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Cited in: Bibliovigilance Database

Instructions

for Authors

1. Scope

“Acta Orthopaedica et Traumatologica Hellenica
(AOTH)” is the official journal of the Hellenic Asso-
ciation of Orthopaedic Surgery and Traumatology,
(HAOST) first published in 1948. The current edition
of Acta Orthopaedica et Traumatologica Hellenica
(AOTH) is published in English, online, without any
article processing charges (APCs). It offers a compact
forum of communication to orthopaedic surgeons
and related science specialists. It publishes only peer
reviewed articles. The peer review process is the es-
tablished method for research validation in science
whereby a work is critically assessed by expert refer-
ees demonstrating both the right level of knowledge
in the field of the work, while being fully indepen-
dent from it. Acta Orthopaedica et Traumatologica
Hellenica (AOTH) follows a blind peer review pro-
cess mediated and ensured by the Editor-in-Chief
and the Editorial Board members. Aiming for clin-
ically pertinent, scientifically correct, ethical, origi-
nal and review quality research, only scientifically
sound articles, deemed of high enough interest and
originality that will receive favorable reports from
our Editors/Reviewers Board will be accepted for
publication.

2. Types of papers
Thejournal accepts and publishes the following types
of articles:

Original articles: Original articles are encouraged.
They should provide novel insights and contribute to
continuous medical education and transfer of knowl-
edge. They should include a clear rationale, and the
findings/ conclusions need to be sound and supported
by statistical analysis. When the accuracy of a diagnostic
test is assessed, following the Standards for Reporting
of Diagnostic Accuracy (STARD) flow diagram (http:/ /
www. stard-statement. org) is suggested. A structured

abstract of 250 words (divided into Background, Mate-
rials and Methods, Results and Conclusions), 3-5 key-
words, text up to 4,500 words, figures up to five, tables
up to six, and references up to 50 are recommended. (It
is at the Editor’s discretion to allow differences in the
above numbers).

Review Articles: All types are allowed including
narrative reviews, systematic reviews, meta-analy-
ses, literature reviews, mini reviews, monographs,
and historical reviews on orthopaedic heritage. They
should be extensive, educative, informative, ade-
quately illustrated, and appropriately cited with up
to date quality citations. An unstructured abstract of
150-250 words, 3-5 keywords, text up to 8,000 words,
figures up to eight, tables up to six, references up to
100, and a maximum of six authors are recommend-
ed. (Itis at the Editor’s discretion to allow differences in
the above numbers).

Case Reports: Case reports should be didactive and
educative, exceptional (or unique) and add to the cur-
rent literature on an interesting topic, diagnostic cri-
teria or therapeutic methods. An unstructured ab-
stract of 150-250 words, 3-5 keywords, text up to 6,000
words, figures up to six, tables up to 4, references up
to 80, and a maximum of six authors are recommend-
ed. (Itis at the Editor’s discretion to allow differences in
the above numbers).

Pictorial Essays (Images papers): The purpose
of pictorial essays is to provide a teaching message
through high quality images. A brief text (e.g., the
history of the patient shown in the illustration) fol-
lowed by a brief discussion are required to accompa-
ny the images. An unstructured abstract of 150-250
words, 3-5 keywords, text up to 4,000 words, figures
up to four, tables up to two, references up to 20, and
a maximum of four authors are recommended. (Itis at
the Editor’s discretion to allow differences in the above
numbers).
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Letters to the Editor: Letters to the Editor, Editori-
als, Communication to the editor are welcomed and
will be published if they offer pertinent and construc-
tive comment on articles previously published in Acta
Orthopaedica et Traumatologica Hellenica (AOTH).
These papers are usually solicited on a topical topic.
No abstract, text up to 4,000 words, figures up to four,
tables up to two, references up to 20, and a maximum
of four authors are recommended. (Itis at the Editor’s
discretion to allow differences in the above numbers).

3. Language

English is the official language of the journal. All
submitted manuscripts should be written in En-
glish. The authors are encouraged to consult En-
glish speaking authors and services for correct En-
glish grammar and syntax.

4. Manuscript Submission

Submissions should be done through the journal’s
website at https:/ /eexot-journal.com. Manuscripts
should be send to aothjournal@gmail.com. Sub-
mission should adhere to the journal’s instructions
with respect to the authorship, abstract, introduc-
tion (rationale of the paper), materials/methods, re-
sults, discussion, conclusions, references (format),
illustrations and tables. Submissions not adhering
to the journal’s instructions will be send back to the
authors for corrections that will delay the peer re-
view process.

After submission, the Editorial office and the Edi-
tor-in-chief will check the submitted files and if ap-
propriate will assign to section Editors or invite Re-
viewers. The time allocated for reviewers to assess
the manuscript and submit their recommendation is
3 weeks. By that time the Editor-in-chief will make
his final decision for publication.

5. Ethics and copyright

Submission of a manuscript implies that the work
described has not been published before; that it is
not under consideration for publication anywhere
else; that its publication has been approved by all
co-authors, if any, as well as by the responsible
authorities - tacitly or explicitly - at the institute

where the work has been carried out. The Editors,
the journal, and the Publisher will not be held le-
gally responsible should there be any claims for
compensation.

The journal follows the guidelines of the Internation-
al Committee of Medical Journal Editors (www.icmje.
org). For all original articles a statement in the text of
approval from the local ethics committee, a statement
that research was performed according to the ethical
standards as described by the Declaration of Helsin-
ki and a statement that informed consent for partici-
pation in the study was obtained from all subjects, are
required. In case of study with animals the following
statement needs to be added in the text: “All applica-
ble international, national, and/ or institutional guide-
lines for the care and use of animals were followed”.

All authors need to sign the copyright transfer form
and must have made substantial contributions as es-
tablished by the ICMJE (http:/ /www.icmje.org).

6. Conflict of interest disclosure statement

Each author needs to disclose any type of financial
interest that is related to the study and might cre-
ate a potential conflict. Funding of the study, if any,
needs to be disclosed. If there is no conflict of inter-
est, this should be stated in the manuscript before
the Reference section as follows: “The authors de-
clared no conflicts of interest”.

7. Permissions and plagiarism

Authors wishing to include figures, tables, or text
passages that have already been published else-
where are required to obtain permission from the
copyright owner(s) for both the print and online
format and to include evidence that such permis-
sion has been granted when submitting their pa-
pers. Plagiarism, as evidenced by appropriate ded-
icated software, will not be accepted. If excessive,
the manuscripts with plagiarism will be returned
to the corresponding author without consideration
for peer review.

8. Submission checklist
A manuscript must contain the following files for
submission:
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Cover letter: Each manuscript should be accompa-
nied by a cover letter signed by the corresponding
author on behalf of the rest of the authors stating that
the the work submitted has not been published be-
fore; that it is not under consideration for publication
anywhere else; that its publication has been approved
by all co-authors, if any, as well as by the responsi-
ble authorities - tacitly or explicitly - at the institute
where the work has been carried out. Any other infor-
mation such as solicited paper, paper submitted for a
special issue, letter to the Editor, etc should be com-
municated to the Editor in the Cover letter. In case of
article resubmission a point-by-point answer to the
reviewer’s comments needs to be submitted with the
cover letter.

Title page: It includes the title of the manuscript
(concise, informative and capture of the message), the
names of the authors, the affiliations of the authors,
and the name, affiliation, address, e-mail address,
and telephone number of the corresponding author.

Blinded manuscript: The manuscript should be blind-
ed i.e. it should not include authors; names and
affiliations.

Abstract and Keywords: An abstract and Keywords are
required, as indicated above depending on the man-
uscripts types.

Text structure: the text of the Original Articles needs
to be organized as follows: Introduction, Materials
and Methods, Results and Discussion. Review Ar-
ticles should include sections and subsections with
appropriate headings depending on the topic; too
many headings and subheadings should be avoided
because they complicate reading. Case reports should
include an Introduction, Case presentation, and Dis-
cussion. Pictorial Essays (Images papers) should in-
clude an Introduction and Discussion section only.

Abbreviations: Abbreviations should be used as min-
imum as possible, and should include only wide-
ly known and accepted abbreviations such as ORIF
(open reduction and internal fixation), ICU (intensive
care unit), etc. When used, they should be defined the
first time they are used, followed by the acronym or
abbreviation in parenthesis.

Acknowledgements, sponsorships and grants: Ac-
knowledgements should be added at the end of

the manuscript before the References section. It
should read as follows: “The authors thank... or
acknowledge....”.

