests with high prevalence index values (either less than -0.5 or greater than 0.5)

% Tests with high chance agreement (greater than 0.85)

- Incalculable (all tests were true negatives)

FADDIR, 90° Flexion Adduction Internal Rotation; FADC, Flexion Adduction Compression; FIRC, Flexion Internal Rotation
Compression; FF, Full Flexion; FABER, Flexion Abduction External Rotation; BKFO, Bent Knee Fall Out; EPr, Extension in
Prone; FFIR, Full Flexion Internal Rotation; FIR, Flexion Internal Rotation at 90° Flexion; IRSit, Internal Rotation in Sitting; IRPr,
Internal Rotation in Prone; IRSt Internal Rotation in Standing; FFER, Full Flexion External Rotation; FER, Flexion External
Rotation at 90° Flexion; ERSit, External Rotation in Sitting; ERPr, External Rotation in Prone; ERSt External Rotation in Standing;
ADDSt, Adduction in Standing; ADDKn Adduction in 4-point kneel; FKn, Hip flexion in 4-point kneel; Squat, squat to chair; Rise,
rise from chair; RAD, Resisted Adduction; RAB, Resisted Abduction; RF, Resisted Flexion; RE, Resisted Extension; RIR, Resisted
Internal Rotation @ 90°; RER, Resisted External Rotation @ 90°
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3.4.2 Reliability of reports of pain intensity
The results for within-session reliability of ratings of pain intensity are presented in
Table 3.10. Six tests demonstrated normal distribution and were assessed for reliability
with ICC’s whereas the remaining tests were assessed using Lin’s CCC. ICC values
ranged from 0.64 for FFIR to 0.93 for the quadrant test. CCC values ranged from -0.05

for the log roll test to 0.90 for passive extension in prone (EPr).

Using the Landis and Koch interpretations of reliability scores, seven tests demonstrated
‘almost perfect’ reliability. Another seven tests scored in the ‘substantial’ range. Six
tests had moderate reliability and seven tests demonstrated fair (or worse) reliability.
Reliability could not be calculated for two tests (squat and rise) due to the high number
of zero pain intensity scores reported for these tests. Only one person reported pain with
either of these tests. Table 3.10 also provides detail regarding the mean intensity and
range of pain (using the NPRS) reported for each test across trials one and two (1 hour
apart). Mean pain intensity was highest for the quadrant test (3.8). The widest range of
scores was 0 to 9, seen with FADC and the narrowest was 0-1 (rise). SEM scores

ranged from 0.2 to 1.3 points on the NPRS.

The results for between-session reliability are presented in Table 3.11. Five tests had
a normal distribution and were assessed for reliability with I[CC’s. The remaining tests
were assessed using Lin’s CCC. ICC values ranged from 0.74 for FADC to 0.85 for
quadrant and FIR. CCC values ranged from -0.02 for external rotation in standing
(ERSt) to 0.84 for internal rotation in standing (IRSt). The tests with the highest
reliability (‘almost perfect”) were quadrant (ICC=0.85), FIR (0.85) and IRSt (0.84).
Seventeen tests exhibited concordance values in the ‘’almost perfect’ or ‘substantial’
range. Table 3.9 also provides detail in regard to the mean intensity and range of pain
(using the NPRS) reported for each test across trials two and three (1 to 6 days apart).
Mean pain intensity was highest for the quadrant test (3.8). The widest range of scores
was 0 to 9 (for FADC) and the narrowest was 0-2 (resisted abduction). SEM scores
ranged from 0.3 to 1.8 with the average SEM across all tests being 0.8 points on the
NPRS.



Table 3.10 Within-session reliability for reports of pain intensity
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Mean Intensity

Test (C9§'f/:o cn :QCSCOZ‘ cn Trial 1/Trial 2 SEM
(range)
Impingement Tests
Quadrant 0.93 (0.83, 0.98) 3.8/3.8 (0-8.5) 0.6
FADDIR 0.80 (0.54, 0.92) 2.8/2.9 (0-8) 1.1
FADC 0.86 (0.66, 0.94) 3.1/3.3 (0-9) 0.9
FIRC 0.45 (0.02, 0.75) 1.4/1.9 (0-6) 1.3
Miscellaneous Tests
FF 0.84 (0.61, 0.94) 2.5/2.5 (0-6) 0.8
FABER 0.57 (0.16, 0.81) 2.3/2.7 (0-8.5) 1.5
BKFO 0.81(0.62,0.91) 1.1/1.0 (0-7) 0.9
EPr 0.90 (0.78, 0.95) 0.3/0.3 (0-3.5) 0.2
Log Roll -0.05 (-0.05, 0.35) 0.1/0.2 (0-3.5) 0.5
Internal Rotation Tests
FFIR 0.64 (0.26, 0.85) 3.5/3.3 (0-8) 1.0
FIR 0.82(0.57,0.93) 2.2/2.2 (0-6) 0.8
IRSit 0.68 (0.33,0.87) 1.3/1.1 (0-4) 0.8
IRPr 0.82 (0.60, 0.93) 2.5/2.2 (0-8) 1.0
IRSt 0.79 (0.52,0.91) 1.6/1.4 (0-5) 0.8
External Rotation Tests
FFER 0.48 (0.08, 0.75) 1.2/0.7 (0-4) 1.2
FER 0.51(0.12,0.77) 1.1/0.6 (0-6) 1.3
ERSit -0.05 (-0.48, 0.40) 0.3/0.3 (0-3) 0.6
ERPr 0.59 (0.20, 0.82) 0.3/0.2 (0-3) 0.4
ERSt 0.33 (-0.11, 0.67) 0.3/0.3 (0-3) 0.7
‘Functional’ tests
ADDSt 0.56 (0.14, 0.81) 1.3/1.4 (0-4.5) 0.8
ADDKn 0.75 (0.46, 0.89) 1.8/2.4 (0-6.5) 1.0
FKn 0.75 (0.46, 0.90) 1.2/1.1 (0-7) 0.9
Squat - 0.1/0.0 (0-2) -
Rise - 0.1/0.0 (0-1) -
Resisted Tests
RAD 0.18 (-0.27,0.56) 0.3/0.2 (0-2.5) 0.7
RAB 0.18 (-0.14, 0.46) 0.6/0.1 (0-2) 0.7
RF 0.69 (0.44, 0.84) 0.6/0.3 (0-4) 0.7
RE 0.16 (-0.23, 0.50) 0.1/0.0 (0-1.5) 0.7
RIR 0.17 (-0.26, 0.54) 0.8/0.4 (0-3.5) 1.0
RER 0.16 (-0.23, 0.48) 0.4/0.1 (0-2) 0.7

CCC, Concordance Correlation Coefficient (Lins); ICC, Intraclass Correlation Coefficient; CI, Confidence Intervals; SEM,

Standard Error of Measurement; - Incalculable due to zero values

FADDIR, 90° Flexion Adduction Internal Rotation; FADC, Flexion Adduction Compression; FIRC, Flexion Internal Rotation
Compression; FF, Full Flexion; FABER, Flexion Abduction External Rotation; BKFO, Bent Knee Fall Out; EPr, Extension in
Prone; FFIR, Full Flexion Internal Rotation; FIR, Flexion Internal Rotation at 90° Flexion; IRSit, Internal Rotation in Sitting; IRPr,
Internal Rotation in Prone; IRSt Internal Rotation in Standing; FFER, Full Flexion External Rotation; FER, Flexion External
Rotation at 90° Flexion; ERSit, External Rotation in Sitting; ERPr, External Rotation in Prone; ERSt External Rotation in Standing;
ADDSt, Adduction in Standing; ADDKn Adduction in 4-point kneel; FKn, Hip flexion in 4-point kneel; Squat, squat to chair; Rise,
rise from chair; RAD, Resisted Adduction; RAB, Resisted Abduction; RF, Resisted Flexion; RE, Resisted Extension; RIR, Resisted
Internal Rotation @ 90°; RER, Resisted External Rotation @ 90°



Table 3.11 Between-session reliability for reports of pain intensity
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Mean Intensity

Test (ng;j cn :QCSCOZ‘ cn Trial 1/Trial 2 SEM
(range)
Impingement Tests
Quadrant 0.85(0.63, 0.94) 3.8/3.1 (0-8) 0.9
FADDIR 0.82 (0.60, 0.93) 2.9/2.5 (0-8) 1.0
FADC 0.74 (0.40, 0.89) 3.3/2.4 (0-9) 1.3
FIRC 0.79 (0.54,0.91) 1.9/1.7 (0-7) 0.8
Miscellaneous Tests
FF 0.82(0.58,0.93) 2.5/2.6 (0-7) 0.9
FABER 0.65(0.31, 0.84) 2.7/1.9 (0-8.5) 1.5
BKFO 0.73 (0.43, 0.88) 1.0/1.1 (0-7) 0.8
EPr - 0.3/0.0 (0-3.5) NA
Log Roll -0.05 (-0.46, 0.38) 0.2/0.2 (0-3.5) 0.9
Internal Rotation Tests
FFIR 0.80 (0.46, 0.93) 3.3/2.5 (0-8) 0.9
FIR 0.85(0.58, 0.95) 2.2/1.7 (0-6) 0.8
IRSit 0.64 (0.26, 0.84) 1.1/1.1 (0-4) 0.8
IRPr 0.81(0.57,0.93) 2.2/1.9 (0-7) 0.9
IRSt 0.84 (0.63, 0.94) 1.4/1.2 (0-5) 0.6
External Rotation Tests
FFER 0.67 (0.32, 0.86) 0.7/0.6 (0-4) 0.7
FER 0.68 (0.33, 0.86) 0.6/0.8 (0-4.5) 0.8
ERSit 0.42 (0.02,0.71) 0.3/0.2 (0-3) 0.6
ERPr 0.46 (0.02, 0.75) 0.2/0.3 (0-3) 0.5
ERSt -0.02 (-0.43, 0.40) 0.3/0.4 (0-3.5) 0.6
‘Functional’ tests
ADDSt 0.17 (-0.16, 0.46) 1.4/0.6 (0-4.5) 1.2
ADDKn 0.39 (-0.05, 0.71) 2.4/1.9 (0-6.5) 1.8
FKn 0.73 (0.43, 0.88) 1.1/0.9 (0-7) 1.0
Squat - 0.0/0.1 (0-2) NA
Rise - 0/0 (0) NA
Resisted Tests
RAD 0.01 (-0.33, 0.36) 0.2/0.4 (0-3.5) 0.5
RAB 0.43 (0.02, 0.73) 0.1/0.2 (0-2) 0.3
RF 0.63 (0.36, 0.80) 0.3/0.4 (0-5) 0.5
RE 0.14 (0.22, 0.48) 0/0 (0) 0.5
RIR 0.72 (0.40, 0.88) 0.4/0.3 (0-4) 0.4
RER 0.15 (-0.23, 0.48) 0.1/0.3 (0-4) 0.4

CCC, Concordance Correlation Coefficient (Lins); ICC, Intraclass Correlation Coefficient; CI, Confidence Intervals; SEM,

Standard Error of Measurement; - Incalculable due to zero values

FADDIR, 90° Flexion Adduction Internal Rotation; FADC, Flexion Adduction Compression; FIRC, Flexion Internal Rotation
Compression; FF, Full Flexion; FABER, Flexion Abduction External Rotation; BKFO, Bent Knee Fall Out; EPr, Extension in
Prone; FFIR, Full Flexion Internal Rotation; FIR, Flexion Internal Rotation at 90° Flexion; IRSit, Internal Rotation in Sitting; IRPr,
Internal Rotation in Prone; IRSt Internal Rotation in Standing; FFER, Full Flexion External Rotation; FER, Flexion External
Rotation at 90° Flexion; ERSit, External Rotation in Sitting; ERPr, External Rotation in Prone; ERSt External Rotation in Standing;
ADDSt, Adduction in Standing; ADDKn Adduction in 4-point kneel; FKn, Hip flexion in 4-point kneel; Squat, squat to chair; Rise,
rise from chair; RAD, Resisted Adduction; RAB, Resisted Abduction; RF, Resisted Flexion; RE, Resisted Extension; RIR, Resisted
Internal Rotation @ 90°; RER, Resisted External Rotation @ 90°
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3.4.3 Prevalence of positive responses
Table 3.12 provides data regarding the prevalence of positive test responses for each
test in each trial for the painful hip as well as the prevalence averaged over the three
sessions for both the painful and the asymptomatic hips. Considering the averaged
values, the four tests that most commonly reproduced pain in the symptomatic hips
were the quadrant, full flexion internal rotation (FFIR), flexion adduction internal
rotation (FADDIR) and compression in adduction at 90° flexion (FADC). As expected,
the prevalence of pain when testing asymptomatic hips was much lower than when
testing symptomatic hips. However, the quadrant, FFIR and FADDIR were still
amongst the top four most provocative tests for the asymptomatic hips. Tests that
included internal rotation were much more likely to cause pain in symptomatic hips
than those that included external rotation. Whilst most resisted and ‘functional’ tests
reproduced pain in this group, the prevalence of a positive test was generally less than
10%. The majority of tests (18/30) performed on asymptomatic hips were pain free. Of
those that were painful, the quadrant, FFIR and FADDIR tests were the most

provocative.



Table 3.12 Prevalence of positive test responses
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Prevalence of +ve Test in

Average over three sessions

Symptomatic Hip
Test Trial 1 Trial 2 Trial 3 Symptomatic Hip Asymptomatic Hip
(%) (%) (%) (%) (%)
Impingement Tests
Quadrant 83 83 72 80 23
FADDIR 61 72 67 67 13
FADC 78 72 50 67 6
FIRC 39 50 39 43 6
Miscellaneous Tests
FF 59 65 59 61 4
FABER 56 61 50 56 2
BKFO 22 28 28 26 4
EPr 0
Log Roll 0
Internal Rotation Tests
FFIR 89 78 68 78 10
FIR 56 50 50 52 10
IRSit 39 33 28 33
IRPr 61 56 50 56
IRSt 50 39 28 39 0
External Rotation Tests
FFER 33 17 22 24 2
FER 26 17 28 24 6
ERSit 11 0
ERPr 6 6 0
ERSt 11 6 11 0
‘Functional’ tests
ADDSt 33 44 11 30 0
ADDKn 50 50 44 48 0
FKn 33 22 17 24 0
Squat 6 0
Rise 0 0 0
Resisted Tests
RAD 11 6 11 9 0
RAB 17 0 6 7 0
RF 17 6 11 11 0
RE 0 0 0 0 0
RIR 22 11 6 13 0
RER 17 6 6 9 0

FADDIR, Flexion Adduction Internal Rotation; FADC, Flexion Adduction Compression; FIRC, Flexion Internal Rotation
Compression; FF, Full Flexion; FABER, Flexion Abduction External Rotation; BKFO, Bent Knee Fall Out; EPr, Extension in
Prone; FFIR, Full Flexion Internal Rotation; FIR, Flexion Internal Rotation at 90° Flexion; IRSit, Internal Rotation in Sitting; IRPr,
Internal Rotation in Prone; IRSt Internal Rotation in Standing; FFER, Full Flexion External Rotation; FER, Flexion External
Rotation at 90° Flexion; ERSit, External Rotation in Sitting; ERPr, External Rotation in Prone; ERSt External Rotation in Standing;
ADDSt, Adduction in Standing; ADDKn Adduction in 4-point kneel; FKn, Hip flexion in 4-point kneel; Squat, squat to chair; Rise,
rise from chair; RAD, Resisted Adduction; RAB, Resisted Abduction; RF, Resisted Flexion; RE, Resisted Extension; RIR, Resisted

Internal Rotation @ 90°; RER, Resisted External Rotation @ 90°
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3.5 Discussion

This study investigated volunteers with unilateral pain in the groin or buttock, recruited
either by referral from a sports physician or through advertisements placed in a
university setting. The participants were relatively young, engaged in society and able
to participate in normal activities of daily living. However, most were unable to play
their normal sports because of their hip pain. None had severe pain. The following

discussion needs to be considered bearing in mind these characteristics of this cohort.

3.5.1 Reliability of reports of pain reproduction

Whilst there is no level of reliability that has universal acceptance as being the
minimum required before a physical test should be included in a clinical examination,
there appears to be some consensus that a kappa, PABAK or ICC value of >0.6 is
required (Cadogan, Laslett, Hing, McNair, & Williams, 2011; Chinn, 1991; Cibere et
al., 2008; Laupacis, Sekar, & Stiell, 1997; Martin & Sekiya, 2008). Cadogan et al. argue
that this level of concordance should be accompanied by percent agreement in excess of
80% before it is appropriate to use such tests clinically. In respect to the within-session
reliability of the reproduction of familiar pain, given the above parameters, 15 of the
tests included in the current study are appropriate for clinical use (quadrant, log roll,
squat, rise, BKFO, EPr, IRPr, ERSit, ERSt, ERPr, ADDKn, RAB, RAD, RF, RE). Ten
tests demonstrated both reliability scores below 0.6 and percent agreement below 80%.
For between-session reliability, nineteen tests demonstrated kappa above 0.6 and
percent agreement above 80% (quadrant, log roll, squat, FADDIR, FABER, EPr, IRPr,
IRSt, FFER, FER, ERSit, ERSt, ERPr, FKn, RAB, RAD, RF, RIR, RER). Six tests
demonstrated both reliability and percent agreement below these figures. Eleven tests
met the criteria for inclusion in the clinical examination for both within and between-
session reliability (quadrant, log roll, squat, EPr, IRPr, ERSit, ERSt, ERPr, RAB, RAD,
RF).

We cannot compare these findings to other studies, as it appears that no previous
investigation of the intra-examiner reliability of categorical decision-making regarding
the presence or absence of pain provoked by physical tests of symptomatic hips has
been conducted. Some studies (Cibere et al., 2008; Martin & Sekiya, 2008; Ratzlaff et
al., 2013) have investigated the inter-examiner reliability of such decision-making.

However, a comparison of intra-examiner reliability to inter-examiner reliability,
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especially in light of differences in the definition of a positive test result, the experience
and background of the examiners as well as the characteristics of the included

participants across these studies, is perhaps not particularly meaningful or appropriate.

The results of the current study demonstrate that there is some inconsistency in the
participants’ responses when they are asked if a test reproduces their usual (familiar)
pain or not. Bearing in mind that many of these tests provoke pain in asymptomatic
hips, it may be that the requirement to commit to a decision that the pain provoked by a
test was actually their ‘familiar’ pain was difficult. This would not be the case when it
was obvious that their pain had been reproduced. However, if the pain was less severe
or slightly different to their ‘familiar’ pain, this may have created some indecision.
Whilst the method of application was standardised, it is also possible that there was
some variation in the positioning of the limb during testing or the amount of load
applied by the examiner. Either of these possibilities could have affected the reliability
estimates for these tests. The influence of these factors could have been reduced by the
use of positioning devices and a force transducer (to measure load at the end of the
range) for each test. However, these options were discarded a priori as they were
considered not to be pragmatic for either the clinical application of these tests or for the
diagnostic accuracy study that follows the current study (Kottner et al., 2011;
Stochkendahl et al., 2006).

3.5.2 Reports of pain intensity

Fourteen tests included in the current study demonstrated substantial (0.61 to 0.80) to
almost perfect (0.81 to 1) within-session reliability for ratings of pain intensity (Landis
& Koch, 1977). Seventeen tests showed this level of reliability for between-session
testing. Twelve tests (quadrant, FADDIR, FADC, FF, BKFO, FFIR, FIR, IRSit, IRPr,
IRSt, FKn, RF) fell within this range for both within and between-session reliability.
Overall, 19 of the 30 tests examined demonstrated reliability scores higher than the 0.6
level argued to be appropriate for inclusion in a clinical examination (Cibere et al.,

2008; Laupacis et al., 1997; Martin & Sekiya, 2008).

The only other study (Cliborne et al., 2004) that has examined the reliability of patient
reports of pain intensity during the application of physical tests of the hip, reported
excellent reliability for FABER, hip flexion, scour and a ‘functional squat’ tests.
However, these researchers asked patients with symptomatic knee arthritis to rate pain

intensity during the application of 4ip joint tests. In the absence of hip pain or
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pathology, it is difficult to interpret these findings. Also, the test-retest period in this
study was only 2-minutes compared to 60-minutes in the current study. Short intervals
between test sessions increase the likelihood of the participant remembering their
previous scores and will therefore enhance reliability estimates (DeVon et al., 2007).
These factors make it difficult to make any comparison between the study by Cliborne

and colleagues and our own.

It is interesting to note that most resisted tests and most tests that included external
rotation demonstrated poor reliability. These tests were not particularly provocative in
the group of patients included in this study. The mean pain intensity for most of these
tests was below 1 on the NPRS for all trials. Conversely, the tests with the highest
reliability typically demonstrated the highest prevalence of a positive test and highest
mean pain intensity scores. When pain intensity is low, small changes in intensity will
result in large differences in terms of the percentage of the original rating. This will
have an adverse effect on the estimates of reliability for tests that cause little pain. This
finding has implications for both the clinical and research settings. Where important
diagnostic or therapeutic decisions are made on the basis of patient ratings of pain
intensity, it would be prudent to consider findings of the tests that are more provocative

than those that cause pain of very low intensity

This point is reinforced when the error associated with measurements of pain intensity
and the minimal clinically important difference (MCID) for the NPRS are considered.
SEM values across the tests included in our study ranged from 0.2 to 1.8 points on the
NPRS. The average SEM was 0.8 points for both within and between-session situations.
A SEM of this size means that a patient may rate pain as 0.8 points above or below the
‘true’ value at a given point in time. In the ‘worst case’ scenario, a patient might report
pain intensity, for example, of 7 one occasion, 7.8 the next and 6.2 on a third occasion,
even though the actual pain intensity has remained at 7 over this period of time. The
difference between these two scores is 1.6 points. This value is very similar to the 2-
point shift reported as the MCID for changes in pain intensity when using the NPRS for
patients with musculoskeletal pain (Childs et al., 2005; Farrar et al., 2001).

Based on our results, patients who report low baseline pain intensity (say <2 points) for
a given test are less likely to provide a reliable measure of pain intensity during the
reapplication of that test at a subsequent time. A clinically important change in intensity

of this pain would require a total abolition of the pain. A 50%, or even 80% reduction,
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would not be convincing given the possibility that the original rating could not be relied

upon to be ‘accurate’ and that the shift is less than 2 points on the NPRS.

3.5.3 Prevalence of painful responses

The current study provides information regarding the prevalence of reports of pain
during the application of physical tests for the hip. Whilst the study was not powered to
determine population prevalence, the prevalence within the study cohort was of interest.
Many of the tests included in this study caused pain in both the symptomatic and
asymptomatic hips. The tests that most frequently reproduced pain in symptomatic hips
were very similar to those that were provocative in asymptomatic hips. There were only
subtle changes in the ranking (in terms of highest to lowest prevalence of pain
production) for these tests between the symptomatic and asymptomatic sides. Although
the ranking was similar, the actual prevalence of a positive test result was significantly
higher in symptomatic hips. This is intuitive in that one would expect a painful hip to be
more likely to hurt with mechanical loading than a ‘normal’ hip. Also, tests that
demonstrated a relatively low prevalence of pain reproduction in symptomatic hips (e.g.
resisted tests with an average prevalence of 14%) were rarely provocative in

participants with asymptomatic hips.

The prevalence of painful responses in the asymptomatic hips was surprisingly high for
a number of tests. The quadrant test provoked pain in 23% of asymptomatic hips. The
FADDIR, FIR and FFIR tests were painful in around 10% of all asymptomatic hips.
The only other study to investigate prevalence of positive tests in asymptomatic hips is
Prather et al. (2010) who reported a prevalence of 7.1% for FADDIR, 3.6% for FABER
and 0% for log roll. These figures are congruous with those of the current study. The
mean age, age range and BMI of the participants in this study were remarkably similar

to our own.

It is likely that the pain associated with testing asymptomatic hips is due to stress on
normal tissues that are placed under end range stretch or compressive load during the
test. However, the findings of the current study should be considered alongside research
that has demonstrated pathological/structural changes, identified by medical imaging
techniques of the hip (including, x-ray, ultrasound and MRI) in people who do not have
any history of pain or functional disability (Frank et al., 2015; Hack, Di Primio, Rakhra,
& Beaulé, 2010; Jung et al., 2011; Kumar et al., 2013; Lanyon, Muir, Doherty, &
Doherty, 2003; Lee, Armour, Thind, Coates, & Kang, 2015; Register et al., 2012). It is
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clear that people may have significant degenerative and structural changes that do not
cause symptoms on a day-to-day basis. Our study also demonstrates that the prevalence
of positive tests for the hip was much higher for tests that incorporate internal rotation
and/or flexion of the hip compared to those that include external rotation and/or less
than 90 degrees of flexion, regardless of whether the hip was symptomatic or not.
Flexion and internal rotation are the key components of the various ‘impingement’ tests
used on the hip. Such tests are proposed to engage the femoral head-neck junction
against the labrum and acetabular rim. Consequently, these tests are likely to load the
structures commonly identified as being abnormal in asymptomatic populations (as
described in the abovementioned studies). It may be that the tests used in the current
study were provocative in asymptomatic hips because of the presence of underlying
structural abnormalities that were not severe enough to cause symptoms with normal

activities of daily living.

A key clinical implication of these findings is that clinicians should be cognisant of the
fact that if physical tests are provocative in people without hip pain, then a positive test
in a patient with hip pain does not necessarily implicate the hip joint. Many ‘hip’ tests
have the potential to load other structures (e.g. the sacroiliac joint, the lumbar spine, the
pubic symphysis) and false positive tests can arise when a test is not specific to the

structure targeted with the test.

3.6 Limitations

This study explored the reliability of reports of pain provocation and of pain intensity
obtained by an individual examiner. The investigation of intra-examiner reliability was
a purposeful decision designed to replicate the common clinical scenario where
assessment is undertaken by one clinician before and after an intervention and at
subsequent treatment sessions. Inter-examiner reliability was not examined and these
results should not be extrapolated to situations where different clinicians are assessing

these factors.

The amount of force applied at the end of range for each of the tests was not
standardised in an objective manner. Pain intensity typically increases as increasing
force is applied during the application of physical tests and the use of a force transducer
to ensure that the same degree of load was applied for each test and each session was
considered. However, standardising the level of force would increase the likelihood of

false negative results in patients that required more force than the ‘chosen standard’ to
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provoke their pain. Similarly, patients with pain that was easily provoked may have
been harmed if the standardised force was more than what was appropriate to apply to
their injury. Furthermore, the intent of this study was to establish the reliability of
patient reports of pain intensity during the application of tests performed in a manner
that reflects clinical practice. Consequently, the examiner applied sufficient force to
determine end range of movement (as determined by significant tissue resistance) or
until the participant’s pain response indicated that the application of further load would
be inappropriate. It may be argued that the examiner in the current study modified the
force applied in a manner to try to achieve the same level of pain intensity as that
produced in earlier sessions. However, this is unlikely given the number tests performed
(n=30), the fact that they were performed in random order, that they were performed
one hour and then days apart and that scores from each session were secured from the

examiners view immediately after each session.

3.7 Conclusion and implications

This study has demonstrated that patient reports of pain reproduction and ratings of pain
intensity during the application of PPT’s to the hip, for the most part, have sufficient
reliability to justify their use in both the clinical and research environments. Whilst
some tests demonstrated better reliability than others, this appears to relate to how
provocative that test was i.e. tests that reproduced pain of high intensity were more
reliable than those that caused minimal or low intensity pain. Hence, we suggest that
when the assessment of the effect of an intervention on pain is required, that tests that
create pain of a ‘higher’ intensity should be used as baseline measures. Assessment of
pre to post treatment changes in pain intensity are likely to be more accurate when such

tests are used than when tests that create little pain are employed.

These findings also have implications for this thesis. Changes in pain intensity
following the intra-articular injection of anaesthetic will be used as the reference
standard in the diagnostic accuracy study that is the key focus of the thesis. The current
study has provided evidence that ratings of pain intensity can be relied upon to give a

true reflection of the effect of the anaesthetic provided the following criteria are met:

* that the pain produced by a test must be the same pain for which they have
sought treatment (a familiar pain)
* only tests that reproduce pain of an intensity of 2 or more points on the NPRS

should be considered as a positive test



a reduction of pain intensity of less than 2 points on the NPRS should not be
considered significant or taken into account when calculating response to the

anaesthetic.
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Chapter 4 Measurements of Strength and Range of
Movement in Painful and Non-Painful Hips

This Chapter relates specifically to Questions 2 and 3 of this thesis:

What is the between-session intra-examiner reliability of measures of strength for both

the symptomatic and asymptomatic hip in people with unilateral hip pain?

What is the within and between-session intra-examiner reliability of measures of range
of movement for both the symptomatic and asymptomatic hip in people with unilateral

hip pain?
4.1 Introduction and background

Hip muscles have an important role in stability and function of the hip joint (Neumann,
2010; Retchford, Crossley, Grimaldi, Kemp, & Cowan, 2013; Zifchock, Davis,
Higginson, McCaw, & Royer, 2008). Decreased lower-extremity muscle strength has
been shown to be one of the strongest predictors of falls in older adults (Moreland,
Richardson, Goldsmith, & Clase, 2004). There is evidence that decreased strength and
decreased range of movement are associated with painful hip pathology (Agricola et al.,
2013; Arokoski et al., 2002; Harris-Hayes et al., 2014; Judd, Thomas, Dayton, &
Stevens-Lapsley, 2014; Kemp et al., 2014b). Impairment in muscle function can affect
optimization of the load on the hip joint and its surrounding structures during
movement, resulting in increased contact forces that can contribute to the development
and progression of pathology (Bergmann, Graichen, & Rohlmann, 2004). Some authors
have proposed that strength differences between sides and/or between agonist-
antagonist muscle groups may contribute to injury or re-injury (Knapik, Bauman, Jones,
Harris, & Vaughan, 1991; Tyler, Nicholas, Campbell, & McHugh, 2001; Yeung, Suen,
& Yeung, 2009).

Strength testing appears to be useful from a diagnostic perspective, with studies
demonstrating that differences in strength can discriminate patients from controls and
various pathologies from one another. For example, Gruther et al. (2009) demonstrated
that patients with non-specific chronic low back pain have significantly weaker back
extensors and flexors than normal controls. Jeon, Chung, Lee, Son, and Kim (2013)
reported that testing for concomitant weakness of the hip abductors differentiates

peroneal neuropathy from lumbar radiculopathy, as a cause of a foot drop. These
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authors reported that hip abductor weakness was 86% sensitive and 96% specific for
this purpose. With respect to the hip, Arokoski et al. 2002 reported that men with hip
OA have significantly lower strength of the abductors, adductors and flexors than
normal controls. Similarly, Harris-Hayes et al. (2014) demonstrated that people with

chronic hip joint pain have significant hip muscle weakness compared to controls.

The identification of changes in range of movement is also of diagnostic value, with a
loss of internal rotation and/or hip flexion being two key criteria for a clinical diagnosis
of osteoarthritis of the hip (Altman et al., 1991; Birrell et al., 2001). A loss of hip
extension was shown by Joe et al. (2002) to have a high specificity (92%), but a low
sensitivity (19%), with respect to the identification of avascular necrosis of the femoral
head in asymptomatic HIV-infected patients. In contrast, increased internal rotation has
been associated with the development of lower limb injury (Wyss, Clark, Weishaupt, &
Notzli, 2007; Zifchock et al., 2008).

This thesis focuses on determining the diagnostic accuracy of the clinical examination
of the hip. There appears to be sufficient evidence to suggest that the identification of
changes in strength and ROM may be an important component of the hip examination
and that further exploration of the diagnostic accuracy of such changes is warranted.
However, prior to their inclusion in the primary study of this thesis, it was considered
important that measurements of strength and ROM made by this researcher (the PhD
candidate) were reliable. Consequently, the current study was designed to address

Questions 2 and 3 of this thesis.

A decision was made to use a previously validated hand held dynamometer (HHD) that
incorporates both a force transducer (to measure strength) and gravity dependent
inclinometer (to measure range of movement) (Industrial Research Ltd; Christchurch;
NZ). The decision to use a hand held device rather than more sophisticated isokinetic
testing was essentially for pragmatic reasons. The main study in this thesis needed to be
conducted onsite at a private radiological clinic so that participants could be assessed
immediately before and after the fluoroscopy-guided anaesthetic injection used as the

reference standard. It would be impractical to use an isokinetic device in this setting.

This chapter begins with a literature review that first considers previous research that
has examined the reliability of measures of hip ROM and strength. Next, literature that

has investigated hip strength and/or ROM differences is presented. A narrative review
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of research that considers the key methodological factors important to the design and
conduct of reliability studies is also provided. Finally, the chapter presents the methods,

results and discussion for the current study.

4.2 Literature review

An initial literature search indicated that there were a limited number of studies that had
investigated differences in hip strength and ROM between sides in people with
unilateral hip pain. Therefore, studies that compared such measures in people with
symptomatic hips to people with ‘normal’ hips, and studies that considered side-to-side
differences in people with ‘normal’ hips were included. With respect to reliability of
measurements of strength, given our intent to use a HHD for such measures, only
research that used such a device to measure hip strength were included in this section of
review. However, studies that employed other measurement tools (e.g. strain gauge
dynamometers and isokinetic devices) were included in the review of evidence that has
investigated side-to-side differences in strength. For ROM, due to a relatively small
number of such studies that have investigated the intra-examiner reliability of an
inclinometer, we also included studies that employed a goniometer to measure hip

ROM.

This review was also performed to identify relevant research that informed the design
and methods of the study reported in this chapter. The specific aims of this review were

to answer the following questions:

*  What is the current evidence regarding the intra-examiner reliability of
measures of strength and range of movement of the hip joint in people with
hip pain?

* What evidence exists regarding the diagnostic utility of side-to-side
differences in strength of hip muscles in people with unilateral hip joint
pain?

* What evidence exists regarding differences in hip strength in people with hip
pathology versus those with normal hips?

* What evidence exists regarding the diagnostic utility of side-to-side
differences in range of movement in people with unilateral hip pain?

The initial search was performed (using the search strategy detailed in Chapter 2) prior

to the commencement of data collection for the current study (in May 2010). It was
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updated with a follow-up search performed in March 2015. Key concepts were
identified and searched separately in 5 main categories summarised as: 1) "hip joint"
OR "hip pain" OR "groin pain" OR groin OR hip 2) reliability OR accura®* OR
consistency OR validity 3) strength OR "muscle strength" OR "peak force" OR force 4)
ROM OR "range of movement" OR " range of motion" range 5) "Physical examination"

OR " tests" OR "clinical examination" OR "objective examination" OR "impairment".

Where relevant high quality systematic reviews were identified, their findings are first
presented. This is followed by any relevant experimental studies published since these
reviews. Results are detailed below under sub-headings that reflect the review aims. In
total, 39 relevant studies were identified. Twenty-three of these investigated reliability
of strength measures in the hip using a hand-held dynamometer, 14 studies investigated
reliability of range of movement measures in the hip and 3 studies investigated both
strength and ROM. Three relevant systematic reviews (Diamond et al., 2015; Dobson,
Choi, Hall, & Hinman, 2012; Loureiro, Mills, & Barrett, 2013) and one narrative review

were identified (Bohannon, 2012).

4.2.1 Reliability of measures of range of movement and strength

The systematic review by Dobson et al. (2012) included 15 studies, 6 of which
measured strength and 9 measured ROM. All studies included participants with hip
pathology (including OA, fracture and ‘groin pain’). Eleven studies investigated
reliability of these measures, three investigated validity and one considered both
reliability and validity. The remaining study investigated internal consistency of
strength measures. The quality of the Dobson et al. systematic review was evaluated
using the Preferred Reporting Items for Systematic Reviews and Meta-Analysis
(PRISMA) guidelines (Liberati et al., 2009; Moher, Liberati, Tetzlaff, & Altman, 2009).
Whilst these guidelines were developed primarily to help ensure clarity and
transparency in the reporting of systematic reviews, an appreciation of the quality of a
review can be ascertained by considering each item in the guidelines against the content
provided by the authors of a systematic review (Liberati et al., 2009; Moher et al.,
2009). Dobson et al. provided an appropriate rationale and clear objectives for their
review along with detail of their eligibility criteria and sources of information.
Comprehensive details of the search strategy, study selection and data extraction
processes were included. These authors used the previously validated ‘Consensus-Based
Standards for the Selection of Health Measurement Instruments’ (COSMIN) critical

appraisal tool developed for evaluating the methodological quality of studies included in
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their review (Mokkink et al., 2010; Terwee et al., 2012). Findings of the individual
studies were clearly presented, as were the details of the assessment of risk of bias.
Hence, this review provided sufficient detail to allow the quality of the review to be
evaluated. On the basis of this information, the systematic review by Dobson et al.
(2012) appears to be of a high standard and consequently their conclusions are likely to

represent ‘best-evidence’ at this point in time.

This review included four studies (Holmich, Holmich, & Bjerg, 2004; Malliaras,
Hogan, Nawrocki, Crossley, & Schache, 2009; Pua, Wrigley, Cowan, & Bennell, 2008;
Sherrington & Lord, 2005) that have investigated the intra-examiner reliability of
strength measures in people with hip pain. Dobson et al. reported that only two of these
studies (Pua et al., 2008; Sherrington & Lord, 2005) were good quality. Both studies
measured isometric strength with a HHD. Pua et al. measured strength of internal and
external rotators, flexors, extensors and abductors in 22 patients (mean age 62 + 8.9
years) with symptomatic osteoarthritis of the hip. They reported intraclass correlation
coefficients (ICC’s) between 0.84 (95% Cls 0.55, 0.94) and 0.98 (95% ClIs 0.94, 0.99).
Sherrington and Lord measured strength of flexors and abductors in 30 patients (mean
age 79 £ 10 years) recovering from a hip fracture (1 week to 57 weeks post fracture).
These authors reported ICC’s of 0.80 (95% ClIs 0.61, 0.91) for flexion and 0.86 (95%
ClIs 0.71, 0.94) for abduction. On the basis of these studies, Dobson et al. concluded that

a HHD could be recommended for measuring the strength of hip muscles.

Dobson et al. also included 3 studies that had examined between-session reliability
measures of ROM. Dobson et al. considered that only two were good quality studies
(Holm et al., 2000; Pua et al., 2008). Pua and colleagues investigated the intra-examiner
reliability of measures of ROM for internal and external rotation, flexion and extension
using an inclinometer. They reported ICC’s between 0.86 (95% Cls 0.67, 0.94) and 0.97
(95% ClIs 0.93, 0.99). Holm et al. investigated the inter-examiner, between-session
reliability of ROM measures using a goniometer in 25 patients with symptomatic OA.
These authors reported ICC’s ranging from 0.50 (no ClIs reported) for adduction to 0.94
for extension. In this study, pooled results from separate ‘teams’ of examiners were
presented. These teams included one ‘team’ that was an orthopaedic surgeon estimating
ROM visually, one team that had 2 novice physiotherapists, and another that had two
expert physiotherapists. These pooled results make it difficult to interpret the findings
from this study. However, on the basis of these two studies, Dobson and colleagues

concluded that measurements of hip ROM (using either an inclinometer or goniometer)
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in people with hip pain could be recommended for flexion, extension, internal/external

rotation and abduction.

A number of studies identified by the current search were not included in the Dobson et
al. review. However, the majority of these investigated reliability in people without hip
pain. Two additional studies (Klassbo, Harms-Ringdahl, & Larsson, 2003; Nussbaumer
et al., 2010) that investigated ROM in patients with hip pain and one study (Arnold,
Warkentin, Chilibeck, & Magnus, 2010) that investigated strength were identified. The
earliest of these studies (Klassbo et al.) was primarily a study designed to explore
capsular patterns of the hip joint. Within this publication, Klassbo et al. reported that
they had performed a separate reliability study of ROM measures obtained with a
goniometer. The study included 14 people with hip pain and 6 ‘normals’. Unfortunately,
only brief details regarding the conduct of this study were provided making it difficult
to determine its overall quality. They reported point estimates of I[CC’s between 0.56
(for extension) to 0.92 (for flexion) without any confidence intervals. Given the lack of

detail, these results should be considered with a degree of caution.

Nussbaumer et al. investigated ROM using a goniometer and an electromagnetic
tracking system (ETS) in 15 patients with femoroacetabular impingement (FAI) and 15
matched, healthy controls. Whilst these authors reported excellent test-retest reliability
for both devices (ICC’s above 0.84 for all ROM assessments), they also reported that
the two devices provided different measurements. Goniometric measurements were
generally greater than those obtained by the ETS. Agreement between these instruments
was poor for flexion, adduction and external rotation (ICC of 0.44, 0.53 and 0.54
respectively). In contrast, agreement was excellent for both abduction (ICC =0.93) and

internal rotation (ICC=0.87).

Arnold et al. investigated the within-session (same day) and between-session (a day
apart), intra-examiner reliability of strength measures using a HHD in 18 patients (11
with symptomatic hip or knee OA). They measured hip flexion, extension and
abduction bilaterally. Hip flexion was measured in both sitting and standing, and
abduction in both supine and standing. The authors did not report values for individual
tests for within-session measurements. Instead, they stated that they were ‘high’ and
that values ranged from 0.90 to 0.98 (no confidence intervals reported). However, they
did report values for the between-session reliability. These results demonstrated that test

position did not significantly alter the reliability of these measures with ICC’s between
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0.84 and 0.94. Perhaps the most interesting finding in this study was that reliability for
the right hip was consistently lower than for the left. Arnold et al. did not comment on

this finding.
Summary

In summary, two studies (Pua et al., 2008; Sherrington & Lord, 2005) have
demonstrated excellent between-session, intra-examiner reliability of strength
measurements using a HHD in people with hip pathology. One study (Arnold et al.,
2010) has investigated the within-session reliability of such measures, although not all
participants in this study had painful hips. Only Pua et al. has investigated the reliability
of measures of ROM obtained with inclinometer in people with hip pain, reporting
excellent reliability. Although this evidence suggests that measurements of strength
with a HHD and ROM with an inclinometer are reliable, there is insufficient evidence to
be confident that this will be the case for this examiner, in patients with hip pain, in the
circumstances of the proposed diagnostic accuracy study. Hence, it would be prudent to

conduct a study that demonstrates that this is the case.

