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A-IIIA-III

Sports Traumatology and Arthroscopy is an international, peer-reviewed journal dedicated to the latest advances and research in 
sports traumatology, arthroscopy and related surgical techniques. Our aim is to serve as a premier platform for the dissemination of 
significant new findings and the exchange of evidence-based knowledge and experience that highlight progress in all areas of sports 
traumatology and arthroscopy. Three issues are released every year in April, August, and December.

Aim
The primary aim of Sports Traumatology and Arthroscopy is to improve the care of patients with sports injuries by promoting the 
understanding of the pathophysiology of sports injuries, improving diagnostic techniques, and advancing treatment and rehabilitation 
methods. The journal aims to bridge the gap between sports traumatology research and clinical practice by providing a forum for the 
exchange of information relevant to clinical orthopedics, sports medicine and the science of sports injury and repair.

Scope of the Journal
The scope of the journal includes, but is not limited to, the following areas

Arthroscopy: Innovative techniques, clinical outcomes, and advances in arthroscopic surgery for the treatment of sports injuries.

Sports Orthopedics: Articles on surgical and non-surgical treatment options for sports injuries, including the use of novel techniques, 
materials, and implants.

Injury Prevention and Management: Studies on the prevention, diagnosis, treatment, and rehabilitation of sports-related injuries.

Regenerative Medicine: Treatment methods that involve the process of replacing, engineering, or regenerating human cells, tissues, 
or organs to restore or establish normal function after sports injuries, including ligaments, cartilage, menisci, and bone.

Biomechanics and Kinesiology: The study of the biomechanics of exercise and its effects on the body, with the goal of improving 
injury prevention strategies and rehabilitation approaches.

Rehabilitation and Physical Therapy: Evidence-based practices for rehabilitating athletes after injury or surgery, including physical 
therapy techniques and recovery protocols.

Performance Enhancement: Studies on optimizing athletic performance through innovative training techniques, nutrition, and injury 
prevention strategies.

Musculoskeletal Anatomy: Studies that focus on the anatomical and biomechanical aspects of sports injuries in order to develop 
better prevention and treatment strategies, such as new surgical techniques and modifications.

Diagnostic Techniques and Imaging: Research on imaging and diagnostic techniques for sports injuries.

Systematic Review and Metanalysis: Comprehensive reviews of the current literature that use explicit, systematic methods to identify, 
select, and critically appraise relevant research on a specific topic or question.

Case Reports: Detailed reports of individual cases, clinical experiences, and studies that contribute to the understanding of sports 
injuries and their management.

Sports Traumatology and Arthroscopy invites submissions from researchers, clinicians, and allied health professionals in sports 
medicine, orthopedic surgery, physical therapy, and related fields. We are committed to providing our readers with high-quality, 
impactful articles that contribute to the advancement of sports traumatology, arthroscopy, and injury management. Through rigorous 
peer review and a commitment to excellence, we aim to assist orthopedic surgeons and all physicians who care for patients with 
sports injuries in improving patient outcomes and advancing the field of sports traumatology and arthroscopy.
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Preparation of Manuscripts

The Language
STArt’s official language is English. STArt accepts manuscripts written in clear and understandable English, either American or British 
style. It is strongly recommended that authors who feel that their English language may need correction seek editing and proofreading 
services.

Manuscript Submission
Please submit your manuscript documents using the “Manuscript Submission” link on the home page. Before submitting, please 
make sure that all required documents are ready to be uploaded. The submission checklist available from the home page menu 
‘Author Form’ can be used as a guide.

Document Formatting
The main text and tables must be submitted in Microsoft Word document format (.doc or .docx), using 11 pt Times New Roman font, 
with the main text double-spaced and 2.5 cm margins. Please do not use headers, footers, or endnotes in your paper. Use automatic 
page numbering to number the pages.

Title Page
This journal follows a blinded peer-review process. Reviewers are blinded to the authors of the paper. Therefore, authors are expected 
to submit a separate title page. The title page should contain the following information; 

Title of the manuscript

All authors’ names in order of sequence (Name and Surname)

Academic degree of authors (MD, PhD, Prof…. etc.)

ORCID number (Please see below or refer to https://orcid.org/)

Affiliations of the authors

Contact information of the corresponding author

The name of the department and institution in which the work was done

Declarations

Acknowledgments

Ethics approval and consent to participate: The name of the ethical committee or institutional review board, Date of approval, and 
the number of approvals.

Informed Consent: Conflict of interest statement:

Funding: Availability of data and material.

Authors’ contributions: The title page template can be downloaded from the Author Forms at the journal’s website.

Attention!

Authors are expected to consider the list of authors carefully before submitting their manuscript and provide the definitive list of 
authors at the time of the original submission. Any addition, deletion, or rearrangement of author names in the authorship list is not 
accepted after the submission or during the revisions. 

ORCID

ORCID IDs of all authors must be stated during the submission of the manuscript. All IDs will be linked to the authors’ pages at https://
orcid.org in an online PDF, and the ID of the corresponding author will be added to the details. ORCID IDs will prevent the confusion 
caused by name similarities and affiliations. All authors can create free accounts on https://orcid.org and get a personal 16-digits 
number. ORCID also increases the visibility of author and their works by keeping profiles up-to-date.

Abstract
For original articles, a structured abstract of a maximum of 350 words must be submitted on a separate page. The abstract should 
contain sections describing the purpose, materials and methods, results, and conclusions. For case reports, an unstructured abstract 
of a maximum of 300 words must be submitted.

Keywords
4-6 keywords should be provided for each type of manuscript. Keywords should be chosen from Medical subject headings (MeSH) terms 
(Please refer to https://www.ncbi.nlm.nih.gov/mesh/)

Level of Evidence
The journal requires authors to categorize all manuscripts with a clinical focus according to the level of evidence. You can find the level 
of evidence table in the Author Forms Section on the journal page.

Manuscript Text
The main text and tables must be sent in Microsoft Word document format (.doc or .docx), with 11 pt Times New Roman font. The main 
text should be double-spaced with 2.5cm margins. Please do not use headers, footers, or endnotes in your paper. Use the automatic 
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page numbering function to number the pages. The text of an original article should be divided into the following paragraphs: 
Introduction, Materials and Methods, Results, Discussion, and Conclusions.

Every research paper should adhere to appropriate standards for research reporting. This ensures that editors, peer reviewers, and 
readers have sufficient information to understand the research methodology and assess the reliability of the results. We recommend 
the use of standard reporting templates for various studies, which you can find at https://www.equator-network.org/.

Preparation of Declarations in the Abstract Page

Acknowledgements

List all contributors who do not meet the criteria for authorship, such as technical assistants, assistants in data collection and entry, 
illustrators, writing assistants, or heads of departments who provided only general support. Financial and other material support 
should be disclosed and acknowledged.

Author Contribution Statement

All authors’ contributions to the manuscript should be listed under the authors’ contribution categories using their initials (e.g., ML). It 
should also be noted that all authors have read the final version of the submitted manuscript and agree with its accuracy.

Ethical Approval and Consent to Participate

The institution from which the ethics committee approval was obtained and the date and number of the approval should be reported. 
For studies where ethics committee approval is not required, the reason why it is not required should be reported. It should also be 
stated that informed consent was obtained from the participants.

Funding Statement

All authors are required to declare what support they received to carry out their research. Declaring funding sources acknowledges 
funders’ contributions, fulfills funding requirements, and promotes greater transparency in the research process. Each author must 
individually declare all sources of funding received for the research submitted to the journal. This information includes the name 
of granting agencies, grant numbers, and a description of each funder’s role. If the funder has played no role in the research, this 
must be stated as well. If no financial support was received, it should be written as ‘No financial support was received for this study’.

Conflicts of Interest

Authors are asked to declare any interests that are directly or indirectly related to the work they are submitting for publication. They 
should report any interests for the past three years from the time the research was conducted and the manuscript was prepared 
for submission. Any interests beyond this three-year period must also be disclosed if they could potentially be seen as influencing 
the submitted work. This practice of disclosing interests ensures a transparent and comprehensive process that helps readers make 
informed judgments about potential bias. It’s important to note that disclosure of financial relationships with a sponsoring organization 
or compensation for consulting does not imply that such relationships are improper.

Data Availability Statement

A data availability statement in an article informs readers about the location and method of accessing data underpinning the findings 
and analyses. This might encompass links to datasets that are open to the public and were examined or created as part of the 
research, details about the available data, and/or instructions for obtaining data that isn’t openly accessible. We strongly recommend 
uploading the raw data as a Supplementary file.

References

General Guidelines

Authors should always try to read and cite the original work (the primary source) in the manuscript. In cases where this is not possible, 
secondary sources citing the primary original source may be cited. However, this situation is undesirable and should be used 
unexceptionally. Self-citations may be used if the content of the article is related to the submitted manuscript. However, authors, 
editors, and peer-reviewers should not abuse this option to promote their own papers.

Unpublished studies, unpublished observations, personal communications, and retracted papers cannot be cited. Citations from the 
predatory or pseudo-journals should be avoided. Please refer to the following list of possible such journals using this link. https://
beallslist.net/.

There is no limit to the number of references. However, authors should cite only the necessary articles.

Style and Format

Reference citations in the text should be identified by numbers in square brackets, such as [5], [7,8], and [4-9, 11]. The reference list 
should be numbered consecutively.

Journal Article

Grimberg J, Duranthon LD, Bellaïche L, Petrover D, Kalra K. The time for functional recovery after arthroscopic rotator cuff repair: 
Correlation with tendon healing controlled by computed tomography arthrography. Arthroscopy. 2008;24:25-33. 

If there are more than 6 authors, provide first six authors and use ‘et al.’ at the end of author list. Digital Object Identifier (doi) number 
should be added to the end of the reference (if available).

Cvetanovich GL, Gowd AK, Liu JN, Nwachukwu BU, Cabarcas BC, Cole BJ, et al. Establishing clinically significant outcome after 
arthroscopic rotator cuff repair. J Shoulder Elbow Surg. 2019;28:939-48. 
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Book

Newton ML. Current practice of pain. 1st ed. St. Luis, MO: Mosby; 1990.

Book Chapter

Jurkovich GJ. Duodenum and pancreas. In: Mattox KL, Feliciano DV, Moore EE, editors. Trauma. 4th ed. New York: McGraw-Hill; 2000. 
pp. 735-62.

Online Document

Cartwright J. Big stars have weather too. IOP Publishing PhysicsWeb. http://physicsweb.org/articles/news/11/6/16/1. Accessed 26 
June 2007.

Dissertation

Trent JW. Experimental acute renal failure. Dissertation, University of California; 1975.

Case Reports
New, interesting and rare cases can be reported. They should be unique, describing a great diagnostic or therapeutic challenge and 
providing a learning point for the readers. Cases with clinical significance or implications will be given priority. These communications could 
be of up to 1500 words (excluding Abstract and references) and should have the following headings: Abstract (unstructured), Key-words, 
Introduction, Case report, Discussion, Reference, Tables and Legends in that order. The manuscript could be of up to 1500 words (excluding 
references and abstract) and could be supported with up to 20 references. Case Reports could be authored by up to 4 authors.

Letter to the Editor
We welcome letters offering commentary on articles we have recently published. This may include constructive criticism, additional 
insights, related experiences, or discussions that further the conversation initiated by the original article. Letters to the Editor should 
be concise, focused, and articulate clear points of discussion. While these submissions undergo a peer-review process, they are 
streamlined compared to full research articles, emphasizing relevance, accuracy, and the potential to contribute constructively to our 
readers’ understanding and engagement.

Tables
All tables should be prepared in Microsoft Word document format (.doc or .docx) and numbered using Arabic numerals. They should 
be cited consecutively in the text. Each table should have a title or caption that explains its content. Any footnote that contributes to 
ease the understanding of the table may be added beneath the table body.

Figures
All figures should be properly numbered and uploaded as separate files. Name the figure files accordingly. Cite all figures in the 
order they appear in the text within parenthesis, such as (Figure 1). Figures with multiple parts should be marked a, b, c, etc., with 
a description of each panel included in the legend rather than on the figure. Figures must be submitted in TIFF format. Color or 
grayscale photographs should be saved at a minimum of 300 dpi or higher. Electronic artworks or illustrations should be saved at a 
minimum of 1200 dpi or higher. The size of the figure should fit either in one, one and half, or two columns in width (1 column: 8.9 cm, 
1.5 columns: 12 cm, two columns: 18 cm in width).

Authors wishing to include figures, photographs, illustrations, diagrams, charts, etc., that have already been published in another 
journal or book are required to obtain written permission from the copyright owner(s) for both the print and online format and to 
include evidence that such permission has been granted when submitting their papers. Any document received without permission 
will be assumed to originate from the authors.

Figure Legends
Figure legends for all images must be included at the end of the manuscript text file, after the References section. Explain what each 
figure shows. Identify machine settings for magnetic resonance and computed tomography images and give the magnification of all 
photomicrographs. Define all arrows and other such indicators appearing on the figure.

Abbreviations and Symbols
Use only standard abbreviations; using nonstandard abbreviations can be confusing to readers. Avoid abbreviations in the 
manuscript’s title. The spelled-out abbreviation followed by the abbreviation in parenthesis should be used on the first mention 
unless the abbreviation is a standard unit of measurement. A list of abbreviations should be included in the manuscript text.

Units of Measurements
Measurements of length, height, weight, and volume should be reported in metric units (meter, kilogram, or liter) or their decimal 
multiples. Temperatures should be in degrees Celsius, and blood pressure should be in millimeters of mercury unless the journal 
specifically requires other units. Journals vary in the units they use for reporting hematologic, clinical chemistry, and other 
measurements. Authors must consult the Information for Authors of the particular journal and should report laboratory information 
in both local and International Systems of Units (SI). Editors may request that authors add alternative or non-SI units since SI units 
are not universally used. Drug concentrations may be reported in either SI or mass units, but the alternative should be provided in 
parentheses where appropriate.

Permissions
Authors wishing to include previously published figures, tables, or excerpts in their manuscripts must obtain permission from the 
copyright holders for both print and digital publication. They must also provide proof of such permission at the time of submission. 
Failure to provide such proof will result in the material being assumed to be the author’s original work.
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Advertisement Policy

The Sports Traumatology and Arthroscopy does not accept advertisements; the journal is sponsored by the Turkish Sports Traumatology 
Arthroscopy and Knee Surgery Society.

Authorship Policy

All statements and opinions expressed in the manuscripts published in the Sports Traumatology and Arthroscopy reflect the views 
of the author(s).

Each individual listed as an author should fulfill the authorship criteria recommended by the International Committee of Medical 
Journal Editors (ICMJE). The ICMJE recommends that authorship should be based on the following 4 criteria:

Substantial contributions to the conception or design of the work, or the acquisition, analysis, or interpretation of data for the work; 
AND

Drafting the work or revising it critically for important intellectual content; AND

Final approval of the version to be published; AND

Agreement to be accountable for all aspects of the work in ensuring that questions related to the accuracy or integrity of any part of 
the work are appropriately investigated and resolved.

In addition to being accountable for their own work, authors should have confidence in the integrity of the contributions of their 
co-authors and each author should be able to identify which co-authors are responsible for other parts of the work.

All of those designated as authors should meet all four criteria for authorship, and all who meet the four criteria should be identified 
as authors. Those who provided a contribution but do not meet all four criteria should be recognized separately on the title page and 
in the Acknowledgements section at the conclusion of the manuscript.

The Sports Traumatology and Arthroscopy requires that corresponding authors submit a signed and scanned version of the authorship 
contribution form (available for download through) during the initial submission process in order to appropriately indicate and observe 
authorship rights and to prevent ghost or honorary authorship. Please note that the list of authors on the final manuscript will be 
presented in the order provided on this form. If the editorial board suspects a case of “gift authorship,” the submission will be rejected 
without further review. As part of the submission of the manuscript, the corresponding author should also send a short statement 
declaring that they accept all responsibility for authorship during the submission and review stages of the manuscript.

Complaint and Appeal Policy

Appeal and complaint cases are handled within the scope of COPE guidelines by the Editorial Board of the journal. Appeals should 
be based on the scientific content of the manuscript. The final decision on the appeal and complaint is made by Editor in Chief. An 
Ombudsperson or the Ethical Editor is assigned to resolve cases that cannot be resolved internally. Authors should get in contact with 
the Editor in Chief regarding their appeals and complaints via e-mail at kare@karepb.com

Corrections Policy

If the editors or publisher learn from a third party that a published work contains a material error or inaccuracy, the authors must 
promptly correct or retract the article or provide the journal editors with evidence of the accuracy of the article.

Ethics Policy

The Editorial Board of the Sports Traumatology and Arthroscopy and the Publisher adheres to the principles of the International 
Council of Medical Journal Editors (ICMJE), the World Association of Medical Editors (WAME), the Council of Science Editors (CSE), 
the Committee on Publication Ethics (COPE), the US National Library of Medicine (NLM), the World Medical Association (WMA) and 
the European Association of Science Editors (EASE).

In accordance with the journal’s policy, an approval of research protocols by an ethics committee in accordance with international 
agreements “WMA Declaration of Helsinki - Ethical Principles for Medical Research Involving Human Subjects (last updated: October 
2013, Fortaleza, Brazil)”, “Guide for the care and use of laboratory animals (8th edition, 2011)” and/or “International Guiding Principles 
for Biomedical Research Involving Animals (2012)” is required for all research studies. If the submitted manuscript does not include 
ethics committee approval, it will be reviewed according to COPE’s guideline (Guidance for Editors: Research, Audit and Service 
Evaluations). If the study should have ethical approval, authors will be asked to provide ethical approval in order to proceed the 
review process. If they cannot provide ethical approval, their manuscript will be rejected and also their institutions and when needed, 
the related bodies in their country will be informed that such studies must have ethics committee approval. If they provide approval, 
review of the manuscript will continue.

If the study does not need ethics committee approval after the editorial board’s review, the authors will be asked to provide an 
ethics committee approval or a document given by a related independent committee that indicates the study does not need ethics 
committee approval according to the research integrity rules in their country. If the authors provide either an approval or a document 
showing that ethics approval is not needed, the review process can be continued. If the authors cannot provide either documents, 
the manuscript may be rejected.

For articles concerning experimental research on humans, a statement should be included that shows informed consent of patients 
and volunteers was obtained following a detailed explanation of the procedures that they may undergo. The journal may request a 
copy of the Ethics Committee Approval received from the relevant authority. Informed consent must also be obtained for case reports 
and clinical images.
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Studies using human or animal subjects should be approved by the appropriate institutional and local Ministry of Health ethics 
committees. Ethics approval of research protocols in accordance with international agreements is required for experimental, clinical, 
and drug studies, as well as for some case reports. Ethics committee reports or an equivalent official document may be requested from 
the authors. For manuscripts involving experimental research on humans, a statement should be included that shows that written, 
informed consent of patients and volunteers was obtained. For studies carried out on animals, the measures taken to prevent pain 
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Editorial

From Posterior Tibial Slope to Sagittal Knee Phenotypes: 
Personalizing ACL Surgery

 Mahmut Enes Kayaalp,1  Ozkan Kose2

1Department of Orthopedics and Traumatology, University of Health Sciences, Istanbul Fatih Sultan 
Mehmet Training and Research Hospital, Istanbul, Türkiye
2Department of Orthopedics and Traumatology, University of Health Sciences, Antalya Training and 
Research Hospital, Antalya, Türkiye

Anterior cruciate ligament (ACL) reconstruction 
has traditionally been approached as a soft-
tissue solution to a ligament injury. The 
surgeon selects a graft, restores the anatomical 
footprints, secures fixation, addresses associated 
meniscal pathology, and guides the patient 
through rehabilitation. Nevertheless, graft 
failure and residual instability continue to occur 
despite technically satisfactory reconstruction. 
Contemporary ACL surgery is therefore moving 
beyond standardized reconstruction toward 
individualized risk stratification, graft selection, 
alignment assessment, augmentation, and 
rehabilitation.[1]

Posterior tibial slope (PTS) has become one 
of the most recognizable anatomical factors 
within this framework. A steeper tibial plateau 
increases the anterior shear generated during 
axial loading, promoting anterior tibial 
translation and increasing the mechanical 
demand on the native ACL or reconstructed 
graft.[2,3] Clinical evidence has consistently 
associated elevated PTS with ACL injury and 
reconstruction failure, with 12° frequently 
used as a high-risk radiographic threshold.[2,3] 

A recent review comprehensively summarized 
the measurement, biomechanics, indications, 
techniques, and outcomes of PTS-modifying 
osteotomies.[2] Rather than repeating that 
technical account, the present editorial 
addresses the next question: How should PTS 
be incorporated into personalized ACL surgery?