Measurement Units: All measurements should be
mentioned in international units (SI). The full stop
should be used as a decimal (i.e. 3.5 cm). Spaces
should be added around the plus/minus symbol (i.e.
13.6 £ 1.2). There should not be any spaces around
range indicators (i.e. 15-20) or equality/inequality
symbols (i.e. r=0.37, p<0.005).

Figure and Tables: Figures and tables should be cit-
ed in the text consecutively in the order in which they
appear. They should be cited in parentheses at the end
of the respected sentence, and not be referred to in the
text. They should be counted in Arabic numbers: i.e.
(Fig. 1) and (Table 1), and any Figure parts should be
identified with lower case letters, i.e. (Fig. 1a).

Figures need to be of high quality (minimum reso-
lution of 1,200 dpi) in TIFF or JPEG format.

Patient anonymity should be ensured and patient
identifying images such as intraoperative or clinical
photographs should be avoided. All identifying data
(name, identification numbers, initials) must be re-
moved from text, images and tables.

Figures and Tables legends should be explanatory
and appropriate (what the figures and tables show).
The legends should be listed at the end of the text,
after the References section. The Figures and Tables
should not be embedded in the text, but they should
be uploaded in separate respective files, named re-
spectively, i.e. (Fig. 1a).

Studies cited in the Tables should be cited accord-
ing to the references list of the manuscript.

9. References
References section is not an afterthought but a con-
tinuum of the paper. They should be up to date and
of acceptable quality. Their accuracy is the responsi-
bility of the authors. They should be cited in the text
in the order in which they appear. The numbering
needs to be in Arabic numbers and formatted in su-
perscript in the respective areas of the text, after the
punctuation (i.e. .").

All authors should be listed for all references of a
manuscript.
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When a book chapter is cited, the authors and ti-
tle of the chapter, editors, book title, edition, city and
country, publisher, year and specific chapter pages
should be mentioned.

For Online Document, the following should be
mentioned: authors (if any), title of page, name of in-
stitution or owner of Web site; URL; dates of publi-
cation, update, and access.

References examples:

Journal article:

Mavrogenis AF, Altsitzioglou P, Tsukamoto S, Er-
rani C. Biopsy Techniques for Musculoskeletal Tu-
mors: Basic Principles and Specialized Techniques.
Curr Oncol. 2024;31(2):900-917. doi: 10.3390/
curroncol31020067.

Sun ], Mavrogenis AF, Scarlat MM. The growth of
scientific publications in 2020: a bibliometric anal-
ysis based on the number of publications, key-
words, and citations in orthopaedic surgery.
Int Orthop. 2021;45(8):1905-1910. doi: 10.1007/
s00264-021-05171-6.

Kolovos S, Sioutis S, Polyzou M, Papakonstantinou
ME, Karampikas V, Altsitzioglou P, Serenidis D,
Koulalis D, Papagelopoulos PJ, Mavrogenis AF. The
risk of DDH between breech and cephalic-delivered
neonates using Graf ultrasonography. Eur ] Orthop
Surg Traumatol. 2024;34(2):1103-1109. doi: 10.1007/
s00590-023-03770-0.

Book chapters:

Mavrogenis AF, Antoniadou T, Dimopoulos L, Fi-
lippiadis D, Kelekis A. Metastasis (Chapter 26). In:
Textbook of Musculoskeletal Disorders. Vincenzo
Denaro, Umile Giuseppe Longo (Eds). © Springer
Nature. 2023. ISBN 978-3-031-20986-4.

Online document:

Copyright Registration Guidance: Works Con-
taining Material Generated by Artificial Intelli-
gence Available at: https:/ /www.federalregis-
ter.gov/documents/2023/03/16/2023-05321/
copyright-registration-guidance-works-contain-
ing-material-generated-by-artificial-intelligence.
Published Feb 2023. Accessed on Jan 27, 2024.

10. Review and Proof reading of manuscripts

The Reviewers comments will be communicated to
the Authors. The Authors should make proof cor-
rections within 3 weeks. All comments should be
addressed point-by-point in a cover letter with Au-
thors’ responses to Reviewers’ comments. Upon ac-
ceptance, the authors will receive a proofs pdf doc-
ument of their paper for proofs reading. Then, the
Authors will be asked to check the integrity of the
text (importantly the authors” names and affilia-
tions), accept any grammar or spelling changes and
check if all the Tables and Figures are included and
properly numbered. This should be done prompt-
ly, preferable within 72 hours. Once the publication
is online, no further changes can be made. Further
changes can only be published in form of Erratum.

For new article submission visit
www.eexot-journal.com
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Call for Papers/Publish in
Acta Orthopaedica et Traumatologica Hellenica (AOTH)

Dear Colleagues,

Acta Orthopaedica et Traumatologica Hellenica (AOTH), the Official Journal of the Hellenic
Association of Orthopaedic Surgery and Traumatology, is published since 1949 and is devoted to
dissemination of news and information on all aspects of orthopaedic surgery.

Beginning from 2025, all papers published in Acta Orthopaedica et Traumatologica Hellenica
(AOTH) will acquire a DOI (Digital Object Identifier). Each published article will be given a
specific DOIL.

The DOl is a permanent digital identifier that is given to an object. It is a bar code for intellectual
property, and a standard for permanently identifying a piece of intellectual property on a digital
network and associating it with related current data (the metadata). Scientific articles that
acquire DOI are identified as first-class articles immediately actionable on the network, therefore
reachable to a great community of scientists all over the world.

We are proud to add another reason WHY to Publish Your Paper in Acta Orthopaedica et
Traumatologica Hellenica (AOTH) and we keep going.



Acta Orthopaedica et Traumatologica Hellenica

Citation in International Databases: publishing in Acta Orthopaedica et Traumatologica
Hellenica (AOTH) with a DOI increases the visibility of the journal in recognized databases and
therefore increases the impact of your scientific work

Article Processing Charges-Free Publication: a charges-free publication process removes
financial barriers and makes it accessible to all researchers

High-Quality Peer Review: a rigorous peer review by experts in orthopaedic surgery and
traumatology ensures that only quality research is published.

Timely Publication: a streamlined review and publication process, as well as prompt publication
without unnecessary delays.

Wide Accessibility: an open-access, peer-review journal means your research is freely available
to a global audience, increasing its visibility and impact.

Global Readership: published in English language with in-house syntax and grammar editing
services, attracts a diverse and international readership, allowing your research to be read and
cited by scientists worldwide.

Support to Young Scientists: provides a platform to young scientists to share their findings,
gain intellectual stimulation and recognition, report research, and generate discussion.

Attainment of Promotion/Tenure: increases personal reputation, potentially advances
discipline, and flourishes curriculum vitae.

Collaborative Opportunities: can open doors to national and international collaborations with
leading researchers and institutions, fostering opportunities for future research projects.

Reputable Editorial Board: backed by distinguished editorial board members, senior
academicians and investigators, leading experts in orthopaedic surgery and traumatology in
Greece and international ensuring its publications maintain high standards of scientific integrity.

More Information about the Journal at
https://www.eexot-journal.com
and Submit your Paper at
aothjournal@gmail.com

Sincere thanks,

Andreas F. Mavrogenis
Editor-in-Chief, Acta Orthopaedica et Traumatologica Hellenica (AOTH)
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For Authors

Writing for Acta Orthopaedica et
Traumatologica Hellenica (AOTH)

Andreas F. Mavrogenis

Editor-in-Chief, Acta Orthopaedica et Traumatologica Hellenica (AOTH)

This article is addressed to the curious readers who
may benefit of some simple rules on how to write a
scientific paper. It offers advices and tips on med-
ical writing for the junior authors and the less ex-
perienced in medical writing on how to prepare a
quality submission. These tips apply to any author
and any journal, and it is the Editor’s personal view
and experience in medical writing. Before starting
the paper, search the related literature; choose qual-
ity papers that are electronically available; provide
appropriate correct citations for any material previ-
ously published to avoid plagiarism. Before writing
the paper, read the authors” instructions. These in-
structions will need to be met in any case.

Authorship

The number and the order of the authors” names
should be fair by reflecting their contribution and
the order of their contribution to the manuscript.
Those who authored should be listed as authors
of the manuscript. Those who have contributed
to the work, but not enough to merit their inclu-
sion in the authorship, should be acknowledged
in the acknowledgment section. Authorship is not
a way to thank a colleague for support, access to
resources, or mentorship. Scientific misconduct
(fraud) in authorship includes a gift or compli-
mentary authorship, ghost authorship, and coer-
cion authorship.