4.2.2 Side-to-side differences in strength in people with unilateral hip
pathology

Loureiro et al. (2013) performed a systematic review of evidence investigating muscle
weakness in people with hip osteoarthritis. The authors provided an appropriate
rationale and clear objectives along with detail of eligibility criteria and sources of
information. Comprehensive details of the search strategy, study selection and data
extraction processes were included along with an explanatory flow diagram. The
methodological quality of included studies was assessed using the Cochrane
Collaboration’s bias assessment tool (Higgins et al., 2011) and risk assessment details
were provided for each study. Results of the individual studies were clearly presented in
various tables and associated text. These authors reported that all of the studies included
in their review had either a low or moderate risk of bias providing some confidence in
the integrity of their findings. Hence, this review provided sufficient detail to allow the
quality of the review to be evaluated. On the basis of this information, this systematic
review appears to be of a high standard and consequently their conclusions are likely to

represent ‘best-evidence’ at this point in time.

This review included 3 relevant studies (Arokoski et al., 2002; Rasch, Bystrém, Dalen,
& Berg, 2007; Rasch, Dalén, & Berg, 2010) that compared side-to-side strength in
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people with unilateral hip OA. Rasch et al. (2007) measured side-to-side peak isometric
force (with a strain gauge dynamometer) in 22 elderly (mean age 67 + 7 years) patients
with unilateral OA. All participants were on a waiting list for a hip joint replacement.
Hip abduction, adduction, flexion and extension were measured with the hip positioned
in 45° of hip flexion and the patient standing. These authors reported statistically
significant reductions in strength on the painful side, ranging from 11% (for adduction)
to 27% (for flexion). This research group reassessed strength at 6 and 24 months post
hip joint replacement. In a follow-up study (Rasch et al., 2010) they reported that at 24
months, the hip abductors were still 15% weaker on the painful side whereas the

extensors, flexors and adductors were not statistically different between sides.

In contrast to the studies by Rasch and colleagues, the study by Arokoski et al. included
patients with moderate OA (not end-stage). In this study, 15 patients with unilateral hip
OA and 12 patients with bilateral hip OA were compared to 30 aged-matched, normal
controls (mean age 56.3 + 4.5 years). The authors compared side-to-side peak isometric
torque of hip abduction and adduction (measured with a strain gauge dynamometer) and
hip flexion and extension (measured with an isokinetic dynamometer) with the hip
positioned in zero degrees of flexion. For side-to-side comparison in patients with
unilateral OA, strength values of the symptomatic hip were compared to the
asymptomatic hip. For patients with bilateral OA, the ‘better and worse’ hips were
identified by the severity of OA present on radiographs using the Kellgren-Lawrence
(Kellgren & Lawrence, 1957) grading criteria. The hip that had ‘more severe
radiographic changes’ was considered the ‘worse’ hip and was compared to the ‘better’
hip. Data from the symptomatic hip and the ‘worse’ hip were combined and compared
as a group to the combined data from the asymptomatic or ‘better’ hip. Arokoski et al.
reported that the ‘worse’ hip group was significantly weaker in both flexion (21%) and
extension (22%) than the ‘better’ hip group. Arokoski et al. reported that there was not
any correlation with pain intensity and strength values, suggesting that the weakness
was not due to pain inhibition. In contrast to this, no significant side-to-side differences
in adduction or abduction strength were seen, despite the fact that these muscles
demonstrated significantly reduced cross-sectional area (CSA) on MRI. This led these
researchers to conclude that a reduction in CSA in patients with hip OA is not a direct
indicator of decreased hip strength. Arokoski et al. also investigated side-to-side
strength in the controls, reporting that the only significant difference they observed was

that isometric extension strength was 15.8% stronger on the right side. On the basis of
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the evidence presented in these three studies, Loureiro et al. (2013) concluded that there

was ‘strong evidence’ of weakness of the muscles of the affected hip in people with

OA.

The current search identified a number of studies that have compared side-to-side
strength in people with normal hips (Bandinelli et al., 1999; Bohannon, Vigneault, &
Rizzo, 2008; Cichanowski, Schmitt, Johnson, & Niemuth, 2007; Jacobs, Uhl, Seeley,
Sterling, & Goodrich, 2005; Kemp, Schache, Makdissi, Sims, & Crossley, 2013;
Niemuth, Johnson, Myers, & Thieman, 2005; Phillips, Lo, & Mastaglia, 2000; Rasch,
Dalen, & Berg, 2005; Thorborg, Couppe, Petersen, Magnusson, & Holmich, 2011a;
Thorborg et al., 2011b). Findings from these studies are conflicting, with some authors
reporting no significant differences between sides (Bandinelli et al., 1999; Bohannon et
al., 2008; Cichanowski et al., 2007; Niemuth et al., 2005; Rasch et al., 2005; Thorborg
et al., 2011a), whilst others report that such differences do exist for some muscle groups
(Bohannon et al., 2008; Jacobs et al., 2005; Phillips et al., 2000; Thorborg et al., 2011a;
Thorborg et al., 2011b). A detailed examination of this literature is beyond the scope of
this thesis.

Summary

In summary, there is some evidence that the painful hip in people with severe, unilateral
OA is weaker than their contralateral side. Also, one well conducted study (Arokoski et
al., 2002) suggests that this is the case for people with less severe OA. However, this
evidence is not compelling and it seems that it would be appropriate to further
investigate side-to-side strength differences in patients with hip pain. The inclusion of
patients with hip pain associated with a wider range of pathologies (e.g. labral tears,
FAI) might be informative. OA is typically a chronic, progressive condition where the
likelihood of associated disuse atrophy of the muscles of the symptomatic hip is high.
Similarly, the intra-articular swelling and inflammation associated with OA may lead to
neural inhibition and consequential muscle weakness (Rice & McNair, 2010). Hence,
differences in side-to-side strength may be more likely in such patients than those with
less chronic conditions. If significant differences in side-to-side strength exist in a
broader range of hip pain patients, exploration of the diagnostic value of such findings

would be warranted.
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4.2.3 Comparisons of strength between symptomatic hips and normal
controls
Comparisons of the symptomatic hip in patients with hip joint pain to asymptomatic
matched controls have also been made (Arokoski et al., 2002; Casartelli et al., 2011;
Harris-Hayes et al., 2014; Kemp et al., 2014b; Klausmeier, Lugade, Jewett, Collis, &
Chou, 2010; Rasch et al., 2005). As previously described (see page 89), Arokoski et al.
compared patients with hip OA to aged-matched, normal controls. They reported that
the adductors, abductors and flexors were weaker (25%, 31% and 18% respectively) in
the OA group when compared to the controls. No significant difference in the strength

of the extensors was observed between these groups.

Rasch et al. (2005) compared peak isometric force (measured in Newtons) of 10
‘young’ (age 36 + 6 years) and 13 ‘elderly’ (age 69 = 8 years), healthy volunteers to 11
patients (age 69 £ 8) with unilateral OA. These authors reported statistically significant
weakness in the patients compared to the controls for hip extension, flexion and
abduction (24%, 27% and 32% weaker respectively). Rasch and colleagues also
reported that there was not any difference between left and right sides in the healthy
subjects included in this study. Whilst this comparison of force between sides for an
individual is appropriate, it is not so for comparisons between subjects. The length of
the lever arm will influence measured force values. With different subjects, the lever
arm is likely to vary. Hence, torque is a more appropriate unit of measurement.
Consequently, the findings of Rasch et al. in respect to decreased force in people with
OA versus controls need to be considered with caution. However, similar strength
differences between controls and people with hip pain were reported by Klausmeier et
al. (2010). In this study, isometric hip abductor strength was measured with a KIN-
COM dynamometer in 23 patients (mean age 57) who were scheduled for a total hip
arthroplasty (THA) and compared to 10 healthy, age-matched controls. A statistically
significant difference in torque (calculated by multiplying force values by the length of
the moment arm) was observed between groups, with the group mean for the surgical
candidates being 30% lower than that of the control group (0.47 Nm/kg and 0.67 Nm/kg

respectively).

This trend indicating weakness of hip muscle in people with hip pathology compared to
controls is supported by the findings of Casartelli et al. (2011) who compared hip
strength in 22 patients (mean age 32 + 9) with FAI to 22 age-matched controls. In this

study, peak isometric force of hip abduction and adduction (with the participants in side
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lying) and internal and external rotation (with the patients sitting and hips at 90°
flexion) was measured using a HHD. Hip flexion and extension strength was measured
using an isokinetic dynamometer (Biodex) and with the hip at 45° of flexion. These
authors reported statistically significant reductions in isometric torque of the
symptomatic hip in FAI patients compared to controls for adduction, abduction, flexion
and external rotation (28%, 11%, 26% and 18% weaker respectively). However, no
between group differences were seen for extension or internal rotation torque. Casartelli
and colleagues also reported the mean pain intensity (measured with a 100mm visual
analogue scale) experienced during the strength tests. Whilst no controls experienced
pain during strength testing, pain intensity reported by the patients ranged from 18 + 20
mm (for resisted extension) to 25 + 22 mm (for resisted internal rotation). These authors
suggested that this pain (and/or fear of pain) might have contributed to the weakness
observed in the patient group. However, they also suggested that muscle atrophy might

have been a factor.

The strength of the symptomatic hip in 84 patients (mean age 36 years) with
chondrolabral pathology (identified at arthroscopy) was compared to that of 60 healthy
age-matched controls by Kemp et al. (2014b). Isometric peak force of hip abduction,
adduction, extension, flexion and both rotations were measured using a HHD. Hip
flexion strength was measured with the participants in sitting whilst all other measures
were performed with the hip in zero degrees of flexion/extension and zero degrees of
abduction/adduction. Torque was calculated by multiplying force values by the length
of the moment arm. These authors observed significantly reduced torque in the patient
group for all muscle groups except internal rotation. Unfortunately, only the mean
difference in normalized scores (Nm/kg) between groups was reported, making it

difficult to compare percent differences with other studies.

The most recent relevant study (Harris-Hayes et al., 2014) compared the strength of hip
abductors and internal and external rotators in 35 patients (mean age 28.2 + 5 years)
with chronic hip joint pain (CHJP) to 35 asymptomatic age-matched controls. Peak
isometric force was measured using a HHD. Hip rotation was measured with the
participants sitting with their hip flexed 90° and fully internally rotated for the internal
rotation test and fully externally rotated for the external rotation test. Strength testing of
the rotators was repeated with the participant supine (hip in zero degrees of flexion) and
the relevant muscle group in a shortened position. Abduction strength was measured in

side lying with the hip abducted 15° (and zero degrees of flexion and rotation). Torque
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was calculated and then normalised to weight and height. The findings of this study are
similar to the previous studies in that people with CHJP were significantly weaker
(from 16% to 28%) than the controls. In contrast to the previous studies, these authors
observed significant weakness (28%) of the internal rotators. This finding may be
related to the position of testing adopted by these authors. This is the only study,
identified in the current search, that has tested the rotator muscles in an inner range
position, a position that could have compromised the muscles ability to generate a
maximum voluntary contraction (Gordon, Huxley, & Julian, 1966; Ward, Winters, &
Blemker, 2010). Harris-Hayes et al. also reported that the asymptomatic hip in the
participants with CHJP was weaker than the controls (external rotators 18% and
abductors 16% weaker). This may be of significance in future research and clinical
practice when the asymptomatic hip is used as a ‘control’ for patients with unilateral hip

pain.
Summary

On the basis of the findings reported by these researchers, there appears to be a
consensus that symptomatic hip pathology is associated with weakness of the hip
muscles when compared to age-matched controls. Whilst there is some variance in the
degree of weakness reported and of the muscles involved, the trend is clear. These
variances most likely relate to characteristics of the participants included in the
respective studies and to differences in methods employed across the studies. This
evidence suggests that the identification of hip muscle weakness may help differentiate

pathological hips from normal hips.

4.2.4 Side-to-side differences in range of movement

A recent systematic review (Diamond et al., 2015) of evidence investigating range of
movement in people with femoroacetabular impingement compared to controls included
12 studies of relevance to the current study. This review was assessed following the
PRISMA guidelines. The authors provided an appropriate rationale and clear objectives
along with detail of their eligibility criteria and sources of information. Comprehensive
details of the search strategy, study selection and data extraction processes were
provided. Methodological quality of the included studies were scored as ‘moderate to
high’ using the Newcastle-Ottawa Scale (a tool designed for cohort and case—control
studies, which is reliable and valid for assessing the quality of non-randomized studies)

(Wells et al., 2015). Results of the individual studies were clearly presented in various
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tables and associated text. This review appears to be of a high standard and
consequently their conclusions are likely to represent ‘best-evidence’ at this point in
time. Most of the studies included in this review used 3-dimensional motion analysis or
CT to evaluate ROM although one, Nussbaumer et al. (2010), used a goniometer. Based
on the evidence presented in the studies included in their review, Diamond and
colleagues concluded that individuals with symptomatic FAI have decreased flexion
and internal rotation (at 90° flexion) on the symptomatic side and that this restriction is

at least partially due to bony impingement.

Earlier studies (Boone & Azen, 1979; Roaas & Andersson, 1982) have reported no
significant differences in range of movement between sides in people with normal hips.
An interesting and more recent study (Larkin, van Holsbeeck, Koueiter, & Zaltz, 2015)
used ultrasound to determine the ‘impingement-free’ range of movement, bilaterally, in
40 asymptomatic young males (mean age 28 years). These authors passively flexed the
hip until a point where labral deflection was identified (i.e. the point that the labrum was
being impinged) and then continued through the range until there was bony abutment of
the femoral head-neck against the acetabular rim. ROM was measured with a
goniometer at each of these two points. Consistent with previous research, Larkin and
colleagues reported that there were no differences between left and right sides in terms
of ROM. They reported impingement free mean range for the left hip of 68° + 17° and
68° + 16 for the right hip. ROM determined by bony abutment was 97° + 6° for the left
side and 96" + 6° for the right. The difference between impingement free ROM and
bony abutment that they have highlighted may be of importance in people with
symptomatic labral pathology.

4.3 Methodological considerations

The following section summarises key considerations crucial to the design, conduct and
analysis of the study presented in this chapter, with reference to the evidence identified

in the current literature search.

4.3.1 Instrumentation

Whilst HHD’s and inclinometers can provide objective measures of strength and ROM,
reliable and accurate results are dependent on key factors. Most importantly the
instrument must be properly calibrated and have a high enough ‘ceiling’ to allow for
any forces that they are required to measure. Also, the HHD must have adequate

padding so that patients don’t feel discomfort during testing that might limit their ability



95
to generate peak forces (Bohannon, 2012). The reliability and validity of the HHD used
in the current study has been investigated by Janssen and Le-Ngoc (2009). These
authors reported that accuracy of this device in a laboratory setting was +1° for angle

and 1N for force and that intra-examiner reliability for peak torque and start and end

ROM were excellent (ICC’s 0.99, 0.98, and 0.99 respectively).

4.3.2 Position and stabilisation of patient

The ability of a muscle to generate force is influenced by the length at which that
muscle is positioned (Gordon et al., 1966). During measurement of maximal isometric
strength, the initial position of the limb determines the length of the muscle being
tested. Whilst the rationale for choosing one particular test position over another is a
consideration for investigators (Ward et al., 2010), changes from this position will alter
the force generating capacity of the muscle (Bohannon, 2012; Ward et al., 2010). The
key implication in respect to the reliability of strength testing is that there must be
consistency in the initial positioning of the limb and careful attention paid to the
maintenance of the start position throughout the test. Inadequate stabilization of the
patient may allow movement of the limb and create variability in the measures of

strength (Brown & Weir, 2001).

Adequate stabilization of the trunk also provides a stable base from which lower limb
muscles can generate force (Hart, Stobbe, Till, & Plummer, 1984; Krause, Schlagel,
Stember, Zoetewey, & Hollman, 2007; Stumbo et al., 2001). Various methods of
stabilization have been employed in studies that have investigated measures of strength
in the hip, with the use of seatbelts or a requirement for the participant to self-stabilize
by holding on to the test surface being the most common. One study (Thorborg,
Petersen, Magnusson, & Holmich, 2010) that examined reliability of measures of hip
strength with a HHD in asymptomatic participants, reported improved reliability when
testing hip abduction and adduction strength in the supine position compared to the
side-lying position. These authors suggested that the reduced variation found in this
position was due to better stabilization of the patient. No belts were used to provide
additional stabilization in this study, as the researchers wanted the measurement
procedure to be “easy to learn, administer and implement in the clinical setting”
(Thorborg et al., 2010, p. 497). Instead, participants were required to stabilize
themselves by holding the plinth. Their results (ICC’s between 0.74 and 0.98) indicate
that this method has substantial reliability (Landis & Koch, 1977).
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Of the studies that have examined strength of hip muscles using a HHD in people with
hip pain, only two reported using stabilisation. Pua et al. (2008) used seat belts to
stabilise the pelvis and opposite leg whilst Arnold et al. (2010) required participants to
hold the edge of the plinth. The position of the participants also varied across these
studies such that there was no one, consistent test position for most muscle groups e.g.
Pua et al. and Arnold et al. tested hip flexors in sitting with the hip at 90° flexion
whereas Sherrington and Lord (2005) tested this muscle group with the participant lying

supine and the hip in neutral.

4.3.3 Make versus break

HHD’s allow measurement of the peak force generated by a muscle group. Two types
of testing have been commonly employed in studies that have measured strength i.e.
‘make’ tests and ‘break’ tests. In a ‘make’ test, the examiner places the individual’s
limb in the desired position of testing, holds the HHD stationary and the person being
tested is then required to exert the maximum force that they can generate against the
firmly held HHD. With break tests, the examiner applies increasing force to the limb
until the individual can no longer sustain the start position. Whilst there is a high
correlation between the results of these two types of tests, ‘break’ testing has been
demonstrated to show greater strength values than ‘make’ testing (Schmidt, Iverson,
Brown, & Thompson, 2013; Stratford & Balsor, 1994). The high forces required to
overcome an individual’s ability to hold a given position during ‘break’ tests, may be
unattainable in some circumstances (e.g. small female examiner versus strong male
athlete) and create a risk of injury to the participant in others (Bohannon, 2012; Reiman

& Thorborg, 2014).

Comparison of the reliability of ‘make’ versus ‘break’ techniques have been
investigated in the hip (Schmidt et al., 2013). These authors measured hip abduction in
39 healthy subjects (aged 21 to 70) and reported that both methods were highly reliable.
These results are consistent with the findings of other studies that have investigated this
in the elbow (Bohannon, 1988; Stratford & Balsor, 1994). The three studies (Arnold et
al., 2010; Pua et al., 2008; Sherrington & Lord, 2005) that investigated reliability of
strength measures in patients with hip pain identified by the current search all used

‘make’ tests.
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4.3.4 Examiner strength

There is some evidence that examiner strength influences the inter-examiner reliability
of measures of strength in the hip. One study (Thorborg, Bandholm, Schick, Jensen, &
Holmich, 2013) demonstrated a systematic difference in measurements of hip strength
made by one female and one male examiner, with all measurements made by the female
being lower than those of the male (p<0.05). Another study (Krause et al., 2014)
reported similar findings with strength values being lower for the weaker examiner.
Despite the difference in absolute values, these authors reported excellent intra-
examiner reliability (ICC’s between 0.82 and 0.97) and inter-examiner reliability (ICC’s
0.81 to 0.98). Krause and colleagues argue that the excellent reliability, despite
differences in strength values, reflects the mathematical analysis inherent with ICC’s
(the ratio of between-subject variance minus within-subject variance divided by
between-subject variance). They conclude that this finding demonstrates that although
such measurements are reliable, they are not necessarily valid. These authors
recommended the use of long-lever techniques to minimize the influence of differences
in examiner strength. Similarly, external fixation of the HHD has been suggested as a

means to resolve this issue (Bohannon, 2012; Thorborg et al., 2010).

4.3.5 Duration of contraction and rest intervals between repetitions

Sufficient time needs to be given to allow for the development of peak force during
isometric strength testing. It appears that there is not any experimental evidence to
justify a specific time frame. However, the American Society of Exercise Physiologists
(ASEP) guidelines (Brown & Weir, 2001) recommend that a contraction period with a
one-second-transition period from rest to maximal force and a four to five second

plateau is appropriate.

Similarly, sufficient time needs to be given for adequate recovery of muscle from the
metabolic consequences of high-intensity, short duration muscle contractions.
Inadequate rest time has been demonstrated to impair subsequent performance (Spriet,
Lindinger, McKelvie, Heigenhauser, & Jones, 1989). No definitive recovery period has
been determined experimentally however the consensus of opinion based on the current
evidence suggests that one minute is sufficient (Brown & Weir, 2001; Weir, Wagner, &
Housh, 1994). Despite this evidence, it is clear that numerous studies that have
examined strength of hip muscles have had recovery periods less than one minute
(Arnold et al., 2010; Arokoski et al., 2002; Bandinelli et al., 1999; Bohannon, 1986;
Harris-Hayes et al., 2014; Katoh & Yamasaki, 2009; Kelln, McKeon, Gontkof, &
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Hertel, 2008; Krause et al., 2014; Morris, Dodd, & Morris, 2008; Phillips et al., 2000;
Stockton et al., 2011; Thorborg et al., 2013). Only two of the three studies (Arnold et
al., 2010; Pua et al., 2008; Sherrington & Lord, 2005) that investigated reliability of
measures of hip strength in people with hip pain included in the Dobson et al. (2012)
review, reported the duration of contraction and rest period. Arnold et al. performed a 5
second contraction with a 30 second rest whereas Pua et al. performed a 3-5 second

contraction with a 60 second rest period.

4.3.6 Number of repetitions

Whilst the ASEP guidelines suggest that three repetitions are “sufficient to elicit a
maximal value” during maximum isometric contractions, the findings from various
studies demonstrate that one trial may be all that is necessary (Bohannon & Saunders,
1990; Brown & Weir, 2001; Coldham, Lewis, & Lee, 2006; Rasch et al., 2005).
Bohannon and Saunders investigated peak forces generated isometrically by elbow
flexors. They compared the value obtained from the first maximum contraction to the
‘maximal’ value and to the mean value of three repetitions. These authors reported that
all three methods demonstrated excellent reliability (ICC’s 0.97 to 0.98). However, a
statistically significant difference (p = <0.001) in values existed when the highest value
was compared to the mean of the three repetitions. They concluded that a single
repetition is likely to be sufficient and that it might be preferable when the population of
interest is pathological so that the risk of aggravation of the underlying condition is
minimised. These results are supported by those of Coldham et al. who reported similar
findings with their investigation of maximum grip strength. Similarly, Rasch and
colleagues reported no significant differences (p = <0.05) in force values between the
first and second maximum isometric contraction of hip muscles (flexors, extensors,
abductors and adductors) with coefficients of variation (expressed as a percentage of the

overall mean) between 3% and 6%.

Of the studies identified in the current search, Pua et al. (2008) used the mean value
from 2 repetitions, Sherrington and Lord (2005) used the highest value from 2
repetitions and the third study (Arnold et al., 2010) appears to have used the average
peak force from 3 repetitions of maximum voluntary contractions. Similar variety is
seen amongst a more broad range of studies investigating reliability of measures of
strength in normal hips and/or using instrumentation other than a HHD (Arokoski et al.,
2002; Bloom & Cornbleet, 2014; Bohannon et al., 2008; Fulcher, Hanna, & Elley,
2010; Harris-Hayes et al., 2014; Herbert et al., 2011; Katoh & Yamasaki, 2009; Kelln et
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al., 2008; Malliaras et al., 2009; Phillips et al., 2000; Thorborg et al., 2013; Thorborg et
al., 2010; Wang, Olson, & Protas, 2002). It seems that there is not any experimental

evidence that supports one particular method over another (Brown & Weir, 2001).

For measures of ROM there is conflicting evidence in respect to the effect of
performing repeat measurements. Some studies have demonstrated that one
measurement is as reliable as the mean of repeated measurements, whereas others have
demonstrated improved reliability with repeat measures (Gajdosik & Bohannon, 1987).
Two high quality studies (Holm et al., 2000; Pua et al., 2008) investigating the
reliability of measures of ROM in people with hip pain were included in the systematic
review by Dobson et al. (2012). Pua and colleagues reported that they used the mean of
two repetitions whilst Holm et al. did not provide this detail. Considering other studies
that have examined reliability of ROM measures in people with normal hips, there does
not appear to be any clear preference or consensus with Arokoski, Haara, Helminen,
and Arokoski (2004) performing a single measure, Malliaras et al. (2009) using the
mean of two measures and two other studies (Nussbaumer et al., 2010; Prather et al.,

2010) using the mean of three.

4.3.7 Determining end of range

When testing ROM passively, the limit of motion is determined by the amount of force
applied to the limb. Some authors have recommended that this force should be
standardised by using a force dynamometer to ensure that a consistent level of force is
always applied (Gajdosik & Bohannon, 1987). A drawback with this method when
investigating people with painful joints is that a pre-determined force may cause pain.
This may have adverse effect on their condition and/or on the reliability of the
measurement (Bierma-Zeinstra et al., 1998; Gajdosik & Bohannon, 1987; Pua et al.,

2008; Steultjens, Dekker, Van Baar, Oostendorp, & Bijlsma, 2000).

Of the studies that have examined ROM in people with hip pain, only Pua et al. (2008)
reported how they determined end ROM. These authors applied pressure to the point
that a “firm or stiff end feel was felt”, unless pain restricted motion prior to this point.
Of the studies that have examined reliability of range of movement in the normal hip,
only Malliaras et al. (2009) reported this detail. These authors applied “gentle

overpressure” to determine end ROM.
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4.3.8 Summary

The evidence presented above suggests that measures of strength and ROM obtained by
HHD’s and inclinometers are sufficiently reliability to be used clinically. Whilst this
may be the case, we considered that it was important to establish the reliability of
measurements made by this researcher, using the device that will be used in the
diagnostic accuracy study that is the focus of this thesis. The following decisions
regarding the design and conduct of this study were determined based on the

methodological considerations outlined in the previous text.

The use of external fixation was considered not to be pragmatic for the follow-up
diagnostic accuracy study (Chapter 5 ) in which patients were examined before and after
undergoing a magnetic resonance arthrogram (MRA). This study was set in a private
radiology practice where restrictions in space and time meant that external fixation was
not practical. Also, we wished to determine the reliability of strength testing performed
in a manner that it can be easily performed in clinical practice (Thorborg et al., 2010).
Consequently, participants were required to stabilise themselves by holding onto the
plinth (in a standardised manner) during the performance of maximum voluntary
1sometric contractions. To be consistent with existing studies that have investigated the
reliability of strength measures in patients with hip pain, ‘make’ tests were used rather
than ‘break’ tests. Three maximum isometric contractions were performed, each with a
1-second ramp period followed by a 5-second hold. A two-minute rest period between
each repetition was provided to allow for muscle recovery. The highest peak force

measurement of the three repetitions was used for all subsequent analysis.

In respect to measures of ROM, a gravity dependent inclinometer was utilised. The
participant was positioned in a standardised manner and carefully monitored so that any
shift from the start position was observed and corrected. The use of a force
dynamometer to apply a predetermined force to determine end ROM was considered
but discarded for two key reasons. Firstly, participants in the follow-up diagnostic
accuracy study were people with painful hip joint pathology. The possibility that the use
of a predetermined force might be too provocative or detrimental for some participants
was of concern. Secondly, the reproduction of the participant’s pain is the outcome of
interest with many diagnostic tests. Whilst too much load may be detrimental, a
predetermined force may be less than that required to reproduce pain in some
participants. Consequently, end range of movement was determined by the examiner

feeling significant tissue resistance or by the patient stating that further motion would
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be “unacceptably uncomfortable/painful”. The mean of three repetitions was used for

subsequent analysis.

ROM of extension was not included in this study, primarily because previous research
(Pua et al., 2008) has demonstrated that the absolute error (SEM%) associated with this
measurement in people with hip pain is very high (74%). Additionally, we performed a
small pilot study (n=3) to help develop and test data collection methods. This study
revealed that it was very difficult for a single examiner, using an inclinometer, to
measure ROM of extension passively and to obtain consistent values. Similarly,
measurement of abduction ROM was difficult. Instead, we measured range of the ‘bent
knee fall out’ (BKFO) test. This test is a measure of abduction and external rotation
with the hip in approximately 45° of flexion. Restriction of motion in this direction is

widely considered to be associated with hip joint pathology.

4.4 Methods and procedures of the current study

4.4.1 Study design, participants and procedure

This study was a test-retest study of the intra-examiner reliability of measures of
strength and range of movement of the hip. Data for this study was collected
simultaneously with that for the previous study (Chapter 3 ) using the same cohort of
participants and by the same examiner. Thus, sample size calculation, inclusion criteria,
baseline data collection and procedures were common to both studies and are therefore
not repeated here (see page 58 for detail). In the current study, peak force and range of
movement were measured rather than pain responses. Strength (kg) and range of motion
(degrees) measurements were obtained using a previously validated hand held
dynamometer (HHD) that incorporates both a force transducer and gravity dependent
inclinometer (Industrial Research Ltd; Christchurch; NZ). The HHD was calibrated

before data collection.

Standardised versions of all tests were performed bilaterally on each participant, with
the asymptomatic hip tested before the symptomatic hip (for detail regarding
performance of each test see Appendix 7). Strength measurements were made on the
day of initial assessment (‘Session One’) and again several days later (average 4 days,
range 2-7) in ‘Session Three’. Strength measures were not repeated during ‘Session
Two’, which was performed 60 minutes after the initial session. Test order was
standardised across both sessions for each participant. For each strength test, the

participant was instructed how to perform the test and then a sub-maximal practice test
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was performed. Next a ‘practice’ maximum voluntary contraction (MVC) was
performed (the force produced was not measured). Finally, three repetitions of a MVC
were performed with a 120 second rest between each repetition. During the
measurement the examiner used a standardised instruction: “Go, push hard, push, push,
push” to encourage the participant to produce a MVC and to make sure the contraction
was maintained for a five second period. The contractions were all isometric ‘make’
force, performed against the HHD supported by the examiner. The participants were
instructed to stabilise themselves by holding on to the testing plinth during the
performance of each test. Pilot testing demonstrated that the participant’s position did
not change during testing and that the examiner was not overpowered by any
participant. The force transducer measured the peak force that the participant generated
during the five-second hold. Torque was not calculated given that we were comparing
measurements obtained between-sessions from individual participants, not across

participants. Hence, the length of the lever arm was consistent.

To measure range of motion, the examiner first placed the HHD on the body part to be
moved (in a standardised fashion) and ‘zeroed’ the device such that the initial start
position was determined with reference to the vertical plane. Next, the body part was
moved through to its end range where the final position was recorded. End range of
movement was determined by the examiner feeling significant tissue resistance or by
the participant stating that further motion would be “unacceptably
uncomfortable/painful”. The HHD automatically subtracted the initial starting position
from the final position and displayed the actual range of motion. Three repetitions were
performed with approximately 30 seconds between measurements. Three sessions were
performed with ‘Session One’ on the day of initial assessment and ‘Session Two’
approximately 60 minutes after Session One. ‘Session Three’ was 2-7 days later

(dependent on participant availability).

4.4.2 Analysis

Normality of distribution was assessed using the Kolmogorov-Smirnov test and
variables with a significance of greater than 0.05 were classified as having a normal
distribution. For measures of strength, between-session reliability for symptomatic hips
was calculated using the highest peak force measurement of the three repetitions
performed in Session One (day 1), was compared to the highest peak force
measurement of the three repetitions performed in Session Three (2-6 days later).

Relative reliability was assessed using single-measure ICC’s (ICC,,;) (two way random



103
and absolute agreement), for variables with a normal distribution, via the Statistical
Package for the Social Sciences software, version 19.0 (SPSS Inc, Chicago, USA).
Variables that did not exhibit normal distribution were assessed for reproducibility

using Lin’s Concordance Correlation Coefficient (CCC) (Dunn, 1992; Lin, 1989).

For measures of range of movement, both within-session and between-session
reliability for symptomatic hips were calculated. Within-session reliability for each test
was calculated by comparing the mean of the three scores from Session One (day 1) to
the mean of the three scores from Session Two (60 minutes after Session One). The
mean score for Session One was compared to the mean score from Session Three to
calculate between-session reliability. Relative reliability was assessed using average-
measure ICC’s (ICC,3) (two way random and absolute) via SPSS. The classification
system of Landis and Koch (1977) was used for interpreting the ICC values 1.e. ICC’s
of 0.00-0.20 = slight, 0.21-0.40 = fair, 0.41-0.60 = moderate, 0.61-0.80 = substantial,
and 0.81-1.00 = almost perfect.

Ninety five per cent confidence intervals were constructed as a measure of precision for
ICC values (Sim & Wright, 2005). Absolute reliability (the degree to which repeated
measures vary for individuals) was expressed as standard error of measurement (SEM)
and were calculated for each test using the formula: SEM = SD x V(1-R), where the
standard deviation (SD) was obtained from the data from Session One and the reliability
(R) was the obtained reliability value (ICC) (Wyrwich, 2004). Percent SEM were also
calculated by dividing the SEM with the average of the test results from Session One
and Session Three for peak force, and from Session One and Session Two for ROM
(Thorborg et al., 2010). Minimal detectable change (MDC) was calculated as SEM x
1.96 x V2 (Weir, 2005).

Two tailed, paired t-tests were used to determine if there were any significant
differences between-sessions in peak force or range of movement for the symptomatic
hip. Similarly, these tests were employed to determine if there were any significant
differences in peak force or range of movement between symptomatic and

asymptomatic hips utilizing data from Session One.
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4.5 Results

Baseline and descriptive data for the participants included in this study were presented
in Chapter Three (see section 3.4. for detail). The following results are specific to the

measurements of strength and ROM.

4.5.1 Reliability of strength testing measurements

Peak isometric force was measured for each participant for each resisted test. Table 4.1
shows the mean values and standard deviation (SD) across participants for each test for
each of the sessions where maximum voluntary contractions were performed (Session
One and Three). Mean forces ranged from 14.5 kg for adduction to 32.8 kg for flexion.
For each of the resisted tests, the mean peak force generated in ‘Session Three’ was
higher than that generated in ‘Session One’. The difference in values between these two
sessions ranged from 0.6 to 1.7 kg. These differences were statistically significant (p <
0.05) for three of the six tests (abduction, flexion and internal rotation). Resisted
adduction and external rotation tests demonstrated normal distribution and were
therefore assessed for reliability using ICC’s. The other resisted tests were assessed
using Lin’s CCC. Table 4.1 also provides detail regarding concordance values for all of
these tests. Values ranged from 0.70 (95% CI 0.36, 0.87) for adduction to 0.92 (95% CI
0.81, 0.97) for extension. All resisted tests demonstrated ‘substantial’ or ‘almost
perfect’ reliability. Errors associated with these measures are detailed in Table 4.1. The
standard error of the measurement (SEM) ranged from 1.5 to 3.0 kg. SEM percent was
highest for adduction (16%). This was reflected in the minimal detectable change
(MDC) for this muscle group. Whilst MDC percent for most resisted movements was

around 30%, a much higher value was seen with adduction (44%).

Peak isometric force was also measured for the asymptomatic hips. This enabled
comparison of strength values between symptomatic and asymptomatic hips. Table 4.2
shows the mean values and SD for data collected at Session One based on the 16
participants that had both an asymptomatic hip and symptomatic hip (i.e. two
participants with bilateral hip pain were excluded from this analysis). The strength
differences between the two hips were not statistically significant for any test. This was

also the case for data collected at the follow up testing session (data not shown).
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Mean Peak Mean Peak Mean Difference CCC/ICC SEM MDC
Resisted Test ]S*‘Zsrsciz :lnolfi (SD) ]S*‘Zsrsciz lilnTKh%e(eSD) in Kg (SD) p-value 95% CI) 2,1 in Kes SEM% in Kes MDC%
Abduction 15.4 (4.0) 16.8 (4.6) 1.4 (2.3) 0.02* 0.82 (0.61,0.92) 1.7 10.5 4.7 29
Adduction 14.5 (4.3) 15.4 (4.6) 0.9 (3.4) 0.29 0.70 (0.36,0.87) 24 16.0 6.6 44
Extension 19.3 (6.4) 19.9 (6.1) 0.6 (2.3) 0.33 0.92 (0.81,0.97) 1.8 9.2 4.9 25
Flexion 31.1(6.2) 32.8 (4.5) 1.7 (3.3) 0.05% 0.77 (0.54,0.89) 3.0 9.4 8.3 26
Internal Rotation 19.4 (5.1) 21.1 (4.7) 1.7 (2.9) 0.02* 0.78 (0.52,0.91) 24 11.8 6.6 33
External Rotation  14.8 (4.2) 15.6 (4.2) 0.9 (2.0) 0.09 0.87 (0.67,0.95) 1.5 9.8 4.1 27

"Mean difference in force between sessions; * Statistically significant difference between-sessions (p <0.05); Kg, kilograms; CI, confidence intervals; SD, Standard Deviation; CCC/ICC, concordance correlation
coefficient/intraclass correlation coefficient; SEM, standard error of measurement; SEM%, standard error of measurement expressed as a percent of mean values of both Session One and Session Three; MDC, Minimal
detectable change; MDC%, Minimal detectable change expressed as a percent of mean values of both Session One and Session Three

Table 4.2 Peak force measurements for asymptomatic versus symptomatic hip1 (n=16)

- - : 2.
Abduction 16.4 (5.0) 15.7 (3.8) 0.73 (2.3) 44 0.22
Adduction 14.9 (4.0) 15.0 (4.1) 0.06 (2.8) 0.4 0.94
Extension 19.8 (6.9) 19.8 (6.3) 0.01 (2.2) 0.05 0.99
Flexion 323 (6.0) 31.9(5.0) -0.41 (2.7) 1.3 0.55
Internal Rotation 19.4 (5.1) 19.9 (4.8) 0.55 (2.7) 2.8 0.44
External Rotation  15.0 (3.4) 15.2 (4.0) 0.20 (2.0) 1.3 0.75

" Based on Session One data. SD, Standard Deviation; Kg, kilograms; 2 Mean difference between asymptomatic and symptomatic hip; 3 Mean difference expressed as a % of mean peak force of the asymptomatic hip.
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4.5.2 Reliability of ROM measurements

Table 4.3 shows the within-session mean values and SD across participants for each
of the range of movement tests for the symptomatic hip. The mean differences
between-sessions were not significant for any test. ROM data for flexion, internal and
external rotation demonstrated normal distribution and were therefore assessed for
reliability using ICC’s. The bent knee fall out (BKFO) test was assessed using Lin’s
CCC. All tests demonstrated ‘almost perfect’ reliability. Error associated with these
measurements was highest for internal rotation with a SEM percent of 6% and MDC

percent of 16.5%.

Table 4.4 provides detail for the between-session testing of the symptomatic hip. The
mean differences between-sessions were not significant for any of the tests.
Concordance values ranged from 0.82 for flexion to 0.95 for the BKFO. All between-
session ROM tests demonstrated either ‘substantial’ or ‘almost-perfect’ reliability.
Absolute error was higher for all between-session measures than that seen for within-

session measurements.

Range of movement was also measured for the asymptomatic hip. This enabled
comparison of range between symptomatic and asymptomatic hips. Table 4.5 shows
the mean values and SD for data collected at Session One based on the 16 participants
that had both an asymptomatic hip and symptomatic hip (i.e. two participants with
bilateral hip pain were excluded from this analysis). There was a statistically
significant mean difference of 3.5 degrees for the BKFO test, with the symptomatic
hip demonstrating less ROM than the asymptomatic hip. The mean differences

between the two hips were not significant for any of the remaining tests.
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Mean ROM Mean ROM Mean

ROM Test (SD) (SD) Difference! (SD)  p-value CCCCCy; ,SEM SEM% MDC MDC%
. . . 95% CI) in degs in degs

Session One Session Two in degs
BKFO 61 (9.1) 62 (9.8) 1.0 (3.1) 0.20 0.97 (0.92, 0.98) 1.6 2.6 44 7.1
Flexion 114 (11.0) 115 (11.8) 0.9 (3.9 0.32 0.97 (0.92, 0.98) 1.9 1.6 52 4.5
Internal Rotation 36 (9.2) 34 (9.8) 1.6 (3.9) 0.10 0.95 (0.86, 0.98) 2.1 6.0 5.8 16.5
External Rotation 41(7.2) 42 (8.5) 03(3.2) 0.66 0.96 (0.89, 0.98) 1.5 3.6 4.1 9.8

ROM, Range of Movement; degs, degrees; CCC/ICC, concordance correlation coefficient/intraclass correlation coefficient; SD, Standard Deviation; BKFO, bent knee fall out;

'Mean difference in ROM between sessions; CI, confidence intervals; CCC/ICC, concordance correlation coefficient/intraclass correlation coefficient; SEM, standard error of measurement; SEM%, standard error of
measurement expressed as a percent of mean values of Session 1 and Session 2; MDC, Minimal detectable change; MDC%, Minimal detectable change expressed as a percent of mean values of Session 1 and Session 2

Table 4.4 Between-session ROM measurements in degrees for symptomatic hip (n=18)

ROM ROM Mean
ROM Test (SD) (SD) Difference’ p-value CCE/ 1CC2s ,SEM SEM% MDC MDC%
Session Two Session Three (degs) (05% € in degs in degs
BKFO 62 (9.8) 61 (7.9) 1.1 (3.8) 0.24 0.95 (0.87, 0.98) 22 35 6.0 9.7
Flexion 115(11.8) 113 (13.1) 2.1(9.8) 0.37 0.82(0.51,0.93) 5.0 43 13.8 12.0
Internal Rotation 34 (9.8) 36 (10.4) 2.1(5.9) 0.15 0.90 (0.74, 0.96) 3.1 9.1 8.6 25.3
External Rotation 42 (8.5) 41 (7.6) 0.5(3.9) 0.60 0.94 (0.84, 0.97) 2.1 5.0 5.8 13.8

ROM, Range of Movement; degs, degrees; CCC/ICC, concordance correlation coefficient/intraclass correlation coefficient; SD, Standard Deviation; BKFO, bent knee fall out;

! Mean difference in ROM between sessions; CI, confidence intervals; CCC/ICC, concordance correlation coefficient/intraclass correlation coefficient; SEM, standard error of measurement; SEM%, standard error of
measurement expressed as a percent of mean values of Session 2 and Session 3; MDC, Minimal detectable change; MDC%, Minimal detectable change expressed as a percent of mean values of Session 2 and Session 3

Table 4.5 ROM measurements in degrees for asymptomatic versus symptomatic hip1 (n=16)

ROM Test ﬁfgﬂ'ﬁ%"ﬁ"c e ifggtgng;\tqw Hip ?:fiffgsmfferencez p-value
(SD) (SD)

BKFO 65 (6.8) 61 (9.0) 3.5 0.03*

Flexion 116 (11.0) 114 (11.2) 0.9 0.44

Internal Rotation 39(6.2) 36 (9.5) 2.4 0.18

External Rotation 42 (5.2) 41 (7.7) 0.6 0.64

" Based on Session One Data; 2 Mean difference in ROM between hips; * Statistically significant difference between sessions (p < 0.05); ROM, Range of Movement; degs, degrees; SD, Standard Deviation; BKFO,

bent knee fall out.
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4.6 Discussion

The primary aim of this study was to investigate the intra-examiner reliability of
measures of strength and range of movement in people with hip pain, using a
HHD/inclinometer, to determine if such measures could be employed with confidence
in the diagnostic accuracy study (Chapter 5 page 118). This study has provided
evidence that supports and extends previous research in regard to the both relative and
absolute reliability of such measures. It has also provided new and important
information in respect to the degree of change needed to recognise a ‘true’ difference in
strength or ROM. It is the first study to investigate reliability of the measurement of
adductor strength and of the ROM of the bent knee fall out in people with hip pain. The
following discussion is structured around each of the key measures investigated in the

study.

