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Disclaimer

This clinical practice guideline (CPG) was developed by the clinical practice guideline
development group composed of an international group of volunteer physicians from the
Association Research Circulation Osseous (ARCO). The CPG is based on a formal systematic
review of the available scientific and clinical information and accepted approaches to treatment
and/or diagnosis. This CPG is not intended to be a fixed protocol, as some patients may require
more or less treatment or different means of diagnosis. Clinical patients may not necessarily be
the same as those found in a clinical trial. Patient care and treatment should always be based on a
clinician’s independent medical judgment, given the individual patient's specific clinical
circumstances. Therefore, these guidelines are not intended to replace clinician judgment,
establish a legal standard of care, or serve as insurance benefits coverage criteria.
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on the recommendations contained within this clinical practice guideline.
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SUMMARY OF ACTION STATEMENT

1. Diagnosis: Optimal imaging modality for diagnosis of osteonecrosis of the femoral head
(ONFH)

A magnetic resonance image (MRI) is the recommended diagnostic imaging test for ONFH.

Quality of Evidence: Very low
Strength of Recommendation: Strong

2. Diagnosis: Optimal imaging modality for detecting subchondral fracture in ONFH

A computed tomography evaluation (CT) or an MRl is preferred over plain radiography for
detecting subchondral fractures. There is variable evidence to justify the benefit of a frog-
leg lateral radiograph.

Quality of Evidence: Very low
Strength of Recommendation: Weak

3. Diagnosis: Optimal imaging modality for monitoring the effect of any intervention for treating
ONFH

An MRI can quantify the area and extent of osteonecrosis and may be used to monitor the
effect of any treatment in ONFH.

Quality of Evidence: Very low
Strength of Recommendation: Weak

4. Diagnosis: Imaging studies to correlate and differentiate symptomatic versus
asymptomatic ONFH

In ONFH, before subchondral fracture or collapse, MRI is recommended to determine if hip
pain is due to ONFH, as bone marrow edema and joint effusion on MRI correlate with pain.
Bone marrow edema, when compared to joint effusion, is a more accurate indicator of hip
pain.

Quality of Evidence: Moderate
Strength of Recommendation: Strong

5. Treatment: Core decompression (CD) versus CD plus bone marrow concentrate (BMC)
for the treatment of pre-collapse ONFH

For patients who have ONFH without subchondral fracture or collapse (ARCO stages | to
Il), CD can be considered for treatment. For patients undergoing CD, adding BMC to the
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procedure may reduce the risk of femoral head collapse. However, there are no
comparative data to clearly state what treatment is best for pre-collapse ONFH to prevent
subchondral fracture.

Quality of Evidence: Low
Strength of Recommendation: Weak

6. Treatment: Vascularized Fibular Grafting (VFG) for the treatment of pre-collapse ONFH

For patients who have ONFH without subchondral fracture or collapse (ARCO stages | to
Il), VFG may be considered as a femoral head-preserving option, but this must be balanced
with the increased morbidity of this procedure as compared to lower-complexity
procedures.

Quality of Evidence: Very low
Strength of Recommendation: Weak

7. Treatment: Osteotomy for the treatment of pre-collapse ONFH

For patients who have ONFH without subchondral fracture or collapse (ARCO stages | to
Il), proximal femoral osteotomy may occasionally be considered to preserve the femoral
head and shift weight-bearing to the non-necrotic bone, but this must be balanced by the
deformity created and any impact on subsequent joint arthroplasty procedures.

Quality of Evidence: Very low
Strength of Recommendation: Weak

8. Treatment: CD plus non-vascularized autogenous fibula graft for the treatment of pre-collapse
ONFH

The workgroup recommends against adding a non-vascularized autogenous fibular graft to
CD for the purpose of preventing femoral head collapse, as there is no clear benefit, and it
incurs the morbidity of obtaining the autogenous bone graft.

Quality of Evidence: Very low
Strength of Recommendation: Weak

9. Treatment: Other joint-preserving treatments for pre-collapse ONFH

For patients who have ONFH without subchondral fracture or collapse (ARCO stages | to
Il), there are many other treatments in the literature, beyond those previously outlined in
the above guidelines; however, the evidence base consists of fewer than three studies
eligible for analysis, per the guideline inclusion criteria. Therefore, we issue no
recommendation for the routine use of these other treatments to prevent subchondral
fracture in ARCO stages-| to Il ONFH.
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Quality of Evidence: Insufficient evidence
Strength of Recommendation: None

10. Treatment: Observation versus treatment intervention for patients who have
asymptomatic ONFH before subchondral fracture.

In the absence of sufficient evidence, it is the opinion of the workgroup that for patients
who have asymptomatic ONFH, without subchondral fracture or collapse (ARCO stages |
to Il), treatment may be considered depending on the risk of developing symptoms and
subchondral collapse (e.g., ARCO size types 2 or 3), as well as the volume or extent of
involvement. Treatments with low morbidity are preferred.

Quality of Evidence: Very low
Strength of Recommendation: Weak

11. Treatment: Total hip arthroplasty (THA) for patients who have symptomatic ONFH without
evidence of subchondral fracture, collapse, or arthritis, i.e., ARCO stages | or Il.

For patients who have symptomatic ONFH without subchondral fracture (ARCO stages |
to Il), alternative treatments/procedures to THA should be considered.

Quality of Evidence: Insufficient evidence
Strength of Recommendation: Strong (consensus-based)

12. Treatment: Surgical treatment for patients who have ONFH and evidence of
subchondral fracture or collapse, i.e., ARCO stage llII.

In ARCO stage-ll ONFH, femoral head-preserving procedures are associated with a smaller
functional improvement compared to THA, and the outcome is less predictable. However,
shared decision-making between patients and their physicians is necessary, especially in
younger patients, because of the value of joint preservation.

Quality of Evidence: Very low
Strength of Recommendation: Weak
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INTRODUCTION

OVERVIEW

This clinical practice guideline (CPG) is based on a systematic review of published studies
reporting the diagnosis and treatment of nontraumatic osteonecrosis of the femoral head (ONFH).
It is developed under the auspices of the Association Research Circulation Osseous (ARCO),
which is devoted to the study of this disease and other bone circulatory disorders. An international
group of experts from ARCO, based on their established scholarly contributions, was convened
to develop this CPG. The CPG development group reflected broad international collaboration,
encompassing experts from eight countries across three continents — North America, Europe,
and Asia. Members represented leading academic and clinical institutions in the United States,
Japan, South Korea, China, Taiwan, the United Kingdom, France, and Germany. It provides
recommendations to assist practitioners in integrating current evidence into clinical care and
highlights gaps in the literature that need to be addressed in future research. This CPG is intended
to be used by qualified and appropriately trained physicians and clinicians involved in the
diagnosis and treatment of ONFH. It also serves as an information resource for decision makers
and all other potential users of the CPG.

GOALS AND RATIONALE

The purpose of this CPG is to evaluate the current best evidence associated with the diagnosis
and management of non-traumatic ONFH. The standards of evidence-based medicine emphasize
that clinical decision-making should be guided by the highest quality evidence available. To this
aim, a systematic review of the literature in publication was started in March 2020. The
development of this project coincided with the outbreak of the COVID-19 pandemic, during which
reduced clinical activity allowed surgeons more time to contribute to the early phases of the
guideline. However, following the resumption of regular clinical duties after the pandemic
shutdown, surgeon availability became limited, and the project was delayed. Additional resources,
staff, and support were identified, and work resumed in 2023. Methodologists at the Minnesota
Evidence-based Practice Center, a University of Minnesota center primarily funded by the U.S.
Agency for Healthcare Research and Quality (AHRQ), were engaged and provided staff to work
with the physician/clinician work group at the Association Research Circulation Osseous (ARCO)
in evaluating the existing literature and formulating the following recommendations based on a
rigorous systematic approach.

This guideline was created as an educational tool to guide qualified physicians and clinicians in
making diagnostic and therapeutic decisions that improve the quality and consistency of care.
This guideline should not be construed as including all potential methods of care, nor does it
preclude other reasonable approaches aimed at achieving positive outcomes. The choice of a
specific diagnostic or treatment strategy should ultimately be made jointly by the physician and
patient, considering individual circumstances, available resources, and patient preferences.

INTENDED USERS

This guideline is intended to be used by orthopedic surgeons and other healthcare providers
involved in the diagnosis and management of ONFH. Primary users include orthopedic surgeons,
many of whom will have completed subspecialty training in joint preservation surgery or
arthroplasty. Physicians in related specialties—such as rheumatology, radiology, and
rehabilitation medicine—as well as adult primary care physicians, geriatricians, hospital-based
internal medicine specialists, physical therapists, occupational therapists, nurse practitioners, and
physician assistants who routinely encounter these patients in various settings may also benefit
from this guideline.

The ONFH management assumes that care decisions are made through shared communication
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between the treating physician and the patient and/or the patient’s qualified healthcare advocate.
Patients should be informed of available diagnostic and treatment options, including their potential
benefits and risks, and these options should be discussed in the context of individual patient
values and preferences. Once informed, the patient and/or their advocate, together with the
treating physician, can make a collaborative decision regarding the most appropriate course of
management. Clinician input—drawing on experience with nonoperative care, joint-preserving
surgery, and arthroplasty—enhances the ability to match patients with interventions that are most
likely to improve outcomes. The ARCO guideline development process adopted the Grading of
Recommendations, Assessment, Development, and Evaluation (GRADE) Evidence-to-Decision
Framework '-3 to enable workgroup members to incorporate multiple factors into recommendation
strength and to move beyond the rigidity of earlier guideline language stems.

This guideline is not intended for use as a benefits determination document. It does not address
allocation of resources, business or ethical considerations, or other factors required to determine
the material value of musculoskeletal care.

PATIENT POPULATION

This guideline addresses the diagnosis and treatment of adult patients (= 16 years of age) with
nontraumatic ONFH. It is not intended to address the management of pediatric patients with
osteonecrosis or other types of osteonecrosis, such as traumatic ONFH.

BURDEN OF DISEASE

Osteonecrosis of the femoral head often results in profound disability, leading to wheelchair
dependence or necessitating joint arthroplasty, and imposes the lifelong burden of managing an
implant 45. Currently, over 450,000 Total Hip Arthroplasties (THAs) are performed each year in
the United States 6, with ONFH accounting for as much as 18% of these procedures ’. This figure
is expected to increase twofold by 2030 8. These procedures contribute to nearly $18 billion in
annual healthcare expenditures °. With an aging population and the growing use of THA in
younger patients, the incidence of complications, including aseptic loosening, periprosthetic
fractures, and prosthetic joint infection, is anticipated to increase, further intensifying both the
economic and health burdens associated with THA %11, Notably, patients who have ONFH have
historically experienced poorer outcomes after THA, including higher risks of revision surgery,
infection, and hospital readmission, compared with those treated for osteoarthritis '2.

EMOTIONAL AND PHYSICAL IMPACT

Osteonecrosis of the femoral head has profound physical and emotional consequences 3.
Patients often present with progressive hip pain, functional limitations, and reduced mobility that
can significantly impair activities of daily living, employment, and participation in recreational
pursuits '3. In advanced cases, disability may result in dependence on walking aids or
wheelchairs, thereby diminishing the quality of life 3. Emotional impacts include anxiety,
depression, and social withdrawal '3, particularly among younger patients who face the lifelong
burden of joint arthroplasty. The ONFH disproportionately affects patients in their third to fifth
decades of life, compounding its social and psychological burden by limiting productivity during
peak working years 1314,

SCOPE

The scope of this guideline includes the diagnosis and management of patients who have
nontraumatic ONFH. It does not address traumatic osteonecrosis resulting from fracture or
dislocation, pediatric cases, or osteonecrosis affecting other skeletal sites.

INCIDENCE AND PREVALENCE
The number of new cases of ONFH is estimated 2,500-3,000 in Japan '°, 15,000—20,000 in the
United States ¢, and 100,000—200,000 in China 7. When adjusted for population size, the overall
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incidence does not appear markedly different among these countries. However, epidemiological
studies indicate substantial variation in the prevalence of ONFH across various ethnic and racial
groups, which is influenced by a combination of genetics, lifestyle, and frequency of pre-existing
health conditions 8. Notably, the incidence in Korea is relatively higher, with nearly half of all THAs
performed for ONFH'®, compared with approximately 10% in the United States 2°. A high
proportion of ONFH among THA cases is not unique to Korea; other Asian countries, such as
China, Thailand, and India, also report similarly elevated proportions, whereas Japan reports a
much lower proportion, with ONFH accounting for less than 10% of THA cases 2'?2. However,
evaluating the frequency of ONFH based solely on its proportion among THAs is not an
appropriate approach. A lower prevalence of osteoarthritis in certain populations can lead to a
relatively higher proportion of ONFH among THA cases, which may misrepresent the true
incidence of ONFH.

RISK FACTORS

Several risk factors have been consistently associated with the development of ONFH. Prolonged
or high-dose corticosteroid therapy and chronic alcohol consumption are among the most widely
recognized contributors, both of which are linked to impaired microcirculation, fat embolism, and
elevated intraosseous pressure 23. Autoimmune diseases such as SLE, as well as other systemic
inflammatory or hematologic disorders, further increase risk through both disease-related
mechanisms and corticosteroid exposure?*. Additional risk factors include metabolic syndrome,
hyperlipidemia, coagulopathies, a history of organ transplantation, and smoking 2°26. Genetic
predisposition has also been implicated in ONFH risk, with certain variants increasing individual
susceptibility ?7. It is believed that the presence of risk factors does not invariably lead to disease,
but they substantially increase the likelihood of ONFH development when coincident with an
underlying genetic predisposition #’.

