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ABSTRACT

Introduction Primary cam morphology is a mostly
benign bony prominence that develops at the
femoral head-neck junction of the hip, but it is highly
prevalent in many athlete populations. In the small
proportion of athletes for whom it is not benign,
the resulting hip osteoarthritis can be debilitating.
Clinicians, athletes, patients and researchers do not
yet agree on important primary cam morphology
elements. We aimed to ascertain and improve the
level of agreement on primary cam morphology
definitions, terminology, taxonomy and imaging
outcome measures.

Methods To collect and aggregate informed
opinions, an expert panel—the Young Athlete’s

Hip Research Collaborative—rated primary cam
morphology definition, terminology, taxonomy and
imaging outcome statements through an online
Delphi exercise followed by an online meeting to
explore areas of tension and dissent. Reporting
followed Conducting and REporting DEIphi Studies.
Results A diverse and inclusive Delphi panel (n=65
for rounds 1 and 2, representing 18 countries; 6
stakeholder groups; 40% women) agreed on 35 of
47 statements in 4 domains, while surfacing areas of
tension and dissent. This Delphi panel agreed on four
key issues essential to moving research and clinical
care forward around primary cam morphology. They
agreed on: (1) definition, confirming its conceptual
attributes (tissue type, size, location, shape and
ownership); (2) terminology—use "'morphology’

and not terms with a negative connotation like
'lesion’, "abnormality’ or ‘deformity’; (3) taxonomy,
distinguishing between primary and secondary

cam morphology, and (4) imaging outcomes, a
continuous bone/cartilage alpha angle on radial
femoral head-neck MRI for primary cam morphology
aetiology research.

Conclusion This consensus provides athletes,
patients, clinicians and researchers with a strong
foundation to guide more precise communication,
better clinical decision-making and higher value
research about primary cam morphology and its
natural history.
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EXECUTIVE SUMMARY FOR CLINICIANS AND
RESEARCHERS
Primary cam morphology (PCM) is a mostly
benign bony prominence that develops at the
femoral head-neck junction of the hip and is highly
prevalent in many athlete populations. In some
athletes for whom it is not benign, the resulting
symptoms and eventual hip osteoarthritis can be
debilitating. The Oxford Consensus Study (part
1) equips clinicians and researchers in sport and
exercise medicine, musculoskeletal rehabilitation
and sports science fields to practice more precise
communication, pursue better clinical decisions,
and produce higher value research about PCM
and its natural history. This study’s focus on the
definitions, terminology, taxonomy and imaging
outcome measures of PCM opens the door for
clearer conversations about the morphology and
its natural history with athletes, parents, coaches
and patients; conversations that normalise what
is happening with the athlete’s hip— *...a bony
bump in your hip that is a common and normal
response to training—the vast majority of athletes
never have problems. However, some athletes
living with this morphology could develop symp-
toms (femoroacetabular impingement (FAI)
syndrome), and potentially hip osteoarthritis in
the long term.’

Applying  this consensus, clinicians and
researchers should prioritise conversations with
athletes and patients that:

Clarify the concept of primary cam morphology and its
natural history, using a clear definition: primary cam
morphology is a cartilage or bony prominence (bump)

of varying size at any location around the femoral head-
neck junction of the hip, which changes the shape of the
femoral head from spherical to aspherical. Development
likely begins in early adolescence, occurring most often in
asymptomatic male athletes in both hips.

,

Validate athletes’ and patients’ experiences through
consistent, positive terminology; use ‘morphology’,
‘prominence’ or ‘bump’ when referring to the morphology;
avoid ‘lesion’, ‘deformity’ and ‘abnormality'—words that
could amplify the need for unnecessary interventions;
consider the possible negative connotation of ‘syndrome’.
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Apply a consistent taxonomy for cam morphology that distinguishes
between primary and secondary cam morphology: primary cam
morphology develops during skeletal maturation in young adolescents
(with no current or previous hip disease), as a normal physiological
response to high-load sporting activity, and is largely benign; secondary
cam morphology develops secondary to primary (hip) disease—an
important distinction that empowers athletes and patients to embrace
normality and their ‘happy hips'.

Del

0
0

Describe the alpha-angle on radiographs or 3D imaging, depending on
the clinical and/or research context, to measure (operationalise) the
morphology: the preferred outcome measure for research on primary cam
morphology aetiology is a cartilage or bone alpha angle as a continuous
% variable on radial MRI along the axis of the femoral neck, using 30° intervals
from 12 o'clock to 11 o'clock positions, reported per hip, per person or both.
In addition to reporting the morphology as a continuous alpha angle (in
degrees), a dichotomous alpha angle (using a threshold of =60°) can be
useful in clinical practice or research.

The Oxford Consensus Study mobilised an international and
multidisciplinary community of clinicians, researchers, patient
and public partners, research methodologists, journal editors
and funders. This learning community—the Young Athlete’s Hip
Research (YAHiR) Collaborative—will continue to collaborate
to:

» Coproduce knowledge, prioritising minoritised popula-
tions and focusing on questions that matter to athletes and
patients.

» Develop open and easy-access resources for clinicians,
researchers, athletes and patients.

» Implement the Oxford consensus while addressing areas of
tension and dissent through respectful scholarly discourse.

» Measure its performance based on realistic and coagreed
deliverables.

INTRODUCTION

Although PCM is mostly an inconsequential bony promi-
nence that develops at the femoral head-neck junction of the
hip, it is highly prevalent in many athlete populations.” In
those few athletes for whom it is not benign, the resulting
hip osteoarthritis can be debilitating.* This predominantly
benign morphology thus places existing and potential athlete-
patients at risk of future hip disease.

Clinicians and researchers cannot currently predict with
accuracy whose PCM will be inconsequential and who will
end up with a total hip replacement, hence the need for
research to determine the risk factors for poor outcome.
Existing research is mired in confusion partly because clini-
cians, athlete-patients and researchers have not agreed on
a conceptual or operational definition of PCM, key termi-
nology or a taxonomy of subtypes.’

The YAHiR collaborative is an international multipro-
fessional stakeholder group that aims to add research value
and reduce research waste on conditions affecting the young
athlete’s hip. The current focus is PCM and its natural
history. Some have defined ‘natural history’ as the ‘unin-
terrupted progression’® of a person’s condition, including
being asymptomatic for life. It is important to recognise that
‘progression’ for a person with PCM might also include the
curtailment of hip disease by treatment. Therefore, we have
included a broader range of outcomes in our use of the term
natural history in this study. A preliminary concept analysis
we recently published,’ identified four key areas for further
attention: it (1) proposed a new conceptual definition for the
morphology based on five defining attributes; (2) spotlighted

inconsistent and troublesome terminology, while also
commending the important Warwick Agreement from a small
and selective expert panel’; (3) introduced taxonomy distin-
guishing between primary and secondary cam morphology;
and (4) exposed the challenges of operationalising the hip
morphology.

However, publication of a concept paper in isolation
does not guarantee dissemination, clinical uptake, impact
on research or benefit to patients. The urgent current need
is for clinicians, athlete-patients and researchers to engage
with, challenge and improve the above-mentioned four key
elements and prioritise a research agenda for this field. If
not, communication will remain imprecise, clinical decision-
making will be compromised and research waste will
continue.

Here, we report on our overarching aim to inform a more
rigorous, inclusive and evidence-based approach to research
on PCM and its natural history. The specific objectives of the
research were to:

1. Ascertain the level of agreement among experts on defini-
tions, terminology, taxonomy and imaging outcome meas-
ures for research on PCM.

2. Work towards agreement and highlight residual disagree-
ments on a set of research priorities on conditions affecting
the young person’s hip focusing primarily on PCM and its
natural history.

3. Hold two education events to engage stakeholders, dissemi-
nate the latest evidence and stimulate debate.

- Oxford-Aspetar-La Trobe Young Athlete’s Hip Webinar
Series.
— YAHIR Collaborative Symposium.

We report the results of objective one in this paper. A linked
paper (Oxford consensus study, part 2) describes objectives 2
and 3.

METHODS

We held a sequential, two-round online Delphi survey and
two synchronous online mixed stakeholder group meetings
(Interacting Group Process) to explore the level of agreement
among a panel of experts, on PCM definitions, terminology,
taxonomy and imaging outcome measures for research, and
to work towards agreement on a set of research priorities on
conditions affecting the young person’s hip.

This methods section focuses on objective 1 while the methods
section in a linked paper (Oxford consensus study, part 2)
describes the research priority setting methods. Online supple-
mental file 1 describes and elaborates on the combined Methods
for Oxford consensus study, parts 1 and 2.