Title
It should be short and concise; it should capture the
message. Titles raising or answering questions will

far be more appealing than titles merely pointing to
the topic. Do not use run-on (long and busy) titles.

Abstract

It should include all the important information from
each section that is the background, questions/pur-
poses, materials/ methods, results, and conclusions.
The readers should be able to understand the total
paper by just reading the Abstract. Some read only
the Abstract (e.g., because they do not have the time
or access to the full text). Keywords are important
for indexing and should be chosen carefully.

Introduction (approximately 500 words)

It is the most critical section. It should start with fo-
cus on the topic. General and irrelevant information
should be avoided. The first paragraph should pres-
ent the background. The second paragraph should
present what is important on the topic. Appropri-
ate citations (the related studies) should be added.
These studies should be further discussed at the dis-
cussion section.

The section should end with a clear rationale.
Questions to be asked when formulating the ra-
tionale are the following: (1) What is missing from
the literature for this study to merit publication? (2)
How does this study add to the related literature?
(3) Does it confirm or reject previous reports? After
the rationale, the purposes of the study (study ques-
tions or hypotheses) should be listed. The purposes
may be primary (the most important) and second-
ary (the least important). Writing should be clear
and concise.
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Materials and Methods (approximately 1000-1500
words)

The section should start with the Materials in brevity
and clarity. An example could read as follows: “IVe
present ..... patients admitted and treated at the authors’
institution with ...... from 2000 to 2024. There were ...
men and ... women with a mean age of ... years (range,
..... years)”. These two sentences provide almost all
basic demographic information of the materials of
the study. Follow-up is materials and should be pro-
vided here; the same for loss to follow-up including
the reasons for the loss. Clinical reports must state
inclusion and exclusion criteria and whether the se-
ries is consecutive or selected; if selected, criteria for
selection should be stated. These should inform the
readers for any sources of bias.

When reporting clinical studies, the authors must
state informed consent (where appropriate) and
approval of the institutional review board or eth-
ics committees of their institution. These should be
added at the first paragraph of the Materials and
Methods sections as follows: “All patients gave writ-
ten informed consent for their data to be included in this
study. This study was approved by the Institutional Re-
view Board (IRB)-Ethics Committee of the authors’ insti-
tution”. Alternatively, “Informed consent was not nec-
essary for review articles” or “IRB and Ethics Committee
approval was not necessary at the authors” institution for
retrospective studies”.

The Methods should contain adequate detail for
another investigator to replicate the study. The au-
thors should clearly present what they did and how
they did it in the study and analysis. The Methods
should be validated with appropriate citations such
as for a used score, method, classification, etc.

If authors use statistical analysis, a paragraph
should appear at the end of Materials and Methods
stating all statistical tests used. When multiple tests
are used, the authors should state which tests are
used for which sets of data. The level of statistical
significance is 0.05 in most cases.

Results (approximately 500 words)
It should be the answers to the study questions in
the same order as formulated in the rationale at the

last paragraph of the Introduction section. it is easier
and more informative to format the study answers
(results) in paragraphs. Each paragraph should start
with a key statement of the most important result,
and then the description and statistical analysis
should follow.

The authors should provide which group/meth-
od/ analysis is more significant compared to anoth-
er and parenthetically state the p-value immediate-
ly after the comparative terms. Provide the actual
p-values instead of p-values greater or lesser than
0.05. Parenthetic reference to all figures and tables
enables easier interpretation of the data. Avoid too
many numeral data in tables because it complicates
and fatigues reading.

Discussion (approximately 1500-3000 words)

The Discussion should start with a restatement of
the problem or question in brief for emphasis, fol-
lowed by the study findings and a synthesis of the
comparison and the author’s new data to arrive at
conclusions.

The second paragraph should be the limitations. I
prefer the readers should be informed early for the
limitations of the study. Failure to explore the lim-
itations suggests the authors either do not know or
choose to ignore them, potentially misleading the
reader.

In the next paragraphs the authors should dis-
cuss their findings in comparison to the litera-
ture. They should synthesize their data with that
in the literature. The text should be formatted in
paragraphs respective to the study questions/
answers. Appropriate and quality studies should
be used. Generally, many of these reports will in-
clude those cited at the Introduction section. A
Table that summarizes the results of the most im-
portant published related studies would be useful
here (refer to papers with similar tables for the
format).

The ultimate paragraph of the section should be
the conclusions. The conclusions should be based
solely on data that come out of the paper. Conclu-
sions irrelevant of the study findings should not
be used. General and philosophical statements
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should be avoided. Statements such as “need for
further research” or “need for future studies”
should be avoided because they underpower the
study.

References

Choose quality references, and read the most im-
portant papers in full text; approximately 25% of
the references used in the references list of a pa-
per are actually read by the authors when writing
the paper. References should be accurate and up-
to-date. Electronically available citations should
be preferred; abstracts and submitted articles
(pending publication), newsletters, proceedings,
and meetings syllabus should not be used because

many in these categories ultimately do not pass
peer review because it is not possible to be traced
and cited. Use citations from the journal to submit
your paper; this will gain the Editor that you are
aware of the journal; it will increase the visibility
of the paper and the impact of the journal.

Figures and Tables

Figures and tables should complement not dupli-
cate material in the text. They present information
that would be difficult to describe in text form.
Well-written papers contain one or two tables or
figures for every study question/purpose posed in
the Introduction. The legends should be explanato-
ry and concise; what the figure/table show.

1. Brand RA. Writing for clinical orthopaedics and relat-
ed research. Clin Orthop Relat Res. 2008;466(1):239-
47. doi: 10.1007/s11999-007-0038-x.

2. Mavrogenis AF, Auffret Babak I, Caton JH. Writ-
ing for SICOT-J. SICOT ]. 2021;7:E1. doi: 10.1051/
sicotj/2021042.

3. Mavrogenis AF, Scarlat MM. Writing for “Interna-
tional Orthopaedics”: authorship, fraud, and ethical
concerns. Int Orthop. 2021 Oct;45(10):2461-2464. doi:
10.1007/s00264-021-05226-8.
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steoporosis is a metabolic disease that pri-

marily affects the elderly population in

most countries across the globe, with its
incidence rising significantly over the past decades.
This condition leads to a significantly increased risk
of fragility fractures, which can lead to several com-
plications and even death.! Greece faces the same
challenge, with projections indicating a substantial
rise in osteoporosis and fragility fractures the com-
ing years.? In particular, the growing incidence of
fragility fractures and especially the hip fractures
threaten to overwhelm the local health care systems,
leading to increased complications, mortality rates
and costs.® Treating these patients presents numer-
ous challenges for health care professionals, who
have to address not only the fracture but also co-ex-
isting conditions such as multiple comorbidities,
sarcopenia, malnutrition and frequent falls.*

With the view of improving the health care servic-
es provided for these patients, the fragility fracture
network (FFN) global has divided the these chal-
lenges into four pillars, helping to articulate and or-
ganise these patients’ management. The first pillar
focuses on the multi-disciplinary approach and the
orthogeriatric management of these patients. The
second pillar focuses on the rehabilitation and the
aftercare of these patients, with the view to improve
their independence and quality of life. The third
pillar focuses on the secondary prevention of a new
fragility fracture and the fourth pillar focuses on the

national collaborations and change of local policies.’

Fracture Liaison Service (FLS)
It has been proven that a fragility fracture signifi-
cantly increases the risk of a new fragility fracture
especially the first two years.®” To prevent a second
fracture, proactive measures should be taken, es-
pecially for patients who have already sustained a
fragility fracture and received treatment by a health
care provider. These measures include diagnosing
and treating osteoporosis, as well as reducing falls
risk by addressing factors such as visual impair-
ment, home safety modifications, and medication
adjustments. This is a difficult task that requires a
collaborative effort among healthcare professionals
from various disciplines. Therefore, in many coun-
tries, such coordinated efforts have struggled to
succeed, leading to a significant treatment gap.®®
The Fracture Liaison Service (FLS) is designed to
systematically implement secondary prevention for
all patients with fragility fractures.” The implemen-
tation of such service has been proven to significant-
ly reduce the risk of subsequent fractures.”” A key
factor in the success of FLS is the effective recruit-
ment of eligible patients, typically initiated through
local fragility fracture registries. Once enrolled, the
FLS team - comprising doctors, nurses, physiother-
apists, occupational therapists, dietitians, and oth-
er specialists - works to prevent further fractures
through a personalized approach. This includes the
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osteoporosis medication and compliance, imple-
menting fall prevention strategies (such as home
modifications, vision correction, neurological dis-
ease management, and reducing polypharmacy),
and addressing sarcopenia.'*?