4.6.1 Strength measurements

Reliability

Our results demonstrate that between-session intra-examiner measurements of peak
isometric force measured with a HHD in people with a painful hip joint have excellent
levels of reliability (ICC values ranged from 0.70 to 0.92). These results are consistent
with previous good quality studies (Arnold et al., 2010; Pua et al., 2008; Sherrington &
Lord, 2005) that have investigated these measures in a similar cohort. Whilst there is
not complete homogeneity between each of these studies and our own in respect to
included pathologies, methodology and statistical analysis, comparison of their results

with ours can be made with caution (Haas, 1991).

ICC values reported by Pua et al. (2008) ranged from 0.84 to 0.98, slightly higher for
each test than our findings. These authors calculated reliability by using the mean of
two peak torque measurements whereas we used the single highest peak force generated
by each participant. Mean values ‘average out’ errors associated with repeat measures
leading to higher reliability values (Hopkins, 2000). This may have contributed to the
slightly higher reliability in their study. Pua et al. considered that the primary reason for
the high reliability they observed was that they used seat belts to stabilise their
participants during testing. However, our findings indicate that reliable test-retest
measures of hip strength can be made without the need for such stabilisation devices.
This is supported by the findings of Arnold et al. who employed the same stabilisation
strategy as us. These authors reported ICC values ranging between 0.90 and 0.98 for
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measures of hip abduction, flexion and extension strength. In contrast to our study, but
in a similar fashion to Pua et al., Arnold and colleagues used the mean of two
measurements of peak force to calculate the reliability. ICC values reported by
Sherrington and Lord are very similar to our own i.e. 0.80 (versus our 0.77) for flexion
strength and 0.86 (versus 0.82) for abduction strength. These authors used the single,
highest peak force measurement to calculate reliability in the same manner as in the

current study.

We reported estimates of absolute reliability using the standard error of measurement
(SEM) as did both Pua et al. and Arnold et al. The SEM is expressed in the same unit
that the actual measurements were made, therefore making it easy to interpret the size of
the error. However, when comparing findings between studies, this is not useful unless
the same unit of measurement has been used. In both the current study and that of
Arnold et al., strength was measured in kilograms whereas Pua and colleagues reported
torque (in Newton metres). To enable comparison between these studies and our own,

we calculated the percent SEM from the data reported by these other researchers.

Abduction, flexion and extension strength were investigated in all 3 studies. Percent
SEM for abduction in our study was 10.5%, very similar to both Arnold et al. (10.4%)
and Pua et al. (13.6%). Similarly, the results for flexion across these studies were
comparable (9.4%, 13.1% and 10% respectively). With respect to measures of extensor
strength, the error of 17.3% in the study by Arnold and colleagues was much larger than
the 8.6% reported by Pua et al. and the 9.2% in our study. SEM% for measures of
internal and external rotation strength in our study were 11.8% and 9.8% respectively,
very similar to those of Pua et al who reported 8.3% and 7.5%. Apart from the large
error associated with extensor strength measures reported by Arnold et al., the SEM%
across all three studies and all muscle groups are close to 10%. This consistency,
despite the various differences in the characteristics of included participants and
methods employed across studies, provides some confidence in the legitimacy of these
findings. Hence, changes in measures of strength of 10% or less may well be a result of
measurement error, suggesting that ‘real’ strength changes cannot be confidently

appreciated unless there is more than a 10% difference in test values.

Interestingly, the error associated with measurements of adduction strength in our study
was higher than for all other strength tests, with a SEM% of 16%. Although the point

estimate (ICC=0.70) of relative reliability for this measurement falls within the
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‘substantial” range, the lower confidence interval was only 0.36. This high SEM%,
combined with the wide confidence intervals of the ICC findings suggests that changes
in isometric strength measures of this muscle group should be interpreted with caution.
Unfortunately, we cannot easily compare this finding to previous research, as it appears
that no other study has investigated the reliability of measures of adductor strength in
people with hip pain. Thorborg et al. (2011a) performed a pilot study (n = 10) to
determine intra-examiner reliability of eccentric hip adduction and adduction strength in
people without any history of hip pain. These researchers reported a SEM% of just 6.3%
for adduction (and 5.1% for abduction), a value much lower than our own. Thorborg et
al. (2010) observed low SEM% values ( ranging from 3 to 8%) in another small study
(n=9) of healthy participants in which they performed isometric strength testing. The
differences in the magnitude of the error between these studies and our own may be

related to the presence of painful pathology in our subjects.

Our results, along with these previous studies, indicate that repeat measures of strength
using a HHD have excellent relative and absolute reliability for hip muscle groups other
than the adductors. This appears to be the case despite various methods of measurement
including the actual device used, the manner of stabilisation and the position of the
patient. A priori, we had considered that such measures in people with pathological hips
might be unreliable given the presence of pain. Although many participants in the
current study reported pain during strength testing (see Chapter 3, Table 3.8 for detail),
the presence of pain was not enough of a factor to make these tests unreliable for the

majority of tests.

Minimal detectable change

Whilst the SEM is an estimate of the amount of error associated with a measurement,
the minimal detectable change (MDC) is a statistical estimate of the smallest amount of
change in measurement score (value) necessary before one can be confident that a true
change in patient status has occurred, as opposed to a change in scores resulting purely
from error associated with the measurement (Schmitt & Di Fabio, 2004). Similar to the
SEM, the MDC is expressed in the same units as the outcome measure. In the current
study, MDC values were calculated using a 95% confidence level and ranged from 4.1
kg for external rotation strength to 8.3 kg for flexion. To enable comparison across the
different strength tests investigated in the current study, and with findings of other

studies that have investigated measures of hip strength in people with hip pain, we have
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also provided MDC values as a percent of the mean values obtained across the two test

sessions.

Of the three studies (Arnold et al., 2010; Pua et al., 2008; Sherrington & Lord, 2005)
that have examined the reliability of strength measures in people with hip pain, only Pua
et al. reported MDC values. However, these authors calculated the MDC using 90%
rather than 95% confidence intervals. Although neither Arnold et al. nor Sherrington
and Lord reported MDC, they provided sufficient data to enable calculation of MDC
and MDC%. Similarly, MDC% based on 95% confidence intervals could be calculated
from the data provided by Pua et al. For abduction, the MDC% values across these
studies ranged from 29% (Arnold et al.) to 51% (Sherrington and Lord). In our study
this value was 29%. For flexion, we reported 26%, compared to a range from 28% (Pua
et al.) to 82% (Sherrington and Lord). The MDC% for extension in our study was 25%,
similar to Pua et al (24%) and much smaller than the 48% reported by Arnold et al.
Only Pua and colleagues investigated internal and external rotation, reporting 23% and
21% respectively compared to our 33% and 27%. Our findings generally sit toward the
lower end of the range of values seen across these studies. The values demonstrated in
the study by Sherrington and Lord are much higher than those from the other studies,
most likely as a result of the relatively old age of the patients (mean age 79 £ 10 years)
and the type of pathology involved (post hip fracture). Another factor likely to have
increased the MDC% values in their study was that data was collected anywhere
between 1 and 57 weeks post-fracture. Hence, participants were at various stages of

recovery and likely to have a wide range of strength values.

Whilst these other studies provide some context for our own results, it is difficult to
make direct comparisons due to the numerous differences in both methods and
participant characteristics as previously discussed. Our findings, along with those of
previous researchers, suggest that the MDC% required to determine that a true and
meaningful change in muscle strength has occurred as a result of a strengthening
program varies according to the muscle group being tested, the manner of testing and
the patient characteristics. We demonstrated that a MDC% close to 30% is required for
all hip muscle groups except adduction (44%). Changes in strength below these values
may represent error associated with the measurement. These values provide benchmarks
for clinicians working in the primary health care setting that will allow them to

confidently interpret changes in patient strength status.
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Side-to-side strength
In our study, we did not find any statistically significant differences in muscle strength
between the symptomatic and asymptomatic hips. This was surprising considering that
the average length of time that symptoms had been present was 25 months and that over
a third of participants had significantly modified or stopped their normal daily activities
because of their hip pain. One would expect a degree of weakness of the muscles
around the painful joint secondary to muscle atrophy or arthrogenic muscle inhibition

associated with pain, swelling or inflammation (Rice & McNair, 2010).

Our results for abduction and adduction support those of Arokoski et al. (2002), who
reported that there were not any differences between sides for hip abductors or
adductors in the patients with OA included in their study. However, these researchers
did see a 22% reduction in strength of the flexors and extensors in the symptomatic hip
that was statistically significant. Our results also contrast with those of Rasch et al.
(2007) who investigated patients on a waiting list for hip arthroplasty due to end-stage
OA (average age 69 years). These authors measured strength with a strain-gauge
dynamometer and reported a mean decrease of 19% of the symptomatic hip compared
to the asymptomatic hip and statistically significant differences for flexion, extension,
abduction and adduction. Twenty of the 22 patients investigated by these authors were
followed up over a two-year period post hip arthroplasty. Rasch et al. (2010) reported
on this cohort, stating that statistically significant difference remained in all muscles at

6 months but only in the abductors at 24 months.

The most likely reason for our findings contrasting with those of these previous studies
are differences in the severity of the condition causing the participants hip pain. The
patients in the studies by Rasch and colleagues had a mean age of 67 + 7 years and had
undergone total hip arthroplasty, suggesting that they had severe end-stage OA. Forty
percent of patients included in the Arokoski et al. study had radiological evidence of
‘moderate’ OA and symptoms that had been present for a mean of 6.4 £ 5.2 years. The
mean age of their participants was 56 4.9 years. The participants in our study were
relatively young (mean age 29.5 + 8.51) and their symptoms had only been present for
an average of 2.1 £ 1.7 years. Our participants reflect patients with hip pain in the
primary health care environment and were likely have less severe pathology. Our results
suggest that people with hip pain do not develop significant weakness of the muscles of

painful hip in the early stages of the ‘disease’ process (or post injury).
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An alternative explanation of our findings may be that a similar degree of weakness was
present in both hips such that side-to-side differences were not identified. It is not
unrealistic to expect that people with hip pain could develop bilateral weakness as a
consequence of restricting their activities of daily living and recreation as a result of any
pain associated with these activities. This suggestion is supported by the findings of
Harris-Hayes et al. (2014) who demonstrated weakness in the asymptomatic hip of
people with unilateral hip pain when compared to control subjects. If this second
interpretation is correct, then the utility of comparing side-to-side strength in
expectation that unilateral weakness suggests a pathological hip joint should be
questioned. This contradicts the recommendation of Kemp et al. (2013) who concluded,
on the basis of their study of people with normal hips, that “that the use of the
unaffected limb as a comparator when examining patients with unilateral lower-limb

injury would be considered reasonable”.

4.6.2 ROM Measurements

Reliability

Our results demonstrate that within and between-session measurements of range of
movement measured with an inclinometer in people with a painful hip joint have almost
perfect levels of intra-therapist reliability (within-session CCC/ICC’s 0.95 to 0.97 and
between-session CCC/ICC’s 0.82 to 0.95). Our results are consistent with those of Pua
et al. (2008), the only other study that has examined the infra-examiner, between-
session reliability of measures of ROM in people with hip pain that we are aware of.
Pua et al. examined reliability of measures obtained with an inclinometer and reported

ICC’s between 0.86 (95% ClIs 0.67, 0.94) and 0.97 (95% ClIs 0.93, 0.99).

Absolute error in the current study, expressed as the percent of SEM (SEM%), ranged
between 1.6% (for flexion ROM) and 6.0% (for internal rotation). By comparison, we
calculated SEM% from the data provided by Pua et al. In their study, SEM % ranged
from 1.8% (for abduction) to 74% for extension. The very large SEM% for extension
reflects the relatively large SEM compared to the very small ROM for extension (6.2° +
10.7%. For the three movements investigated in both the current study and that of Pua et
al. (flexion, internal and external rotation), our results demonstrated smaller percent
error (1.6%, 6% and 3.6% respectively) than Pua and colleagues (2.9%, 11.1%, and
7.2%). The smaller error associated with our study may reflect a difference in the
method of calculation of mean scores given that we used a mean of three measures

whereas these authors used a mean of two. The error associated with these measures is
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taken into consideration in the calculation of the minimal detectable change (MDC). We
reported MDC values ranging from 4.1° for flexion to 6° for internal rotation. Expressed
as a percentage of the raw values obtained in testing (i.e. MDC%) our results suggest
that a true change in ROM cannot be assumed to have occurred unless there is more
than a 7% increase (or decrease) in ROM for the BKFO test. Similarly,
increases/decreases of greater than 5%, 16% and 9.8% are required to be sure that a true

change has occurred for flexion, internal and external rotation respectively.

Range of movement

We can compare our results for the actual range of movement measured in our study
with those of both Pua et al. and Klassbo et al. (2003). The mean ROM for flexion in
the current study was 114°+ 11°, comparable to the 117°+ 13.9° reported by Pua et al.
and 110°+ 17.3° reported by Klassbo et al. For external rotation, the mean range in our
study was 41°+ 7.2°, very similar to Pua and colleagues (42.8° + 12°) but very different
to Klassbo (21°+ 12.3%). Our results contrast to both of these other studies for internal
rotation where we measured 36° + 9.2° compared to the 30.6"+ 9.4° in the Pua study and
the 22°+ 13.8° reported by Klassbo et al. This difference in internal rotation range is not
unexpected given that both of these other studies included older patients, all of whom
had radiological evidence of hip OA. Whilst our study had some older patients who
may have had OA, we purposely included a broader range of patients with hip pain to
reflect the cross section of patients who present in the primary health care environment.
Thus, we also included younger patients with suspected labral pathology and/or

femoroacetabular impingement.

To provide further context to our results, comparison of ROM in people with ‘normal’
hips is useful. Klassbo et al. (2003) examined range in a large cohort (n=177 hips) of
people without pain. In this group flexion was 122°+ 11.9° (range 104-142), and
internal and external rotation were 34°+ 10° (range 4-51) and 28"+ 9.9° (range 6-36)
respectively. Roaas and Andersson (1982) reported very similar findings in a study that
measured ROM with a goniometer in 210 hips. In this study, flexion was 120°+ 8.3°
(range 90-150), and internal and external rotation were 32.6"+ 8.2° (range 20-50) and
33.6"+ 6.8° (range 10-55) respectively. There appears to be some agreement between
these studies in terms of mean ROM for both flexion and internal rotation. However, the
range of values demonstrates that range of motion in asymptomatic hips varies widely.

The ranges that we have reported are not dissimilar to those reported in these normative
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studies, except for external rotation where we saw a much larger mean (41°) and a

narrower range. There is no obvious reason for why this was the case in our study.

We observed a mean range of movement for the BKFO test of 61°+ 9.1° (range 43-74).
Although this test is often employed during the clinical examination of people with a
painful hip, we are unaware of any other studies that have reported the ROM for this
test. Our findings provide a benchmark for comparison in future studies and clinical

practice.

Our comparison of mean values of ROM between symptomatic and asymptomatic hips
is novel. We observed a statistically significant reduction in range for the BKFO test on
the symptomatic side. The mean difference was 3.5 degrees, greater than the SEM (1.6°)
associated with this measurement but less than the calculated minimal detectable change
(MDC) of 4.4 degrees. We are unaware of any other studies that have reported side-to-

side differences in people with unilateral hip pain.

4.7 Limitations

This study was a pragmatic study designed to determine the intra-examiner reliability of
measures of strength and ROM in a manner that would allow collection of such data to
be utilised in the follow-up diagnostic accuracy study. Hence, all measurements were
made by a single examiner (the researcher) who was not be blinded to the values
obtained with each test. To minimise any potential bias associated with these measures,
the HHD/inclinometer was positioned in such a manner that the values could not be
seen during the actual test manoeuvre. The device we used ‘captures’ and retains the
highest peak force and/or largest range of motion achieved during the test manoeuvre.
This allows the examiner to remove the device from the patient, and therefore to read
and record the value after the test has been completed. Similarly, it was not possible to
blind the examiner to the pathological status of the hip in this study. Given this
knowledge, it may be that the examiner unintentionally modified the degree of force
applied to determine end range of movement during ROM testing. However, this is
unlikely given that there were not any statistically significant differences between sides

in any of the peak force or ROM values, other than for ROM of the BKFO test.

The participants in our study were relatively young (mean age 29.5 years) volunteers
with unilateral hip joint pain that had been present for an average of two years. Whilst

our cohort did include 6 participants diagnosed with osteoarthritis, the majority were
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diagnosed with FAl/labral tears. Our findings may not be applicable to older patients
with degenerative conditions that have been present for many years. However, they are
representative of the mix of patients who are likely to present at primary health care
clinics and of the cohort that will be included in the following diagnostic accuracy

study.

This study was powered for the primary purpose of the chapter i.e. to determine the
reliability of measures of strength and ROM in patients with hip joint pain. The sample
size is a limitation in respect to our findings regarding differences in strength and ROM

between sides.

4.8 Conclusions and implications

Despite the presence of pain and pathology, this study has demonstrated ‘almost
perfect’ levels of intra-examiner reliability for measures of ROM and ‘substantial’ to
‘almost perfect’ levels for measures of peak isometric force. The methods we employed
to obtain these measurements are pragmatic and easily transferable to the clinical
environment. Provided the error associated with these measurements is considered, we
can recommend that changes in strength and ROM can be used clinically to determine

changes in patient status as a result of an intervention.

This study also provided evidence of this examiners ability to make reliable measures of
strength and ROM, justifying the inclusion of such measures in the follow-up diagnostic
accuracy studies. However, the study highlighted that the time necessary to measure
peak force in a reliable manner is considerable. With the ‘warm up’ and familiarisation
period, three repetitions of maximum voluntary contractions (with a two-minute
recovery period between repetitions) and six muscle groups to test, this process added at

least 40 minutes to time taken for data collection.

Initially, we had intended to investigate the diagnostic accuracy of changes in hip
strength for the identification of intra-articular pathology in the diagnostic accuracy
study reported in the following chapter. The diagnostic accuracy study was performed
in a private radiological practice on patients referred for a fluoroscopy-guided injection
of anaesthetic and a magnetic resonance arthrogram. Data collection had to be
performed on site, immediately before these medical procedures and repeated
immediately after their conclusion. Co-ordination between the researcher, the patient,
administrative staff, nursing and medical professionals in this environment was crucial

to successful data collection and on-going recruitment. Consultation with the relevant
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personnel in this practice determined that the time available for data collection was
restricted. Given these concerns, measures of peak force were not included in the

follow-up study.
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Chapter S The Diagnostic Accuracy of Findings from the
Clinical Examination of the Painful Hip

This chapter relates specifically to Question 4 of this thesis:

How accurately do individual findings obtained from the clinical examination of the hip
predict a positive response to an intra-articular injection of anaesthetic into the hip

joint?

5.1 Introduction and Background

An essential component of the diagnostic process is the collection and interpretation of
information from the history and physical examination of the patient (Feddock, 2007;
Peterson et al., 1992; Woolf, 2003). Such information enables the examiner to consider
the combination of symptoms and signs observed in the patient that they are examining
and to compare them to those associated with established diagnoses with which they are
familiar. These initial diagnoses are typically ranked in terms of most to least likely and
should direct the subsequent examination. Each piece of new information (test result)
has the potential to cause the examiner to modify their initial hypotheses. A given test
result may provide evidence that supports a particular diagnosis and will therefore
increase the examiners estimate of the likelihood of that diagnosis being present.
Alternatively, a test finding may indicate that a preferred hypothesis is now less likely.
Hence, it is essential that information collected during the patient examination is valid
and that it is interpreted correctly. Because few tests are 100% accurate, knowledge of
the actual level of accuracy of a particular test allows the examiner to consider the
diagnostic value of the information gained from that test. A number of systematic
reviews that have investigated the diagnostic accuracy of the clinical examination of the
hip have stated that there is currently insufficient evidence to make any valid
conclusions regarding the value of such information (Burgess et al., 2011; Rahman et

al., 2013; Reiman et al., 2014a; Reiman et al., 2013; Tijssen et al., 2012).

This issue is important. There is evidence to suggest that an incorrect or delayed
diagnosis may allow time for further deterioration of the patient’s condition (Ganz et al.,
2008; McCarthy et al., 2001). Already, the costs of treatment of hip joint injuries to the
Accident Rehabilitation, Compensation and Insurance Corporation (ACC) in New
Zealand ACC are substantial, currently in the vicinity of eighty million dollars a year

(Accident Compensation Corporation, 2015). A well-designed study that provides
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definitive estimates of the accuracy of the information obtained from the clinical
examination of the hip will allow clinicians to confidently interpret the findings of such
information. This will enable them to make a more timely and accurate diagnosis and to

initiate appropriate management expeditiously.

Therefore, this chapter focuses upon the diagnostic accuracy of such information. First,
a literature review that considers previous relevant research is presented. Next, key
methodological factors important to the design and conduct of a diagnostic accuracy
study will be considered. Finally, the methods and results of the diagnostic accuracy

study undertaken as a part of this thesis will be reported and discussed.

5.2 Literature review

The general aim of this review was to identify any previous relevant research that would
inform the design and conduct of the study reported in this chapter. The more specific
aim was to identify and consider studies that had investigated the diagnostic accuracy of
physical tests for intra-articular pathology of the hip. The initial search was performed
in July 2011, prior to the commencement of data collection for the current study,
utilising the search strategy detailed in Chapter 2 . Because this search was conducted to

inform the proposed study, the inclusion criteria were kept relatively broad i.e.

* Any study that investigated the diagnostic accuracy of clinical tests of the hip

against an appropriate reference standard.

* Any study that investigated associations between findings of the clinical

examination (history or tests) of the hip and an appropriate reference standard.

* Narrative reviews or expert commentaries considering the diagnostic accuracy

of the clinical examination of the hip

* Any study that investigated the diagnostic accuracy of imaging techniques for

the diagnosis of hip pathology

This search identified two relevant systematic reviews (Burgess et al., 2011; Leibold et
al., 2008) that between them included 27 relevant publications. Fourteen publications
that were not included in either of the two systematic reviews were also identified with
the initial search. Additional publications were subsequently included in this review as a

result of being identified by RSS feeds (linked to the original search), through a follow-
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up search performed on the 24™ March 2015 and by hand searching of references from

retrieved papers.

Table 5.1 provides detail with respect to the search terms used and results for each
database for the follow-up search (24™ March 2015). This search identified 937
citations. All titles and abstracts were screened to determine relevance. Full-text
versions of any publication for which relevancy could not be determined from the

abstract were retrieved.

Table 5.1 Overview of search terms and results per database

Medline Medline SPORT

Search Terms SCOPUS AMED via via Discus via CLN]?];;E o
EBSCO PUBMED EBSCO '
1 "hip joint" OR "hip pain" OR
"femoroacetabular
impingement" OR "FAI" OR
sk 111
labr® OR (osteoarthriti® N5 50\ (1515 52,656 44,599 7,400 9,625

hip*) OR (OA NS5 hip) OR
(arthrit* NS5 hip¥) OR
"ligamentum teres"

2 accura® OR sensitivity OR
specificity OR validity OR 159 273 12,137 1,811,148 1,916,761 39,832 188,240

"likelihood ratio"

3 "Physical examination" OR
"Orthopaedic Tests" OR "Pain
provocation tests" OR
"Objective examination" OR
"Special Tests" OR 179,322 1,384 73870 74,068 2,893 25,925
"Impingement Test" OR
FABER OR "Range of
Movement"

land 2 and 3 280 112! 193 203 43 106

Total Number of Titles Identified = 937

" and2 only as 1 and 2 and 3 narrowed to just 9

Four additional systematic reviews were identified in this search (Rahman et al., 2013;
Reiman et al., 2014a; Reiman et al., 2013; Tijssen et al., 2012). These systematic
reviews included 13 publications that were not identified by the initial search (July
2011). With respect to diagnostic accuracy studies for clinical tests of the hip, a total of
18 original studies were identified and all but three (Chong, Don, Kao, Wong, & Mitra,
2013; O'Donnell et al., 2014a; Ochiai, Adib, & Donovan, 2011) were included in at
least one of the systematic reviews. Two of these studies (O’Donnell et al. and Chong et
al.) were published after these reviews. The other study (Ochiai et al., 2011) has only

been published as an abstract of a conference presentation. Considering the quality of
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these systematic reviews (see following section entitled ‘Identified Systematic
Reviews’) and the lack of new studies in this area of research, a full systematic review

of this topic was deemed not to be necessary for this thesis.

Two additional, relevant systematic reviews were identified. One reviewed the accuracy
of guided intra-articular anaesthetic injections into the hip joint for diagnosing
osteoarthritis (Dorleijn, Luijsterburg, Bierma-Zeinstra, & Bos, 2014) and the other
(Smith, Hilton, Toms, Donell, & Hing, 2011) investigated the accuracy of MRA and
magnetic resonance imaging (MRI) for diagnosing acetabular labral tears. Of the
remaining publications identified by this search, 20 were diagnostic accuracy studies of
various medical imaging or diagnostic procedures (12 for MRI/MRA, 2 for x-ray, and 5
for guided anaesthetic injections). A mixture of narrative reviews, expert commentary
and studies that investigated associations (but not accuracy) between clinical findings

and pathology made up the balance of the identified publications.

Identified systematic reviews

An overview of the identified systematic reviews is presented in Table 5.2 below. The
quality of these reviews was considered using the Preferred Reporting Items for
Systematic Reviews and Meta-Analysis (PRISMA) guidelines (Liberati et al., 2009;
Moher et al., 2009). The PRISMA guidelines were developed to help ensure clarity and
transparency in the reporting of systematic reviews and is not intended as a tool to
assess the quality of such reviews (Liberati et al., 2009). However, by considering each
item in the guidelines and the relevant content provided by the authors of a systematic
review, an appreciation of the quality of that review can be ascertained. Key

conclusions resulting from this critique are presented in the following text.
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Table 5.2 Overview of systematic reviews of diagnostic accuracy studies investigating physical tests
for intra-articular pathology of the hip

Number of Meta-analysis
Systematic Revi ‘Relevant’ Pathology'
ystematic Review clevant” Tathology included Studies performed

Leibold et al. 2008 Labral Lesions 16 No
Burgess et al. 2011 Labral Pathology 21 No
Tijssen et al. 2012 Labral Pathology 1 No

FAI

OA
Reiman et al. 2013 OA 25 Yes?

AVN

Intra-articular pathology
Rahman et al. 2013 Symptomatic OA 16 No
Reiman et al. 2014 FAI 21 Yes?

Labral tear

" Some reviews included other pathologies not relevant to this thesis e.g. gluteal tendinopathy
% performed for FADDIR and FIR tests
OA = osteoarthritis; FAI = femoroacetabular impingement; AVN = avascular necrosis

Two systematic reviews (Reiman et al., 2014a; Reiman et al., 2013) specifically
followed the PRISMA guidelines. It is clear that both of these reviews are of high
quality, as are two others (Burgess et al., 2011; Rahman et al., 2013). The two
remaining reviews (Leibold et al., 2008; Tijssen et al., 2012) did not provide enough
detail to enable the writer to determine the quality. All reviews provided an appropriate
rationale, clear objectives and detail of the characteristics and results for individual
included studies. Four of the six reviews (Burgess et al., 2011; Reiman et al., 2014a;
Reiman et al., 2013; Tijssen et al., 2012) used the Quality of Diagnostic Accuracy
Studies (QUADAS) tool to assess the risk of bias in the individual studies included
within their review (Whiting et al., 2006). Leibold et al. used the Standards for
Reporting Studies of Diagnostic Accuracy (STARD) checklist, initially designed to
improve the quality of reporting of diagnostic accuracy studies, but also used as a
retrospective checklist to evaluate methodological quality (Bossuyt et al., 2003a).
Rahman et al. examined the quality of all studies using predetermined internal and
external validity criteria prior to inclusion in their review. Whilst these criteria are
similar to those included in the QUADAS, they are not as extensive. Although these
authors provided a list of excluded studies, they did not provide detail as to why these

studies were excluded.



123
Other strengths common to all reviews except Leibold et al. were that they provided
detail of the source of information, clear eligibility criteria and screening procedures for
determining eligibility. Search strategies were well described for Reiman et al. (2014),
Reiman et al. (2013), Rahman et al. (2013) and Tijssen et al. (2012). The most common
failing in reporting across the reviews was insufficient detail regarding the process of
data extraction and detail regarding the actual data collected, although this later
information could be assumed by considering the characteristics and results tables that
were provided. There was sufficient clarity and transparency in the reporting of four
systematic reviews (Burgess et al., 2011; Rahman et al., 2013; Reiman et al., 2014a;
Reiman et al., 2013) to allow a conclusion that these reviews were well conducted and

represent ‘best-evidence’ at this point in time.

Studies identified that were not included in systematic reviews

Three studies (Chong et al., 2013; O'Donnell et al., 2014a; Ochiai et al., 2011) that were
not included in the abovementioned systematic reviews were identified by the current
literature search. These studies, along with those in the Rahman review that were not
examined for bias using a validated tool, were critiqued by the author using the
QUADAS 2 checklist (Whiting et al., 2011). This tool defines the ‘quality’ of a study
by determining both the risk of bias across four domains (patient selection, index test,
reference standard, flow & timing) and any ‘concern’ regarding the applicability of
study to the research question. Table 5.3. provides detail for the assessment of these
studies. One study (O'Donnell et al., 2014a) was judged as ‘Low’ for both bias and
applicability across all domains and therefore can be considered to have an overall
“low” risk of bias and concern regarding applicability (Whiting et al., 2011). All of the
other studies are at risk of bias and have concern regarding their applicability to the
research question (detail provided in the following text). Evidence from these additional

studies should be considered in the context of this assessment.
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Table 5.3 Summary of quality assessment of individual studies (QUADAS-2)

Risk of Bias Applicability Concerns
Study szﬁtcifil;:] Index Test Refteersetnce l;,ll(;::n‘ggz Patient selection  Index Test Refteersetnce
Birrell Low High Low Unclear Low Unclear Low
Chong High High High High High Unclear High
Holla High Unclear Unclear High High Low Low
Ochiai Unclear Unclear Unclear Unclear Unclear Unclear Low
O’Donnell Low Low Low Low Low Low Low

Low, low risk of bias or concern regarding applicability; High, high risk of bias or concern regarding applicability; Unclear, risk of
bias or concern regarding applicability is unclear.

5.2.1 Diagnostic accuracy of physical tests

The following sections provide a summary of the diagnostic accuracy of physical tests
with respect to key intra-articular pathologies based on the evidence identified in the

reviews and experimental papers.

Acetabular labral pathology & FAI

Three of the identified systematic reviews (Reiman et al., 2014a; Reiman et al., 2013;
Tijssen et al., 2012) considered and reported on diagnostic accuracy studies of physical
tests to identify labral pathology and/or FAI. The two earlier reviews (Burgess et al.,
2011; Leibold et al., 2008) only included studies that focussed on labral pathology. The
most recent (and highest quality) review (Reiman et al., 2014a) identified 21 relevant
studies which investigated a total of twelve individual tests. Of these, meta-analysis was
appropriate for only the ‘Flexion Adduction Internal Rotation’ (FADDIR) and ‘Flexion
Internal Rotation’ (FIR) tests. Pooled results for the FADDIR from four studies that
used MRA as the reference standard were reported as: sensitivity 0.94 (95% CI 0.90 to
0.97), specificity 0.09 (95% CI 0.02 to 0.23), positive likelihood ratio 1.02 (95% CI
0.96 to 1.08), negative likelihood ratio 0.45 (95% CI 0.19 to 1.09) and diagnostic odds
ratio (DOR) 5.71 (95% C1 0.84 to 38.86). Reiman and colleagues calculated the pre-test
to post-test probability changes associated with this test. They reported that a positive
FADDIR actually led to a small decline (1%) in the probability of the presence of
FAl/labral pathology. A negative FADDIR also decreased the probability of this
pathology being present (from 90% to 70%) although the confidence intervals around
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the point estimate of the negative likelihood ratio for this test were very wide, creating

doubt over the usefulness of this test.

With respect to the FIR test, pooled values demonstrate a high sensitivity [0.96 (95% CI
0.81 to 0.99)] suggesting that a negative test may have utility for screening for this
pathology. However, the confidence intervals around the point estimate of the negative
likelihood ratio were very wide and included the value 1, indicating that this test has
limited clinical usefulness for ruling out such pathology. Pooled values for specificity
[0.25 (95% CI1 0.01 to 0.81)] and for the positive likelihood ratio [1.28 (95% CI 0.72 to
2.27)] indicate that a positive FIR test result is not useful clinically. Interestingly,
despite drawing attention to the wide CI’s associated with these tests, Reiman et al.
concluded that the FADDIR and FIR tests have sufficient evidence to suggest that they
may be useful as screening tests for FAl/labral pathology. However, they preface this by
commenting that this conclusion is based on low quality studies that included patients

with a high likelihood of having this pathology (i.e. confirmation bias).

None of the other systematic reviews performed meta-analyses of results for tests for
labral tears or FAI. All reviews came to a similar conclusion with respect to ‘ruling in’ a
diagnosis of labral pathology or FAI i.e. there was not any test specific enough to
recommend its use for this purpose. However, based on the findings of one study
(McCarthy & Busconi, 1995), Reiman et al. (2013) reported ‘intriguing’ findings for the
Thomas test. McCarthy & Busconi reported sensitivity of 0.89 and specificity of 0.92
suggesting that this test could be used to both ‘rule out’ and ‘rule’ in labral pathology.
However, these authors published two versions of this study, one with 59 participants
and the other with 94. The data provided within these papers is unclear, making a
correct determination of the accuracy of this test impossible. Reiman et al. did not
elaborate on their reasons for describing this result as ‘intriguing’ although it seems that
this might be the reason. Interestingly, Reiman and colleagues rated this as a ‘High’
quality study based on their critique (using the QUADAS-2 tool). Nevertheless, they

were not confident enough to recommend that this evidence was convincing.

Leibold et al. (2008) and Burgess et al. (2011) concluded that there was sufficient
evidence to support the negative results from ‘physical tests’ to rule out labral
pathology. It seems that this conclusion was based purely on the high point estimates of
sensitivity (most between 0.75 and 1.0) reported by the included studies. In contrast,

Tijssen et al. (2012) stated that they were unable to make conclusive recommendations
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regarding the clinical utility of physical tests, for either confirming or discarding a
diagnosis of labral pathology, due to the low quality of the studies in their review. The
other conclusion common to all of these reviews was that the quality of diagnostic
accuracy studies to date is generally low, and that further good quality research was

necessary.

The current literature search identified one relevant study (Ochiai et al., 2011) that was
not included in any of the above systematic reviews. Unfortunately, only an abstract of
this study could be retrieved, as it appears that a full text article has not been published.
These authors described a new test (The Twist Test) for labral pathology that they had
investigated in 247 patients using MRA as the reference standard. They reported
sensitivity of 68% and specificity of 71%. Quality assessment of this study was not

possible given the insufficient detail provided in the abstract.

Symptomatic osteoarthritis

Two of the systematic reviews (Rahman et al., 2013; Reiman et al., 2013) considered
and reported on diagnostic accuracy studies of physical tests to identify osteoarthritis.
Rahman et al. only included one relevant study (Sutlive et al., 2008). This study
reported that two variables that were associated with x-ray findings of OA 1i.e. ‘posterior
pain whilst squatting’ [specificity 0.96 (95% CI 0.91, 0.99); positive LR of 6.1 (95% CI
1.5, 25.6)] and ‘groin pain with active abduction or adduction’ [specificity 0.94 (95% CI
0.89, 0.98); positive LR 5.7 (95% CI 1.7,18.6)]. Rahman and colleagues considered that
these findings were ‘moderately useful’ for ‘ruling in’ a diagnosis of symptomatic OA.
However, sensitivity was too low [0.24 (95% CI 0.09, 0.48) and 0.33 (95% CI 0.15,
0.57) respectively] and negative LR’s too large [(0.79 (95% CI1 0.62, 1.0) and 0.71 (95%

CI1 0.52, 0.96)] to warrant using these variables to ‘rule out’ osteoarthritis.

Reiman et al. (2013) included two relevant studies (Sutlive et al., 2008; Youdas,
Madson, & Hollman, 2010). Based on the study by Youdas et al., the authors of this
review concluded that the only physical test that is useful for identifying people with
hip OA was strength testing of the hip abductors. Youdas et al. reported that reduced hip
abduction strength, when normalised to the individual’s body weight, was associated
with hip osteoarthritis. They demonstrated that when hip abductor strength is <30% of
body weight, the probability of the presence of OA shifts from 5% (pre-test) to 16%
(post-test). However, the inclusion criteria and reference standard used in this study are

of concern. Participants were volunteers with hip OA and associated “unilateral
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impairment”, who were not currently “seeking treatment for hip impairment” (no
mention of associated pain). Determination of OA status was based on self-reports i.e.
people who reported “being told by their physician that they had a medical diagnosis
OA”. Although these authors checked prospective participants medical records for x-ray
evidence of degenerative hip disease, no detail was provided about the method of
radiological classification used (if any). Consequently, there is very likely to be
verification bias in this study and its findings may not be relevant to patients with hip

pain.

Three other studies (Birrell et al., 2001; Chong et al., 2013; Holla et al., 2012) that
examined the accuracy of physical tests for identifying OA were identified by the
current literature search. Each of these studies was judged to be ‘at risk of bias’ and to
have ‘concern regarding applicability’ (see Table 5.3). Birrell et al. and Holla et al. used
radiographic evidence of OA as the reference standard and considered how accurately
changes in range of motion predicted the presence of OA. Both studies concluded that
restricted range of internal rotation was the best predictor of OA. Holla et al. reported
that the probability of osteophytes or joint space narrowing being present on x-ray
shifted from 25% pre-test to 46% post-test if internal rotation was 24 degrees or less
[sensitivity 0.56 (95% CI 0.45, 0.67); specificity 0.78 (95% CI 0.72, 0.83); positive LR
2.55 (95% CI1 1.86, 3.51)]. Birrell et al. reported that all patients in their study with OA
had internal rotation of < 28 degrees. However, they did not report sensitivity,

specificity or LR values for this finding.

Chong et al. (2013) studied the relationship between radiographic evidence of OA in ten
people with hip pain and their response to a fluoroscopy-guided injection of anaesthetic
and steroid. They reported that eight patients had a 50% or greater reduction in pain as a
result of the injection and that there was a statistically significant association between
this magnitude of pain relief and the presence of pain on testing hip internal rotation
prior to the injection. They also reported that there was no association between the
presence or severity of radiographic OA and pain relief from the injection. Sensitivity,

specificity or LR values were not reported.

Whilst there is a relatively consistent trend towards painful and restricted hip internal
rotation being associated with radiographic OA across these studies, this association

needs to be considered with caution given the overall quality of the evidence.
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Ligamentum teres pathology
None of the identified systematic reviews included studies that have investigated the
diagnostic accuracy of tests for pathology affecting the ligamentum teres. However, one
such study (O'Donnell et al., 2014a) was identified by the current review. Assessment of
this study using the QUADAS-2 tool suggests that it has an overall ‘low’ risk of bias
and ‘low’ concern regarding applicability. O’Donnell reported sensitivity of 0.90 (95%
C10.39, 0.56) and a specificity of 0.85 (95% CI 0.75, 0.92) for a novel test (‘The
Ligamentum Teres Test”) developed by the surgeons who published this paper. This test
involves internal rotation followed by external rotation of the hip. It is performed with
the hip positioned in approximately 70° of flexion and 30° “away from a fully abducted
position”. These authors define a positive test as pain provocation that occurs early in
the range, of either internal or external rotation, provided that it is relieved by rotation in
the opposite direction. It is proposed to place maximum tension on the ligament whilst
avoiding any bony or soft tissue impingement. O’Donnell reported data in 2 x 2 tables
enabling the calculation of likelihood ratios and diagnostic odds ratios. Based on this
one study, this test appears to have diagnostic utility to both identify ligamentum teres
pathology, with a positive LR of 6.5 (95% CI 3.7, 11.3), and to rule it out, with a
negative LR of 0.11 (95% CI 0.05, 0.23).

Intra-articular pathology

Two studies (Martin et al., 2008; Maslowski et al., 2010) have considered the diagnostic
accuracy of physical tests to identify ‘intra-articular’ pathology rather than a specific
structure within the joint. Both authors used fluoroscopy guided intra-articular
injections of anaesthetic (along with a steroid) as their reference standard. Martin et al.
described a positive anaesthetic response as a 50% or greater reduction in pain relief felt
over the 2 hours that followed the procedure “when performing activities and getting
into positions that in the past consistently aggravated their pain”. Maslowski et al.
required an 80% reduction in the pain score immediately post injection compared the
score obtained at ‘baseline’. Both of these studies were included in three of the
abovementioned systematic reviews (Reiman et al., 2014a; Reiman et al., 2013; Tijssen
et al., 2012) and both studies were assessed as ‘moderate’ quality by the authors of these

reviews.

Martin et al. and Maslowski et al. investigated the accuracy of the ‘Flexion Abduction
External Rotation’ (FABER) test. Martin et al. reported a sensitivity of 0.6 (95% CI
0.41, 0.77) for this test, whereas Maslowski et al. reported the higher value 0.82 (95%
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CI10.57, 0.96). Specificity was similar across these two studies (0.18 (95% CI1 0.07,
0.39) and 0.25 (95% CI 0.09, 0.48) respectively). Martin et al. reported very poor
positive (0.73) and negative (2.2) likelihood ratios. Although Maslowski and colleagues
observed slightly better values (1.1 and 0.72), neither likelihood ratio suggests that
these tests have significant clinical utility. Martin et al. also investigated the FADDIR
test reporting sensitivity of 0.78 (95% CI 0.59, 0.89) and specificity of 0.10 (95% CI
0.03, 0.29). Maslowski et al. investigated the Scour (aka Quadrant) and FIR tests.
Sensitivity for these tests was 0.5 (95% CI 0.26, 0.74) for Quadrant and 0.91 (95% CI
0.68, 1.0) for FIR. Specificity values were much lower at 0.29 (95% CI1 0.12, 0.51) and
0.18 (95% C1 0.05, 0.40) respectively.