Greater recognition of PTS creates a new 
danger: replacing one oversimplification with 
another. ACL surgery should not evolve from 
performing the same reconstruction in every 
patient to performing an osteotomy whenever 
the slope exceeds a numerical threshold. A PTS 
of 12° is an important warning sign, but it is 
not, by itself, a diagnosis, an automatic surgical 
indication, or a universal correction target. The 
first challenge is measurement. PTS values vary 
according to imaging modality, tibial reference 
axis, plateau selection, visualized tibial length, 
and radiographic rotation.[2,3] Magnetic 
resonance imaging permits separate medial 
and lateral measurements but commonly 
references only the proximal tibia and may 
produce values that differ substantially from 
radiographic measurements. Thresholds 
established on lateral radiographs, therefore, 
cannot be directly transferred to magnetic 
resonance imaging or computed tomography. 
For clinical decision-making, PTS should be 
assessed on a strict lateral radiograph that 
adequately visualizes the proximal tibial shaft, 
preferably at least 15 cm. A consistent proximal 
anatomical axis and the medial tibial plateau 
should be used as the radiographic references.
[2,3] Without methodological standardization, 
differences between 11°, 12°, and 13° may 
reflect technique rather than biology.

Risk also exists along a continuum. 
Radiographic medial PTS differentiated 
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successful primary reconstruction from multiple-revision 
ACL reconstruction more effectively than magnetic 
resonance imaging-based medial or lateral measurements. A 
radiographic medial PTS of at least 16° was associated with 
an approximately threefold increase in the odds of multiple 
revisions.[6] This does not establish 16° as a universal osteotomy 
threshold. Rather, increasingly extreme radiographic values 
identify increasingly hostile sagittal anatomy and should 
prompt more comprehensive assessment. Importantly, PTS 
may not always be a fixed constitutional characteristic. In 
skeletally immature patients with ACL injury, PTS can change 
during growth over long-term follow-up, a developmental 
observation that should not be extrapolated directly to adults.
[4] Separately, in skeletally mature patients undergoing revision 
ACL reconstruction, radiographic medial PTS increased by a 
mean of 1.1° over approximately 9 years, with progression 
greater than 2° in one-quarter of patients; posterior medial 
meniscal resection was more frequent in this subgroup.[5] 

Although these distinct studies do not establish causality, 
together they challenge the assumption that PTS is invariably 
immutable. In selected adult revision knees, particularly those 
with recurrent instability and posterior medial meniscal loss, 
increasing PTS may represent a progressive sagittal deformity 
rather than simply the upper end of constitutional variation.

The second challenge is determining whether the anatomical 
risk factor has become functionally expressed. Two patients 
with the same PTS may demonstrate markedly different sagittal 
knee mechanics. One may maintain a relatively centered 
tibiofemoral resting position through intact menisci, preserved 
secondary stabilizers, constitutional soft-tissue stiffness, and 
neuromuscular control. Another may demonstrate substantial 
anterior tibial subluxation because the same osseous geometry 
is combined with chronic ACL deficiency, meniscal loss, 
hyperlaxity, or previous failed reconstructions. Static anterior 
tibial translation (sATT), assessed on a strict monopedal 
weight-bearing lateral radiograph, provides a measure of this 
functional expression. Unlike manual or instrumented laxity 
testing, which evaluates displacement under an externally 
applied force, sATT describes the tibia’s position relative to 
the femur under physiological axial loading. It therefore 
represents the functional sagittal set-point produced by the 
combined effects of osseous geometry, ligamentous restraint, 
meniscal competence, soft-tissue compliance, neuromuscular 
control, hyperlaxity, and injury chronicity.[7]

Importantly, sATT is not merely another term for passive 
anterior laxity, nor should it be assumed to normalize after 
an otherwise successful ACL reconstruction. In same-patient 
measurements, ACL reconstruction reduced stress-induced 
anterior tibial translation from approximately 7–8 mm to 
3–4 mm, whereas monopedal sATT remained essentially 

unchanged.[8] ACL reconstruction may therefore restore 
the passive displacement envelope without necessarily 
recentering the tibia to a normal resting position under 
physiological load. This distinction has important clinical 
consequences. Excessive weight-bearing anteriorization 
has been associated with ACL reconstruction failure, and 
recent studies have shown that elevated sATT remains 
associated with graft rupture even after lateral extra-articular 
tenodesis.[7,9,10] In a cohort with a minimum follow-up of 
6 years, the graft-rupture rate was 19.4% among patients 
with PTS>12°, compared with 2.7% among those with 
PTS<12°. The highest rupture rate, 26%, occurred when PTS 
of at least 12° was combined with sATT of at least 5 mm.[9] 

In a larger contemporary cohort, patients sustaining graft 
rupture similarly demonstrated greater PTS and sATT than 
those without rupture.[10] These findings indicate that a 
reconstructed graft may remain exposed to an unfavorable 
weight-bearing sagittal set-point, even with restoration 
of conventional clinical stability. Instrumented laxity, 
stress-induced translation, and monopedal sATT should 
therefore be regarded as related but non-interchangeable 
measurements. The first two describe how far the tibia can 
be displaced; sATT describes where it rests when the limb 
accepts physiological load.

Elevated sATT may arise through at least three mechanisms. 
Osseous anteriorization is driven by a constitutionally steep 
or progressively increased PTS that continuously biases the 
tibia anteriorly. Acquired soft-tissue anteriorization develops 
through chronic ACL deficiency, posterior meniscal loss, 
repeated graft failure, and progressive insufficiency of the 
secondary stabilizers. Inherent soft-tissue anteriorization occurs 
in constitutionally hyperlax patients who may demonstrate 
high bilateral sATT without substantial pathological side-
to-side asymmetry.[7] These mechanisms may converge 
on a similar radiographic appearance but require different 
treatment strategies. A unilateral, slope-driven anteriorized 
knee is not equivalent to symmetric bilateral anteriorization 
in a hyperlax patient. Likewise, a knee with moderate PTS but 
marked sATT after medial meniscal deficiency may be more 
compromised than a knee with a steeper slope but preserved 
meniscal containment.

Meniscal status is therefore a critical modifier. The meniscus 
should not be regarded merely as an associated lesion 
documented during arthroscopy; it is an essential component 
of sagittal stability. Biomechanical evidence indicates that 
ACL reconstruction combined with complete ramp repair 
may restore anterior translation across a range of PTS values. 
In contrast, following substantial medial meniscal deficiency, 
isolated ACL reconstruction may fail to restore normal 
translation at steeper slopes, and concomitant slope correction 
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may become necessary.[11] Meniscal loss may therefore act 
as a biomechanical multiplier, converting tolerable osseous 
morphology into sagittal decompensation.

Several frameworks have attempted to move decision-making 
beyond isolated PTS thresholds. Ollivier et al. introduced 
the ACL + Slope Tracing Risk-Factor Algorithm (A+STRA) 
score, integrating previous revisions, meniscal deficiency, 
anatomical factors, and potential limitations to slope 
correction through weighted scoring.[12] This was an important 
attempt to incorporate the broader clinical context. However, 
its prescriptive arithmetic may suggest greater precision 
than is currently supported, particularly because biologically 
interdependent factors cannot necessarily be treated as 
independently additive. Schuster et al. approached the same 
problem through the Avalanche Concept, appropriately 
emphasizing that recurrent ACL failure usually results from 
an accumulation of interacting risk factors rather than from a 
single isolated measurement.[13] Its individualized philosophy 
is compelling, although the concept remains abstract and 
does not provide an objective method for quantifying sagittal 
decompensation or determining a patient-specific correction 
target.

The Assessment-Led Personalization (ALP) system offers a 
complementary, assessment-led framework for individualized 
decision-making.[14] It combines bilateral monopedal sATT, 
normalized sATT percentage, side-to-side sATT asymmetry, 
PTS laterality, meniscal status, injury chronicity, generalized 
hyperlaxity, and recurvatum to identify the dominant 
mechanism of sagittal anteriorization. Rather than deriving 
surgical necessity from a rigid point total, the ALP system uses 
the weight-bearing sagittal set-point to determine whether 
osseous morphology has become functionally expressed. 
The assessment applies to both primary and revision ACL 
reconstruction. Although overt sagittal decompensation 
is more commonly encountered in knees with markedly 
elevated PTS or after previous reconstruction, neither 
revision status nor an isolated slope threshold constitutes 
an indication for slope correction. Selected primary cases 
may already demonstrate an unfavorable combination 
of excessive PTS, pathological unilateral sATT, meniscal 
deficiency, and other evidence of sagittal decompensation. 
Within this framework, the contralateral knee serves as an 
internal reference rather than an unquestioned normal 
control. Bilateral differences in PTS and sATT should be 
considered while accounting for constitutional laterality 
and generalized hyperlaxity. Normalization of sATT to the 
sagittal dimension of the medial tibial plateau helps reduce 
magnification-related variability, while adjustment for PTS 
asymmetry may help distinguish osseous laterality from 
acquired soft-tissue decompensation.[14]

The operative strategy should follow the dominant pathology 
rather than the highest numerical measurement. A patient 
with moderately increased PTS, a centered weight-bearing 
sagittal position, intact menisci, and no generalized laxity may 
reasonably undergo isolated anatomical ACL reconstruction. A 
hyperlax patient with symmetric bilateral anteriorization may 
benefit more from graft optimization and selective extra-articular 
augmentation than from osseous correction. Conversely, a patient 
with elevated PTS, pathological unilateral sATT, chronic posterior 
meniscal deficiency, progressive slope, or repeated atraumatic 
graft failure may require slope-reducing osteotomy in addition to 
ligament reconstruction. Slope-reducing osteotomy is a powerful 
intervention, but the expanding recognition of sagittal risk should 
not justify indiscriminate expansion of its indications. Current 
clinical evidence is encouraging but remains predominantly 
retrospective.[2,3] The decision to correct the slope should therefore 
reflect the interaction between anatomy, weight-bearing sagittal 
position, meniscal competence, laxity phenotype, previous failures, 
and the expected demands on the reconstructed graft.

Correction must also remain proportional. The ideal 
postoperative PTS is unlikely to be identical in every knee. 
Planning should account for preoperative PTS, weight-bearing 
anteriorization, constitutional recurvatum, posterior cruciate 
ligament function, meniscal status, cartilage condition, 
coronal alignment, osteotomy level, and intended correction 
angle.[2,3,7,14] Wedge height should similarly not be selected 
through a universal millimeter-per-degree rule. The required 
resection depends on the individual osteotomy depth and 
planned correction angle. A depth-based planning method 
has demonstrated greater precision than fixed millimeter-
per-degree ratios, which may produce clinically relevant 
undercorrection or overcorrection.[15] The correction angle 
should remain the principal target; wedge height is a patient-
specific and technique-specific consequence of that target. 
Overcorrection may create a new biomechanical problem 
while attempting to solve the original one. Undercorrection 
may leave the graft exposed to the same anterior shear 
environment that contributed to failure. The objective should 
not be to produce a radiographically “normal” value at any 
cost, but to achieve sufficient sagittal recentering without 
creating an abnormal posteriorly directed knee phenotype.

Personalization in ACL surgery has often focused on graft 
choice, tunnel placement, lateral extra-articular procedures, 
rehabilitation, and return-to-sport testing.[1] Sagittal alignment 
adds another essential dimension. The clinically relevant 
questions are no longer limited to whether PTS is increased. 
How was it measured? Is it constitutional, growth-related, 
or progressively acquired? Is it expressed as pathological 
weight-bearing anteriorization? Does sATT remain elevated 
despite reconstruction? Is the contralateral knee similar? Are 



50

Kayaalp and Kose. Sagittal Knee Phenotypes in ACL Surgery Sports Traumatol Arthrosc 2026;3(2):47–51

the menisci competent? Has chronic deficiency altered the 
secondary stabilizers? Does the patient have constitutional 
hyperlaxity or recurvatum?

PTS should therefore be viewed as the beginning of assessment 
rather than the end of decision-making. The next era of ACL 
surgery should not be defined by performing an osteotomy 
for every knee with an angle above 12°. It should be defined 
by identifying which steep slopes have become mechanically 
expressed, which moderate slopes have become dangerous 
through meniscal and soft-tissue decompensation, which slopes 
appear to be progressing, and which anteriorized knees represent 
constitutional laxity that should not be treated through bone.

The goal is not simply to reconstruct the ACL or to normalize 
a single radiographic angle. It is to restore a sustainable 
biomechanical environment in which the reconstructed 
ligament, menisci, cartilage, and neuromuscular system can 
function together. The essential transition is therefore not 
from ACL reconstruction to slope-reducing osteotomy, but 
from threshold-led surgery to assessment-led personalization.
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Association Between Serial Weekly Suprascapular Nerve 
Blocks and Kinesiophobia After Arthroscopic Rotator Cuff 
Repair: A Retrospective Comparative Study
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1Department of Orthopaedics and Traumatology, Şeyh Edebali University School of Medicine,  
Bilecik, Türkiye 
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ABSTRACT

Objective: Arthroscopic rotator cuff repair (ARCR) is widely used for the surgical treatment of 
symptomatic rotator cuff tears. Postoperative pain during the early rehabilitation period may 
contribute to movement-related fear, resulting in kinesiophobia and impaired functional recovery. 
This study aimed to evaluate whether serial weekly ultrasound-guided suprascapular nerve blocks 
(SSNBs), administered in conjunction with early rehabilitation sessions, were associated with 
reduced postoperative kinesiophobia and improved early functional outcomes after ARCR.
Materials and Methods: This retrospective comparative study evaluated prospectively collected 
clinical data from 87 patients aged 18 to 75 years who underwent arthroscopic repair of non-massive 
rotator cuff tears between January 2025 and January 2026. Group I (n=43) received four consecutive 
weekly ultrasound-guided SSNBs using 5 mL of 0.5% levobupivacaine via a supraclavicular approach, 
beginning at the sixth postoperative week and immediately before outpatient rehabilitation sessions. 
Group II (n=44) underwent the same standardized rehabilitation program without SSNB. The Tampa 
Scale for Kinesiophobia (TSK-17) was the primary outcome measure. Secondary outcomes included 
active range of motion (ROM) and Constant-Murley (CM) scores. Assessments were performed at 
the sixth postoperative week, before the initiation of active-assisted rehabilitation, and at the third 
postoperative month by an independent assessor blinded to group allocation.
Results: Sixth-week baseline TSK-17, CM, and ROM measurements were comparable between the 
groups, although Group I patients were older, and the distribution of the affected side differed 
significantly between the groups. At the third postoperative month, Group I had significantly lower 
TSK-17 scores than Group II (25.4±6.5 vs. 29.8±6.3; p<.001) and higher CM scores (88.8±3.1 vs. 84.0±3.1; 
p<.001). Group I also demonstrated greater forward elevation (161.3°±19.3° vs. 152.8°±16.0°; p=.007) 
and abduction (153.9°±23.7° vs. 145.8°±16.8°; p=.010), whereas external and internal rotation were 
comparable between the groups. No immediate block-related complications were observed.
Conclusion: Serial weekly SSNBs administered immediately before outpatient rehabilitation 
sessions after ARCR were associated with lower kinesiophobia scores, better early functional 
outcomes, and greater forward elevation and abduction at the third postoperative month compared 
with rehabilitation alone. These findings suggest that rehabilitation-synchronized SSNB may be 
a useful adjunct to multimodal postoperative management; however, prospective randomized 
studies are needed to confirm its clinical benefit.
Keywords: Kinesiophobia, physical therapy, range of motion, rotator cuff repair, suprascapular 
nerve block, Tampa Scale for Kinesiophobia.
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INTRODUCTION
The rotator cuff muscles are key dynamic stabilizers of the 
shoulder joint.[1] Rotator cuff tears (RCTs) are among the most 
common causes of shoulder dysfunction, and their prevalence 
increases with advancing age.[2,3] RCTs affect approximately 
20% of the general population, with the prevalence exceeding 
50% among individuals aged 70 years and older.[4,5] In patients 
with symptomatic supraspinatus tendon tears that fail to 
respond adequately to conservative treatment, surgical 
intervention may be indicated, and arthroscopic rotator cuff 
repair (ARCR) has become a standard surgical approach.[6] 

Early arthroscopic repair, particularly in traumatic tears, has 
been associated with lower retear rates and greater functional 
improvement than delayed repair, whereas postponing 
surgery beyond four months after injury may adversely affect 
clinical outcomes.[7] Nevertheless, successful surgical repair 
alone does not ensure optimal recovery, as persistent pain, 
joint stiffness, muscle atrophy, and the potential need for 
revision surgery may occur when postoperative rehabilitation 
is inadequate or poorly tolerated.

Kinesiophobia is characterized by an excessive and 
debilitating fear of movement or physical activity arising from 
a perceived vulnerability to pain, injury, or reinjury and may 
adversely affect range of motion and functional recovery.[8–10] 

High levels of kinesiophobia have been reported during the 
early postoperative period following rotator cuff repair and 
may interfere with rehabilitation and delay the restoration 
of shoulder function.[11] Postoperative pain, particularly when 
exercises are initiated, may contribute to the development 
and persistence of movement-related fear.[11,12] Accordingly, 
effective pain control during the early rehabilitation period may 
represent an important strategy for reducing kinesiophobia 
and facilitating participation in postoperative exercises.

Nonsteroidal anti-inflammatory drugs and opioid analgesics 
are commonly used for pain control following rotator cuff 
repair; however, their use may be associated with adverse 
effects, including platelet dysfunction, prolonged bleeding 
time, gastrointestinal complications, nausea, vomiting, 
sedation, and intestinal ileus. Although injection-based 
strategies have also been proposed for postoperative pain 
management, evidence regarding the efficacy of local 
anesthetic or corticosteroid injections remains variable.[13–15,17] 

Peripheral nerve blocks have therefore gained increasing 
attention as a targeted analgesic strategy after shoulder 
surgery, potentially providing effective pain relief while 
limiting systemic adverse effects.[16] The suprascapular nerve 
(SSN) provides approximately 70% of the sensory innervation 
of the shoulder and contributes to the innervation of the 
glenohumeral and acromioclavicular joints, coracoclavicular 

and coracohumeral ligaments, and subacromial bursa.[18,19] 

Owing to this extensive sensory distribution, suprascapular 
nerve block (SSNB) represents an effective regional analgesic 
option for pain management following rotator cuff repair.

Previous studies investigating kinesiophobia after rotator 
cuff repair have primarily considered it either as an outcome 
of postoperative rehabilitation or as a factor associated with 
postoperative pain and functional recovery. However, whether 
an analgesic intervention specifically synchronized with the 
initiation of rehabilitation can reduce early postoperative 
kinesiophobia remains insufficiently investigated. 
Therefore, the present study aimed to evaluate whether 
serial weekly suprascapular nerve blocks administered 
during the early rehabilitation period were associated with 
reduced postoperative kinesiophobia and improved early 
functional outcomes after arthroscopic rotator cuff repair. 
We hypothesized that patients receiving serial SSNBs would 
demonstrate lower postoperative kinesiophobia, greater 
range of motion, and better functional outcomes at the third 
postoperative month than patients undergoing standard 
rehabilitation alone.

MATERIALS AND METHODS
Patients and Study Design

This retrospective comparative study was conducted using 
prospectively collected clinical and follow-up data. Ethical 
approval for the retrospective analysis was obtained from 
the Bilecik Seyh Edebali University School of Medicine Ethics 
Committee (Decision No. 423750; Date: 30.06.2026). Informed 
consent had been obtained from all patients for the treatment 
procedures and clinical follow-up. The study was conducted in 
accordance with the principles of the Declaration of Helsinki.

The medical records of patients aged 18 to 75 years who 
were treated between January 2025 and January 2026 and 
underwent arthroscopic rotator cuff repair for a non-massive 
full-thickness supraspinatus tendon tear or a combined tear 
involving the supraspinatus and subscapularis tendons were 
retrospectively reviewed. The diagnosis had been established 
preoperatively based on clinical examination and imaging 
findings obtained by ultrasonography and/or magnetic 
resonance imaging (MRI).