POTENTIAL BENEFITS, HARM, AND CONTRAINDICATIONS

The main benefits of this guideline include streamlining and standardizing the diagnostic
evaluation and surgical management of ONFH based on the best available evidence. Unlike prior
regional guidelines, this represents the first international, consensus-driven CPG developed
under the ARCO. By incorporating perspectives from diverse healthcare systems, it aims to
harmonize care globally, reduce regional variability, and improve outcomes across different
practice settings. Additional benefits include earlier and more accurate diagnosis, improved
selection of stage-appropriate surgical interventions, and greater consistency in treatment
planning and patient counseling. Potential harms are primarily related to diagnostic procedures
and surgical treatment. Imaging studies may result in radiation exposure or increased healthcare
costs. Surgical interventions for ONFH are associated with risks such as infection,
thromboembolic events, hardware failure, and the possibility of revision surgery, particularly in
younger patients. Contraindications vary by disease stage, treatment modality, and patient
characteristics. For example, advanced femoral head collapse may preclude joint-preserving
techniques, while severe comorbid conditions or poor bone stock may limit surgical options.
Treatment selection should therefore be guided by a shared decision-making process that
balances diagnostic accuracy, surgical risks, and patient-specific values, preferences, and goals.

DIFFERENCES BETWEEN THE PRESENT AND PREVIOUS GUIDELINES

This CPG is the first international guideline for ONFH, which was developed under the auspices
of the ARCO. Previous guidelines for ONFH were developed at the national or regional level (e.g.,
Japan, China, Korea, United States) and reflected local practice patterns. In contrast, the present
guideline incorporates global perspectives, with the goal of harmonizing care across diverse
geographic and clinical settings. In developing this document, the work group considered the
literature examined in prior national guidelines as well as empirical evidence published in the
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intervening years. Importantly, a high level of methodological rigor was used to establish this
guideline. It was developed using the GRADE Evidence-to-Decision Framework '3 in consultation
with the Minnesota Evidence-Based Practice Center. Additional consultations were undertaken
with the American Academy of Orthopaedic Surgeons. The GRADE Framework enabled the
incorporation of additional contextual factors into the strength of each recommendation. A notable
distinction is that this guideline provides disease stage-specific recommendations for the
diagnosis and management of ONFH. This guideline uses the ARCO-defined staging system 28
for ONFH while acknowledging that individual published studies may use alternative staging
systems. Whereas previous guidelines often emphasized either early-stage or advanced-stage
arthroplasty, the present guideline systematically addresses diagnostic strategies and treatment
options tailored to each ARCO stage of disease. This approach enables more consistent,
evidence-based decision-making and supports clinicians in selecting interventions most
appropriate to the patient’s disease stage. Furthermore, it establishes a platform for additional
CPG development to address many other issues related to both ONFH and osteonecrosis of other
disease sites.

METHODS

This CPG evaluates the diagnosis and management of nontraumatic ONFH. The approach
adopted by ARCO incorporated practicing physicians (clinical experts) and methodologists who
were free of potential conflicts of interest relevant to the topic under study, as recommended by
clinical practice guideline development standards 2°.

This CPG was prepared by the ARCO ONFH Guideline Development Group (clinical experts) with
the guidance and assistance of methodologists from the Minnesota Evidence-based Practice
Center. The initial protocol for the development of this clinical CPG was made publicly available in
an earlier publication . Any deviations from that protocol are addressed in this section.

To develop this CPG, the work group held an initial meeting in March 2020 to establish the scope
of the guideline. As the physician experts, the work group defined the scope by developing PICO
questions (population, intervention, comparison, and outcome), which directed the systematic
literature search 3°. The workgroup also defined the inclusion and exclusion criteria for articles to
be included for data abstraction. After the COVID-19 pandemic, progress was delayed. The
project resumed in 2023 with an updated literature review to capture new publications from the
intervening years to June 2024. The workgroup was subdivided into 3 smaller workgroups to
address the 3 PICO questions, with a chair identified for each PICO question-focused workgroup.
Multiple workgroup meetings took place virtually to further refine the PICO questions and to gain
consensus on decisions and practices with respect to systematic search, literature review, and
rating articles for inclusion in analysis. Experienced medical research librarians created and
executed the systematic searches. After the included literature was identified, a core group of
physicians and scientists worked with the CPG project chair and the Minnesota Evidence-based
Practice Center to complete the steps in risk of bias assessment, data abstraction, evidence
synthesis, biostatistical analysis, and assessing the quality of the evidence base. With the
exception of the CPG project chair, this review group excluded the voting guideline panel.

The synthesized evidence was reviewed and appraised by the guideline panel according to the
GRADE Evidence-to-Decision Framework 3':32, which enabled the panel to incorporate contextual
factors into the strength of each recommendation.

PICO QUESTIONS & CRITERIA
PICO 1 - Diagnostic Imaging
In patients undergoing diagnostic evaluation for ONFH, what imaging studies are most sensitive
and specific for:
a) Diagnosis

13
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b) Detecting a subchondral fracture
¢) Monitoring the effect of any intervention
d) Correlating with symptomatic vs. asymptomatic disease

Inclusion criteria
e The focus of the article is on imaging, not on a treatment outcome
e Humans only
e Adult population only (age >16 years)

Exclusion criteria
e Animal studies
e Foreign language without full-text English translation
e Single case reports
¢ Atrticles that do not present original data (e.g., reviews, editorials)

PICO 2 - Early Disease (ARCO stages | and Il)
In patients with ONFH, ARCO stages | and Il (without femoral head fracture or collapse):

a) What treatment (e.g., bisphosphonates, core decompression, cellular stem cell therapy) is
best at preventing a subsequent femoral head subchondral fracture?

b) For asymptomatic patients, does treatment vs. serial observation reduce the risk of a
subchondral femoral head fracture?

c) For symptomatic patients, should total hip arthroplasty (THA) be performed to reduce
pain?

Inclusion criteria
e Evidencelevel 1to 4
Case series with >15 patients
Humans only
Prospective or retrospective studies
Diagnosis = non-traumatic ONFH
Age > 16 years
Advanced imaging (CT or MRI), in addition to X-ray, is used to assess for subchondral
collapse
e Treatment intervention is uniform across the entire treatment cohort
¢ Outcome includes radiographic progression (not only conversion to total hip arthroplasty)
e Follow-up > two years

Exclusion criteria
e Animal studies
Foreign language without full-text English translation
Single case reports
No duplicate papers or patient cohorts
Articles that do not present original data (e.g., reviews, editorials)

PICO 3 — Advanced Disease (ARCO stage lll)

In patients with ONFH, ARCO stage Il (with a femoral head fracture, with or without collapse),
what surgical treatment (e.g., rotational osteotomy, hemiarthroplasty, surface replacement
arthroplasty, total hip arthroplasty) yields the best functional outcome over:
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a) < 25-year time frame? (Older patient)
b) > 25-year time frame? (Younger patient)

Inclusion criteria

e Evidence levels 1104
Case series with >15 patients
Humans only
Prospective or retrospective studies
Diagnosis = non-traumatic ONFH
Age >16 years
Staging data provided
Treatment intervention is uniform across the entire treatment cohort
Outcome data provided
Follow-up > two years

Exclusion criteria
e Animal studies

¢ Foreign language without full-text English translation

¢ Single case reports

¢ No duplicate papers or patient cohorts

e Articles that do not present original data (e.g., reviews, editorials)
LITERATURE SEARCH

In consultations with the CPG development group, University of Minnesota medical librarians
developed search algorithms for PubMed, EMBASE, and the Cochrane Central Register of
Controlled Trials databases using MESH and keyword terms derived from the PICO questions
(Appendix 1lI) 0. Searches were conducted from database inception to June 2024. Database
searches were supplemented with hand searches of bibliographies of secondary literature
sources, such as systematic reviews, when available. References identified by database
searches were imported into Rayyan, an Al-powered systematic review management platform
[https://www.rayyan.ai/], and independently screened by two reviewers using predefined study
selection criteria 3° at title/abstract and at full text for potentially eligible studies. Disagreements
between reviewers were resolved through consultation with a third reviewer. Workgroup sessions
were conducted among the different PICO workgroups to train the screeners to ensure calibration.
A project webpage [https://sites.google.com/umn.edu/arcocpg/home] was established to allow all
participants to be involved asynchronously as required. The project webpage also served as a
depository and resource for foundational documents, definitions, training tip sheets, and other
documents to keep this large, international group unified and aligned in their work. Additional
training sessions were used to train non-voting personnel and staff who joined the project effort
after its initiation.

Each article was screened independently and in a blinded fashion at both title/abstract and full
text screening by at least 3 experts, for either inclusion or exclusion in the final set of articles. Tie-
breaking votes were made by the PICO workgroup chair when required.

A study attrition diagram is provided in Figures 1a, 1b, and 1c¢, corresponding to PICO 1, PICO 2,
and PICO 3 questions. These diagrams demonstrate the detailed numbers of identified abstracts,
recalled and selected studies, and excluded studies that were evaluated for the guideline. The
complete search strategies used to identify the abstracts are provided in Appendix IIl.

The number of studies included in the synthesis reflects all eligible articles that met the inclusion
criteria for that PICO question. However, only a subset of those studies could be used as evidence
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to support the recommendation, because not all synthesized studies reported the specific
outcomes required for pooled analysis, had comparable study designs, or provided data suitable
for quantitative evaluation. Nonetheless, these studies were used to help the consensus-reaching
process.

DATA EXTRACTION AND RISK OF BIAS ASSESSMENT

Two reviewers independently extracted study characteristics and outcome data from included
studies using standardized extraction forms. QUADAS-2 33, the Cochrane ROB 2 34, and the
ROBINS-I tools %% were used to assess the risk of bias of included diagnostic, randomized
controlled trials, or observational studies, respectively. Risk of bias was assessed by two
independent reviewers, and differences in overall risk of bias assessments were discussed in the
team and resolved by consensus.

EVIDENCE SYNTHESIS

The workgroup prespecified thresholds for evidence synthesis. At least three eligible studies
reporting on the same intervention and outcome were required for pooled analysis or meta-
analysis. When three or more studies with comparable designs and outcomes were available, a
meta-analysis was performed. When only single-arm studies or heterogeneous designs were
available, results were synthesized as pooled data. Interventions with fewer than three eligible
studies were considered below the threshold for evidence synthesis, and no formal
recommendation was issued for their routine use. This rule ensured consistency in how
recommendations were drawn across interventions and explains why some treatments, despite
being reported in the literature, did not receive recommendations in this guideline. We used
random-effects regression modeling for meta-analyses. Between-study heterogeneity was
assessed using the restricted maximum likelihood estimator. All analyses were conducted using
the statistical software R (Version 4.2.2). The systematic review and meta-analysis underpinning
the recommendations has been published separately .

DEFINING THE QUALITY OF EVIDENCE

The quality of evidence for each outcome was assessed using the modified GRADE approach
31,32 which considers several key domains in defining the quality. In this respect, the initial rating
depends on study design: randomized controlled trials (RCTs) begin as “high” quality, while
observational studies begin as “low.” The rating is then adjusted based on positive and negative
factors. Negative factors (downgrades) include serious risk of bias, unexplained heterogeneity or
inconsistency, indirectness of evidence, imprecision of estimates (wide confidence intervals or
small sample size), and suspected publication bias. Each serious limitation results in the evidence
being rated down by one level, and very serious limitations may result in a two-level downgrade.
Conversely, certain conditions allow upgrading of observational evidence. Positive factors
(upgrades) include a large magnitude of effect, the presence of a dose-response gradient, or
situations where all plausible confounding would reduce an apparent effect or suggest a spurious
effect when results show no effect. These upgrades can raise the quality rating by one or two
levels, depending on strength. Based on these domains, the quality of evidence for each outcome
was categorized into four levels: high, moderate, low, or very low. “High” indicates that further
research is very unlikely to change confidence in the estimate of effect, whereas “very low” reflects
substantial uncertainty in the evidence base. The intermediate categories (“moderate” and “low”)
signify increasing degrees of uncertainty and potential for future studies to influence the effect
estimate.

DEFINING THE STRENGTH OF RECOMMENDATION

The strength of each recommendation was determined based on the GRADE results, integrating
both the certainty of evidence and additional contextual factors 3!32. Recommendations were
classified as either strong or weak (Table ). Strong recommendations were made when the panel
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judged that the desirable effects of an intervention clearly outweighed the undesirable effects (or
vice versa), supported by high- or moderate-certainty evidence, consistent findings, and broad
applicability. Weak recommendations were issued when there was greater uncertainty, often due
to low or very low certainty evidence, variability in patient preferences, or concerns regarding
feasibility or resource use. In formulating recommendations, the panel carefully considered the
certainty of the supporting evidence, the balance between benefits and harms, patient values and
preferences as informed by patient stakeholders, resource implications and feasibility across
diverse healthcare systems, and additional aspects such as equity, acceptability, and
implementation challenges. Final recommendations were derived through structured consensus
discussions within each PICO group and were subsequently ratified by the full guideline
development panel.

VOTING ON THE RECOMMENDATIONS

The recommendations and their strength were developed through a structured consensus
process involving the multidisciplinary guideline development panel. After evidence summaries
and GRADE appraisals were prepared for each PICO domain, draft recommendations were
generated within the corresponding working groups. These draft recommendations were first
circulated to the ARCO executive members for initial evaluation of clarity, clinical applicability, and
strength.