These studies provide some evidence that these tests are more sensitive than specific
and that negative findings may strengthen a conclusion that intra-articular pathology is
absent. However, this conclusion needs to be considered with caution given the low
number of relevant studies, the ‘moderate’ quality of the studies and the width of the

confidence intervals around the point estimates of accuracy.

5.3 Review Summary

The authors of the abovementioned systematic reviews have recommended that there is
a need for further, high quality studies to determine the diagnostic accuracy of physical
tests for intra-articular hip joint pathology. The limitations and weaknesses of existing
studies, be they in the conduct of the study or in the reporting of the study, make it
difficult to draw sound conclusions about the diagnostic accuracy of hip joint tests.
Based on the meta-analysis of Reiman et al. (2014a), the FADDIR and FIR tests may
have some clinical utility as screening tests to rule out FAI/labral pathology. Two
moderate quality studies (Martin et al., 2008; Maslowski et al., 2010) provide some
evidence that the FADDIR, FIR and quadrant tests are sensitive for intra-articular

pathology of the hip.

Reiman et al. (2013) concluded that a reduction in hip abductor strength was useful in
identifying people with hip osteoarthritis based on the findings of one study (Youdas et
al., 2010). A restriction in range of movement of internal range has been associated with
osteoarthritis in a number of studies (Altman et al., 1991; Birrell et al., 2001; Holla et
al., 2012). However, there are some concerns regarding bias in these studies making it
difficult to make a definitive call on this finding. The ligamentum teres test appears to

have diagnostic utility for pathology of this ligament with one study (O'Donnell et al.,
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2014b) demonstrating that it has both high sensitivity and specificity. On the basis of
the evidence considered in this review, it is clear that additional, high quality research is
required to provide conclusive evidence regarding the diagnostic utility of physical tests

in assessment of the painful hip.

5.4 Methodological considerations

There are a number of methodological factors that affect the internal and external
validity of diagnostic accuracy studies. The following section summarises key
considerations crucial to the design, conduct and analysis of such studies, with reference

to the studies identified in the current review.

5.4.1 Study design & patient spectrum

Essentially, DA studies determine the ability of one or more tests (the ‘index’ tests) to
predict the presence of absence of a specific ‘disease’ or pathology. To achieve this, the
results of the index test are compared to those of a ‘gold’ or ‘best available’ standard
(aka the ‘reference’ test) that establishes the true presence or absence of this pathology.
There is a consensus of opinion that the ideal design should be a prospective cohort
design where consecutive patients from a relevant clinical population are evaluated with
the index test and the reference test (Fritz & Wainner, 2001; Jaeschke, Guyatt, &
Sackett, 1994b; Lijmer et al., 1999). Only four of the studies identified by the current
literature search were clearly prospective cohort studies with consecutive patients
(Ayeni et al., 2014a; Birrell et al., 2001; Narvani et al., 2003; O'Donnell et al., 2014a).
Whilst other studies may have been of such design, there was insufficient detail

reported to accurately determine if this was the case.

A case-control design was used by two studies (Verrall, Slavotinek, Barnes, & Fon,
2005; Youdas et al., 2010). This design typically creates spectrum bias due to the fact
that cases are retrospectively selected (creating the possibility that only the more
obvious or easily diagnosed cases are included and more subtle cases excluded) and that
controls (people highly likely not to have the condition of interest) are not
representative of the population that would normally be tested with the index test. This
distorts both clinical presentation and the prevalence of the condition in the cohort being
studied and can cause over-estimation of both the sensitivity and specificity of included
tests (Fritz & Wainner, 2001). This point was highlighted by Lijmer et al. (1999) who
evaluated the results of 193 published diagnostic accuracy studies and compared

estimates of diagnostic accuracy (of a wide range of medical tests) reported in high
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quality studies with those from lower quality studies. These authors reported that of all
the shortcomings in design and conduct of the diagnostic accuracy studies that they
evaluated, the case-control design had the single largest effect on results (over-
estimation of the diagnostic odds ratio by a factor of three). Whilst a prospective design
is recommended (Bossuyt et al., 2003b; Fritz & Wainner, 2001; Jaeschke et al., 1994b),
Lijmer and colleagues reported that retrospective data collection did not generate
different estimates of diagnostic accuracy than the studies that collected data
prospectively. Seven studies included in the current literature review were retrospective
(Burnett et al., 2006; Byrd & Jones, 2004a; Chong et al., 2013; Holla et al., 2012;
Myrick & Nissen, 2013; Ochiai et al., 2011; Wang, Yue, Zhang, Hong, & Li, 2011).

Recruitment of consecutive patients presenting with symptoms and signs that are
consistent with the condition of interest is considered important to limit the bias created
by populations where cases are selected. However, consecutive recruitment is
unfeasible for some studies. For example, with regard to the hip joint, the acknowledged
‘gold’ standard is arthroscopy, but, it would be unnecessary and inappropriate for every
patient presenting at a primary medical care facility (e.g. general practice or
physiotherapy clinic) to undergo this procedure and to be exposed to the attendant risks.
An alternative method of recruitment is to include consecutive patients who meet the
criteria for a specific diagnostic investigation that would be an appropriate reference
standard for the condition of interest (e.g. MRI, MRA, guided intra-articular injections
of anaesthetic or arthroscopy). A benefit of selecting such a cohort is that it helps to
ensure that all participants have the same reference test, therefore avoiding verification
bias (Bossuyt et al., 2003a; Simel, Rennie, & Bossuyt, 2008). The drawback with this
solution is that the findings of studies that have selected participants on this basis are
only relevant to patients that meet the same criteria as those selected for the study. In
particular, when arthroscopy is the chosen reference standard, the spectrum of patients
becomes quite narrow i.e. only those with symptoms/signs severe enough to warrant
surgical intervention. A number of the studies that investigated the accuracy of clinical
tests of the hip identified in the current review included patients who had undergone
arthroscopy (Myrick & Nissen, 2013; O'Donnell et al., 2014a; Philippon, Maxwell,
Johnston, Schenker, & Briggs, 2007; Suenaga et al., 2002; Wang et al., 2011).

5.4.2 Reference test

Ideally, this test would be the ‘gold standard’ test and would have 100% sensitivity and

specificity for the condition of interest. However, there are few tests in medicine that
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meet this stringent standard. In the absence of a perfectly accurate gold standard, a test
“that is considered to be the best available under reasonable conditions” should be
utilised (Versi, 1992). To avoid verification bias and consequent over-estimation of
diagnostic accuracy, all participants should undergo the same reference test or

combination of reference tests (Fritz & Wainner, 2001; Lijmer et al., 1999).

A variety of reference tests were used in the studies identified in the current review.
Three used fluoroscopy guided anaesthetic injections (Chong et al., 2013; Martin et al.,
2008; Maslowski et al., 2010), three used MRI (Hananouchi et al., 2012; Joe et al.,
2002; Verrall et al., 2005), four used X-ray (Birrell et al., 2001; Holla et al., 2012;
Sutlive et al., 2008; Youdas et al., 2010), four used MRA (Ayeni et al., 2014a; Narvani
et al., 2003; Ochiai et al., 2011; Troelsen et al., 2009), and ten used arthroscopy as the
reference standard (Burnett et al., 2006; Byrd & Jones, 2004a; Clohisy et al., 2009;
Mitchell et al., 2003; Myrick & Nissen, 2013; O'Donnell et al., 2014a; Philippon et al.,
2007; Springer et al., 2009; Suenaga et al., 2002; Wang et al., 2011).

Arthroscopy

Whilst many authors state that arthroscopy is considered the ‘gold’ or best reference test
for intra-articular hip joint disorders, patients who have undergone an arthroscopy are
typically those that have had their hip pain for a long time and who most likely have
pathology that was considered by the surgeon to be treatable by arthroscopy (Groh &
Herrera, 2009; Keeney et al., 2004; Mitchell et al., 2003). Arthroscopy is expensive,
technically demanding and not without risk (Harris et al., 2013). It is ideally reserved
for patients with clinical and imaging findings that strongly suggest intra-articular
pathology (excluding significant arthritis), with persistent pain and who have failed
conservative treatment. Consequently, the findings of studies that have used surgery as
the reference standard are biased towards that spectrum of patients and are unlikely to
be as applicable to patients who have not seen an orthopaedic surgeon and who have a
much lower suspicion of intra-articular pathology (i.e. a lower pre-test probability). As
such, the findings of such studies should only be generalised to a wider group of

patients with caution.

It seems that the rationale for using surgical findings as the reference standard is that if
a surgeon can see pathological tissue, then that tissue must be the cause of the patient’s
pain. Whilst this makes some sense, it contradicts the large body of evidence that has

demonstrated that pathological changes are present in large percentages of people who
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are (and always have been) asymptomatic. This has been shown to be the case in
multiple regions of the body including the hip (Abe et al., 2000; Jung et al., 2011;
Register et al., 2012; Silvis et al., 2011), the lumbar spine (Boos et al., 2000; Brinjikji et
al., 2015) and the shoulder (Bonsell et al., 2000; Connor, Banks, Tyson, Coumas, &
D'Alessandro, 2003).

Another factor to consider is the reliability of surgical identification and grading of
abnormal pathology (Fritz & Wainner, 2001). The inter-observer agreement of
surgeons’ ability to categorise tissue damage identified during surgery has been
examined in a number of studies (Kuhn et al., 2007; Nepple et al., 2012; Spahn,
Klinger, Baums, Pinkepank, & Hofmann, 2011). Kappa values ranging between 0.19
and 0.80 have been reported. Specific to the hip, Nepple et al. reported that the
reliability of experienced surgeons in determining whether or not the labrum was
normal was between 0.36 and 0.84 (average 0.69). Whilst these levels of reliability
might be considered acceptable for clinical use, they are of concern if surgical findings
are to be used as the reference standard for diagnostic accuracy studies. The possibility
of misclassification bias cannot be discounted when surgical findings are used as the

reference standard.

MRI or MR arthrography

MRI and MRA were used in seven of the studies identified in the current review (see
detail above). There is some evidence that a field strength of 3 Tesla (T) is superior to
1.5T MRI for imaging of musculoskeletal pathology of the fingers, wrist and hand. This
issue does not appear to have been investigated for the hip joint (Schoth et al., 2008;
Wieners et al., 2007). Of the studies in the current review, one used a 3T field strength
(Hananouchi et al., 2012), two used 1.5T (Ayeni et al., 2014a; Troelsen et al., 2009),
one used 1.0T (Narvani et al., 2003). Three studies did not report these details (Joe et
al., 2002; Ochiai et al., 2011; Verrall et al., 2005).

The reliability and diagnostic accuracy of findings identified by MRI and MRA needs
to be considered. Silvis et al. (2011) investigated the inter-rater and intra-rater reliability
of experienced musculoskeletal radiologists reporting of pathological changes identified
via MRI (3 Tesla). The authors reported that kappa values for inter-rater reliability were
only 0.37 for hip osteochondral lesions and 0.41 for labral tears. Similarly, intra-rater
reliability for these pathologies was low (kappa values of 0.37 and 0.42 respectively).
Contrasting results were reported by Kumar et al. (2013) who investigated the reliability
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of experienced musculoskeletal radiologists using MRI (3 Tesla) for the grading of four
radiological features of OA i.e. cartilage defects, bone marrow edema-type lesions
(BMELSs), subchondral cysts and labral tears. Kumar and colleagues reported substantial
kappa values for intra-rater reliability (of 0.70, 0.79, 0.78 and 0.73 respectively) for
these pathologies. Inter-rater reliability values were much lower for cartilage defects

(0.57) and BMELSs (0.55) although acceptable for cysts (0.71) and labral tears (0.65).

A systematic review and meta-analysis (Smith et al., 2011) of the diagnostic accuracy of
MR arthrogram imaging (compared to findings from arthroscopy as the reference
standard) reported a pooled sensitivity of 0.87 (95% CI: 0.84 to 0.90) and pooled
specificity of 0.64 (95% CI 0.54, 0.74) (see page 213 for full details of this review).
Smith at al. concluded that MRA is useful for identifying labral tears of the hip, but
should not be relied upon as a stand-alone diagnostic test. The sensitivity and specificity
for MRI and MRA for the identification of tears of the ligamentum teres has also been
investigated. One study (Datir et al., 2014) has demonstrated that the accuracy of 3T
MRA and MRI are essentially the same for complete tears of this ligament (sensitivity
of both MRI and MRA was 67%, specificity of MRA was 100% and that for MRI was
99%). In respect to partial tears, Datir and colleagues reported that MRA has a higher
sensitivity (0.83 versus 0.41) and specificity (0.93 v 0.75) than MRI (see Chapter 7,
page 216 for further detail regarding this study). In contrast to these findings, Devitt et
al. (2014) reported higher sensitivity (0.91) and much lower specificity (0.09) for partial
tears of this ligament (using 3T MRI). It seems likely that these contrasting results
reflect differences in the classification criteria and imaging protocols used in these two
studies. Devitt and colleagues also reported sensitivity of 0.78 and specificity of 0.32
for the identification of hypertrophic ligamentum teres (see Chapter 7, page 216 for
further detail).

McGuire et al. (2012) considered the diagnostic accuracy of 1.5T MRI compared to
arthroscopy and the differences in accuracy between radiologists who have sub-
specialized in musculoskeletal radiology and less experienced ‘general’ radiologists (see
page 214 for further detail). Not surprisingly, these authors reported that those who have
specialized in musculoskeletal radiology are substantially more accurate in the reporting
of labral tears, chondral damage and FAI (overall accuracy 85%, 69% and 82%
respectively) than the general radiologist (70%, 40% and 59%).
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Finally, a high prevalence of pathology identified by MRI and MRA has been
demonstrated in asymptomatic populations, suggesting that the presence of pathology
identified by MRI/MRA in patients with hip pain, does not confirm that the source of a
patient’s pain has been established (Frank et al., 2015; Kwee, Kavanagh, & Adriaensen,
2013) (see page 206 for further details).

Radiology

Given that there is no diagnostic test for OA, a diagnosis of OA has classically been
made on the basis of the ACR criteria that combine clinical and radiological features
(Altman et al., 1991; Bijlsma, Berenbaum, & Lafeber, 2011). However, the reliability of
the ACR criteria has been demonstrated to be poor (Reijman, Hazes, Koes, Verhagen, &
Bierma-Zeinstra, 2004a). A number of alternative methods of using radiological
findings to define and grade OA have been described (Croft, Cooper, Wickham, &
Coggon, 1990; Kellgren & Lawrence, 1957; Lane, Nevitt, Genant, & Hochberg, 1993).
A systematic review that explored the validity, reliability and applicability of a wide
range of definitions concluded that the intra and inter-tester reliability of the minimal
joint space, Kellgren & Lawrence and the Lane Index were “good” (kappa values in
most of the included studies between 0.7 to 0.85), whilst the inter-rater reliability of the
Croft and ACR criteria were relatively low (Reijman et al., 2004a). These reviewers
reported that the minimal joint space criteria demonstrated the highest relationship with
hip pain. However, they commented that the validity of these criteria has hardly been
investigated. A more recent systematic review has demonstrated that the prevalence of
osteoarthritis is higher when based on radiological definitions than that based on other
definitions, including ‘symptomatic OA’ (where the patient has both radiological
evidence and pain) and ‘self-reported OA’ (where patients report that they have
previously been diagnosed with OA) (Pereira et al., 2011).

Four studies in the current review examined the diagnostic accuracy of physical tests of
the hip for the identification of hip osteoarthritis using radiological imaging as the
reference standard (Birrell et al., 2001; Holla et al., 2012; Sutlive et al., 2008; Youdas et
al., 2010). Of these, all bar one (Youdas et al., 2008) recruited people with both
radiological evidence of OA and associated hip pain. Whilst each of these studies used
x-ray as the reference standard, a variety of radiological grading methods were
employed. Birrell et al. employed the method of Croft, a system reported by Reijman et
al. (2004a) to have low reliability. Sutlive et al. using the more reliable Kellgren and

Lawrence method and Holla et al. utilised the Altman & Gold grading system (Altman
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& Gold, 2007), the reliability of which does not appear to have been determined. As
discussed previously, Youdas et al. appeared not to use any grading criteria, relying
solely on radiological evidence of OA recorded in their participant’s medical records.
Each of these different criteria focus on different radiological features and there seems
not to be any consensus in regard to the choice of grading methods for hip OA across
the diagnostic accuracy literature. This inconsistency makes it difficult to compare the
findings from the various studies, and to make valid conclusions based on the results of

the studies that did not use methods proven to be reliable.

Even if a valid and reliable grading method is employed, there are other factors to
consider in regard to the appropriateness of using radiological evidence of hip OA as a
reference standard. Firstly, a large percentage (56 to 76%) of patients with
arthroscopically confirmed OA have normal radiographs suggesting that x-rays are not
as sensitive as arthroscopy (McCarthy & Busconi, 1995). Similarly, there seems to be a
poor relationship between radiological findings and pain or loss of function, suggesting
that radiological evidence of OA does not prove that OA is causing any hip
pain/impairment or that the degree of degenerative change determines the severity of
symptoms (Birrell, Lunt, Macfarlane, & Silman, 2005; Kumar et al., 2013; Reijman et
al., 2004b). Finally, x-ray does not provide useful information in regard to any soft-
tissue causes of hip pain; thus, many common pathologies (such as labral tears,

ligamentum teres tears, synovitis) will not be identified.

Intra-articular injection of anaesthetic

Pain originating from intra-articular structures of the hip is commonly felt in the groin,
buttock and thigh (Arnold et al., 2011; Lesher et al., 2008). However, it is well
documented that pain from the lumbar spine and sacroiliac joint may be referred to
these same areas (Bogduk, 2009; Young & Aprill, 2000). Determining if the source of
such pain is from within the hip or not can be difficult, particularly when the patient has
clinical signs (e.g. pain reproduced by hip tests and by lumbar spine tests) or imaging
findings (e.g. degenerative changes in both the hip and the lumbar spine) that suggest
that either source could be the source of pain. Fluoroscopy or ultrasound guided
anaesthetic injections into the hip joint are commonly used in clinical practice to help
make this differentiation (Arnold et al., 2011; Byrd & Jones, 2004a; Domb et al., 2009;
Kivlan et al., 2011; Rho, Mautner, Nichols, & Kennedy, 2013). A significant reduction
in pain (i.e. a positive anaesthetic response) reported by the patient after such a

procedure suggests intra-articular pathology (Bogduk, 2004a, 2004b). Such injections
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have been widely used as the reference standard for diagnostic accuracy studies of the
sacroiliac and lumbar facet joints (Bogduk, 2004a; Dreyfuss, Michaelsen, Pauza,
McLarty, & Bogduk, 1996; Laslett et al., 2005; Young & Aprill, 2000; Young, Aprill,
& Laslett, 2003). Although the actual structure itself cannot be identified with this
procedure, this is not of concern in the early stages of the clinical examination where
initial hypotheses are being explored. The ability to ‘rule out’ an intra-articular source
through a clinical examination has several benefits. In the case where the site of the pain
allows for the possibility that the lumbar spine, sacroiliac joint, pubic symphysis or
extra-articular hip joint structure could be the source of symptoms, ruling out intra-
articular hip structures allows the examination to focus on these other regions. This
would not only facilitate earlier identification of the actual origin of such pain, but

would mean that unnecessary investigations of the hip joint would not be undertaken.

Dorleijn et al. (2014) performed a systematic review and meta-analysis of case series
studies that had examined the diagnostic accuracy of guided anaesthetic injections
(GAI) in patients who had pain that could not, on the basis of the clinical examination,
be proven to originate from within the hip. Participants in these studies underwent an
intra-articular GAI into the hip and subsequent total hip arthroplasty (THA) for end
stage hip OA (Dorleijn et al., 2014). Pain relief after the THA was considered the
reference standard and the accuracy of the GAI was determined by evaluating its ability
to predict this outcome. The authors of this review reported a pooled sensitivity of 0.96
(95% CI1 0.87, 0.99) and specificity of 0.42 (95% CI 0.09, 0.84) and concluded that
clinicians could “cautiously” predict that patients with a negative anaesthetic response
(NAR) would be less likely to get relief from a THA (negative LR of 0.09) than those
that had a positive anaesthetic response (PAR). Whilst this suggests that a NAR is
evidence that the hip joint is not the source of pain, the Dorleijn et al. review
demonstrates that there is insufficient evidence to conclude that a PAR is diagnostic of

hip OA.

Byrd and Jones (2004a) retrospectively compared the diagnostic accuracy of MRI,
MRA and intra-articular injections to arthroscopy and reported an accuracy of 90% for
intra-articular injections. Data provided by these authors enabled calculation of
sensitivity [0.92 (95% CI 0.78, 0.97)] and specificity [0.33 (95% CI 0, 0.96)]. These
findings are consistent with those of the abovementioned systematic review. A more
recent study (Ashok, Sivan, Tafazal, & Sell, 2009) prospectively examined the

diagnostic accuracy of FGAI in 48 consecutive patients with both hip and back pain. In
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this study a PAR was considered to be > 70% decrease in pain intensity. Of the 37
patients who had a PAR, 34 subsequently underwent THA. Thirty-three of these
patients had complete relief of their pain following this procedure with the remaining
patient reporting no relief. Eleven patients had a negative anaesthetic response (NAR).
Ten of these underwent treatment of their lumbar spine and reported the ‘satisfactory’
relief. One NAR patient had a successful outcome following THA. Ashok et al. reported
similar sensitivity (97%) to the previous authors but a much higher specificity (91%).
This higher specificity is likely to reflect the fact that this study included some
participants (most of those who had a NAR) that did not undergo THA. The reference
standard for these patients was treatment of their lumbar spine. The different reference
standards for PAR and NAR participants decreases the strength of the findings of this
study.

Three studies in the current review used the response to fluoroscopy guided anaesthetic
injections (FGAI) as the reference standard for diagnostic accuracy studies of physical
tests for the hip (Chong et al., 2013; Martin et al., 2008; Maslowski et al., 2010).
Differences in the cut-off point used to define a positive anaesthetic response (PAR) to
these injections between these studies is readily apparent with two (Chong et al., 2013;
Martin et al., 2008) requiring a 50% or greater reduction of pain intensity and the other
(Maslowski et al., 2010) requiring an 80% reduction. This inconsistency is seen
throughout the diagnostic accuracy literature, regardless of the joint of interest
(including the shoulder, sacroiliac joint and lumbar spine). Descriptive definitions of a
PAR such as ‘marked improvement” or “near-complete” relief have also been employed
(Chronopoulos, Kim, Park, Ashenbrenner, & McFarland, 2004) but as these two

examples demonstrate, wording has not been consistent.

One study (Kivlan et al., 2011), has examined the relationship between the percent
relief reported by patients undergoing GAI and the pathological findings identified by
arthroscopy. This study adds another dimension to the issue of setting cut-off points to
define a PAR. These authors demonstrated that subjects with chondral pathology had
greater relief from GAI (around 90% reduction) than those that did not have such
pathology. They also observed that the presence of extra-articular pathology did not
influence the percent relief in patients who had intra-articular pathology. Similarly, the
presence of labral pathology or FAI had no consistent effect on the percent relief
experienced by patients with these pathologies (reporting anywhere between 10% to

100% relief). These authors also reported that 80% of the subjects who had labral tears
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or FAI identified by surgery, had less than a 50% anaesthetic response. Kivlan and
colleagues concluded that abnormalities of the labrum without associated chondral

pathology are unlikely to be symptomatic.

Adding to the mix that makes it difficult to compare findings of different studies is the
method used to determine both the baseline pain intensity (pre GAI) and post procedure
pain intensity. Of the three relevant studies in the current review, only Martin et al.
(2008) provided this detail, reporting that participants were required to determine the
degree of pain relief in the 2 hours post injection “while performing activities and
getting into positions that in the past aggravate the pain”. Both Chong et al. (2013) and
Maslowski et al. (2010) reported that pain intensity was scored before and after the
injection however neither mentioned whether or not the patient was subjected to any
clinical tests or asked to perform functional activities that were painful either prior to or

after the injection.

To help address these issues in respect to the use of diagnostic injections in the spine
and sacroiliac joint, the International Spine Intervention Society (ISIL) have developed
guidelines for their members (Bogduk, 2004b). These guidelines suggest that the level
of baseline pain needs to be of sufficient intensity that any change after GAI is ‘credible
and meaningful’ and recommend a minimum of 20mm on a 100mm visual analogue
scale (VAS). It is recommended that an observer who is independent to the person who
administers the injection should evaluate the response, using validated instruments, both
‘immediately’ and for ‘some time’ after the block. This evaluation should include
requiring the patient to perform activities that usually “are impeded or prevented by
their pain”. The guidelines state that 100% relief of pain is the ideal, but that this might
not be realistic if the patient has more than one source of pain and/or if there is some
discomfort related to the procedure itself. They suggest that a response of < 50% should
be considered a NAR, one between 50% and 74% as equivocal and 75% or greater as a
PAR. These suggestions appear to be based on expert opinion rather than research
evidence. Whilst these recommendations were made with respect to spinal diagnostic
injections, there seems to not be any reason why they are not applicable to peripheral
joint injections. However, it should be noted that the operating characteristics of a test
will be influenced by the level of response selected (Griner et al., 1981). Lower cut-off

point will increase sensitivity at the expense of specificity and vice versa.
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Relevant to this discussion is a question over the reliability of patients in determining
the intensity of the pain that they feel during provocative activities and/or the
application of physical tests to their symptomatic hip. This important issue was
explored in Chapter 3 (see page 76 for relevant discussion). Without evidence that
patients can reliably report pain intensity over a period of time, the validity of utilising
changes in pain intensity as a marker of success or failure following GAI is
questionable. Our results demonstrated that both the within and between-session
reliability of patient reports of pain intensity provoked by physical tests at the hip using
the NPRS sufficient reliability to be clinically useful (White, McNair, Laslett, & Hing,
2015).

It has been reported that false positives from GAI may result when there is leakage of
the anaesthetic from within the hip joint capsule to surrounding extra-articular structures
(e.g. the iliopsoas bursa or tendon) (Mitchell et al., 2003). Whilst ultrasound or
fluoroscopic guidance might ensure that the anaesthetic is placed within the joint, the
addition of gadolinium to the injectate allows the radiologist to identify any leakage into
the surround bursa or soft tissues (Mitchell et al., 2003). One drawback with the use of
gadolinium contrast is that it can cause a temporary increase in joint pain (Mosimann et
al., 2012; Saupe et al., 2009). Saupe and colleagues measured baseline pain scores in
294 patients undergoing MRA of the hip and compared these scores to reports of pain
intensity 4 hours, 1 day and 1 week after the injection of gadolinium contrast. They
reported mean baseline pain scores of 2.5 £ 2.5 (measured via the visual analogue scale)
and that there was no significant change in intensity immediately after the injection.
However, four hours after this injection, an increase in intensity of 1.2 & 1.7 points was
noted. Saupe et al. commented that this time frame was compatible with the
development of a chemical synovitis that might be secondary to irritation of the
synovium by the contrast. Alternatively, they suggested that it could also be related to
the wearing off of the local anaesthetic they used (mepivacaine hydrochloride 2%). This
increase in pain associated with the use of gadolinium needs to be considered when the
pain response to GAI is used as a reference standard. Increased pain as a result of the
gadolinium may lead to a false negative anaesthetic response and the conclusion that
there is no intra-articular pathology. In the study by Kivlan et al. (2011), participants
were reassessed within 2 hours of having the injection so that this flare at 4 hours was

avoided.
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It is worth noting that Saupe et al. utilised small volumes (mean 0.9 = 0.3 mL) of a
relatively short-lasting anaesthetic to anaesthetise the “skin, joint capsule, and joint
space” so that the injection of the contrast was not painful. When intra-articular
anaesthetic is injected diagnostically (to help to differentiate intra-articular from extra-
articular pathology), larger volumes are used and frequently, both a short-lasting (2-6
mL of Lidocaine 1%) and long-lasting (3.5 mL to 10 mL of Bupivacaine 0.5%)
anaesthetic is included (Ashok et al., 2009; Byrd & Jones, 2004a; Deshmukh et al.,
2010; Kivlan et al., 2011). Consequently, a larger dose of anaesthetic is administered
and the post injection pain associated with gadolinium reported by Saupe et al. is
unlikely to be an issue. Evidence to support this has been provided by Mosimann et al.
(2012) who investigated the influence short and long-lasting anaesthetics on the post
injection pain associated with hip arthrograms. These authors compared an injectate of
gadolinium (0.1 mL), adrenalin (0.05 mL 1%) and 10mL Omnipaque 300 to one that
also contained either 4 mL of bupivacaine (0.25%) or 4 mL of lidocaine (1%). They
reported that the addition of bupivacaine eliminated any immediate post injection
discomfort whereas those with no anaesthetic had a mean pain increase on the VAS of
0.96. Similarly, the pain intensity four hours post injection was only 0.29 £ 0.75 (units

on the VAS) compared to 1.6 = 0.83 for those without bupivacaine.

5.4.3 Index test description

The findings of studies that have investigated the diagnostic accuracy of a test can only
be generalised to a clinical setting if the authors of that study provide a detailed

description of how the index test is performed and interpreted (Fritz & Wainner, 2001;
Whiting et al., 2003). Several studies in the current review provided sufficient detail to

allow replication of the tests they examined although the majority did not do so.

Examination of the descriptions provided for several commonly used clinical tests
(including quadrant, FABER, ‘impingement’, log roll) reveals that the performance and
‘scoring’ of these tests is not standard across this body of research. For example, in
respect to the FABER test, Martin et al. (2008) placed the participants foot “just
proximal to the uninvolved knee” and a positive test was ‘reproduction of pain in any
location’. Maslowski et al. (2010) placed the foot ‘on the knee’ of the uninvolved leg
and defined a positive test as one that ‘recreate(s) the subjects pain’. Another study
(Philippon et al., 2007) described a positive FABER test as “any loss of ROM compared
to the unaffected hip”. Any comparison of the findings from such studies needs to take

into consideration variation in test performance and/or interpretation.
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5.4.4 Time between index test and reference standard

It is important that the time period between the application of the index test(s) and the
reference test is as short as possible so that there is a reduced risk of any change in
status of the condition of interest. It is possible that the underlying pathology may
improve or deteriorate over time leading to ‘disease progression bias’ (Whiting et al.,
2003). The results of any test will vary if that test is applied at different stages of the
condition. This is less of a concern with chronic, stable conditions but is still important
to consider. Most of the existing studies that have evaluated the accuracy of physical
tests for identifying intra-articular pathology of the hip did not provide detail in this
regard (Byrd & Jones, 2004a; Chong et al., 2013; Holla et al., 2012; Joe et al., 2002;
Martin et al., 2008; Springer et al., 2009; Suenaga et al., 2002; Troelsen et al., 2009;
Verrall et al., 2005; Wang et al., 2011). Three studies (Maslowski et al., 2010;
O'Donnell et al., 2014a; Sutlive et al., 2008) reported performing the index test(s)
immediately prior to the reference standard. Conversely, three studies (Myrick &
Nissen, 2013; Narvani et al., 2003; Philippon, Briggs, Yen, & Kuppersmith, 2009)
indicated that were significant delays (4 weeks up to 2 years) after baseline testing

before the reference test was employed.

5.4.5 Blinding

Interpretation of the index test should be made in the absence of knowledge of the
results of the reference standard (and vice versa) to reduce the possibility of review (aka
information) bias (Fritz & Wainner, 2001; Whiting et al., 2003). Similarly, knowledge
of the participant’s clinical presentation should be limited to the information that would
normally be known in the clinical situation where the test is likely to be employed
(Whiting et al., 2003). The performance and/or interpretation of the index test may be
influenced by a researcher who is privy to additional information (e.g. the results of a

previous MRI or X-ray) leading to over-estimation of measures of diagnostic accuracy.

Of the studies in the current literature search, only seven (Holla et al., 2012; Joe et al.,
2002; Springer et al., 2009; Suenaga et al., 2002; Sutlive et al., 2008; Troelsen et al.,
2009; Verrall et al., 2005) stated clearly that the index and reference tests were
performed in a blinded manner. Two studies (Byrd & Jones, 2004a; Maslowski et al.,
2010) reported that they did not utilise blind assessors. The remaining studies were

either unclear or did not report this information.
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5.4.6 Sample size analysis

A small sample size in a diagnostic accuracy study is likely to result in imprecise
estimates of sensitivity and specificity (Bachmann, Puhan, Riet, & Bossuyt, 2006; Fenn
Buderer, 1996). Such imprecision will be reflected in wide confidence intervals around
the point estimates, making interpretation of results and their application to clinical
practice difficult. Calculation of sample size prior to the conduct of a diagnostic
accuracy study enables the researcher to be more confident that an appropriate number
of subjects will be included and hence, achieve more precise estimates of measures of
diagnostic accuracy. Sample size calculations should take into account the minimum
level of sensitivity and/or specificity that would be acceptable for the test(s) under
investigation to be employed appropriately in clinical practice (Bachmann et al., 2006;
Fenn Buderer, 1996; Jones, Carley, & Harrison, 2003). Another important consideration
is the effect that the prevalence of the target condition has on the precision of these
estimates of accuracy. Consequently, the presumed prevalence should be included in
any sample size calculations (Bachmann et al., 2006; Fenn Buderer, 1996; Jones et al.,

2003).

Only one study (Maslowski et al., 2010) identified by the current search has reported
performing a sample size analysis. However, these authors did not provide any details
regarding acceptable levels of sensitivity or specificity or of expected prevalence of the
target condition. The lack of consideration of this important component of study design
is not confined to the musculoskeletal literature. A recent review (Bachmann et al.,
2006) of all the diagnostic accuracy articles published in high quality medical journals
(including BMJ, Lancet and JAMA) reported that only 5% reported an a priori sample

size calculation.

For the studies that investigated the diagnostic accuracy of physical tests for the hip
(identified by the current search), sample sizes ranged between 18 (Narvani et al., 2003;
Troelsen et al., 2009) and 344 (Holla et al., 2012). The majority of studies included
between 40 and 76 participants. Sample size in retrospective studies has typically been
determined by the number of patients that have had the reference standard (e.g.
arthroscopy, MRI/MRA) in the course of their management and for whom adequate
details regarding the index test have been recorded in the clinical notes. Of the four
studies that had 100 or more participants (Holla et al., 2012; Joe et al., 2002; Myrick &

Nissen, 2013; Ochiai et al., 2011), three were retrospective studies.
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5.5 Methods and procedures of the current study

The methodological issues discussed in the preceding review were considered in the
design and conduct of the current study. Results of this study have been reported in a
manner consistent with relevant guidelines and critiquing tools for diagnostic accuracy
studies (Bossuyt et al., 2003a; Bossuyt et al., 2003b; Whiting et al., 2003; Whiting et
al., 2011)

5.5.1 Study design

This study was an analytic, non-experimental, prospective cohort study designed to

determine the diagnostic accuracy of individual components of the clinical examination.

5.5.2 Sample size

A power and sample size estimation was performed employing the method
recommended by Jones et al. (2003) and using the following parameters: expected
levels of sensitivity and specificity = 90%; acceptable width of confidence intervals
(either side of the point estimate) = 15%; the probability that lower confidence limit will
fall within these limits = 5% and the likely prevalence of a positive response to intra-
articular anaesthetic = 50%. The value of these parameters were determined after
consideration of the findings of similar studies (Martin et al., 2008; Maslowski et al.,
2010) and on expert opinion (Childs & Cleland, 2006). This calculation indicated that a
sample size of 62 was necessary to determine the diagnostic accuracy of hip joint tests
with the degree of precision required. The final sample size was increased to 70 to allow
for possibility that some participants might not complete the protocol. This sample size
is in line with existing studies that have used similar methods and analysis as the
proposed study (Flynn et al., 2002; Hicks, Fritz, Delitto, & McGill, 2005; Sutlive et al.,
2008; Vicenzino, Collins, Cleland, & McPoil, 2010; Vicenzino, Smith, Cleland, &

Bisset, 2009). Sample size in these studies range from 42-71 subjects.

5.5.3 Participants

Between June 2012 and December 2013, consecutive patients presenting at the referring
medical specialist’s (see Referring Specialists below) clinic, who met the following
inclusion and exclusion criteria, were invited to participate in the study. The primary
inclusion criteria for this study was that the patient’s symptoms and signs were
consistent (in the opinion of the specialist) with those of intra-articular pathology of the
hip and that a magnetic resonance imaging arthrogram (MRA) with fluoroscopy guided

anaesthetic injection (FGAI) was needed as part of the patient’s diagnostic work-up.
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Also, participants had to be aged between 15 and 80 years old and have unilateral pain
in the groin or deep buttock region that had been present for a minimum of one month at
the time of data collection. Ethical approval for this study was granted by the New
Zealand Ministry of Health, Northern X Regional Ethics Committee (Reference number
NTX/11/07/066) (See Appendix 9).

Exclusion criteria were patients who:

* had undergone previous hip joint surgery or;

* had undergone treatment for low back pain within the previous 12 months
or;

* had evidence of lumbar radiculopathy, systemic disease or illness or;

* were claustrophobic or;

* were pregnant or;

* had severe pain (greater than 9 on the NPRS) or;

* were unable to speak English or;

* had any contraindication undergoing the MRA/FGALI procedure (as

determined by the radiologist performing the procedure).

5.5.4 Referring specialists

Two sports physicians and one orthopaedic surgeon (all recognised nationally for their
expertise in the diagnosis and treatment of hip joint pathologies) were selected as the
source of prospective participants. Both sports physicians work in the primary health
care sector, seeing patients as a ‘first point of contact’. However, because of their
recognised expertise with hip pathology, these physicians often see patients at a
secondary care level whereby patients are referred to them by other health professionals
(primarily physiotherapists and general practitioners). The orthopaedic surgeon works
purely at the secondary care level, only seeing patients that are referred. This surgeon
has specialised in hip arthroscopy over the last 15 years and has performed over 350
such procedures. Specialists were given full details about all aspects of this study. They
agreed to ask consecutive patients who met the abovementioned primary inclusion
criteria, if they would be interested in being included in this study and if so, for

permission for their contact details to be given to the researcher.
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5.5.5 Examiner

One experienced examiner, a physiotherapist with 32 years experience and who is the

author of this thesis, assessed all participants.

5.5.6 Procedures

All patients referred by the medical specialists were telephoned by the researcher and
given an overview of the study. Prospective participants were given the opportunity to
have any questions relevant to the study answered and were then screened following a
standardised questionnaire (see Appendix 10) to ensure that they met the
inclusion/exclusion criteria detailed above. Those that met these criteria and who
expressed a desire to be included in the study were emailed a number of documents
including the detailed ‘Study Information Sheet’ (Appendix 11) and a ‘Consent Form’
(Appendix 12). Participants were asked to read the information sheet and to contact the
researcher if they had any further questions or concerns about the study. Consent forms
were not signed until the day of data collection, after the participant had been given
another opportunity to discuss the study. The initial email also included a ‘Medical
Screening Questionnaire’ (Appendix 13) designed to identify risk factors or medical
conditions that would be a contraindication to participation in this study (including
infection, cancer, deep vein thrombosis, fracture). Also attached to the email were
validated questionnaires that provided information about activity levels (the Lower
Limb Task Questionnaire) (McNair et al., 2007) (see Appendix 14), and the possibility
of a neuropathic pain component to the participant’s problem (The self-report version of
the Leeds Assessment of Neuropathic Symptoms and Signs questionnaire [ S-LANSS])
(Bennett et al., 2005; Weingarten et al., 2007) (see Appendix 15).

The researcher arranged an appointment time for the participant’s MRA/FGAI and
study data collection. The participant was instructed to avoid doing any physical activity
‘out of the ordinary’ and not to take any pain relief or anti-inflammatory medication in
the 24 hours preceding data collection to minimise the effects that medication or

unusual activity might have on their pain response during testing.

On the day of the patient’s MRA/FGALI, experimental procedure was explained and
informed consent acquired. Questionnaires were collected and checked for correct
completion. Baseline data (including diagnosis, occupation, levels of activity, cause of
current symptoms, aggravating and easing factors and any previous injury details) were

collected via a standardised questionnaire (see Appendix 16). A body chart was used for
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participants to indicate the site of pain (both primary and secondary) or associated
symptoms (see Appendix 17). Baseline data collection was followed by a standardised
clinical examination that included physical tests (see ‘Tests’ below) shown to be
reliable in the preceding reliability studies. The initial examination was performed
immediately prior to the FGAI and MRA. To minimise order effects, tests were
performed in random order pre-determined by a random number generator (accessed at

http://www.pangloss.com/seidel/rnumber.cgi.).

Participants were asked if the test provoked a ‘familiar’ pain i.e. pain that was very
similar in nature and site to the pain that they usually felt at their hip. Participants rated
the intensity of familiar pain using the 11-point numeric pain rating scale (NPRS). The
NPRS was anchored at 0 (no pain) and 10 (worst pain imaginable). A positive test was
defined as one that provoked familiar pain with an intensity of 2 or greater. Results for
each test were recorded via an iPad (Apple Inc) utilising a standardised, interactive PDF
form (see Appendix 18) created specifically for this study by the researcher (using PDF
Expert (2008-2014) version 4.7.7.2; Readdle Inc). This ‘App’ allows data from
numerical and text fields, checkboxes and radio buttons to be entered and saved within
the form and converted to various file formats including MS Office Excel and to be

exported directly to statistical software packages.

Immediately after the completion of the physical examination, the participant underwent
a FGAI and then a MRA, in an adjacent room, following a standardised protocol (see
FGAI and MRA Protocol below). The researcher re-examined the participant
immediately after the MRA, repeating all tests in the same order as prior to the
procedure. Again, the participants were required to report the reproduction of ‘familiar’
pain and to rate the intensity of such pain. The examiner was blinded to the results of
the MRA at the time of reassessment and until after analysis of all data. The radiologist
who performed the FGAI and MRA was blinded to the results of the clinical
examination and anaesthetic response until after the completion of the study and all data

analyses.