Methodology

The Delphi method provides a less hierarchical and more
ethical approach to conducting research, combined, in our study
context, with transformative and knowledge coproduction lenses
underpinned by pragmatism as the philosophical paradigm.® As
a pragmatic tool, the Delphi method is flexible, favouring diver-
sity over statistical representativeness in sampling, relatively
low resource and user-friendly.® * Given the focus on (research)
transformation and knowledge coproduction, it was important
to reflect on our positionality and identities (racial/ethnic, sex/
gender). The Oxford Delphi consensus steering committee
members, Swomen and 8 men, were English-speaking white
academics (11 with PhDs); 4 were physicians, 6 allied healthcare
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STAGE 1 STAGE 2
K(\method Prepg,. round 1 (n=65, STAGE 2
Qé‘? %, Decision options: Qp\)“d 2 ("*6‘5/
(1) Consensus out
Generate initial item list (2) Consenus in
Select and recruit panel (3) No consensus ) Decision options:
Setup the electronic survey (4) Suggest new item or change in (1) Consensus out
Define consensus wording (2) Consenus in
(3) No consensus
- ! -
5 DELPHI DOMAINS:
(1) Definitions, (2) Terminology, (3)
Taxonomy, (4) Imaging outcomes, -
(5) Research priorities STAGE 3
ity Setting -
STAGE 3 ‘\‘,“omy g ENHH*&,
. S
@G{\ngeroup Prog & ,"{v Mini-module:**
\é@ é’ $ Category 1: Appropriateness (Should we do it?)
Category 2: Relevancy (Why should we do it?)
Category 3: The chance of success (Can we do it?)
Category 4: Impact of the research outcome (What
do the stakeholders get out of it?)
- -
Two online mixed stakeholder group
discussion meetings to discuss the
results of the Delphi rounds:
Meeting 1: Definitions, Terminology,
Taxonomy and Imaging outcomes Towards a more rigorous, inclusive, and
Meeting 2: Research priorities evidence-based approach to research on
primary cam morphology and its
consequences
Figure 1 Oxford Consensus Study methods flow chart. Stage 1: prepare for Delphi method; stage 2: Delphi method online rounds; stage 3:

Interacting Group Process and ENHR strategy for research priority setting. *Essential National Health Research; **Minimodule adapted from Okello et

al.2" ENHR, Essential National Health Research.

practitioners and 3 health researchers. One resided in the Global
South.

Study design: Delphi method and research priority setting
process

Delphi method

For this three-stage consensus study (figure 1), we modified
the classical Delphi method slightly by replacing an open qual-
itative first round with a pre-selected list of statements based
on a review of existing literature and a synthesis of the knowl-
edge of steering group members.'®"® The Delphi method
assesses consensus through an iterative multistage process
of controlled online questionnaires, feedback, reflection and
discussion, documenting both agreements and the nature and
extent of residual disagreement.'*'® Multiple rounds allow
panel members to work towards consensus as members are
invited to amend their response in the light of the group
average.'” '8 The Delphi method allows panel members to
participate anonymously to reduce the influence of dominant
individuals.!” Reporting followed Conducting and REporting
DElphi Studies®” (online supplemental file 2). We report in a
linked paper (Oxford consensus study, part 2) how the prior-
itised research statements were further ranked according to
the Council on Health Research for Development’s Essential
National Health Research (ENHR) ranking method.?!

Stage 1: planning
Steering committee
The study steering committee included members of the YAHiR
Collaborative. Avoiding the ‘good old boys sat around a table’
approach?” the steering committee ensured a representative

Delphi panel, and a robust Delphi study process. Interpreting
‘diversity’ as more than representation of certain demo-
graphic groups, the steering committee ensured a diverse
and informed Delphi panel, representing six multiprofession
stakeholder groups, including previously minoritised groups
relevant to this research field (eg, women, athletes, patients
and the community, participants from the Global South).
This study’s online Delphi method, with a specific focus on
anonymity and access to adequate topic-specific resources,
supported a more equitable and inclusive process. (Online
supplemental file 3: steering committee terms of reference).

Delphi panel

The concept of ‘expert’ is contested. We adapted and applied
the ‘closeness continuum’ to purposively recruit 73 experts
for this study (figure 2, table 1).* The closeness continuum
represents an inclusive expert population of individuals with
subjective, mandated, and objective closeness to the topic of
interest.”’ **

Patient and public involvement

We involved patient and public partners in the planning,
delivery and dissemination of the Delphi study through the
YAHIR Collaborative’s patient and public involvement (PPI)
group. The latter group was represented in the Delphi study
steering committee. We supplied the PPI group with a glos-
sary, mentored them on definition use and content (during
online individual and PPI group meetings), and invited them
to weigh in on each Delphi round.”® A panel information
pack facilitated informed assessments. Members of the PPI
group co-led and actively participated in the mixed stake-
holder group discussions following the Delphi rounds.
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Evolving definitions of
expert and expertise

Traditional definitions of
expert and expertise

<

Subjective Closeness

e.g., Athletes/patients with
primary cam morphology/
FAl syndrome/ osteoarthritis

Mandated Closeness

e.g., General researcher
(methodologist, statistician,
librarian); Clinician (e.g.,

Objective Closeness

e.g., Primary cam morphology/
FAI syndrome/ osteoarthritis
scientific expert/ researcher

Physiotherapist, SEM
Physician, Orthopaedic
Surgeon, Radiologist);
Athlete; Parent; Coach

Figure 2 Applying the closeness continuum of experts to the Oxford Consensus Study.?> FAI, femoroacetabular impingement, SEM, sport and

exercise medicine.

Delphi software

We used DelphiManager, ‘a web-based system designed to facil-
itate the building and management of Delphi surveys’ for the
Delphi Rounds and Microsoft Forms for the ENHR ranking
exercise.”®

Statement preparation

We created an extensive list of statements and a conceptual frame-
work of all the potential definitions, terminology, taxonomy and
research imaging outcome measures focused on PCM and its
natural history. The initial list of statements was based on our
concept analysis of PCM,’ and informed by the early results of a
qualitative study to explore stakeholder perspectives on factors
contributing to high-quality research on how PCM develops,
and the Lisbon Agreement on Femoroacetabular Imaging.”’ >
Steering committee members independently reviewed the initial
statements, followed by an iterative, asynchronous online process
to review, discuss, modify and approve the final statements. We

provided additional descriptive information (‘Help Text’) where
appropriate and asked stakeholders, including the PPI group, to
provide feedback on the draft Delphi survey. Stakeholders exam-
ined the survey’s face validity and refined language, formatting
and layout.

Panel information pack

All panel members had access from the outset of the project and
throughout the Delphi process, to relevant study material, including
recorded presentations of the first 8 webinars of the Oxford-
Aspetar-La Trobe Young Athlete’s Hip Webinar Series (online supple-
mental file 4: webinar series agenda). Completion of the webinars
and/or reading of the consensus statements was not required.

Consensus definition
The steering committee agreed on a consensus definition prior
to the Delphi rounds (table 2).

Table 1

Identification of Delphi panel and sample

Delphi panel recruitment criteria

Panel members were identified through (1) expert knowledge of the steering committee and colleagues; (2) International Olympic

size Committee’s 11 research centres for the prevention of injury and protection of athlete health; (3) International Hip Pain Research
Network Consensus Group; (4) a list of authors (lead/corresponding authors) with a track record of peer-review publications in sports
medicine and science, preferably in the field of cam morphology/FAI syndrome over the past 15-20 years (2000-2021).
We oversampled to compensate for possible attrition at a rate of 25% per round.

Researchers
Clinicians and clinician researchers

Statisticians, methodologists, librarians and sport scientists
Clinicians who treat patients with hip-related conditions and clinician-researchers with a peer reviewed publication record in the field

(cam morphology and/or FAI aetiology, prognosis, treatment), including orthopaedic surgeons, physicians (including sports medicine
physicians, physical medicine and rehabilitation physician, rheumatologist, family medicine), radiologists, physical therapists

Patient and public involvement (PPI)
representatives

» Adult patients: a purposive sample of adults diagnosed with FAI syndrome and cam morphology or hip osteoarthritis and cam
morphology or hip arthroplasty and cam morphology or any other joint condition (eg, inflammatory arthritis or osteoarthritis), or

have a history of recreational or competitive high-load sports participation during adolescence or later,
» Parents of young adolescents regularly participating in competitive high-load sport, irrespective of a personal history of cam

morphology or FAI syndrome,

» Sports coaches (defined as coaches of early adolescents regularly participating in high-load sports) or athletes (competitive,
recreational or retired), irrespective of a personal history of cam morphology or FAI syndrome,

» Individuals with experience in PPI, or unique perspectives on, health equity, health ethics, racial, ethnic and minority groups in
sports medicine (eg, healthcare professionals involved in adolescent sports medicine screening (periodic health assessment) and

patient/athlete education).