During scheduled consensus meetings, recommendations were presented to the full guideline
development group for discussion and voting. A modified Delphi approach 3" was employed to
achieve consensus. Consensus was defined as = 80% agreement. If consensus was not achieved
in the first round, recommendations were revised and re-voted in subsequent meetings. Final
recommendations were endorsed during a full-panel meeting, where unresolved disagreements
were resolved through majority vote after open discussion. Nearly all recommendations
achieved unanimous (100%) consensus; in the few instances where unanimity was not reached,
consensus was achieved with a single dissenting vote. More detailed information supporting
compliance with the AGREE Il reporting guideline can be found in Appendix V.
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Understanding the Quality of Evidence and Strength of Recommendation

Table la. Strength and Quality Descriptions (used with permission from Joannidis et al., as
modified from Guyatt et al.)3"-32

Recommendation

v v

A High
1 Strong
Strength of . . B Moderate
: Quality of evidence
recommendation C Low
2 Weak
D Very low
Table Ib.
Quality of evidence and definitions (Guyatt et al.)
High quality Further research is very unlikely to change our confidence in the estimate

of effect

Moderate quality | Further research is likely to have an important impact on our confidence in
the estimate of effect and may change the estimate

Low quality Further research is very likely to have an important impact on our
confidence in the estimate of effect and is likely to change the estimate

Very low quality Any estimate of effect is very uncertain

Table Il. Interpreting the Strength of a Recommendation

Strength of Patient Counseling Decision Impact of Future
Recommendation (Time) Aids Research
Strong Less Less Not likely to change
Important
Weak More More Change
Important possible/anticipated
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REVIEW AND APPROVAL PROCESS

Following the final meeting, the primary draft of the guideline underwent a structured external
review period of three weeks to obtain additional input from content experts outside the work
group. Written comments were collected using a standardized review form, and all reviewers were
required to disclose potential conflicts of interest (COI).

External reviewers—orthopaedic and non-orthopaedic—were encouraged to coordinate review
through their evidence-based practice (EBP) or guideline committees, consolidate feedback into
a single document, and ensure disclosure of any COI by the chair or designated representative.
This process allowed broad stakeholder engagement while maintaining a structured and
transparent system of feedback.

The review stage provided an opportunity for external stakeholders to identify overlooked
evidence or highlight areas needing clarification. As the draft remained subject to revision until its
final approval by the ARCO Executive Committee, confidentiality of all working drafts was
emphasized throughout the review process. The draft guideline was also circulated to ARCO
members, affiliated societies, and relevant external organizations to maximize opportunities for
input.

All comments received during the review period were collated and initially addressed by the chairs
of each PICO question and the methodologists. Methodological issues were handled by the
methodological team. Clinical questions were addressed by the physician co-chairs. Draft
responses were then reviewed by all CPG members, and any proposed modifications to
recommendation language were required to be evidence-based and formally approved by the
ARCO CPG development group. Final revisions were summarized in a review report that
accompanied the guideline through subsequent approval stages.

ARCO APPROVAL PROCESS

This final CPG draft was approved by the ARCO Board. Their responsibility was to approve or
reject the document for publication by majority vote; they did not suggest modifications to the
scientific content of the guideline.

REVISION PLANS

This guideline is intended to be a living document that will be revised as new evidence becomes
available. The guideline development group has committed to a formal review of the literature at
least every five years, or sooner if pivotal studies are published that could alter current
recommendations. The update process will follow the same rigorous methodology used for the
initial guideline. Feedback from clinicians, patients, and other stakeholders will also be solicited
to ensure that revisions remain clinically relevant and patient-centered.

CPG DISSEMINATION PLAN

This CPG will be disseminated internationally to support harmonization of ONFH care across
diverse practice settings. Publication of this CPG will be announced jointly by ARCO and the
American Academy of Orthopaedic Surgeons (AAOS). The final guideline and supporting
rationales will be hosted on the AAOS Clinical Practice Guideline website
(www.OrthoGuidelines.org) with AAOS endorsement, ensuring wide visibility and accessibility. In
addition, ARCO will disseminate the guideline through its website, www.arco-intl.org, newsletters,
and affiliated society networks. Further dissemination will include peer-reviewed publications
authored by members of the guideline development group, educational articles, and
presentations at ARCO and AAOS annual meetings. Shorter versions, including summary
recommendation tables and implementation tools, will be prepared for broader circulation.

By leveraging both ARCO'’s international reach and AAOS endorsement, this CPG will be broadly
distributed to orthopaedic surgeons, allied specialists, and healthcare stakeholders worldwide.
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STUDY ATTRITION FLOWCHARTS

Figure 1a. PICO 1: Diagnostic Imaging of ONFH

Identification of studies via databases, registers, and reference lists of relevant systematic reviews
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Figure 1b. PICO 2: Treatment of ONFH before subchondral fracture (ARCO stages | and Il)

Identification of studies via databases, registers, and reference lists of relevant systematic reviews
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Figure 1c. PICO 3: Treatment of ONFH after subchondral fracture (ARCO stage IlI)

Identification of studies via databases, registers, and reference lists of relevant systematic reviews
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RECOMMENDATIONS

Recommendations are made when sufficient evidence (at least three studies reporting the same
intervention) supports a clear directional statement. Strong recommendations are based on high-
or moderate-certainty evidence or when the Evidence-to-Decision (EtD) Framework shows a
compelling balance of benefits and harms. Weak recommendations are issued when evidence is
low or very low, inconsistent, or when patient preferences, feasibility, or resource concerns limit
confidence. In the absence of sufficient evidence, explicitly labeled consensus-based
recommendations may be provided.

1. Diagnosis: Optimal imaging modality for diagnosis of ONFH

An MRI is the recommended diagnostic imaging test for ONFH.

Quality of Evidence: Very low
Strength of Recommendation: Strong

Description: Limited-level evidence was downgraded due to major concerns addressed in the
EtD framework, including substantial imprecision and inconsistency across studies. In the
absence of sufficient evidence, the guideline work group is making a recommendation based on
its clinical observation and opinion. While plain radiographs often are performed as an initial
imaging test, often for cost considerations, it is less sensitive than MRI and the guideline work
group strongly supports MRI as the ONFH diagnostic imaging test of choice, given that MRI will
detect ONFH before plain radiography and that ONFH has unique features on MRI, in particular
the double line sign¥’, that help distinguish ONFH from other disease entities or neoplasms. This
recommendation achieved unanimous (100%) agreement among all voting members.

Rationale

By applying a bivariate random effects model, forest plots and summary Receiver Operating
Characteristic (SROC) curves were constructed using histology as the reference standard. Among
different modalities, MRI had the highest pooled specificity (estimate, 0.96; 95% CI, 0.87, 0.99)
and very high pooled sensitivity (estimate, 0.91; 95% ClI, 0.87, 0.94) (Figure 2a). The sROC plot
(Figure 2b) demonstrated substantial imprecision due to a wide 95% prediction interval, and forest
plots (Figure 2a) showed inconsistency across studies, suggesting a very low quality of evidence.
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Figure 2a. Forest Plot for Pooled Specificity and Sensitivity Estimates.
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Agarwal, 2015 —_— 0.84 (0.70, 0.93) @ i 0.60 (0.32, 0.84)

Collier, 1985 ——— 085(062,097) —L— 100 (0.85,1.00)

Summary <3 > 0.86 (0.78, 0.92) ——— D> 0.84(0.57,095)
; I

BS I I

Stulberg, 1989 —_— 0.83 (0.72, 0.91) —————————— (086 (057,098)

Beltran, 1988 —— 0.78 (0.63, 0.89) —_— 0.75 (0.59, 0.87)

Tickman, 1986 —e—  0.87(D.74,0.94) —_—— 0.79(0.49,095)

Basset, 1987 —_— 0.65 (0.44, 0.83) ——— 1.00(0.86, 1.00)

Agarwal, 2015 — 0.76 (0.61, 0.87) ) 0.40 (0.16, 0.68)

Collier, 1985 —_— 0.55 (0.32, 0.77) —L——e 1.00 (0.85, 1.00)

Summary < 0.77 (0.69, 0.83) ——— > 0.86(063 096
: I

X-ray | |

Basset, 1987 _— : 0.50 (0.30, 0.70) ———e 1.00 (0.86, 1.00)

Ge, 2022 — 1 0.56 (0.44, 0.68) — i 0.34 (0.23, 0.46)

Summary - — : 0.50 (0.33, 0.68) e " : 0.61(0.26, 0.87)
1 I

Overall <> 0.84 (0.79, 0.87) —_>  090(072 057)
L L

0 1 0 1
Sensitivity Specificity

Imaging modalities: BS — bone scintigraphy; MRI — magnetic resonance imaging; SPECT - single-photon emission computed
tomography; XR — X-ray.
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Figure 2b. Graphical Plot of Summary Receiver Operating Characteristic (SROC) Curves
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Note: Diamonds represent the pooled summary estimate. Dashed line contours represent 95% confidence interval for the summary
estimate. Dash-Dot-Dash line contours represent the 95% prediction interval for the summary estimate.

Benefits/Harms of Implementation

An MRI offers high diagnostic accuracy, avoids radiation, and aligns with patient preference for
non-invasive testing, supporting an earlier and more effective management of ONFH. However,
higher cost, limited availability, contraindications (e.g., implants, claustrophobia), and variability
in diagnostic quality may restrict its use, while overutilization could increase healthcare costs.

Outcome Importance
Accurate identification of ONFH, particularly in early stages, is critical for guiding appropriate
treatment, preventing disease progression, and optimizing long-term joint preservation.

Cost Effectiveness/Resource Utilization

The cost of an MRI has become more reasonable with increasing availability, making it a feasible
option in many healthcare settings. However, plain radiographs remain less expensive and may
be used as an initial assessment. The CT scans or other advanced imaging, such as bone scan,
and Single Photon Emission Computed Tomography (SPECT), may be considered in settings
when MRI is not accessible.

Acceptability
An MRI is widely accepted among clinicians and patients as the preferred diagnostic imaging
modality for ONFH due to its accuracy and noninvasive nature.

Feasibility

An MRI is feasible in most modern medical settings, but may be limited by cost, accessibility, or
patient-specific contraindications (e.g., implants, claustrophobia). In such cases, other modalities
can be employed, although their diagnostic performance is lower.
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Future Research

Future research should primarily focus on high-quality comparative studies evaluating the
diagnostic accuracy of different imaging modalities for ONFH, particularly in early disease stages
when the disease may be clinically occult but potentially reversible. Additional priorities include
evaluating cost-effective diagnostic algorithms incorporating staged imaging and further validating
emerging modalities to enhance early and accurate detection of ONFH.
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2. Diagnosis: Optimal imaging modality for detecting subchondral fracture in ONFH

A CT or an MRI is preferred over plain radiography for detecting subchondral fractures.
There is variable evidence to justify the benefit of a frog-leg lateral radiograph.

Quality of Evidence: Very low
Strength of Recommendation: Weak

Description: The evidence base for imaging subchondral fractures in ONFH is limited, with only
three of the 33 included studies directly addressing this outcome. Evidence was downgraded due
to inconsistency and limited comparative data. Despite these limitations, the workgroup supports
CT and MRI as the diagnostic tests of choice based on available evidence, expert observation,
and consensus. Subchondral fractures of the femoral head related to osteonecrosis frequently
occur in the superior, anterior segment and are often more readily visualized on the frog-leg lateral
view radiograph as opposed to the anterior-posterior view projection. Nevertheless, subtle
fractures that have not yet resulted in subchondral collapse are more readily visualized on cross-
sectional imaging such as CT or MRI. Therefore, as a subchondral fracture is the major distinction
between ARCO stages Il and Ill, CT or MRl is critical to perform for accurate staging of ONFH.
This recommendation achieved unanimous (100%) agreement among all voting members.

Rationale

Among the three studies, results were inconsistent regarding the utility of frog-leg lateral versus
anteroposterior X-ray views. CT and MRI were more frequently used as reference standards, with
CT demonstrating superior ability to identify subchondral fractures that were not visualized by MRI
or conventional radiography in several cases. SPECT and SPECT/CT may provide additional
diagnostic value, but comparative data are lacking. A CT appears more sensitive and specific
than MRI although confidence in this conclusion is tempered by the limited and heterogeneous
evidence base.

Benefits/Harms of Implementation

The use of CT allows for more accurate identification of subchondral fractures, which is crucial for
staging ONFH and guiding surgical decision-making. A CT is generally less costly and faster to
perform than MRI, but it carries the risk of radiation exposure. MRI, while advantageous for
evaluating bone marrow and soft tissue changes, may fail to detect some fractures identifiable by
CT, especially in the absence of a joint effusion. Ultimately, the choice between CT and MRI
represents a trade-off between diagnostic accuracy and radiation risk and should be guided by
clinical judgment.

Outcome Importance

Detection of subchondral fracture is critical. Clinically, it strongly influences ONFH prognosis and
treatment, particularly in determining the selection of joint-preserving versus reconstructive
surgical strategies. Research-wise, because it helps ensure that the treatment across an entire
patient cohort is for a uniform cadre of patients who have similar prognoses and outcomes. As
such, CT or MRI are critical to perform for accurate staging of ONFH.

Cost Effectiveness/Resource Utilization

A CT is more costly than plain radiography but generally less expensive than an MRI. Its
increasing availability has improved feasibility over the past years. Resource considerations may
vary depending on local access and the need for repeat imaging. In settings where CT is
unavailable, MRI may serve as a secondary option, though with lower sensitivity for subchondral
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fractures.

Acceptability

Both CT and MRI are widely accepted in clinical practice for bone imaging and are often favored
by surgeons for detecting fractures. Patient acceptability is high, although concerns exist about
CT radiation exposure, particularly for younger patients requiring repeat studies.

Feasibility

A CT is feasible in most modern healthcare systems, offering rapid acquisition and high diagnostic
yield. However, its availability may be limited in rural or resource-constrained settings. MRI is
feasible in many institutions, but less accessible globally, and requires longer scan times.