5.5.7 Reference test

All patients underwent a FGAI and MRA performed by a musculoskeletal radiologist
(with 30 years of experience) who was blinded to the results of the clinical examination.
Intra-articular injection of anaesthetic was performed with aseptic technique under

fluoroscopic guidance. The patient was placed in a supine position on the fluoroscopic
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table with the x-ray tube positioned vertically under the table, the image intensifier
above the patient and the affected hip and leg in a neutral position. The injection site
(lateral to the femoral vessels, between the middle to superior part of the anatomical
neck of the femur) was identified under fluoroscopic guidance using a radiopaque linear
pointer (see Figure 5.1a). This site was marked on the skin with a marker pen. The skin
was then cleaned with a suitable skin preparation (Chlohexidine gluconate or povidine-
1odine solution) and a sterile field was obtained using a sterile window drape. A
subcutaneous injection of local anaesthetic (Lidocaine 1%) was followed by the intra-
articular placement of a 22-guage spinal needle under fluoroscopic guidance (Figure
5.1b). Under fluoroscopic guidance, an intra-articular injection of the arthrogram

mixture was initiated to adequately distend the joint capsule (Figure 5.1c).

Figure 5.1 Fluoroscopy guided anaesthetic injection

a Identification of injection site by fluoroscopy
b Injection of local anaesthetic
¢ Injection of arthrogram mixture

The arthrogram mixture was a 1:200 concentration, comprised of 4ml iodinated contrast
medium (Omnipaque™ 300, GE Healthcare, Iohexol 300mg Iodine per ml), 6ml
bupivacaine hydrochloride 0.25% (Marcain, AstraZeneca Limited), 0.05ml chelated
gadolinium (Magnevist® Bayer New Zealand Limited, 0.5 mmol/mL dimeglumine
gadopentetate) and 0.3mg DBL™ Adrenalin 1:1000 (1mg in 1 ml, Hospira NZ
Limited). MR imaging was performed as soon as possible after the intra-articular
injection had been completed and the patient had been transported to the MR suite by
wheelchair. Whilst all participants also underwent a MRA, the information from this
procedure was used for secondary analysis of the data, not as the reference standard for

the current study. Detail of the MRA procedure is provided in Chapter 7.
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Pain response to the FGAI was used as the reference test. A positive response was
considered to indicate that the participant’s pain originated from an intra-articular
pathology and a negative response considered to represent pain that originates from an
extra-articular hip joint structure. A positive anaesthetic response (PAR) was
determined, a priori, as an 80% or greater reduction in pain intensity of the mean score
calculated from the individual scores of the three most provocative tests performed prior
to the FGALI. Further detail in this regard is provided in the ‘Data Analysis’ section that

follows.

5.5.8 Index tests

Thirty individual tests were included in this study. Full descriptions of the included tests
are provided in Appendix 7. Participants were also asked to demonstrate any functional
activity or manoeuvre that they thought would be likely to reproduce their symptoms
based on their day to day experience of their hip problem. If the pain was reproduced
with such an activity, the patient was asked to repeat the activity a couple of times to
see if the pain reproduction was consistent and then to score the intensity of the pain.
This activity was called a ‘Patient Specific Pain Provocation Manoeuvre’ (PSPPM) and

details were recorded along with those from the standardised tests.

5.5.9 Data analysis

For each participant, a mean pain intensity score was calculated from the individual
scores of the three most provocative tests performed prior to the MRA/FGALI. This score
was compared to the mean score reported for the same three tests during the
reassessment of the participant following the FGAI/MRA so that the response to the
FGALI could be determined. Success from the injection (a positive anaesthetic response
or PAR) was considered to be at least an 80% reduction in pain intensity of this mean
score, provided that the change exceeded a two-point shift on the Numeric Pain Rating
Scale (NPRS) (Farrar et al., 2001; Martin et al., 2008; Maslowski et al., 2010). Success

from the injection was used as the reference standard for subsequent analyses.

Once all data collection was completed, 2 x 2 contingency tables were constructed using
the Statistical Package for the Social Sciences (SPSS) software, version 22 (IBM©O
Corporation, 2013) to examine the diagnostic accuracy of individual tests. The
dependent variable was the response to the anaesthetic (either positive or negative).
Various measures of diagnostic accuracy were calculated including sensitivity,

specificity, positive likelihood ratios (LR+) and negative likelihood ratios (LR-),



150
positive and negative predictive values and diagnostic odds ratios (DOR). 95% Cls were
constructed for each variable using the Confidence Interval Calculator downloaded

from the Physiotherapy Evidence Database (Herbert, 2013).

Continuous variables from the history and physical examination were examined for
normality using the Kolmogorov-Smirnov test. All variables were examined for
univariate relationship with the PAR using independent samples t-test for normally
distributed continuous variables and Fishers Exact test for categorical variables. The
Wilcoxon-Mann-Whitney test was used for continuous variables that were not normally
distributed. Receiver operator characteristic (ROC) curves were constructed for
continuous variables with a significant relationship to the PAR and sensitivity and
specificity values were calculated for all possible cut-off points. Post-test probabilities

were calculated for all variables.

5.6 Results

Seventy-seven potential participants were referred for inclusion in this study. Two were
excluded during the initial telephone-screening interview with one being too young (14
years) and the other being treated for concurrent low back pain with widespread pain
referral. This left 75 participants who met the inclusion criteria, all of whom agreed to
participate in the study. However, seven patients (4 males; age range 25-62 years) later
withdrew. Three withdrew because they were claustrophobic and did not want to
undergo the MRA procedure without sedation, a factor that would most likely influence
their assessment of pain intensity. Three withdrew because their symptoms resolved
prior to the agreed date for their data collection. One person withdrew because she did
not think that her symptoms were severe enough to warrant further investigation. Six of
the withdrawn patients reported that the onset of their hip pain was associated with
trauma; the other could not identify the cause. Two of the withdrawn patients had a
history of pain greater than 24 months, whereas the average time between initial injury
and consultation with the referring specialist (duration) was 15 weeks for the remaining

withdrawn patients.

Of the sixty-eight participants (32 males) included in the study, 25 were referred by the
orthopaedic surgeon and 43 by sports physicians. Data on these individuals were
collected between 28™ June 2012 and 17™ December 2013. Table 5.4 provides baseline
information for all included participants, as well as a breakdown for the participants

who had a positive response to the anaesthetic and those who did not. The mean age
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across all participants was 38.2 years and mean body mass index 24.5. There was a
statistically significant difference (p = 0.005) in the mean age of the PAR group (42.1
years) and the NAR group (34.3 years). Thirty-four participants had a positive response
(= 80% reduction) to the anaesthetic injection and 34 had a negative response. Table
5.4 also provides detail regarding the mean pain intensity experienced by participants
over the two days immediately prior to data collection. Best and worst pain intensity
during the month before data collection is also provided. Twenty-seven of the
participants that had a PAR reported at least a 90% reduction in pain intensity. Two
participants had a mild (10-20%), temporary increase in pain after the anaesthetic (see

Appendix 19 for more detail).

Table 5.4 Baseline information

Characteristic All Cases (n=68) PAR (n=34) NAR (n=34) p-value
Mean (SD) Mean (SD) Mean (SD) t-test
Age (years) 38.2(11.8) 42.1(10.81) 343 (11.5) 0.005*
Height (metres) 1.74 (0.09) 1.73 (0.09) 1.74 (0.09) 0.79
Weight (kg) 74.9 (14.9) 76.3 (14.2) 73.4 (15.5) 0.43
BMI 24.5 (3.0) 25.1(3.0) 23.9 (3.0) 0.11
Duration of symptoms (months) 21.0 (32.6) 21.0 (36.2) 20.0 (29) 0.87
Pain Intensity (Units on NPRS)
Best over last month 0.3 (0.7) 0.4 (0.8) 0.4 (0.7) 0.94
Worst over last month 7.4 (2.0) 7.4 (2.3) 7.4 (1.7) 0.90
Average pain am last 2 days 1.9 (1.6) 1.9 (1.7) 2.0 (1.7) 0.83
Average pain pm last 2 days 2.6 (2.0) 2.52.2) 2.6 (1.9) 0.88

PAR, Positive anaesthetic response; NAR, Negative anaesthetic response; SD, Standard Deviation; n, number of individuals;
NPRS Numeric pain rating scale; * Significant difference between PAR and NAR groups (p < 0.05)

Detail concerning participants referred by the orthopaedic surgeon is compared to those
from the sports physicians in Table 5.5. There was not any statistically significant

difference between groups for any of the variables reported in this table.

Table 5.5 Comparison between surgeon and sports physician participants

Characteristic Surgeon (n=25) Sports Physician (n=43) p-value
Mean (SD) Mean (SD) t-test
Age (years) 39.8 (10.3) 37.3 (12.6) 0.42
Height (metres) 1.75 (0.07) 1.72 (0.10) 0.18
Weight (kg) 77.1 (11.4) 73.5 (16.5) 0.35
BMI 24.8 (2.5) 24.3 (3.3) 0.53
Duration of symptoms (months) 17.0 (26) 23.6 (36) 0.42
Pain Intensity (units on NPRS)
Best over last month 0.3 (0.6) 0.4 (0.8) 0.36
Worst over last month 7.2 (2.6) 7.5(1.6) 0.57
Average pain am last 2 days 1.7 (1.6) 2.1 (1.7) 0.30
Average pain pm last 2 days 222.2) 2.7 (2.0) 0.29
PAR Participants n (%) 14 (56) 20 (46) 0.61'

SD, standard deviation; n, number of individuals; NPRS, numeric pain rating scale; " Fishers Test
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Demographics of participants and detail from their history (relevant to hip pain) are
reported in Table 5.6. Ninety percent of participants were New Zealand Europeans and
the majority (84%) were employed at the time of data collection. Ninety-seven percent
of participants reported that they normally participated in regular sport however 72%
had stopped playing as a result of their current hip pain. None of these variables

demonstrated a statistically significant relationship with a PAR.

Table 5.6 Demographics and history

All Cases PAR Group NAR Group p-value
%" (n) %? (n) %? (n) Fishers Test

Ethnicity

NZ European 90 (61) 85 (29) 94 (32) 0.43

Asian 4(3) 3(D) 6(2) 1.0
Male gender 47 (32) 50 (17) 44 (15) 0.80
Employed 84 (57) 88 (30) 80 (27) 0.51
Left side painful 38 (26) 41 (14) 35(12) 0.80
Left foot dominant 4 (3) 3(1) 6(2) 1.0
Plays regular sport 97 (66) 94 (32) 100 (34) 0.49
Stopped sport due to hip pain 72 (49) 61 (21) 82 (28) 0.10
Takes medication for hip regularly 16 (11) 21 (7) 12 (4) 0.51
Cause of current hip pain

Trauma 62 (42) 62 (21) 62 (21) 1.0

Overuse 20 (14) 21 (7) 21 (7) 1.0

Unknown 18 (12) 18 (6) 18 (6) 1.0
History

Previous problem same hip 37 (25) 41 (14) 32(11) 0.61

Previous problem resolved 18 (12) 18 (6) 18 (6) 1.0

Previous problem other hip 25(17) 29 (10) 21 (7) 0.57

! percent of total sample; 2 percent of subgroup; n, number of individuals

Table 5.7 provides detail in regard to activities that cause pain of greater than two points
on the NPRS. The only activity that demonstrated a statistically significant difference

(» =0.017) between groups was ‘pain when jogging” which was more prevalent in the
NAR group. This table also details the nature and prevalence of any associated
symptoms. The most prevalent symptom was self-reported decreased ROM (reported by
75% of the whole cohort). The prevalence of this symptom was higher in the PAR
group (88%) than the NAR group (62%) and this difference reached statistical
significance (p = 0.023). Similarly, the presence of crepitus was more prevalent in the

PAR group (32%) than NAR group (9%) (p = 0.033).
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Table 5.7 Aggravating activities & associated symptoms

All Cases PAR NAR p-value
%" (n) %?2 (n) %? (n) Fishers Test
Aggravating activities®
Walking 56 (38) 50 (17) 62 (21) 0.46
Stairs 65 (44) 56 (19) 73 (25) 0.20
Standing 48 (33) 47 (16) 50 (17) 1.0
Sitting 37 (25) 35(12) 38 (13) 1.0
Getting in/out of car 63 (43) 68 (23) 59 (20) 0.61
Putting on socks 50 (34) 47 (16) 53 (18) 0.80
Squatting 51 (35) 47 (16) 56 (19) 0.63
Driving 38 (26) 35(12) 41 (14) 0.80
Jogging 78 (53) 65 (22) 91 (31) 0.017*
Twisting 79 (54) 82 (28) 76 (26) 0.76
Associated symptoms

Crepitus 20 (14) 32 (11) 9(3) 0.033*
Painful click 28 (19) 35(12) 21 (7) 0.28
Painless click 44 (30) 50 (17) 38 (13) 0.46
Locking 19 (13) 15 (5) 23 (8) 0.54
Giving way/weakness 29 (20) 21 (7) 38 (13) 0.18
Self-reported WROM 75 (51) 88 (30) 62 (21) 0.023*

! percent of total sample; 2 percent of subgroup; 3 activities that cause pain of 2 or greater on NPRS; WROM, decreased range of
movement; n, number of individuals * Significant difference between PAR and NAR groups (p < 0.05)

The nature and area of pain is detailed in Table 5.8. The vast majority of participants
(88%) reported intermittent pain (defined as ‘pain that was absent at some time during
day’ as opposed to constant pain being ‘pain that never stops’). Similarly, the majority
of participants (72%) reported that their dominant pain was felt in the groin. However,
there was a statistically significant difference (p = 0.001) between the PAR and NAR
groups for this variable. Dominant groin pain was present in 91% of participants with a
PAR compared to 53% of those with a NAR. There was not any statistically significant

difference between groups for any of the other areas of pain distribution.

Forty percent (n=27) of participants reported a secondary pain site that they considered
was associated with their dominant pain, but which could be present with or without the
dominant pain. The most common site of secondary pain for PAR participants was the
mid-gluteal region (21%), whereas the groin was the most common secondary site for
NAR participants (18%). Thirty-one percent of participants (n= 21) reported referred
pain that was present in association with their dominant pain. The most common site of
referred pain was the anterior thigh. Of those that had referred pain, the majority (81%)
had dominant pain in the groin. There was no statistically significant difference between

PAR and NAR groups in regard to these variables.
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Table 5.8 Nature and area of pain

All Cases PAR NAR p-value
%" (n) %2 (n) %? (n) Fishers Test
Description of pain (n=68)
Intermittent pain 88 (60) 85(29) 91 (31) 0.71
Dominant pain sharp 46 (31) 59 (20) 32 (11) 0.51
Dominant pain ache 59 (40) 50 (17) 68 (23) 0.22
Dominant pain region (n=68)
Groin 72 (49) 91 (31) 53 (18)* 0.001*
TFL 13 (9) 9(3) 18 (6) 0.48
Gluteal 9 (6) 6(2) 12 (4) 0.67
Trochanteric 9 (6) 3(1) 15(5) 0.19
Secondary pain region (n=27)
Groin 10 (7) 3() 18 (6) 0.10
Upper gluteal 3(2) 6(2) 0(0) 0.49
Mid-gluteal 15 (10) 21 (7) 9(3) 0.30
Ischial 6(4) 6(2) 6(2) 1.0
S1J 4(3) 9(3) 0(0) 0.24
Anterior thigh 1.5(1) 0(0) 3(1) 1.0
Trochanteric 4 (3) 3(1) 6(2) 1.0
Referred pain (n=21) 31 (21 24 (8) 38 (13) 0.29
Anterior thigh 13 (9) 15 (5) 12 (4) 1.0
Posterior thigh 1.5(1) 0(0) 3(1) 1.0
ITB 10 (7) 9(3) 12 (4) 1.0
Adductor 4(3) 0(0) 9(3) 0.24
Anterior knee 4(3) 3(1) 6(2) 1.0
Testicle 6(4) 9(3) 3(D) 0.61

! percent of total sample; 2 percent of subgroup;
n, number of individuals * Significant difference between PAR and NAR groups (p < 0.05)

The functional status of the participants is reported in Table 5.9. Mean scores for the
lower limb task questionnaire (LLTQ) demonstrate that recreational activities (RA)
were more restricted than activities of daily living (ADL) for the whole cohort as well
as for both the PAR and NAR groups. No participant scored less than 15/40 on the ADL
and only 5 scored 20 or below. This contrasts with the RA sub-score for which 22
participants scored 20 or below. Scores on the Self-completed Leeds Assessment of
Neuropathic Symptoms and Signs (S-LANSS) questionnaire were generally very low,
with a mean of just three out of a possible maximum of 24. Thirty-seven participants
scored zero, twenty eight scored between 3 and 11 and only three participants scored 12
or higher, the recommended cut-off point for the identification of neuropathic pain. All
three participants who scored above this cut-off point had negative responses to the
anaesthetic (percent change in pain intensity ranging from 28.5 to 35.1). There was no
statistical difference in the LLTQ or S-LANSS scores between PAR and NAR
subgroups or between the participants referred by the orthopaedic surgeon and those

referred from the sports physicians.
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Table 5.9 Functional and neuropathic pain status

All Cases PAR NAR Surgeon Physician
Questionnaire (n=68) (n=34) (n=34) (n=25) (n=43)

Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Functional Status (LLTQ)

ADL score' 32.9(6.5) 32.5(7.1) 33.3(6.0) 32.9(7.0) 32.8(6.4)

Recreational score' 23.8 (8.9) 23.2 (9.6) 243 (8.2) 23 (9.5) 24.2 (8.6)

Total score? 56.6 (14.3) 55.7 (15.7) 57.6 (13) 56 (15.9) 57 (13.6)
Neuropathic Pain Status

S-LANSS Score’ 3 (4.5) 234 4(5.3) 3344 2.8 (4.6)

LLTQ, Lower Limb Task Questionnaire; S-LANSS, Self-completed Leeds assessment of neuropathic symptoms and signs
"'Maximum score = 40, 2 Maximum score = 80; 3 Maximum score = 24

Detail regarding mean ROM for both the PAR and NAR groups is displayed in Table
5.10. In respect to the painful hip, prior to the FGAI, there was a statistically significant
difference between groups for mean ROM of internal rotation at 90° flexion (p = 0.024)
with the PAR group demonstrating less range (34°; SD 9.6°) than the NAR group (40%;
SD 11.1%). Table 5.10 also provides detail regarding the difference in mean ROM
between the painful and the non-painful hips prior to the FGAI. A positive value
indicates that the non-painful side had greater ROM than the painful hip side. For both
the PAR and NAR groups, the non-painful hip had more ROM than the painful hip,
except for IR at 90° where the painful hip had slightly more ROM. When comparing
these differences between sides across PAR and NAR groups, they were statistically
significant for both the BKFO (5.5° versus 1.3 p = 0.02) and internal rotation (3.9°
versus -0.6%; p=0.01).

Following the FGAI, mean ROM increased across all movements (except for external
rotation in the PAR group) in both the PAR and NAR participants (see Table 5.10).
These increases in ROM were larger in PAR participants and were statistically
significant for both the BKFO (5.7° increase for PAR participants versus 2.5° increase
for NAR; p = 0.03) and internal rotation at 90° flexion (3.0° versus 0.2% p = 0.01).
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Table 5.10 Range of movement in degrees

PAR (n=34) NAR (n=34) p-value

Mean (SD) Mean (SD) t-test
Mean ROM of painful hip pre-FGAI
BKFO 58 (9.6) 62 (6.7) 0.06
Flexion 110 (7.0) 112 (9.5) 0.35
Internal rotation @ 90° flexion 34 (9.6) 40 (11.1) 0.02%*
External rotation @ 90° flexion 39 (6.7) 42 (6.0) 0.14

Difference in ROM between painful and non-painful hips pre-FGAI'

BKFO 5.5(7.6) 1.3 (6.2) 0.02*
Flexion 33(7.5) 1.8 (5.6) 0.37
Internal rotation @ 90° flexion 3.9(6.9) -0.6 (6.2) 0.01%*
External rotation @ 90° flexion 1.9(5.1) 1.7 (5.4) 0.90

Change in ROM of painful hip post-FGAT*

BKFO 5.7 (6.9) 2.5(4.5) 0.03*
Flexion 33(5.6) 0.8 (5.1) 0.07
Internal rotation @ 90° flexion 3.0 (4.3) 0.2 (3.9 0.01%*
External rotation @ 90° flexion -0.3 (4.1) 0.2 (2.5) 0.60

* Significant difference between PAR and NAR groups (p<0.05); BKFO, bent knee fall out
! Positive result indicates that non-painful hip has more ROM than painful hip
% Positive result indicates that ROM increased post-FGAI

Receiver operating characteristic (ROC) curves were generated for continuous variables
that demonstrated a statistically significant association with the PAR. Figure 5.2 shows
the ROC curve for mean internal rotation ROM. This analysis identified that the best
combination of sensitivity and specificity for internal rotation ROM was when the range
was 40.8" (indicated by the *). Sensitivity at this point was 0.79 and specificity 0.44.
The area under the ROC curve (AUROC) for internal rotation ROM was 0.66 (95% CI
0.53, 0.79). The post-test probability of a PAR at this point increased from 50% to 59%
(see Table 5.17). Specificity increased to a maximum of 1.0 when internal ROM was <

20°, although sensitivity at this value dropped to just 0.12 (see Appendix 20).
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Figure 5.2 ROC curve for mean range of internal rotation of the painful hip

* Indicates the point of best overall accuracy for this variable.
Abbreviations: AUC, area under curve; CI, confidence intervals

Figure 5.3 shows the ROC curve for the pre-FGAI differences in ROM between the
painful and non-painful hips for internal rotation. The best combination of sensitivity
and specificity for internal rotation was when the painful hip had 2° of movement less
than the non-painful hip (sensitivity 0.65, specificity 0.76, LR+ 2.7, LR- 0.46). The
post-test probability of a PAR at this point increased from 50% to 73% (see Table 5.17).
Specificity increased as the size of this difference increased, reaching 1.0 when the
painful hip had 16° less range than the non-painful hip. Sensitivity at this point was only
0.03 (Appendix 21).

Figure 5.3 also shows the ROC curve for the pre-FGAI differences in ROM between the
painful and non-painful hips for the BKFO test. The best combination of sensitivity and
specificity for this movement was when the painful hip had 4° of movement less than
the non-painful hip (sensitivity 0.62, specificity 0.70, LR+ 2.0, LR- 0.54). The post-test
probability of a PAR at this point increased from 50% to 67% (see Table 5.17).
Specificity increased as the size of this difference increased, reaching 1.0 when the
painful hip had 20° less range than the non-painful hip. However, sensitivity at this

point was zero (see Appendix 21).
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Figure 5.3 ROC curve for mean differences in range of movement between painful and non-painful
hips prior to the FGAI

* Indicates the point of best overall accuracy for each variable.
Abbreviations: AUC, area under curve; CI, confidence intervals;

With respect to participant age, the best combination of sensitivity and specificity was
when the patient was at age 39 years (ROC curve not shown). At this cut-off point,
sensitivity was 0.70, specificity was 0.65 (see Appendix 22), the LR+ was 2.0 and the
LR- was 0.45. The AUROC for age was 0.70 (95% CI: 0.58, 0.83). Post-test probability
of a PAR at this point increased to 67% (see Table 5.17). Specificity increased to a

maximum of 1.0 at age 60 years. Sensitivity at this point was only 0.03.

ROC analysis was also performed for mean ROM of the BKFO test considering how
close this variable came to having a statistical relationship with the PAR. This analysis
identified that the best combination of sensitivity and specificity for this test was when
the range was < 62°. At this cut-off point, sensitivity was 0.67, specificity was 0.56 (see
Appendix 23) the LR+ was 1.5 and the LR- was 0.59. The AUROC for this variable
was 0.67 (95% CI: 0.53, 0.80). Post-test probability of a PAR at this point increased to
60% (see Table 5.17). Specificity increased to a maximum of 1.0 when BKFO ROM
was < 47°, although sensitivity at this value dropped to just 0.09.
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The following tables provide detail about the diagnostic accuracy of the physical tests
included in the current study. Table 5.11 summarises values for the ‘Impingement Test’
and some of the variations of this test described in the literature. These tests
demonstrate high sensitivity, ranging from 0.79 (95% CI 0.63, 0.90) for compression
through the long axis of the femur with the hip at 90° flexion and slight adduction
(FADC) to 0.97 (95% CI 0.85, 0.99) for the quadrant test. The high sensitivity of the
quadrant test along with the low negative LR (0.14) indicates that a negative response
for this test might be useful for ruling out a PAR. However, the wide confidence
intervals for this LR mean that this may not be the case. This test just failed to
demonstrate a statistically significant association with a PAR with a p-value of 0.054
determined by Fishers Exact test. In contrast to the high sensitivity, specificity for the
‘impingement tests’ is low, ranging from 0.18 (95% CI 0.08, 0.34) for the FADDIR test
to 0.35 (95% CI1 0.21, 0.52) for FADC.

The resisted tests (as pain provocation tests as opposed to measures of strength)
generally demonstrate unacceptable diagnostic accuracy values (see Table 5.12). The
specificity of resisted extension suggests that it might be useful clinically to help rule in
a PAR. However, the very low value of the associated positive LR does not support this
suggestion. Two of these tests, resisted abduction and the external derotation test
(EDT), demonstrated a statistically significant relationship with a PAR. However, none
of the metrics used to indicate the performance of these tests indicate that they have

diagnostic utility.

Table 5.13 summarises the accuracy values for tests that explore the effect of end range
rotation (internal and external) in various degrees of hip flexion. Internal rotation in full
flexion (FFIR) has the highest diagnostic utility out of this group of tests with a
sensitivity of 0.91 (95% CI1 0.77, 0.97), a negative LR 0f 0.33 (95% C1 0.10, 1.13) and a
diagnostic odds ratio of 3.72 (95% CI 0.91, 15.22). The sensitivity of internal rotation at
90° flexion (FIR) and the specificity of external rotation in sitting (0.79 and 0.74
respectively) indicate that these tests may have some diagnostic value. Unfortunately,
poor LR values indicate that neither of these tests is likely to be of great value clinically.
Tests performed in ‘weight-bearing’ demonstrate poor diagnostic accuracy values (see
Table 5.14). All positive LR’s and DOR’s are less than 1 and all negative LR’s are
greater than 1. Similarly, sensitivity and specificity are too low to suggest that these
tests are useful for identifying or ruling out intra-articular pathology of the hip. Of the
remaining physical tests (detailed in Table 5.15), the log roll test has the highest
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diagnostic accuracy values with a specificity of 0.85 (95% CI1 0.70, 0.94), a positive LR
of 1.6 (95% CI 0.58, 4.4) and DOR of 1.8 (95% CI 0.52, 6.15). Specificity of passive
extension in prone was high (0.82 (95% CI 0.66, 0.92)) and the sensitivity the BKFO
test was reasonable (0.71 (95% CI 0.54, 0.83)).

Five variables collected from the participants ‘history’ demonstrated a statistically
significant relationship with a PAR (p < 0.05). Diagnostic accuracy values were
calculated for these variables and are presented in Table 5.16. Sensitivity was high for
‘dominant pain in the groin’ (91.0 (95% C1 0.77, 0.97) and ‘self reported limitation of
movement’ (0.85 (95% CI 0.70, 0.94)). Specificity was high for the ‘presence of
crepitus’ (0.91 (95% CI 0.77, 0.97)). The presence of crepitus had the highest positive
LR (3.67) and dominant pain in the groin had the best negative LR (0.18 (95% CI 0.06,
0.58) and diagnostic odds ratio (9.18).



Table 5.11 Diagnostic accuracy of ‘impingement’ tests
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Y >
Test TP FP FN TN i‘;‘)’smv“y O5%  Gpecificity (95% CI) PPV/NPY LR+ (95% CI)  LR- (95% CI) DOR (95% CI)  p-value
FADDIR 31 28 3 6 0.91 (0.77, 0.97) 0.18 (0.08, 0.34) 0.53/0.67 1.11 (0.92, 1.34) 0.5(0.14, 1.84) 2.21(0.51, 9.70) 0.476
Quadrant 33 27 1 7 0.97 (0.85, 0.99) 0.21 (0.10, 0.37) 0.55/0.88 1.22 (1.02, 1.47) 0.14 (0.02, 1.10) 8.56 (0.99, 73.9) 0.054
FADC 27 22 7 12 0.79 (0.63, 0.90) 0.35(0.21, 0.52) 0.55/0.63 1.23 (0.91, 1.66) 0.58 (0.26, 1.30) 2.1(0.71, 6.25) 0.280
FF 29 23 5 11 0.85(0.70, 0.94) 0.32 (0.19, 0.49) 0.56/0.69 1.26 (0.96, 1.65) 0.45 (0.18, 1.17) 2.77 (0.84,9.12) 0.152
TP, True Positives; FP, False Positives; FN, False Negatives, TN, True Negatives; CI, Confidence Intervals; PPV, Positive Predictive Value; NPV, Negative Predictive Value; LR+, Positive
Likelihood Ratio; LR-, Negative Likelihood Ratio; DOR, Diagnostic Odds Ratio.
FADDIR, 90° Flexion Adduction Internal Rotation; FF, Full Flexion; FADC, Flexion Adduction Compression
Table 5.12 Diagnostic accuracy of resisted movements (as pain provocation tests)

Sensitivity (959
Test TP FP FN TN C‘;')’S' ity O5% g ecificity 95% CI) PPVINPY LR+ (95% CI)  LR-(95% CI)  DOR (95% CI)  p-value
RAD 7 15 27 19 0.21 (0.10, 0.37) 0.56 (0.39, 0.71) 0.32/0.41 0.47 (0.22, 1.0) 1.42 (1.01, 2.01) 0.33 (0.11, 0.96) 0.068
RAB 1 8 33 26 0.03 (0.01, 0.15) 0.76 (0.60, 0.88) 0.11/0.44 0.13 (0.02, 0.95) 1.27 (1.04, 1.54) 0.10 (0.01, 0.84) 0.043*
RF 5 11 29 23 0.15 (0.06, 0.30) 0.68 (0.51, 0.81) 0.31/0.44 0.45 (0.18, 1.17) 1.26 (0.96, 1.65) 0.36 (0.11, 1.19) 0.152
RE 4 5 30 29 0.12 (0.05, 0.27) 0.85(0.70, 0.94) 0.44/0.49 0.80 (0.24, 2.73) 1.03 (0.86, 1.25) 0.77 (0.19, 3.17) 1.00
RIR 6 11 28 23 0.18 (0.08, 0.34) 0.68 (0.51, 0.81) 0.35/0.45 0.55(0.23, 1.31) 1.22 (0.92, 1.61) 0.45(0.14, 1.4) 0.262
RER 5 10 29 24 0.15 (0.06, 0.30) 0.71 (0.54, 0.83) 0.33/0.45 0.50 (0.19, 1.31) 1.21 (0.93, 1.56) 0.41 (0.12, 1.38) 0.242
EDT 2 11 32 23 0.06 (0.02, 0.19) 0.68 (0.51, 0.81) 0.15/0.42 0.18 (0.04, 0.76) 1.39 (1.09, 1.78) 0.13 (0.03, 0.65) 0.011*

TP, True Positives; FP, False Positives; FN, False Negatives, TN, True Negatives; CI, Confidence Intervals; PPV, Positive Predictive Value; NPV, Negative Predictive Value; LR+, Positive

Likelihood Ratio; LR-, Negative Likelihood Ratio; DOR, Diagnostic Odds Ratio; * Statistically significant association with PAR (p < 0.05) calculated by Fishers Exact test;
RAD, Resisted Adduction; RAB, Resisted Abduction; RF, Resisted Flexion; RE, Resisted Extension; RIR, Resisted Internal Rotation @ 90°; RER, Resisted External Rotation @ 90% EDT, External

Derotation Test
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Table 5.13 Diagnostic accuracy of end-range ‘rotation’ tests

Test TP FP FN TN Sensitivity (95% CI) Specificity (95% CI) PPV/NPV LR+ (95% CI) LR- (95% CI) DOR (95% CI) p-value
Internal Rotation Tests

FFIR 31 25 3 9 0.91 (0.77, 0.97) 0.26 (0.15, 0.43) 0.55/0.75 1.24 (0.99, 1.56) 0.33(0.10, 1.13) 3.72 (091, 15.22) 0.109
FIR 27 28 7 6 0.79 (0.63, 0.90) 0.18 (0.08, 0.34) 0.49/0.46 0.96 (0.77, 1.22) 1.17 (0.44,3.11) 0.8 (0.25,2.78) 1.00
IRSit 16 17 18 17 0.47(0.31,0.63) 0.50 (0.34, 0.66) 0.48/0.49 0.94 (0.58, 1.54) 1.06 (0.67, 1.68) 0.89 (0.34, 2.30) 1.00
IRP 17 19 17 15 0.50(0.34, 0.66) 0.44 (0.29, 0.61) 0.47/0.47 0.89 (0.57, 1.40) 1.13 (0.68, 1.88) 0.79 (0.30, 2.05) 0.808
IRSt 12 19 22 15 0.35(0.21, 0.52) 0.44 (0.29, 0.61) 0.39/0.41 0.63 (0.37, 1.09) 1.47 (0.93, 2.31) 0.43 (0.16, 1.14) 0.144
External Rotation Tests

FFER 15 14 19 20 0.44(0.29,0.61) 0.59 (0.42, 0.74) 0.52/0.51 1.07 (0.62, 1.86) 0.95 (0.63, 1.43) 1.13 (0.43, 2.95) 1.00
FER 16 14 18 20  0.47(0.31,0.63) 0.59 (0.42, 0.74) 0.53/0.53 1.14 (0.67, 1.96) 0.9 (0.59, 1.37) 1.27 (0.49, 3.3) 0.807
ERSit 12 9 22 25  0.35(0.21,0.52) 0.74 (0.57, 0.85) 0.57/0.53 1.33(0.65,2.74) 0.88 (0.64, 1.21) 1.52(0.54,4.27) 0.410
ERP 10 13 24 21 0.29 (0.17, 0.46) 0.62 (0.45, 0.76) 0.43/0.47 0.77 (0.39, 1.51) 1.14 (0.81, 1.61) 0.67 (0.25, 1.85) 0.609
ERSt 7 11 27 23 0.21(0.10,0.37) 0.68 (0.51, 0.81) 0.39/0.46 0.64 (0.28, 1.45) 1.17 (0.88, 1.57) 0.54 (0.18, 1.63) 0.600

TP, True Positives; FP, False Positives; FN, False Negatives, TN, True Negatives; CI, Confidence Intervals; PPV, Positive Predictive Value; NPV, Negative Predictive Value; LR+, Positive Likelihood Ratio;
LR-, Negative Likelihood Ratio; DOR, Diagnostic Odds Ratio.
FFIR, Full Flexion Internal Rotation; FIR, Flexion Internal Rotation at 90° Flexion; IRSit, Internal Rotation in Sitting; IRP, Internal Rotation in Prone; IRSt Internal Rotation in Standing;

FFER, Full Flexion External Rotation; FER, Flexion External Rotation at 90° Flexion; ERSit, External Rotation in Sitting; ERP, External Rotation in Prone; ERSt External Rotation in Standing.

Table 5.14 Diagnostic accuracy of ‘weight-bearing’ tests

Test TP FP FN TN Sensitivity 95% CI)  Specificity (95% CI)  PPV/NPV LR+ (95% CI) LR- (95% CI) DOR (95% CI) p-value
ADDSt 18 20 16 14  0.53(0.37,0.69) 0.41 (0.26, 0.58) 0.47/0.47 0.90 (0.59, 1.38) 1.14 (0.67, 1.96) 0.79 (0.30, 2.06) 0.807
SOLSt 6 13 28 21  0.18(0.08,0.34) 0.62 (0.45, 0.76) 0.32/0.43 0.46 (0.20, 1.07) 1.33(0.98, 1.81) 0.35(0.11, 1.06) 0.104
4PtFlex 10 15 24 19  0.29(0.17,0.46) 0.56 (0.39, 0.71) 0.40/0.44 0.67 (0.35, 1.27) 1.26 (0.87, 1.83) 0.53 (0.19, 1.44) 0314

TP, True Positives; FP, False Positives; FN, False Negatives, TN, True Negatives; CI, Confidence Intervals; PPV, Positive Predictive Value; NPV, Negative Predictive Value; LR+, Positive Likelihood Ratio;
LR-, Negative Likelihood Ratio; DOR, Diagnostic Odds Ratio.

ADDSt, Adduction in Standing; SOLSt, Sustained One Leg Standing, 4PtFlex, Hip flexion in 4 point kneel.
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Test TP FP FN TN Sensitivity (95% CI) Specificity (95% CI) PPV/NPV LR+ (95% CI) LR- (95% CI) DOR (95% CI) p-value
FABER 23 24 11 10 0.68 (0.51, 0.81) 0.29 (0.17, 0.46) 0.49/0.48 0.96 (0.70, 1.32) 1.10 (0.54, 2.24) 0.87 (0.31, 2.44) 1.00
BKFO 24 23 10 11 0.71 (0.54, 0.83) 0.32 (0.19, 0.49) 0.51/0.52 1.04 (0.76, 1.43) 0.91 (0.45, 1.85) 1.15(0.41, 3.21) 1.00
PExt 7 6 27 28 0.21 (0.10, 0.37) 0.82 (0.66, 0.92) 0.54/0.51 1.17 (0.44,3.11) 0.96 (0.77, 1.22) 1.21 (0.36, 4.07) 1.00
Log Roll 8 5 26 29 0.24 (0.12, 0.40) 0.85(0.70, 0.94) 0.62/0.53 1.60 (0.58, 4.4) 0.90 (0.71, 1.13) 1.80 (0.52, 6.15) 0.539
TOP GT 6 12 28 22 0.18 (0.08, 0.34) 0.65 (0.48, 0.79) 0.33/0.44 0.50 (0.21, 1.18) 1.27 (0.95, 1.71) 0.39 (0.13, 1.21) 0.168
TP True Positives; FP False Positives; FN False Negatives, TN True Negatives; CI Confidence Intervals; PPV Positive Predictive Value; NPV Negative Predictive Value; LR+ Positive Likelihood Ratio;
LR- Negative Likelihood Ratio; DOR Diagnostic Odds Ratio
FABER, Flexion Abduction External Rotation; BKFO, Bent Knee Fall Out; PExt, Passive Extension Prone; TOP GT, Tenderness on Palpation of Greater Trochanter
Table 5.16 Diagnostic accuracy of variables from history that have a significant association with PAR (p < 0.05)
Variable TP FP FN TN Sensitivity (95% CI) Specificity (95% CI) PPV/NPV LR+ (95% CI) LR- (95% CI) DOR (95% CI) p-value
Crepitus 11 3 23 31 0.32 (0.19, 0.49) 0.91 (0.77, 0.97) 0.79/0.57 3.67 (1.12,11.99) 0.74 (0.58, 0.96) 4.94 (1.24, 19.76) 0.033*
Age >39 24 12 10 22 0.70 (0.54, 0.83) 0.65 (0.48, 0.79) 0.67/0.69 2.00 (1.20, 3.31) 0.45 (0.26, 0.81) 4.40 (1.59, 12.19) 0.015*
SRVROM 29 23 5 11 0.85(0.70, 0.94) 0.32 (0.19, 0.49) 0.56/0.69 1.26 (0.96, 1.65) 0.45 (0.18, 1.17) 2.77 (0.84,9.12) 0.023*
Pain joggingl 22 31 12 3 0.65 (0.48, 0.79) 0.09 (0.03, 0.23) 0.42/0.20 0.71 (0.54, 0.93) 4.0 (1.24, 12.92) 0.18 (0.05, 0.70) 0.017*
Dominant

31 18 3 16 0.91 (0.77, 0.97) 0.47 (0.31, 0.63) 0.63/0.84 1.72 (1.23, 2.04) 0.18 (0.06, 0.58) 9.18 (2.35, 35.89) 0.001*

pain in groin

TP, True Positives; FP, False Positives; FN, False Negatives, TN, True Negatives; CI, Confidence Intervals; PPV, Positive Predictive Value; NPV, Negative Predictive Value; LR+, Positive Likelihood Ratio;
LR-, Negative Likelihood Ratio; DOR, Diagnostic Odds Ratio; * Statistically significant association with PAR (p < 0.05) calculated by Fishers Exact test; ! Pain of 2 or greater on NPRS;
SRWROM, Self-reported decreased range of movement
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Table 5.17 shows the changes in probability of a PAR, given a positive or negative test,
for variables that had a DOR of greater than 1.8. Also included are the ROM variables
that had a statistically significant association with a PAR, using the cut-off points
identified by the ROC analysis. Pre-test probability of 50% is based on the number of
participants in the study who had a PAR (34 out of 68). Post-test probability for positive
test results ranged from 53% (for a positive FADDIR test) to 79% (for the presence of
crepitus). Given a negative test result, the probability of a PAR dropped to as low as

12% (for a negative Quadrant test) and 16% (for not having dominant pain in the groin).

Table 5.17 Post-test probability of a positive anaesthetic response

Positive Test Result Negative Test Result
Variable Post-Test Probability (%) Post-Test Probability (%)
FADDIR 53 33
Quadrant test 55 12
FADC 55 37
FFIR 55 26
FF 56 32
Patient reported limited movement 56 32
IR90 ROM < 41° 59 32
BKFO < 62’ 60 37
Log roll 62 47
Dominant pain in groin 63 16
Age >39 67 31
'Difference in BKFO ROM between sides > 4° 67 35
'Difference in IR ROM between sides > 2° 73 32
Crepitus 79 43

Pre-test Probability = 50% (Prevalence of PAR in this study)

! Where pre-FGAI ROM of the painful hip is less than non-painful hip ROM

FADDIR, Flexion Adduction Internal Rotation; FADC, Flexion Adduction Compression; FFIR, Full Flexion Internal Rotation; FF,
Full Flexion; IR90 ROM, Range of Movement of Internal Rotation with hip flexed 90°;

BKFO, Bent Knee Fall Out; IR, Internal Rotation; ROM, Range of Movement
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5.7 Discussion

This study provides new evidence that will improve our ability to diagnose intra-
articular hip joint pathology. Firstly, it provides information regarding the pre-test
probability of a positive anaesthetic response (PAR) and by implication, the presence of
intra-articular pathology of the hip. Overall, 50% of participants in the current study had
a reduction in pain of > 80% following the injection. We can compare this finding to
two previous diagnostic accuracy studies (Martin et al., 2008; Maslowski et al., 2010) of
the hip that have used an intra-articular injection of anaesthetic as the reference
standard. Consistent with the current study, Maslowski and colleagues defined a PAR as
an 80% reduction in pain intensity following this procedure. These authors reported that
40% of their participants had a PAR. Martin et al. defined a PAR as a >50% reduction
in pain and reported a slightly higher prevalence of 55%. These authors also reported
data that demonstrated that 15% of participants had >90% reduction in pain intensity
and 45% had > 75% reduction in pain intensity. Not surprisingly, this data demonstrates
that the prevalence of a PAR increases as the level of pain intensity used to define such
a response decreases. Setting this bar too low will result in a much larger number of
patients being identified as having intra-articular pathology. A consequence of this may
be that more patients will undergo unnecessary expensive and invasive diagnostic
procedures such as MRA and surgical exploration of their hip. Our strict requirement of
> 80% reduction in pain is consistent with international guidelines (Bogduk, 2004b) for
diagnostic injections and we believe that the prevalence that we have reported provides
an accurate indication of the likelihood of the presence of symptomatic intra-articular

pathology.