The FLS in Greece

In Greece, only few sporadic attempts have been
made to establish a fracture liaison service.”'* Key
issues identified in these studies include a low re-
cruitment rate, ranging between 30-55%, and the ex-
tremely poor follow-up rate of less that 20% in both
studies.’'* Data from the newly established Greek
National Fragility Hip Fracture Registry further
highlight the problem, revealing that the majority of
patients (>60%) do not receive osteoporosis medica-
tion upon discharge from the acute care hospitals.”
This reflects a general lack of awareness among
hospital doctors regarding secondary prevention.
Additionally, the absence of incentives, experience,
and motivation among healthcare professionals in

the Greek public sector exacerbates the issue. An
effective FLS requires time and resources -challeng-
es that cannot be overcome through personal effort
and commitment alone, which, at present, remain
the primary driving forces behind such initiatives.'

In conclusion, secondary prevention of the fragili-
ty fractures is crucial factor in enhancing the quality
of the healthcare services provided to our patients
while reducing the financial burden of their treat-
ment. Establishing an effective fracture liaison ser-
vice should be a primary focus in achieving these
goals. Successful implementation requires collabo-
ration among a diverse team of healthcare profes-
sionals, alongside administrators and government
authorities. With a well-structured and strategic
plan, this initiative can become a reality. The recent
establishment of the Greek fragility hip fracture
registry, along with other ongoing projects by FFN
Greece, offer a promising foundation for the even-
tual implementation of a Greek Fracture Liaison
Service (FLS).
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Abstract

The Greek fragility hip fracture registry has been established since 2022 with the valuable
involvement of many orthopaedic departments across the country. Its presence has signif-

icantly helped to create an enthusiastic team that aims to improve the health services that
these patients receive in our country. The registry has helped to depict the present situation
of the services that the patients with a fragility hip fracture receive in the Greek hospitals and
also establish the first benchmarking of our system.

The present study is the annual report of the year 2024, the second full year that the registry
runs. During this year two new orthopaedic departments have been added to the registry
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team, helping to raise the numbers of the collected patients to almost one thousand. The use

of the minimum common data set, as suggested by the FFN global network, helped the Greek

registry to collect important demographic, pre-injury status, fragility hip fracture, surgery

and rehabilitation data for these patients. The length of stay of the patients during 2024 re-

mained at the 10 days but the 30-day mortality has been slightly raised to 14.5% for this year.

Hip fracture audit; national registry; Greece, fragility fracture; neck of femur fracture

Introduction

The incidence of fragility fractures is increasing the
last years. Especially the hip fractures pose a signif-
icant burden in the health care systems across the
globe. Registries have been used in many countries
in order to document the current situation in the re-
spective countries and also identify specific systemic
weaknesses, which can help to improve the health
services provided to these patients. It has been re-
ported that large scale implementation of such reg-
istries help to improve the timing to surgery, the
30-day mortality, and even the quality of life of these
patients.’? For this reason many national registries
have been established across the globe and especially
across Europe.?

In Greece a pilot national hip fracture registry has
been established from 2022 after an initiative of the
Greek fragility fracture network (FEN Gr).* The aim of
the present study is to present the annual report of the
second year of its implementation. The Greek fragil-
ity hip fracture registry uses the minimum common
data set as proposed by the global fragility fracture
network with the addition of the 30-day mortality of
the patients.®

2024 Annual Report

Involved Departments

The Greek Fragility hip fracture registry, during 2024,
continued functioning for the second year. During this
period two new Orthopaedic departments joined the
group of Greek Registry. These departments are the
First Academic Orthopaedic Department of Aristot-
le University of Thessaloniki, Papanikolaou General
University Hospital of Thessaloniki and the Trauma &

Orthopaedics Department of Tzaneio General Hospi-
tal of Piraeus. These raised the number of the involved
departments to nine. Furthermore, four more Ortho-
paedic departments from across the county expressed
their willingness to participate to this project and start-
ed the processes for their inclusion (Figure 1).

Data Collected

Data from a total of 998 patients were collected during
2024 raising the total number of the included patients
in the Greek registry to 2003. The mean age of the pa-
tients during 2024 was 82.44 +83years similar to the
registry average of 82.35 8.4 years. The majority of the
patients were female (69.2%) which is slightly lower
than to the registry average (70.6%) (Figure 2).

Most entries this year were made by the Patras Uni-
versity Hospital followed by the Papanikolaou Uni-
versity General hospital of Thessaloniki (Figure 3).

The summer was the season with most fragility
hip fracture admissions, with June being the busiest
month of 2024 (Figures 4 and 5).

Patients’ pre-injury status

The mean ASA grade of the fragility hip fracture pa-
tients was 2.85 £0.9 this year, slight higher than the
registry average (2.72 £0.87). The cognitive status of
the majority of the patients was normal (69%) but a
total of 12% was found to have positive tests for cog-
nitive impairment at admission without having an al-
ready diagnosed dementia (Figure 6).

The majority of the patients were living in their own
house (95%) and were independent prior to the injury
with a total of 68% being able to mobilize without any
aids or with only one stick outside their house (Figures
7 and 8).
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Figure 1. Geographic map of Greece where the involved depart-

ments are annotated with a star.

Fracture type information

The Greek elderly patients sustain most frequerntly
intertrochanteric type of hip fragility fracture, and this
was the case again for 2024 (Table 1; Figures 9 and10).

Surgical Procedure Information

Surgery was elected as not suitable for 6.5% of the pa-
tients, who followed conservative management. Ta-
ble 2 summarises the types of operations performed
(table 2). The rest received an operation, which was
performed under spinal anesthesia for the majority of
the patients (75%) (Figure 11). Unfortunately, only for
the 34% of the patients the operation performed in a
timely manner (within 48 hours from admission), il-
luminating for another time the significant problem of
lack of theatre time and anesthesiologists in the Greek
Hospitals (Figure 12).

Hospitalization

The length of stay during 2024 for the fragility hip frac-
ture patients was 10.4 +8 days, similar to the average
of the Greek registry which is 10.6 £8.2 days. The in
hospital mortality was 4.5%. More than half of the pa-

Gender

Figure 2. Gender distribution of the 2024 cohort.

tients (62%) were mobilized off bed the first post-op-
erative day (Figure 13), while 16% developed a new
pressure sore during their hospitalization (Figure 14).
Internal medicine doctors supported their orthopaedic
colleagues at the treatment of 61% of these patients,
emphasizing the lack of specialized Ortho-geriatri-
cians in Greece.

Discharge Data

Most of the patients were discharged home (58%) after
their admission for the fragility hip fracture, while the
rehabilitation center as exit destination raised this year
to 32% (Figure 15).

Only 16.2% of the patients discharged from hospital
with information about starting, continuing or chang-
ing their anti-osteoporotic medication, with the major-
ity remaining without secondary prevention attempt

(Figure 16).

Follow-up Data

The 30-day mortality for 2024 was 14.5%, slightly
raised than 2023, raising the total registry 30-day mor-
tality to 10.6%. Note that during Autumn the 30-day
mortality was lower than the rest of the seasons (Fig-
ure 17).

Discussion

During 2024 the fragility hip fracture registry kept ris-
ing adding almost 1000 new patients in the database.
This fact helped the registry to be established and also
can provide with more reliable results about the situa-

I
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tion in the Greek health care system. Significant find-
ings of this year’s report are the unique feature of the
Greek population having more extra-capsular frac-
tures than intra-capsular ones as well as the high inci-
dence of patients living at their own home before the
injury. Interestingly in all the European hip fracture
registries the intra-capsular fractures are more fre-

6

quent than the extra-capsular ones. The only countries
that this feature is reversed is in Greece and in Spain,
illuminating a possible difference in the mechanism of
these injuries or individual profile of these patients in
these two Mediterranean countries.> Another mostly
cultural unique feature of the Greek population is the
increased percentage of patients living in their own
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Figure 6. Cognitive status of the cohort.
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Figure 8. Patients’ pre-injury mobility status

Table 1 Distribution of fracture types in the cohort

Fracture Type No %

Intracapsular Undisplaced | 28 2.8

Intracapsular Displaced 387 38.9

Intertrochanteric 520 52.3
44

Subtrochanteric 44

Other 16 1.6

house before the injury. In Greece this percentage is
reported to reach 95%, which is the highest in Europe,
with only Italy running close to this with 90%.?