Future Research

Future research should prioritize high-quality comparative studies evaluating the
diagnostic performance of CT versus MRI, as well as other advanced modalities such
as SPECT, SPECT/CT, for detecting subchondral fractures in ONFH. Standardized
protocols and outcome measures are imperative to reduce heterogeneity and
strengthen confidence in imaging-based diagnostic procedures.
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3. Diagnosis: Optimal imaging modality for monitoring the effect of any intervention for
treating ONFH

An MRI can quantify the area and extent of osteonecrosis and may be used to monitor the
effect of any treatment in ONFH.

Quality of Evidence: Very low
Strength of Recommendation: Weak

Description: The evidence base for imaging modalities to monitor ONFH progression or
response to treatment is limited. Only three studies addressed this outcome, with just one
providing a direct comparison between MRI and bone scintigraphy. Evidence was downgraded
due to the limited number of studies and the lack of standardized outcome thresholds. Despite
these limitations, the workgroup supports MRI as the preferred modality for monitoring treatment
response, based on its ability to visualize lesion extent by demonstrating the lesion border and
response to intervention. This recommendation achieved 94% agreement among all voting
members.

Rationale

Across the three identified studies, two non-comparative studies reported that MRI consistently
demonstrated the capacity to measure lesion size and extent over time. A study compared MRI
with bone scintigraphy and reported that MRI was superior to bone scintigraphy for detecting
changes in necrotic involvement after intervention. However, the threshold for defining clinically
meaningful MRI-detected changes remains undefined, limiting its ability to directly guide treatment
modification. While CT, radiographs, and bone scintigraphy can provide supportive information,
they lack the sensitivity of MRI in detecting subtle changes in bone and marrow tissue.

Benefits/Harms of Implementation

An MRI provides a non-invasive method to evaluate disease progression and treatment response,
which can aid in clinical decision-making. Potential harms include high cost, variability in access,
and the absence of standardized benchmarks for interpreting imaging changes. Overuse of MRI
for routine follow-up may increase healthcare utilization without clear evidence that serial imaging
improves patient outcomes.

Outcome Importance

Monitoring disease progression and treatment response is critical for tailoring management
strategies in ONFH. The ability to assess changes in lesion size or extent can influence whether
joint-preserving measures are continued or whether more invasive procedures, such as
arthroplasty, are indicated.

Cost Effectiveness/Resource Utilization

An MRI is more costly than radiography and CT and may be limited in availability in some
healthcare settings. Repeat imaging can further increase costs. Bone scintigraphy and CT may
be more accessible alternatives, while less sensitive for monitoring subtle disease changes.

Acceptability

An MRl is widely accepted by clinicians as the imaging modality of choice for ONFH diagnosis and
follow-up. However, patient acceptability may be reduced by MRI cost, longer acquisition times,
and contraindications such as claustrophobia or implanted devices.
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Feasibility

An MRI is feasible in most tertiary care and academic centers but may be less accessible in
resource-limited settings. Its role in routine monitoring of ONFH is constrained by availability, cost,
and lack of clear interpretive thresholds for clinically meaningful change.

Future Research

Future studies should establish standardized definitions of clinically meaningful MRI changes and
determine whether serial imaging leads to improved patient outcomes. Comparative studies
evaluating MRI against CT, bone scintigraphy, or advanced hybrid modalities (e.g., SPECT/CT)
for ONFH monitoring are needed.
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4. Diagnosis: Imaging studies to correlate and differentiate symptomatic versus
asymptomatic ONFH

In ONFH before subchondral fracture or collapse, MRI is recommended to determine if hip
pain is due to ONFH, as bone marrow edema (BME) and joint effusion on MRI correlate with
pain. BME, when compared to joint effusion, is a more accurate indicator of hip pain.

Quality of Evidence: Moderate
Strength of Recommendation: Strong

Description: There are three studies that met the inclusion criteria. A meta-analysis showed that
BME was strongly associated with pain, with a positive likelihood ratio of 16.2. Joint effusion was
less specific, with a likelihood ratio of 3.3. Evidence quality was downgraded due to small sample
sizes and limited study numbers, but upgraded for large effect sizes. Overall certainty was judged
as moderate. This recommendation achieved 83% agreement among all voting members.

Rationale

Osteonecrosis of the femoral head may or may not cause hip or groin pain. In patients who did
not have any hip pain, ONFH may be diagnosed incidentally on imaging performed for reasons
unrelated to the hip. When ONFH is identified in patients who have symptoms, it is difficult to
know whether or not the pain generator is the ONFH or a different pathology. An MRI provides
some insight into this issue.

An MRI offers non-invasive detection of BME and joint effusion without radiation exposure. The
BME has demonstrated high specificity for symptomatic ONFH, whereas joint effusion was less
reliable. Based on a meta-analysis of three studies, symptomatic patients were 16.2 times more
likely to have a positive sign for BME on MRI compared to asymptomatic patients (62.7% with
BME among symptomatic patients versus 1.8% with BME among asymptomatic patients; Figure
3a). In contrast, symptomatic patients were 3.3 times more likely to have a positive sign for joint
effusion (grade 2 or higher; 77.2% with effusion among symptomatic patients versus 23.8% with
BME among asymptomatic patients; Figure 3b). Therefore, BME appears to be more specific to
symptomatic ONFH, compared to joint effusion (grade 2 or higher). Despite the limited number of
studies, the strong association between BME and pain, along with clinical consensus, supports
MRI as the preferred modality to correlate imaging findings with symptoms.

Figure 3a. Forest Plot of Positive Likelihood Ratio for Bone Marrow Edema in Symptomatic Versus Asymptomatic Patients.

Symptomatic Asymptomatic Likelihood Ratio Likelihood Ratio
Study Events Total Events Total Weight MH, Random, 95% CI MH, Random, 95% CI
Hatanaka 2019 40 46 0 77 23.4% 135.00 [8.50; 2143.81] —l—
Huang 2003 52 98 1 12 39.5% 6.37[0.97; 41.97) il
Koo 1999 T 14 1 23 37.1% 11.50[1.58; 83.89) L
Total (95% CI) 158 112 100.0% 16.21[3.50; 75.13] -
Prediction interval [0.00; 22135621.62]

I

Heterogenelty: Tau® = 0.6239; Chi’ = 3.29, df = 2 (P = 0.19); I = 39% 0.001 1101000

Test for overall effect: Z = 3.56 (P < 0.01)
MH, Random - Mantel-Haenszel random effect regression model.

Figure 3b. Forest Plot of Positive Likelihood Ratio for Joint Effusion (Grade 2 or Higher) in Symptomatic Versus Asymptomatic Patients.
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Symptomatic Asymptomatic Likelihood Ratio Likelihood Ratio
Study Events Total Events Total Weight MH, Random, 95% ClI MH, Random, 95% CI
Hatanaka 2019 37 46 22 77 77.9% 282[1.92; 4.12] .
Huang 2003 77 98 2 12 12.1% 4.71[1.32; 16.78] ——
Koo 1999 8 14 2 23 10.1% 6.57 [1.62; 26.64) -1
Total (95% CI) 158 112 100.0% 3.26 [2.06; 5.16] -
Prediction interval [0.08; 137.99] - - 1
Heterogenelty: Tau® = 0.0323; Chi* = 1.77,df =2 (P = 0.41); IF = 0% 001 0.1 1 10 100

Test for overall effect; Z = 5.06 (P < 0.01)

MH, Random - Mantel-Haenszel random effect regression model.

Benefits/Harms of Implementation

An MRI assessment of BME provides clinicians with a reliable marker for symptom correlation in
ONFH, improving diagnostic confidence and guiding treatment. Benefits include high accuracy,
non-invasiveness, and avoidance of radiation. Potential harms include higher cost, limited access
in some settings, and patient-specific contraindications such as claustrophobia or metallic
implants.

Outcome Importance

Identifying whether symptoms are attributable to ONFH is clinically important, as the presence
of pain unrelated to ONFH may impact a patient’s management and decision-making regarding
other potential or existing pathologies that may be confounding a patient’s clinical presentation.

Cost Effectiveness/Resource Utilization

An MRI is more expensive than CT and radiography, but provides unique diagnostic value by
distinguishing symptomatic from asymptomatic hips, which may help avoid unnecessary
interventions. CT and radiographs are less expensive, but not reliable for this purpose.

Acceptability
An MR is widely accepted by clinicians and patients for assessing symptom correlation in ONFH
owing to its high accuracy and favorable safety profile.

Feasibility

An MRI is feasible in most clinical settings, but can be limited by access, cost, and patient
contraindications. In resource-limited settings, feasibility may be restricted. In these conditions,
clinical judgment may guide correlation of pain to ONFH.

Future Research

Future research should focus on larger, high-quality comparative studies to validate the accuracy
of BME and joint effusion in distinguishing symptomatic from asymptomatic ONFH. Standardized
imaging protocols are needed to strengthen diagnostic procedures.
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5. Treatment: Core decompression (CD) versus CD plus bone marrow concentrate
(BMC) for the treatment of pre-collapse ONFH

For patients who have ONFH without subchondral fracture or collapse (ARCO stages | to
Il), CD can be considered for treatment. For patients undergoing CD, adding BMC to the
procedure may reduce the risk of femoral head collapse. However, there are no
comparative data to clearly state what treatment is best for pre-collapse ONFH to prevent
subchondral fracture.

Quality of Evidence: Low
Strength of Recommendation: Weak

Description: A meta-analysis of three comparative studies (Figure 4) showed that CD alone was
associated with a higher risk of femoral head collapse than CD plus BMC (relative risk 1.82; 95%
Cl1.21t0 2.74; P =0.0042). Adding BMC reduced the absolute risk of collapse by approximately
26% (95% CI 10 to 43). Heterogeneity was low (1> = 0%), but confidence was downgraded due to
small sample sizes and inconsistency in the magnitude of effect estimate between studies (Figure
4). This recommendation achieved unanimous (100%) agreement among all voting members.

Figure 4. Forest Plot for Relative Risk of Collapse After CD Alone Versus CD Enhanced with BMC

CD CD+BMC Risk Ratio Risk Ratio
Study Events Total Events Total Weight MH, Random, 95% CI MH, Random, 95% CI
Gangji (RCT) 2011 8 11 3 13 151% 3.15[1.10;9.06] —
Pepke (RCT) 2016 6 14 4 11 172% 1.18[0.44;3.17] e
Boontanapibul (non-RCT) 2021 19 33 16 50 67.7%  1.80[1.09;2.96] ——
Total (95% CI) 58 74 100.0%  1.82[1.21;2.74] i
Prediction interval [0.74; 4.48] —_—
Heterogeneity: Tau® < 0.0001; Chi® = 1.78, df = 2 (P = 0.4102); I = 0.0% I ' ' |
Test for overall effect: Z = 2.86 (P = 0.0042) 02 05 1 2 5

BMC — bone marrow concentrate; CD — core decompression; MH, Random - Mantel-Haenszel random effect regression model.

Rationale

A CD remains one of the most widely used interventions for early ONFH, and most studies
suggest it can be effective in preventing or delaying femoral head collapse. However, outcomes
remain inconsistent. The addition of BMC may enhance biological repair and further improve
femoral head preservation. Despite these promising findings, the strength of evidence is limited
by the small number of studies, variability in BMC preparation protocols, and lack of standardized
long-term outcome reporting.

Benefits/Harms of Implementation

Potential benefits of CD+BMC include reduced collapse rates, delayed need for arthroplasty, and
the opportunity to preserve the native hip joint. Harms include the added operative time, cost, and
need for specialized cell-processing facilities, along with donor site morbidity.

Outcome Importance

Preventing femoral head collapse is a critical goal in pre-collapse ONFH, as it strongly influences
long-term native joint survival, the success of joint-preserving strategies, and the timing of
possible hip arthroplasty. As ONFH often occurs in young adults and middle-aged patients who
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have an expected lifespan of many decades, it is in their best interest to prevent a subchondral
fracture from developing, as the subsequent secondary arthritis that routinely occurs after a
subchondral fracture is often treated by hip arthroplasty, which has a limited durability and known
failure rate requiring revision arthroplasty procedures. For this reason, joint-preserving
procedures that have low morbidity and do not alter or complicate subsequent hip arthroplasty
are favored.

Cost Effectiveness/Resource Utilization

A CD is less resource-intensive and widely available, but its efficacy may be lower than CD plus
BMC. A CD plus BMC may provide improved outcomes, but requires cell-processing expertise,
infrastructure, and additional costs, which may limit its applicability in some settings.

Acceptability

A CD is well established and generally accepted by both patients and clinicians. The addition of
BMC is increasingly accepted in specialized centers, though variability in preparation methods
and limited evidence may influence adoption.

Feasibility
A CD can be performed in most orthopaedic settings, while CD plus BMC requires additional
resources and technical expertise, which may adversely affect its feasibility in centers with limited
resources.

Future Research

Future research should focus on adequately powered randomized controlled trials comparing CD
versus CD plus BMC, using standardized BMC preparation methods. Studies should also explore
cost-effectiveness and patient-reported measures to guide broader adoption.
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6. Treatment: Vascularized Fibular Grafting (VFG) for the treatment of pre-collapse ONFH

For patients who have ONFH without subchondral fracture or collapse (ARCO stages | to
Il), VFG may be considered as a femoral head-preserving option, but this must be balanced
with the increased morbidity of this procedure as compared to lower-complexity
procedures.

Quality of Evidence: Very low
Strength of Recommendation: Weak

Description: Observational series suggest that VFG is associated with relatively low 5-year
collapse rates (pooled risk approximately 13%, k = four studies). However, evidence is limited to
single-arm studies without high-quality comparative trials, and outcomes are highly dependent on
surgical expertise and case selection. This recommendation achieved unanimous (100%)
agreement among all voting members.