The prevalence of a PAR was not statistically different in the participants referred by
the orthopaedic surgeon compared to those referred by the sports physicians. Similarly,
a comparison of group means show that there were no statistical differences in the
duration that symptoms had been present, the pain intensity or the functional status
between these two groups. Whilst sports physicians and orthopaedic surgeons can
assume that the prevalence of an intra-articular source of hip pain in the patients they
see with hip pain is around 50%, general practitioners and physiotherapists should take
into consideration that the prevalence of such pathology in a purely primary care

practice may differ from the prevalence seen in this study.

This study also extends our knowledge regarding ROM of painful hips. Considering

mean range, PAR participants demonstrated less internal rotation at 90° of flexion than
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NAR participants (mean 34° and 40° respectively; p = 0.024). Also, the increase in
range for PAR participants after injection of anaesthetic into the hip joint was
significantly (p = 0.01) greater than that for NAR participants for both internal rotation
at 90° (PAR group 3.0% NAR group 0.2°) and the BKFO tests (PAR group 5.7°; NAR
group 2.5°). The increases in range following this procedure suggest that the restriction
in movement was at least in part due to the effect of pain. Indeed, the mean
improvement in range with each movement tested in the PAR participants was very
similar in degree to the differences in movement observed between hips prior to the
FGALI. The relative lack of increase in range with the NAR participants following the
FGAI may indicate that there may be shortening of the hip muscles or capsule, or
perhaps a bony block to movement in this group. Alternatively, the lesser degree of pain
relief that NAR participants experienced may not have been sufficient to modify

movement restriction secondary to pain.

This relationship between a loss of internal rotation of the hip and intra-articular
pathology of the hip is consistent with the findings of other studies. However, the
degree of limitation considered important across these studies ranges from 15 to 28
degrees (Altman et al., 1991; Birrell et al., 2001; Chong et al., 2013; Holla et al., 2012;
Sutlive et al., 2008). The findings of Altman et al. (1991) formed the basis for the
American College of Rheumatology (ACR) criteria for the classification of patients
with hip pain associated with OA. These criteria utilise < 15° of internal rotation as a
cut-off point in their classification tree although it is not clear how this degree of range
was identified. Holla et al. (2012) used ROC curves to identify the cut-off point with the
highest discriminative ability based on maximising both sensitivity and specificity.
They reported that when hip IR was < 24°, the probability of osteophytes or joint space
narrowing (as evidence for OA) increased from 25% to 46% and decreased to 16%
when internal rotation was > 24°. Holla and colleagues also calculated post-test
probabilities using the ACR cut-point of 15°. They reported that the probability of
radiological evidence of OA being identified increased to 58% when internal rotation

was < 15° and decreased to 22% when > 15°.

We employed the same analysis as Holla et al. to determine the cut-off point for range
of internal rotation that optimised both sensitivity and specificity. Our analysis
determined a cut-off point of 40.8°. The probability of a PAR increased from 50% (the
pre-test prevalence) to 59% when internal rotation was < 41° and decreased to 32%

when it was greater than this figure. To provide further comparison to Holla et al., a cut-
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point of < 24° in our study increased the post-test probability of a PAR from 50% to
57%. Similarly, the post-test probability decreased to 44% when internal rotation was >
24°. Whilst these comparisons indicate that there is inconsistency in the actual degree of
limitation of internal rotation ROM that has the greatest diagnostic utility, there is
clearly a consensus that this impairment is associated with hip pathology. The
differences in the identified cut-points are most likely a result of methodological
differences across studies (including the position and method of measuring internal
rotation), differences in the characteristics of the participants (age range, diagnoses) and
the various reference standards used (clinical diagnosis of OA, radiological diagnosis of

OA, FGAI).

The current study is the first study to consider the diagnostic utility of differences in
ROM between the painful and non-painful sides. We demonstrated that when the
painful hip has 4° less range than the non-painful hip for the BKFO test, or 2° less range
of internal rotation (tested at 90 flexion) the post-test probability of a PAR increases to
just around 70%. However, given the SEM of 1.6° and 2.1° (respectively) associated
with within-session measurements of ROM that we demonstrated in Chapter 4 (see

Table 4.3), this finding may not have clinical utility.

Of the tests included in the physical examination, the quadrant test appears to have the
highest diagnostic utility with a DOR of 8.56, a high sensitivity of 0.97 (95% CI 0.85,
0.99) and a low negative likelihood ratio (LR) of 0.14 (95% CI 0.02, 1.10). A negative
result for this test reduced the probability of a PAR from 50% to 12%. This suggests
that this test is useful for helping to ‘rule out’ the presence of intra-articular pathology,
although the upper confidence interval for the negative LR is too high to be absolutely
confident that this is the case. The specificity of 0.21 (95% CI 0.10, 0.37) and positive
LR of 1.22 (95% CI1 1.02, 1.47) for this test are too low for it to be considered useful for
identifying such pathology as a stand-alone test. Our results for this test can be
compared to those of Maslowski et al. (2010) who used the same reference standard as
we employed (=80% reduction in pain following FGAI). These authors reported
sensitivity of 0.50 (95% CI 0.26, 0.74) and specificity of 0.29 (95% C1 0.12, 0.51).
Whilst this level of specificity is very similar to our finding, the sensitivity is much
lower. There are a number of factors that might explain this difference. The most likely
factor is a difference in the method of determining a >80% reduction in pain intensity
following the FGAIL. We compared the mean score from the three most provocative tests

performed before the procedure to the mean pain score with these same three tests
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performed again after the procedure. To our knowledge, the current study is the first to
use such a specific ‘test-retest’ requirement to evaluate changes in pain intensity.
Maslowski et al. required the participant to “report their baseline pain severity on a 10-
cm visual analogue scale” without associating this directly to any pain provocation
manoeuvres. Similarly, the patient was asked to report pain intensity “ten to fifteen
minutes” after the FGAI. No mention was made as to whether or not their participants
were required or allowed load to their hip to get a sense of change in pain intensity.
Another factor may have been differences in the actual performance of the quadrant test.
Maslowski et al. applied a compressive force through the shaft of the femur whereas
this was not incorporated during our testing. Finally, participants in the Maslowski et al.
study were much older (mean age 60 years; SD 13) than those in the current study
(mean age 38 years; SD 12). Increasing age has been associated with an increased
prevalence and severity of intra-articular pathology of the hip (Abe et al., 2000; Botser,
Martin, Stout, & Domb, 2011; Kemp et al., 2014a; McCarthy et al., 2001). However, as
test sensitivity increases with increasing severity of the condition of interest, this factor
seems less likely to explain the higher sensitivity in the current study (Jaeschke et al.,

1994a; Pewsner et al., 2004).

Whilst the sensitivity for the other ‘impingement’ tests is generally high (79% to 91%),
these values are not supported by low negative likelihood ratios that would give the
clinician confidence that a negative test significantly alters the post-test probability of
the presence of intra articular pathology. One of these tests, the FADDIR test, has been
investigated by a number of other authors and was included in a meta-analysis by
Reiman et al. (2014a). Reiman and colleagues reported pooled values for sensitivity of
0.94 (95% C1 0.90 to 0.97), specificity of 0.09 (95% CI 0.02 to 0.23), positive LR of
1.02 (95% CI1 0.96 to 1.08), negative LR of 0.45 (95% CI 0.19 to 1.09) and DOR of
5.71 (95% CI1 0.84 to 38.86). These values were based on the findings of four original
studies that investigated the accuracy of this test for diagnosing FAI and/or labral tears
(using MRA as the reference standard). Reiman et al. also performed a meta-analysis of
four studies that used arthroscopic findings as the reference standard and reported very
similar results (sensitivity, 0.99; specificity, 0.05; positive LR, 1.04; negative LR, 0.14
and DOR, 7.82). We reported sensitivity of 0.91 (95% C1 0.77, 0.97), specificity 0.18
(95% CI1 0.08, 0.34), a positive LR of 1.11 (95% CI1 0.92, 1.34), a negative LR of 0.50
(95% CI1 0.14, 1.84) and DOR of 2.21 for this test. In our study, a negative FADDIR
reduced the probability of a PAR from 50% to 33%. However, based on the negative
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LR and its wide confidence intervals, this change in probability is relatively small and is
unlikely to be clinically important. Our findings reflect the conclusions of Reiman et al.

in regards to this test despite the differences in reference standards.

None of the ‘end-range rotation’ tests included in the current study demonstrate
diagnostic accuracy values that indicate that they have value as stand-alone tests
clinically. Of these tests, the one with the highest accuracy is internal rotation in full
flexion (FFIR). This test has a high sensitivity of 0.91 (0.77, 0.97) suggesting that a
negative test is useful in ruling out intra-articular pathology. The probability of such
pathology being present in the event of a negative FFIR test shifts from 50% to 25%.
The negative LR for this test is 0.33 (0.10, 1.13) and based on the interpretation of

Jaeschke et al. (1994a), this is a ‘small but sometimes important’ change in probability.

Internal rotation performed at 90 degrees of flexion (FIR) was included by Reiman et al.
(2014) in their meta-analysis. Reiman et al. reported pooled values of 0.96 (95% CI
0.81, 0.99) for sensitivity, 0.25 (95% CI 0.01, 0.81) for specificity and 1.28 (95% CI
0.72,2.27) and 0.15 (95% CI1 0.01, 1.99) for positive and negative LR’s respectively.
We observed a sensitivity of 0.79 (95% CI 0.63, 0.90), specificity 0.18 (95% CI 0.08,
0.34), a positive LR of 0.96 (95% CI 0.77, 1.22) and a negative LR of 1.17 (95% CI
0.44, 3.11). In our study, a positive result for the FIR reduced the probability of intra-
articular pathology being present (from 50 to 49%) and a negative test increased the
probability (to 54%) of this event. The estimates of accuracy from the current study
indicate that the FIR test is not valuable as a stand-alone test for intra-articular
pathology. Reiman et al. made similar conclusions in regards to the results of a positive
test. In contrast to our findings, Reiman and colleagues reported that a negative test
shifted the probability ‘notably’ (from 87% to 50%). However, these authors drew
attention to the very wide confidence intervals of the negative LR and suggested that

this created some doubt as to the usefulness of this test.

Of the remaining physical tests included in the present study, the test with the largest
effect on post-test probability of the presence of intra-articular pathology was a positive
log roll test. This finding increased the probability of a PAR to 62%. However, the
positive LR of 1.6 (95% CI 0.58, 4.4) for this test indicates that the shift in probability is

relatively small.

In respect to information collected from the patient history, four variables were

significantly associated (p = <0.05) with a PAR 1i.e. the presence of crepitus in the hip,
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dominant pain in the groin, patient reported restriction of hip movement and pain whilst
jogging (intensity > 2 on NPRS). Dominant pain in the groin appears to have the
greatest diagnostic utility of al/l variables included in this study with a DOR of 9.18.
Considering the negative LR of 0.18 (95% CI 0.06, 0.58) and sensitivity of 0.91 (95%
C10.77, 0.97), the clinical value of this finding is where a patient does not have
dominant pain in the groin. The absence of such pain drops the post-test probability of a
PAR to 16%. Other researchers have demonstrated a statistically significant association
between the presence of groin pain and intra-articular pathology (Altman et al., 1991;
Burnett et al., 2006; Martin et al., 2008; Sutlive et al., 2008). Two of these studies
examined the diagnostic accuracy of this finding (Martin et al., 2008; Sutlive et al.,
2008). Sutlive and colleagues reported sensitivity of 0.29 (95% CI 0.12, 0.52),
specificity of 0.92 (95% CI 0.80, 0.97), a positive LR of 3.6 (95% CI 1.2, 11.0) and
negative LR of 0.78 (95% CI 0.59, 1.0) for the presence of groin pain to diagnose hip
osteoarthritis. Whilst these values contrast significantly with our own, it is difficult to
compare results due to major differences in methods between these studies. Of
particular note, Sutlive et al. used x-rays as a reference standard to identify hip OA.
However, they had no way of proving that the radiological findings were symptomatic
whereas the FGAI utilised in the current study enabled us to differentiate symptomatic
from asymptomatic intra-articular pathology. Martin et al. (2008) reported sensitivity of
0.59 (95% C10.41, 0.75), specificity of 0.14 (95% CI 0.05, 0.33), a positive LR of 0.67
(95% CI1 0.48, 0.98) and negative LR of 3.0 (95% CI 0.95, 9.4) for the presence of groin
pain to diagnose intra-articular hip joint pathology. Although these authors used pain
response to FGAI as their reference standard, their criteria for a PAR was a > 50%

reduction in pain intensity, much lower than the > 80% required in our study.

The presence of crepitus had a high specificity (0.91 (95% CI 0.77, 0.97)) and increased
the probability of a PAR to 79% in our study. The positive LR of 3.67 (95% CI 1.12 to
11.9) suggests that this is a relatively small, but may be an important, change in
probability (Jaeschke et al., 1994a). Whilst other authors (Burnett et al., 2006; Clohisy
et al., 2009; Martin et al., 2008) have investigated mechanical symptoms such as
catching, locking and popping, it appears that none have considered crepitus. Whilst
patient reported limitation of movement and the presence of pain whilst jogging were
both statistically associated with a PAR in the current study, the estimates of diagnostic

accuracy reveal that these findings have poor utility as stand-alone tests.
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5.8 Limitations

There are some limitations that should be acknowledged with the current study. Whilst
the sensitivity of FGAI has been demonstrated to be very high (ranging between 91%
and 97%), the level specificity is less clear (ranging between 33 and 91%) (Ashok et al.,
2009; Byrd & Jones, 2004a; Dorleijn et al., 2014). There is also a chance that we have
based some of our conclusions on the basis of false positive anaesthetic responses.
Bogduk (2004b) has highlighted factors that might contribute to such an error, including
a placebo response and bias introduced by the radiologist who administers the
anaesthetic or the examiner who assesses the result. Whilst we followed Bogduk’s
recommendation and performed our diagnostic blocks under double-blind conditions,
this does not eliminate all potential sources of error. We considered the use of placebo
controlled comparative injections using both short and long lasting anaesthetic.
However, as the participants in our study were patients referred for a FGAI and an

MRA as a part of their diagnostic workup, this option was not appropriate.

5.9 Conclusion

In conclusion, we have demonstrated that there are a number of tests (including the
quadrant, FADDIR and FFIR tests) that exhibit high sensitivity and might be useful in
helping to screen for intra-articular pathology. Of these, the quadrant test has the highest
diagnostic utility. Only the log roll test displayed characteristics that suggest that it has
some utility for identifying pain that originates from within the hip joint, however, a
positive result with this test alone would not be convincing evidence of a PAR.
Information collected from the patient history demonstrated some of the highest
diagnostic accuracy values. The presence of crepitus was highly specific and increased
the post-test probability of a PAR from 50% to 79%. Patient reported loss of movement
and the presence of dominant pain in the groin were sensitive and the absence of

dominant groin pain decreased the probability of a PAR to just 16%.

These findings, whilst useful clinically, have raised further questions. This study has
demonstrated that none of the included tests should be relied upon as a stand-alone test
to either rule in, or rule out, a positive response to an intra-articular anaesthetic injection
of the hip. It is clear that various combinations of tests need to be explored to see if the
accuracy of the clinical examination can be improved. Also, correlation of the
anaesthetic response with MRA findings may help to clarify the interpretation of test

results. These questions were explored and reported in the following chapters.
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Chapter 6 Predictors of Intra-articular Pathology of the Hip

This chapter relates specifically to Question 5 of this thesis:

What combination of findings obtained from the clinical examination of the hip best
predicts a positive response to an intra-articular injection of anaesthetic into the hip

joint?
6.1 Introduction and background

Whilst individual test findings provide information that can help a clinician to make a
diagnosis, research in the field of diagnostic reasoning suggests that experienced
clinicians recognise clusters of findings that together distinguish one possible diagnosis
from another. Given that there is little evidence that any one test has sufficient
diagnostic utility to rule in or rule out a specific cause of hip joint pain, the clinician has
no option but to try to make sense of information gained from a number of tests. Even
with an extensive knowledge base regarding the various pathologies that affect the
structures of the hip and the symptoms and signs that are associated with these
pathologies, a differential diagnosis is often difficult (Byrd & Jones, 2001; Reiman et
al., 2014b). A good understanding of the diagnostic accuracy of individual tests will
help the clinician to determine the value of information obtained with each test.
However, there is a substantial overlap in the symptoms and signs that relate to the
various pathologies making it very difficult to be sure of the primary source of hip joint

pain.

Clinical prediction rules (aka clinical decision rules) could be considered as a research
based analogy to clinical expertise. These rules consist of clusters of individual test
findings that have been identified by statistical analysis of predictors associated with a
specific diagnosis (Beattie & Nelson, 2006; McGinn et al., 2000). They account for the
individual contribution that various findings from a clinical examination make towards
establishing a diagnosis. Rather than clinicians having to spend years trying to recognise
patterns of findings that distinguish one diagnosis from another, this statistical analysis

provides a ‘short-cut’ in this process.

However, newly derived clinical prediction rules (CPR’s) need to be tested and

validated before they are used clinically (McGinn et al., 2000). Initially, this requires
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application of the rule to new cohort of patients in a clinical setting similar to that from
which the rule was derived. If the rule proves to be reproducible in this cohort, further
studies using a more extensive range of patients, clinicians and clinical settings should
be undertaken. A rule that demonstrates a high degree of utility across different settings
is unlikely to contain information that may just have been a random finding from the
cohort from which it was originally derived. Ultimately, for a CPR to reach the highest
level of validation, an impact analysis that demonstrates that the rule is being utilised
clinically and that it has led to real health care benefits is necessary. This requires
evidence of improved patient outcomes and/or reduced levels of risk associated with the

patient management and/or better cost-effectiveness.

A number of clinical prediction rules have been developed to help improve decision-
making in physiotherapy practice. These include those designed as diagnostic tools
(Cook et al., 2010; Fritz, Piva, & Childs, 2005; Sutlive et al., 2008) as well as numerous
others that help predict the likelihood of success following a specific intervention
(Cleland et al., 2010; Flynn et al., 2002; Fritz et al., 2005; Hicks et al., 2005; Sutlive et
al., 2008; Vicenzino et al., 2009). Unfortunately, few of these CPR’s have been through
the various levels of validation recommended by McGinn et al. (2000). Fritz (2009) has
suggested that further research to validate existing CPR’s would demonstrate a
maturation of this area of research in physiotherapy. At present, only one CPR (Sutlive
et al., 2008) has been developed for the purpose of improving the diagnosis of hip
related pain. This rule has not been validated and the original study has a number of
methodological factors that negatively influence the overall study quality (see page 177

for further detail).

Prior to the development of any new CPR, it is appropriate to consider the potential
impact of any such rule given the costs, in terms of both time and resources, required to
conduct a diagnostic accuracy study, to derive and validate that rule (Beattie & Nelson,
2006; Fritz, 2009; McGinn et al., 2000). Over the past decade, there has been a rapid
increase in the use of medical imaging and arthroscopy in the diagnosis and
management of hip pain, particularly with respect to femoroacetabular impingement
(Reiman & Thorborg, 2015). However, Reiman and Thorborg (2015) suggest that there
is insufficient evidence to justify the current assessment and treatment paradigm and
that further high quality research is necessary to better inform current practice. Hence,

the current study was undertaken in anticipation of identifying a combination of clinical
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findings that might predict the presence or absence of pain arising from an intra-
articular structure of the hip. A CPR with the ability to rule out symptomatic intra-
articular pathology would reduce the need for expensive medical imaging and surgical
exploration of painful hips. A CPR with the ability to predict the presence of such

pathology would expedite appropriate imaging and management.

This chapter considers the information obtained from the tests included in the previous
chapter (Chapter 5, page 118). It investigates how well various combinations of these
test findings predict a positive response to the anaesthetic injection used as the reference

standard for intra-articular pathology of the hip.

6.2 Literature review

The following literature search was performed primarily to identify previous research
that has investigated clinical prediction rules for the hip joint. A secondary aim of this
search was to identify literature relevant to methodological issues that should be
considered in the design and conduct of such research. The initial search was performed
in July 2011, prior to the commencement of the data collection for the diagnostic
accuracy study that was detailed in the previous chapter. The search strategy was saved
and re-run every six months and RSS (Really Simple Syndication) feeds were set up
from library databases and websites to provide alerts for additional relevant content. A
final, follow-up search was performed in June 2015. Studies were included in this
review if the explicit purpose was to investigate how information from individual tests
and questions used in the clinical examination could be combined to enhance the overall
accuracy of the examination in identifying intra-articular pathology of hip joint. Clinical
prediction rules for treatment were not included. Clinical prediction rules that were

based solely on laboratory or radiological findings were also excluded.

The initial search was performed using the search strategy detailed in Chapter 2. Key
concepts were identified and searched separately in three main categories summarised
as: 1) "hip joint" OR "hip pain" OR "groin pain" OR groin OR hip OR
"femoroacetabular impingement" OR "FAI" OR labr* OR (osteoarthriti* N5 hip*) OR
(OA N5 hip) OR (arthrit* N5 hip*) OR "ligamentum teres"; 2) accura* OR sensitivity
OR specificity OR validity OR "likelihood ratio”; 3) "clinical prediction rule*" OR
"CPR" OR "clinical decision rule*" OR "CDR" OR "predict*" OR "gold standard" OR

"reference standard".
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Identified systematic reviews
No systematic reviews of clinical prediction rules relevant to the diagnosis of hip joint

pathology were identified by this search.

Original studies

Three studies (Altman et al., 1991; Birrell et al., 2001; Sutlive et al., 2008) that have
developed clinical prediction rules for hip joint pathology were identified by the current
search. Each of these studies investigated combinations of factors that predicted the
presence of osteoarthritis. A number of studies (Jung et al., 2003; Kocher, Mandiga,
Zurakowski, Barnewolt, & Kasser, 2004; Kocher, Zurakowski, & Kasser, 1999) that
investigated the diagnosis of septic arthritis on the basis of laboratory findings were

identified but excluded.

The earliest of the relevant studies (Altman et al., 1991) was a multicentre study that
examined how well information from the history and clinical examination could
distinguish patients with osteoarthritis from those with other causes of hip pain (e.g.
rheumatoid arthritis, trochanteric bursitis, avascular necrosis, radiculopathy). In this
study, standardised assessment protocols were utilised to retrospectively assess the
records of 201 people who presented with hip pain. Of these, 114 had hip osteoarthritis
(mean age 64 years; SD 13) and 57 (mean age 57 years; SD 15) had ‘other causes of hip
pain’. The diagnosis of osteoarthritis was initially made “by the contributing centre” but
later confirmed independently by three of the authors of the study. This consensus-
based diagnosis provided the reference standard for this study. All variables included in
the assessment protocol were examined for a statistical association with the diagnosis of
osteoarthritis. Variables with such a relationship were included in multivariate analyses
to determine if a combination of variables could differentiate patients with osteoarthritis
from those without. Variables included were obtained from the patient’s history,
physical examination, x-rays and blood tests. These authors considered clinical
prediction rules based on the ‘number of criteria present’ method and classification
trees. Classification trees separate all participants into two groups based on the variable
that best determines if patients have or do not have osteoarthritis. Then, these groups are
further subdivided into two subgroups based on the next best variable (determined by
using a ‘goodness of split’ index) (Grajski, Breiman, Di Prisco, & Freeman, 1986). This
process continues until an algorithm that balances the tree size with the overall error in

classification is determined (Grajski et al., 1986).
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Altman and colleagues provided details of the two best CPR’s they derived using the
‘number of criteria present’ method. Using information from the clinical examination
and blood tests, they reported a sensitivity of 54% and specificity of 89% for a rule that
required the presence of hip pain and at least three of the following criteria: 1) pain on
internal rotation of the hip; 2) internal rotation of < 15°; 3) erythrocyte sedimentation
rate (ESR) of <20 mm/hour; 4) morning stiffness of the hip that lasts < 60 minutes and
5) age > 50 years. A CPR rule that included radiological findings (instead of clinical
findings) had a sensitivity of 89% and specificity of 91%. This rule required hip pain
and at least two of the following criteria: 1) ESR of <20 mm/hour; 2) radiographic
evidence of femoral or acetabular osteophytes and 3) radiographic evidence of joint
space narrowing. Although this study formed the basis for the American College of
Rheumatology criteria for the classification of patients with hip pain associated with
osteoarthritis, there are a number of methodological issues that need to be taken into
account when considering their findings. Perhaps most significant is the “clinical
diagnosis of osteoarthritis” that was used as the reference standard in this study. These
authors performed a Delphi study to develop a list of features from the patient history,
physical examination and laboratory findings that would be expected to be present or
not present in a patient with hip osteoarthritis. This list was used to decide the criteria
for the clinical diagnosis. However, this method introduced incorporation bias into this
study as the reference standard contained a number of the index tests that were then
investigated in the study (including physical tests, laboratory tests and radiological
findings). The reference test needs to be independent from the index tests (Fritz &
Wainner, 2001). Another factor that makes it difficult to evaluate this study and to
generalise its findings is that the authors did not provide details regarding how internal
rotation range of movement was measured or how the cut-off point of 15° was

determined.

Birrell et al. (2001) explored how various combinations of restrictions in range of
movement of the hip could predict hip radiological osteoarthritis. This multicentre study
included 195 patients (median age 63 years), each of whom presented at a primary care
medical practice with a ‘new’ episode of hip pain (i.e. they were not to have previously
sought treatment for their hip problem). A standardised examination protocol that
included measurement of range of motion of flexion, internal and external rotation was
followed. Subsequently, all participants underwent AP pelvis radiographs that were

reported on by two independent observers (details of qualifications, skill or experience
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were not provided). Croft’s modification (Croft et al., 1990) of the Kellgren and
Lawrence grading criteria was used to determine the grade of any osteoarthritic changes
observed on x-ray. The relationship between radiographic abnormalities and range of
movement were determined for two thresholds of osteoarthritis (mild/moderate and
severe) and for each movement direction. Using cut-off points (identified by ROC
analyses) of 94° for flexion and 23 for both internal and external rotation, these authors
reported that a restriction of movement in any one plane was 100% sensitive for both
mild/moderate and severe osteoarthritis. However, specificity for this finding was 0%.
Sensitivity remained at 100% for severe osteoarthritis when restrictions in two planes
were present, but dropped slightly (to 86%) for mild/moderate osteoarthritis. The
highest level of specificity was associated with restrictions in three or more planes for
both mild/moderate and severe osteoarthritis (93% and 88% respectively). These
authors were careful not to state that their study was designed to investigate predictors
of symptomatic arthritis. Instead, they explored how restricted ROM predicted
radiological evidence of osteoarthritic changes. The findings of this study need to be
considered alongside the studies (Frank et al., 2015; Jordan et al., 2009; Kim et al.,
2014) that have demonstrated abnormal radiological findings in asymptomatic

populations.

The most recent study that has investigated a clinical prediction rule for the diagnosis of
osteoarthritis of the hip is that of Sutlive et al. (2008). This study recruited 72 patients
with a primary complaint of unilateral pain in the groin, buttock or anterior thigh who
were over the age of 40 (mean age 58 years; SD 11). A physiotherapy student
performed a standardised history and physical examination and a second student
recorded all examination findings. Tests investigated included the FABER and quadrant
as well as measures of range of movement (flexion, extension, abduction, adduction,
internal and external rotation). Radiographic findings of osteoarthritis were used as the
reference test. These x-rays were performed, on average, 5.8 days after the index tests
(SD 9.5 days). One radiologist with 15 years of experience with musculoskeletal
imaging reported on all images. Both the examiners and radiologist were blinded to
each other’s results. These authors reported diagnostic accuracy values for the tests
examined (see page 126 for detail). They examined associations between individual
variables obtained through the history and physical examination with either t-tests or
chi-squared tests. Potential predictors were entered into a stepwise logistic regression to

determine the most accurate combination of variables that predicted the diagnosis of hip
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osteoarthritis. The following five variables were identified as the best combination of
predictors: 1) ‘self-reported’ pain with squatting; 2) lateral hip pain with active hip
flexion; 3) lateral hip or groin pain with the scour test; 4) pain with active hip extension
and 5) < 25° of passive internal rotation. Sutlive and colleagues reported sensitivity,
specificity, likelihood ratios and post-test probabilities (along with 95% CI) for various
levels of compliance with this CPR 1i.e. a positive finding for ‘1 or more’, ‘2 or more’,
‘3 or more’, ‘4 or more’ and ‘all’ variables. The presence of at least ‘4 or more’
predictors created the highest post-test probability of a correct diagnosis (i.e. 91%).
However, the confidence intervals around this estimate were very wide. Hence, these
authors recommended that the presence of ‘3 or more’ predictors was a more
appropriate finding to consider clinically. They reported that probability of a patient
meeting this criteria having OA was 68%. The findings of this study need to be
considered alongside a number of factors. Of most concern is the use of radiological
findings as the reference standard for symptomatic osteoarthritis. As previously
discussed, there is little evidence to support the conclusion that radiological changes
consistent with osteoarthritis are necessarily symptomatic. It is clear that many people
without any history of hip pain have abnormal radiological findings (Frank et al., 2015;
Jordan et al., 2009; Kim et al., 2014). Whilst these authors used a reliable method of
reporting radiological arthritis (Reijman et al., 2004b), they had no way of proving that
the radiological findings were symptomatic. Finally, 60% of the participants in this
study had concomitant low back pain. This creates some concern that pain in the groin,
buttock or thigh (that constituted the main inclusion criteria) may have been somatic

referred pain from the spine.

Summary

There is a dearth of research that has developed clinical prediction rules based on
information obtained from the clinical examination for the identification of intra-
articular pain of the hip. Three studies have demonstrated that a restriction in range of
movement (in particular restriction of internal rotation) is a useful predictor of such
pathology. However, the degree of restriction of movement that was considered
significant varied from 15° to 25°. The method of measurement was not described in
one study (Altman et al., 1991) and was performed in quite different manners in the

other studies (Birrell et al., 2001; Sutlive et al., 2008).

The lack of homogeneity between studies in terms of the characteristics of the included

participants, the variables measured, the method of measurement and statistical analyses
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employed makes comparison of the findings of these studies difficult. This, along with
consideration of the various methodological issues previously discussed (such as
incorporation bias and questionable choice of reference standard) makes it difficult to
make any firm conclusions on the basis of these studies. It is evident that further
research is necessary to better inform decision making in respect to the diagnosis of hip
joint pain. Prior to reporting the results of the current study, key methodological issues

that were considered in the design and conduct of this study are discussed below.

6.3 Methodological Considerations

The key considerations relevant to studies that develop clinical prediction rules are
those already discussed in Chapter 5. The variables used in prediction rules are typically
derived from diagnostic accuracy studies. These studies provide an opportunity to
investigate the relationship between a test finding and a gold or reference standard that
represents the condition of interest. Provided the diagnostic accuracy study is well
designed and conducted, combinations of variables investigated within that study can be
evaluated to determine the optimal combination for predicting the condition of interest.
However, there are additional factors that need to be considered in the development of

clinical prediction rules.

The most common statistical method utilised for this purpose is binary logistic
regression. This method estimates the probability of a binary response (outcome) based
on predictor (or independent) variables. It does so by estimating, on a logarithmic scale,
baseline odds for the outcome and an odds ratio for each predictor. These estimates are
optimal in the sense that they maximise the so-called likelihood function, which

guarantees unbiasedness and statistical efficiency, as the sample size grows larger.

To enhance the likelihood of developing a CPR that will be valid across a broad range
of patients and clinical settings, it is crucial that all potentially important examination
variables should be considered in the development of that rule (Beattie & Nelson, 2006;
Laupacis et al., 1997; McGinn et al., 2000). This consideration should be made prior to
data collection given that such variables need to be included in the data collection phase
of the study (Nathanson & Higgins, 2008). Various authors have recommended there
should be logical reasons for including each potential predictor and that they be
identified through a review of relevant literature and in consultation with expert
clinicians and patients (Beattie & Nelson, 2006; Cleland, Childs, Fritz, Whitman, &
Eberhart, 2007; Stanton, Hancock, Maher, & Koes, 2010).
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Two important consequences of developing an exhaustive list of variables relate to
collinearity and the sample size of the study. Multicollinearity can be described as an
overlap of information collected from two or more variables and, as such, tends to lead
to overfitting when the variables are included in the model. Multicollinearity needs to
be considered during the process of variable selection, and this can be done through the
use of a model comparison criterion (see page 181 for more detail). Similarly, an all-
inclusive list of predictor variables creates a risk of creating a CPR based on an
overfitted model that may not be reliable when applied to a different patient population
(Harrell, Lee, & Mark, 1996, Hosmer, Lemeshow, Sturdivant, & Ebooks Corporation,
2013). Hosmer et al. (2013) state that there has been surprisingly little work on sample
size for logistic regression. However, a commonly reported ‘rule of thumb’ is that there
should be a minimum of 10 ‘events’ (in the less frequent outcome category) per
predictor variable (Harrell et al., 1996; Laupacis et al., 1997; Nathanson & Higgins,
2008). For example, if in a diagnostic accuracy study of 100 participants there are 20
who have the outcome of interest and 80 that do not, the maximum number of variables
that should be considered in a CPR derived from this study should be two. This figure is
widely regarded as a ‘guideline’ and more recent evidence suggests that the requirement
can be ‘relaxed’ to between 5-9 outcome events per variable (Vittinghoff & McCulloch,
2007). In the example above, with 20 in the smallest outcome group, between two and
four variables could be considered. Ideally, a large sample size will help ensure that
there will be sufficient events per variable to allow consideration of multiple variables.
However, if the sample size is restricted, or the prevalence of the outcome of interest is
very low, researchers need to select predictor variables that are most likely to enhance

the performance of the final CPR derived from the data (Nathanson & Higgins, 2008).

The most common method of reducing the number of variables for inclusion in the
preliminary modelling is to only include variables with a statistically significant
relationship with the outcome of interest. In this method, simple statistical tests (Fishers
Exact test, chi-squared test, independent samples t-tests) are performed on all variables
to determine the strength of any relationship between a variable and the outcome.
Variables are selected by examining the p values from these statistical inference tests.
Despite the frequent use of this method, there appears to be little consistency regarding
the level of significance that is considered appropriate. Hosmer et al. (2013) recommend
using a liberal p value of 0.20 or 0.25 as a screening criterion so that important variables

are not left out of the regression analysis. This is based on the argument that more strict
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p values risk excluding variables that on their own have a ‘weak’ relationship with the
outcome, yet when considered alongside other variables may have a much larger effect
(Nathanson & Higgins, 2008). P values ranging from 0.05 (Fritz et al., 2005; Tseng et
al., 2006) to 0.20 (Vicenzino et al., 2010) have been used in the development of CPR’s
relevant to physiotherapy. Another method of data reduction employed in some studies
(Cook et al., 2010; Fritz et al., 2005; Wainner et al., 2003) is to select variables based on
their likelihood ratios. These researchers considered that a test with positive likelihood
ratio of > 2 or a negative likelihood ratio of < 0.5 had sufficient diagnostic utility to be

included in their logistic regression analysis.

Once the list of predictor variables and model size have been determined, models
produced by logistic regression analyses need to be compared. Information criteria are
an appropriate means of comparing any model on a fixed data set. These criteria
estimate the distance of the currently fitted model to the true model in model space,
using various notions of distance. They provide a means for selecting the optimal
combination of variables by measuring the relative quality of each model. In practice
they are a likelihood statistics penalised for model roughness, which is largely
dependent on the number of parameters in the model (the more parameters, the rougher

the model).

Various information criteria including the Bayesian Information Criterion (BIC), the
Akaike Information Criterion (AIC) and a corrected version of the AIC (AICc) can be
used for this purpose. Essentially these differ by employing different strengths of
penalty for the number of parameters in the model. The Bayesian Information Criterion
(BIC) has the reputation of underfitting (yielding overly smooth models) and the AIC is
reputed to allow too much overfitting. Lying between these two is the AICc, which
corrects for finite sample size (Sugiura, 1978). The AICc considers the raw fit of the
model (the log-likelihood ratio statistics) and penalises it more strongly for models with
more parameters. Thus, while overfitting is always possible, the probability of
overfitting with a large number of parameters is essentially nil (Vandal, 2015). The
lower the value of the AICc, the smaller the amount of information lost for a given
model and therefore the closer the model is to the true model. Whilst this approach to
model selection allows for a virtually limitless number of model forms to be assessed,
the general consensus in the literature is that some pre-selection of variables is

necessary and appropriate to avoid overfitting and/or the derivation of a CPR that
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contains a nonsensical combination of variables (Greenland, 1989; Laupacis et al.,

1997).

6.4 Methods and procedures of the current study

6.4.1 Data collection

The data analysed in this study was collected as a part of the diagnostic accuracy study
described in the preceding chapter. Full details of the methods of data collection and
analysis are described in that chapter (page 144). However, a brief overview of the
methods employed follows. Consecutive patients with hip pain who consulted a medical
specialist were included in the study if the specialist considered that the patient required
a magnetic resonance imaging arthrogram (MRA) and fluoroscopy guided anaesthetic
injection as part of their diagnostic work-up. The researcher collected baseline data (e.g.
demographics, signs, symptoms, cause, past history and aggravating and easing factors)
via a questionnaire and performed a number of clinical tests (e.g. pain provocation tests,
range of movement tests, resisted tests). A positive test was defined as one that
reproduced a ‘familiar’ pain of an intensity of > 2 points on the numeric pain rating
scale. Variables included in this examination were determined by considering relevant
research evidence that has demonstrated diagnostic utility of specific variables. Also, in
a preliminary study, the researcher consulted five medical specialists with expertise in
the diagnosis and management of patients with hip joint pain (two orthopaedic
surgeons, two sports physicians and a recognised specialist physiotherapist) and four
patients with hip pain. In these semi-structured interviews, items from the history and
clinical examination that the specialists and patients considered important were
identified. Immediately after data collection the participant underwent a fluoroscopy
guided anaesthetic injection and MRA. The researcher re-examined the participant
immediately after the MRA, repeating all tests in the same order as prior to the
procedure. The researcher was blinded to the MRA findings and the radiologist
reporting the MRA was blinded to all baseline data and from the response to the
anaesthetic injection. All data collection was performed on site at the private

radiological practice where the guided anaesthetic injection and MRA were performed.

6.4.2 Data Analysis
Preliminary analysis was performed as a part of the diagnostic accuracy study
previously described (page 149). This included testing for univariate relationship with

the PAR using independent samples t-test (for normally distributed continuous



183
variables) and Fishers Exact Test (for categorical variables). Receiver operator
characteristic (ROC) curves were constructed for continuous variables with a significant
relationship to the PAR, and sensitivity and specificity values were calculated for all
possible cut-off points. Post-test probabilities were calculated for all variables.

Additional analyses were then performed as detailed below.

Variable selection and data reduction

An initial set of predictor variables to be considered for inclusion in the multiple logistic
regression were first identified on the basis of their statistical association with a PAR.
Initially, all variables associated with the PAR with a level of significance of < 0.25
were included. This relatively liberal significance level was selected to avoid exclusion
of potential predictor variables. For the same reason, despite not having a significant
univariate association with the PAR, some additional variables were included in this
initial set of predictors (Beattie & Nelson, 2006; Laupacis et al., 1997). Hence, variables
considered important by experts in the field and those identified as having diagnostic
utility by previous research (including our own diagnostic accuracy study) were
included. From this initial group of predictors, a final reduced set of predictors was
determined by excluding variables considered inappropriate to include in the logistic

regression analysis (detail provided in results section 6.5.1).

Logistic regression analysis

Binary logistic regression using R statistical software (R Core Team, 2015) was
performed to systematically explore all possible models that included up to 7 variables
from the reduced set of predictors to determine the best model for predicting a positive
response to the anaesthetic (and therefore the identification of intra-articular hip joint
pain). The ceiling of 7 variables as the model size was determined as we considered that
larger models would not be pragmatic for clinical use. This number of variables is also
consistent with the recommendation that between 5 and 10 events per variable are
appropriate (Harrell et al., 1996; Laupacis et al., 1997; Vittinghoff & McCulloch, 2007).
Only main effects (i.e. no interactions) were considered in the models. Each interaction
between dichotomous variables acts as an extra variable and their inclusion in a model
makes the clinical application of the model more complex. It was considered preferable
a priori to retain main effect variables for clinical prediction rather than derived
variables such as interactions. Their investigation as clinical predictors remains of

interest.
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The corrected version of Akaike Information Criterion (AICc) (Sugiura, 1978) was
employed as the criterion for measuring model adequacy. The fitted models were also
assessed using area under the curve (AUC). Unlike the AICc, this criterion does not
penalise for finite sample size. It was employed to provide a comparison to the findings
based on the AICc criterion. The best models determined by logistic regression were
then considered by the author to determine their clinical applicability and utility. Based
on this analysis, the ‘best” model was identified for further assessment using the
Statistical Package for the Social Sciences (SPSS) software, version 22 (IBM©
Corporation, 2013). The overall goodness of fit of the model was assessed using the
Hosmer—Lemeshow test. The usefulness of the model was also measured with the Cox
and Snell R? and the Nagelkerke R statistics. The overall ability of the model to
distinguish between participants who had a PAR and those that did not was assessed by
calculating the area under the receiver operator characteristic (AUROC) curve.
Summary measures of accuracy including sensitivity, specificity and likelihood ratios

were calculated.

A probability equation that allows calculation of the estimated probability of a PAR for
individual participants, based on the findings from the variables/tests included in the
best model identified by the logistic regression analysis, was presented. Also, a
‘Screening Score’ was derived from this probability equation. This screening score
provides a more simplified way to interpret the findings of the test results that may be
useful clinically. Finally, a rescaled version of this score was calculated (see following
text for detail) and a ‘fitted’ screening score was computed for each participant

employing the actual test results obtained from that participant.