The mortality rate of the Greek cohort was raised
to 14.5% during 2024, comparing the previous year,
which was significantly lower.* Despite that it is still
remains in levels comparable to the other European
countries.’ This fact can be possibly explained by the
fact that only 30% of the patients are being operated
within 48 hours from admission, which is proven to
be an important factor for these patients. Other coun-

B House M Nursing Home ® Other

Figure 7. Patients’ pre-injury residence

Intracapsular

Extracapsular 42%
58%

Figure 9. Fragility hip fracture types in 2024

Fracture Side

Figure 10. Fracture side percentage in 2024

tries have managed to achieve percentages of opera-
tions in a timely manner over 80%, with only Italy and
Spain scoring relatively low in this feature (65% and
48%, respectively).’

The present fragility hip fracture registry is the first
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Table 2. Types of operations performed during 2024

Type of Operation No %

Conservative Management 64 6.7

Cannulated Hip Screws 5 0.5

Dynamic Hip Screw 1 0.1

IM nail 510 53.7

Hip Hemiarthroplasty 321 33.8

Total Hip Arthroplasty |27 2.8

Other 22 2.3
Timing of Surgery

Figure12. Time to surgery distribution across the cohort.

New Pressure Sore

16%

B No HYes

Figure 14. Percentage of patients developed a new
pressure sore during the acute hospital admission

such multicentre study in the Greece. Earlier single
centre reports, illuminate similar mortality rates in
central and northern Greece.®” The development and
establishment of this national registry hopefully will
be the stepping stone for developing an effective frac-

Anaesthesia

Other
1%

General
24%

Figure 11. Type of anaesthesia

1st Day Mobilisation

7% 31%

62%

ENo HYes ®mConservative Management

Figure 13. Percentage of patients managed to be mobilised
doff bed during the 1st post-operative day.

Exit Destination

Rehabilita
tion

35%

Nursing
Home
2%

Figure 15. Destination of discharge.

ture liaison service nationwide (FLS), which as men-
tioned in previous studies lacks significantly in the
country.*'? Such national registry provides the health
care professional across the country with the tools to
investigate the present status of the Greek patients and
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Figure 17. 30-day mortality rates across the year 2024

also gives the first data for planning an effective FLS
system, individualised in the Greek patients” profile.

Conclusions

2024 was a significant year for the Greek Fragility
Hip Fracture registry. The combined efforts of the
whole team led to the establishment of the project,
as it managed to stay functional for a second year.
The results of the first year have been presented in
many local, national and international congresses (In-
cluding the Annual Orthopaedic Congress of OTEM-
ATH and HAOST, as well as the 2" European FFEN
Meeting in Istanbul), winning the prize of the best

presented abstract in the 2™ European FFN Meeting.
The first year’s analysis of the registry was published
in September of 2024 in the Archives of Osteoporosis
Journal *

During 2024 the team of the Greek Fragility Hip frac-
ture registry grew significantly, with the inclusion of
the two new orthopaedic departments as well as the
four others that are in the inclusion process. We are
looking forward for 2025 with the view of expanding
the Registry team and extracting significant informa-
tion about the Greek patients, which will be used to
enhance the quality of the health services they receive
across the nation.
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Abstract

The frequency of Hallux Valgus deformity in the general population is quite high, thus many

orthopaedic surgeons, not only foot and ankle specialists, perform forefoot reconstructive
surgery in their daily practice. Highly sophisticated techniques require deep knowledge, ex-
perience and completion of the learning curve in order to avoid some of the poorer outcomes
documented within the literature. Distal, diaphyseal, metadiaphyseal and proximal types of
osteotomies have been described according to the extent of the deformity. Fusion techniques
have been modified to offer more predictable results. Frontal derotational osteotomies have
been devised to address the metatarsal pronation element of Hallux Valgus pathology. Per-
cutaneous techniques have evolved and are considered a safe solution to a certain and strict-
ly defined spectrum of indications. A table of scenarios on Hallux Valgus deformities and
their corresponding surgical treatment is proposed for decision-making. The osteotomy type
choice is considered multifactorial and is certainly based on surgeons” experience, training
and knowledge of the exact pathology of the deformity.

Hallux Valgus; minimally invasive surgery; PECA; MICA; META; PETA; metatarsus adductus;
scarf osteotomy; metatarsal pronation
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Introduction

The global incidence of Hallux Valgus deformity in
the general population is around 19% ?, thus, many
orthopaedic surgeons, not only foot and ankle spe-
cialists, perform forefoot reconstructive surgery in
their daily practice.

It is widely accepted that the spectrum of Hallux
Valgus deformities is complex and that a single op-
eration is not suitable for the whole range of indica-
tions. Highly sophisticated techniques, such as the
versatile open Scarf osteotomy or the 4" generation
minimal invasive surgery (MIS) transverse osteoto-
my, require deep knowledge, experience and com-
pletion of the learning curve in order to avoid some
of the poorer outcomes documented within the lit-
erature (Fig. 1) 2. Consequently, one has to proceed
with extreme caution regarding the type of deform-
ity, along with the appropriate surgical technique
selection.

In 1981, Helal counted more than 150 osteoto-
mies to treat Hallux Valgus pathology, underlying
the need for multiple osteotomy types to deal with
this non-homogenous group of deformities *. Few of
them are still in use, some have been added, such as
the MIS techniques, and others have been devised to
address the rotational deformities of the first ray. On
the other hand, many of them have been abandoned
throughout the years due to their high complication
rates such as the original Wilson osteotomy because
of the first metatarsal (MT1) excessive shortening
and subsequent transfer metatarsalgia *.

An orthopaedic surgeon has to keep in mind
that cosmetically appearing post-operative scars,
along with small incisions, are important for sat-
isfaction-based scoring 5. However, a red line be-
tween cosmetic perception and Cinderella surgery,
also known as foot-narrowing surgery, should be
drawn. Forefoot reconstructive procedures aiming
to alter the size and shape of the feet of women in
order to fit inside fashion high-heeled shoes should
be considered with skepticism, as various and im-
portant medicolegal issues can be raised °.

Hallux valgus spectrum
Hallux Valgus is a combined multiplanar deform-
ity including valgus deviations of the great toe,

known as hallux valgus, varus deviation of the first
metatarsal bone, known as metatarsus primus var-
us and frontal rotational deformities, such as hal-
lux and first metatarsal pronation or supination.
The corrective osteotomies should address bony
malpositioning in all three planes, transverse, fron-
tal and sagittal, in order to rebalance the sesamoids
just beneath the metatarsal head on plain post-op-
erative radiographs and provide a functional and
normal-appearing foot.

The development of Hallux Valgus is strongly
related to other underlying pathologies or deform-
ities. The rheumatoid population or individuals
suffering from neuromuscular conditions, such as
Parkinson’s disease or cerebral palsy, are generally
affected. Cases of metatarsus adductus, pes planus,
juvenile Hallux Valgus onset, second toe amputa-
tion, first metatarsophalangeal joint (MTP1) ar-
thritis, or general ligamentous laxity leading to
first tarsometatarsal (TMT1) joint instability, may
require specific forefoot reconstructive strategies.

Roger Mann in the early 1990s described a treat-
ment algorithm based on the size of intermetatar-
sal angle (IMA) measurement on transverse plane
7. Mild Hallux Valgus (IMA<13°), moderate Hallux
Valgus (IMA: 13-15°), “gray zone” severe Hallux
Valgus (IMA: 16-20°), severe Hallux Valgus (IM-
A>20°) and lateral deviation of the articular surface
of the MT1 head, called distal metatarsal articular
angle (DMAA), with or without loss of joint con-
gruence, are basic parameters that are measured.
After this assessment, the indicative reconstructive
technique, osteotomy or fusion, in combination
with distal soft tissue procedures is chosen.

Mild (IMA<13°) and incongruent MTP1 joint
(DMMAK<10°) deformities are simple cases a be-
ginner surgeon should start with, in order to build
his learning curve in forefoot surgery (Table 1). An
open distal Chevron osteotomy should provide a
sufficient corection. However, due to its short plan-
tar orientation cut, high rates of avascular metatar-
sal head osteonecrosis have been reported. Helmy
et al. ® described a reversed ‘L’-shaped distal first
metatarsal osteotomy modification, which respects
vascularity and preserves the plantar nutrient ar-
tery as an alternative to the original Chevron tech-
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nique, resulting in fewer complications.