Patients with massive rotator cuff tears, pseudoparalysis, 
previous surgery on the same shoulder, concomitant Bankart 
or SLAP lesions, a history of shoulder infection, glenohumeral 
osteoarthritis, a follow-up duration of less than three months, 
systemic rheumatic disease or malignancy, or a known allergy 
to the medications used for suprascapular nerve block were 
excluded.



54

Gedikbas and Yucepur. Serial SSNB Reduces Kinesiophobia After ARCR Sports Traumatol Arthrosc 2026;3(2):52–59

Eligible patients were categorized into two groups based on 
the postoperative rehabilitation protocol they received. Group 
I consisted of patients who received serial weekly ultrasound-
guided suprascapular nerve blocks (SSNBs), performed by 
an anesthesiologist, beginning immediately after the sixth-
week postoperative assessment and before active-assisted 
rehabilitation sessions. Group II consisted of patients who 
underwent the same standardized rehabilitation program 
without SSNB and served as the control group.

Surgical Technique and Rehabilitation

All surgical procedures were performed by a single orthopedic 
surgeon with at least five years of experience in shoulder 
arthroscopy and rotator cuff repair. Surgery was performed 
under general anesthesia with the patient in the beach-chair 
position. Standard posterior, lateral, anterosuperior, and 
anteroinferior portals were used for arthroscopic evaluation of 
the glenohumeral joint and subacromial space. The subacromial 
bursa was debrided as necessary to obtain adequate 
visualization of the rotator cuff. Supraspinatus tendon tears 
were repaired using a modified Mason-Allen technique. When 
concomitant subscapularis tendon tears were present, they 
were repaired arthroscopically using a single-row technique. 
In patients with concomitant biceps tendon pathology, either 
tenotomy or tenodesis was performed according to patient 
age, activity level, and functional expectations.

Postoperatively, all patients were immobilized in a shoulder 
abduction sling at 30° for four weeks. Pendulum exercises 
and passive shoulder range-of-motion exercises were 
initiated at the fourth postoperative week, followed by active-
assisted range-of-motion exercises beginning at the sixth 
week. Strengthening exercises were initiated at the twelfth 
postoperative week. The same standardized rehabilitation 
protocol was prescribed to both groups using written and 
illustrated instructions, and rehabilitation was conducted 
under the supervision of a physical therapist.

Suprascapular Nerve Block Technique

In Group I, the suprascapular nerve block (SSNB) was 
performed using a supraclavicular approach under ultrasound 
guidance. Patients were placed in a sitting position with the 
head turned toward the contralateral side. A 10–18 MHz linear 
ultrasound transducer was positioned in a coronal-oblique 
orientation over the supraclavicular region to identify the 
omohyoid muscle, suprascapular nerve, brachial plexus, and 
subclavian artery. Using an in-plane technique, an 80-mm 
peripheral nerve block needle was advanced toward the 
suprascapular nerve. Correct identification of the nerve was 
confirmed by eliciting supraspinatus muscle contraction with 
nerve stimulation, after which 5 mL of 0.5% levobupivacaine 

was administered. Patients were observed for 30 minutes after 
each procedure for potential block-related complications. 
SSNB was administered once weekly for four consecutive 
sessions, beginning with the first active-assisted outpatient 
physical therapy session at the sixth postoperative week. 
The same ultrasound-guided technique and local anesthetic 
regimen were used at each session. Immediately after each 
block, patients participated in an active-assisted exercise 
session under the supervision of a physical therapist.

Outcome Assessment

The Tampa Scale for Kinesiophobia (TSK-17) was used as the 
primary outcome measure. Secondary outcome measures 
included active shoulder range of motion (ROM) and the 
Constant-Murley (CM) score. Active forward elevation, 
abduction, and external rotation were measured using a 
goniometer, whereas internal rotation was assessed according 
to the highest spinal level reached by the thumb. Clinical 
assessments were performed at the sixth postoperative 
week, immediately before the initiation of the active-assisted 
rehabilitation program, and again at the third postoperative 
month. The sixth-week assessment was used as the baseline 
for comparing outcomes between the study groups. All 
assessments were performed by an independent assessor who 
was not involved in the treatment protocol and was blinded to 
group assignment.

Statistical Analysis

Statistical analyses were performed using IBM SPSS Statistics, 
version 23.0 (IBM Corp., Armonk, NY, USA). The distribution 
of continuous variables was assessed using the Kolmogorov-
Smirnov test. Continuous variables with a normal distribution 
were expressed as mean±standard deviation, whereas 
nonnormally distributed variables were summarized using 
appropriate descriptive statistics. Categorical variables were 
presented as numbers and percentages. Between-group 
comparisons of continuous variables were performed using 
the independent-samples t test for normally distributed data 
and the Mann-Whitney U test for nonnormally distributed 
data. Categorical variables were compared using the Pearson 
chi-square test, Fisher’s exact test, or the Fisher-Freeman-
Halton test, as appropriate. Within-group comparisons 
between the sixth-week baseline and third-month 
assessments were performed using the paired-samples t test 
for normally distributed variables and the Wilcoxon signed-
rank test for nonnormally distributed variables. For normally 
distributed continuous outcomes, between-group differences 
were additionally reported as mean differences with 95% 
confidence intervals. Confidence intervals were not calculated 
for variables analyzed using nonparametric methods or for 
internal rotation, which was recorded as an ordinal spinal 
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level. All statistical tests were two-sided, and a p value<0.05 
was considered statistically significant.

RESULTS
A total of 87 patients met the eligibility criteria and were 
included in the analysis. Group I comprised 43 patients 
who received serial suprascapular nerve blocks (SSNBs) in 
conjunction with the postoperative rehabilitation program, 
whereas Group II comprised 44 patients who underwent the 
same rehabilitation program without SSNBs. The mean age of 
the overall cohort was 61.8±9.2 years, and the mean follow-up 
duration was 3.5±0.6 months. The study population included 47 
women and 40 men. Patients in Group I were significantly older 
than those in Group II (64.1±7.0 vs. 59.4±10.6 years; p=.043). The 
mean follow-up duration was comparable between the groups 
(3.4±0.5 vs. 3.6±0.7 months; p=.157). A significant difference 
was observed in the distribution of affected sides, with right-
sided involvement being more frequent in Group II (p<.001). 
No significant between-group differences were observed in 
sex distribution, history of trauma, previous physical therapy, or 
duration of symptoms (all p>.05). Baseline characteristics of the 
study groups are summarized in Table 1.

Both groups demonstrated significant improvements 
in Constant-Murley (CM) scores from the sixth-week 
postoperative baseline assessment to the third-month follow-
up (p<.001 for both groups). At the sixth-week baseline 
assessment, CM scores were comparable between Group I and 
Group II (55.2±6.2 vs. 53.4±5.3, respectively; p=.213). At the 
third postoperative month, Group I had a significantly higher 
CM score than Group II (88.8±3.1 vs. 84.0±3.1; mean difference, 
4.8; 95% CI, 3.5–6.1; p<.001). The comparison of CM scores 
between the groups is presented in Table 2.

At the sixth-week postoperative baseline assessment, 
no significant differences in range of motion (ROM) were 
observed between the groups. At the third postoperative 
month, Group I demonstrated significantly greater abduction 
than Group II (153.9°±23.7° vs. 145.8°±16.8°; p=.010) and 
greater forward elevation (161.3°±19.3° vs. 152.8°±16.0°; 
p=.007). In contrast, external rotation (41.1°±8.9° vs. 41.5°±5.3°; 
p=.638) and internal rotation (median spinal level, L2 vs. L3; 
p=.100) were comparable between the groups at the third-
month assessment. The between-group comparison of ROM 
measurements is presented in Table 3.

At the sixth-week postoperative baseline assessment, TSK-
17 scores were comparable between Group I and Group 
II (47.8±8.7 vs. 48.4±8.4, respectively; p=.727). At the third 
postoperative month, Group I demonstrated a significantly 
lower TSK-17 score than Group II (25.4±6.5 vs. 29.8±6.3; mean 
difference, −4.4; 95% CI, −7.1 to −1.7; p<.001). The comparison 
of TSK-17 scores between the groups is presented in Table 4. 
No immediate block-related complications were observed 
during the 30-minute post-procedure monitoring period 
following any SSNB session.

DISCUSSION
This retrospective comparative study investigated the 
association of serial weekly suprascapular nerve blocks, 
administered at the initiation of outpatient physical therapy 
following arthroscopic rotator cuff repair, with postoperative 
kinesiophobia, range of motion, and functional outcomes. The 
main finding was that patients who received four consecutive 
weekly SSNBs before rehabilitation sessions demonstrated 
lower TSK-17 scores (25.4±6.5 vs. 29.8±6.3), higher Constant-
Murley scores (88.8±3.1 vs. 84.0±3.1), and greater forward 
elevation (161.3°±19.3° vs. 152.8°±16.0°; p=.007) and 
abduction (153.9°±23.7° vs. 145.8°±16.8°; p=.010) at the third 
postoperative month compared with patients who underwent 
rehabilitation alone. To the best of our knowledge, this is the 
first study to specifically evaluate a serial weekly SSNB protocol 

Table 1. Baseline characteristics of the study groups

Characteristic Group I (n=43) Group II (n=44) p

Age, y 64.1±7.0 59.4±10.6 0.043

Sex, female: male 24:19 23:21 0.831

Follow-up duration, mo. 3.4±0.5 3.6±0.7 0.157

Affected side, right: left 26:17 41:3 <0.001

History of trauma, 
 yes/no

35:8 33:11 0.605

Previous physical  
therapy, n

26 25 0.829

Duration of symptoms, 
mo.

8.3±10.3 10.9±11.5 0.087

Data are presented as mean±standard deviation or number of patients, as 
appropriate. Bold P values indicate statistically significant between-group 
differences (p<0.05).

Table 2. Comparison of Constant-Murley Scores between 
the study groups

Assessment Group I (n=43)Group II (n=44) p

Sixth-week postoperative 
baseline

55.2±6.2 53.4±5.3 0.213

Third postoperative month 88.8±3.1 84.0±3.1 <.001

Data are presented as mean±standard deviation. Both groups demonstrat-
ed significant within-group improvement from the sixth-week postopera-
tive baseline to the third-month assessment (p<0.001 in both groups). The 
between-group mean difference and 95% confidence interval for the third-
month assessment are reported in the text. 
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synchronized with outpatient rehabilitation sessions after 

ARCR, with kinesiophobia as the primary outcome.

The rationale for using repeated rather than single-shot SSNB 

is based on the pharmacokinetics of local anesthetics and 

the recurrent pain associated with rehabilitation exercises. A 

single injection of 0.5% levobupivacaine provides effective 
analgesia for approximately 8 to 12 hours, after which its 
analgesic effect diminishes.[20] Because shoulder rehabilitation 
involves repeated exercise sessions over several weeks, a single 
pre-rehabilitation block provides analgesia for only a limited 
period. In the present protocol, weekly SSNBs were therefore 
administered immediately before scheduled physical therapy 
sessions to provide a predictable analgesic window during 
rehabilitation. Mortada et al. compared a single SSNB with 
nine repeated SSNBs in 96 patients with diabetes and frozen 
shoulder and reported significantly greater improvements 
in clinical and ultrasonographic outcomes with repeated 
injections.[21] Benefits of repeated or continuous suprascapular 
blockade combined with physical therapy have also been 
reported in refractory adhesive capsulitis.[22] Similar benefits 
have been reported in hemiplegic shoulder pain.[23] The present 
study extends this concept to the postoperative ARCR setting 
by using scheduled weekly bolus injections synchronized with 
rehabilitation sessions.

Both groups demonstrated significant improvements in CM 
scores from the sixth-week postoperative baseline to the third-
month assessment (p<.001 in both groups), consistent with the 
established functional improvement after arthroscopic rotator 
cuff repair.[6,7] CM scores were comparable between the groups 
at the sixth-week baseline assessment (p=.213), whereas 
patients receiving serial SSNBs had significantly higher scores 
at the third postoperative month. Although the retrospective, 
nonrandomized design precludes attributing this difference 
solely to the intervention, the findings suggest a potential 
additional functional benefit associated with serial SSNB 
during rehabilitation. Coory et al. [16] demonstrated that SSNB 
resulted in superior CM scores compared with subacromial 
injection at 6 and 12 weeks in patients with symptomatic 
rotator cuff tears. Kim et al. [15] further reported lower VAS pain 
scores during the first 72 postoperative hours after ARCR with 
an indwelling SSNB catheter. Our findings extend this evidence 
by suggesting that SSNB administered specifically before 
rehabilitation sessions may be associated with improved 
functional recovery during the early postoperative period.

A key finding of the present study was the lower TSK-17 
score at the third postoperative month in patients receiving 
serial SSNBs. Nociceptive pain during rehabilitation exercises 
is an important contributor to movement-related fear and 
avoidance behaviors.[11,12] By providing analgesia during 
scheduled rehabilitation sessions, repeated blocks may 
reduce reinforcement of the fear-avoidance cycle described 
in the literature.[9,10] Improved pain control during movement 
may facilitate participation in active-assisted exercises and 
reduce the negative association between shoulder movement 
and anticipated pain. This interpretation is consistent with 

Table 3. Comparison of range of motion between the study 
groups

Range of Motion Group I (n=43) Group II (n=44) p

Abduction, deg

Sixth-week postopera-
tive baseline

95.6±17.7 96.0±17.5 0.498

Third postoperative 
month

153.9±23.7 145.8±16.8 0.010

Forward elevation, deg

Sixth-week postopera-
tive baseline

130.5±22.3 128.8±29.5 0.826

Third postoperative 
month

161.3±19.3 152.8±16.0 0.007

External rotation, deg

Sixth-week postopera-
tive baseline

29.9±7.7 28.4±5.6 0.408

Third postoperative 
month

41.1±8.9 41.5±5.3 0.638

Internal rotation, spinal 
level

Sixth-week postopera-
tive baseline

Hip Hip 0.821

Third postoperative 
month

L2 L3 0.100

Data are presented as mean±standard deviation for abduction, forward el-
evation, and external rotation, and as median spinal level for internal rota-
tion. P values represent between-group comparisons at each assessment 
time point. 

Table 4. Comparison of TSK-17 Scores between the study 
groups

Assessment Group I (n=43)Group II (n=44) p

Sixth-week postoperative 
baseline

47.8±8.7 48.4±8.4 0.727

Third postoperative month 25.4±6.5 29.8±6.3 <0.001

Data are presented as mean±standard deviation. Both groups demonstrat-
ed a significant within-group reduction in TSK-17 scores from the sixth-week 
postoperative baseline to the third-month assessment. The between-group 
mean difference and 95% confidence interval for the third-month assess-
ment are reported in the text. 
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the fear-avoidance model described by Leeuw et al., in which 
reduced pain during exposure to movement may promote 
safety learning and decrease fear-related cognitions.[9] Previous 
studies after rotator cuff repair have also demonstrated 
an association between postoperative kinesiophobia and 
impaired functional recovery.[11] Although the present study 
did not directly measure pain immediately before and after 
each block, the lower TSK-17 scores observed in the SSNB 
group support further investigation into the use of analgesia 
during rehabilitation as a strategy to address postoperative 
movement-related fear.

With respect to ROM, patients receiving serial SSNBs 
demonstrated greater forward elevation and abduction at 
the third postoperative month. This finding may be related 
to improved tolerance of active-assisted rehabilitation during 
the early recovery period. Wang et al. reported that high levels 
of kinesiophobia during the first 6 postoperative weeks were 
associated with poorer ROM and functional outcomes following 
rotator cuff repair, suggesting that fear-related movement 
avoidance may contribute to limitations in early recovery.
[11] Accordingly, providing analgesia during rehabilitation 
sessions may facilitate more effective participation in 
exercises, thereby contributing to early ROM gains. Similar 
rehabilitation-related benefits of suprascapular blockade have 
been reported in patients undergoing intensive treatment for 
adhesive capsulitis.[22] However, external and internal rotation 
did not differ significantly between the groups in the present 
study, suggesting that the observed benefit was not uniform 
across all planes of shoulder motion.

The supraclavicular approach used for SSNB provides reliable 
and repeatable localization of the suprascapular nerve in an 
outpatient setting without radiation exposure.[24] Ultrasound 
guidance facilitates direct visualization of the relevant 
anatomical structures and may reduce the risk of complications 
associated with landmark-guided techniques.[20] No immediate 
block-related complications were observed during the post-
procedure monitoring periods across the four SSNB sessions in 
the present cohort, consistent with the favorable safety profile 
previously reported for ultrasound-guided SSNB.[14,25] Hussain et 
al. [25] reported a lower complication burden with suprascapular 
nerve block than with interscalene block, supporting its 
potential suitability for postoperative analgesia when 
avoidance of interscalene-related adverse effects is desired. In 
the present protocol, 0.5% levobupivacaine was used without 
corticosteroid, maintaining the intervention as a purely regional 
anesthetic technique similar to previous investigations of SSNB 
as an analgesic strategy after arthroscopic rotator cuff repair.[26]

Several limitations should be acknowledged. First, the 
retrospective, nonrandomized study design introduces the 

possibility of selection bias and residual confounding. Patients 
in Group I were significantly older than those in Group II 
(64.1±7.0 vs. 59.4±10.6 years; p=0.043), and the distribution 
of the affected side also differed significantly between the 
groups. These baseline imbalances may have influenced 
postoperative outcomes independently of the intervention. 
Although CM scores at the sixth-week postoperative baseline 
assessment were comparable between the groups (p=0.213), 
similarity in baseline functional status does not rule out 
confounding by measured or unmeasured factors. Second, 
the relatively short follow-up period (mean, 3.5±0.6 months) 
precludes conclusions regarding the long-term persistence 
of the observed differences in ROM, functional scores, and 
kinesiophobia. Wang et al. [11] reported that kinesiophobia-
related functional differences may diminish over longer-term 
follow-up, suggesting that the advantages observed in the 
present study may reflect accelerated early recovery rather than 
sustained long-term superiority. Third, acute pain intensity was 
not routinely assessed using a visual analog scale immediately 
before and after each weekly block session. Consequently, 
the immediate analgesic effect of each injection and the 
relationship between changes in pain and kinesiophobia 
could not be directly quantified. Finally, although outcome 
assessments were performed by an independent assessor 
blinded to group allocation, patients and treating clinicians 
were aware of the treatment received. Future prospective 
randomized trials incorporating a sham-injection control 
group, standardized pain assessments at each intervention 
session, and longer follow-up are warranted to confirm these 
findings and better define the relationship between serial 
SSNB, pain, kinesiophobia, and functional recovery.