Calculation of levels of positivity and a rescaled screening score

The purpose of logistic regression is to determine the best combination of test findings
that work together to enable calculation of the probability of a specific outcome (a PAR
in this case). An accurate estimation of probability is dependent on the inclusion of all
tests in the model. Hence all tests need to be performed and all test results need to be
entered into the probability equation derived from the logistic regression analysis. This
equation includes the regression coefficient for each variable, which expresses the
contribution each variable makes to the model. This contribution is only meaningful
when considered alongside the contribution of each of the other components in the

model.
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However, it is not uncommon practice to use the variables identified by logistic
regression analysis in a different manner (Fernandez-De-Las-Penas, Cleland, Cuadrado,
& Pareja, 2008; Sutlive et al., 2008; Vicenzino et al., 2010; Vicenzino et al., 2009;
Wright, Cook, Flynn, Baxter, & Abbott, 2011). These authors have provided accuracy
statistics for various levels of positivity based on the test results of the variables
identified by logistic regression. To allow comparisons with previous relevant studies
(Birrell et al., 2001; Sutlive et al., 2008), we employed this same method of analysis.
Hence, we calculated accuracy statistics for various numbers of positive test results by
constructing 2 x 2 contingency tables using the Statistical Package for the Social
Sciences (SPSS) software, version 22 (IBM© Corporation, 2013). Six levels of
positivity (ranging from ‘one or more’ positive tests to all six tests positive) were
considered. In this analysis, the cell counts in the 2 x 2 tables at each ‘level’ include the
number of participants that fit each cell at each point in time. For example, a participant
that has six positive tests is included in cell counts for level 6 (six positive tests) but also
cell counts for each of the other levels. Obviously if a participant has 6 positive tests,
they also have 5, 4, 3, 2 or 1 positive tests. In this manner accuracy statistics can be
calculated for each level. The dependent variable was the response to the anaesthetic
(either positive or negative). Following accepted practice, 0.5 was added to any 2 x 2
cells that had zero counts to enable calculation of accuracy statistics (Cox, 1970).
Various measures of diagnostic accuracy were calculated including sensitivity,
specificity, positive likelihood ratios (LR+) and negative likelihood ratios (LR-). 95%
CIs were constructed for each variable using the Confidence Interval Calculator
downloaded from the Physiotherapy Evidence Database (Herbert, 2013). In this
analysis, all test findings are weighted equally such that any combination of test
variables is considered to have the same influence on the probability of a given

outcome.

The accuracy of the levels of positivity method for predicting a PAR was compared
directly to the results obtained by using the fitted screening scores. To enable this
comparison, the screening score was first rescaled so that the maximum total score (i.e.
when all six tests were positive) would be six, the same number of tests included in the
degrees of positivity method. In this manner, the weighting that each test result has on
the probability of a PAR, as previously calculated by the probability equation (see page
194) is retained.
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6.5 Results

Sixty-eight participants were included in the study (mean age 38.2 years; SD 11.8 years
and mean BMI 24.5; SD 3.0). Demographic and baseline data for this cohort were
presented in Chapter 5 (page 150). There were no missing data, with results being

recorded for all variables and all patients.

6.5.1 Reduced set of predictors

Table 6.1 provides detail of the variables initially considered for inclusion in the logistic
regression analysis. This includes those that demonstrated a statistical association with a
PAR with a level of significance of 0.25 or less. For continuous variables that
demonstrated a statistical association with a PAR, the cut-off points identified by
receiver operating characteristic (ROC) analysis (see Chapter 5, page 156 for full
details) were employed to provide a categorical interpretation of these variables. Also
included in this table are five variables (painful click, FADC, log roll, passive extension
and resisted extension) that did not have a level of significance below 0.25. The
presence of a painful click (felt deep in the groin), the ‘flexion adduction compression’
(FADC) and log roll tests were included because they were considered to be key
indicators of intra-articular pathology by the experts consulted in preliminary interviews
(see page 182 for detail). The inclusion of the log roll test was also supported by
previous research that has indicated that this test is the ‘most specific’ test for intra-
articular pathology (Byrd, 2014; Domb et al., 2009). Resisted tests are commonly used
in clinical practice as pain provocation tests and were considered by the experts as an
important part of a normal clinical examination of the hip. Although these tests are most
commonly used to test the integrity of the musculo-tendinous unit (Cyriax, 1974), the
compressive force generated by contraction of the muscle will load the underlying joint
and has the potential to provoke symptomatic intra-articular pathology. For this reason,
we considered it prudent to include at least one resisted test. Resisted extension was
selected as the ‘best’ of the resisted tests given its high specificity (85%). The inclusion
of resisted extension was also considered appropriate given that there was only one
highly specific variable (crepitus) with a level of association with a PAR of less than
0.25. To enhance the potential of the CPR to ‘rule in’ intra-articular pathology another

highly specific test (passive extension) was included.

A number of variables that demonstrated a statistically significant association with the
PAR were excluded from the reduced set of predictors, primarily on the basis that they

demonstrated poor diagnostic accuracy (defined as a positive likelihood ratio of <1
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along with a negative likelihood ratio of > 1). Three variables excluded on this basis
(‘external derotation test’, ‘sustained one leg stand’ and ‘tenderness on palpation of the
greater trochanteric region’) were also considered inappropriate for inclusion because
they are tests for extra-articular pathology (primarily tendinopathy). They were included
in the diagnostic accuracy study for later consideration in Chapter 7 of this thesis
(prevalence of pathology identified by MRA). Pain felt when jogging was excluded, as
the utility of this test is likely to be limited in that many patients with hip pain would
not jog and would therefore be unable to answer this question. Similarly, only patients
that played sport could report ‘stopped sport’ because of their hip pain. For clarity, the
final variables (n=14) selected for inclusion in the reduced set of predictors are detailed

in Table 6.2.
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Variable TP FP FN TN fF:;:L“r"s Exact Test) i‘;‘;smvny (05% Specificity (95% CI) LR+ (95% CI) LR- (95% CI) DOR (95% CI)
GroinPain 31 18 3 16  0.001 0.91(0.77, 0.97) 0.47 (031, 0.63) 1.72(1.23,2.04)  0.18 (0.06, 0.58) 9.18 (2.35, 35.89)
EDT > 11 32 23 0011 0.06 (0.02, 0.19) 0.68 (0.51,0.81) 0.18(0.04,0.76)  1.39(1.09, 1.78) 0.13 (0.03, 0.65)
'Age > 39 24 12 10 22 0015 0.70 (0.54, 0.83) 0.65 (0.48, 0.79) 2.00(120,331)  0.45(0.26,0.81) 4.40 (1.59, 12.19)
Painjogging 22 31 12 3 0017 0.65 (0.48, 0.78) 0.08 (0.03, 0.23) 0.70 (0.54,0.93)  4.00 (1.23, 12.92) 0.18 (0.45, 0.70)
ISRYROM 29 23 5 11  0.023 0.85 (0.70, 0.94) 0.32 (0.19, 0.49) 126 (0.96,1.65)  0.45(0.18, 1.17) 2.77 (0.84,9.12)
ICrepitus 113 23 31 0033 0.32 (0.19, 0.49) 0.91(0.77, 0.97) 3.67(1.12,11.99)  0.74 (0.58, 0.96) 4.94 (1.24, 19.76)
RAB 18 33 26 0.043 0.03 (0.01, 0.15) 0.76 (0.60, 0.88) 0.13(0.02,0.95) 1.7 (1.04, 1.54) 0.10 (0.01, 0.84)
IQuadrant 3027 17 0054 0.97 (0.85, 0.99) 0.21 (0.10, 0.37) 122(1.02,147)  0.14(0.02, 1.10) 8.56 (0.9, 73.9)
RAD 715 27 19 0068 0.21 (0.10, 0.37) 0.56 (0.39, 0.71) 0.47 (0.22, 1.0) 142 (1.01,2.01) 0.33 (0.1, 0.96)
R < 41° 27 19 7 15 0068 0.79 (0.61, 0.90) 0.44 (0.27,0.62) 1.42(0.93,2.30)  0.63 (0.38, 1.04) 3.05 (1.04, 8.89)
Stopped sport 21 28 13 6 0.104 0.62 (0.44,0.77) 0.18 (0.07, 0.35) 0.75(0.55,1.02)  2.16 (1.08, 4.34) 0.34 (0.1, 1.06)
SOLSt 6 13 28 21  0.104 0.18 (0.08, 0.34) 0.62 (0.45,0.76) 0.46(020,1.07)  1.33(0.98, 1.81) 0.35 (0.1, 1.06)
'FFIR 31025 3 9 0109 0.91 (0.77, 0.97) 0.26 (0.15, 0.43) 124(0.99,1.56) 033 (0.10, 1.13) 3.72 (091, 15.22)
BKFO<62" 22 15 12 19  0.144 0.65 (0.38, 0.63) 0.56 (0.38, 0.72) 146 (0.93,2.30)  0.63 (0.38, 1.04) 2.32 (0.87, 6.16)
IRSt 1219 22 15 0.144 0.35 (021, 0.52) 0.44 (0.29, 0.61) 0.63(037,1.09)  1.47(0.93,2.31) 0.43 (0.16, 1.14)
'FF 29 23 5 11 0152 0.85 (0.70, 0.94) 0.32 (0.19, 0.49) 126 (0.96,1.65)  0.45(0.18, 1.17) 2.77 (0.84,9.12)
RF 5 11 29 23 0152 0.15 (0.06, 0.30) 0.68 (0.51,0.81) 045(0.18,1.17)  1.26 (0.96, 1.65) 0.36 (0.1, 1.19)
TOP GT 6 12 28 22 0.168 0.18 (0.08, 0.34) 0.65 (0.48, 0.79) 0.50 (021, 1.18)  1.27(0.95, 1.71) 0.39 (0.13, 1.21)
Givingway 5 13 27 21 0183 0.20 (0.09, 0.38) 0.62 (0.44,0.77) 0.54(025,1.18)  1.28(1.05, 1.58) 0.30 (0.09, 0.97)
Painful click 12 7 22 27 028 0.35 (0.20, 0.54) 0.79 (0.62, 0.90) 1.71(0.77,3.82)  0.81 (0.63, 1.06) 2.10 (071, 6.25)

"'Variables included in logistic regression analysis; 2 If pain intensity > 2 on NPRS; TP, True Positives; FP, False Positives; FN, False Negatives, TN, True Negatives; CI, Confidence Intervals; LR+, Positive
Likelihood Ratio; LR-, Negative Likelihood Ratio; DOR, Diagnostic Odds Ratio; EDT, External De-rotation Test; SRWROM, Self reported limitation of ROM; RAB, Resisted Abduction; RAD, Resisted Adduction;
RE; IR<40°, Internal Rotation at 90° less than 40°; SOLSt, Sustained One Leg Standing; FFIR, Full Flexion Internal Rotation; BKFO<62°, Bent Knee Fall Out less than 62°; IRSt Internal Rotation in Standing; FF, Full
Flexion; RF, Resisted Flexion; TOP, Tenderness on Palpation of Greater Trochanter; FADC, Flexion Adduction Compression; PExt, Passive Extension Prone; RE, Resisted Extension
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Variable TP FP FN TN fF:;:L“:; Exact Tesyy  SCSUVIY 95% €D Specificity (95% CD) LR+ (95% CD) LR- (95% CI) DOR (95% CI)
'FADC 27 22 7 12 028 0.79 (0.63, 0.90) 0.35(0.21, 0.52) 1.23(0.91, 1.66) 0.58 (0.26, 1.30) 2.10 (0.71, 6.25)
'PExt 7 6 27 28 035 0.21 (0.10, 0.37) 0.82 (0.66, 0.92) 1.17 (0.44,3.11) 0.96 (0.77, 1.22) 121 (0.36, 4.07)
"Log Roll 8 5 2 29 050 0.24 (0.12, 0.40) 0.85 (0.70, 0.94) 1.60 (0.58, 4.4) 0.90 (0.71, 1.13) 1.80 (0.52, 6.15)
'RE 4 5 30 29 1.00 0.12 (0.05, 0.27) 0.85 (0.70, 0.94) 0.80 (0.24, 2.73) 1.03 (0.86, 1.25) 0.77 (0.19, 3.17)

!'Variables included in logistic regression analysis; TP, True Positives; FP, False Positives; FN, False Negatives, TN, True Negatives; CI, Confidence Intervals; LR+, Positive Likelihood Ratio; LR-, Negative Likelihood Ratio;
DOR, Diagnostic Odds Ratio; EDT, External De-rotation Test; SRWROM, Self reported limitation of ROM; RAB, Resisted Abduction; RAD, Resisted Adduction; RE; IR<41°, Internal Rotation at 90 less than 41°; SOLSt,
Sustained One Leg Standing; FFIR, Full Flexion Internal Rotation; BKF 0<62°, Bent Knee Fall Out less than 62°; IRSt Internal Rotation in Standing; FF, Full Flexion; RF, Resisted Flexion; TOP, Tenderness on Palpation of
Greater Trochanter; FADC, Flexion Adduction Compression; PExt, Passive Extension Prone; RE, Resisted Extension

Table 6.2 Summary of variables included in the reduced set of predictors

Variable TP FP FN TN fF:;:L“:; Exact Testy  SCNSitivity ©5% €D Specificity (95% CI) LR+ (95% CD) LR- (95% CI) DOR (95% CI)
Groin Pain 31 18 3 16 0.001 0.91 (0.77, 0.97) 0.47 (0.31, 0.63) 1.72 (1.23, 2.04) 0.18 (0.06, 0.58) 9.18 (2.35, 35.89)
'Age > 39 24 12 10 22 0015 0.70 (0.54, 0.83) 0.65 (0.48, 0.79) 2.00 (1.20, 3.31) 0.45 (0.26, 0.81) 4.40 (1.59, 12.19)
SRVROM 29 23 5 11 0023 0.85 (0.70, 0.94) 0.32(0.19, 0.49) 1.26 (0.96, 1.65) 0.45 (0.18, 1.17) 2.77(0.84, 9.12)
Crepitus 13 23 31 0033 0.32(0.19, 0.49) 0.91 (0.77, 0.97) 3.67(1.12,11.99)  0.74(0.58, 0.96) 4.94 (1.24,19.76)
Quadrant 33027 1 7 0.054 0.97 (0.85, 0.99) 0.21 (0.10, 0.37) 1.22 (1.02, 1.47) 0.14 (0.02, 1.10) 8.56 (0.99, 73.9)
IR < 41° 27 19 7 15 0.068 0.79 (0.61, 0.90) 0.44 (0.27, 0.62) 1.42 (0.93, 2.30) 0.63 (0.38, 1.04) 3.05 (1.04, 8.89)
FFIR 31 25 39 0.109 0.91 (0.77, 0.97) 0.26 (0.15, 0.43) 1.24 (0.99, 1.56) 0.33(0.10, 1.13) 3.72(0.91, 15.22)
BKFO < 62° 2 15 12 19 0.144 0.65 (0.38, 0.63) 0.56 (0.38, 0.72) 1.46 (0.93, 2.30) 0.63 (0.38, 1.04) 2.32(0.87, 6.16)
FF 29 23 5 11 0152 0.85 (0.70, 0.94) 0.32(0.19, 0.49) 1.26 (0.96, 1.65) 0.45 (0.18, 1.17) 2.77(0.84, 9.12)
Painful click 12 7 2 27 028 0.35(0.20, 0.54) 0.79 (0.62, 0.90) 1.71 (0.7, 3.82) 0.81 (0.63, 1.06) 2.10 (0.71, 6.25)
FADC 27 22 7 12 028 0.79 (0.63, 0.90) 0.35(0.21, 0.52) 1.23 (0.91, 1.66) 0.58 (0.26, 1.30) 2.10 (0.71, 6.25)
PExt 7 6 27 28 035 0.21 (0.10, 0.37) 0.82 (0.66, 0.92) 1.17 (0.44, 3.11) 0.96 (0.77, 1.22) 1.21 (0.36, 4.07)
Log Roll 8 5 260 29 0.50 0.24 (0.12, 0.40) 0.85 (0.70, 0.94) 1.6 (0.58, 4.4) 0.90 (0.71, 1.13) 1.80 (0.52, 6.15)
RE 4 s 30 29 1.00 0.12 (0.05, 0.27) 0.85 (0.70, 0.94) 0.80 (0.24, 2.73) 1.03 (0.86, 1.25) 0.77 (0.19, 3.17)

TP, True Positives; FP, False Positives; FN, False Negatives, TN, True Negatives; CI, Confidence Intervals; LR+, Positive Likelihood Ratio; LR-, Negative Likelihood Ratio; DOR, Diagnostic Odds Ratio.
SRWROM, Self reported limitation of movement; IR<41°, Internal Rotation at 90° < 41°; FFIR, Full Flexion Internal Rotation; BKFO<62’, Bent Knee Fall Out < 62°; FF, Full Flexion; FADC, Flexion Adduction Compression;
PExt, Passive Extension Prone; RE, Resisted Extension.
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6.5.2 Model Selection

Figure 6.1 demonstrates the best (lowest) AICc values for each of the 14 predictor
variables selected in the preliminary analysis for models of various sizes i.e. models
with one to seven variables. There is an obvious trend towards a smaller (better) value
of the AICc with each subsequent addition of another variable until the seventh variable
is added. In this graph, the variables depicted in green are relatively poor predictors,
those in black good predictors and those in red, somewhere in between. The graph
clearly demonstrates that dominant pain in the groin is the best predictor regardless of
the number of variables in the model. Age > 39, the quadrant test and the presence of

crepitus also standout as key predictors.

Table 6.3 provides detail for the best logistic regression models with, at most, seven
predictors selected from the reduced set of predictors, as determined using AICc values.
From this analysis ‘main pain in the groin’ was identified as the single best predictor of
a PAR. This variable was retained in each of the seven best models identified by this
analysis. Similarly ‘Age > 39 years’ and ‘crepitus’ were included in all models
regardless of size. The smallest AICc value for models of one predictor is 85.07. This
value decreases as the model size increases up to the point where there are 6 predictors
in the model (AICc=73.87). The best model with seven predictors leads to an increased
AICc value (75.00) indicating that models of this size overfit the data. Hence, the best
model based on AICc contains six variables. These are: 1) dominant pain groin; 2) age >
39 years; 3) the presence of crepitus; 4) internal rotation ROM < 41%; 5) self-reported
limited ROM and 6) positive quadrant test.
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Figure 6.1 Best value of AICc for each predictor as a function of model size
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Table 6.3 Details of AICc-optimal models for each model size

Number of 'AICc Value Predictor variables included

Predictors in

Model

1 85.07 Groin pain

2 78.5 Groin pain, Age > 39 years

3 75.77 Groin pain, Age > 39 years; Crepitus

4 74.77 Groin pain, Age > 39 years; Crepitus; BKFO < 62°

5 74.06 Groin pain, Age > 39 years; Crepitus; IR ROM <410; SRVYROM

6 73.87 Groin pain, Age > 39 years; Crepitus; IRROM < 410; SRWROM; Positive
Quadrant Test

7 75.00 Groin pain, Age > 39 years; Crepitus; IR ROM < 410; SRWROM,; Positive

Quadrant Test; Positive FADC Test

! AlCc, Corrected Akaike Information Criterion; BKFO, Bent Knee Fall Out; IR ROM, Internal Rotation Range of Movement;
SRWROM, self-reported limitation of ROM; FADC, Flexion Adduction Compression

For comparison, Table 6.4 provides detail of the best models derived by using the area
under the curve (AUC) as the criterion for measuring model adequacy. Here, an
increasing AUC value indicates improved model fit, without compensating for potential
overfitting. Despite the differences in how these criterion measure model accuracy, it is
interesting to note that, regardless whether AICc or AUC is utilised, there is very little
difference in the variables that are identified as useful predictors. For a model size of

four variables, both AICc and AUC identified the same variables.

Table 6.4 Details of AUC-optimal models for each model size

Number of 'AUC Value Predictor variables included

Predictors in

Model

1 0.691 Groin pain

2 0.785 Groin pain, Age > 39 years

3 0.819 Groin pain, Crepitus; BKFO < 62°

4 0.857 Groin pain, Age > 39 years; Crepitus; BKFO < 62°

5 0.870 Groin pain, Age > 39 years; Crepitus; BKFO < 620; Positive FFIR

6 0.872 Groin pain, Age > 39 years; Crepitus; BKFO < 620; IR ROM < 410; SRVROM
7 0.886 Groin pain, Age > 39 years; Crepitus; BKFO < 620; IR ROM < 410; SRVYROM

Positive Quadrant Test;

! AUC, Area under the curve; BKFO, Bent Knee Fall Out; FFIR, Full Flexion Internal Rotation; IR ROM, Internal Rotation Range
of Movement; SRWROM, self-reported limitation of ROM

For further comparison, Figure 6.2 plots the AUC vs. the AICc value for all 9907
models considered. In this graph, each dot represents one model. Those closest to the
top left corner are the best models (highest AUC and lowest AICc). The red circle
encompasses the best three models using AICc and the green circle the best two using
AUC. The close association between the two model-selection criteria is demonstrated
by the clustering of data points in this graph along a curve running obliquely from the

top left to bottom right of the chart (best-to-worst model), with narrowing in the upper
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left quadrant indicative of good consistency in the selected model. This association
provides additional support for the legitimacy of the AICc as a model-selection

criterion.
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Figure 6.2 Area under the curve versus AICc for each model with 7 or less predictors

The individual contribution for each variable included in the reduced predictor set was
assessed by comparing the estimated log odds ratio of the variable to the AICc value for
all models in which that variable was included. This analysis demonstrated three clear
tiers with dominant pain groin; age > 39 years; the presence of crepitus; internal rotation
ROM < 41° and the quadrant test all being strong predictors. Poor predictors were the
log roll, FADC, resisted extension, painful click and passive extension. The remaining
variables were considered adequate predictors. Based on this analysis and consideration
of the face validity of the included variables, the model with six predictor variables

determined by the AICc was chosen as the optimum clinical prediction model.
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6.5.3 Assessment and characteristics of the model

The value of the Hosmer-Lemeshow goodness of fit statistic indicated that this model
fitted the data well (Chi-square 5.164, p = .640). The values of both the Cox and Snell
R’ and the Nagelkerke R” statistics (.409 and .545 respectively) indicated that the model
has value. Examination of the number of expected cases per cell in 2 x 2 tables
constructed between each predictor and the outcome (PAR) established that there were
sufficient numbers of cases in each category to produce valid estimates of the outcome

measure. All cells had values greater than 1 and only 8% of cells had less than five.

Table 6.5 provides detail of the regression coefficient, their p values and odds ratio for
each variable included in the model. The regression coefficient for all variables except
SRVYROM is close to 2. Whilst the p value of this coefficient for both SRYROM and the
quadrant test are not significant, the predictive power of the model requires the
inclusion of these variables. In fact, both the regression coefficient and the odds ratio
demonstrate presence or absence of a positive quadrant test has the largest effect on the

model.

Table 6.5 Coefficients and odds ratios of the variables in model predicting a PAR

Variable b (SE) P value for »  Odds Ratio (95% CI)
Constant -7.12 (2.16) .001 .001

Self-reported limited ROM 1.41 (0.88) .108 4.10 (0.73, 22.89)
Age >39 1.76 (0.71) .014 5.80 (1.43,23.46)

IR <41° 1.89 (0.88) .031 6.61 (1.19, 36.86)
Groin Pain 1.89 (0.89) .035 6.62 (1.14, 38.25)
Crepitus 2.10(0.91) .021 8.16 (1.36, 48.88)
Quadrant 2.17 (1.42) 127 8.77 (0.54, 143.0)

b, regression coefficient; SE, Standard Error; CI, Confidence Intervals.

These values can be entered into the following equation to calculate the estimated

probability of a PAR for any individual participant:

1
1 + e~ [bo+(b1X1)+(b2X2)+:++(bk Xk )]

Probability (p) =

By inserting the variables included in this model, the equation becomes:

1
p= 1+ e—[b0+(b1$R¢ROM)+(b2Age)+(bzIR)+(bzGroinPain)+(b2Crepitus)+ (b,Quadrant)]

Adding the associated regression coefficient converts the equation to:

1
p= 1+ e—[bo+(1.41*SR¢ROM)+(1.76*Age)+(1.89*IR)+(1.89*GroinPain)+(2.10*Crepitus)+ (2.17+Quadrant)]
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Considering the strictly monotone relationship between p and the linear predictor (under
the exponential), it is appropriate to create a more simplified ‘screening score’ based on

the linear predictor component of the probability equation:

Screening Score = (1.41 * SR*ROM) + (1.76 = Age) + (1.89 = IR) + (1.89 * GroinPain)
+ (2.10 * Crepitus) + (2.17 = Quadrant)

Finally, the score for each variable can be inserted. All variables in this model are
binary, with a negative test scored as ‘0’ and a positive test as ‘1°. Hence, for a patient

with all tests positive, the screening score would be calculated as follows:
Screening Score = (1.41+1)+ (1.76 *1) + (1.89*1) + (1.89 1) + (2.10 x 1) + (2.17 1)

Using this equation, a screening score was calculated for each participant in the study
(i.e. an individual fitted score). Using all fitted scores, ROC analysis was performed to
evaluate the discriminatory ability of the overall model. Figure 6.3 below shows the
ROC curve. The AUROC was .868 (95% CI .780, .956) with a standard error of .045
and significance of <0.001. The cut-off point that maximises the sum of sensitivity and
specificity (Youden-optimal cut-off point) is a screening score of 7.09. At this point,
sensitivity is 91% and specificity 71%. Sensitivity was 100% for any score smaller than
4.7. Specificity at this level was only 35%. Maximum specificity (100%) occurs with a

score of 9.4 or above.

ROC Curve
1.0
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0.4+
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1 - Specificity

Figure 6.3 Receiver operator characteristic curve for screening scores.

* Indicates the point of best overall accuracy for this variable.
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The overall predictive power of the model was compared to the ‘null’ model where 50%
of participants are assumed to be in each outcome group (PAR and NAR). The
percentage of participants correctly allocated to each group by the model increases to
81% with 31 true positives, 10 false positives, 24 true negatives and 3 false negatives.
Based on these cell counts, the sensitivity of the model was 0.91 (95% Cls 0.75, 0.98)
and specificity 0.70 (95% CI 0.53, 0.84). Positive and negative likelihood ratios were
3.1 (95% CI 1.82, 5.27) and 0.12 (95% CI1 0.04, 0.38) respectively. The positive
predictive value of the model is 0.75 (95% CI 0.59, 0.87) and the negative predictive
value 0.88 (95% CI1 0.70, 0.97). These values indicate that the model has better utility to
rule out a PAR than to rule in with high sensitivity, low negative likelihood ratios and a

low number of false negatives.

6.5.4 Screening score versus levels of positivity

Table 6.6 below shows the original and rescaled values of the coefficients (weightings)
for each of the variables identified by the logistic regression analysis. This rescaling
enables comparison of the accuracy of the levels of positivity method of analysis against
the outcomes that would result from using the screening score derived from the logistic

regression analysis (see page 185 for rescaling detail).

Table 6.6 Rescaled test coefficients (weightings)

Variable Original Coefficient Rescaled
Coefficient

Self-reported limited ROM 1.41 0.75
Age >39 1.76 0.94
IR <41° 1.89 1.01
Groin Pain 1.89 1.01
Crepitus 2.10 1.12
Quadrant 2.17 1.16

Sum of scores  11.22 6.00"

! Any discrepancy is due to rounding to the 2" decimal

ROC analysis was repeated using the rescaled coefficients to determine sensitivity and
specificity of cut-points based on this rescaled screening score (RSS). The cut-off point
that maximises the sum of sensitivity and specificity (Youden-optimal cut-off point) is a
score of 3.8. At this point, sensitivity is 91% and specificity 71%. Sensitivity was 100%
for any score smaller than three. Specificity at this level was 35%. Maximum specificity
(100%) occurs with a score of greater than 5. Table 6.7 provides details for the accuracy
at each of 6 cut-points i.e. a RSS of 1 point or greater, 2 points or greater and so on up
to 6 points. Sensitivity values range from 8% (level 6) to 98% (levels 1 & 2). Specificity

ranges from 6% for level 1, to 98% for level 6 (see Table 6.7 for detail). Point estimates
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for the positive likelihood ratios for levels 5 and 6 are moderate, although the
confidence intervals around these estimates are relatively wide (Jaeschke et al., 1994a).
The negative likelihood ratio for level 3 is moderate (0.11) and the confidence intervals
around this estimate are relatively narrow. This finding is complemented by high
sensitivity at this level (94%). The Youden-optimal point (i.e. a score of 3.8)
demonstrates high sensitivity (91%) and a low (good) negative likelihood ratio (0.12).
The largest shifts in the probability of a PAR are associated with scores of 4, 5 and 6.
With these scores, this probability of a PAR increases to above 80%.

These accuracy statistics can be used to consider the utility of the levels of positivity
method of decision-making. Table 6.8 provides details for the diagnostic accuracy of
the six levels of positivity calculated from the test results for each of the variables
identified by the logistic regression analysis (see page 185 for detail). Sensitivity values
range from 9% (level 6) to 98% (levels 1 to 3). Specificity ranges from 0% for level 1 to
98% for the level 6. Point estimates of the positive likelihood ratios and specificity
values are not dissimilar to those associated with the corresponding level for the RSS,
except for level 4 where the levels of positivity approach under-estimates these
measures. In contrast, the level of positivity method enhances the negative likelihood
ratios over three levels (3-5). Similarly, this method inflates the sensitivity over these

levels 4 and 5.



Table 6.7 Accuracy statistics associated with rescaled screening score for predicting a PAR
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Level of

Rescaled

“Post-test probability of a

1 1 PPN ° sge o ° + ° _ ° 0/ ot e

Score Screening Score FP FN TN Sensitivity (95% CI)  Specificity (95% CI) LR+ (95% CI) LR- (95% CI) PAR in % given a positive
result (CI’s)

1 >1.0 34 32 0 2 0.98 (0.85, 1.00) 0.06 (0, 0.21) 1.04 (0.95, 1.14) 0.24 (0, 9.73) 52 (49, 54)

2 >2.0 34 26 0 8 0.98 (0.85, 1.00) 0.23 (0.11, 0.41) 1.28 (1.06, 1.56) 0.06 (0, 1.16) 57 (52, 61)

3 >3.0 32 16 2 18 0.94 (0.79, 0.99) 0.52 (0.35, 0.69) 2.00 (1.38, 2.88) 0.11 (0.02, 0.45) 67 (58, 74)

4 >4.0 24 5 10 29 0.70 (0.52, 0.84) 0.85 (0.68, 0.94) 4.80 (2.08, 11.09) 0.34 (0.20, 0.58) 83 (68, 92)

5 >5.0 6 1 28 33 0.18 (0.07, 0.35) 0.97 (0.83, 0.99) 6.00 (0.76,47.21) 0.84 (0.72, 0.99) 86 (43, 98)

6 6.0 3 0 31 34 0.08 (0.02, 0.24) 0.98 (0.85, 1.0) 6.09 (31, 117) 0.92 (0.83, 1.02) 86 (24, 99)

Youden-

optimal >3.8 31 10 3 24 0.91 (0.75, 0.97) 0.70 (0.52, 0.84) 3.1(1.8,5.27) 0.12 (0.04, 0.37) 76 (65, 84)

threshold

10.5 added to cells with zero values to allow estimations of accuracy; 2 Probability of success based on pre-test probability of 50%;

TP, True Positives; FP, False Positives; FN, False Negatives, TN, True Negatives; CI, Confidence Intervals; LR+, Positive Likelihood Ratio; LR-, Negative Likelihood Ratio; DOR,
Variables included in model = Groin pain, Age > 39 years; Crepitus; Internal ROM <41°; SR WROM, Self reported limitation of ROM; Quadrant

Table 6.8 Accuracy statistics associated with various levels of positivity for predicting a PAR

Level of Nul'n.ber o.f . 1 1 1 o . 2Post-.test pr.obability 0f a
Positivity posnflve clinical TP FP FN TN Sensitivity (95% CI) Specificity (95% CI) LR+ (95% CI) LR- (95% CI) PAR in % given a positive
findings result (CI’s)

1 One or more 34 34 0 0 0.98 (0.85, 1.00) 0.01 (0, 0.14) 1.01 (0.94, 1.00) 1.00 (0, 746) 50 (48, 51)
2 Two or more 34 28 0 6 0.98 (0.85, 1.00) 0.18 (0.07, 0.35) 1.20 (1.02, 1.40) 0.08 (0, 1.68) 55(52,59)
3 Three or more 34 23 0 11 0.98 (0.85, 1.00) 0.32(0.18, 0.50) 1.47 (1.15, 1.84) 0.04 (0, 0.79) 60 (54, 65)
4 Four or more 32 11 2 23 0.94 (0.79, 0.99) 0.67 (0.49, 0.82) 2.90 (1.78, 4.76) 0.08 (0.02, 0.34) 74 (64, 83)
5 Five or more 17 3 17 31 0.50 (0.33, 0.67) 0.91 (0.75, 0.98) 5.67 (1.83,17.57) 0.55(0.39,0.77) 85 (65, 95)
6 Six 3 0 31 34 0.08 (0.02, 0.24) 0.98 (0.85, 1.0) 6.09 (31, 117) 0.92 (0.83, 1.02) 86 (24, 99)

10.5 added to cells with zero values to allow estimations of accuracy; 2 Probability of success based on pre-test probability of 50%;

TP, True Positives; FP, False Positives; FN, False Negatives, TN, True Negatives; CI, Confidence Intervals; LR+, Positive Likelihood Ratio; LR-, Negative Likelihood Ratio; DOR,
Variables included in model = Groin pain, Age > 39 years; Crepitus; Internal ROM <41°; SR WROM, Self reported limitation of ROM; Quadrant
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6.6 Discussion

This is the first study to have investigated the development of a CPR using information
obtained from the clinical examination to help identify people who are likely to get
significant pain relief as a result of an intra-articular injection of anaesthetic into the hip
joint. Previous studies (Altman et al., 1991; Birrell et al., 2001; Sutlive et al., 2008)
have reported that some combinations of clinical and/or laboratory findings are useful
for predicting osteoarthritis of the hip. However, none of these studies used a reference
standard that provides convincing evidence that the source of the pain being

investigated was intra-articular in origin.

This study has provided new evidence that suggests that a combination of findings
obtained from the clinical examination of a painful hip can help to predict the likelihood
of a positive anaesthetic response (PAR). Six variables were included in the most
parsimonious model: 1) dominant pain groin; 2) age > 39 years; 3) the presence of
crepitus; 4) internal ROM < 41%; 5) self-reported limited ROM (SR$ROM) and 6)
positive quadrant test. Whilst each of these variables has some diagnostic utility in their
own right, none display characteristics that suggest that they can be used as stand-alone
tests to rule in or out intra-articular pathology of the hip. Conversely, when considered
together, the probability of a PAR for a patient in whom all of these variables were
positive increased to 86% in this study. The findings of this study could be used by
clinicians to estimate the probability of PAR for an individual patient by using the
probability equation that we provided (see page 194). This concept has been adopted
widely in other areas of medicine. For example, information collected from an
individual patient can be entered into online calculators that will determine probability
of that individual having a stroke or heart attack. If using the probability equation itself
is not pragmatic, a more simplified method would be to use the ‘screening score’ that
we described. Adding the regression coefficient for each positive test would give a
score that appropriately ‘weights’ the contribution of each test to the probability of a
PAR.

Although this is the appropriate way to use the results of logistic regression, it may not
be pragmatic for clinicians to incorporate this additional component of decision making
into their practice. If this is not considered practical, there are other ways of utilising our
findings in clinical practice. The logistic regression analysis identified six variables that
when considered together have predictive power for determining the likelihood of a

PAR. Previous authors (Birrell et al., 2001; Sutlive et al., 2008) in this area of research
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have provided accuracy statistics that describe how different numbers of positive test
findings perform. Using this ‘levels of positivity’ (LOP) approach, our results
demonstrate that the post-test probability of a PAR increases substantially in the
presence of 4, 5 or 6 positive findings (to 74%, 85% and 86% respectively). The LOP
approach is attractive from a clinical point of view in that clinicians can simply add the
number of positive test findings for an individual patient and then consider the accuracy
statistics we reported (in Table 6.8) for that number of positive tests. However, this
approach weights the result of each test equally, which is not a true reflection of their
contribution to the prediction of a PAR. As revealed by the logistic regression analysis,
the contribution of each test varied, with self-reported limitation of ROM having the

smallest influence and the quadrant test having the largest influence.

This study proposes a novel way to assess the accuracy of the LOP approach to
decision-making. Various scores obtained by employing the rescaled screening score
(RSS) (see page 185) were directly compared to the scores obtained from the use of the
LOP approach. Here, the fitted RSS is considered the gold standard in that the actual
test results for all participants were included, along with the appropriate weighting for
each test (as determined by the logistic regression analysis). This comparison revealed
that the performance of the LOP approach was acceptable. Whilst it underestimates
some measures (e.g. the positive likelihood ratios associated with 4 or more positive
tests) and enhances others (e.g. the sensitivity and negative likelihood ratios over levels

4 and 5), the overall findings are similar to those determined with the RSS.

The acceptable performance of the LOP approach as compared to the optimal RSS can
be attributed to the fact that the rescaled coefficients were not very far from 1 (1 being
the value attributed to each coefficient by the positivity level approach). The LOP
approach can therefore be validated as a reasonable approximation of the optimal
approach. However, it may be that this result was fortuitous. Rescaled coefficients much
further away from 1 would tend to discredit the LOP approach, although it may be that

such discrepancy is rare in optimal models. This aspect merits further investigation.

The RSS could be employed in clinical practice to enhance management decisions.
Different cut-off points on this scale could be chosen depending on the ‘cost’ of making
a decision based on this information. For example, a low score (say 2.0) that has high
sensitivity (98%) might be chosen if it is considered important not to ‘miss’ patients

who have intra-articular pathology. With this level of sensitivity, there will be very few
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false negatives. Hence, a score of 2 or less helps to rule out the likelihood that the
patient will experience a PAR. It is probably unnecessary, perhaps even inappropriate,
to refer such patients for further investigations (e.g. an intra-articular injection, MRA or
arthroscopy) if the ‘risk/cost to benefit’ ratio of having these procedures is considered.
Alternatively, a score above 5.0 was 97% specific for a PAR in this study. For patients
with such a score, referral for a guided intra-articular anaesthetic injection would
provide additional information that would help to confirm if the pain is intra-articular in
origin or not. This might be particularly appropriate if surgical management is being
considered. The RSS provides an accurate estimate of the likelihood of the presence of
intra-articular pathology and would enable more timely identification of patients who
warrant further investigation and specialist treatment. Equally, referral for unnecessary
medical imaging would be avoided for those that have a low probability of having such

pathology.

Our results are applicable to clinical practice. The characteristics of the included
patients with respect to age, nature, stage and duration of symptoms are similar to those
that would seek advice from both primary and secondary health care providers like
physiotherapists and sports physicians (Laupacis et al., 1997). The variables included in
the CPR have face validity and are therefore likely to be considered as appropriate tests
to include in the clinical examination of a painful hip (Beattie & Nelson, 2006; Laupacis
et al., 1997). Both research evidence (Altman et al., 1991; Burnett et al., 2006; Clohisy
et al., 2009) and the opinion of the experts consulted in this study suggests that the
dominant pain is commonly felt in the groin for people with intra-articular pathology of
the hip. Similarly, a loss of internal rotation (Altman et al., 1991; Birrell et al., 2001;
Clohisy et al., 2009; Kemp et al., 2014b; Sutlive et al., 2008) and positive impingement
signs (Burnett et al., 2006; Clohisy et al., 2009; Martin et al., 2008; Maslowski et al.,
2010; Reiman et al., 2014a; Sutlive et al., 2008) have been previously associated with
intra-articular pathology of the hip. The identification of age >39 years as a key
predictor reflects the relationship between increasing age and the prevalence of intra-
articular pathology that has been reported in a number of studies (Abe et al., 2000;
Botser et al., 2011; Kemp et al., 2014a; McCarthy et al., 2001). Crepitus is associated
with osteoarthritis and is considered an indicator of ‘mechanical’ hip pain (Neumann et
al., 2007). Patient reported loss of movement (SR¥ROM) correlates with the restriction

in movement associated with hip osteoarthritis (Altman et al., 1991).
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The process of collecting the data necessary to consider this CPR is not burdensome.
One would expect that most clinicians determine the area of pain and age of the patient
as standard practice. Similarly, details regarding associated symptoms (crepitus,
SRVYROM) are typically obtained. The two physical tests (i.e. quadrant and range of
internal rotation) are easily performed and are most likely already included in a hip
examination by many clinicians. Only the measurement of the ROM internal rotation

requires some technical expertise and measurement apparatus.

Whilst the CPR itself might be easy to employ and relevant to clinical practice, it is
important that it goes through further testing and validation before it can be
recommended for use. Without validation, it is difficult to determine if the variables
identified in this study have wide applicability or are just a reflection of the cohort
included in this study. Our intention is to perform such validation in follow up studies.
Initially, the rule would be tested in a similar setting and with a similar cohort of
participants. If the rule proves to be predictive in this first validation study, a much
larger study that includes a broader spectrum of both examiners and participants will be
undertaken. It was not possible to perform such validation studies within the timeframe

of this thesis.

In respect to the statistical methods employed in the derivation of this CPR, it is notable
that variables identified as the strongest predictors of a PAR by both AICc and AUC
assessment criterions were very similar. This similarity increases the likelihood that
these variables are important indicators of intra-articular pathology considering that
they were identified by two statistics that measure the contribution of each variable to
the model in quite different ways. Consequently, confidence in the prediction model is
increased. It is also interesting to note that the six predictors retained in the model
demonstrated a number of similar characteristics i.e. they all had a statistical association
with a PAR of p < 0.07; all bar SRYROM and IR < 41° had positive likelihood ratios
greater than 1 (with confidence intervals that did not cross 1) and all were in our ‘top
seven’ in respect to the diagnostic odds ratio value. Similarly, the variables that were
included in the logistic regression analysis that did not have a significant relationship
with the PAR were not only excluded from the ‘best model’ but were shown to be poor
predictors, regardless of the various models in which they were included. This finding
provides support for the most commonly recommended and reported method of using a
strong statistical association with the outcome variable as the primary means of

selection of predictor variables to include in logistic regression analysis.
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6.7 Limitations

Two variables (crepitus and self-reported limitation in ROM) included in the CPR were
self-reported variables i.e. this information was collected via the baseline questionnaire
given to each participant on the day of data collection. Whilst the reliability of the
physical tests and of patient reports of pain intensity were established in the preliminary
studies (see Chapters 3 and 4 and White et al. (2015)), the reliability of patients
reporting decreased ROM and crepitus was not determined. The relevant questions
were: 1) Do you experience crepitus (grinding/creaking or similar)? and 2) During the
last 4 weeks, have you noticed any limitation in the range of movement of your hip?
During the completion of this questionnaire, participants were required to ask for
clarification whenever they were unsure of the meaning of a question and the researcher
was available to answer any such questions. We believe that these questions were

accurately reported.