Rationale

A VFG has been used as a biological and mechanical support to preserve femoral head integrity
in early ONFH. While results from select centers are encouraging, the procedure is technically
demanding, resource-intensive, and carries donor site morbidity. The absence of adequately
powered comparative studies and heterogeneous outcome reporting limits confidence in its
superiority over less invasive techniques.

Benefits/Harms of Implementation

Potential benefits of VFG include improved femoral head preservation, reduced collapse rates,
and possible delay or avoidance of arthroplasty. Harms include significant surgical complexity,
longer operative time, and donor site morbidity.

Outcome Importance

Preserving the femoral head is particularly important in younger patients who have ONFH. As
ONFH often occurs in young adults and middle-aged patients who have an expected lifespan of
many decades, it is in their best interest to prevent a subchondral fracture from developing, as
the subsequent secondary arthritis that routinely occurs after a subchondral fracture is often
treated by hip arthroplasty, which has a limited durability and known failure rate requiring revision
arthroplasty procedures. For this reason, joint-preserving procedures that have low morbidity and
do not alter or complicate subsequent hip arthroplasty are favored. Nevertheless, VFG may
provide durable outcomes in carefully selected cases; however, the high surgical burden
necessitates weighing the benefits against the risks that include not only the impact on the
subsequent hip arthroplasty but also the donor site morbidity of harvesting the autogenous
vascularized fibula.

Cost Effectiveness/Resource Utilization

A VFG is a resource-intensive technique, requiring microsurgical expertise, specialized
equipment, and longer hospital stays. These factors increase cost and may limit widespread
applicability, especially in resource-limited healthcare systems.

Acceptability
A VFG is generally acceptable among experienced surgeons and patients seeking joint
preservation, but its invasiveness and potential morbidity may make it less appealing compared
with less complex alternatives.
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Feasibility
Feasibility is limited to high-volume centers with microsurgical expertise and appropriate
infrastructure. The technical demands make VFG impractical in many settings.

Future Research
Future studies should include adequately powered comparative trials evaluating VFG against

other femoral head—preserving procedures, with standardized outcome measures and long-term
follow-up.
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7. Treatment: Osteotomy for the treatment of pre-collapse ONFH

For patients who have ONFH without subchondral fracture or collapse (ARCO stages | to
Il), proximal femoral osteotomy may occasionally be considered to preserve the femoral
head and shift weight-bearing to the non-necrotic bone, but this must be balanced by the
deformity created and any impact on subsequent joint arthroplasty procedures.

Quality of Evidence: Very low
Strength of Recommendation: Weak

Description: Very limited, single-institutional, observational data suggest low long-term collapse
rates after osteotomy (pooled risk approximately 11% at 20 years; k = three studies) but
techniques vary (varus and valgus repositioning, rotational repositioning), and studies are
comparable, with heterogeneous reporting and small sample sizes. This recommendation
achieved unanimous (100%) agreement among all voting members.

Rationale

Osteotomy, most commonly in the coronal plane or rotationally along the femoral neck longitudinal
axis, can biomechanically offload the necrotic segment and may preserve the native hip in select
early-stage cases. However, technical demands, variability across varus/valgus and rotational
techniques, and the potential to complicate future arthroplasty by distorting anatomy and
compromising future implant fit, limit enthusiasm in the absence of robust comparative trials.
Selection criteria should involve assessment of lesion position, size, age, and weight as defined
by body mass index (BMI).

Benefits/Harms of Implementation

Osteotomy may preserve the femoral head and delay or avoid the need for arthroplasty by shifting
weight-bearing away from necrotic bone, offering durable outcomes in select patients. However,
the procedure carries significant drawbacks, including technical complexity and longer recovery.
Also, it may complicate future arthroplasty due to altered proximal femoral anatomy. These trade-
offs limit its routine use despite potential long-term benefit in carefully chosen cases.

Outcome Importance

Preventing/delaying collapse and maintaining joint function are critical to delay or avoid
arthroplasty, particularly relevant for younger patients. Osteotomy may achieve these aims in
select cases but with a higher surgical morbidity, including the risk of nonunion/malunion, issues
related to internal fixation placement, and the altered anatomy create challenges for subsequent
hip arthroplasty procedures.

Cost Effectiveness/Resource Utilization

Compared with lower-complexity options (e.g., CD), osteotomy generally requires longer
operative time, specialized expertise, and more intensive postoperative care with longer
recuperative time, factors that increase costs and limit scalability.

Acceptability

Acceptable to experienced surgeons and motivated patients pursuing joint preservation;
acceptance may be lower where less invasive options exist or when the possibility of more difficult
future THA is a major concern.

Feasibility
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Osteotomy is best suited for centers with expertise in hip preservation and the capacity for careful
preoperative planning, including lesion mapping and precise surgical execution. Feasibility may
be limited in settings without sufficient surgical experience and preplanning resources.

Future Research

Adequately powered comparative studies that evaluate specific osteotomy types (varus, valgus,
anterior/posterior rotational) against other head-preserving procedures are needed, with
standardized staging, lesion stratification, and long-term survivorship.
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8. Treatment: CD plus non-vascularized autogenous fibula graft for the treatment of pre-
collapse ONFH (ARCO stages | and II)

The workgroup recommends against adding a non-vascularized autogenous fibular graft to
CD for the purpose of preventing femoral head collapse, as there is no clear benefit, and it
incurs the morbidity of obtaining the autogenous bone graft.

Quality of Evidence: Very low
Strength of Recommendation: Weak

Description: Pooled data showed high 10-year collapse rates (pooled risk approximately 64 %, k
= three studies), which were worse than outcomes reported with other femoral head-preserving
options. Additionally, the available evidence is limited to small, non-comparative, and
heterogeneous observational studies. This recommendation achieved unanimous (100%)
agreement among all voting members.

Rationale

Although intended to provide structural support following CD, non-vascularized fibular grafting
has not been shown to improve outcomes, while it introduces the added morbidity of graft harvest.
Inconsistent reporting, small sample sizes, and the lack of high-quality comparative studies further
limit confidence in its utility. There was consensus agreement among the workgroup that the
increased morbidity of obtaining the non-vascularized, autogenous fibula graft is not justified,
given the lack of evidence demonstrating any benefit.

Benefits/Harms of Implementation

While theoretically providing mechanical support to the femoral head, non-vascularized fibular
grafting after CD has not demonstrated improved collapse prevention rates. Harms include
increased operative time, donor site morbidity, and lack of evidence supporting added benefit,
making routine use unjustified.

Outcome Importance

Preventing femoral head collapse is central in pre-collapse ONFH; however, CD plus non-
vascularized fibula grafting does not achieve this aim and may expose patients to unnecessary
risks without clear benefit.

Cost Effectiveness/Resource Utilization

In comparison with CD alone or CD plus BMC, the addition of a non-vascularized fibula graft to
CD incurs increased costs, surgical complexity, donor site morbidity, and hospital resource
utilization without proven benefit, thereby rendering it a low-value intervention.

Acceptability
Acceptability is limited given the lack of demonstrated efficacy and the added morbidity of fibula
harvest. Patients and clinicians generally prefer alternatives with stronger supporting evidence.

Feasibility

This procedure is technically feasible in most orthopaedic centers, but the absence of evidence
for improved outcomes reduces justification for its use. The added morbidity and lack of clear
benefit limit practical adoption.

Future Research
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Future research should clarify whether any subgroup benefits from this approach. However,
current evidence suggests prioritizing comparative trials of other femoral head—preserving
techniques with greater biological plausibility and stronger preliminary data.
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9. Treatment: Other joint-preserving treatments for pre-collapse ONFH

For patients who have ONFH without subchondral fracture or collapse (ARCO stages | to
Il), there are many other treatments in the literature, beyond those previously outlined in
the above guidelines; however, the evidence base consists of fewer than three studies
eligible for analysis, per the guideline inclusion criteria. Therefore, we issue no
recommendation for the routine use of these other treatments to prevent subchondral
fracture in ARCO stage-l to Il ONFH.

Quality of Evidence: Insufficient evidence
Strength of Recommendation: None

Description: Isolated studies have evaluated a variety of interventions, including pharmacologic
agents (e.g., alendronate, zoledronate), biologics (e.g., autologous mesenchymal stem cells
[MSCs], platelet-rich plasma [PRP], bone morphogenetic proteins [BMPs]), mechanical implants
(e.g., porous tantalum rods), and adjunctive therapies (e.g., extracorporeal shockwave therapy
[ESWT], pulsed electromagnetic field [PEMF] stimulation, hyperbaric oxygen therapy). Each is
represented by one or two small, heterogeneous studies without replication or comparative data.
This recommendation achieved 94% agreement among all voting members.

Rationale

Although some approaches appear promising, the current body of evidence is insufficient to make
a conclusion regarding their effectiveness. The heterogeneity of interventions and lack of
reproducible, high-quality studies prevent either evidence-based or consensus-driven
recommendations.

Benefits/Harms of Implementation

Potential benefits are theoretical, based on small single-center reports. Harms include procedural
morbidity, additional cost, and uncertain efficacy, with no demonstrated advantage over
established options.

Outcome Importance
Preventing femoral head collapse is a key clinical outcome; however, available data are too limited
to determine whether these interventions achieve this goal.

Cost Effectiveness/Resource Utilization
Given the lack of sufficient evidence of efficacy, these treatments cannot be considered cost-
effective for routine practice.

Acceptability

Some of these interventions, such as ESWT, are generally considered acceptable by both
clinicians and patients. However, in the absence of sufficient supporting evidence, their routine
use in standard clinical practice is not currently recommended.

Feasibility

Feasibility varies substantially across these interventions. Some, such as ESWT, are already in
routine clinical use in many centers and are relatively easy to implement. Others, such as pulsed
electromagnetic field (PEMF) stimulation, or platelet-rich plasma (PRP), may be available in select
institutions but not universally adopted. More resource-intensive or infrastructure-dependent
approaches, such as hyperbaric oxygen therapy, bone morphogenetic proteins (BMPs), or porous
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tantalum rod implantation, remain limited to specialized centers.

Future Research
Adequately powered and reproducible comparative trials with standardized staging and outcome

measures are needed to determine whether any of these interventions provide clinically
meaningful benefit.
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10. Treatment: Observation versus treatment intervention for patients who have
asymptomatic ONFH before subchondral fracture.

In the absence of sufficient evidence, it is the opinion of the workgroup that for patients
with asymptomatic ONFH, without subchondral fracture or collapse (ARCO stages | to Il),
treatment may be considered depending on the risk of developing symptoms and
subchondral collapse (e.g., ARCO size types 2 or 3), as well as the volume or extent of
involvement. Treatments with low morbidity are preferred.

Quality of Evidence: Very low
Strength of Recommendation: Weak

Description: There are no RCTs or controlled prospective trials that have addressed this PICO
question. Observational studies show that a substantial proportion of asymptomatic hips progress
to pain or collapse over time; pooling was not done due to the variable length of follow-up across
studies. In Kang et al.®?, 56% of initially asymptomatic patients developed symptoms within 2.3
years. Min et al.& reported 38% developed symptoms and 32% collapsed within four years. Nam
et al.? found 59% became symptomatic within approximately two years. In sickle cell disease,
nearly all stages | to Il lesions became symptomatic within two to three years 4. A larger lesion
size and laterally based femoral head location consistently predicted worse outcomes. The
systematic review by Mont et al.8¢ concluded that large lesions have an approximately 84% risk
of progression, medium lesions approximately 25%, while small/medial lesions carry less than
10% risk. This recommendation achieved 94% agreement among all voting members.

Rationale

Asymptomatic ONFH often progresses to symptomatic disease. However, the progression rate
varies by lesion characteristics. Larger and more lateral lesions are at particularly high risk of
becoming symptomatic and collapsing, while small- and medially-located lesions may remain
stable. Evidence for treatment effectiveness in asymptomatic patients is lacking, and clinical
practice must balance the risks of unnecessary intervention against the likelihood of progression.

Benefits/Harms of Implementation

Potential benefits of early treatment in high-risk, asymptomatic patients include preventing
collapse and reducing the need for future arthroplasty. Harms include subjecting patients who
may never become symptomatic to invasive procedures with associated morbidity, cost, and
recovery burden.

Outcome Importance

Preventing progression from asymptomatic to symptomatic disease and avoiding collapse is
clinically important but must be weighed against overtreatment of low-risk lesions. In older
patients, for whom a hip arthroplasty procedure may offer a lifelong, durable reconstruction, the
benefit of preventing subchondral fracture and hip arthrosis is lower than in younger patients.
Therefore, the risk-benefit ratio for surgically intervening in older patients is higher than in younger
patients, and non-surgical observation becomes a more attractive treatment strategy.

Cost Effectiveness/Resource Utilization

Routine treatment of all asymptomatic ONFH would increase healthcare utilization without clear
benefit, particularly for small or medial lesions at low risk of progression. Targeting higher-risk
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lesions may improve cost-effectiveness.

Acceptability

Observation is acceptable to many patients, especially those with low-risk lesions, as well as older
patients. Treatment may be more acceptable in younger patients with larger or lateral lesions, or
those highly motivated to pursue joint-preserving strategies.

Feasibility

Both observation and treatment are feasible, but treatment decisions should be individualized
using a shared decision-making process. The availability of specific procedures (e.g., CD, CD
plus BMC, osteotomy) may also vary across centers.

Future Research

Adequately powered prospective studies over a long-time horizon are needed to compare early
intervention with observation in asymptomatic ONFH, stratified by lesion size, location, and ARCO
stage. Future work should also evaluate the cost-effectiveness of the intervention vs. observation.