For moderate (IMA: 13-15°) and incongruent
MTP1 joint (DMMA<10°) deformities performing
a distal osteotomy is not considered the ideal op-
tion, due to the lack of geometry and limited lat-
eral translation range of the distal first metatarsal
fragment. These cases are preferably treated with a
metadiaphyseal osteotomy, such as the scarf oste-
otomy, rather than a Chevron osteotomy.

Scarf osteotomy

Scarf osteotomy was popularized by L.S. Weil &
S. Barouk ? in 1992. It's an effective, versatile and
reliable procedure, providing strong fixation and
allowing early functional recovery.

The corrective scarf z-step osteotomy is not a di-
aphyseal osteotomy per se, but a metadiaphyseal
one. The width of the longitudinal cut extends into
the metaphyseal area of the metatarsal bone, both
proximally and distally, thus preventing compli-
cations associated with troughing, such as limited
lateral translation, pronation and elevation of the
metatarsal head. “Gray zone” severe deformities
(IMA: 16-20°) are suitable for the scarf technique,
allowing enough lateral translation of the distal
metatarsal fragment. The key point is to perform
the transverse cuts perpendicular to the longitudi-
nal axis of the second metatarsal shaft '°. In that
manner, the IMA is corrected and restored to nor-
mal, resulting neither in lengthening nor in short-
ening translation of the first metatarsal bone (Fig.
2).

The advantage of the scarf osteotomy is that it
allows combinations of displacements . Axial
rotation of the plantar metatarsal fragment in the
transverse plane leads to correction of the DMAA
without the need for a second separate wedge oste-
otomy (Fig. 3). Consequently, the scarf osteotomy
is considered more advantageous comparatively
to the biplanar Chevron osteotomy when dealing
with increased DMAA. Biplanar Chevron osteoto-
my results in first metatarsal shortening and trans-
fer metatarsalgia due to wedge bone excision .

DMMA correction
Hallux Valgus deformity with a congruent MTP1

joint (DMMA>10°) is more often observed in juve-
niles, young adults and men 2. However, the initial
suspicion of an increased DMAA as measured in
plain radiographs during the pre-operative plan-
ning process, is always confirmed during surgery
(Fig. 4) and one should not be contented based on
plain radiographs solely.

Failure to address and correct an increased
DMAA after a first metatarsal osteotomy will result
in an incongruent MTP1 joint, thus predisposing to
deformity recurrence, MTP1 joint arthritic changes
and stiffness ®.

Severe hallux valgus deformity: osteotomy versus
Fusion
In severe Hallux Valgus deformities (IMA>20°) a
debate between choosing a proximal, diaphyseal,
metadiaphyseal osteotomy, TMT1 or MTP1 joint
fusion exists in the academic foot and ankle com-
munity. Data derived from the USA', Switzer-
land®, and Germany’® reveal an equal tendency of
approximately 50% towards fusion and osteotomy.
Proximal first metatarsal osteotomies, such
as the proximal Chevron, crescentic and medial
opening wedge osteotomy, provide great lateral
translation of the distal metatarsal fragment in or-
der to restore the IMA to its normal values. They
seem to be an ideal solution when treating those
large IMAs. However, they tend to be inherently
unstable, especially in the sagittal plane, resulting
in dorsiflexion malunion, delayed union and loss
of correction .

The modified Ludloff diaphyseal osteotomy is
considered an alternative to the scarf osteotomy,
especially in cases of IMA>25° and a narrow first
metatarsal, where scarf seems inadequate. The
Ludloff procedure, as modified by Stamatis et al.
¥, with the supplementation of a small locking
plate acting as a medial buttress, prevents medial
metatarsal drifting, providing extra stability to the
osteotomy site.

On the other hand, severe IMA, especially in the
older population, does quite well with MTP1 joint
fusion with satisfying functional results . The
question that arises, is whether a single MTP1 joint
fusion is adequate to restore the IMA to its normal



AJH

Petrakis I, et al. AOTH. 2025;76(1):11-21

Table 1. Primary Hallux Valgus simple scenarios and their corresponding MT1 surgical treatment proposal.

Clinical scenario

Surgical treatment

Mild IMA(<13°) and incongruent MTP1 joint (DM-
MA<10°)

Distal Chevron osteotomy or MIS transverse osteotomy

Moderate IMA(13-15°) and incongruent MTP1 joint
(DMMA<10°)

Scarf osteotomy or MIS transverse osteotomy

“Gray zone” severe deformities (IMA: 16-20°) and in-
congruent MTP1 joint (DMMA<10°)

Scarf osteotomy or MIS transverse osteotomy

Moderate IMA(13-15°) and congruent MTP1 joint (DM-
MA>10°)

Scarf osteotomy enhancing DMAA correction

“Gray zone” severe IMA(16-20°) and congruent MTP1
joint (DMMA>10°)

Scarf osteotomy enhancing DMAA correction

Table 2. Primary Hallux Valgus advanced scenarios and their corresponding MT1 surgical treatment proposal.

Clinical scenario

Surgical treatment

Severe IMA(>20°) in the older population

MTP1 joint fusion (without additional proximal MT1 os-
seous procedures)

Rheumatoid arthritis

MTP1 joint fusion (without additional proximal MT1 os-
seous procedures)

Moderate IMA and MT1 pronation

MIS transverse osteotomy

Severe IMA and MT1 pronation

Lapidus fusion

Mild to moderate metatarsus adductus (Sgarlato an-
gle:21-30°)

MTP1 joint fusion

Severe metatarsus adductus (Sgarlato angle>30°)

Consult expert’s opinion (TMT1 + TMT2 + TMT3 joint
fusion)

Severe IMA(>20°) in the adult population with widened
MT1

Scarf osteotomy or modified Ludloff osteotomy

Severe IMA(>20°) in the adult population with narrow
MT1

Modified Ludloff osteotomy

TMTT1 joint arthritis with any degree of IMA severity

Lapidus fusion

Primary TMTT1 joint instability due to generalized liga-
mentous laxity

Lapidus fusion

Severe IMA(>20°) with increased DMAA (>10°)

Lapidus fusion and a distal first metatarsal derotational
osteotomy (e.g. Reverdin osteotomy)

values. Ripstein ? showed that the combination of
a more proximal surgical correction and an MTP1
joint fusion was beneficial in those severe cases.
However, the necessity this type of proximal sup-
plementation was not proven by Ripstein’s study.
Many authors have underlined the fact that after
performing a proper MTP1 joint fusion, no addi-

14

tional proximal procedures are required (Fig. 5).
The adduction shifting of the first metatarsal is re-
stricted because the flexor, extensor, and adductor
tendons are converted from deforming forces to cor-
rective forces 2.

TMT1 joint fusion (Lapidus procedure) is an
available solution when treating severe IMA Hallux
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Figure 1: (A) Radiography presenting hallux valgus de-
formity correction in a female rheumatoid patient after
bunionectomy and distal soft tissue procedures alone,

without MTP1 joint fusion. (B) Corresponding clinical
photo.

Valgus deformities. Although it’s the most power-
ful corrective surgical treatment, high complication
rates can occur, such as MTP1 joint nonunion, first
metatarsal shortening, IMA overcorrection and de-
formity recurrence *. Indications for Lapidus fusion
are generalized ligamentous laxity, metatarsus ad-
ductus deformity, TMT1 joint arthritis (Fig. 6) and
severe IMA with increased DMAA, without TMT1
joint arthritis #. In this case, where the scarf osteot-
omy is inadequate to fix both IMA and DMAA, a
distal first metatarsal derotational osteotomy com-
bined with TMT1 joint fusion can provide satisfac-
tory results. A Lapidus arthrodesis is the indicated
procedure in rare cases of generalized ligamentous
hyperlaxity where the TMT1 joint is primarily af-
fected and unstable.