Journal editors, representatives of
research funding bodies and policymakers

Journal editors (eg, BJSM and JOSPT); Sports organisations/federations for example, FIFA, 10C, IAAF

BJSM, British Journal of Sports Medicine ; FAI, femoroacetabular impingement; FIFA, Fédération Internationale de Football Association; IAAF, International Association of Athletics
Federations; 10C, International Olympic Committee; JOSPT, Journal of Orthopaedic & Sports Physical Therapy .
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Table 2 Definition of consensus

Category Definition Action

Consensus in (high
agreement)

Scored as very important (7—  Item retained for the next

9) by 270% of panel members survey round/consensus

and not important (1-3) by ~ meeting.

<15% of panel members

Consensus out (low  Scored as not important (1-3) Item discarded after round 2

agreement) by >70% of panel members  (to be ratified at the face-to-

and very important (7-9) by  face consensus meeting).

<15% of panel members

Neither criteria above are met  Item retained for the next
survey round/consensus
meeting.

No consensus

Suggest rewording  Scored as important but must  Provide the opportunity for

be reworded. panel members to suggest
rewording. The study steering
committee will consider
retaining a reworded item for

the next survey round.

Stage 2: online Delphi rounds

Round 1

Invited participants provided informed consent and registered
for the study in one of six stakeholder groups (table 3).

Statements for the Delphi rounds were presented in order of five
domains (definitions, terminology, taxonomy, imaging outcomes
and research priorities).

Panel members scored each statement using a 9-point Likert
scale ranging from 1 (‘not important/disagree’) to 9 (‘critical/
agree’), based on the Grading of Recommendations Assessment,
Development and Evaluation scale for scoring the importance
of including the item in the final list of statements.’”® Round 1
included a free text section allowing participants to propose
new or modified statements and provide feedback. The steering
committee reviewed, discussed and considered the proposed
new statements or statement modifications suggested by partici-
pants in round 1, and resolved any uncertainties. All statements
were kept unchanged for round 2.

Round 2

Participants had access to the distribution of round 1 scores for
each statement stratified by stakeholder group. Panel members
saw their score and then rescored each statement on a scale of
1-9 (or not if they chose to defend their outlying score) based
on the average scores of the group. We documented changes in
scores from round to round, and panel members could provide
reasons when their score boundaries changed between rounds 1
and 2 (online supplemental file 5).

Table 3 Demographic characteristics of Delphi panel and Essential National Health Research (ENHR) ranking exercise participants

Delphi exercise

ENHR ranking exercise (Oxford consensus study, part 2)

Round 1 and round 2
(n=65)

Survey 1*
(n=49)

Survey 2t
(n=44)

Survey 3%
(n=42)

Sex
Male 39
Female 26

Stakeholder group: n=6
Orthopaedic surgeons "
Patient and public involvement group 10
Physical therapists 17
Physicians 13
Radiologists 6
Researchers 8

Country of residence
Australia
Belgium
Brazil
Canada
Denmark
Germany
Ireland
Netherlands
Norway
Portugal
Qatar
South Africa
Spain
Sweden
Switzerland
Turkey
UK
USA

*Survey 1: Statements 48-54.
tSurvey 2: Statement 55-59.
$Survey 3: Statements 64-69.

0 N = N = =W =, NN =S, DN = =00

No sex data collected for ENHR ranking exercise

No country of residence data collected

Dijkstra HP, et al. Br J Sports Med 2023;57:325-341. doi:10.1136/bjsports-2022-106085
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The steering committee and Delphi panellists explored and
discussed outlying scores, disagreement and dissent (including
statements with overall consensus) during the Interacting Group
Process (stage 3). Multiple rounds can cause ‘group-think’ among
participants via pressure to comply.’’ We did not wish to force
agreement among participants and chose to limit the Delphi
process to a maximum of 3 rounds. However, two Delphi rounds
resulted in high consensus and surfaced important disagreements
and areas of dissent to focus on in online discussions. A third
voting round was therefore not required. Following Delphi
round 2, we included all statements voted ‘consensus in/agree’
and ‘consensus out/disagree’ in the final list of consensus state-

ments.32 33

Stage 3: online Interacting Group Process (and research
priority setting exercise discussed in Oxford consensus study,
part 2)

Interacting Group Process

Delphi panellists discussed discordant items and areas of
tension and dissent during two online mixed stakeholder
group meetings—the Interacting Group Processes. This process
supports sharing and evaluating information,®® stimulating
participants to look at problems and solutions from different
perspectives.”® *> The first meeting discussed the results of
the Delphi rounds and ratified the consensus PCM defini-
tions, terminology, taxonomy and imaging outcome measures
statements (online supplemental file 8: agenda and discussion
topics). The second meeting discussed the priority research
statements. To create a safe space for panellists to share their
views, the steering committee facilitated discussions in small
zoom breakout rooms (6-8 panellists representing different
stakeholder groups); the discussions were not recorded. Group
leads documented discussions in a field diary, and maintained
speaker anonymity.

Data analysis

We entered and stored data using the DelphiManager electronic
software tool and created Excel spreadsheets.”® We calculated
descriptive statistics for each statement and stakeholder group
for example, summary scores, ranges, percentage scoring for
each statement ‘not important/disagree’ (score 1-3), ‘important
but not critical/neutral’ (score 4-6) and ‘critical/agree’ (score
7-9). Specifically, we reported, per stakeholder group, the
median and IQR for each statement between each round (online
supplemental file 5). This central tendency and measure of distri-
bution served to estimate the consistency of responses between
successive rounds of the Delphi survey. Stability of response is
an indication of whether agreement (or continuous dissensus
or disagreement) is present throughout and whether it develops
between rounds.’® 3’ The stability of group response between
rounds 1 and 2 was determined using the intraclass correlation
coefficient (ICC) type A, and an absolute agreement defini-
tion.”® ¥ ICC estimates and their 95% CI were calculated using
SPSS statistical package V.23 (SPSS) based on two-way mixed-
effects model.** The lower bound 95% CI of the ICC estimate
was used as the basis to evaluate the level of stability using the
following general guideline: ICC values <0.5 (poor stability),
0.5-0.75 (moderate stability), 0.75-0.9 (good stability) and
>0.9 (excellent stability).*’

Table 2 represents the prior consensus definition for cate-
gorising statements in the five Delphi domains. The Delphi
study steering committee retained all statements between rounds
1 and 2 to enable participants to re-score every statement after

considering feedback from round 1. Acknowledging that certain

statements might be more relevant to some panel members than

others, stakeholders were given the choice not to score a specific
statement. We did, however, analyse the data of different stake-
holder groups separately in each round.*

Dissent analysis: To explore possible dissent, we applied
outlier, bipolarity and stakeholder group analysis.*! **

» Outlier analysis: We identified low outliers (data points that
fall more than 1.5 times the IQR below the first quartile),
and high outliers (data points that fall more than 1.5 times
the IQR above the third quartile). In addition, we visually
inspected histograms of round 2 stakeholder group scoring
for outliers. We reanalysed consensus after eliminating
outliers for all statements with marginal non-consensus to
test if these had an impact on the group’s consensus.

» Bipolarity analysis: Opposing groups of experts with an
important and insoluble cleft of opinion, might result in
non-consensus. Bimodal data distribution is therefore
a possible explanation for dissent. To test for bipolarity,
we investigated potential bimodal distribution (two or
more answer options had the same mode frequency) and
visually inspected histograms for round 2 scores of each
statement.*!

» Stakeholder group analysis: To compare the scores
from round 2 between the six stakeholder groups, we
performed Kruskal-Wallis tests. To account for multiple
post hoc comparisons, we adjusted the statistical signifi-
cance threshold P value to 0.0033 according to Bonferroni
method. We are conscious of the limitations of ‘statistical
significance’®; therefore, substantial stakeholder group
differences (p<0.0033) prompted us to further scrutinise
individual and group opinions for the specific statement.

Qualitative analysis

The lead investigator (HPD) immersed himself in the details of
participants’ comments provided during Delphi rounds, Inter-
acting Group Process and ENHR ranking exercise.** After devel-
oping a framework based on recurrent and important themes,
the free text comments were grouped into categories, iteratively
discussed between the lead investigator and second author (SMA).
The lead authors (HPD and SMA) then undertook thematic
analysis to identify, group and agree on common threads within
these categories, further refining themes and subthemes.* ** We
provided summarised feedback of quantitative and qualitative
open responses to panel members during Webinars 10 and 11 of
the Oxford-Aspetar-La Trobe Young Athlete’s Hip Webinar Series.
The two webinars preceded the online synchronous mixed stake-
holder group discussions.