44



PUBLISHED BY THE JOURNAL OF BONE AND JOINT SURGERY, INCORPORATED; COPYRIGHT RETAINED BY THE ASSOCIATION RESEARCH CIRCULATION OSSEOUS
CHENG ET AL.

NONTRAUMATIC OSTEONECROSIS OF THE FEMORAL HEAD: AN INTERNATIONAL EVIDENCE-BASED CLINICAL PRACTICE GUIDELINE
http://dx.doi.org/10.2106/JBJS.25.01616

11. Treatment: Total hip arthroplasty (THA) for patients who have symptomatic ONFH,
without evidence of subchondral fracture, collapse, or arthritis, i.e, ARCO stages | or Il.

For patients who have symptomatic ONFH who do not have subchondral fracture (ARCO
stages | to ll), alternative treatments/procedures to THA should be considered.

Quality of Evidence: Insufficient evidence
Strength of Recommendation: Strong (consensus-based)

Description: There was no study addressing the role of THA in symptomatic ONFH who did not
have subchondral fracture or collapse. The evidence base is absent; therefore, this
recommendation is based solely on consensus expert opinion, which was aligned and strong for
this recommendation. This recommendation achieved 94% agreement among all voting
members.

Rationale

Although THA is effective for pain relief, performing it in pre-collapse ONFH may not be
appropriate because the femoral head is still potentially salvageable, and degenerative joint
disease (DJD) arthritis is not present. Furthermore, THA is typically reserved for treating DJD,
and in this ARCO stage, DJD is not only absent, but may not occur if collapse never develops.
Joint-preserving procedures offer the possibility of delaying arthroplasty, or foregoing it
completely, which is especially important in younger patients. A THA would be considered
premature in these patients and risks unnecessary prosthesis implantation, an increased
likelihood of revision surgeries over a lifetime, and loss of native joint preservation options.

Benefits/Harms of Implementation

Avoiding THA in symptomatic, pre-collapse disease prevents and/or delays undergoing
premature surgical interventions and the need for future revisions. Alternative joint-preserving
strategies may maintain hip function and postpone or avoid THA. The harm of not performing THA
in this stage is the possibility of persistent pain, but consensus opinion by the workgroup suggests
that this risk is outweighed by the benefits of joint preservation and avoiding prosthetic implant-
related complications in both the near and long term.

Outcome Importance
Preserving the native joint and femoral head for as long as possible is a critical outcome in young
and middle-aged patients, as it reduces the risk of multiple future revision surgeries.

Cost Effectiveness/Resource Utilization

Avoiding THA in early-stage ONFH is cost-effective, as it prevents the expense of prosthesis
implantation and potential revision procedures, while also reducing unnecessary healthcare
resource utilization.

Acceptability

Avoidance of THA in early-stage ONFH is widely accepted among both clinicians and patients,
especially in young patients with a longer life expectancy, where preserving the native hip reduces
the risk of multiple future revisions.

Feasibility

Joint-preserving procedures are feasible in most orthopaedic settings, though availability may
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vary depending on surgical expertise and institutional resources. THA remains feasible, but
should be reserved for later stages or cases where preservation strategies are no longer viable.

Future Research

Future studies should investigate long-term outcomes of early-stage symptomatic ONFH treated

with joint-preserving strategies compared to THA, with a focus on pain relief, revision rates, and
quality of life.
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12. Treatment: Surgical treatment for patients with ONFH and evidence of subchondral
fracture or collapse, i.e., ARCO stage lll.

In ARCO stage-ll ONFH, femoral head-preserving procedures are associated with a smaller
functional improvement compared to THA, and the outcome is less predictable. However,
shared decision-making between patients and their physicians is necessary, especially in
younger patients, because of the value of joint preservation.

Quality of Evidence: Very low
Strength of Recommendation: Weak

Description: There is no treatment modality had a sufficient number of eligible studies to allow
for pooled or meta-analysis. Most available studies included both ARCO stages Il and |V patients,
and outcomes were rarely reported separately for stage Ill. In addition, studies fail to report
outcomes according to age and generally only report a mean age for the cohort studied. Reported
interventions mainly included CD, bone grafting, osteotomy, vascularized grafts, resurfacing,
hemiarthroplasty, and THA. Functional outcome data were highly heterogeneous, and long-term
survivorship was inconsistently reported. This recommendation achieved unanimous (100%)
agreement among all voting members.

Rationale
The lack of specific evidence data for different age groups precluded the workgroup from making
a stronger evidence-based recommendation for specific age groups. However, there was strong
consensus among the workgroup members regarding the principles of surgical treatment for
patients with ARCO stage Ill ONFH. These principles are: (1) hip arthroplasty is associated with
better functional outcomes compared to hip preservation surgeries, (2) extrapolating from
reported outcomes of total hip arthroplasty compared to bipolar hemiarthroplasty in prospective
trials for non-ONFH conditions, THA is associated with better functional outcomes than
hemiarthroplasty and, (3) as the patient’s age rises, and the anticipated lifespan of the patient
approaches the expected lifespan of the hip arthroplasty, the risk/benefit ratio shifts in the direction
of lower risk and higher benefit, thereby favoring hip arthroplasty as the optimal treatment.
Stage Ill ONFH is defined by the presence of a subchondral fracture with or without collapse,
representing a transitional stage where joint-preserving strategies are less effective. While hip-
preserving procedures (e.g., osteotomy, bone grafting) have shown some improvement in select
reports, THA and hemiarthroplasty consistently provide more predictable pain relief and functional
recovery. However, in younger patients, delaying arthroplasty remains desirable to reduce the
risk of multiple future revisions. In patients with an expected future lifespan of < 25 years, THA
offers an excellent treatment option as it has a high likelihood of improving function, eliminating
pain, and being durable and functional for the patient's expected future lifespan. However, in
patients with an expected future lifespan of greater than 25 years, the risk of multiple future
revision hip arthroplasty procedures changes the risk-benefit ratio due to a higher risk associated
with a lifelong time period of being at risk for future arthroplasty complications. The benefit of
delaying future subsequent surgeries will be valued differently by each individual patient, and
therefore, this variation in benefit, along with the minimal data available to address this question,
precludes the workgroup from making any recommendation in younger patients that could be
broadly applicable. Hence, a shared decision-making process, or collaborative approach involving
both patient and physician, which incorporates a patient’s goals, preferences, and values, is
required to arrive at treatment decisions.
Benefits/Harms of Implementation
The benefit of hip arthroplasty in stage Il ONFH is more reliable symptom relief and functional
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improvement. Harms include loss of the native hip and risk of revision surgeries, especially in
younger patients. Joint-preserving procedures may preserve the femoral head in select cases but
carry higher variability in outcomes, and the potential to complicate the future implantation of a
hip implant due to an altered proximal femoral anatomy.

Outcome Importance

Achieving long-lasting pain relief and functional restoration is the primary goal in ARCO stage Il
disease. While preservation of the femoral head may be valuable in younger patients, durability
of outcomes is a critical consideration in treatment choice.

Cost Effectiveness/Resource Utilization

A THA is a resource-intensive procedure, but it provides consistent outcomes and may be more
cost-effective than repeated, less effective preservation attempts. However, in younger patients,
multiple future revisions increase long-term costs, urging careful selection of preservation
procedures when feasible.

Acceptability

A THA and hemiarthroplasty are generally acceptable among clinicians and patients due to their
reliability. Preservation procedures are less acceptable due to unreliable outcomes, although
younger patients and their providers may prefer them to delay arthroplasty.

Feasibility

All major treatment modalities are technically feasible, but feasibility depends on surgical
expertise and institutional resources. Preservation techniques may be limited to high-volume
centers with hip reconstruction expertise, whereas THA is widely available in most developed
countries.

Future Research

Adequately powered comparative trials are needed to clarify the relative value of hip-preserving
versus arthroplasty procedures in ARCO stage IIl ONFH. Research should stratify outcomes by
lesion size, patient age, and follow-up duration, and use standardized functional and quality-of-
life measures.
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Appendix Ill: LITERATURE SEARCH STRATEGY

PICO 1: Diagnostic Imaging

Ovid MEDLINE(R) ALL

osteonecrosis/

exp Osteoradionecrosis/

1or2

exp Femur Head/

3and 4

exp Femur Head Necrosis/

((femur or femoral) adj2 head).tw,kw.

((avascular or aseptic or ischemic) adj2 (necrosis or necroses)).tw,kw.
(osteonecrosis or osteonecroses or osteoradionecrosis or osteoradionecroses).tw,kw.
10 8or9

11 7 and 10

12 onfh.tw, kw.

13 5o0r6o0r11or12

14 exp Diagnostic Imaging/

15 ((diagnostic or "magnetic resonance" or medical) adj2 imag*).tw,kw.
16 "diagnostic imaging".fs. 1479543

17 (mri* or tomograph* or radiograph* or ultrasonograph* or x-ray).tw,kw.
18 ((ct or cat) adj2 scan®).tw,kw.

19 14 or150r16 or 17 or 18

20 exp "Sensitivity and Specificity"/

21 sensitivity.tw,kw.

22 specificity.tw,kw.

23 ((pre-test or pretest) adj probability).tw,kw.

24 post-test probability.tw,kw.

25 predictive value*.tw,kw.

26 likelihood ratio*.tw,kw.

27 diagnostic accuracy.tw,kw.

28 20 or 21 or 22 or 23 or 24 or 25 or 26 or 27

29 13 and 19 and 28

30 exp Animals/ not exp Humans/

31 29 not 30

32 exp adult/

33 exp child/ or exp infant/ or exp adolescent/

34 33 not 32

35 31 not 34

O©COoONOOOAPRWN -~

36 "case report".ti.

37 (letter or commentary or editorial).pt.
38 36 or 37

39 35 not 38

PubMed
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((((((((("Osteonecrosis"[Mesh:NoExp]) OR "Osteoradionecrosis"[Mesh]) AND ("Femur
Head"[Mesh])) OR ("Femur Head Necrosis"[Mesh])) OR (("femur head"[tiab] OR "femoral
head"[tiab]) AND (("avascular necrosis"[tiab] OR "avascular necrosis"[tiab] OR "ischemic
necrosis"[tiab] OR "avascular necroses"[tiab] OR "avascular necroses"[tiab] OR "ischemic
necroses"[tiab]) OR (osteonecrosis[tiab] OR osteonecroses[tiab] OR osteoradionecrosis[tiab]
OR osteoradionecroses[tiab])))) OR (onfh[tiab])) AND ((((("Diagnostic Imaging"[Mesh]) OR
("diagnostic imag*"[tiab] OR "magnetic resonance imag*"[tiab] OR "medical imag*"[tiab])) OR
("diagnostic imaging" [Subheading])) OR (mri[tiab] OR tomograph*[tiab] OR radiograph*[tiab]
OR ultrasonograph*[tiab] OR x-ray[tiab])) OR ("ct scan"[tiab] OR "cat scan"[tiab]))) AND
(((((((("sensitivity and Specificity"[Mesh]) OR (sensitivity[tiab])) OR (specificity[tiab])) OR ("pre-
test probability"[tiab] OR "pretest probability"[tiab])) OR ("post-test probability"[tiab])) OR
("predictive value*'[tiab])) OR ("likelihood ratio*"[tiab])) OR ("diagnostic accuracy"[tiab]))) NOT
("animals"[Mesh] NOT "humans"[Mesh])) NOT (("child"[Mesh] OR "infant"[Mesh] OR
"adolescent"[Mesh]) NOT ("adult"[Mesh]))

Embase ClassictEmbase (via Ovid)

bone necrosis/

exp osteoradionecrosis/

1or2

exp femoral head/

3 and 4

exp femur head necrosis/

((femur or femoral) adj2 head).tw,kw.

((avascular or aseptic or ischemic) adj2 (necrosis or necroses)).tw,kw.
(osteonecrosis or osteonecroses or osteoradionecrosis or osteoradionecroses).tw,kw.
10 8or9

11 7 and 10

12 onfh.tw,kw.

13 5or6or11or12

14 exp diagnostic imaging/

15 ((diagnostic or "magnetic resonance" or medical) adj2 imag*).tw,kw.
16 (mri* or tomograph* or radiograph* or ultrasonograph* or x-ray).tw,kw.
17 ((ct or cat) adj2 scan*).tw,kw.

18 14 or 15 0or 16 or 17

19 exp "sensitivity and specificity"/

20 sensitivity.tw,kw.

21 specificity.tw,kw.

22 ((pre-test or pretest) adj probability).tw,kw.

23 post-test probability.tw,kw.

24 predictive value*.tw,kw.

25 likelihood ratio*.tw,kw.

26 diagnostic accuracy.tw,kw.

27 19 or 20 or 21 or 22 or 23 or 24 or 25 or 26

28 13 and 18 and 27

29 exp Animal/ not exp Human/

30 28 not 29

31 exp adult/

32 exp child/ or exp infant/ or exp adolescent/

©Coo~NOOOTPRWN-=-
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33 32 not 31
34 30 not 33
35 (letter or commentary or editorial).pt.