CONCLUSION
In conclusion, serial weekly suprascapular nerve blocks 
administered immediately before outpatient physical 
therapy sessions following arthroscopic rotator cuff repair 
were associated with lower kinesiophobia scores, better 
early functional outcomes, and greater forward elevation 
and abduction at the third postoperative month compared 
with rehabilitation alone. These findings suggest that 
rehabilitation-synchronized SSNB may represent a useful 
component of multimodal postoperative management during 
the early recovery period. However, given the retrospective 
and nonrandomized design of the present study, prospective 
randomized controlled trials are required to confirm the 
clinical benefit of this approach.
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ABBREVIATIONS
ARCR	 Arthroscopic rotator cuff repair

CI	 Confidence interval

CM	 Constant-Murley

MRI	 Magnetic resonance imaging

RCT	 Rotator cuff tear

ROM	 Range of motion

SD	 Standard deviation

SLAP	 Superior labrum anterior to posterior

SPSS	 Statistical Package for the Social Sciences

SSN	 Suprascapular nerve

SSNB	 Suprascapular nerve block

TSK-17	 17-item Tampa Scale for Kinesiophobia

VAS	 Visual analog scale
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Arthroscopic Pull-Out Suture Fixation versus Double-Loop 
Cortical Button Fixation for ACL Tibial Eminence Avulsion 
Fractures: A Retrospective Comparative Study

 Aydogan Askin,1  Fatih Duygun,1  Selim Safali,2  Firat Dogruoz,1  Suleyman Avci1

1Department of Orthopedics and Traumatology, University of Health Sciences, Antalya Training and 
Research Hospital, Antalya, Türkiye
2Department of Orthopedics and Traumatology, Selçuk University Faculty of Medicine, Konya, Türkiye

ABSTRACT

Objective: This study aimed to compare the perioperative, radiological, and clinical outcomes of 
arthroscopic pull-out suture fixation and double-loop cortical button fixation for anterior cruciate 
ligament (ACL) tibial eminence avulsion fractures.
Materials and Methods: This retrospective, two-center comparative study included patients who 
underwent arthroscopic fixation for ACL tibial eminence avulsion fractures between August 2022 
and November 2024. Patients with modified Meyers and McKeever type IIIA or IIIB fractures and a 
minimum follow-up of 12 months were included. Patients were divided into two groups according 
to fixation technique: pull-out suture fixation and double-loop cortical button fixation. Demographic 
and perioperative variables, radiological union, Lysholm Knee Score, range-of-motion deficits, 
Lachman test results, and revision surgery were evaluated. Patients who underwent revision surgery 
were retained in the revision analysis, but post-revision clinical findings were excluded from the final 
comparison of clinical outcomes.
Results: A total of 37 patients were included: 19 in the pull-out suture fixation group and 18 in the 
double-loop cortical button fixation group. There were no significant differences between the groups 
in baseline characteristics, fracture type, time from injury to surgery, operation time, length of hospital 
stay, or follow-up duration. Radiological union was observed in all patients except the patient who 
underwent revision surgery, and no nonunion or secondary displacement was detected among patients 
who completed follow-up without revision. Final clinical outcomes were compared between 19 patients 
in the pull-out suture fixation group and 17 patients in the double-loop cortical button fixation group. 
The Lysholm Knee Score did not differ significantly between the groups (84.7±8.6 vs. 87.1±8.9, p=0.231). 
Extension deficit, flexion deficit, and Lachman grade distribution were also similar between the groups. 
One patient in the double-loop cortical button fixation group required revision ACL reconstruction, 
whereas no patient in the pull-out suture fixation group required revision (p=0.486).
Conclusion: No statistically significant differences were detected between arthroscopic pull-out 
suture fixation and double-loop cortical button fixation in the perioperative, radiological, and 
clinical outcomes evaluated in this cohort. Given the small sample size, these findings should not 
be interpreted as demonstrating equivalence between the two techniques. Double-loop cortical 
button fixation may represent an alternative fixation option for selected type IIIA and IIIB fractures.
Keywords: ACL avulsion fracture, arthroscopy, cortical button fixation, Endobutton, pull-out suture 
fixation, tibial eminence fracture, tibial spine fracture.
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INTRODUCTION 
Tibial eminence avulsion fractures are intra-articular injuries in 
which the anterior cruciate ligament (ACL) is avulsed from its 
tibial insertion with an attached bony fragment.[1,2] Although 
these injuries are classically regarded as the pediatric 
equivalent of midsubstance ACL rupture, they may also 
occur in skeletally mature patients, particularly after sports 
trauma or high-energy mechanisms.[1–3] Because displaced 
fragments may alter ACL tension and knee kinematics, 
inadequate reduction or fixation may result in residual anterior 
instability, restricted range of motion, nonunion, or secondary 
degenerative changes.[2,4]

The Meyers and McKeever classification, with later 
modifications by Zaricznyj, remains the most widely used 
system for describing these fractures.[5,6] While nondisplaced 
type I fractures are generally treated nonoperatively, displaced 
type III fractures and comminuted type IV fractures usually 
require surgical reduction and fixation.[1,2,6] The management of 
type II fractures remains more controversial, particularly when 
residual displacement or soft-tissue interposition prevents 
anatomic reduction.[2] In recent years, arthroscopic treatment 
has become the preferred approach because it allows direct 
visualization of the fracture bed, assessment and treatment of 
concomitant intra-articular lesions, less soft-tissue morbidity, 
and accurate reduction.[1,4,7]

Several arthroscopic fixation methods have been described, 
including screw fixation, Kirschner wires, suture anchors, pull-
out sutures, suture bridge constructs, and cortical button-
based techniques.[1,4,8–12] Pull-out suture fixation is one of 
the most commonly used arthroscopic techniques and is 
particularly useful for small or comminuted fragments where 
screw fixation may not be feasible.[2,8,11] However, concerns 
remain regarding fixation strength, suture cut-through, 
fragment control, and the ability to allow early rehabilitation.
[9–11] Double-loop cortical button fixation has been proposed 
as an alternative method that may provide stable fixation with 
a broader implant–bone interface and may reduce the risk of 
fragment fragmentation or fixation failure.[4,9,10] Nevertheless, 
the available evidence for this technique remains limited, and 
comparative clinical data against conventional pull-out suture 
fixation are scarce.[4,8,9]

The aim of the present study was to compare the perioperative, 
radiological, and clinical outcomes of arthroscopic pull-out 
suture fixation and double-loop cortical button fixation in 
patients with ACL tibial eminence avulsion fractures. We 
hypothesized that double-loop cortical button fixation would 
provide clinical outcomes comparable to or better than pull-out 
suture fixation without increasing operative time, postoperative 
motion limitation, residual laxity, or the revision surgery rate.

MATERIALS AND METHODS
Study Design and Patient Selection
This retrospective, two-center comparative study was 
conducted at the Department of Orthopedics and 
Traumatology, Selçuk University Faculty of Medicine, 
Konya, Türkiye, and the Department of Orthopedics and 
Traumatology, University of Health Sciences, Antalya Training 
and Research Hospital, Antalya, Türkiye. Patients who 
underwent arthroscopic fixation for anterior cruciate ligament 
tibial eminence avulsion fractures between August 2022 
and November 2024 were evaluated. The study protocol was 
approved by the institutional ethics committee, and informed 
consent was obtained from all patients (Ethics Committee 
Approval No.: 3/7; Approval Date: 05 February 2026). Patients 
were divided into two groups according to the fixation 
technique used: arthroscopic pull-out suture fixation and 
arthroscopic double-loop cortical button fixation. Because 
this was a retrospective study, treatment allocation was not 
randomized, and no predefined allocation protocol was used. 
The choice between pull-out suture fixation and double-loop 
cortical button fixation was made according to the preference 
of the operating surgeon. Both fixation techniques were used 
across the two participating centers.

Patients with ACL tibial eminence avulsion fractures who 
were treated arthroscopically with either of these two fixation 
techniques and had a minimum follow-up duration of 12 
months were included in the study. The inclusion criteria 
were Meyers and McKeever type IIIA or IIIB tibial eminence 
avulsion fractures, complete perioperative records, and 
available final clinical and radiological follow-up data. Patients 
were excluded if they had associated tibial plateau fractures 
or other periarticular fractures requiring additional fixation, 
multiligament knee injuries requiring ligament reconstruction 
at the index surgery, previous surgery on the affected knee, 
chronic neglected fractures or nonunion, open fractures, 
neurovascular injuries, incomplete medical records, or a 
follow-up duration shorter than 12 months. Demographic 
and perioperative data, including age, sex, affected side, 
body mass index, fracture type, time from injury to surgery, 
operation time, length of hospital stay, and follow-up duration, 
were collected from hospital records. Clinical and radiological 
outcomes were assessed at the final follow-up.

Preoperative Assessment
All patients were evaluated clinically and radiologically before 
surgery. Standard anteroposterior and lateral knee radiographs 
were obtained in all cases. Computed tomography was used 
to define fracture morphology, displacement, rotation, and 
comminution (Fig. 1). Magnetic resonance imaging was 
obtained when needed to evaluate ACL continuity and 
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possible associated meniscal, chondral, or ligamentous injuries. 
Fractures were classified according to the modified Meyers and 
McKeever classification (Fig. 2).[5,6] In our treatment algorithm, 
type I and type II fractures were managed conservatively when 
acceptable reduction and knee stability could be achieved. 
Type IV fractures, which are characterized by comminution 
of the avulsed fragment, were not included because double-
loop cortical button fixation was considered unsuitable for 
these fracture patterns; instead, pull-out suture fixation was 
preferred for comminuted fragments to allow secure capture 
of multiple small fragments and the ACL substance. Therefore, 
to provide a more homogeneous comparison between the 
two fixation techniques, only type IIIA and type IIIB fractures 
with a single large displaced fragment were included in the 
present study. Surgical treatment was indicated for completely 
displaced or rotated fragments requiring anatomic reduction 
and stable fixation to restore ACL tension and knee stability.

Surgical Technique
All procedures were performed under spinal or general 
anesthesia with the patient in the supine position. A pneumatic 
tourniquet was applied over the thigh. Standard anterolateral 
and anteromedial arthroscopic portals were used. After 
evacuation of the hemarthrosis, diagnostic arthroscopy was 
performed to evaluate the ACL, fracture fragment, menisci, 

cartilage, and other intra-articular structures. Interposed 
hematoma, fibrous tissue, and soft-tissue structures 
preventing reduction were removed. The fracture bed was 
carefully debrided, and the avulsed fragment was anatomically 
reduced under direct arthroscopic visualization.

In the pull-out suture fixation group, the avulsed fragment and 
the ACL substance near its tibial insertion were secured using 
high-strength sutures. Sutures were passed through the ACL 
base and/or around the bony fragment using an arthroscopic 
suture passer, similar to previously described pull-out suture 
techniques.[3,13–15] A single tibial tunnel was created from the 
anteromedial proximal tibial cortex toward the fracture bed 
using an ACL tibial guide. The suture limbs were retrieved 
through the tibial tunnel and tensioned under arthroscopic 
visualization to achieve anatomic reduction of the fragment.
[3,13–15] After arthroscopic confirmation of anatomic reduction 
and appropriate ACL tension, the suture limbs were tensioned 
through the tibial tunnel and fixed over the distal anterior tibial 
cortex using a cortical screw and washer as a post-fixation 
construct. The washer was used to distribute the compressive 
force and prevent suture slippage during tying. The sutures 
were securely tied around the screw–washer construct while 
maintaining reduction under arthroscopic visualization. The 
knee was then cycled through flexion and extension, and 

Figure 1. Preoperative radiological evaluation of a 20-year-old female patient with 
tibial eminence avulsion fracture. Anteroposterior (a) and lateral (b) knee radiographs 
show an avulsion fracture of the tibial eminence; the red arrow on the lateral 
radiograph indicates the displaced avulsed fragment. Sagittal (c) and coronal (d) 
computed tomography images demonstrate the fracture morphology, displacement, 
and involvement of the intercondylar eminence; yellow arrows indicate the displaced 
fragment of the tibial eminence. Three-dimensional reconstruction (e) further illustrates 
the displaced avulsed fragment, marked by the red arrow. Sagittal and coronal magnetic 
resonance images (f–h) demonstrate the relationship of the avulsed fragment with the 
anterior cruciate ligament and allow assessment of associated intra-articular injuries.
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the stability of the fixation, ACL tension, and maintenance 
of fracture reduction were confirmed arthroscopically and 
fluoroscopically.[13–15]

In the double-loop cortical button fixation group, the fracture 
fragment was reduced arthroscopically after preparation of 
the fracture bed, as previously described for Endobutton- 
and cortical button-based fixation techniques.[4,8,9] A tibial 
tunnel was created from the anteromedial proximal tibial 
cortex toward the tibial eminence using an ACL tibial guide. 
A double-loop cortical button construct was then passed 
through the tibial tunnel and positioned over the avulsed 
fragment under direct arthroscopic visualization. The loop 
was tensioned to compress the fragment against the fracture 
bed and restore ACL tension.[4,9] The distal loop was secured on 
the anteromedial tibial cortex using a cortical button fixation 
system. Reduction, compression of the avulsed fragment, 
and fixation stability were checked arthroscopically. The 
knee was cycled several times through the range of motion 
to confirm that reduction was maintained and that there 
was no impingement or loss of fixation. Final reduction was 

confirmed by fluoroscopy.[4,8,9] The fixation principles of the 
two arthroscopic techniques are illustrated schematically in 
Figure 3, demonstrating pull-out suture fixation with distal 
tibial cortical screw–washer fixation and double-loop cortical 
button fixation with cortical button stabilization.

Postoperative Rehabilitation
The same postoperative rehabilitation protocol was used 
for both groups. After surgery, the knee was immobilized 
in a hinged knee brace locked in extension, consistent 
with previously described postoperative protocols for 
arthroscopic fixation of tibial eminence fractures.[3,4] Isometric 
quadriceps exercises, ankle pump exercises, and straight-
leg raises were started in the early postoperative period as 
tolerated.[3] Partial weight-bearing with crutches was allowed 
during the first two weeks, as tolerated, with adjustments 
based on pain, swelling, and fixation stability. Passive and 
active-assisted range-of-motion exercises were gradually 
initiated after 2 weeks, with progressive flexion according 
to the rehabilitation protocol.[4] Full weight-bearing was 
allowed once radiological signs of healing were present 

Figure 2. Modified Meyers–McKeever classification of tibial eminence fractures[5, 

6]. Schematic illustration showing the fracture patterns of anterior cruciate ligament 
tibial eminence avulsion fractures. Type I represents a nondisplaced fracture. Type II 
represents a partially displaced fracture with posterior hinging. Type IIIA represents 
complete displacement of the avulsed fragment involving the ACL insertion. Type IIIB 
represents complete displacement involving the entire intercondylar eminence. Type 
IV represents a comminuted displaced fracture fragment.
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and adequate quadriceps control was achieved.[3] Running 
and sport-specific activities were permitted after clinical 
and radiological union, restoration of range of motion, 
absence of instability, and sufficient muscle strength.[16] The 
rehabilitation protocol was adjusted as needed based on 
fracture stability, concomitant intra-articular lesions, pain, 
swelling, and range-of-motion recovery.

Follow-up and Outcome Assessment

Patients were followed clinically and radiologically according 
to each institution’s routine postoperative follow-up protocol. 
Because of the retrospective nature of the study, follow-
up intervals were not identical for all patients. Available 
postoperative radiographs and clinical records were reviewed 
to assess fracture union, maintenance of reduction, range of 

Figure 3. Schematic illustrations and representative postoperative radiographs of 
the two arthroscopic fixation techniques for ACL tibial eminence avulsion fractures. 
(a) Arthroscopic pull-out suture fixation. High-strength sutures are passed through 
the ACL substance and around the avulsed tibial eminence fragment, then retrieved 
through the tibial tunnel and fixed over the distal anterior tibial cortex with a cortical 
screw and washer construct. (b) Arthroscopic double-loop cortical button fixation. The 
avulsed fragment is reduced arthroscopically and compressed using a double-loop 
cortical button construct, with proximal cortical button fixation over the fragment and 
distal cortical button fixation on the anterior tibial cortex.
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motion (ROM), knee stability, complications, and the need for 
revision surgery. Range of motion was measured in degrees 
relative to the contralateral knee. For the categorical analysis, 
any measurable loss of extension or flexion (>0°) was recorded 
as a ROM deficit. Because this definition also captures minor 
motion loss, clinically relevant ROM loss was additionally 
defined as an extension deficit of ≥5° or a flexion deficit of 
≥10°. All eligible patients were invited for a final follow-up 
examination, during which clinical outcomes were assessed 
using the Lysholm Knee Score, ROM measurements, and the 
Lachman test. At each participating center, the Lachman 
test was performed at the final follow-up by the designated 
orthopedic surgeon responsible for clinical follow-up at that 
center; thus, two assessors were involved overall, with one 
assessor at each center. The test was performed using the 
same clinical examination approach at both centers, and laxity 
was recorded according to the predefined grading system.

Radiological union was evaluated using the available 
postoperative and final follow-up radiographs. Radiological 
union was assessed on anteroposterior and lateral knee 
radiographs and was defined as disappearance or substantial 
blurring of the fracture line, with restoration of trabecular 
continuity across the fracture site and maintenance of fracture 
reduction without secondary displacement. Radiological 
assessments were performed by a single experienced 
orthopedic surgeon who reviewed the available postoperative 
and final follow-up radiographs. One patient who underwent 
revision surgery with subsequent ACL reconstruction was 
retained in the baseline, perioperative, and revision surgery 
analyses. However, post-revision clinical examination findings 
were excluded from the final clinical outcome comparison 
because these values could be influenced by the secondary 
ACL reconstruction rather than the index fixation technique. 
Revision surgery was analyzed separately as a treatment-
failure endpoint.

Statistical Analysis

No formal a priori sample size calculation or power analysis 
was performed because of the retrospective study design; 
all eligible patients who met the inclusion criteria during 
the predefined study period were included. Statistical 
analysis was performed to compare baseline characteristics, 
perioperative variables, and clinical outcomes between the 
pull-out suture fixation and double-loop cortical button 
fixation groups. Continuous variables were reported as 
mean±standard deviation and median [interquartile range], 
whereas categorical variables were reported as number 
and percentage. Because of the relatively small sample size, 
continuous variables were compared between the groups 
using the Mann–Whitney U test. Categorical variables were 

compared using Fisher’s exact test. The final clinical outcome 
analysis included only patients who did not undergo revision 
surgery. One patient in the double-loop cortical button 
fixation group underwent revision surgery with subsequent 
anterior cruciate ligament reconstruction; therefore, post-
revision clinical examination findings were excluded from 
the final clinical outcome analysis to avoid confounding by 
the secondary procedure. However, this patient was retained 
in the baseline, perioperative, and revision surgery analyses. 
Revision surgery was analyzed separately as a treatment-
failure endpoint. All statistical tests were two-sided, and a 
p-value <0.05 was considered statistically significant.

RESULTS
A total of 37 patients who met the inclusion criteria were 
included in the study. Nineteen patients underwent 
arthroscopic pull-out suture fixation, and 18 patients 
underwent arthroscopic double-loop cortical button fixation. 
At the first center, 4 patients underwent pull-out suture 
fixation and 11 underwent double-loop cortical button 
fixation, whereas at the second center, 15 patients underwent 
pull-out suture fixation and 7 underwent double-loop cortical 
button fixation. The distribution of fixation techniques differed 
between the two centers (Fisher’s exact test, p=0.020). The 
baseline demographic and perioperative characteristics of 
the two groups are summarized in Table 1. There were no 
statistically significant differences between the groups in 
terms of age, sex distribution, affected side, body mass index, 
fracture type, time from injury to surgery, operation time, 
length of hospital stay, or follow-up duration. The mean age 
was 28.1±12.4 years in the pull-out suture fixation group and 
25.7±8.4 years in the double-loop cortical button fixation 
group. The median time from injury to surgery was 4.0 days 
in both groups. Operation time was comparable between the 
groups, with a mean of 69.6±7.0 minutes in the pull-out suture 
fixation group and 67.9±7.8 minutes in the double-loop 
cortical button fixation group. The median follow-up duration 
was 26.0 months in the pull-out suture fixation group and 24.0 
months in the double-loop cortical button fixation group.

Radiological union was evaluated using available 
postoperative and final follow-up radiographs. Radiological 
union of the tibial eminence fracture was observed in all 
patients except the patient who underwent revision surgery. 
No nonunion or secondary displacement was detected among 
patients who completed follow-up without revision surgery. 
Final clinical outcomes are summarized in Table 2. One patient 
in the double-loop cortical button fixation group underwent 
revision surgery with ACL reconstruction due to persistent 
anterior knee laxity after the index fixation; therefore, post-
revision clinical examination findings were excluded from the 
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final clinical outcome comparison. This patient was retained 
in the analysis of revision surgery. Accordingly, final clinical 
outcomes were compared between 19 patients in the pull-
out suture fixation group and 17 patients in the double-loop 
cortical button fixation group.

The Lysholm Knee Score was comparable between the groups. 
The mean Lysholm score was 84.7±8.6 in the pull-out suture 
fixation group and 87.1±8.9 in the double-loop cortical button 
fixation group, with no statistically significant difference. 
Extension and flexion deficits were also similar between the 
groups. The mean extension deficit was 0.8±3.4° in the pull-
out suture fixation group and 0.6±2.4° in the double-loop 
cortical button fixation group. The mean flexion deficit was 
6.3±5.0° and 6.8±6.1°, respectively.

Lachman test findings were similar between the groups. Grade 
0 Lachman was observed in 14 patients in the pull-out suture 
fixation group and 13 patients in the double-loop cortical 
button fixation group. Grade 1 Lachman was observed in 5 

and 4 patients, respectively. No patient had grade 2 Lachman 
laxity in the final clinical outcome analysis.

Revision surgery was required in one patient in the double-
loop cortical button fixation group and in none of the patients 
in the pull-out suture fixation group. The revision surgery 
rate did not differ statistically between the groups. Overall, 
no statistically significant differences were detected between 
arthroscopic pull-out suture fixation and double-loop cortical 
button fixation in the perioperative, radiological, or clinical 
outcomes evaluated in this cohort.