RESULTS

Of the 73 experts invited to participate in this study, 65 completed
rounds 1 and 2 of the Delphi exercise. The Delphi panel from
18 countries represented 6 stakeholder groups—26 were female
(table 3). The Delphi panel scored 85 statements (12 defini-
tion, 19 terminology, 4 taxonomy, 12 imaging outcome and 38
research statements), and reached consensus on 43 of 85 state-
ments in round 1, and 53 of 85 statements in round 2 (table 4
and online supplemental file 5). Online supplemental file 5 also
lists the reasons for score boundary changes between rounds
1 and 2 for each statement; twelve statements did not reach
stability (table 4). There were four marginally non-consensus
statements after round 2 (figure 3).
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Consensus statement

Table 4 Results of two survey rounds showing the level of agreement with primary cam morphology definition, terminology, taxonomy and
imaging outcomes statements

Round 1 Round 2 1CC 95%Cl
Not important/ Not important/ Lower Upper
Statments disagree Critical/agree disagree Critical/agree ICC* bound  bound

No Definitions

1 Primary cam morphology develops during skeletal maturation as 069 0.53 0.80

a normal physiological response to load

2 Primary cam morphology is not caused by previous disease, injury 0.79 0.68 0.87
or an acute event; it represents a normal physiological response

of the maturing skeleton to load

3 Secondary cam morphology develops due to existing hip disease 0.54 034 0.70
or acute trauma, including Perthes disease, slipped capital
femoral epiphysis, healed proximal femoral fractures or acute

fracture

4 Primary cam morphology develops in young and active 069 0.53 0.80
individuals, including athletes, likely due to load (eg, sporting
activity) during prepubertal and pubertal skeletal maturation
(load during growth) and its (physiological) effect on the

proximal femoral growth plate

5 Primary cam morphology is common in young and active 0.80 0.68 0.88
males, including athletes, likely due to sporting activity during
prepubertal and pubertal skeletal maturation (load during

growth) and its (physiological) effect on the proximal femoral

growth plate

6 Primary cam morphology includes cam morphology of unknown ~ 8.8% 49.1% 9.5% 52.4% 0.52 0.30 0.69
origin

7 Cam morphology that develops in young and active individuals ~ 3.4% 55.9% 4.7% 53.1% 083 0.73 0.90

without any symptoms (eg, hip-related pain, stiffness) or history
of previous/existing hip disease, is primary cam morphology until
proven otherwise

8 Cam morphology is a cartilage or bony prominence (bump) 0.26 0.64
of varying size at any location around the femoral head-neck
junction, which changes the shape of the femoral head from

spherical to aspherical

9 Primary cam morphology often occurs in male athletes inboth ~ 5.1% 50.8% 3.2% 45.2% 089 0.83 0.94
hips

10 The most common outcome measure for cam morphology is a 0.58 0.82
cartilage or bone alpha angle as a dichotomised or continuous
variable on radiographs, CT scans or MRI, reported per hip, per

person or both

" Primary cam morphology likely develops during maturation in 0.41 0.74
young adolescents (with no current or previous hip disease),
possibly due to high-load sporting activity and other unconfirmed

risk factors

12 A comprehensive definition for primary cam morphology would 0.21 0.62
be: Primary cam morphology is a cartilage or bony prominence
(bump) of varying size at any location around the femoral head-
neck junction, which changes the shape of the femoral head

from spherical to aspherical. It often occurs in male athletes in
both hips. The most common outcome measure is a cartilage or
bone alpha angle as a dichotomised or continuous variable on
radiographs, CT scans or MRI, reported per hip, per person or
both. Primary cam morphology likely develops during maturation
in young adolescents (with no current or previous hip disease),
possibly due to high-load sporting activity and other unconfirmed
risk factors.

Terminology

13 Cam morphology is the preferred term to use for a bone/ 0.36 0.71
cartilage bump at any location around the femoral head-neck

junction

14 Cam lesion is the preferred term to use for a bone/ cartilage 0.69 0.91

bump at any location around the femoral head-neck junction

15 Cam deformity is the preferred term to use for a bone/cartilage ~ 71.0% H 0.50 0.79
bump at any location around the femoral head-neck junction

16 Cam abnormality is the preferred term to use for a bone/cartilage 0.54 0.81

bump at any location around the femoral head-neck junction

17 Cam-type deformity is the preferred term to use for a bone/ 0.69 0.87
cartilage bump at any location around the femoral head-neck

junction

18 Cam-type abnormality is the preferred term to use for a bone/ 0.45 0.77
cartilage bump at any location around the femoral head-neck

junction

Continued
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Table 4 Continued

Round 1 Round 2 1ICC 95%ClI

Not important/ Not important/ Lower Upper
Statments disagree Critical/agree disagree Critical/agree 1CC* bound bound
19 Cam-type lesion is the preferred term to use for a bone/cartilage 069 0.48 0.82

20

bump at any location around the femoral head-neck junction

Pistol grip deformity is the preferred term to use for a bone/
cartilage bump at any location around the femoral head-neck
junction

Pistol grip lesion is the preferred term to use for a bone/cartilage
bump at any location around the femoral head-neck junction

Pistol grip abnormality is the preferred term to use for a bone/
cartilage bump at any location around the femoral head-neck
junction

Cam-type impingement is the preferred term to use for hip-
related pain due to a bony bump at any location around the
femoral head-neck junction

Cam femoroacetabular impingement (FAI) is the preferred term
to use for hip-related pain due to a bony bump at any location
around the femoral head-neck junction

Cam-type FAI is the preferred term to use for hip-related pain due
to a bony bump at any location around the femoral head-neck
junction

FAI Syndrome with cam morphology is the preferred term to use
for hip-related pain due to a bony bump at any location around
the femoral head-neck junction

FAI Syndrome with cam deformity is the preferred term to use for
hip-related pain due to a bony bump at any location around the
femoral head-neck junction

FAI Syndrome with cam abnormality is the preferred term to use
for hip-related pain due to a bony bump at any location around
the femoral head-neck junction

FAI Syndrome with cam lesion is the preferred term to use for
hip-related pain due to a bony bump at any location around the
femoral head-neck junction

FAI Syndrome with cam-type abnormality is the preferred term
to use for hip-related pain due to a bony bump at any location
around the femoral head-neck junction

FAI Syndrome with cam-type deformity is the preferred term
to use for hip-related pain due to a bony bump at any location
around the femoral head-neck junction

Taxonomy

We should distinguish between primary and secondary cam
morphology in clinical practice

We should distinguish between primary and secondary cam
morphology in research

We should distinguish between primary and secondary cam
morphology in patients with FAI syndrome

We should distinguish between primary and secondary cam
morphology in research participants with FAl syndrome

Imaging outcomes

The main imaging modality for research on how primary cam
morphology develops should be MR with radial imaging (1.5T
or3T)

The minimum acceptable number of radial sequence MRI slices
for research on how primary cam morphology develops should
be 12 slices (30° intervals in all 12 clock face positions from 12
o'clock to 11 o'clock positions)

Referring to precisely quantifying the asphericity of the femoral
head-neck junction on radial sequence MRI: use either radial
sequences along the axis of the femoral neck (providing higher
resolution images) or radial reconstructions from 3-dimensional
acquisitions

The MRI protocol for research on how primary cam morphology
develops should include: (1) unilateral small field-of-view
sequences and radial images of a randomly selected or both hips;
as well as (2) femoral torsion assessment (fast axial sequences of
the distal knee—femoral condyles—and proximal femoral neck);
and (3) a fluid sensitive sequence covering the whole pelvis (in
axial or coronal planes; to screen for soft-tissue and bone marrow
oedema beyond the hip)
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66.1% 4.7% 68.8% 082 0.72 0.89

84.4% 4.6% 90.8% 0.69 0.53 0.80

75.9% 1.8% 89.3% 0.81 0.59 0.90

60.0% 0% 81.6% 0.7 049 0.83

75.0% 0% 87.0% 0.84 0.70 0.92

64.7% 0% 78.4% 0.71 0.47 0.85
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Table 4 Continued

Round 1

Round 2 1ICC95%Cl

Not important/

Statments disagree

Lower
bound

Not important/
disagree

Upper

Critical/agree Critical/agree  1CC* bound

40 The MRI for prospective research on how primary cam 11.3%

morphology develops should be repeated every 18 to 24 months

4 In primary cam morphology epidemiological research (eg, when ' 3.6%
regression is being used in aetiology or prognosis research)
continuous imaging outcome measures (variables) like the alpha
angle should be kept continuous

42 The cam morphology MRI outcome measure for research on 5.4%
how primary cam morphology develops (aetiology) should be
the alpha angle for bone and cartilage as a continuous variable
reported for all the o’clock locations around the femoral head-
neck junction regardless of the symptomatic state of the research
participant.