36 34 not 35

Web of Science (Core Collection: SCI-EXPANDED, SSCI, AHCI, CPCI-S, CPCI-SSH, BKCI-
SSH, ESCI, CCR-EXPANDED, IC)

TS=(((("femur head" OR "femoral head") NEAR/3 (osteonecrosis OR osteonecroses OR
necrosis or necroses) OR osteoradionecrosis OR osteoradionecroses) OR ONFH) AND
(((diagnostic OR "magnetic resonance" OR medical) NEAR/2 image) OR MRI OR tomograph*
OR radiograph* OR ultrasonograph* OR x-ray OR "CT scan"” OR "CAT scan" ) AND (sensitivity
OR specificity OR (pretest NEAR/2 probability) OR "post test probability” OR "predictive value"
OR "likelihood ratio" OR "diagnostic accuracy"))

Scopus

(((INDEXTERMS("femur head necrosis")) OR (INDEXTERMS("Osteoradionecrosis" OR
"Bone Necrosis" OR "Osteonecrosis") AND INDEXTERMS("Femur Head" OR "Femoral
Head")) OR ((TITLE-ABS-KEY(((femur OR femoral) W/2 head))) AND (TITLE-ABS-
KEY(((avascular OR aseptic OR ischemic) W/2 (necrosis OR necroses)) OR osteonecrosis OR
osteonecroses OR osteoradionecrosis OR osteoradionecroses)) OR TITLE-ABS (ONFH)))
AND ((INDEXTERMS("Diagnostic Imaging")) OR (TITLE-ABS((diagnostic NEAR/2 imag*) OR
("magnetic resonance" NEAR/2 imag*) OR (medical NEAR/2 imag*) OR mri* OR tomograph*
OR radiograph* OR ultrasonograph* OR x-ray OR (ct NEAR/2 scan*) OR (cat NEAR/2 scan*))))
AND ((INDEXTERMS("Sensitivity and Specificity")) OR (TITLE-ABS(sensitivity OR specificity
OR "pre-test probability" OR "pretest probability" OR "post-test probability" OR "predictive
value" OR "likelihood ratio" OR "diagnostic accuracy")))) AND NOT ((INDEXTERMS(animal OR
animals)) AND NOT (INDEXTERMS(human or humans)))) AND NOT ((INDEXTERMS(Child
OR infant OR adolescent)) AND NOT (INDEXTERMS(adult)))

Global Index Medicus

This search 3 results (lacks the sensitivity/diagnostic piece)

((((mh:(Osteoradionecrosis)) or mh:(Osteonecrosis)) OR (mh:(Femur Head Necrosis))) OR
(tw:(osteonecrosis OR osteonecroses OR osteoradionecrosis OR osteoradionecroses)) AND
(tw:(imaging OR magnetic resonance OR MRI OR tomograph* OR radiograph®* OR
ultrasonograph* OR x-ray OR CT scan OR CAT scan))) AND (mh:(Sensitivity and Specificity)
OR (tw:(sensitivity OR specificity OR pretest OR post-test OR predictive value* OR likelihood
ratio® OR diagnostic)))

Zero results (includes sensitivity/diagnostic piece)

(((mh:(Osteoradionecrosis)) OR (mh:(Femur Head Necrosis)) AND (tw:(osteonecrosis OR
osteonecroses OR osteoradionecrosis OR osteoradionecroses)) AND (tw:(imaging OR
magnetic resonance OR MRI OR tomograph* OR radiograph* OR ultrasonograph* OR x-ray
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OR CT scan OR CAT scan))) AND (mh:(Sensitivity and Specificity) OR (tw:(sensitivity OR
specificity OR pretest OR post-test OR predictive value* OR likelihood ratio* OR diagnostic)))

Cochrane Library (via Wiley)

#1 MeSH descriptor: [Osteonecrosis] this term only

#2 MeSH descriptor: [Osteoradionecrosis] explode all trees

#3 #1 OR #2

#4 MeSH descriptor: [Femur Head] explode all trees

#5 #3 AND #4

#6 MeSH descriptor: [Femur Head Necrosis] explode all trees

#7 (((femur OR femoral) NEXT head)):ti,ab,kw

#8 (((avascular OR aseptic OR ischemic) NEXT (necrosis OR necroses))):ti,ab,kw
#9 (osteonecrosis OR osteonecroses OR osteoradionecrosis OR
osteoradionecroses):ti,ab,kw

#10 #8 ORH#9

#11  #7 AND #10

#12  ("ONFH"):ti,ab,kw

#13 #5 OR#6 OR#11 OR #12

#14  MeSH descriptor: [Diagnostic Imaging] explode all trees

#15  (((diagnostic OR "magnetic resonance" OR medical) NEXT imag*)):ti,ab,kw
#16  (mri* OR tomograph* OR radiograph* OR ultrasonograph* OR x-ray):ti,ab,kw
#17  (((CT OR CAT) NEXT scan*)):ti,ab,kw

#18 #14 OR #15 OR #16 OR #17

#19  MeSH descriptor: [Sensitivity and Specificity] explode all trees

#20  (sensitivity OR specificity):ti,ab,kw

#21  (pretest NEXT probability):ti,ab,kw

#22  ("post-test” NEXT probability):ti,ab,kw

#23  (predictive NEXT value*):ti,ab,kw

#24  (likelihood NEXT ratio*):ti,ab,kw

#25  ("diagnostic accuracy"):ti,ab,kw

#26  #19 OR #20 OR #21 OR #22 OR #23 OR #24 OR #25

#27  #13 AND #18 AND #26

PICO 2: Optimal management of ARCO Stage I-

Ovid MEDLINE(R) ALL

exp Femur Head Necrosis/
((femur or femoral) adj2 head).tw,kw.
((avascular or aseptic or ischemic) adj2 (necrosis or necroses)).tw,kw.

1 osteonecrosis/

2 exp Osteoradionecrosis/
3 1or2

4 exp Femur Head/

5 3and 4

6

7

8
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9 (osteonecrosis or osteonecroses or osteoradionecrosis or osteoradionecroses).tw,kw.
10 8or9
11 7 and 10

12 onfh.tw, kw.

13 5o0r6o0r11or12

14 ((fracture™ or collapse*) adj2 (femur or femoral) adj2 head*).tw,kw.
15 exp Femur Head/

16 exp Hip Fractures/

17 15 and 16

18 14 or 17

19 without.mp.

20 18 and 19

21 (ARCO adj5 ("1" or "2" or One or Two)).tw,kw.

22 ("pre-collapse" or precollapse or (before adj2 collaps®)).tw,kw.
23 20 or 21 or 22

24 13 and 23

25 exp Animals/ not exp Humans/

26 24 not 25

27 exp Adult/

28 exp Child/ or exp Infant/ or exp Adolescent/

29 28 not 27

30 26 not 29

31 "case report".ti.

32 (editorial or letter or commentary or note).pt.
33 310r32

34 30 not 33

PubMed

(((((("Osteonecrosis"[Mesh:NoExp])  OR  "Osteoradionecrosis"[Mesh]) AND ("Femur
Head"[Mesh])) OR ("Femur Head Necrosis"[Mesh])) OR (("femur head"[tw] OR "femoral
head"[tw]) AND (("avascular necrosis"[tw] OR "avascular necrosis"[tw] OR "ischemic
necrosis"[tw] OR "avascular necroses"[tw] OR "avascular necroses"[tw] OR "ischemic
necroses"[tw]) OR (osteonecrosis[tw] OR osteonecroses[tw] OR osteoradionecrosis[tw] OR
osteoradionecroses[tw])))) OR (onfh[tw])) AND ((("femur head fracture"[tw] OR "femoral head
fracture"[tw] OR "femur head fracture"[tw] OR "femoral head collapse"[tw]) OR (("Femur
Head"[Mesh]) AND "Hip Fractures"[Mesh]) AND "without"[tiab]) OR "ARCO 1"[tw] OR "ARCO
2"[tw] OR "ARCO One"[tw] OR "ARCO Two"[tw] "pre-collapse"[tiab] OR "precollapse"[tiab] OR
"before collapse"[Title/Abstract:~2]) NOT ("Animals"[MeSH] NOT "Humans"[MeSH])

Embase ClassictEmbase (via Ovid)

bone necrosis/

exp osteoradionecrosis/
1o0r2

exp femoral head/

3 and 4

AR WN -
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6 exp femur head necrosis/

7 ((femur or femoral) adj2 head).tw,kw.

8 ((avascular or aseptic or ischemic) adj2 (necrosis or necroses)).tw,kw.
9 (osteonecrosis or osteonecroses or osteoradionecrosis or osteoradionecroses).tw,kw.
10 8or9

11 7 and 10

12 onfh.tw,kw.

13 5o0r6or11or12

14 ((fracture™ or collapse™®) adj2 (femur or femoral) adj2 head*).tw,kw.
15 exp femoral head/

16 exp hip fracture/

17 15 and 16

18 14 or 17

19 without.mp.

20 18 and 19

21 (ARCO adj5 ("1" or "2" or One or Two)).tw,kw.

22 ("pre-collapse” or precollapse or (before adj2 collaps*)).tw,kw.

23 20 or 21 or 22

24 13 and 23

25 exp animal/ not exp human/

26 24 not 25

27 exp adult/

28 exp child/ or exp infant/ or exp adolescent/

29 28 not 27

30 26 not 29

31 (letter or commentary or editorial).pt.

32 30 not 31

Web of Science (Core Collection: SCI-EXPANDED, SSCI, AHCI, CPCI-S, CPCI-SSH, BKCI-
SSH, ESCI, CCR-EXPANDED, IC)

TS=(((("femur head" OR "femoral head") NEAR/3 necrosis) OR osteoradionecrosis OR
osteoradionecroses OR ONFH) AND ((("femur head" OR "femur collapse" OR "femoral
collapse™") AND without) OR (ARCO NEAR/5(1 OR 2 OR One OR Two)) OR "pre-collapse" OR
"before collapse" ))

Scopus

(((INDEXTERMS("femur head necrosis")) OR (INDEXTERMS("Osteoradionecrosis" OR
"Bone Necrosis" OR "Osteonecrosis") AND INDEXTERMS("Femur Head" OR "Femoral
Head")) OR ((TITLE-ABS-KEY(((femur OR femoral) W/2 head))) AND (TITLE-ABS-
KEY(((avascular OR aseptic OR ischemic) W/2 (necrosis OR necroses)) OR osteonecrosis OR
osteonecroses OR osteoradionecrosis OR osteoradionecroses)) OR TITLE-ABS (ONFH)))
AND ((((INDEXTERMS("femur head" AND ("hip fractures" OR "hip fracture"))) OR (TITLE-ABS-
KEY (((fracture OR collapse) W/2(femur OR femoral)) w/2 head ))) AND (TITLE-ABS(without)))
OR (TITLE-ABS-KEY(ARCO w/5 (1 OR 2 OR one OR two))) OR (TITLE-ABS-KEY("pre-
collapse"” OR precollapse)))) AND NOT (INDEXTERMS(animal OR animals) AND NOT
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INDEXTERMS(human OR humans))) AND NOT ((INDEXTERMS(Child OR infant OR
adolescent)) AND NOT (INDEXTERMS(adult)))

Global Index Medicus

((((mh:(Osteoradionecrosis)) OR mh:(Osteonecrosis)) AND (mh:(Femur Head))) OR
(mh:(Femur Head Necrosis)) OR ((tw:(osteonecrosis OR osteonecroses OR
osteoradionecrosis OR osteoradionecroses OR necrosis OR necroses)) AND (tw:(femur OR
femoral))) OR (tw:(onfh))) AND ((tw:("ARCO 1" OR "ARCO One" OR "ARCO 2" OR "ARCO
Two")) OR (((tw:(fracture* AND (femur OR femoral) AND head)) OR ((mh:(Femur Head)) AND
(mh:(Hip Fractures)))) AND (tw:(without))) OR (tw:("pre-collapse" OR precollapse OR "before
collapse"))) AND NOT ((mh:(Adult)) AND NOT ((mh:(Child)) OR (mh:(Infant)) OR
(mh:(Adolescent)))) AND NOT ((mh:(Animals)) AND NOT (mh:(Humans)))

Cochrane Library (via Wiley)

#1 MeSH descriptor: [Osteonecrosis] this term only

#2 MeSH descriptor: [Osteoradionecrosis] explode all trees

#3 #1 OR #2

#4 MeSH descriptor: [Femur Head] explode all trees

#5 #3 AND #4

#6 MeSH descriptor: [Femur Head Necrosis] explode all trees

#7 (((femur OR femoral) NEXT head)):ti,ab,kw

#8 (((avascular OR aseptic OR ischemic) NEXT (necrosis OR necroses))):ti,ab,kw
#9 (osteonecrosis OR osteonecroses OR osteoradionecrosis OR
osteoradionecroses):ti,ab,kw

#10 #8 OR#9

#11  #7 AND #10

#12  ("ONFH"):ti,ab,kw

#13 #5 OR#6 OR #11 OR #12

#14  (((fracture™ OR collapse*) NEXT (femur headOR femoral head))):ti,ab,kw
#15  MeSH descriptor: [Femur Head] explode all trees

#16  MeSH descriptor: [Hip Fractures] explode all trees

#17  #15 AND #16

#18 #14 OR #17

#19 (without):ti,ab,kw

#20 #18 AND #19

#21 (ARCO 1 OR ARCO 2 OR ARCO One OR ARCO Two):ti,ab,kw
#22  ("pre-collapse" OR precollapse OR (before NEXT collaps™)):ti,ab,kw
#23  #20 OR #21 OR #22

#24  #13 AND #23

#25  MeSH descriptor: [Adult] explode all trees

#26  MeSH descriptor: [Child] explode all trees

#27  MeSH descriptor: [Infant] explode all trees

#28  MeSH descriptor: [Adolescent] explode all trees

#29  #26 OR #27 OR #28

#30  #29 NOT #25
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| #31  #24 NOT #30

PICO 3: Surgical Treatment of ARCO stage Il

Ovid MEDLINE(R) ALL

osteonecrosis/

exp Osteoradionecrosis/

1or2

exp Femur Head/

3and 4

exp Femur Head Necrosis/

((femur or femoral) adj2 head).tw,kw.