DISCUSSION
The most important finding of the present study was that 
arthroscopic pull-out suture fixation and double-loop 
cortical button fixation provided comparable perioperative, 
radiological, and clinical outcomes in patients with type IIIa 
and IIIb ACL tibial eminence avulsion fractures. No significant 
differences were observed between the two techniques in 
terms of operation time, length of hospital stay, follow-up 

Table 1. Baseline and perioperative characteristics of the patients

Variable Data Units Pull-out Suture Fixation (n=19) Double-Loop Cortical Button Fixation (n=18) p

Age years±SD 28.1±12.4 25.7±8.4 0.915

median [IQR] 23.0 [17.0–37.5] 23.5 [19.0–32.5]

Sex Male, n (%) 14 (73.7) 17 (94.4) 0.180

Female, n (%) 5 (26.3) 1 (5.6)

Side Right, n (%) 8 (42.1) 8 (44.4) 1.000

Left, n (%) 11 (57.9) 10 (55.6)

BMI kg/m²±SD 26.7±5.4 25.6±5.1 0.503

median [IQR] 26.0 [23.0–30.0] 25.5 [22.0–28.0]

Fracture Type Type IIIa, n (%) 12 (63.2) 12 (66.7) 1.000

Type IIIb, n (%) 7 (36.8) 6 (33.3)

Center Center 1 4 (21.1) 11 (61.1) 0.020

Center 2 15 (78.9) 7 (38.9)

Time to surgery days±SD 4.9±1.9 4.3±2.3 0.294

median [IQR] 4.0 [3.5–6.0] 4.0 [3.0–5.8]

Operation time min.±SD 69.6±7.0 67.9±7.8 0.538

median [IQR] 70.0 [65.0–75.0] 67.5 [64.2–73.0]

LOS days±SD 2.8±1.0 2.7±0.8 0.895

median [IQR] 2.0 [2.0–3.0] 3.0 [2.0–3.0]

Follow-up months±SD 25.6±5.0 26.1±5.6 0.903

median [IQR] 26.0 [22.0–28.0] 24.0 [22.2–29.8]

Data are presented as mean±standard deviation and median [interquartile range] for continuous variables, and as number (%) for categorical variables. Con-
tinuous variables were compared between groups using the Mann–Whitney U test. Categorical variables were compared using Fisher’s exact test. BMI: body 
mass index; IQR: interquartile range; LOS: length of hospital stay; SD: standard deviation.
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duration, Lysholm Knee Score, range-of-motion deficits, 
Lachman grade distribution, or revision surgery rate. 
Radiological union was achieved in all patients who completed 
follow-up without revision surgery, and no nonunion or 
secondary displacement was detected. Although one patient 
in the double-loop cortical button fixation group required 
revision ACL reconstruction, the overall revision rate did not 
differ significantly between the groups. These findings suggest 
that double-loop cortical button fixation may be a safe and 
effective alternative to conventional pull-out suture fixation 
in selected displaced tibial eminence avulsion fractures with 
a single large fragment.

Tibial eminence avulsion fractures are relatively uncommon 
injuries, and the optimal fixation method remains debated 
because several arthroscopic techniques have been described 
without a clearly established gold standard.[1,17,18] Recent 
literature has emphasized that arthroscopic fixation is the 
predominant surgical approach for displaced fractures, as it 
allows anatomic reduction, assessment of associated intra-
articular lesions, and stable fixation with less soft-tissue 
morbidity.[1,4,17,18] In the present study, radiological union was 
achieved in all patients who completed follow-up without 
revision surgery, and no secondary displacement or nonunion 
was observed. These findings are consistent with previous 
reports showing high union rates and satisfactory clinical 
outcomes after arthroscopic fixation of displaced tibial 
eminence avulsion fractures.[3,4,8,16,19,20]

Pull-out suture fixation is one of the most commonly used 
arthroscopic techniques for tibial eminence avulsion fractures, 
particularly when the fragment is small or when screw fixation 
may increase the risk of fragmentation.[2,9,13] Previous studies 
have reported favorable functional outcomes, restoration of 
knee stability, and high union rates after arthroscopic pull-
out suture fixation.[3,16,19,20] Kocher et al. [16]  reported excellent 
long-term functional outcomes after arthroscopic-assisted 
pull-out suture fixation, with high Lysholm scores, restored 
anterior knee stability, and return to sport without significant 
impairment. Similarly, other clinical series have described the 
pull-out suture technique as a straightforward and reliable 
method for fixation of ACL tibial avulsion fractures.[3,20] In 
the present study, the pull-out suture fixation group also 
demonstrated satisfactory functional outcomes, with a mean 
Lysholm score of 84.7 and no revision surgery.

Cortical button-based fixation has been introduced as an 
alternative technique to improve fixation stability and fragment 
control.[4,8–10,21] The proposed advantages of Endobutton or cortical 
button constructs include compression over a broader implant–
bone interface, reduced risk of suture cut-through, and avoidance 
of intra-articular screw-related problems.[8–10,21] Yıldırım et al. [4] 
reported successful short-term outcomes in 13 patients treated 
with a double-loop Endobutton device, with radiological union 
in all patients and negative Lachman and pivot-shift tests at the 
final follow-up. Sekiya et al. [8]  also described secure fixation with 
an Endobutton technique, reporting bone union, stable knees, 

Table 2. Clinical outcomes according to fixation technique

Variable Data Units Pull-out Suture Fixation (n=19) Double-Loop Cortical Button Fixation (n=17*) p

Lysholm Knee Score score±SD 84.7±8.6 87.1±8.9 0.231

median [IQR] 80.0 [80.0–90.0] 90.0 [80.0–95.0]

Extension deficit °±SD 0.8±3.4 0.6±2.4 1.000

median [IQR] 0.0 [0.0–0.0] 0.0 [0.0–0.0]

Flexion deficit °±SD 6.3±5.0 6.8±6.1 0.961

median [IQR] 5.0 [2.5–10.0] 5.0 [0.0–10.0]

Flexion deficit ≥10° n, (%) 8/19 (42.1) 7/17 (41.2) 1.000

Extension deficit ≥5° n, (%) 1/19 (5.3) 1/17 (5.9) 1.000

Lachman Grade 0, n (%) 14 (73.7) 13 (76.5) 1.000

Grade 1, n (%) 5 (26.3) 4 (23.5)

Grade 2, n (%) 0 (0.0) 0 (0.0)

Revision surgery n (%) 0/19 (0.0) 1/18 (5.6) 0.486

Data are presented as mean±standard deviation and median [interquartile range] for continuous variables, and as number (%) for categorical variables. Con-
tinuous variables were compared between groups using the Mann–Whitney U test. Binary categorical variables were compared using Fisher’s exact test. * One 
patient in the double-loop cortical button fixation group underwent revision surgery with ACL reconstruction; therefore, post-revision clinical examination 
findings were excluded from the final clinical outcome analysis, whereas the patient was retained in the revision surgery analysis. IQR: interquartile range; SD: 
standard deviation.
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excellent range of motion, and negative Lachman and pivot-shift 
tests in all five patients. In the present study, the double-loop 
cortical button fixation group showed Lysholm scores, range-of-
motion outcomes, and Lachman grade distribution comparable 
to those of the pull-out suture group, supporting the use of this 
method as an alternative fixation strategy for selected type IIIa 
and IIIb fractures.

An important point in interpreting the present study is fracture 
selection. Type IV comminuted fractures were excluded 
because these fractures are less suitable for double-loop 
cortical button fixation and are more commonly managed 
with suture-based techniques that can capture multiple small 
fragments and the ACL substance.[2,6,9] By including only type 
IIIa and IIIb fractures with a single large displaced fragment, 
the present study attempted to create a more homogeneous 
cohort and a more balanced comparison between the two 
fixation methods. This design may help reduce bias that could 
arise if comminuted fractures were disproportionately treated 
with pull-out sutures.

The revision case in the double-loop cortical button group 
should be interpreted cautiously. Although this patient 
required subsequent ACL reconstruction, the overall revision 
rate did not differ statistically between the groups. In addition, 
post-revision clinical findings were excluded from the final 
clinical outcome analysis to avoid confounding by the 
secondary ACL reconstruction. This approach allowed the 
revision event to be analyzed as a treatment-failure endpoint 
while preventing post-reconstruction knee function from 
being incorrectly attributed to the index fixation technique.

The present study has several strengths. First, it directly 
compared two arthroscopic fixation techniques for ACL tibial 
eminence avulsion fractures, whereas most previous studies 
have reported outcomes of a single technique without a 
control group. Second, only modified Meyers and McKeever 
type IIIa and IIIb fractures were included, creating a more 
homogeneous cohort with a single large displaced fragment 
and allowing a more balanced comparison between pull-
out suture fixation and double-loop cortical button fixation. 
Third, the study was conducted at two centers and included 
clinically relevant perioperative, radiological, and functional 
outcomes, such as operative time, radiological union, Lysholm 
Knee Score, range of motion, Lachman test findings, and the 
need for revision surgery.

This study also has limitations. The retrospective design carries 
an inherent risk of selection bias, and the fixation technique 
was not randomized but was selected according to the 
operating surgeon’s preference. Moreover, the distribution of 
the two fixation techniques differed between the participating 

centers, raising the possibility of center- and surgeon-related 
confounding. Therefore, differences in institutional practice 
and surgeon-related factors may have influenced the observed 
outcomes and should be considered when interpreting the 
comparisons between the two techniques. The sample size 
was relatively small, and no a priori sample size calculation or 
formal equivalence or non-inferiority analysis was performed. 
Therefore, the study may have been underpowered to detect 
clinically relevant between-group differences, particularly for 
uncommon outcomes such as revision surgery, nonunion, 
or secondary displacement. Accordingly, the absence of 
statistically significant differences should not be interpreted 
as evidence of equivalence between the two fixation 
techniques. Follow-up intervals and radiographic assessments 
were not fully standardized because of the retrospective 
nature of the study. Radiological union was assessed using 
available postoperative and final follow-up radiographs rather 
than a uniform computed tomography protocol. In addition, 
objective instrumented measurements of laxity, such as 
KT-1000 or Rolimeter testing, were not available. Patient-
reported outcomes other than the Lysholm Knee Score, as 
well as detailed return-to-sport data, were not evaluated. 
Finally, because type IV comminuted fractures were excluded, 
the findings cannot be generalized to all patterns of tibial 
eminence avulsion fractures.

CONCLUSION
In conclusion, no statistically significant differences were 
detected between arthroscopic pull-out suture fixation and 
double-loop cortical button fixation in the perioperative, 
radiological, and clinical outcomes evaluated in patients with 
modified Meyers and McKeever type IIIa and IIIb ACL tibial 
eminence avulsion fractures. Radiological union was achieved 
in all patients who completed follow-up without revision 
surgery, and no secondary displacement or nonunion was 
observed. However, because of the small sample size and 
the absence of an equivalence or non-inferiority analysis, 
these findings should not be interpreted as demonstrating 
equivalence between the two techniques. Double-loop 
cortical button fixation may be an alternative for selected 
fracture patterns, but larger prospective studies are needed to 
establish its comparative effectiveness and safety.
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ACL: Anterior cruciate ligament

BMI: Body mass index

CT: Computed tomography
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ABSTRACT

Objective: The purpose of this study was to investigate the relationship between isolated 
degenerative medial meniscus posterior root tears (MMPRTs) and varus alignment, lateral and 
medial posterior tibial slopes (LPTS and MPTS), and the PCL tibial footprint angle (PCL-FPA).
Materials and Methods: This retrospective matched case-control study included 192 patients aged 
40–65 years without ACL pathology. Ninety-six patients with MMPRT were matched 1:1 by age and 
sex with 96 controls, yielding 96 matched pairs. LPTS and MPTS were measured on sagittal MRI using 
the Hudek technique; PCL-FPA was defined as the angle between the tibial longitudinal axis and 
the PCL footprint line on MRI; and varus alignment was assessed by measuring the mechanical axis 
angle on full-length weight-bearing radiographs. Mann-Whitney U and chi-square tests were used 
for between-group comparisons, and Firth-penalized logistic regression analysis was used to identify 
independently associated parameters.
Results: Compared with the control group, the MMPRT group demonstrated significantly higher 
LPTS (10.94±3.25° vs. 7.51±3.03°; p<0.001) and varus alignment (4.38±1.77° vs. 2.59±1.51°; p<0.001), 
and significantly lower PCL-FPA (49.95±7.55° vs. 54.62±6.27°; p<0.001). MPTS was similar between 
the groups (p=0.479). On multivariable analysis, LPTS (OR=1.497; 95% CI 1.283–1.746; p<0.001), varus 
alignment (OR=2.199; 95% CI 1.656–2.922; p<0.001), and PCL-FPA (OR=0.935; 95% CI 0.881–0.992; 
p=0.026) were independently associated with isolated degenerative MMPRT. ROC analysis revealed 
the highest individual AUC for varus alignment (AUC=0.790; 95% CI 0.724–0.851), while the combined 
model yielded an AUC of 0.885 (95% CI 0.835–0.929).
Conclusion: Isolated degenerative MMPRT is independently associated with varus alignment, 
increased LPTS, and decreased PCL-FPA. MPTS was not significantly associated with MMPRT in 
this ACL-intact cohort. Increased LPTS may reflect altered rotational knee biomechanics related to 
MMPRT, whereas decreased PCL-FPA may represent a distinct posterior tibial attachment geometry 
related to the medial meniscus posterior root. Further biomechanical studies and external validation 
are needed to confirm these findings.
Keywords: Magnetic resonance imaging, Meniscus, Meniscus injuries, Risk factors, Tibial slope, 
Varus deformity.
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INTRODUCTION
Medial meniscus posterior root tears (MMPRTs) account 
for approximately 10–21% of meniscal tears and remain 
an important, potentially underdiagnosed cause of knee 
dysfunction.[1] Medial meniscus posterior root tears constitute 
approximately 52% of all meniscal root tears, occur more 
commonly in women, and typically present in middle age.
[1] Current concepts regarding the anatomy, diagnosis, 
and treatment of meniscal root tears continue to evolve.[2] 

Disruption of posterior root integrity compromises the ability 
of the meniscus to convert axial loads into circumferential hoop 
stresses, resulting in a marked increase in tibiofemoral contact 
pressure and producing biomechanical changes comparable 
to those observed after total meniscectomy.[3,4] The resulting 
loss of functional meniscal support has been associated with 
accelerated progression of knee osteoarthritis, even in patients 
without pre-existing radiographic osteoarthritis.[5]

Osseous morphology has increasingly been recognized as 
an important factor associated with MMPRT. Systematic 
reviews have identified increased medial posterior tibial slope, 
varus alignment, and reduced intercondylar dimensions as 
morphometric features associated with MMPRT.[6,7] However, 
most previous investigations have focused primarily on 
tibial slope and coronal alignment, whereas the potential 
contribution of posterior tibial attachment geometry remains 
poorly understood. In particular, the relationship between the 
tibial attachment geometry of the posterior cruciate ligament 
(PCL) and MMPRT has not previously been investigated. The 
tibial attachment of the PCL is located approximately 1.0–1.5 
cm distal to the joint line, and the center of the medial meniscus 
posterior root lies only 8.2±0.7 mm from the nearest border of 
the PCL tibial attachment.[8] This close anatomical relationship 
raises the possibility that the PCL tibial footprint angle (PCL-
FPA) may provide indirect information regarding posterior 
tibial attachment morphology adjacent to the medial meniscus 
posterior root. Although attachment-site orientation has been 
shown to influence enthesis biomechanics in other anatomical 
structures,[9,10] whether such geometric characteristics are 
associated with MMPRT remains unknown.

The purpose of this study was to investigate the associations 
of varus alignment, lateral posterior tibial slope (LPTS), medial 
posterior tibial slope (MPTS), and PCL-FPA with isolated 
degenerative MMPRT in an ACL-intact population compared 
with an age- and sex-matched control group.

MATERIALS AND METHODS
Study Design and Patient Selection

This study was designed as a retrospective matched case-control 
study. Following institutional review board approval (approval 

date: 27 February 2026; no. 236), the institutional archive was 
searched to identify patients who underwent knee MRI between 
January 2018 and December 2023. The MMPRT group consisted 
of patients diagnosed with isolated medial meniscus posterior 
root tears confirmed by arthroscopy or MRI. Of the 96 patients 
with MMPRT, 56 had arthroscopic confirmation, whereas 40 
were diagnosed by MRI alone based on established imaging 
criteria for posterior root tears, including radial/cleft, ghost, and 
truncation signs. The control group consisted of individuals 
who underwent MRI for nonspecific anterior knee pain and had 
no meniscal root pathology. These patients were selected as 
controls because they underwent knee MRI using comparable 
protocols, enabling standardized measurements, while lacking 
meniscal root pathology.

For the purposes of this study, degenerative MMPRT was 
defined as a posterior root tear occurring without a history of 
significant acute knee trauma in patients aged 40–65 years, 
with MRI findings and, where available, arthroscopic findings 
consistent with a degenerative rather than an acute traumatic 
tear. The inclusion criteria were: (1) a diagnosis of isolated 
MMPRT, (2) availability of adequate-quality sagittal MRI 
images, and (3) age between 40 and 65 years. The exclusion 
criteria were: (1) concomitant ACL tear or a history of ACL 
reconstruction, (2) lateral meniscus root tear, (3) advanced 
knee osteoarthritis (Kellgren–Lawrence grade 3–4), (4) 
previous knee surgery, and (5) inflammatory joint disease. A 
total of 96 patients with MMPRT met these criteria and were 
included in the study.

Matching Strategy

Age- and sex-matched pairing was performed to ensure 
demographic comparability between the groups. The 
institutional database was searched to identify eligible control 
candidates who met the inclusion criteria. When multiple 
control candidates of the same age and sex were available for 
a given MMPRT patient, selection was performed by random 
sampling. Control selection was performed independently 
of radiological measurement results. This process yielded 96 
matched pairs (192 patients in total).

Imaging Protocol and Radiological Measurements

All patients underwent a standardized knee MRI protocol. 
Images were obtained in the sagittal, coronal, and axial planes 
using proton density-weighted fat-suppressed sequences. 
Varus alignment was assessed by measuring the mechanical 
axis angle on full-length weight-bearing radiographs. Full-
length weight-bearing radiographs were available for all 
patients and were obtained within a comparable time 
interval relative to the index MRI using the same standardized 
acquisition protocol. MRI evaluations and radiographic 
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measurements were performed with the investigators blinded 
to clinical and group information.

Posterior Tibial Slope Measurement: MPTS and LPTS were 
measured on sagittal MRI sections using the method described 
by Hudek et al.[11] The tibial longitudinal axis was determined 
using the two-circle method, and the posterior tibial slope 
was measured as the angle between the tangent to the tibial 
plateau and the line perpendicular to this axis. MPTS and LPTS 
were measured separately on the medial and lateral tibial 
plateau sections, respectively (Fig. 1).

PCL Footprint Angle (PCL-FPA): The PCL-FPA was a novel 
radiological measurement parameter defined in this study. It 
was measured on the sagittal MRI section in which the PCL 
tibial attachment was most clearly visualized as the angle 
between the tibial longitudinal axis and a line drawn parallel 
to the PCL tibial footprint surface. The tibial longitudinal axis 
was determined using the two-circle method described by 
Hudek et al., and the PCL footprint line was drawn parallel to 
the attachment surface of the PCL fibers on the tibia (Fig. 2).

Varus Alignment: Varus alignment was assessed by measuring 
the mechanical axis varus angle on full-length weight-bearing 

radiographs. This angle was defined as the angle between 
the line extending from the center of the femoral head to the 
center of the knee joint and the line extending from the center 
of the knee joint to the midpoint of the superior articular 
surface of the talus. Positive values indicated varus alignment, 
whereas negative values indicated valgus alignment (Fig. 3).

Reliability Analysis

All measurements were performed independently by two 
orthopedic surgeons in two separate sessions. Intra- and 
interobserver agreement was assessed using the intraclass 
correlation coefficient (ICC); ICC values ranged from 0.82 to 
0.93 (Table 1).