43 For research on how primary cam morphology develops it is 4.8%
important to quantify the epiphysial morphology MRI outcome
measure using epiphysial extension

44 For research on how primary cam morphology develops the 5.1%
epiphysial morphology MRI outcome measure should also be
quantified using epiphysial tilt

45 The main imaging modality for longitudinal primary cam 20.4%

morphology prognosis research should be anteroposterior (AP)

pelvis and Dunn 45° view radiographs repeated at least every

5years

46 The radiographic imaging outcome measure for research on 15.7%
primary cam morphology prognosis should be the alpha angle as
a continuous variable reported for AP pelvis and Dunn 45° view
radiographs

47 In addition to reporting alpha angles as continuous in studies on  2.1%
aetiology or prognosis the following quantitative and qualitative
imaging outcome measures to categorise cam morphology can
be useful in research or clinical practice: (1) Alpha angle >60°
(preferred) (2) Head-neck offset <8 mm and head-neck offset
ratio <0.15 usually at the anterior (3 o'clock) location around
the femoral head-neck junction (in addition to (1)); Osseous or
cartilage convexity of the femoral head neck junction at any
location (in addition to (1) and (2))

56.6% 7.3% 56.4% 086 0.78 0.92

72.7% 0% 89.3% 0.77 0.58 0.87

66.1% 0% 80.7% 0.81 0.68 0.89

57.1% 0% 65.9% 0.83 0.68 0.91

43.6% 0% 44.2% 0.81 0.67 0.90

44.9% 15.4% 42.3% 091 0.84 0.95

56.9% 11.3% 67.9% 090 0.83 0.94

52.1% 0% 72.5% 0.81 0.68 0.89

(high agreement on ‘consensus in’): Statement scored as critical (7-9) by =70% of panel members and not important (1-3) by <15% of panel members.
(high agreement on ‘consensus out’): Scored as not important (1-3) by >70% of panel members and critical (7-9) by <15% of panel members.

Yellow (non-consensus): Neither of the ‘consensus in’ or ‘consensus out’ criteria were met.

ICC is an indication of the level of agreement (within-subject variation and between-subject variance of individual statement scores between round 1 and round 2.) We used the lower bound 95%
Cl of the ICC estimate as the basis to evaluate the level of reliability using the following general guideline: values <0.5 were classified as poor reliability ICC values 0.5-0.75 moderate reliability

and 0.75-0.9 indicated good reliability and ICC values >0.9 indicated excellent reliability.

*Type A ICC coefficients using an absolute agreement definition; two-way mixed effects model where people effects are random and measures effects are fixed.

ICC, intraclass correlation coefficient.

Here, we report the quantitative results, analysis of qualitative
feedback and dissent analysis of the Delphi rounds for defini-
tion, terminology, taxonomy and imaging outcomes statements.
An online Interacting Group Process followed the Delphi exer-
cise; six mixed stakeholder groups of 5-8 panellists (n=43),
discussed the Delphi exercise results on 22 September 2021. We
summarise the discussions in boxes 1-4 and online supplemental
file 8.

Definitions: Delphi domain 1

The Delphi panel reached consensus on 9 of 12 definition state-
ments in rounds 1 and 2 (table 4; online supplemental file 5).
The panel agreed on a comprehensive definition for PCM, based
on its five proposed conceptual attributes (figure 4; statements
1,2,4,5, 8, 10-12). The panel also agreed that secondary cam
morphology develops due to existing and/or pre-existing hip
disease (statement 3).

Qualitative analysis identified 12 themes (online supplemental
files 5 and 6). The first four themes illuminated tension and
dissent related to three non-consensus definition statements
(statements 6, 7 and 9).

First, some Delphi panel members commented that PCM’s
origin is not ‘entirely "unknown" [but] likely due to variable
loading demands’ (statement 6). However, ‘at an individual level
not all PCM has [a] clear cause.” Second, the Delphi panel did
not agree that ‘all cam morphology in young and active adults
without any symptoms or history of previous hip disease is PCM
until proven otherwise’ (statement 7). Some found the ‘concept
of primary and secondary cam morphology’ challenging. Third,
the statement ‘PCM is more common in male athletes in both
hips’ (statement 9) created the impression that this morphology
was a ‘male-only problem’ while the reality is ‘females [are] often
left out of research.” Last, while the Delphi panel agreed that
PCM usually occurs bilaterally, representing ‘a defining element
for primary vs secondary cam morphology and important for
patients’, some athletes might have unilateral PCM.

Dissent analysis (online supplemental file 7). Outlier analysis:
Although outliers were identified for ten of twelve definition
statements in round 2, they did not influence group consensus
or non-consensus. None of the outliers provided qualita-
tive comments. One physical therapist ‘did not agree that the
concept of primary and secondary CAM is commonly agreed
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Consensus statement

0s
° = I
PT

Statement 76: Studies to investigate the performance of the
diagnostic criteria for hip disease presenting with hip-related pain
in young and active adults

Statement 46: The radiographic imaging outcome measure for research
on primary cam morphology prognosis should be the alpha angle

as a continuous variable reported for anteroposterior (AP) pelvis and
Dunn 45° view radiographs

Statement 43: For research on how primary cam morphology develops
it is important to quantify the epiphyseal morphology

magnetic resonance (MR) imaging outcome measure using

epiphyseal extension

Statment 34: We should distinguish between primary and secondary
cam morphology in patients with femoroacetabular impingement
syndrome

T T T T T
0 2 4 6 8

Round 2 Scores

Figure 3 Marginally non-consensus statements 34, 43 and 46 (and statement 76 relevant to Delphi exercise domain 5; Oxford consensus study,
part 2). Recalculating consensus after removing the four outliers for statements 34 and 46 resulted in consensus. OS, orthopaedic surgeon; PT, physical

therapist.

and established’, choosing ‘Unable to score’ for most of the defi-
nition statements in rounds 1 and 2. Bipolarity analysis: There
was no bimodal distribution in the overall scoring of definition
statements. Stakeholder group analysis: There was no significant
difference in how stakeholder groups scored definition state-
ments in rounds 1 and 2.

Terminology: Delphi domain 2

The Delphi panel reached consensus on 14 of 19 terminology
statements in round 1 and 16 in round 2—consensus on two
statements to include (‘consensus in/agree’), and consensus
on 14 statements to exclude (‘consensus out/disagree’) certain
terms. The panel agreed that ‘cam morphology’ is the preferred
term to use for a bone/cartilage bump at any location around the
femoral head-neck junction (statement 13), and ‘FAI syndrome
with cam morphology’ (statement 26) for hip-related pain due
to a bony bump at any location around the femoral head-neck
junction. The Delphi panel agreed to avoid (‘consensus out’)
terms ‘lesion’, ‘deformity’ and ‘abnormality” (statements 14-22
and 27-31).

Three statements related to the terms proposed for hip-related
pain due to a bony bump at any location around the femoral
head-neck junction, did not reach consensus: ‘cam-type impinge-
ment’ (statement 23), ‘cam FATD (statement 24) and ‘cam-type
FAT (statement 25).

Qualitative analysis identified four themes (online supple-
mental files 5 and 6). First, warning that ‘abnormality is not a
very optimistic term’, panellists preferred the term ‘morphology’:
“We’ve agreed it is a "normal physiological response" and there-
fore shouldn’t be called a lesion/ deformity with their conno-
tations of abnormality.” Second, a panellist suggested replacing
‘bump’ with ‘prominence’ as ‘not every cam morphology has
a "bump". It might only be decreased offset and that certainly
does not constitute a "bump".” Third, although ‘FAI syndrome’
is the agreed term for hip-related pain due to a bony bump at
any location around the femoral head-neck junction, one panel-
list warned that other causes for hip-related pain exist, and
(FAI syndrome) is one type of pathology’ in the hip. Last, one

panellist disagreed with the term ‘any location’, as ‘an inferior
bony bump may not lead to FAIL.’

Dissent analysis (online supplemental file 7). Outlier analysis:
Outliers (present in 16 of the 19 terminology statements) in
round 2, did not influence group consensus or non-consensus.
The orthopaedic surgeon outlier for statements 13 and 26 did
not agree that PCM refers to a bump ‘at any location’ around
the femoral head-neck junction. One physician chose ‘unable to
score’ for most of the terminology statements in round 1 as they
misinterpreted the statement wording. Feedback after round
1 clarified the misunderstanding. Bipolarity analysis: There
was no bimodal distribution in the overall scoring of termi-
nology statements. Stakeholder group analysis: The average
terminology statement scores were significantly different for
the physical therapist stakeholder group compared with the
researcher stakeholder group (statement 23, round 1; statement
24, rounds 1 and 2), and for the radiologist stakeholder group
compared with the researcher stakeholder group (statement 24,
round 2).

Taxonomy: Delphi domain 3

The Delphi panel reached consensus in rounds 1 and 2 on three
of four statements in the taxonomy domain. There is consensus
that we should distinguish between primary and secondary cam
morphology in clinical practice and in research (statements 32
and 33), and in research participants with FAI syndrome (state-
ment 35). However, there was marginal non-consensus on the
importance of distinguishing between primary and secondary
cam morphology in patients (clinical practice) with FAI syndrome
(statement 34).