((avascular or aseptic or ischemic) adj2 (necrosis or necroses)).tw,kw.

(osteonecrosis or osteonecroses or osteoradionecrosis or osteoradionecroses).tw,kw.

O©oOoO~NOOPRWN-=-

10 8or9

11 7 and 10

12 onfh.tw,kw.

13 50r6o0r11or12

14 (ARCO adj5 ("3" or three or "4" or four)).tw,kw.
15 (fracture* adj2 (femur or femoral) adj2 head*).tw,kw.
16 exp Femur Head/

17 exp Hip Fractures/

18 16 and 17

19 14 or150r 18

20 exp Orthopedics/

21 exp Orthopedic Procedures/

22 (osteotom* or hemiarthroplast* or arthroplast®).tw,kw.
23 (surger” or surgical).tw,kw.

24 surgery.fs.

25 200r21 0or22or23or 24

26 13 and 19 and 25

27 exp animals/ not exp humans/

28 26 not 27

29 exp adult/

30 exp child/ or exp infant/ or exp adolescent/

31 30 not 29

32 28 not 31

33 "case report".ti.

34 (editorial or commentary or comment or letter or review).pt.
35 33 0r34

36 32 not 35

PubMed

(((((((((("Osteonecrosis"[Mesh:NoExp]) OR "Osteoradionecrosis"[Mesh]) AND ("Femur
Head"[Mesh])) OR ("Femur Head Necrosis"[Mesh])) OR (("femur head"[tiab] OR "femoral
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head"[tiab]) AND (("avascular necrosis"[tiab] OR "avascular necrosis"[tiab] OR "ischemic
necrosis"[tiab] OR "avascular necroses"[tiab] OR "avascular necroses"[tiab] OR "ischemic
necroses"[tiab]) OR (osteonecrosis[tiab] OR osteonecroses[tiab] OR osteoradionecrosis[tiab]
OR osteoradionecroses[tiab])))) OR (onfh[tiab])) AND ((("femur head fracture"[tiab] OR
"femoral head fracture"[tiab] OR "femur head collapse"[tiab] OR "femoral head collapse"[tiab])
OR (("Femur Head"[Mesh]) AND "Hip Fractures"[Mesh])) OR ((ARCO[tiab] AND 3[tiab])
OR(ARCO[tiab] AND 4ftiab])))) AND  (((("Orthopedics"[Mesh] OR  "Orthopedic
Procedures"[Mesh]) OR (osteotom*[tiab] OR hemiarthroplast*[tiab] OR arthroplast*[tiab])) OR
(surger*[tiab] OR surgical[tiab])) OR ("surgery" [Subheading]))) NOT ("animals"[Mesh] NOT
"humans"[Mesh])) NOT (("child"[Mesh] OR ‘"infant"'[Mesh] OR "adolescent"[Mesh]) NOT
("adult"[MeSH]))) NOT (editorial[pt] OR letter[pt])

Embase ClassictEmbase (via Ovid)

bone necrosis/

exp osteoradionecrosis/

1or2

exp femoral head/

3and 4

exp femur head necrosis/

((femur or femoral) adj2 head).tw,kw.

((avascular or aseptic or ischemic) adj2 (necrosis or necroses)).tw,kw.

(osteonecrosis or osteonecroses or osteoradionecrosis or osteoradionecroses).tw,kw.

©Coo~NOOOPRWN-=-

10 8or9

11 7 and 10

12 onfh.tw,kw.

13 5o0r6o0r11or12

14 (ARCO adj5 ("3" or three or "4" or four)).tw,kw.
15 (fracture* adj2 (femur or femoral) adj2 head*).tw,kw.
16 exp femoral head/

17 exp hip fracture/

18 16 and 17

19 14 or150r 18

20 exp orthopedics/

21 exp orthopedic surgery/

22 (osteotom* or hemiarthroplast® or arthroplast™).tw,kw.
23 (surger*® or surgical).tw,kw.

24 surgery.fs.

25 200r210or22or23or24

26 13 and 19 and 25

27 exp animal/ not exp human/

28 26 not 27

29 exp adult/

30 exp child/ or exp infant/ or exp adolescent/

31 30 not 29

32 28 not 31

33 (letter or commentary or editorial).pt.

34 32 not 33
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Web of Science (Core Collection: SCI-EXPANDED, SSCI, AHCI, CPCI-S, CPCI-SSH, BKCI-
SSH, ESCI, CCR-EXPANDED, IC)

TS=(((("femur head" OR "femoral head") NEAR/3 (necrosis OR necroses) OR
osteoradionecrosis OR osteoradionecroses OR osteonecrosis OR osteonecroses) OR
(ONFH)) AND ((femur head fracture) OR (ARCO NEAR/5 (3 OR three OR 4 OR four))) AND
(orthopedic* OR surgery OR surgical OR "orthopedic procedure” OR osteotom* OR
hemiarthroplast* OR arthroplast*))

Scopus

(((INDEXTERMS("femur head necrosis")) OR (INDEXTERMS("Osteoradionecrosis" OR
"Bone Necrosis" OR "Osteonecrosis") AND INDEXTERMS("Femur Head" OR "Femoral
Head")) OR ((TITLE-ABS-KEY(((femur OR femoral) W/2 head))) AND (TITLE-ABS-
KEY (((avascular OR aseptic OR ischemic) W/2 (necrosis OR necroses)) OR osteonecrosis OR
osteonecroses OR osteoradionecrosis OR osteoradionecroses)) OR TITLE-ABS (ONFH)))
AND ((TITLE-ABS-KEY(ARCO w/5 (3 OR three OR 4 OR four))) OR (TITLE-ABS-
KEY(((fracture OR collapse) W/2(femur OR femoral)) w/2 head)) OR (INDEXTERMS("femoral
head" AND ("hip fracture" OR "hip fractures")))) AND ((INDEXTERMS(orthopedics OR
"orthopedic procedures" OR "orthopedic surgery")) OR (TITLE-ABS-KEY(osteotom* OR
hemiarthroplast* OR arthroplast OR surgery OR surgical)))) AND NOT ((INDEXTERMS(animal
OR animals)) AND NOT (INDEXTERMS(human OR humans)))) AND NOT
((INDEXTERMS(Child OR infant OR adolescent)) AND NOT (INDEXTERMS(adult)))

Global Index Medicus

(((mh:(Osteoradionecrosis)) AND (mh:(Femur Head))) OR (mh:(Femur Head Necrosis)) OR
((tw:(osteonecrosis OR osteonecroses OR osteoradionecrosis OR osteoradionecroses OR
necrosis OR necroses)) AND (tw:(femur OR femoral))) OR (tw:(onfh))) AND ((tw:("ARCO 3"
OR"ARCO Three" OR"ARCO 4" OR"ARCO Four")) OR (tw:(fracture* AND (femur OR femoral)
AND head)) OR ((mh:(Femur Head)) AND (mh:(Hip Fractures)))) AND ((mh:(Orthopedics)) OR
(mh:(Orthopedic Procedures)) OR (mh:(Surgery)) OR (tw:(osteotom* OR hemiarthroplast* OR
arthroplast* OR surger® OR surgical))) AND NOT ((mh:(Adult)) AND NOT ((mh:(Child)) OR
(mh:(Infant)) OR (mh:(Adolescent)))) AND NOT ((mh:(Animals)) AND NOT (mh:(Humans)))

Cochrane Library (via Wiley)

#1 MeSH descriptor: [Osteonecrosis] this term only

#2 MeSH descriptor: [Osteoradionecrosis] explode all trees
#3 #1 OR #2

#4 MeSH descriptor: [Femur Head] explode all trees

#5 #3 AND #4

#6 MeSH descriptor: [Femur Head Necrosis] explode all trees
#7 (((femur OR femoral) NEXT head)):ti,ab,kw
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#8 (((avascular OR aseptic OR ischemic) NEXT (necrosis OR necroses))):ti,ab,kw
#9 (osteonecrosis OR osteonecroses OR osteoradionecrosis OR
osteoradionecroses):ti,ab,kw

#10 #8 OR#9

#11  #7 AND #10

#12  ("ONFH"):ti,ab,kw

#13 #5 OR#6 OR #11 OR #12

#14  (ARCO 3 OR ARCO three OR ARCO 4 OR ARCO four):ti,ab,kw

#15  ((((femur OR femoral) NEXT head))):ti,ab,kw

#16  MeSH descriptor: [Femur Head] explode all trees

#17  MeSH descriptor: [Hip Fractures] explode all trees

#18  #16 AND #17

#19 #14 OR#15 OR #18

#20  MeSH descriptor: [Orthopedics] explode all trees

#21  MeSH descriptor: [Orthopedic Procedures] explode all trees

#22  (osteotom™ OR hemiarthroplast* OR arthroplast®):ti,ab,kw

#23  (surger* OR surgical):ti,ab,kw

#24  MeSH descriptor: [] explode all trees and with qualifier(s): [surgery - SU]
#25  #20 OR #21 OR #22 OR #23 OR #24

#26  #13 AND #19 AND #25

#27  MeSH descriptor: [Adult] explode all trees

#28  MeSH descriptor: [Child] explode all trees

#29  MeSH descriptor: [Infant] explode all trees

#30  MeSH descriptor: [Adolescent] explode all trees

#31  #28 OR #29 OR #30
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APPENDIX [IV: SUPPLEMENTAL MATERIAL SUPPORTING AGREEIl REPORTING
GUIDELINE

Stakeholder Involvement | The guideline was developed by an international, multidisciplinary panel
convened under the Association Research Circulation Osseous (ARCO),
comprising  orthopedic  surgeons, osteonecrosis researchers,
methodologists, and medical librarians. To ensure broad representation,
members were drawn from multiple geographic regions and healthcare
systems. Stakeholder participation included clinicians, researchers, and
policy advisors, who contributed to defining PICO questions, reviewing
evidence, and achieving consensus through structured discussions. The
patients’ views and preferences have also been sought.

External Review The guideline underwent external peer review by an independent group
of four reviewers, including two orthopedic surgeons (Dr. Antonia Chen,
Dr. Nicholas Piuzzi, one patient with osteonecrosis (BK), and one
healthcare policy/Insurance stakeholder (PG), prior to publication. Their
feedback focused on the clarity, applicability, and feasibility of the
recommendations, as well as the methodological rigor of the development
process. All comments were systematically documented, discussed by
the guideline development group, and incorporated into the final
document where appropriate.

CPG updating procedure This guideline is intended to be a living document that will be revised as
new evidence becomes available. The guideline development group has
committed to a formal review of the literature at least every five years, or
sooner if pivotal studies are published that could alter current
recommendations. The update process will follow the same rigorous
methodology used for the initial guideline. Feedback from clinicians,
patients, and other stakeholders will also be solicited to ensure that
revisions remain clinically relevant and patient-centered. Updated
versions of the guideline will be disseminated through peer-reviewed
publications and professional society networks.

Key review criteria for Although specific audit measures were not formally defined during
monitoring and/ or audit guideline development, institutions may evaluate implementation by
purposes tracking key process indicators—such as the proportion of patients

receiving MRI as the initial diagnostic test, the use of CT or MRI for
accurate staging when subchondral fracture is suspected, and
appropriate  application of joint-preserving versus reconstructive
procedures based on ARCO stage. Outcome measures may include rates
of femoral head collapse, progression to total hip arthroplasty,
complication rates, and patient-reported outcomes related to pain and
function. These criteria may be assessed annually or at intervals
appropriate to local practice, with operational definitions adapted to
regional resources and infrastructure, recognizing that variability in
imaging availability, surgical expertise, and healthcare systems may
influence how monitoring is implemented.
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APPENDIX V: GUIDELINE DEVELOPMENT GROUP DISCLOSURES

Name Disclosure Summary

Edward Y. Cheng ¢ Royalties: Receives royalties from Innomed, Inc.

e Expert Testimony: Has provided paid expert testimony for
various plaintiff and defense attorney firms

e Leadership Roles: Serves on the Musculoskeletal Transplant
Foundation Biologics, Inc. Medical Board of Trustees

o Editorial Role: Editor for the Journal of Bone and Joint Surgery

Quanjun Cui e Grants: Department of Defense (DOD), Depuy, Zimmer,
Exactech — awarded to the University of Virginia while serving
as PI of research projects

¢ Royalties: Elsevier; Springer

e Leadership roles: AAOS-BOC; Virginia Orthopaedic Society

(VOS)

Grants: NIH — NIAMS and NCATS

Royalties: Hyalex

Consulting fees: Wishbone Medical Inc.

Honoraria: Merck

Patents: Confidential (per Stanford University policy)

Leadership roles: ARCO

Stock/Options: Hyalex; Marine Biomedica

Editorial roles: J Bone and Joint Surgery, Bone and Joint

Research, Clinical Orthopaedics and Related Research,

Arthroplasty, J Biomed Mater Res, Journal of Orthopaedic

Translation, Orthopedics, PLOS ONE, Regenerative

Engineering and Translational Medicine, J Inflammation

Stuart N. Goodman

Research
Michael A. Mont Grants: NIH Grant on Osteonecrosis of the Femoral Head
Lynne C. Jones e Grants: NIH Grant SU01AR080993

e Leadership roles: Executive Director of ARCO; Executive
Director of the National Osteonecrosis Foundation; Member of the|
Presidents Advisory Committee for the Society for Biomaterials;
Committee member for the World Biomaterials Congress 2028

e Editorial roles: Associate Editor, Journal of Arthroplasty

Takashi Sakai No conflicts to disclose
Kyung-Hoi Koo No conflicts to disclose
Young-Kyun Lee No conflicts to disclose
Takuaki Yamamoto No conflicts to disclose
Harry Kim No conflicts to disclose
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