Statistical Analysis

Continuous variables were expressed as mean±standard 
deviation (SD), and categorical variables as frequencies and 
percentages. The normality of continuous variables was assessed 
using the Shapiro–Wilk test. Between-group comparisons were 
performed using the independent-samples t-test for normally 
distributed continuous variables and the Mann–Whitney U test 
for non-normally distributed continuous variables. Categorical 
variables were compared using the chi-square test or Fisher’s 

a b c

Figure 1. Measurement of posterior tibial slope on sagittal MRI. (a) The sagittal tibial 
longitudinal axis is established by drawing two circles tangent to the anterior and 
posterior tibial cortices on the sagittal MRI section in which the PCL tibial attachment, 
the intercondylar eminence, and the anterior and posterior tibial cortices are visible. 
The center of the caudal circle is placed at the border of the cranial circle, and the line 
connecting the two centers defines the tibial longitudinal axis. (b) Medial posterior 
tibial slope (MPTS) is measured as the angle between the tangent to the medial tibial 
plateau articular surface (arrow) and the perpendicular to the tibial longitudinal axis 
on the medial sagittal MRI section. (c) Lateral posterior tibial slope (LPTS) is measured 
using the same method on the lateral sagittal MRI section (arrow). Representative case: 
59-year-old female with isolated degenerative MMPRT. MPTS: 4.3°, LPTS: 11.3°. (MPTS: 
medial posterior tibial slope; LPTS: lateral posterior tibial slope; MRI: magnetic resonance 
imaging.)
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exact test, as appropriate. Associations between radiological 
parameters and isolated degenerative MMPRT were evaluated 
using Firth-penalized logistic regression analysis. Each 
morphometric parameter was first assessed in a univariable 
model. Variables with a p-value<0.05 in the univariable analysis 
were subsequently entered into the multivariable Firth-penalized 
logistic regression model. Firth penalization was used to reduce 
small-sample bias and the potential effect of sparse data on 
maximum-likelihood estimates. Age and sex were balanced 
through the matching procedure and were therefore not included 
as covariates. Collinearity among the morphometric variables 
was assessed using pairwise correlations, and no evidence of 
problematic multicollinearity was identified. Regression results 
were reported as odds ratios (ORs) with 95% confidence intervals 
(CIs). Model performance was additionally summarized using 
McFadden’s R² and the Akaike information criterion (AIC). The 
discriminative performance of the radiological parameters 
was assessed using receiver operating characteristic (ROC) 
curve analysis. Areas under the curve (AUCs) with 95% CIs were 
calculated, and optimal cutoff values were determined using 

the Youden index, with corresponding sensitivity and specificity 
values. The ROC curve for the combined model was generated 
from the predicted probabilities of the multivariable Firth-
penalized logistic regression model. A two-sided p-value<0.05 
was considered statistically significant. Statistical analyses were 
performed using R version 4.3.0 and SPSS version 26.0 (IBM Corp., 
Armonk, NY, USA).

RESULTS
Demographic Characteristics
A total of 192 patients were included, comprising 96 patients 
with isolated degenerative MMPRT and 96 age- and sex-
matched controls. The mean age was 51.2±5.3 years in both 
groups, and 77 patients (80.2%) in each group were female. 
The distribution of the side of the evaluated knee was also 
similar between the groups (p=0.878) (Table 2).

Radiological Measurements
MPTS was similar between the MMPRT and control groups 
(9.56±2.76° vs. 9.22±2.73°, respectively; p=0.479). In contrast, 

a b

Figure 2. Measurement of the PCL tibial footprint angle (PCL-FPA) on sagittal MRI. (a) 
The sagittal tibial longitudinal axis is determined using the two-circle method on the 
sagittal MRI section where the PCL tibial attachment is best visualized. (b) A line is 
drawn parallel to the PCL tibial footprint (i.e., along the attachment surface of the PCL 
fibers on the tibia); PCL-FPA is then measured as the angle between this footprint line 
and the sagittal tibial longitudinal axis (arrow). Representative case: 59-year-old female 
with isolated degenerative MMPRT. PCL-FPA: 43.1°. (PCL-FPA: PCL footprint angle; PCL: 
posterior cruciate ligament; MRI: magnetic resonance imaging.)
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LPTS was significantly greater in the MMPRT group than in 
the control group (10.94±3.25° vs. 7.51±3.03°; p<0.001). Varus 
alignment was also significantly greater in the MMPRT group 
(4.38±1.77° vs. 2.59±1.51°; p<0.001). PCL-FPA was significantly 
lower in the MMPRT group than in the control group 
(49.95±7.55° vs. 54.62±6.27°; p<0.001) (Table 3).

Firth-Penalized Logistic Regression Analysis

In the univariable Firth-penalized logistic regression analysis, 
MPTS was not significantly associated with isolated degenerative 

Figure 3. Measurement of varus alignment on a full-length 
weight-bearing radiograph. The mechanical axis varus angle 
is measured as the angle between two lines: the line drawn 
from the center of the femoral head to the center of the knee 
joint, and the line drawn from the center of the knee joint 
to the midpoint of the superior articular surface of the talus. 
Positive values indicate varus, and negative values indicate 
valgus alignment. Representative case: 59-year-old female 
with isolated degenerative MMPRT. Varus alignment: 5.2°.

Table 1. Intra- and inter-rater reliability of radiological 
measurements in the MMPRT and control groups

Radiological 

Parameter

Reliability 

Measure

MMPRT 

Group ICC

Control 

Group ICC

MPTS Intra-rater, 
Observer 1

0.88 0.89

Intra-rater, 
Observer 2

0.86 0.84

Inter-rater 0.83 0.83

LPTS Intra-rater, 
Observer 1

0.93 0.91

Intra-rater, 
Observer 2

0.90 0.88

Inter-rater 0.90 0.86

Varus  
alignment

Intra-rater, 
Observer 1

0.83 0.82

Intra-rater, 
Observer 2

0.85 0.89

Inter-rater 0.85 0.86

PCL-FPA Intra-rater, 
Observer 1

0.92 0.93

Intra-rater, 
Observer 2

0.88 0.85

Inter-rater 0.87 0.87

MMPRT: medial meniscus posterior root tear; ICC: intraclass correlation co-
efficient.

Table 2. Demographic characteristics of the study groups

Parameter Control (n=96) Isolated MMPRT (n=96) p

Age (years), 
mean±SD

51.2±5.3 51.2±5.3 1.000

Female, n (%) 77 (80.2) 77 (80.2) 1.000

Right knee, n (%) 47 (49.0) 46 (47.9) 0.878

SD: standard deviation; MMPRT: medial meniscus posterior root tear.
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MMPRT (OR=1.047; 95% CI, 0.944–1.162; p=0.384). In contrast, 
greater LPTS (OR=1.419; 95% CI, 1.263–1.595; p<0.001), greater 
varus alignment (OR=2.076; 95% CI, 1.618–2.663; p<0.001), and 
lower PCL-FPA (OR=0.907; 95% CI, 0.867–0.949; p<0.001) were 
significantly associated with MMPRT (Table 4).

In the multivariable Firth-penalized logistic regression model, 
greater LPTS (OR=1.497; 95% CI, 1.283–1.746; p<0.001), 
greater varus alignment (OR=2.199; 95% CI, 1.656–2.922; 
p<0.001), and lower PCL-FPA (OR=0.935; 95% CI, 0.881–0.992; 
p=0.026) remained independently associated with isolated 

degenerative MMPRT. The model yielded a McFadden R² 
of 0.395 and an AIC of 169.0 (Table 5). Accordingly, each 1° 
increase in LPTS and varus alignment was associated with 
higher odds of MMPRT, whereas each 1° increase in PCL-FPA 
was associated with lower odds of MMPRT.

ROC Curve Analysis and Optimal Cutoff Values

Among the individual radiological parameters, varus alignment 
demonstrated the highest discriminative ability for isolated 
degenerative MMPRT, with an AUC of 0.790 (95% CI, 0.724–
0.851). The optimal cutoff value for varus alignment was ≥3.2°, 
yielding a sensitivity of 71.9% and a specificity of 74.0%. LPTS 
demonstrated an AUC of 0.763 (95% CI, 0.693–0.824). The 
optimal cutoff value was ≥11.3°, with a sensitivity of 46.9% and 
a specificity of 91.7%. PCL-FPA demonstrated an AUC of 0.675 
(95% CI, 0.598–0.745), with an optimal cutoff value of ≤50.1°, 
yielding a sensitivity of 53.1% and a specificity of 75.0%. MPTS 
demonstrated limited discriminative ability, with an AUC of 
0.530 (95% CI, 0.502–0.612). The combined model incorporating 
varus alignment, LPTS, and PCL-FPA demonstrated greater 
discriminative performance than any individual parameter, with 
an AUC of 0.885 (95% CI, 0.835–0.929), a sensitivity of 75.0%, 
and a specificity of 86.5% (Table 6, Fig. 4).

DISCUSSION
In this matched case-control study, varus alignment, increased 
LPTS, and decreased PCL-FPA were independently associated 
with isolated degenerative MMPRT. Notably, PCL-FPA, a 
newly introduced morphometric parameter, demonstrated 
an independent association with MMPRT, suggesting that 
posterior tibial attachment geometry may represent an 
additional anatomical factor related to this condition. In 
contrast to previous reports emphasizing the role of MPTS, 
MPTS was not significantly associated with MMPRT in the 
present cohort, whereas LPTS remained independently 
associated in the multivariable model. These findings indicate 
that the morphometric profile of isolated degenerative MMPRT 
in an ACL-intact population may differ from that described in 
more heterogeneous cohorts. By excluding concomitant ACL 
pathology and using age- and sex-matched controls, the present 
study provides a more focused assessment of the relationship 
between tibial morphology and degenerative MMPRT.

The relationship between PTS and MMPRT is among the most 
frequently studied morphometric associations in the literature. 
Increased PTS has been biomechanically shown to increase 
compressive and anteriorly directed shear forces on the 
MMPR.[12] Systematic reviews have demonstrated associations 
between MMPRT and increased medial tibial slope, varus 
alignment, and reduced intercondylar dimensions.[6,7] In 
contrast, MPTS was similar between the groups in our study 

Table 3. Comparison of radiological measurements between 
the study groups

Parameter
Control  

(n=96)

Isolated MMPRT 

(n=96)
p

MPTS (°), mean±SD 9.22±2.73 9.56±2.76 0.479

LPTS (°), mean±SD 7.51±3.03 10.94±3.25 <0.001

Varus alignment (°), 
mean±SD

2.59±1.51 4.38±1.77 <0.001

PCL-FPA (°), mean±SD 54.62±6.27 49.95±7.55 <0.001

MPTS: medial posterior tibial slope; LPTS: lateral posterior tibial slope; PCL-
FPA: posterior cruciate ligament footprint angle; SD: standard deviation.

Table 4. Univariable Firth-penalized logistic regression 
analysis

Variable OR 95% CI p

MPTS 1.047 0.944–1.162 0.384

LPTS 1.419 1.263–1.595 <0.001

Varus alignment 2.076 1.618–2.663 <0.001

PCL-FPA 0.907 0.867–0.949 <0.001

OR: odds ratio; CI: confidence interval; MPTS: medial posterior tibial slope; 
LPTS: lateral posterior tibial slope; PCL-FPA: posterior cruciate ligament foot-
print angle.

Table 5. Multivariable Firth-penalized logistic regression 
analysis

Variable OR 95% CI p

LPTS 1.497 1.283–1.746 <0.001

Varus alignment 2.199 1.656–2.922 <0.001

PCL-FPA 0.935 0.881–0.992 0.026

OR: odds ratio; CI: confidence interval; LPTS: lateral posterior tibial slope; 
PCL-FPA: posterior cruciate ligament footprint angle. McFadden R²=0.395; 
AIC=169.0.
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and was not significantly associated with MMPRT (p=0.479). 
This finding may be related to differences in patient selection. 
A considerable proportion of the existing literature includes 
MMPRT cases with concomitant ACL pathology or uses 
patients with other meniscal tears as controls.[6] Differences 

in ACL status, control-group selection, and associated knee 
pathology may therefore contribute to the variability in 
reported associations between MPTS and MMPRT.

One notable finding of our study was that LPTS remained 
independently associated with MMPRT in the multivariable 
analysis (OR=1.497; p<0.001). The relationship between LPTS 
and MMPRT has not been systematically investigated in the 
literature. However, existing biomechanical evidence may 
provide a potential explanation for this association. Increased 
LPTS has been associated with greater anterior translation of 
the lateral tibial compartment and changes in tibial rotational 
kinematics.[7] Moreover, asymmetry between LPTS and MPTS 
has been reported to correlate with dynamic anterior tibial 
translation and may influence tibial displacement during 
loading.[13] These findings provide a possible biomechanical 
basis for the association observed between increased LPTS 
and MMPRT. A relatively steeper lateral slope may promote 
greater anterior translation of the lateral compartment 
and alter tibial rotational mechanics, potentially increasing 
loading of the medial compartment and posterior meniscus 
root. Confirmation of this association in larger cohorts and 
biomechanical studies is warranted. The recognized role of 
tibial slope in knee biomechanics has also prompted increasing 
interest in posterior tibial slope-modifying osteotomies, 
further emphasizing the potential clinical relevance of slope-
related parameters.[14]

Varus alignment demonstrated the highest individual 
discriminative ability in our study (AUC=0.790) and remained 
independently associated with MMPRT in the multivariable 
analysis (OR=2.199; p<0.001). This finding is consistent with 
the existing literature. In a large series of 476 patients, the 
mean varus mechanical axis angle was significantly greater in 
patients with MMPRT than in controls (4.5°±3.4° vs. 2.4°±2.7°; 
p<0.01), closely corresponding to the values observed in 
our study (4.38° vs. 2.59°).[15] Varus alignment has also been 
consistently identified as a morphometric factor associated 
with MMPRT in systematic reviews.[7] The persistence of this 
association in an ACL-intact population further supports the 

Table 6. ROC analysis and optimal cutoff values for radiological parameters

Parameter AUC 95% CI Optimal cutoff Sensitivity (%) Specificity (%)

Varus alignment 0.790 0.724-0.851 ≥3.2° 71.9 74.0

LPTS 0.763 0.693–0.824 ≥11.3° 46.9 91.7

PCL-FPA 0.675 0.598–0.745 ≤50.1° 53.1 75.0

Combined model 0.885 0.835–0.929 — 75.0 86.5

AUC: area under the receiver operating characteristic curve; CI: confidence interval; LPTS: lateral posterior tibial slope; PCL-FPA: posterior cruciate ligament 
footprint angle. Optimal cutoff values were determined using the Youden index.

Figure 4. ROC curves for radiological parameters 
associated with isolated degenerative MMPRT (96 matched 
pairs). Varus alignment showed the highest individual AUC 
(0.790; 95% CI, 0.724–0.851), followed by LPTS (AUC=0.763; 
95% CI, 0.693–0.824) and PCL-FPA (AUC=0.675; 95% CI, 
0.598–0.745). MPTS demonstrated limited discriminative 
performance (AUC=0.530; 95% CI, 0.502–0.612). AUC: 
area under the curve; CI: confidence interval; LPTS: lateral 
posterior tibial slope; MPTS: medial posterior tibial slope; 
MMPRT: medial meniscus posterior root tear; PCL-FPA: 
posterior cruciate ligament footprint angle; ROC: receiver 
operating characteristic.
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importance of coronal alignment and medial compartment 
loading in degenerative MMPRT.

PCL-FPA is a novel radiological measurement parameter 
defined in this study and was independently associated with 
MMPRT in the multivariable analysis (OR=0.935; p=0.026). 
The weak correlations between PCL-FPA and MPTS and LPTS 
suggest that PCL-FPA may capture anatomical information that 
is largely distinct from tibial slope measurements. A potential 
anatomical basis for this association is the close proximity 
between the PCL tibial attachment and the medial meniscus 
posterior root. Cadaveric studies have demonstrated that the 
center of the medial meniscus posterior root lies only 8.2±0.7 
mm from the nearest border of the PCL tibial attachment.[8] 
Given this close anatomical relationship, PCL-FPA may reflect 
not only the sagittal orientation of the PCL tibial attachment 
but also aspects of posterior tibial attachment geometry 
adjacent to the medial meniscus posterior root. Furthermore, 
given the role of the PCL in posterior tibial restraint and 
rotational stability, variation in PCL-FPA may also be related 
to biomechanical characteristics relevant to loading of the 
medial meniscus posterior root.[10]

From a biomechanical perspective, a decreased PCL-FPA 
represents a more horizontally oriented PCL tibial footprint. 
Because the medial meniscus posterior root occupies the same 
posterior tibial region, variations in footprint orientation may 
correspond to differences in the local attachment geometry 
of the posterior root. Such differences could potentially 
influence the distribution of tensile and shear forces across 
the root attachment during axial loading. However, this 
proposed mechanism remains hypothetical. PCL-FPA may 
therefore represent a distinct sagittal-plane morphometric 
characteristic of the posterior tibial attachment region 
rather than a direct measure of meniscal root biomechanics. 
The association between PCL-FPA and MMPRT should 
consequently be regarded as hypothesis-generating. Further 
anatomical and cadaveric biomechanical studies are required 
to determine whether PCL-FPA is directly related to medial 
meniscus posterior root attachment geometry or loading 
characteristics.

The combined model incorporating varus alignment, LPTS, and 
PCL-FPA demonstrated greater discriminative performance 
than any individual parameter, with an AUC of 0.885 compared 
with 0.790 for the best-performing individual parameter. 
This finding suggests that these variables may capture 
complementary morphometric characteristics associated 
with MMPRT. Varus alignment reflects coronal-plane medial 
compartment loading, LPTS may provide information related 
to tibial rotational biomechanics, and PCL-FPA may reflect 
posterior tibial attachment geometry in the sagittal plane. The 

ROC-derived cutoff values should be regarded as exploratory 
rather than clinically validated thresholds because they were 
derived from a single-center cohort and require external 
validation before clinical application. Nevertheless, the 
combined morphometric profile may help characterize knees 
with morphological features associated with degenerative 
MMPRT and may prompt closer evaluation of the posterior 
root on MRI.

A considerable proportion of previous studies have included 
patients with concomitant ACL pathology or have used patients 
with other meniscal pathologies as controls. ACL pathology 
is associated with altered tibiofemoral kinematics and 
meniscal loading and may therefore influence the observed 
relationships between tibial morphology and meniscal 
pathology.[16] Although obesity, female sex, advanced age, 
and varus alignment have been reported as factors associated 
with degenerative MMPRT,[17] evaluating morphometric 
parameters specifically in an isolated degenerative, ACL-
intact population provides a more homogeneous assessment 
of these anatomical associations. The clinical importance of 
the medial meniscus posterior root is further supported by 
contemporary treatment strategies, including root repair 
combined with meniscal centralization in selected patients 
with meniscal extrusion.[18] The systematic exclusion of ACL 
pathology and the use of one-to-one age- and sex-matched 
controls constitute important strengths of the present study.

This study has several limitations. First, its retrospective, single-
center design and relatively limited sample size may restrict 
the generalizability of the findings. Second, the control group 
comprised patients evaluated for nonspecific anterior knee 
pain rather than asymptomatic individuals. Although none had 
meniscal root pathology, this group may not fully represent a 
healthy population and may introduce selection bias. Third, 
although advanced osteoarthritis (Kellgren–Lawrence grade 
3–4) was an exclusion criterion, individual KL grades were 
not systematically recorded because of the retrospective 
design. Therefore, residual differences in early osteoarthritic 
changes between the groups cannot be excluded and may 
have influenced parameters such as varus alignment and 
the observed associations. Fourth, BMI is a recognized factor 
associated with MMPRT; however, height and weight were 
not consistently available in the medical records, and BMI 
therefore could not be included in the regression analysis. Its 
potential confounding effect on the observed associations 
cannot be excluded. Fifth, PCL-FPA is a newly defined 
parameter whose biomechanical validity has not yet been 
established. In addition, the right-skewed distribution of LPTS 
values warrants caution when interpreting this parameter. The 
ROC-derived cutoff values should be considered exploratory 
and require external validation before clinical use. MMPRT was 
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confirmed arthroscopically in some patients and diagnosed 
by MRI alone in others, which may have introduced diagnostic 
heterogeneity. Furthermore, medial meniscal extrusion, which 
is closely associated with MMPRT and medial compartment 
overload, was not systematically assessed. The combined 
model was not externally validated, and the cross-sectional 
case-control design, without longitudinal follow-up, precludes 
interpretation of the identified parameters as predictors of 
future MMPRT development. Prospective multicenter studies 
incorporating BMI, standardized osteoarthritis grading, and 
biomechanical validation of PCL-FPA are warranted.