6.8 Conclusion

This study has developed a clinical prediction rule that enables clinicians to predict the
probability of a patient experiencing a positive response to an intra-articular injection of
anaesthetic into the hip. Such a response is indicative of the presence of symptomatic
intra-articular pathology. Whilst further research is required to validate this CPR, it may
be that clinicians who consider that the rule is relevant to their patient cohort will find
that it helps them to make decisions for improving management of their patients with
hip pain. The RSS provides a simplified means of interpreting the combination of test
findings for an individual patient in a way that appropriately weights the true
contribution of each test to the probability of a PAR. The medium to long-term
implications of this study may be that it leads to a significant reduction in the need for
the invasive and expensive medical imaging and/or exploratory surgery that is currently

associated with management of people with hip pain.
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Chapter 7 The Prevalence and Diagnostic Utility of
Abnormal Findings Reported in Patients Undergoing
Magnetic Resonance Imaging Arthrogram of the Hip

This chapter relates specifically to Question 6 of this thesis:

What is the prevalence of abnormal findings identified by magnetic resonance imaging
arthrograms in people with a painful hip and how accurately do these findings predict a

positive response to an intra-articular injection of anaesthetic into the hip joint?

7.1 Introduction and Background

Since the discovery of X-rays by Wilhelm Roentgen in 1895, various forms of medical
imaging have been utilised to gain additional information to aid the diagnosis and
management of disease and injury. Although visual evidence of pathology is
compelling, the increasing reliance placed on such investigations is worrying,
considering the substantial evidence that many abnormal findings reported in patients
have also been demonstrated in asymptomatic populations (Brinjikji et al., 2015; Lee et
al., 2015; Register et al., 2012). Feddock (2007, p. 374) suggests that “technology
seems to be replacing basic medical skills rather than complementing them.” Both
expert opinion and research evidence suggest that the history and physical examination
are an essential, if not the most important part of the diagnostic process (Cook, 2010;
Deyo, 2013; Feddock, 2007). A consequence of pathology being identified via medical
imaging is that it appears to add weight to a decision to explore or manage the hip
surgically (Reiman & Thorborg, 2015). Interestingly, a poor response to a FGAI (that
included a methylprednisolone acetate) has been demonstrated to be associated with a
poor result from surgery (Ayeni et al., 2014b). One explanation of this finding is that
the pathology identified pre-operatively and treated surgically, may not have been the

source of the patient’s symptoms.

This study explores the value of magnetic resonance imaging arthrogram (MRA) in the
assessment of hip joint pathology. It considers both the prevalence and diagnostic utility
of abnormal findings identified with the MRA performed after the fluoroscopy-guided
injection of anaesthetic that was used as the reference standard in Chapter 5.Whilst a
full review of the literature relating to the prevalence and accuracy of such findings is
beyond the scope of this thesis, the following literature search was performed to provide

some context for the results of the current study.
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7.1.1 Literature review

The specific aims of the review were to answer the following questions:

*  What is the prevalence of ‘abnormal’ findings of intra-articular structures of
the hip identified by magnetic resonance imaging or magnetic resonance
imaging arthrogram in people without any history of hip symptoms?

*  What is the prevalence of ‘abnormal’ findings of intra-articular structures of
the hip identified by magnetic resonance imaging or magnetic resonance
imaging arthrogram in people with hip pain?

*  What is the prevalence of ‘abnormal’ findings of intra-articular structures of
the hip identified by arthroscopy?

* What is the diagnostic accuracy of magnetic resonance imaging with respect

to intra-articular pathology of the hip?

The initial search was performed using the search strategy detailed in Chapter 2. Key
concepts were identified and searched separately in 4 main categories summarised as: 1)
“hip joint” OR “hip pain” OR “groin pain” OR groin OR hip OR “femoroacetabular
impingement” OR “FAI” OR labr* OR (osteoarthriti* N5 hip*) OR (OA N5 hip) OR
(arthrit®* N5 hip*) OR “ligamentum teres”; 2) “magnetic resonance imaging” OR MRI
OR “magnetic resonance arthrogram” OR MRA or “medical imaging”; 3) prevalence
OR incidence OR “cross sectional studies” OR epidemiology; 4) accura*® OR sensitivity

OR specificity OR validity OR “likelihood ratio”.

Only studies that investigated the prevalence of abnormal findings identified by
magnetic resonance imaging (MRI), magnetic resonance imaging arthrogram (MRA) or
at arthroscopy were included. Results are detailed below under sub-headings that reflect
the above aims. Where a relevant systematic review was identified, the quality of the
review was considered using the Preferred Reporting Items for Systematic Reviews and
Meta-Analysis (PRISMA) guidelines (Liberati et al., 2009; Moher et al., 2009). Detail
and key findings of that review are presented. This is followed by presentation of detail
and findings of any relevant experimental studies published since these reviews. These
studies were critiqued by the author using the QUADAS 2 checklist (Whiting et al.,
2011). Appendix 24 provides a summary of this quality assessment. None of these
additional studies were judged having a low risk of bias across all domains (patient

selection, index test, reference test and flow and timing). However, four of the five
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studies were judged as having a low level of concern regarding the applicability of the
studies. Further detail of this assessment is provided in the following review, together

with details of the relevant study.

7.1.2 Prevalence of abnormal findings of intra-articular structures of the
hip identified by MR imaging in asymptomatic hips

There is a large body of research that has demonstrated pathological/structural changes
identified by medical imaging techniques of the hip (including x-ray, computed
tomography, ultrasound and MRI/MRA) in people who do not have any history of hip
pain or functional disability (Frank et al., 2015; Hack et al., 2010; Jung et al., 2011;
Kang et al., 2010; Kumar et al., 2013; Lanyon et al., 2003; Lee et al., 2015; Register et
al., 2012; Schmitz, Campbell, Fajardo, & Kadrmas, 2012; Silvis et al., 2011). A recent
systematic review (Frank et al., 2015) considered 26 studies (primarily cohort or case
control studies) that had investigated the prevalence of radiographic and/or MRI
findings suggestive of femoroacetabular impingement (FAI). Across these studies, a
total of 2114 asymptomatic hips were examined. Mean age of participants was 25.3
years (no standard deviation supplied). Frank et al. provided an appropriate title, a
structured abstract and an introduction that detailed their rationale. Clear objectives and
detail of eligibility criteria and sources of information were specified. Details of the
search strategy, study selection, data extraction processes and analyses were included.
Whilst Frank and colleagues reported the level of evidence (Sackett, 1989) of the
included studies, the methodological quality of these studies does not appear to have
been assessed in a formal manner. Also, individual study results were not presented.
The authors discussed possible sources of bias in the original studies in the limitations
section of their review and reported that there was a significant degree of both selection

and detection bias across the studies.

Frank and colleagues reported the overall prevalence of CAM deformities, pincer
deformities and labral injuries to be 37%, 67% and 68% respectively. These authors
considered a third of all participants to be ‘athletic’ (college football or hockey players
and army recruits) and reported that the prevalence of CAM deformities in this sub-
group was much higher (54.8%) than that for the ‘non-athletic’ participants (23.1%).
The authors concluded that the presence of abnormal findings in asymptomatic hips is
relatively common, particularly in athletic populations. They recommended that

“reliance on imaging alone is unwise” and that the emphasis should be placed on the



207
patient history and physical examination when making clinical decisions about patients

with hip pain.

Another systematic review (Kwee et al., 2013) investigated the prevalence of ‘normal’
anatomical variants of the hip labrum. The authors provided an appropriate rationale
and clear objectives for their review along with detail of their eligibility criteria and
sources of information. Comprehensive details of the search strategy, study selection
and data extraction processes were included. The methodological quality of studies
included in the review was assessed using a checklist for which details of content were
provided. However, this checklist does not appear to be a validated tool. An overall
quality score and details for each study were provided. Results of the individual studies
included in their review were clearly presented in various tables and associated text.
Quality scores ranged from 14% to 71%, with the authors stating that overall quality
was ‘moderate’ and that consequently the results of the review should be considered
with caution. In this review, there were eight studies that included people with
asymptomatic hips and 24 studies that investigated MRI findings in symptomatic hips

(that were later correlated with surgical findings).

Kwee et al. reported that the methodological quality of the studies that investigated
asymptomatic populations was ‘moderate’. Across these studies there were 812
participants (534 males; 1069 hips) with a mean age of 33.6 (range 10-85). The overall
prevalence of labral tears was 19% and the prevalence of ‘abnormally shaped’ (rounded,
flattened or teardrop) labrum was 11-16%, 13-37% and 41%, respectively. One study
(Abe et al., 2000), included in the review of Kwee et al., considered the correlation
between age and abnormal MRI findings of the labrum. In this study, 71 volunteers (age
range 13-65; 41 females) without any history of hip pain underwent a MRI scan of their
acetabular labrum to determine its shape and signal intensity. These authors reported
that 96% of participants aged 20 or younger, had a normal triangular shape of their
labrum. In contrast to this finding, only 62% of participants 50 years of age or older had
a normal shape. This difference was statistically significant. Rounded and irregular
shapes (both considered ‘abnormal’) were associated with aging, with irregular shapes
occurring only in those aged > 40 years. Similarly, signal intensity increased with age,
with a normal homogenous low intensity signal observed in 70% of those aged < 20
years, but in only 32% of those > 50 years of age. Abe et al. concluded that ‘abnormal’

findings of the labrum are common in asymptomatic hips. They suggested that these
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were age related variations and that they should be considered when interpreting MR

findings in people undergoing this procedure for hip pain.

One study (Lee et al., 2015) published since these reviews was identified. This study
investigated the prevalence of labral tears and associated pathology observed on MRI in
70 young (mean age 26; range 19-41) asymptomatic volunteers. The authors reported
that 46% of participants had intra-articular pathology. Labral tears were observed in
39% of participants, 14% had labral ossification, 10% had acetabular delamination,
5.7% had fibrocystic changes at the head-neck junction and one participant had a
paralabral cyst. Isolated labral tears were seen in 23% of participants. Tears were
associated with other intra-articular pathology in 16% of participants. Lee et al.
concluded that MRI findings should not be relied upon to make a definitive diagnosis in
people with hip pain, given the prevalence of abnormal findings in the asymptomatic

population that they had studied.
Summary

There is very clear evidence that a high percentage of people without any history of
injury, pain or other symptoms associated with their hips, have ‘abnormal’ findings
identified by MR imaging. The prevalence of labral tears across the studies identified in
the current review ranged from 6% to 83%. The prevalence of abnormalities in the
shape of the labrum ranged between 11% and 44%. Increased prevalence of abnormal
findings appears to be associated with advancing age and with increasing levels of
activity. Few studies have reported abnormalities of other intra-articular structures of

the hip in asymptomatic participants.

7.1.3 Prevalence of abnormal findings of intra-articular structures
identified by MRI/MRA in symptomatic hips

No systematic reviews of studies that have investigated the prevalence of abnormal
findings observed by MR imaging in people with hip pain were identified by the current
review. However, a number of original studies (Kumar et al., 2013; Martin et al., 2008;
Narvani et al., 2003; Neumann et al., 2007) were found. Narvani et al. (2003) reported
preliminary findings from a small prospective study that included 18 consecutive
patients (mean age 30.5 years; SD 8.45) who were all ‘keen sports people’ with hip
pain. MRA scans were performed a mean of eight weeks after clinical assessment. One
consultant radiologist, who had an ‘interest in musculoskeletal radiology’ (it is unclear

if he had additional qualification in this speciality), reported on all MR images.
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Technical detail of the MR equipment and procedures were supplied. Acetabular labral
tears were observed in four patients (22%), eight patients (44%) had extra-articular

pathology (e.g. iliopsoas oedema, tendinopathy) and six (33%) had normal scans.

Neumann et al. (2007) performed a retrospective review of clinical data of patients who
had undergone hip MRA. The aim of this study was to determine the prevalence of
labral tears in patients who had mechanical symptoms such as clicking, locking, giving
way and sharp pain. All images were read by two ‘experienced’ (no detail) radiologists
who used specific criteria for grading lesions of the cartilage, bone marrow edema
(BME) and labral tears. Technical detail of the MR equipment and procedures were
supplied. Of the 100 patients included in this study (mean age 39 years; range 17-76),
66% had a labral tear, 76% had lesions (fissuring, thinning) of the articular cartilage of
the femoral head or acetabulum, and 29% had bone marrow oedema (which was always
associated with cartilage defects). Osteophytes, subchondral cysts and subchondral
sclerosis were seen in 32%, 23% and 22% of patients respectively. These authors
concluded that mechanical symptoms are commonly associated with both labral tears
and articular cartilage defects. The higher prevalence of labral pathology in this study
compared to that of Narvani et al. most likely reflects the differences in severity and
stage of the hip pathology of the participants between studies. Participants in the
Narvani et al. study had a relatively short history of pain (1-4 months), with only six

reporting mechanical symptoms.

The prevalence of labral tears observed on MRA was reported in a study (Martin et al.,
2008) that examined the diagnostic accuracy of symptoms and signs collected by a
clinical examination of patients with hip pain who were ‘potential surgical candidates’.
In this study, 49 patients (mean age 42 years; SD 15) recruited from sports physicians,
were examined clinically and then underwent x-rays, a MRA and a fluoroscopy-guided
injection of anaesthetic into their hip. An orthopaedic surgeon read all images. No detail
was provided regarding the expertise of the surgeon or the MR equipment and
procedures. Martin et al. reported that 96% of subjects had a ‘definite’ (Czerny stage
ITA/B) or ‘possible’ (Czerny stage III A/B) labral tear (Czerny et al., 1999). These
authors considered that the high prevalence of labral tears might have been a reflection

of their criteria for inclusion 1.e. potential surgical candidates.

The MRI findings of 30 people with mild to moderate hip osteoarthritis (Kellgren-

Lawrence grade 2 or 3 based on weight bearing AP radiograph) were compared to 55
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controls (no history of hip injury or radiological evidence of OA) by Kumar et al.
(2013). Experienced board-certified musculoskeletal radiologists read all images,
employing well-described criteria for grading lesions of the cartilage, labral tears and
BME. Technical detail of the MR equipment and procedures were supplied. The authors
did not state whether or not the radiologists were blinded to the status of the participants
(OA versus control). All participants were recruited from the community setting via
advertisement. These authors reported that the prevalence of the ‘crossover’ sign (20%)
and positive posterior wall sign (39%) determined from the radiographs was the same in
both groups. However, a statistically significant difference in the prevalence of
acetabular cartilage lesions (30.9% of controls compared to 56.7% of OA participants)
and of subchondral cysts (9.1% in the control group and 26.7% in the OA group) was
identified via MRI. Although the prevalence of cartilage lesions of the femur was 54.6%
in the control group and 73.3% in those with OA, this difference did not reach statistical
significance. Kumar et al. also observed statistically significant associations between
worsening Kellgren-Lawrence scores (i.e. more OA changes) and an increased number
and severity of femoral and acetabular cartilage defects, as well as subchondral cysts
and labral tears. These findings provide some evidence that the prevalence of abnormal
findings is higher in people with hip pain than those without, and that prevalence

increases with increasing severity of associated OA.
Summary

It is difficult to compare the prevalence of abnormal findings reported across these
studies because of the wide variation in the characteristics of the participants included in
the respective studies and the differences in methods employed across these studies.
However, this evidence suggests that labral pathology, identified by MRA, is highly
prevalent both in patients with symptoms and signs severe enough to justify arthroscopy
and in patients with a comparatively short history of hip pain for which arthroscopy has
not been deemed necessary. The prevalence of labral tears and chondral lesions appears
to be much higher in patients with osteoarthritis of the hip than those without this
pathology. Similarly, patients with mechanical symptoms not only have a high
prevalence of labral tears, but also commonly have associated pathology such as

chondral lesions and bone marrow oedema.
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7.1.4 Prevalence of abnormal findings at arthroscopy

Direct comparison of the prevalence of abnormal findings identified by MR imaging to
those seen at arthroscopy is not necessarily appropriate. The population of patients that
undergo surgical intervention represents a sub-group of people with hip pain. Typically,
surgery is employed for patients with more severe or unresolved symptoms. Hence, the
prevalence and severity of pathology in this group is likely to be different to that for
people who have not undergone surgery. The following evidence is presented to provide
a more comprehensive picture of the prevalence of intra-articular pathology and to
enable consideration of any differences or similarity in prevalence across these different

cohorts.

No systematic reviews of studies that have investigated the prevalence of abnormal
findings observed during arthroscopy were identified by the current review. A landmark
study in this area is that of McCarthy et al. (2001). These authors reported prevalence of
labral pathology in a large cohort of patients who underwent hip arthroscopic surgery
for mechanical hip symptoms (‘pain localised to the groin pain which could be
reproduced’ by provocation tests). All pathology was identified and graded by one
orthopaedic surgeon (the primary author) using specific grading criteria (detail
provided). McCarthy and colleagues reported that 261 out of 436 (55.3%) patients had
tears at the articular margin of the labrum. Labral tears were common even in the
younger age groups, with 40% of patients younger than 30 years of age demonstrating
this pathology. Labral fraying was identified in 35% of the total cohort, although the
prevalence in patients over 60 years of age was 60%. Tears of the labrum were
associated with serious chondral lesions in 85% of this older age group. Despite normal
x-rays, 62% of all participants had cartilage lesions. Based on the Outerbridge
classification system (Outerbridge, 1961), these lesions were considered serious for

32% of patients.

The prevalence of tears of the ligamentum teres identified during arthroscopy has been
reported in two studies (Botser et al., 2011; Byrd & Jones, 2004b). Byrd and Jones
conducted a study to investigate the clinical characteristics of people with ligamentum
teres pathology. In this study, the authors reviewed a database of 271 consecutive
patients (average age 28.3 years; range 15-53) who had undergone hip arthroscopy for
“intractable hip pain, unresponsive to conservative measures”, or with “imaging
evidence of intra-articular pathology amenable to arthroscopy”. Although this study

focused on the association between clinical symptoms and signs and the degree of
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ligamentum teres pathology, the authors reported that 41 patients were identified with
lesions of the ligamentum teres. Hence, the prevalence of such pathology in this cohort
was 15%. A more recent study by Botser et al. (2011) reported the prevalence of this
pathology in patients who had undergone arthroscopy (all performed by the same
orthopaedic surgeon). Indications for surgery were not provided. Of the 616 patients in
this group, 502 (mean age 39.3 years; range 15-78) had an intraoperative examination of
the ligamentum teres and were included in the analysis. Some patients had bilateral
examinations. Consequently, the authors reported on 558 ‘hips’. Surgical technique and
the system used to classify ligamentum tears were described. Ligamentum teres tears
were identified surgically in 51% of cases, a much higher prevalence than that reported
by Byrd and Jones. Full ruptures were observed in 3.8% of this cohort, degenerative
tears in 5%, and partial tears in 42%. Also, 95% of the patients in this cohort had labral
tears. Botser and colleagues reported that the average age of patients with ligamentum
teres tears was significantly different than those without tears (42.3 versus 36.2 years
respectively). They suggested that the high prevalence of ligamentum teres tears seen in
their study was due to the inclusion of low-grade partial thickness tears, which they
believed that previous authors might not have considered. Identification of ligamentum
teres tears by MRA in this study was poor, with just nine being reported and with only
five of these confirmed arthroscopically, demonstrating an overall sensitivity of just

1.8%.

Kemp et al. (2014a) reported the prevalence of chondropathy in 100 patients (aged
between 18 and 60 years) who had undergone arthroscopy for “painful intra-articular
hip pathology”. Participants were a subgroup of 335 patients that had been operated on
by a single surgeon. Of this larger group, 152 responded to an invitation to be included
in the study. For one reason or another (e.g. ‘too busy’, ‘moved away’ and ‘had
surgery’), 52 of those that responded were not able to be included in the study. The
study was conducted 12-24 months post-surgery as the authors wanted to correlate the
degree of cartilage damage seen at surgery with patient outcomes. Prevalence of
chondropathy > Grade 1 (Outerbridge classification) was 72%. Sixty-one percent had
mild chondropathy (Grade I or II), whereas 39% had severe changes (Grade III-1V).
Prevalence increased with increasing age, such that 100% of those older than 50 years
had at least mild chondropathy compared to a prevalence of 61% in those younger than
35 years. These authors also reported the presence of co-existing pathology, with 20%
of participants also having labral pathology, 5% having FAI and 44% having a
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combination of FAI and labral lesions. Isolated chondropathy was seen in 31% of this
group. These findings need to be considered along with the fact that they represent

approximately one third of the original sample.
Summary

As might be expected, these studies reported a high prevalence of abnormal findings in
patients who have undergone surgical intervention for hip pain. The prevalence of labral
pathology in these studies ranged from 35 to 95%. For ligamentum teres pathology, the
prevalence ranged from 15% to 51%, although this variance may reflect differences in
the classification/definition of such tears. There is a consensus of opinion that the
prevalence of pathology increases with increasing age, suggesting that some

abnormalities may be age-related changes.

7.1.5 Diagnostic accuracy of MRI/MRA
The fact that abnormal pathology has been identified by MR imaging in both

asymptomatic and symptomatic populations suggests that neither form of imaging is
100% specific. Similarly, the identification of pathology during surgery that was not
observed with medical imaging performed prior to that surgery demonstrates that such
imaging is not 100% sensitive. The following text summarises the evidence for the
accuracy of this imaging technique. This is presented under subheadings that reflect

various intra-articular pathologies of the hip.
Labral Tears

Smith et al. (2011) performed a systematic review and meta-analysis of studies that
investigated the diagnostic accuracy of MRI or MRA for acetabular labral tears. The
authors of this review provided an appropriate title, a structured abstract and an
introduction that detailed the rationale for the review. Comprehensive detail of
eligibility criteria, sources of information, search strategy and study selection were
provided (including a PRISMA flow-chart). Two reviewers independently appraised
included studies using the QUADAS tool (Whiting et al., 2006). These reviewers also
performed data extraction separately, with any disagreement being resolved by
consensus. Details of data analysis, including testing for the appropriateness of meta-
analysis were reported. Study characteristics, study results and detail of the findings of

the critical appraisal were provided for each of the individual studies included in the
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review. There was sufficient clarity and transparency in the reporting of this systematic

review to determine that it is a high quality review.

In this review, Smith and colleagues identified 19 relevant studies. Pooled sensitivity
and specificity values for MRI and MRA were calculated. Also, pooled values were
provided for the studies that used 1.5T MRI (i.e. those that used 1.0T or 3T were not
included). With respect to all MRI studies, Smith et al. reported a pooled sensitivity of
0.66 (95% C1 0.59, 0.73) and specificity of 0.79 (95% CI1 0.67, 0.91). These values were
similar to those obtained by considering just the 1.5T MRI i.e. sensitivity 0.70 (95% CI
0.62, 0.77) and specificity 0.82 (95% CI 0.69, 0.94). Pooled values for MRA
demonstrated that it is more sensitive, 0.87 (95% CI 0.84, 0.90), but less specific, 0.64
(95% CI1 0.54, 0.74) than MRI. Smith et al. concluded that whilst MRA was more
sensitive than MRI for detecting labral tears, MRI was more specific. However, they
also highlighted a number of methodological limitations of the studies incorporated in
their review. A common weakness was a limited description of participant
characteristics and of the time between the imaging and arthroscopic procedures.
Similarly, there was generally a lack of detail regarding the blinding of radiologists
from the surgical findings, and the surgeons from the imaging findings. Hence, Smith
and colleagues recommended that both MRA and MRI should only be considered as

useful ‘adjuncts’ in the diagnosis of acetabular labral tears.

This cautious approach to the interpretation of abnormal findings identified by MR
imaging is supported by the findings of McGuire et al. (2012). These researchers
investigated the influence of experience and training of the radiologist on the reporting
of such images. In this study, specialised musculoskeletal radiologists retrospectively
reviewed the scans of 60 patients who had undergone hip arthroscopy. All scans had
been read pre-operatively by ‘general’ radiologists of varying experience. The specialist
radiologist was blinded to the clinical indications for the scan, the original report from
the generalist, and findings from the arthroscopy. These authors reported that the overall
diagnostic accuracy of the specialists was greater than that of the generalists for all four
pathologies investigated and that the differences in accuracy were statistically
significant for three of these pathologies. With respect to labral tears, the overall
accuracy for specialists was 85% compared to 70% for the generalists. For acetabular
chrondrosis, overall accuracy was 79% and 28%, respectively. This trend was continued
for FAI with accuracy being 82% for specialist and 59% for generalists. McGuire et al.
also considered the overall accuracy of MRI and MRA separately. They reported that
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accuracy was higher with MRA, regardless of the experience of the radiologist. This
study demonstrates that the diagnostic utility of information gathered from MRI and
MRA can vary significantly depending on the pathology being reported and the
expertise and experience of the radiologist. This reinforces the importance of
considering the overall clinical picture of the patient and the potential for misdiagnosis

if imaging findings are considered alone.

Two relevant studies (Aprato et al., 2013; Reurink et al., 2012) have been published
since the Smith et al. meta-analysis. Reurink et al. (2012) investigated the reliability and
validity of MRA for detecting labral pathology. In this retrospective study, two
radiologists (radiologist ‘A’ with 6 years experience in musculoskeletal radiology and
radiologist ‘B’ with 3 years experience) independently assessed the MRA images. Study
participants were selected on the basis of having undergone hip arthroscopy because of
a ‘clinical suspicion of a labral tear’. This suspicion was based on the presence of groin
pain, a positive impingement test, mechanical symptoms such as locking or snapping
and/or a decreased ROM. Patients were included provided they had undergone a MRA
at the hospital where the study (and arthroscopy) was performed although it is unclear
as to whether or not a consecutive sample was enrolled. Exclusion criteria included the
presence of FAI and/or degenerative changes visible on x-ray. Ultimately, 93 patients
(95 hips), from an original cohort of 141 hips, were included in the analysis. Technical
and procedural details of the MRA were provided. Although standardised criteria were
utilised to score the appearance of the labrum, these were not described in detail. The
radiologists were blinded to the findings of arthroscopy but were aware that all
participants had a clinical suspicion of a labral tear. The time interval between the MRA
and arthroscopy was not provided. These authors reported that the prevalence of labral
tears observed on MRA images was 96%. However, the inter-examiner reliability of the
two radiologists reporting on these scans was only fair at best (k= 0.27; 95% CI 0.02,
0.51). To determine the diagnostic accuracy of the MRA, reported findings were
compared to surgical findings. The sensitivity MRA for detecting labral tears for both
radiologists was 0.86 (95% CI1 0.79, 0.93). However, specificity for radiologist ‘A’ was
0.75 (95% C1 0.33, 1.0) compared to 0.50 (95% CI 0.01, 0.99) for radiologist ‘B’.
Whilst the sensitivity in this study was relatively high, the negative predictive value
(NPV) was very low (13%) and the confidence intervals relatively wide (4 to 31%).
This reflected both the high prevalence of labral tears in this population and the

relatively high number of false negatives. Consequently, Reurink et al. concluded that
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the absence of labral pathology on MRA should not be considered as convincing
evidence that there is not a labral tear. Similarly, the wide confidence intervals around
the estimates of specificity suggests that MRA adds little to confirming a diagnosis of a
labral tear in patients who already have a high clinical suspicion of a tear. The findings
of this study should not be generalised to patients with a much lower suspicion of a

labral tear e.g. those without mechanical signs.

Aprato et al. (2013) compared MRA findings to surgical findings in a very different
cohort than that included in the Reurink et al. study. In this retrospective study, patients
were included if they had both radiographic signs of FAI (including alpha angle >50°,
os acetabuli, cross-over sign, posterior wall sign or coxa profunda) and a clinical
diagnosis of FAI (pain and decreased ROM with the impingement test). Two
musculoskeletal specialist radiologists jointly assessed the MRA films (using
standardised criteria) prior to the patients (n = 41) undergoing surgery. Technical detail
of the MR equipment and procedures were supplied. The time interval between the
MRA and arthroscopy was not provided. Similarly, the authors did not state if the
surgeon was aware of the MR results (the index test) at the time of surgery. Aprato and
colleagues reported sensitivity and specificity of MRA for labral tears of 91% and 86%,
respectively. They also reported negative and positive predictive values. Whilst the
NPV for labral tears was higher in this study (67%) than in the Reurink et al. study
(13%), the confidence intervals were still relatively wide (30 to 90%). The positive
predictive value (PPV) was 97%. Based on these results, the authors concluded that
MRA was an ‘efficacious’ means of assessing labral injury. However, the lower bound
of the confidence intervals associated with the NPV suggests that a negative MRA
should not be a basis for dismissing the possibility of a labral tear. These results should
be considered in light of the characteristics of the included population i.e. patients with

radiological evidence of FAI and a positive impingement test.

Ligamentum teres pathology

Two studies (Datir et al., 2014; Devitt et al., 2014) that have investigated the diagnostic
accuracy of MR imaging for identifying ligamentum teres pathology were identified by
the current search. Datir et al. compared MRI and MRA findings against surgical
findings as the reference standard. In this study, the authors retrospectively reviewed the
records of all patients who had undergone arthroscopic surgery for hip pain during the
three-year period, immediately prior to the study. Of the 187 patients (average age 39

years; range 16-74) identified, five patients were excluded because there was no explicit
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mention of the ligamentum teres being examined in the operation report. Although
surgical findings were used as the reference standard, the surgeons did not follow a
standardised procedure in respect to assessment of ligamentum teres pathology. This is
most likely because the surgery was not performed with the intention of being a
reference standard for this study. Three experienced musculoskeletal radiologists
reviewed all MR images. The radiologists were blinded to the clinical history, physical
examination and surgical findings and had to reach consensus in regard to the imaging
findings. Standardised classification criteria were described, as were the technical
details of the MR scanner and procedure. These authors provided point estimates of
sensitivity and specificity, but did not included confidence intervals. They reported that
MRA was superior to MRI in relation to both partial/degenerative tears and complete
tears. Sensitivity and specificity for MRA were 83% and 93% for partial/degenerative
tears compared to sensitivity of 41% and specificity of 75% for MRI. Sensitivity for
both MRA and MRI for complete tears was 67%. Specificity for both MRA and MRI
was also almost identical (100% versus 99%). Datir and colleagues concluded that both
MRA and MRI are appropriate for diagnosing complete tears. However, MRA provided

a better correlation with arthroscopic findings for partial or degenerative tears.

These estimates of accuracy contrast with those reported by Devitt et al. (2014), who
investigated the diagnostic accuracy of MRI findings for the identification of
ligamentum teres pathology. This study included 142 patients (average age 35 years;
range 19-73) who had a MRI and subsequent arthroscopy for ‘treatment of FAI’. A
single, fellowship-trained musculoskeletal radiologist, blinded to all clinical data,
prospectively reported MRI findings using standardised reporting criteria. Devitt and
colleagues did not state if the surgeon was aware of the results of the MR imaging prior
to surgery, or the time period between the imaging and surgical intervention. They
reported that MRI was 90% sensitive and 8% specific for partial tears of this ligament.
For hypertrophy of this ligament, sensitivity was 78% whilst specificity was 32%.
Devitt et al. did not report confidence intervals making it difficult to determine the
precision of these point estimates. There is no obvious reason why these results for MRI
differ so much from those of Datir and colleagues given that the patient characteristics

and study methods are so similar.

An even greater contrast was demonstrated by the previously discussed study of Botser
etal. (2011) (see page 212 for detail). In this study, MRA images were obtained for 470
patients and MRI for 84. This study recruited patients from 73 different institutions. All
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imaging was performed and interpreted by the radiologists working at the referring
institution. Ligamentum teres tears were observed surgically in 284 cases (51%). MR
imaging only identified five of these preoperatively. Four tears were observed on MRA
that were not confirmed surgically. Based on these findings, Botser and colleagues
calculated that the sensitivity of MR imaging for ligamentum teres pathology was 1.8%,
and the specificity was 98.5%. However, although these authors provided this
information, this study was not designed as a diagnostic accuracy study. Its primary
purpose was to determine prevalence of ligamentum teres tears in patients undergoing
arthroscopy. It is difficult to compare these findings to those of the previous studies
(Datir et al., 2014; Devitt et al., 2014) given that Botser et al. did not provide details
regarding the training and experience of the radiologists, the use of any reporting

criteria, the methods of imaging or characteristics of the MR itself (e.g. field strength).

Chondral defects

Two studies (Aprato et al., 2013; Sutter et al., 2014) that reported the diagnostic
accuracy of MR imaging for defects of articular cartilage were identified in the current
search. Aprato et al. (2013) compared MRA findings of patients with radiographic and
clinical diagnosis of FAI to surgical findings (see page 216 for more detail). These
authors reported sensitivity and specificity of MRA for lesions of the femoral head
cartilage of 46% and 81%, respectively, and 69% and 88% for acetabular cartilage

lesions.

Sutter et al. prospectively compared the diagnostic performance of MRA to MRI using
surgical findings as the reference standard for articular cartilage lesions. This study
included 28 patients (mean age 31.8 years, range 18-55) with a clinical suspicion of
FALI, labral or cartilage defects. All participants underwent both an MRA and MRI,
prior to hip arthroscopy. Two fellowship trained musculoskeletal radiologists
independently rated all images so that inter-examiner reliability could be determined.
The radiologists were blinded to the clinical data and surgical findings. Standardised
radiological classification criteria were described, as were the technical details of the
MR scanner and procedure. Cartilage defects were categorised as either ‘extensive’ or
‘non-extensive’. Although arthroscopy was utilised as the reference standard, the
authors of this study only provided very scant detail of the diagnostic/classification
criteria used by the surgeon to identify and grade cartilage damage. The time period
between imaging and arthroscopy was reported as a mean of 3.5 months. Whilst this

might be considered sufficient time for the pathological status of some conditions to
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change, this is not so likely for lesions of the articular cartilage. However, further
progression of articular cartilage lesions during this time cannot be ruled out. Sensitivity
and specificity for each category and each radiologist were reported separately. Intra-
examiner agreement for reporting of acetabular cartilage defects was moderate (k= 0.5)
for MRA, but only fair for MRI (k = 0.40). Agreement for reporting defects of femoral
head cartilage was substantial for both MRA and MRI (k= 0.62 and 0.63, respectively).
Diagnostic accuracy varied depending on categorisation of the cartilage lesions. For
extensive defects of the acetabular cartilage, sensitivity was 100% for both radiologists
using either MRA or MRI. Sensitivity ranged from 75% to 100% and specificity from
50% to 100% for extensive defects of the femoral head cartilage. In respect to non-
extensive lesions of either the acetabulum or femoral head, sensitivity and specificity
for MRA decreased for both radiologists. This suggests that less severe lesions of the
cartilage are harder to identify accurately. Sutter and colleagues concluded by stating
that MRA and MRI had similar levels of diagnostic accuracy for chondral damage of
the femoral head but that MRA was both more reliable and more accurate for acetabular

cartilage defects.
Summary of diagnostic accuracy evidence

There appears to be a wide range of estimates of the diagnostic accuracy of MR imaging
for the pathologies investigated across these studies. This variation most likely reflects
differences in the characteristics of the patients included in the studies, in terms of the
stage and severity of their pathology, as well as associated symptoms (e.g. the presence
or absence of mechanical symptoms). Similarly, a lack of homogeneity in imaging
methods, differences in technical specifications of scanners and differing radiological
criteria for categorising or grading pathology, will most likely have contributed to the
contrasting results. Overall, there is a general trend that suggests that MRA is superior
to MRI for the pathologies included in this review. However, it is also evident that there
are some issues with the inter-examiner reliability of radiologists when reporting MR

images and that the expertise of the radiologist is an important influencing factor.

7.1.6 Review summary

Despite the lack of homogeneity of these studies, it is clear that ‘abnormal’ findings are
relatively common in hip joints, regardless of the presence or absence of symptoms, the
severity or duration of symptoms, patient age, the method of identification or any other

variable. For this reason, there is a general consensus that imaging findings alone
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should not be relied upon to make a diagnosis or to determine management (Deyo,
2013). Medical imaging should be considered an additional, not a definitive piece of
information and only utilised alongside information from the patient’s history and

clinical findings.

It appears that no study has investigated the prevalence of abnormal findings observed
on MR images in patients with hip pain, who have subsequently undergone an intra-
articular injection of anaesthetic into the painful hip. Such a study would allow a direct
comparison of the value of abnormal imaging findings in people who have a significant
reduction in symptoms following this procedure, to those that do not experience any
change. Whilst there are a number of studies that have used surgical findings as the
reference standard to determine the diagnostic accuracy of medical imaging, the
evidence that abnormal findings are highly prevalent in asymptomatic populations
creates some doubt that surgical findings are the most appropriate means of determining

if intra-articular pathology is, or is not, causing pain.

Hence, the aims of the following study were to: (1) determine the prevalence of
abnormal findings identified by MRA in a cohort of patients with hip pain who have not
been subject to hip surgery, and (2) to determine the diagnostic accuracy of abnormal
findings identified by MRA using the response to a fluoroscopy guided, intra-articular

injection of anaesthetic as the reference standard.

7.2 Methods and procedures of the current study

Data analysed in this chapter was collected at the same time and from the same cohort
of patients included in the diagnostic accuracy study (Chapter 5). Methods for that study
were detailed in that chapter and do not warrant replication here (see page 144 for
detail). However, a brief overview follows. Consecutive patients with hip pain who
consulted one of the medical specialist associated with this study were referred for
inclusion, provided that the specialist considered the patient required a magnetic
resonance imaging arthrogram and fluoroscopy guided anaesthetic injection as part of
their diagnostic work-up. The researcher collected baseline data (e.g. demographics,
signs, symptoms, cause, past history and aggravating and easing factors) via a number
of questionnaires and performed a number of clinical tests (e.g. pain provocation tests,
range of movement tests, resisted tests). Immediately after data collection, the
participant underwent a fluoroscopy guided anaesthetic injection and MRA. The

researcher re-examined the participant immediately after the MRA, repeating all tests in
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the same order as prior to the procedure. Sixty-eight participants were included in the
study (mean age 38.2 years; SD 11.8 years and mean BMI 24.5; SD 3.0). The data
obtained specifically for the current chapter and how it was analysed is presented

below.

7.2.1 Data Collection

Participants underwent MRA within 30 minutes of the fluoroscopy guided anaesthetic
injection. Images were performed on a 3.0 Tesla scanner (Philips Achieva, Eindhoven,
The Netherlands) using dual INVIVO (Gainesville, Florida) SENSE large and medium
flex surface coils wrapped around the affected hip and secured with a soft Velcro strap.
Images were obtained with the patient lying supine, the hip positioned in internal
rotation and secured with the aid of sandbags on the knee and ankle to generate a

standard version of the femoral neck across the study cohort.

The imaging protocol consisted of the following sequences; all acquired as small field
of view images (130-150mm) localised to the affected hip. Slice thickness 3.0-3.5mm,
interslice gap 10%.

* SPAIR (SPectral Attenuated Inversion Recovery) fat suppression

* SPIR (Spectral Presaturation with Inversion Recovery) fat suppression

* T2W Coronal and Axial SPAIR (TR 3800ms TE 60ms)

* TI1W Axial, Coronal, Sagittal SPIR (TR 750ms TE 10ms)

* PDW Coronal (TR 2400ms TE 30ms)

* TI1W Coronal (TR 700ms TE 10ms)

* TI1 Axial Oblique (TR 700ms TE 10ms)

* TI1W Radial SPIR (TR 820ms TE 9ms)
A specialised musculoskeletal radiologist (with 30 years of experience), blinded to the
results of the clinical examination and effect of the fluoroscopy guided anaesthetic
injection, reported on all MRA images using standard imaging criteria and a
standardised reporting form developed specifically for the purpose of this study (see
Appendix 25).
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7.2.2 Data Analysis

Frequency and percentages of imaged pathology were calculated. All variables were
examined for their univariate relationship with a positive response to the anaesthetic
injection (see below), using Fishers exact test. Two by two contingency tables were
constructed using the Statistical Package for the Social Sciences (SPSS) software,
version 22 (IBM© Corporation, 2013) to examine the diagnostic accuracy of individual
MRA findings. The dependent variable was the response to the anaesthetic (either
positive or negative). A mean pain intensity score was calculated from the individual
scores of the three most provocative tests performed prior to the fluoroscopy guided
anaesthetic injection. These same tests were repeated and rescored after the MRA. A
positive anaesthetic response (PAR) was defined as an 80% (or greater) reduction in this
mean score post-anaesthetic. Various measures of diagnostic accuracy were calculated
including sensitivity, specificity, positive likelihood ratios (LR+) and negative
likelihood ratios (LR-), positive and negative predictive values and diagnostic odds
ratios (DOR). Ninety-five percent confidence intervals were constructed for each
variable using the Confidence Interval Calculator downloaded from the Physiotherapy

Evidence Database (Herbert, 2013).

7.3 Results

Demographic and baseline data for this cohort were presented in Chapter Five (see page
150 for detail). Of the 68 participants who received the fluoroscopy guided anaesthetic
injection, all but one had a MRA. This person (a female aged 47) withdrew from the
study because of ‘last minute’ concern regarding claustrophobia associated with being
in the MR scanner. She had a positive anaesthetic response (PAR), reporting a 100%

reduction in pain intensity.

The prevalence of abnormal findings identified on the MRA images is reported in Table
7.1. This table provides detail for all participants as a group as well as separate data for
participants who had either a positive or a negative response to the anaesthetic. A very
high prevalence of abnormalities of the labrum was observed with only two participants
having a ‘normal’ appearance of this structure. Tears were observed in 95% of
participants and fraying in 41%. Similarly, there was relatively high prevalence of CAM
lesions (69%), cartilage fissuring (63%) and cartilage thinning (54%). Femoral and
acetabular cysts, and subchondral bone oedema were observed in approximately a
quarter of all participants. The most commonly reported extra-articular pathologies were

distension of the trochanteric bursa (37%) and tendinopathy of the gluteus minimus
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(36%) and medius tendons (25%). Tears of these tendons were present in nearly a fifth
of all participants. Despite the high prevalence of intra-articular pathology observed
across all participants, the prevalence in partic