The concept of primary TMT1 joint instability
has been over-projected through literature in the
past. During the 1990s, many papers emphasized
the role of TMT1 joint laxity as a prime pathoetiol-
ogy factor in the onset of Hallux Valgus, and as a
result, the Lapidus procedure was popularized *.
However, recent literature # has proven that after
IMA reduction with a metatarsal osteotomy, TMT1
joint hypermobility is reduced to normal. The
modern hypothesis is that TMT1 joint laxity is sec-

s

Figure 2: Intraoperative fluoroscopic image during Scarf
osteotomy. Note that the orientation of the guide pins for

the distal and proximal transverse cuts is perpendicular
to the longitudinal second metatarsal axis and not per-
pendicular to the longitudinal first metatarsal axis. In
that manner, lengthening or shortening of the first meta-
tarsal bone can be avoided.

ondary due to the pushing effect of the proximal
phalanx onto the head of the varus deviated first
metatarsal. TMT1 joint stability is affected by first
ray alignment and is not an intrinsic characteristic
of the joint *.

Metatarsal pronation

During the last ten years, frontal plane rotational
deformities have been given the required attention
and importance, and thus Hallux Valgus pathology
is considered a three-dimensional deformity. Based
on computed tomography (CT) scan measurements,
the incidence of first metatarsal pronation is approx-
imately 87% in the Hallux Valgus population ¥ and
it doesn’t seem easy to assess in plain radiographs
pre-operatively. A round-shaped metatarsal head
on post-operative radiographs (positive round sign)
% represents a metatarsal pronation deformity that
has not been addressed. Failure to correct this kind
of rotational deformity may lead to unbalanced
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Figure 3: (A) Radiographic pre-operative planning - con-
gruent MTP1 joint with increased DMMA:18° in a male
adult patient. (B) Post-operative radiography showing
the axial rotation of the plantar metatarsal fragment in
the transverse plane during Scarf osteotomy in order to
achieve normal values of DMAA and subsequently a con-
gruent MTP1 joint after reduction.

sesamoid grading and Hallux Valgus recurrence.
Sesamoid correction strongly relates to metatarsal
pronation .

The versatile scarf osteotomy is capable of dero-
tating the first metatarsal and correcting metatar-
sal pronation by removing a bone wedge from the
plantar metatarsal fragment *. However, this mod-
ification is technically demanding and might be dif-
ficult for inexperienced hands.

The Lapidus arthrodesis, the proximal oblique
sliding closing wedge osteotomy (POSCOW) * and
the proximal supination osteotomy supplement-
ed with an X-shaped locking plate as described by
Okuda et al. * have the potential to correct meta-
tarsal pronation, however, they lack stability, apart
from the Lapidus procedure.

Wagner et al. recently presented the Proximal Ro-
tational Metatarsal Osteotomy (PROMO) * provid-
ing encouraging short-term results. Extended, long

|6

Figure 4: Peri-operative exposure and direct visualiza-
tion of the first metatarsal head offers exact confirmation
of MTP1 joint congruency.

follow-up studies are mandatory in order to draw
safe conclusions.

Metatarsus adductus

Metatarsus adductus is a complex midfoot and
forefoot deformity whose onset is in utero. The
main characteristic is a large Hallux Valgus Angle
combined with mild to moderate IMA. The whole
forefoot is adducted at the level of tarsometatarsal
joints, and all metatarsal bones, both the first and
lesser ones, are medially deviated. Those feet are
quite difficult to treat, requiring experienced sur-
geons. One should seek expert’s consultation re-
garding surgical strategy in these demanding cases.
However, identifying this complex deformity on
plain weight-bearing radiographs is essential. Cal-
culating the modified Sgarlato angle, a composite
measurement between the angulation of midtarsal
bones and the longitudinal axis of the second met-
atarsal bone, is of paramount importance *. Values
between 10° - 21° are normal, whereas cases with a
Sgarlato angle between 21° - 30° are considered mild
to moderate and values >30° are severe. No consen-
sus regarding surgical treatment exists. Correcting
only the Hallux Valgus deformity in mild metatar-
sus adductus cases by using a first metatarsal oste-
otomy will lead to a recurrence rate of between 30%
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Figure 5: (A) Radiography presenting severe hallux val-
qus deformity (IMA:26°). (B) Post-operative radiography
presenting proper MTP1 joint fusion without additional

proximal osseous procedures.

and 80%, thus, this surgical strategy, is not consid-
ered the best option®. Severe metatarsus adductus
can be treated with first, second and third TMT joint
fusion in order to realign the hindfoot, midfoot and
forefoot (Table 2). In some mild adductus cases, the
surgeon can proceed with MTP1 joint fusion in com-
bination with distal Weil or Fowler lesser metatarsal
head osteotomies in an effort to realign the forefoot.
A combination of reconstruction procedures has
also been published using MIS techniques®.

Minimally invasive surgery (MIS)
In the early 2010s, the Educational Committee of
EFASY welcomed and applauded MIS forefoot re-
constructive techniques as an innovation for im-
proved, safer, and maybe cheaper treatment for
patients. However, they expressed criticism and
concern about that trend and emphasized the ne-
cessity for prospective and randomized trials with
long-term results to provide sufficient data regard-
ing the superiority and safety of those techniques.
In addition, they projected their worries regarding
the over-promotion of industry-guided educational
MIS courses before such studies had been conduct-
ed.

In 2016, Vernois et al.*® and Lam et al.** introduced
their 3" MIS generation technique, since the first and

D

Figure 6: (A) Radiography presenting hallux valgus de-

formity with TMT1 joint arthropathy. (B) Post-operative
radiography presents an inadequate surgical strategy as
it does not address the TMT1 joint arthropathy. Such
combined Hallux Valgus cases should be preferably treat-
ed with Lapidus fusion. (C) Another clinical example.
Radiography presenting hallux valgus deformity with
concomitant TMTT1 joint arthropathy. (D) Post-operative
radiography presents the correct surgical approach with
Lapidus fusion.

second generations had been abandoned through lit-
erature because of published disappointing results
and catastrophic complications®. The 3 generation
Minimally Invasive Chevron and Akin (MICA) os-
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Figure 7: (A) Radiography presenting “gray zone” severe Hallux Valgus (IMA: 18°) hallux valgus deformity. (B)
Post-operative radiography presenting 4™ generation MIS distal transverse extra-capsular osteotomy fixed with two

non-beveled screws. (C) One year post-operative radiograph of the same foot. Note the secondary bone healing forma-

tion inside the displacement site.

teotomy, named by Vernois, and the 3 generation
PErcutaneous Chevron/Akin (PECA) osteotomy,
named by Lam respectively, gained popularity and
clinical traction among surgeons in Europe and
Australia in patients with mild to moderate Hallux
Valgus deformity (IMA<20°) and in strictly selected
patients with severe deformity (IMA>20°) 4424344,
Several level I prospective midterm follow-up pub-
lications have shown the adequacy of these methods
regarding clinical and radiological outcomes com-
pared to open osteotomies **. In addition, post-oper-
ative benefits, such as fewer wound complications,
reduced swelling, better cosmetic scars and shorter
rehabilitation time have also been underlined *.

In 2020, there was a transition from a percutaneous
distal MT1 Chevron osteotomy to a percutaneous dis-
tal MT1 transverse osteotomy *. This evolution to a
4% generation MIS technique was given several logos,
such as Metaphyseal Extra-articular Transverse and
Akin osteotomy (META) ¥, or PErcutaneous Trans-
verse Akin (PETA) %, or the new PECA technique,*
adopting beveled screw fixation. The reason for this
osteotomy “switch” was the fact that a transverse cut
could more easily address MT1 pronation deform-

ity, providing better bicortical stability and an easier
learning curve ¥.

However, many questions arise regarding the
healing process surrounding the MIS transverse oste-
otomy site, especially when viewing near 100% bony
shift and no osteotomy contact on post-operative ra-
diographs. Concerns about a possible nonunion or
delayed union sound logical, on the other hand they
have not been justified (Fig. 7). A recent study by
Spacek et al. * underlines the fact that the 3-dimen-
sional soft tissue pyramid-shaped space, which is cre-
ated after the extra-capsular MIS osteotomy, between
the medial border of the MT1, the osteotomy site, and
the preserved periosteum, is vital for the secondary
bone healing process through hematoma formation.
The osseous healing is therefore maximized with the
aid of rigid screw fixation, allowing full weight-bear-
ing post-operatively by applying Wolff’s law.

Although recent studies from highly experienced
MIS surgeons and meta-analytic data show encour-
aging, equivalent, or even superior results of 4" gen-
eration MIS techniques compared to standard open
surgery *?, other meta-analytic data do not fully
confirm those conclusions *. More robust, high-qual-
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ity, prospective clinical studies, with larger patient
numbers, are paramount to obtain more validated
data regarding 4" generation MIS techniques and al-
low further recommendations.