CONCLUSION
Varus alignment, increased lateral posterior tibial slope, and 
decreased PCL footprint angle were independently associated 
with isolated degenerative medial meniscus posterior root 
tears. MPTS was not significantly associated with MMPRT in 
this ACL-intact cohort. Increased LPTS may reflect alterations 
in tibial rotational biomechanics associated with MMPRT, 
whereas PCL-FPA may represent a distinct morphometric 
characteristic of the posterior tibial attachment region. The 
combined assessment of mechanical alignment, LPTS, and 
PCL-FPA may improve characterization of the morphometric 
profile associated with isolated degenerative MMPRT. Because 
PCL-FPA is a newly defined parameter, its anatomical and 
biomechanical relevance requires further validation in 
prospective and biomechanical studies.
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ACL: Anterior cruciate ligament

AUC: Area under the curve

CI: Confidence interval

ICC: Intraclass correlation coefficient

LPTS: Lateral posterior tibial slope

MMPRT: Medial meniscus posterior root tear

MPTS: Medial posterior tibial slope

MRI: Magnetic resonance imaging

OR: Odds ratio

PCL: Posterior cruciate ligament

PCL-FPA: PCL footprint angle

ROC: Receiver operating characteristic
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Case Report

Tourniquet-Free Knee Arthroscopy in a Patient with 
Clinical Features Suggestive of Klippel–Trénaunay 
Syndrome: A Case Report
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INTRODUCTION
Knee arthroscopy is a minimally invasive orthopedic surgical procedure widely used for the 
diagnosis and treatment of various intra-articular knee pathologies, including meniscal tears, 
chondral lesions, and synovial disorders.[1] Pneumatic tourniquets are frequently used during 
arthroscopic knee surgery to improve visualization and reduce intra-articular bleeding.[2] However, 
tourniquet use has been associated with several potential risks, including venous stasis, muscle 
and nerve injury, and thromboembolic complications.[3]

Chronic venous insufficiency and congenital vascular malformations are clinical conditions 
that may present with venous dilation, limb hypertrophy, and skin discoloration of the lower 
extremities.[4] Among these conditions, Klippel–Trénaunay syndrome (KTS) is a rare congenital 
vascular malformation characterized by the triad of capillary malformations, venous varicosities, 

ABSTRACT

Klippel–Trénaunay syndrome (KTS) and related venous malformation disorders may complicate 
lower-extremity surgery because of abnormal venous circulation and the potential risks of 
bleeding and thromboembolic events. We report the case of a 43-year-old man with chronic left 
knee pain and lifelong enlargement and cyanotic discoloration of the affected lower extremity. 
Magnetic resonance imaging demonstrated a medial femoral condyle osteochondral lesion, a 
longitudinal tear of the posterior horn of the medial meniscus, a suprapatellar plica, and multiple 
dilated periarticular venous structures. Doppler ultrasonography showed a patent deep venous 
system without thrombosis but marked superficial venous dilatation and great saphenous vein 
reflux. Following vascular surgical evaluation, the clinical findings were considered suggestive 
of the KTS spectrum. Knee arthroscopy was therefore performed without pneumatic tourniquet 
inflation. Adequate visualization was maintained using gravity-assisted irrigation and meticulous 
radiofrequency hemostasis. The medial meniscal tear was repaired, the osteochondral lesion 
was treated with debridement and microfracture, and the suprapatellar plica was resected. No 
intraoperative or postoperative vascular or orthopedic complications occurred. At 6 months, the 
patient had regained full knee motion with substantial symptomatic improvement. This case 
suggests that tourniquet-free knee arthroscopy may be a feasible option for carefully selected 
patients with suspected venous malformations, provided appropriate preoperative vascular 
assessment and meticulous intraoperative hemostasis are employed.
Keywords: Klippel–Trénaunay syndrome, venous malformation, knee arthroscopy, tourniquet-free 
surgery, meniscal repair, osteochondral lesion.
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and soft tissue or bone hypertrophy of the affected limb.
[5] Owing to abnormal venous circulation and vascular 
structures, surgical procedures involving the lower extremities 
in these patients require careful preoperative planning and 
individualized surgical strategies.[6]

In this report, we present a case of tourniquet-free knee 
arthroscopy performed in a patient with clinical findings 
suggestive of the Klippel–Trénaunay syndrome spectrum.

CASE REPORT
A 43-year-old male patient presented to our clinic with left 
knee pain that had persisted for approximately 1 year. His 
symptoms included limping while walking, difficulty with 
knee flexion, and pain during knee extension. The patient 
reported that discoloration and an increased circumference 
of the affected leg had been present since childhood. 
Additionally, he had undergone endovenous laser ablation for 
varicose veins approximately 2 years earlier. The patient was 
not receiving any regular medical treatment.

The patient had previously been evaluated at another center, 
where arthroscopic knee surgery had been recommended. 
However, the procedure was canceled intraoperatively after 
marked swelling and discoloration of the lower extremity 
were observed, and the patient was subsequently referred to 
our clinic for further evaluation.

Physical examination revealed no obvious deformity of 
the knee joint. However, the affected lower extremity 
demonstrated a noticeably larger circumference than the 
contralateral side, accompanied by cyanotic discoloration, 
particularly in the foot and crural regions (Fig. 1).

Circumference measurements obtained from standard 
anatomical landmarks showed:

•	 Mid-thigh: 57 cm (left) vs 50 cm (right)

•	 Knee level: 44 cm (left) vs 39 cm (right)

•	 Mid-calf: 39 cm (left) vs 34 cm (right)

a b

Figure 1. Preoperative clinical photographs of the affected lower extremity. (a) 
Anterior view of the left lower extremity demonstrating increased circumference, 
diffuse violaceous discoloration, and patchy vascular changes extending to the dorsum 
of the foot. (b) Bilateral comparison showing asymmetry in limb circumference and 
cutaneous vascular changes suggestive of a venous malformation spectrum.
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Elevation of the limb resulted in a noticeable reduction in skin 
discoloration. No palpable venous masses were detected, and 
no limb-length discrepancy was observed.

Knee examination revealed a preserved range of motion, 
although pain was present, particularly during flexion. The 
suprapatellar ballottement test was positive. Medial joint-line 
tenderness was present, and the McMurray test was positive.

Plain radiographs of the knee demonstrated no osseous 
pathology (Fig. 2).

Magnetic resonance imaging (MRI) of the knee demonstrated 
cartilage irregularity compatible with an osteochondral lesion 
on the weight-bearing surface of the medial femoral condyle, 
accompanied by subchondral bone marrow edema. The lesion 
was estimated to measure approximately 1.5–2 cm in diameter. 
A band-like structure compatible with a suprapatellar synovial 
plica was also observed. Additionally, a longitudinal tear of the 
posterior horn of the medial meniscus was detected. Multiple 
dilated, serpiginous venous structures were noted within the 
subcutaneous tissues around the knee joint (Fig. 3).

Color Doppler ultrasonography performed to evaluate the 
venous system of the lower extremity demonstrated a patent 
deep venous system without evidence of thrombosis. Marked 
dilation of the superficial venous structures and reflux within 
the great saphenous vein were detected. These findings 

were consistent with chronic superficial venous insufficiency. 
Following consultation with the vascular surgery department, 
the patient’s clinical presentation was considered suspicious 
for the Klippel–Trénaunay syndrome spectrum. Advanced 
venous imaging was not performed because Doppler 
ultrasonography demonstrated a patent deep venous system, 
and the vascular surgery team did not recommend further 
investigation.

Based on the preoperative evaluation, arthroscopic knee 
surgery was planned.

Surgical Technique

The patient was placed in the supine position under spinal 
anesthesia. A pneumatic tourniquet was placed proximally on 
the lower extremity; however, owing to the existing venous 
pathology, the procedure was performed without inflating the 
tourniquet. The knee was positioned at approximately 90° of 
flexion, and a lateral post was used.

Arthroscopic evaluation was performed using a 30° 
arthroscope through standard anterolateral and anteromedial 
portals. Joint irrigation was performed using normal saline 
delivered via a gravity-flow system, with a total irrigation 
volume of approximately 6,000 mL. The total operative time, 
defined as the duration from the initial incision to wound 
closure, was 36 minutes. Despite the absence of tourniquet 
inflation, satisfactory visualization was maintained throughout 

a b

Figure 2. Preoperative knee radiographs of the affected limb. (a) Anteroposterior view 
demonstrating preserved joint alignment without apparent osseous abnormality. (b) 
Lateral view showing intact joint architecture without signs of fracture or advanced 
degenerative changes.
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a

c

b

d

Figure 4. Arthroscopic findings during knee arthroscopy. (a) Initial diagnostic 
arthroscopic view demonstrating the ligamentum mucosum (infrapatellar plica). (b) 
Osteochondral lesion located on the weight-bearing surface of the medial femoral 
condyle. (c) Probe confirming a vertical longitudinal tear of the posterior horn of the 
medial meniscus in the red-red zone. (d) Arthroscopic appearance of a complete 
suprapatellar plica.

a b

Figure 3. Magnetic resonance imaging of the knee. (a) Coronal fat-suppressed image 
demonstrating an osteochondral lesion with subchondral bone marrow edema on the 
weight-bearing surface of the medial femoral condyle (arrow), medial meniscal extrusion 
(line), and multiple dilated serpiginous venous structures within the periarticular soft 
tissues suggestive of a venous malformation (arrow). (b) Sagittal image demonstrating 
an osteochondral lesion of the medial femoral condyle (arrow) and a longitudinal tear 
of the posterior horn of the medial meniscus (arrow).
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the procedure through continuous irrigation and meticulous 
hemostasis using radiofrequency coagulation when necessary.

Arthroscopic examination initially demonstrated the 
ligamentum mucosum (infrapatellar plica) (Fig. 4a). An 
Outerbridge grade III osteochondral lesion measuring 
approximately 2 × 2 cm was identified on the weight-bearing 
surface of the medial femoral condyle (Fig. 4b). Additionally, 
a vertical longitudinal tear of the posterior horn of the medial 
meniscus located in the red-red zone was observed (Fig. 4c), 
together with a complete suprapatellar plica (Fig. 4d).

The meniscal tear was first repaired using an all-inside technique 
(Fig. 5a). The osteochondral lesion was then debrided, and 
microfracture was performed by creating perforations 
approximately 3–4 mm apart in the subchondral bone 
using a microfracture awl (Fig. 5b). Following microfracture, 
bleeding and the release of bone marrow elements from the 
subchondral bone were observed. The suprapatellar plica was 
resected using a radiofrequency probe and shaver (Fig. 5c).

No intraoperative complications occurred.

Postoperative Follow-up

Postoperatively, the patient was mobilized using crutches 
without weight-bearing on the operated extremity for 4 
weeks. Knee range-of-motion exercises were initiated early in 
the postoperative period. Partial weight-bearing was allowed 
in the fourth postoperative week, and full weight-bearing was 
permitted at approximately 6 weeks.

For deep vein thrombosis prophylaxis, low-molecular-weight 
heparin was administered for 4 weeks, and the patient was 
advised to wear anti-embolism stockings for 45 days.

At the 6-month follow-up, the patient demonstrated a full 
range of knee motion and reported a significant reduction 
in knee pain. No venous or orthopedic complications were 
observed during follow-up.

DISCUSSION
Lower extremity surgical procedures in patients with venous 
malformations or Klippel–Trénaunay syndrome (KTS) spectrum 
may present significant challenges in surgical planning.[7] 

Abnormal venous circulation in these patients may increase 

a

c

b

Figure 5. Arthroscopic images demonstrating the surgical procedures. (a) Medial 
meniscus after arthroscopic repair, showing restoration of the meniscal contour. (b) 
Microfracture of the osteochondral lesion using a microfracture awl. (c) Resection of 
the suprapatellar plica using a shaver.
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the risks of intraoperative bleeding and thromboembolic 
complications.

Klippel–Trénaunay syndrome is a rare congenital vascular 
malformation characterized by the classic triad of capillary 
malformations, venous varicosities, and limb hypertrophy.
[8] However, the clinical presentation may vary considerably 
among patients, and the complete triad is not always present 
simultaneously.[9] Therefore, the diagnosis is often established 
based on a comprehensive evaluation of clinical findings and 
imaging studies.

The use of a pneumatic tourniquet during arthroscopic knee 
surgery is commonly preferred to improve visualization and 
reduce intra-articular bleeding.[2] However, tourniquet use 
has been associated with several potential complications, 
including venous stasis, muscle and nerve injury, and 
thromboembolic events.[3] In patients with underlying venous 
circulation disorders, tourniquet inflation may theoretically 
exacerbate venous congestion and increase the risk of 
thromboembolic complications.[10]

The management of patients with venous malformations or 
those within the KTS spectrum who undergo lower extremity 
surgery requires careful consideration of tourniquet use. 
Barbara et al.[11] reviewed 136 anesthetic procedures in 
patients with KTS and reported that tourniquet application 
did not consistently prevent substantial intraoperative blood 
loss, highlighting the variability of hemostatic responses in 
this population. Gloviczki et al.[12] emphasized that although 
tourniquet use may help reduce intraoperative bleeding in 
selected cases, the presence of abnormal venous anatomy 
and potential coagulation disturbances necessitates 
individualized surgical planning and a multidisciplinary 
approach. Furthermore, Catre et al.[13] reported a case of total 
knee arthroplasty in a patient with KTS in which significant 
intraoperative challenges, including synovial hyperplasia, 
vascular engorgement, and increased bleeding, were 
encountered despite tourniquet use, although satisfactory 
hemostasis was ultimately achieved.

Several studies have suggested that knee arthroscopy 
can be performed without tourniquet inflation without 
compromising visualization or operative time. Kirkley et al.[14]  
reported no significant differences in functional outcomes or 
operative time between the tourniquet and non-tourniquet 
groups in a prospective randomized trial of routine knee 
arthroscopy. Similarly, a meta-analysis by Zhang et al.[15] 

involving 471 patients found no significant differences in 
visualization or operative time between the two groups, 
suggesting that routine tourniquet use may not be necessary 
in knee arthroscopy.

Taken together, these findings suggest that tourniquet use 
in patients with venous malformations or within the KTS 
spectrum may not always ensure optimal hemostatic control. 
Therefore, alternative strategies, such as a tourniquet-free 
approach, may be considered in carefully selected patients; 
however, further evidence is needed to support its routine use.

In the present case, arthroscopic knee surgery was successfully 
performed without tourniquet inflation, and intra-articular 
bleeding did not compromise surgical visualization. Adequate 
visualization was maintained through continuous irrigation and 
careful hemostasis. Although this observation suggests that 
tourniquet-free arthroscopic knee surgery may be feasible in 
selected patients with venous pathology, the findings should 
be interpreted with caution given the single-case design.

A further limitation of this report is the absence of an objective 
assessment of intraoperative visualization quality. Visualization 
was assessed subjectively by the operating surgeon, and no 
validated scoring system was used. The use of standardized 
and objective measures in future studies would allow for a 
more rigorous evaluation of the tourniquet-free approach.

In addition, the absence of advanced vascular imaging may 
limit the precise characterization of the underlying vascular 
anomaly. Furthermore, the findings of this report are based 
on a single case and therefore may not be generalizable to 
broader patient populations.

CONCLUSION
This case suggests that arthroscopic knee surgery may be 
performed without tourniquet inflation in a patient with 
a suspected venous malformation spectrum when careful 
preoperative evaluation and meticulous intraoperative 
hemostasis are ensured. However, these findings should be 
interpreted with caution given the single-case design and 
the absence of a definitive diagnosis of Klippel–Trénaunay 
syndrome. Tourniquet-free knee arthroscopy may represent 
a potential surgical option in carefully selected patients; 
however, its safety and feasibility require further validation 
in larger case series. Accordingly, the findings of this report 
should be considered hypothesis-generating, and further 
studies involving larger patient populations are needed to 
better define the clinical applicability of this approach.
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ABSTRACT

Osteonecrosis of the femoral head (ONFH) is a progressive disorder characterized by ischemia-
induced death of the subchondral bone, most commonly affecting young and active individuals. 
More than one-third of patients have a history of corticosteroid use, while approximately 20% of 
cases are considered idiopathic. In the early stages, the disease may remain clinically asymptomatic; 
however, with progression, patients typically develop hip or groin pain accompanied by limitation of 
hip abduction and internal rotation. Treatment strategies are determined according to the stage of the 
disease and include conservative management, joint-preserving procedures, and salvage procedures. 
The aim of this review is to comprehensively summarize the etiology, pathophysiology, diagnostic 
methods, staging systems, and current treatment approaches for femoral head avascular necrosis.
Keywords: Avascular Necrosis, Bone Marrow Aspirate Concentrate, Biological Augmentation, 
Osteonecrosis of femoral head
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INTRODUCTION
Avascular necrosis, also known as osteonecrosis, 
aseptic necrosis, or ischemic bone necrosis, 
is a degenerative joint disorder characterized 
by the death of the subchondral components 
of bone. The condition primarily impacts the 
epiphyses of weight-bearing long bones.[1] 
Osteonecrosis of the femoral head (ONFH) is 
a subtype of osteonecrosis in which impaired 
blood supply to the femoral head, due to 
various etiologic factors, results in bone tissue 
death.[2] As ONFH is an ischemic process, it 
may lead to substantial pain and functional 
limitation, adversely affecting quality of life. It 
may also progress from joint degeneration to 
coxarthrosis in up to 20% of patients.[2-5]

ONFH predominantly affects young adults 
(mean age, 33-38 years).[3] In the United States, 

approximately 10,000-20,000 new cases are 
reported annually, and subchondral collapse may 
occur in up to 80% of patients who do not receive 
adequate treatment.[3,4] The most critical period 
in the management of ONFH is the pre-collapse 
stage. [2-4] The Japanese Investigation Committee 
(JIC) classification may help predict subchondral 
collapse, guide the selection of appropriate 
treatment modalities in the pre-collapse stage, and 
facilitate prognostication of treatment outcomes.[6-8]  
The primary aim of this narrative review is to 
comprehensively evaluate and summarize 
contemporary diagnostic approaches, staging 
systems, and modern treatment strategies tailored 
to different stages of ONFH.

Literature Search Strategy

This manuscript was designed as a narrative 
review aimed at summarizing the current 
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concepts in the diagnosis, staging, and treatment of 
osteonecrosis of the femoral head (ONFH). The relevant 
literature was identified through searches of major medical 
databases including PubMed/MEDLINE, Scopus, and Web of 
Science. Keywords such as “osteonecrosis of the femoral head”, 
“avascular necrosis”, “core decompression”, “bone marrow 
aspirate concentrate”, “stem cell therapy”, and “hip arthroplasty” 
were used in various combinations. Priority was given to 
recent publications and high-quality studies addressing 
diagnostic strategies, staging systems, and contemporary 
treatment approaches. Reference lists of relevant articles were 
also screened to identify additional pertinent studies. 