Qualitative analysis of individual panellist feedback iden-
tified six themes (online supplemental files 5 and 6). First,
although not agreed as critical by the panel, distinguishing
between primary and secondary cam morphology in patients
with FAI syndrome (statement 34) is important as ‘secondary
CAM morphology has a poorer prognosis and therefore should
be distinguished to improve treatment planning.” Second, the
taxonomy is important for diagnosis. Third, the taxonomy is
important for treatment. Fourth, the taxonomy is important for
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Mixed stakeholder groups agreed on the importance of

primary cam morphology (PCM) as a concept. This taxonomy,
differentiating between primary and secondary cam morphology
(SCM), offers several advantages that offset its drawbacks—
‘their origins are important to distinguish’, and ‘it has utility in
research, prognosis and treatment.” In research the taxonomy

is ‘important for classification’, while the prognosis is often
worse for SCM. Treatment maybe distinctly different as most
individuals with PCM will never present with any symptoms. The
panel contended more work is needed to authentically engage a
small group that is not yet convinced that PCM is an important
concept.

Although there is agreement, albeit ‘based on the (limited)
available literature’, that PCM is more common in males
and mostly asymptomatic, female athletes also develop this
morphology and ‘longer-term consequences of PCM seem to
affect women as much as men." More inclusive research is
needed involving minoritised female cohorts.

Although there is agreement that PCM, unlike SCM, often
occurs bilaterally, and this distinction ‘is the defining element for
PCM versus SCM, and important for patients’, this is not always
the case. Some patients might have unilateral PCM while others
might present with a combination of primary and SCM.

The mixed stakeholder groups agreed that PCM also include
the group where no clear aetiology ‘at an individual level’ exists.
It is likely that a ‘complex relationship’ between PCM and ‘a
genetic susceptibility’ exists. Genetics as risk factor, and ‘the
interplay between genetic risk and load relationship’ should
therefore be considered and researched.

Despite strong consensus that PCM develops during skeletal
maturation ‘as a normal physiological response to load
(statement 1) further qualified as ‘high-load sporting activity’
(statement 11), some panellists, during the online discussions,
felt ‘normal’ is ‘potentially problematic.” However, the high
prevalence of PCM in largely asymptomatic professional
athletes—'several studies showed >80% prevalence’—begs
the question: ‘when does it [physiological response] become
abnormal? ...when it's very painful?’ Furthermore, high-load
sporting activity for one athlete might be normal-load sporting
activity for another; load type (‘torsion, varus/valgus') and
skeletal maturation status are both important variables to
consider in clinical practice and research.

prognosis. Fifth, distinguishing between primary and secondary
cam morphology is age dependent and perhaps ‘less relevant
if someone is 30 years old.” Last, panellists commented on
the challenge ‘where a patient has a mix of both’ primary and
secondary cam morphology.

Dissent analysis (online supplemental file 7). Outlier analysis:
Although strong consensus was achieved for statements 32, 33
and 35, few outliers (mainly orthopaedic surgeons and a phys-
ical therapist) were not convinced. After removing two outliers
for statement 34, the Delphi panel reached consensus on the
importance of distinguishing between primary and secondary
cam morphology in patients with FAI syndrome (figure 3 and
online supplemental files 5 and 7). Bipolarity analysis: There
was no bimodal distribution in the overall scoring of taxonomy
statements. Stakeholder group analysis: The average scores for
taxonomy statement 32 were significantly different for PPI

The Delphi panel achieved strong consensus on using the

term ‘morphology’ and to abandon ‘lesion’, ‘deformity’ and
‘abnormality’: ‘large foreign words set the tone for fear,
unknown, not in control, especially about [the] outcome.’
Although the majority agreed, some felt that ‘language

didn't necessarily change things for patients’, and that the
consequences (‘the pathology part’) of primary cam morphology
‘is the bigger problem and needs to be part of the file, but the
patient doesn't necessarily need to know about this [wording]."
Others thought that ‘morphology should be avoided in patient
consultations as it's unfriendly, not well understood and likely
medical “jargon"." A further problem is that ‘morphology’
doesn't always translate well into other languages.

Although ‘bump’ is easy for patients to understand and
visualise ('l use "bump" to make it easy for patients’), some
felt primary cam morphology is ‘likely more complex than
“bump"." ‘Morphology and syndrome sound more scientific.
Bump totally not." Another group warned about the possible
‘nociceptive response in patients’ caused by associating the term
‘bump” with ‘bumping bones’, or of ‘things hitting.’ ‘Therefore
we may need to take care with using this term [bump] too.’

One mixed stakeholder group concluded that the ‘language we
use in patient-facing consultations should be tailored to the
person’ and mentioned alternatives like ‘bumpy-shape’ and ‘egg-
shape.’ There was agreement to use ‘less threatening' language
supported by visual aids ‘images/figures.’ While it might be
appropriate to ‘tailor terms to three different target audiences:
researchers, clinicians and patients and public’, stakeholder
groups suggested that patient and public involvement group
should inform further research on this.

Validating the Warwick Agreement, the Delphi panel achieved
strong consensus on using the ‘much preferred scientifically’
term, ‘femoroacetabular impingement (FAI) Syndrome’ for
FAl in patients with symptoms (pain/stiffness etc). However,
some felt that ‘syndrome’ sounds ‘too serious.’ Arguing that
‘words matter’ panellists discussed the importance to ‘tailor
language to the individual’, and distinguish between a ‘research
discussion vs talking with patients.” Commenting on the 2016
Warwick Agreement, a member of that panel mentioned ‘we
considered whether “syndrome" might apply a negative label
to patients, but the expert patient member of the panel did
not feel this would be the case, but could be good to bounce
this off more patients too." We therefore need ‘further patient-
orientated research to assess whether it [syndrome] has negative
consequences and whether FAI used in isolation may be a better
term when communicating with patients.’

group compared with the: (1) orthopaedic surgeon stakeholder
group (round 2); (2) physical therapist stakeholder group
(rounds 1 and 2); (3) radiologist stakeholder group (rounds
1 and 2) and (4) researcher stakeholder group (round 2). PPI
stakeholder group compared with the physical therapist stake-
holder group scored statement 34 significantly different (rounds
1 and 2).

Imaging outcomes: Delphi domain 4

The Delphi panel reached consensus on 3 of 12 imaging
outcomes statements in round 1 and 7 of 12 in round 2. Radial
sequence 1.5 T or 3 T MRI should be used for research on how
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Consensus statement

Box 3 Interacting Group Process: mixed stakeholder

Box 4 Interacting Group Process: mixed stakeholder

group discussion summary—taxonomy domain

The general agreement was that it is important (and not
necessarily difficult) to distinguish between primary and
secondary cam morphology in clinical practice and in research:
‘Where we can, we should make the differential diagnosis
as it affects the prognosis and therefore the management of
the problem.” A librarian panellist emphasised the benefit of
‘consistent terminology’ when reviewing the literature: ‘using
primary versus secondary allowed searching the literature
more clear.’ Although most panellists felt that ‘history is key’ to
distinguish between primary and secondary cam morphology,
others felt that ‘obtaining a detailed history and discussion with
patient is more important than a label of primary and secondary.’
It can be clinically challenging when a combination of primary
and secondary cam morphology exists in the same patient as
‘there are some cases where primary cam morphology exists
prior to a secondary injury (eg, SCFE), and these cases can be a
little more difficult to diagnose but are less commonly observed.’
SCFE, Slipped capital femoral epiphysis

PCM develops (statements 36-38), with continuous bone and/or
cartilage alpha angles as the agreed outcome measure reported
for all the o’clock locations around the femoral head-neck junc-
tion regardless of the symptomatic state of the research partici-
pant (statements 41 and 42). MRI protocols for research on how
PCM develops should include: (1) unilateral small field-of-view
sequences and radial images of a randomly selected or both hips,
as well as (2) femoral torsion assessment (fast axial sequences of
the distal knee—femoral condyles—and proximal femoral neck),
and (3) a fluid sensitive sequence covering the whole pelvis (in
axial or coronal planes to screen for soft-tissue and bone marrow
oedema beyond the hip) (statement 39).

In addition to reporting alpha angles as continuous in studies
on aetiology or prognosis, other quantitative and qualitative
imaging outcome measures to categorise cam morphology can
be useful in research or clinical practice (statement 47).