Etiology and Pathophysiology

More than one-third of patients with ONFH have a history of 
corticosteroid use. During the COVID-19 pandemic, an increased 
incidence of ONFH has been reported, with corticosteroid 
exposure identified as the major contributing factor. [9-11] 
Alcohol misuse is implicated in 20%-30% of cases, whereas the 
etiology remains idiopathic in approximately 21%.[9,11] Other 
associated causes include trauma (femoral head fractures 
and hip dislocation), metabolic disorders (Gaucher disease, 
hyperparathyroidism, Cushing disease, and gout), autoimmune 
diseases (systemic lupus erythematosus), hematologic disorders 
(sickle cell anemia, bone marrow transplantation, and other 
hemoglobinopathies), and Legg-Calvé-Perthes disease. [2,9,12] 

The most widely accepted mechanism of ONFH development 
is disruption of subchondral blood flow.[2] All etiologic 
factors are thought to act through three principal 
pathways that cause ischemia of bone structures: vascular 
pathologies, microthrombi formation, and extravascular 
compression. [1,2,12] In post-traumatic ONFH, injury to the 
retinacular arteries-which are crucial for the superolateral 
blood supply of the femoral head-has been emphasized.
[13] Corticosteroid use has been associated with diffuse 
vasoconstriction, reportedly independent of dose.[3]  

Regardless of the underlying etiology, histological evidence of 
bone marrow necrosis and osteocyte death typically becomes 
apparent 24-72 hours after the onset of ischemia. This is 
followed by the release of free fatty acids and calcium ions 
into the extracellular matrix and initiation of an inflammatory 
response.[3] With prolonged ischemia, microfractures develop 
in the acellular trabecular bone, rendering it unable to 
withstand even normal loading. The limited proliferative 
capacity of bone cells during repair, reduction and disruption 
of the subchondral vascular network, and marked macrophage 
activation contribute to impaired regeneration.[14]

Diagnostic and Staging Methods

Clinical Evaluation and Physical Examination

In the early stages of ONFH, patients may be asymptomatic. As 
the disease progresses, pain typically begins in the groin and 
may radiate to the trochanteric region, gluteal area, and thigh. 
At this stage, pain intensity may increase during activities such 
as walking or climbing stairs without a clear restriction in hip 
range of motion, and may decrease with rest. With further 
progression, resting pain may occur, and limitation in hip 
abduction and internal rotation may become prominent. In 
advanced stages, articular cartilage degeneration may develop, 
leading to increased pain severity and reduced range of motion. 
In the terminal stage, acetabular cartilage involvement occurs, 
and clinical osteoarthritis becomes more evident.[1,2,9,11] 

Imaging Modalities

When ONFH is suspected, anteroposterior and frog-leg lateral 
radiographs should be obtained as initial imaging studies.[1,2] 
However, the sensitivity of plain radiography is low in early disease 
[2,15]; therefore, magnetic resonance imaging (MRI), single-photon 
emission computed tomography (SPECT), and bone scintigraphy 
may be more valuable for early diagnosis (Fig.1).[2]

On plain radiographs, early-stage disease may appear entirely 
normal; alternatively, radiolucent or sclerotic areas may be 

a b c

Figure 1. X-ray (a) and MRI (b,c) images of a 36-year-old male patient presenting with progressive worsening bilateral hip 
pain, without any underlying cause. (a) X-ray failed to demonstrate any pathological signs. (b) T1-weighted MRI image slice, 
showing well-defined lesions in the superior aspect of the femoral heads. (c) Bilateral bone marrow edema around the lesion 
in T2-weighted MRI image slice.
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a b c

Figure 2. X-ray (a) and MRI (b,c) images of a 52-year-old male patient presenting with bilateral hip pain due to prior 
corticosteroid use. (a) X-ray demonstrated bilateral mixed sclerosis and cystic areas. (b) T1-weighted coronal and (c) T1-
weighted axial slices showing well-defined anterosuperior lesions, indicating ONFH.

detected.[2,15]  The pathognomonic “crescent sign” is observed 
in more advanced disease with subchondral collapse.[2,3,15]  
MRI is the most sensitive, specific, and widely used modality 
in ONFH and is considered the gold standard for imaging.
[3,15] MRI provides clinically relevant information across all 
stages of the disease, including bone marrow changes; 
the size, location, and depth of the necrotic lesion; and the 
status of acetabular cartilage (Fig. 2). Moreover, MRI offers 
the advantage of monitoring treatment response.[1-3] The 
“double-line sign,” described by Mitchell et al. [16] in 1987, 
remains highly specific for ONFH.[15,16] According to Stoica et 
al.[15], early-stage class A (fat-like) appearance corresponds 
to a normal marrow signal with a reactive sclerotic rim 
surrounding the lesion. Class B (blood-like) appearance may 
occur in the presence of subacute hemorrhage or insufficient 
inflammation/hyperemia. Class C (fluid-like) appearance 
is seen when inflammation, hyperemia, or lipid loss is 
prominent. When fibrosis and sclerosis predominate, class D 
(fibrous-like) appearance is observed, characterized by low 
signal intensity on all sequences.[15] 

If contrast-enhanced MRI is not performed in early-stage 
disease, avascular foci may be overlooked. SPECT has been 
reported to be highly sensitive in detecting early avascular 
lesions and may be useful for early diagnosis.[17,18] When 
MRI is not feasible or provides insufficient information, 
SPECT can serve as an alternative.[15,17,18] On Tc-99m planar 
bone scintigraphy, a “donut sign,” characterized by central 
hypoperfusion with peripheral reactive increased uptake, may 
be observed in the subacute stage of ONFH.[2,3] 

Computed tomography (CT) is useful for evaluating 
morphological changes in ONFH (subchondral sclerosis, cystic 
areas, and collapse), but its sensitivity is limited in early stages. 
The “star sign,” typically seen during the reparative phase, may 
be identified on CT. CT is particularly valuable for post-collapse 
evaluation and preoperative planning.[3,15]

Staging Systems 

More than 16 classification systems have been described in 
the current literature for ONFH.[3,19] The Ficat-Arlet classification 
incorporates plain radiographs, MRI findings, and clinical 
features.[19] It consists of five stages (0-4). Stages 0-1 represent 
the “silent hip” phase with no radiographic findings. Stage 2 is 
characterized by sclerosis and cystic changes. Stage 3 includes 
subchondral collapse and the crescent sign. Stage 4 is the final 
stage, in which osteoarthritis and degenerative changes of the 
hip are present.[19] 

The Steinberg classification, developed by incorporating 
bone scintigraphy findings, extends the Ficat-Arlet system by 
additionally considering lesion size and the extent of femoral 
head involvement.[20] This system includes seven stages, each 
subdivided into three categories based on the percentage of 
head involvement: A (<15%), B (15%-30%), and C (>30%).[20] 

Stage 0 indicates suspected AVN; stage I shows abnormalities 
on MRI or bone scintigraphy with normal radiographs; cystic 
and sclerotic changes on radiographs characterize stage II; and 
stages III-VI demonstrate radiographic signs of progressive 
osteonecrosis deterioration.[20] 

The Association Research Circulation Osseous (ARCO) 
classification, updated in 2019, further evaluates lesion 
localization and has been suggested to be more reliable and 
clinically realistic than other systems; it is currently one of the 
most widely used classification methods.[21] 

The JIC classification is among the most powerful systems 
for predicting collapse risk and guiding surgical planning in 
ONFH. The risk of subchondral collapse increases progressively 
from type A to type C2. Types A and B are associated with the 
lowest risk of collapse. Takashima et al.[22] reported that the 
JIC classification may be more effective than other systems in 
early-stage ONFH (Table 1).[8]
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Table 1. Staging and classification systems used in ONFH

Ficat-Arlet Classification Steinberg Classification ARCO Classification JIC Classification

Steinberg classification 
further grades extent of 
involvement as:
A (<15%), B (15–30%), and C 
(>30%)

ARCO also incorporates le-
sion size (<15%, 15–30%, 
>30%) and location 
(medial, central, lateral), 
making it highly suitable 
for research and prognos-
tic stratification.

The JIC system emphasizes 
location of necrosis and risk 
of collapse, rather than only 
disease stage.

0 Clinical symptoms: Asymp-
tomatic
X-ray: normal
MRI: normal
Bone scan: Decreased or 
heterogeneous uptake

0 Clinical symptoms: Asymp-
tomatic
X-ray: normal
MRI: normal
Bone scan: normal

I Clinical symptoms: Hip pain, 
activity-related
X-ray: normal
MRI: Bone marrow edema
Bone scan: ‘‘Cold in hot’’ 
pattern

I Clinical symptoms: Possible 
Pain 
X-ray: normal
MRI: edema
Bone scan: Abnormal Uptake

I Clinical symptoms: Pain 
may be present
X-ray: normal
MRI: edema
Bone scan: Abnormal 
uptake

A Medial one-third of the 
weight-bearing area

Low risk of collapse

II Clinical symptoms: Per-
sistent pain
X-ray: Sclerosis, Cysts
MRI: Well-defined necrotic 
area ± edema
Bone scan: Increased pe-
ripheral uptake

II Clinical symptoms: Hip Pain
X-ray: Sclerosis, Cysts
MRI: Necrotic lesion visible
Bone scan: Increased uptake

II Clinical symptoms: Pro-
gressive pain
X-ray:Sclerosis/cysts, no 
collapse
MRI: Clear demarcation of 
necrosis
Bone scan: Increased 
uptake

B Medial + central area

Moderate risk of collapse

III Clinical symptoms: Mechan-
ical pain, limp
X-ray:  Crescent sign, sub-
chondral fracture
MRI: Subchondral collapse
Bone scan: Intense in-
creased uptake

III Clinical symptoms: Mechan-
ical pain
Xray: Crescent sign
MRI: Subchondral fracture
Bone scan: Increased uptake

IIIA Clinical symptoms: Me-
chanical pain
X-ray: Subchondral frac-
ture, collapse <2 mm
MRI: Crescent sign, early 
deformity
Bone scan: High uptake

C1 Extends laterally but not to 
acetabular edge

High risk of collapse

IIIB Clinical symptoms: More 
severe symptoms
X-ray: Collapse ≥2 mm
MRI: Distorted femoral 
head contour
Bone scan: High uptake

C2 Extends to the lateral ace-
tabular edge

Very high risk of collapse

IV Clinical symptoms: Severe 
pain, stiffness
X-ray: Femoral head collapse
MRI: Deformity, cartilage 
degeneration
Bone scan: Diffuse increased 
uptake

IV Clinical symptoms:Function-
al limitation
X-ray: Femoral head collapse
MRI:  Femoral head defor-
mity
Bone scan: Increased uptake

IV Clinical symptoms: 
Advanced pain, limited 
motion
X-ray: Secondary OA, 
acetabular changes
MRI: Degenerative 
changes
Bone scan: Diffuse in-
creased uptake
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Contemporary Treatment Options

A broad range of treatment options is available for patients 
diagnosed with ONFH, ranging from conservative management 
to total hip arthroplasty. Subchondral collapse of the femoral 
head may occur in up to 80% of untreated patients.[3] Selection 
of the most appropriate treatment strategy depends on the 
patient’s age, pain severity, lesion location, size and depth, 
comorbidities, and the presence of cartilage degeneration.
[2,3] Outcomes are more favorable when treatment is initiated 
before femoral head collapse[2,3]; therefore, early diagnosis 
is the most critical step in the management of ONFH. It 
should be noted that ONFH secondary to sickle cell anemia, 
corticosteroid exposure, or immunosuppressive therapy may 
be associated with a higher risk of a poor prognosis.[2,3,4] 

Treatment may be broadly categorized into three groups 
based on disease stage, lesion size, and patient age/activity 
level: conservative treatment methods, joint-preserving 
procedures, and salvage procedures.

Conservative Treatment Methods

The primary goal of conservative management, particularly 
in early-stage disease (ARCO stages I and II), is to prevent 
subchondral collapse. Commonly used approaches include 
activity modification, protected weight-bearing, hyperbaric 
oxygen therapy (HBOT), pharmacological treatments (e.g., 
iloprost [PGI2], bisphosphonates, and anticoagulants), 
and extracorporeal shockwave therapy (ESWT). [3,4,23]  
Among pharmacological agents, bisphosphonates and 
deferoxamine have been shown to reduce steroid-induced 
bone resorption and enhance regeneration.[24] Iloprost (PGI2) 
has also been reported to be effective when used alone or in 
combination with joint-preserving procedures in early-stage 
ONFH (ARCO stages I and II).[25]

Currie et al.[26]  reported outcomes of 30 years of experience 
with HBOT and demonstrated that it significantly prevented 
progression of ONFH. Guo et al.[27]  showed that anticoagulant 
therapy may be effective in idiopathic ONFH; however, they 
suggested that it does not provide a protective effect in 
secondary ONFH. ESWT has been reported to be more effective 
than core decompression, and the addition of HBOT and 
bisphosphonates may further enhance the effects of ESWT.[28]  
Overall, the combined use of conservative modalities is 
considered reasonable, and these strategies may also serve 
as adjuncts to surgical treatment in appropriately selected 
patients.

Joint-Preserving Surgical Procedures

Core Decompression (mechanism and current 
modifications)

The principal objective of core decompression is to reduce 
intraosseous pressure within the femoral head and thereby 
improve perfusion.[3,4] It is the most commonly performed 
primary treatment option for patients without subchondral 
collapse, and its effectiveness has been enhanced by 
combining it with biological and/or cellular therapies.[3,4,29]

Conventional single-track drilling has been used historically 
for core decompression.[30] Recently, multiple drilling 
techniques have gained popularity due to lower risks 
of hip fracture, local wound complications, and revision 
surgery.[30,31] Additionally, retro-drilling with an expandable 
reamer through a single core is gaining popularity in terms 
of reducing complications and allowing application of 
adjunct biological augmentations.[29] (Fig. 3) Following either 
technique, avoidance of weight-bearing for 6 weeks and 
refraining from high-demand activities for up to 12 months 
are generally recommended.[3,4]

Table 1. Continued

Ficat-Arlet Classification Steinberg Classification ARCO Classification JIC Classification

V Clinical symptoms: Severe 
pain
X-ray: Joint-space narrowing
MRI: Secondary OA changes
Bone scan: Diffuse increased 
uptake

VI Clinical symptoms: Severe 
disability
X-ray: Advanced OA
MRI: Advanced degenerative 
changes
Bone scan: Diffuse increased 
uptake



93

Sports Traumatol Arthrosc 2026;3(2):88–97 Baris Demir et al. Current Concepts in ONFH

Grafting Techniques

Non-vascularized bone grafting

Non-vascularized bone grafting has been used for decades to 
prevent subchondral collapse in ONFH. Surgical techniques 
such as the Phemister, lightbulb, and trapdoor procedures 
have been described to support and repair the subchondral 
bone. [3] Mei et al.[32], in a study comparing allogenic non-
vascularized bone grafting with core decompression, reported 
better femoral head survival in the core decompression group. 
With devices for mosaicplasty, cylindrical autologous grafts 
taken from the iliac crest can be utilized for filling the defect 
after core decompression with ease (Fig. 4).

Vascularized bone grafting (VFG)

Vascularized fibular grafting (VFG) has been recommended as 
a hip-preserving option in selected patients with ARCO stages 
I-III disease, particularly in cases of failed core decompression, 

collapse <3 mm, and femoral head involvement <50%.[3,4] Yoo 
et al.[33] reported acceptable long-term outcomes at a mean 
follow-up of 13.5 years after VFG.

Biological Augmentation
Despite the availability of multiple treatment options, no 
universally accepted gold-standard treatment for ONFH has 
yet been established. In recent years, interest has increased 
in orthobiologic therapies-such as mesenchymal stem 
cells (MSCs), bone marrow aspirate concentrate (BMAC), 
hematopoietic stem cells, endothelial progenitor cells, 
platelet-derived products, and growth factors-to prevent 
collapse and delay or avoid total hip arthroplasty.[5] 

Bone marrow aspirate concentrate (BMAC) and stem cell 
applications
Several studies have suggested that autologous bone marrow-
derived mesenchymal therapies and BMAC, used as an adjunct 

Figure 4. Cylindrical cancellous bone grafts harvested from the iliac crest are inserted 
through the tunnel created on the lateral aspect of the proximal femur.

a b

Figure 3. (a) Obtaining BMAC and core decompression using retrograde drill is possible 
in a minimally invasive manner. (b) Retrograde drilling of the femoral head to perform 
debridement and core decompression of the osteonecrotic lesion. 
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to core decompression, may be more effective in preventing the 
need for total hip arthroplasty and improving clinical outcomes.
[5,34,35] BMAC is an autologous bone marrow-derived cellular 
concentrate typically obtained via iliac crest aspiration and 
contains MSCs, hematopoietic stem cells, endothelial progenitor 
cells, platelets, growth factors, and cytokines. Because it is 
minimally invasive, relatively easy to apply, and supported by 
preclinical in vitro and in vivo studies demonstrating efficacy in 
osteonecrosis, BMAC has been increasingly used in combination 
with core decompression and has become progressively more 
popular in recent years.[5,29,35] 

In addition to decompression, BMAC may support recovery after 
osteonecrosis through osteoconductive and osteoinductive 
effects. Zaffagnini et al.[5]  found that BMAC was more effective 
than other orthobiologic strategies in reducing the need 
for total hip arthroplasty. Wang et al. [36] concluded that MSC 
therapy was the most effective approach for reducing the need 
for total hip arthroplasty, followed by BMAC therapy. 

Platelet-rich plasma (PRP) and growth factors
Autologous platelet-rich plasma contains high concentrations 
of platelets and various growth factors (PDGF, TGF-β, FGF, EGF, 
VEGF), and has been shown to influence tissue repair as well as 
MSC proliferation and differentiation. In ONFH, PRP is thought to 
stimulate angiogenesis and osteogenesis and to exert beneficial 
effects by inhibiting inflammatory reactions and apoptosis. 
Therefore, PRP has been recommended as an adjunct to core 
decompression in early-stage disease (ARCO stages I and II).[37]  
Houdek et al. suggested that, in patients without subchondral 
collapse and after cessation of corticosteroid use, combining 
BMAC and PRP with core decompression may represent the 
most appropriate treatment strategy.[38]

Osteotomies
The goal of osteotomy in ONFH is to redistribute load 
across the femoral head to prevent subchondral collapse. 
Intertrochanteric (valgus/varus) and transtrochanteric 
(rotational) osteotomies have been described. Osteotomy may 
be considered in selected patients younger than 40 years with 
BMI <24, ARCO stages II-III, JIC type B lesions, adequate viable 
bone stock (angle >150° between the central vertical line and 
the lateral edge of the necrotic region on coronal MRI), no 
acetabular pathology, and preserved hip range of motion.[3,4,39]

Salvage Procedures
In advanced-stage ONFH (ARCO stage IV) that remains 
symptomatic despite conservative and joint-preserving 
interventions, arthroplasty may provide substantial pain relief 
and functional improvement. Because many patients are 
young and active, thorough counseling regarding potential 
complications of arthroplasty is essential.[2,4]

Total hip arthroplasty 

With advances in bearing surfaces-particularly ceramic-
on-ceramic and highly cross-linked polyethylene (HXLPE)-
ceramic articulations-implant survivorship has improved. 
Zhang et al. reported that, among patients undergoing total 
hip arthroplasty (THA) for ONFH, medical complications 
increased with age, whereas revision rates and surgical 
complication rates decreased. Overall complication rates were 
higher in ONFH patients than in those with osteoarthritis (OA).
[40] Tanaka et al.[41], in a nationwide database study including 
approximately 25,000 patients, reported significantly higher 
rates of hip dislocation, mortality, and additional complications 
after THA performed for ONFH compared with THA performed 
for OA. In contrast, Osawa et al. reported comparable 10-year 
survivorship and complication rates between THA performed 
for OA and THA performed for ONFH when matched for age 
and sex.[42]

Hip resurfacing arthroplasty
Hip resurfacing has been described as an alternative to 
conventional THA for young patients with ONFH, with the 
potential benefits of bone stock preservation and excellent 
short-term outcomes.[43] However, none of the hip resurfacing 
implants met the 10-year survivorship benchmark, and concerns 
about pseudotumor formation, femoral neck fractures, and 
metal-ion toxicity associated with metal-on-metal bearings 
have led to a decline in its use in recent years.[44,45]

CONCLUSION
ONFH remains a frequently debated condition in orthopedic 
practice, particularly with respect to etiology and treatment 
decision-making. Treatment selection should be guided by 
patient age, activity level, and the presence or absence of 
femoral head collapse and/or articular cartilage degeneration. 
In patients without subchondral collapse, combined application 
of core decompression with BMAC and/or PRP, along with 
adjunctive hyperbaric oxygen therapy, may be considered as 
part of a multidisciplinary joint-preserving strategy.
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ABBREVIATIONS
ARCO: Association Research Circulation Osseous

AVN: Avascular necrosis

BMAC: Bone marrow aspirate concentrate

BMI: Body mass index

CT: Computed tomography

EGF: Epidermal growth factor

ESWT: Extracorporeal shock wave therapy

FGF: Fibroblast growth factor

HBOT: Hyperbaric oxygen therapy

HXLPE: Highly cross-linked polyethylene

JIC: Japanese Investigation Committee

MRI: Magnetic resonance imaging

MSC: Mesenchymal stem cell

OA: Osteoarthritis

ONFH: Osteonecrosis of the femoral head

PDGF: Platelet-derived growth factor

PGI2: Prostacyclin

PRP: Platelet-rich plasma

SPECT: Single-photon emission computed tomography

TGF-β: Transforming growth factor beta

THA: Total hip arthroplasty

VEGF: Vascular endothelial growth factor

VFG: Vascularized fibular grafting
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