The Delphi panel did not reach consensus on five imaging
outcomes statements. First, panellists did not agree that ‘every
18-24 months’ is the preferred time interval for serial MRI in
prospective research on how PCM develops. Some commented
‘it really depends on the research question’, while others
suggested it should be ‘more often’, acknowledging that ‘it will
be difficult but if there is a critical window that we want to
identify, 2-year intervals would not be frequent enough’ (state-
ment 40). Second, although it is ‘probably critical’, panellists felt
‘insufficient data’ exist to support using epiphysial extension
or epiphysial tilt to quantify epiphysial morphology on MRI
(statements 43 and 44). Third, questioning the evidence for a
S-year imaging interval, panellists did not agree on the main
imaging modality for longitudinal PCM prognosis research nor
how often to repeat the imaging. While some suggested frog-leg
lateral or Dunn view radiographs, and others ‘any lateral head-
neck view depending on the particular centre’, a few panellists
preferred MRI with all clock positions (statement 45). Last, the
panel failed to agree that, for prognosis studies, radiographs
(anteroposterior, AP pelvis and Dunn 45° views) should be used
to calculate the alpha angle. Some preferred MRI with all clock
positions and others felt AP pelvis alpha angles are ‘too impre-
cise.” Panellists reminded that, to date, ‘there is no consensus on
optimum threshold for dichotomising this [alpha angle] variable.

group discussion summary—imaging outcomes domain

Commenting on the ‘obvious ethical consideration for the
amount or frequency of imaging’, a radiologist in one of the
mixed stakeholder groups felt ‘the more the better in terms

of insight’, and raised the possible benefit of radial vs block
imaging—'block images may allow you to evaluate the images
later through the use of novel techniques such as artificial
intelligence.” While one group felt that yearly MRI is appropriate
when investigating how primary cam morphology develops in
boys (from 11 to 16 years) and girls (from 9 to 14 years), another
commented that ‘the time interval should be much shorter if it
is to be truly "ideal" (eg, every 3 months). This would capture
periods of considerably faster growth or considerable changes
in load’, while ‘more frequent imaging will help in periods of
rapid growth but it is also important to have frequent serial
imaging even in periods without rapid growth to assess the
influence of growth spurts.” However, the value of serial imaging
was questioned, as, for example, ‘positions [of primary cam
morphology] might vary making it impossible to use them to
track changes over time." One group warned that the use of
serial radiographs to investigate primary cam morphology
aetiology constitutes research waste: ‘if you can't do serial MRIs
at short enough intervals, don’t waste time and money; don't do
the study.’

Discussing long-term prognosis studies, groups agreed MRI
trumps radiography and ‘should be the investigation of choice
where at all possible in adolescent populations.’ The quality of
imaging is better, it better quantifies cartilaginous progression
in adolescents where ‘the use of alpha-angle on X-ray can
be misleading and therefore inaccurate’, and, as it does not
pose a (cumulative) radiation risk ‘ethics committees are more
likely to accept MRI based studies." However, there are at least
three issues with MRI: cost, availability (equipment and expert
radiologists), and the burden of procedure (time, claustrophobia,
etc). MRl is challenging in young adolescents ‘due to difficulty
remaining still, that is, movement artefact.’

The group agreed that further work is needed to develop
and refine consensus on the specific and standardised imaging
protocol: ‘If X-rays are used then it has to be reinforced on the
views that are valuable and this message should be repeated in
order to support this becoming routine practice; not all facilities
are skilled with specific radiograph images for example, Dunn.’

It is further important to consider dissemination of findings:
‘Do athletes want to know the results? How, what, and when do
we communicate imaging results to participants or parents? Do
we consider positive/negative response by athletes/parents, and
provide them with the ‘opt in opportunity not to be informed
of their individual imaging results?” Group members raised
four important points from the athlete/parent’s perspective.
First, parents ‘were not comfortable’ with cumulative radiation
exposure associated with serial radiographs. Radiation exposure
is an ‘ethical dilemma in this area’ with ‘a need to be up front
and transparent with information so parents are aware.’ Second,
sharing of imaging results is a ‘hugely important area’ and
research teams should carefully consider the possibility that
‘parents may pick up the information or interpret it differently
than healthcare practitioners.’ Third, research teams should
consider ‘an "opt-in" option for participants and parents where,
except if there is an issue with an imaging finding, they will not
be informed of the results.” Last, research teams should carefully

Continued
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Box 4 Continued

consider how they communicate periodic imaging results and
suggested a ‘common approach to dissemination of results/
imaging is needed.’

It makes comparing across studies very difficult when different
thresholds are used.” Despite this, a diagnostic threshold might
be important for clinicians (statement 46).

In addition to the above, qualitative analysis of individual
panellist feedback identified nine more themes (online supple-
mental files 5 and 6): (1) the ‘huge cost aspect’ of MRI is an
important consideration, especially for minoritised and margin-
alised research populations; (2) disagreement on PCM as a
concept; (3) the importance of qualifying ‘type of radial MRI’;
(4) “fluid sensitive pelvis images” are unnecessary when studying

Figure 4 Primary cam morphology definition. Primary cam
morphology is a cartilage or bony prominence (bump) of varying size at
any location around the femoral head-neck junction of the hip, which
changes the shape of the femoral head from spherical to aspherical.

It occurs most often in asymptomatic male athletes in both hips. The
preferred outcome measure for research on primary cam morphology
aetiology is a cartilage or bone alpha angle as a continuous variable
on radial MRI along the axis of the femoral neck, using 30° intervals
from 12 o'clock to 11 o'clock positions, reported per hip, per person

or both. In addition to a continuous alpha angle, a dichotomous alpha
angle (using a threshold of =60°) can be useful in clinical practice or
research. Primary cam morphology develops during skeletal maturation
in young adolescents (with no current or previous hip disease), as a
normal physiological response to high-load sporting activity and other
unconfirmed risk factors. lllustrations from Dijkstra et al. (2021)°

PCM development because ‘the rationale for this is to find patho-
logical processes elsewhere’; (5) research question will determine
the preferred imaging; (6) confusion created by alternative PCM
imaging outcome measures; (7) importance of standardising
imaging across research; (8) concern about radiation exposure
of serial radiographs. While radiographs are ‘cheap’ with ‘little
time costs’, the concerns are ‘radiation and less detail’; (9) lack
of knowledge to score imaging statements.

Dissent analysis (online supplemental file 7). Outlier analysis:
Six of 12 imaging outcomes statements (statements 36, 39, 42,
44, 45 and 46) had outliers. After eliminating the two ortho-
paedic surgeon outliers for marginally non-consensus state-
ment 46, the Delphi panel reached consensus that alpha angle
as a continuous variable, reported for AP pelvis and Dunn 45°
view radiographs, should be the radiographic imaging outcome
measure for research on PCM prognosis (figure 3). Bipolarity
analysis: There was no bimodal distribution in the overall
scoring of imaging outcomes statements. Stakeholder group
analysis: There was no statistically significant difference in how
stakeholder groups scored the imaging outcomes statements in
rounds 1 and 2.

DISCUSSION

An international Delphi panel of expert clinicians, athletes,
patients and their representatives, and researchers—representing
the YAHiR collaborative—agreed on four key PCM elements
(definition, terminology, taxonomy and imaging outcome
measures). In what follows, we discuss the Delphi panel’s opin-
ions on these key elements and summarise how agreement and
areas of tension and dissent inform a more rigorous, inclusive
and evidence-based approach to research on PCM and its natural
history.

Definitions: Delphi domain 1
The Delphi panel agreed on a comprehensive conceptual and
operational definition for PCM (figure 4).

The conceptual definition equips all stakeholders, espe-
cially athletes and patients, with meaningful language to
describe an abstract concept in their hip. It is a bony or carti-
lage prominence (or ‘bump’), with shape (aspherical), size
(most are small; some are large), location (anywhere around
the head-neck junction of the hip but predominantly antero-
lateral) and ownership (it is more prevalent in male athletes
compared with females and non-athletes, and more common
in both hips).” Ownership also implies ‘lived with>—opening
the door for conversations and qualitative research with
athletes and patients on their experiences.

While celebrating consensus, tension and dissent spot-
lighted three areas for future research. First, although this
morphology is more prevalent in male versus female athletes,
very little research involves female athletes, and no research
has been done in para-athlete cohorts—researchers must cast
a much broader net to involve minoritised and marginalised
groups. Second, although the vast majority of athletes with
PCM will never develop symptoms or hip disease, some do.
Yet, we cannot predict with confidence who these athletes are.
While important to investigate the morphology’s prognosis,
we should take care not to medicalise a common, mostly
benign morphology. The key messages are: (1) this largely
benign morphology develops as a ‘normal physiological
response’ to ‘high-load’ physical activity, and (2) childhood
physical activity and sport are important. Third, we should
investigate the tension between ‘normal and abnormal’ as it
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relates to the capital femoral growth plate’s physiological
response to load. Bone is a dynamic tissue; how mechanical
loading influences the epiphysial growth plate is physiologi-
cally complex depending, for example, on the load type, and
physical and physiological maturity. What might be a normal
load for one athlete is abnormal or high-load for another.

Terminology: Delphi domain 2

Confirming the Warwick Agreement’s recommendations,
this much larger, more inclusive and diverse panel agreed
that PCM is a ‘morphology’ and not a ‘lesion’, ‘abnormality’
or ‘deformity’; in athlete-patients presenting with symptoms
the agreed term is ‘FAI syndrome.” However, while these are
acceptable scientific terms, ‘morphology’ and ‘syndrome’
do not resonate with everyone. These terms are not neces-
sarily patient-friendly and ‘morphology’ does not translate
well into at least some other languages (of expert panel
members). With patient and public partners, more work is
needed to further refine preferred patient-friendly terms.

7

Taxonomy: Delphi domain 3

PCM, in contrast with secondary cam morphology, is a predom-
inantly benign hip morphology that develops during matura-
tion in many athletes. The Delphi panel agreed with this cam
morphology taxonomy.’ Distinguishing between primary and
secondary cam morphology offers advantages. First, a cam
morphology taxonomy provides clarity and consistent termi-
nology with utility in research; researchers describe their popu-
lations better with more specific inclusion and exclusion criteria.
Second, primary and secondary cam morphology have distinctly
different aetiology and prognosis. Contrary to secondary cam
morphology, PCM develops during maturation due to load and is
largely benign—an important distinction that empowers athletes
and patients to embrace normality and their ‘happy hips’. Third,
the clinical approach to an athlete with FAI syndrome and PCM
is different to a patient with FAI syndrome and secondary cam
morphology. The general agreement was that ‘it is not difficult
to distinguish between primary and secondary cam morphology.’
However, some patients might have both types while in others,
a clear distinction might only be possible later in the disease
process.

Imaging outcomes: Delphi domain 4
Acknowledging that operationalising PCM remains chal-
lenging, the panel agreed to report a continuous alpha
angle—the primary imaging outcome variable for aetiology
and prognosis research (figure 4). In agreement with a recent
systematic review,” and the Lisbon Agreement,”’ >’ and
mainly for clinical research, a 60° alpha angle cut-off value
can be used to classify PCM. However, alpha angle should be
reported as a specific number (continuous variable).
Although the panel agreed that serial MRI (radial imaging)
is needed in studies to investigate how PCM develops
during maturation, opinions on how often this should be
done varied. Some experts suggested MRI every 3 months
during the growth spurt, while others opined that every
6-24 months would suffice. MRI, however, is expensive and
access to it limited. Not everyone agreed to use AP pelvis
and lateral radiographs in long term prognosis studies of
PCM or FAI syndrome; however, anything but radiographs
will exclude the vast majority of minoritised populations
with limited access to expensive three-dimensional imaging
(MRI or CT scans) and expert radiologists.

Imaging findings could confuse and worry patients.
Researchers should therefore consider how potentially
sensitive imaging findings are communicated to athletes,
patients and other stakeholders (eg, parents, coaches, club
managers). A discussion paper on athlete data in profes-
sional sport by the Australian Academy of Sport describes
some of the important aspects.*®

How this consensus informs research on PCM and its natural
history

Having standard PCM conceptual and operational definitions,
taxonomy and terminology, empowers researchers, including
patient and public partners, to do more rigorous research—
research that is more credible, consistent, replicable, and valid,
and of a higher quality.*”*" Although the panel reached strong
consensus on key elements, this consensus study illuminates
challenges relevant to the minoritised, including athletes and
patients. It invites authentic collaboration on a level playing
field, setting the scene for a more inclusive approach to clinical
decision-making and research.

Inclusive PCM research should address issues that matter
to patients and improve their lives, ‘access and represent’ the
patient’s views and experiences, and treat them with respect.*”
To date, research on PCM and its natural history, continue to
minoritise important patient-athlete populations—women, chil-
dren and parents, para-athletes, and athletes from the Global
South. Patient partners are to a large extent absent from the
research process. While emphasising the importance of mean-
ingful inclusion of patients, giving them an active voice in
research, Frankena et al emphasised partnerships that value
each other’s skills.”® This consensus study served the inclusive
agreement-seeking agenda well—not only did the pragmatic
online approach limit travel, it also invited the minoritised and
marginalised into the room. PPI colleagues voiced their opin-
ions on improving conceptual and operational elements of the
morphology’s definition, using more patient-friendly termi-
nology, and applying a taxonomy that reflects their needs. This
inclusive partnership strengthens evidence-based research.

Evidence-based research uses ‘prior research in a systematic
and transparent way to inform a new study so that it is answering
questions that matter in a valid, efficient and accessible manner’,
minimising clinical health research that is unnecessary, irrelevant,
unscientific, wasteful and unethical.**>¢ While this consensus
on the key elements of PCM will help researchers to produce
research that is more ‘searchable’ in a systematic and transparent
way, it is also a catalyst for a fresh look at evidence—a strong
foundation for higher research value and less research waste.

Strengths and limitations

External validity of the Delphi method is often contested. Delphi
panel judgements might differ from another equally diverse
expert panel. However, many authors have argued that the
Delphi method provides evidence of content and face validity—
group opinion is more valid than that of a single person, and
‘real-world’ expertise provides confirmative judgement(s) on
the subject/phenomenon/concept. Although we applied the
‘closeness continuum’ to purposively recruit a large and diverse
expert panel (in terms of sex, geographical representation and
profession/stakeholder group), this study’s panel and steering
committee could have been more representative of communi-
ties that are not widely represented in this field. While making
explicit progress on diversity, equity and inclusion, including
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actively involving a PPI stakeholder group (also as coauthors), we
acknowledge that more could be done. This study, and the hip-
and-groin research field in general, would benefit from actively
involving researchers and participants from minoritised commu-
nities (diversity) °...including Black, Indigenous, and people
of colour, people from the LGBTQIA2S+Community, people
with disabilities, people with complex/chronic illnesses, people
from the Global South or Far North, people from low-income
or middle-income nations, people from stateless communities’
(BJSM  Equity, Diversity and Inclusion Guiding Document:
https://bjsm.bmj.com/pages/bjsm-key-publishing-resources).
However, diversity in isolation is not enough. Clinicians and
researchers should work to level the playing field (equity),
and actively practice inclusivity (by creating, eg, a welcoming
atmosphere, including a positive and supportive experience) to
a diverse group of research participants. We used a modified
(close ended) Delphi method—the classic open first round may
create unambiguous, broad statements leading to bias from the
outset. An open first round might also compromise assessment
of reliability.”’

Although anonymity of the Delphi method and large panels
have many advantages, we acknowledge that it has limitations
too. These include low compliance, lack of responsibility for
the end result and loss of flexibility and richness of non-verbal
communication—important elements of unstructured, direct
group interaction.”’ This study benefited from a closed first
round and group interactions that were both anonymous for
the Delphi surveys and direct, although online, for the Inter-
active Group Process. Larger panels, however, might introduce
more variation of opinion and false ‘consensus’ as panellists are
‘forced’ to reach consensus without any opportunity to debate
the issues or areas of tension and dissent.'’ *®

The increase in consensus between rounds 1 and 2 can be
ascribed to iteration of judgement and partly to an artificial
by-product of the pressure to conformity caused by feedback;
we provided stakeholder group-specific histograms to all partic-
ipants between rounds 1 and 2. In addition to anonymous feed-
back during the Delphi rounds, online mixed stakeholder group
discussion meetings were opportunities to deliberate. Here it
was possible for certain voices in the online room to dominate;
however, group leads were carefully selected to guide conversa-
tions, guard against dominance and to give minoritised groups
a voice.

Because the aim of this study was not to pursue consensus
at all cost, but rather to obtain reasonable consensus while
mapping the level of agreement, the panel did not vote again
on non-consensus statements during online meetings. Statis-
tical consensus or non-consensus was therefore unchanged but
enriched by including deliberations from multiple perspectives.

Although the Delphi panel reached consensus on many state-
ments, we acknowledge that consensus relies on ‘expert judge-
ment’ with possible group pressure to conform. Consensus in a
Delphi could therefore be seen as suspect.’!

A third Delphi round might have resulted in an even higher
overall consensus, although limited to a small number of state-
ments. After removing outliers and reanalysing panellists’ scores,
the panel reached consensus on two statements (statements 34
and 46) with marginal non-consensus after round 2.

CONCLUSION

A diverse and inclusive Delphi panel agreed on four key issues
essential to moving clinical practice and research forward in the
area of PCM and its natural history: (1) definition, confirming its

proposed conceptual attributes (tissue type, size, location, shape
and ownership); (2) terminology—use ‘morphology’ and not
doom-and-gloom terms ‘lesion’, ‘abnormality’ or ‘deformity’;
(3) taxonomy, distinguishing between primary and secondary
cam morphology, and (4) imaging outcomes, continuous bone
and/or cartilage alpha angles on radial femoral head-neck MRI
for research on how PCM develops.

This broad consensus provides athletes, patients, clinicians and
researchers with a strong foundation for more precise communi-
cation, better clinical decision-making and higher value research
on PCM and its natural history.
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