Conclusions

Choosing the indicated surgical technique to treat
Hallux Valgus deformities is multifactorial. Apply-
ing a unique osteotomy that suits all Hallux Valgus
spectrum is malpractice, and this is an undeniable

truth. The choice is certainly based on surgeons’ ex-
perience, training and knowledge of the exact pathol-
ogy of the deformity. Aiming to shorten the learning
curve, especially in MIS techniques, by undertaking
multiple cadaveric courses is preferable. High-quali-
ty and validated evidence through literature is man-
datory to draw gold-standard treatment strategies.
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Abstract

Hip arthroplasty is one of the most successful orthopaedic procedures because it offers pain

relief and good postoperative function. However, some patients complain of gait changes
and a marked reduction in their walking pace. These changes may be due to altered offset,
leg length discrepancy and hardware positioning and may persist even a year after their op-
eration . This review aims to assess hip replacement-related gait alterations as well as their
causes and their clinical impact. Gait analysis after THR can provide important information
that could improve our decision making in our clinical practice.
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Introduction
Total hip replacement (THR) is considered one of
the most successful orthopaedic procedures. This
is because it offers a satisfactory surgical outcome
along with considerable pain alleviation. The ma-
jority of patients who elect to undergo THR present
end-stage osteoarthritis (OA). The latter experience
significant loss of their functionality and are incapa-
ble of walking and performing their daily activities.
Moreover, they often complain of gait changes and
a marked reduction in their walking pace.
Regardless, 10-20 % of THR patients continue
having issues regarding their working capacity, gait
pattern, overall function and quality of life postop-
eratively."? Despite being relatively rare, gait asym-
metry and noticeable limping may persist.>* With
pain and impaired function being the main indica-
tions for surgery, THR is considered unsuccessful in
such cases. This review aims to assess THR-related
gait alterations as well as their causes and their clin-
ical impact.

Gait analysis

The variables investigated in gait analysis are spa-
tiotemporal, kinematic and kinetic (Figure 1). Spa-
tiotemporal parameters are distance-related. They
include step and stride length as well as time-re-
lated parameters such as walking speed and stride
time. Kinematic gait variables investigate the an-
gular motion of the body, limbs, and joints during
movement. Kinetic gait variables explore the forces
resulting from movement.

Most studies investigating gait changes after
THR compared their results with those of healthy
subjects. Reduced walking speeds, step and stride
lengths and gait deviation are commonly identified.
Furthermore, coronal and sagittal range of motion
deficits have also been reported.>® In addition to
these findings, several studies refer to poor trunk
control in the mediolateral direction.”® The former
could be attributed to a posture consisting of later-
al bending toward the affected side. The reduction
in the volume of gluteus minimus has been identi-
fied as a factor involved in this gait deviation and
contributes to higher hip joint loads up to 3 months
after the intervention.’ Likewise, the atrophy of this

muscle has been used as a predictor of the weak-
ness of the gluteus medius, which is the dominant
hip abductor.!’ As a result, the mechanical demand
on weaker hip abductor muscles is reduced further
while the balance in the frontal plane is facilitated.
However, the load asymmetry between the two
limbs increases the number of stresses put on the
contralateral hip joint and could potentially lead to
OA, or increase the risk of falls.

Bahl et al. assessed changes in gait biomechanics
after THR. They compared the postoperative status
of THR patients to healthy controls up to 2 years af-
ter surgery. This systematic review illustrated mod-
erate to large pre to post-operative changes from
6 weeks to 12 months in spatiotemporal and kine-
matic parameters. Functional and clinical improve-
ments were apparent as early as the sixth postop-
erative week. Nevertheless, greater improvements
were documented in 6 months, with the best results
appearing approximately one year after the sur-
gery. Although some parameters turned near nor-
mal after THR, residual deficits in walking speed,
stride length and sagittal plane hip ROM existed at
12 months postoperatively. Step width was wider
compared to healthy individuals at 6 weeks and 3
months. The kinematic data revealed increases in
sagittal and transverse plane hip ROM at 6 weeks
and up to 12 months whilst coronal plane hip ab-
duction/adduction revealed no significant change."

Naili et al. indicated improvement in perfor-
mance-based and patient-reported functions a year
following THR, even though greater improvement
was documented in patient-reported functions.
These findings suggest that objectively measured
improvements in performance-based function and
gait are not in line with patient-reported function-
al improvements. Therefore, they highlighted the
importance of using both subjective and objective
methods for evaluating function following THR."

Kaufmann et al. investigated the functional out-
come of THR. Apart from comparing OA patients
with normal controls they also documented the
pre and postoperative outcomes in OA patients.
They indicated that walking speed and cadence im-
proved significantly in postoperative assessments
of patients with hip OA. Stride duration decreased
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Figure 1. Kinetic gait variables explore the forces resulting from movement. Kinematic gait variables investigate the

angular motion of the body, limbs, and joints during movement. Spatiotemporal parameters are distance-related. They

include step and stride length as well as time-related parameters such as walking speed and stride time.

after surgery whilst there was no significant differ-
ence in stride length postoperatively. Moreover, hip
flexion angles during stance and swing and knee
flexion angles during loading response and swing
were significantly larger postoperatively. Converse-
ly, knee flexion angles during terminal stance were
significantly smaller postoperatively whereas THR
had no impact on ankle kinematics. When compared
to healthy controls, kinematic parameters improved
and did not differ from asymptomatic controls 1
year postoperatively. In contrast, spatiotemporal
parameters improved postoperatively but remained
inferior to asymptomatic controls.”

Foucher et al. suggested that the preoperative gait
status may be related to the postoperative outcome.™
The same primary author also demonstrated that
preoperative gait, clinical factors and patient char-

acteristics predicted up to 33% of the variability in
postoperative gait.”” They also proposed that intense
preoperative and postoperative rehabilitation could
be helpful for some THR patients."* , Indeed, some
studies confirmed improvements in post-operative
walking speed and stride length after a peri-opera-
tive exercise programme, in comparison with con-
ventional care regimens.'®

To achieve personalization of the prosthesis and
optimal therapeutic effect after THR, surgeons put
great effort into selecting the best combination of
implant components. Choosing adequate implants
and meticulous hardware positioning during to-
tal hip replacement is important for improving the
outcome and maximizing the results of the surgery.
Following a carefully tailored surgical plan may also
facilitate restoring limb function and hip biome-
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Figure 2. Medialization during acetabular preparation reduces the GO. To restore the latter, a stem with a higher offset
may be required. The compensatory increase of femoral offset (FO) is indicated because it reduces the risk of dislocation,
decreases polyethylene wear, lowers the risk of edge loading and restores soft tissue tension.

chanics, rehabilitation and help lower socioeconom-
ic factors associated with total joint replacement.
The number of studies investigating the effect of
the implant head size on the gait pattern after to-
tal hip replacement is limited."” Large femoral head
implants have been linked to a higher risk of taper
corrosion and groin pain due to impingement of the
head implant on the psoas muscle. Since the femo-
ral head size has a proven impact on the range of
motion, it is highly probable that it also alters the
gait pattern or at least some parameters of gait that
may be important in the rehabilitation process. Sto-
larczyk et al. studied gait parameters in THR pa-
tients depending on the size of the femoral head
implant. They concluded that 36mm femoral heads
offered better results in terms of gait pattern, with

26

values that were not significantly different from
healthy hips. However, a drop of the contralateral
side of the pelvis during support was more com-
mon in the group where large head size was pre-
ferred than in healthy hips, both in the operated
limb and healthy limb."

Offset

Restoring the global hip offset (GO) in THR is in-
cremental for maintaining optimal hip function.
Medialization of the cup is not uncommon in THR,
especially in cases where medial osteophytes are
present. However, medialization during acetabular
preparation reduces the GO. To restore the latter,
a stem with a higher offset may be required (Fig-
ure 2). The compensatory increase of femoral off-
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Table. Summary of the most important published related studies on gait changes in THR.

Study

Purpose

Results

Bahl et al. @V

Changes in gait biomechanics after
THR

Improvements were concluded from 6 months,
with the best results appearing approximately
one year after the surgery.

Naili et al. 2

improvement in performance-based
and patient-reported functions a
year following THR

Objectively measured improvements in perfor-
mance-based function and gait are not in line
with patient-reported functional improvements

Stolarczyk et al. @®

Gait parameters in THR patients de-
pending on the size of the femoral
head implant

36mm femoral heads offered better results in
terms of gait pattern, with values that were not
significantly different from healthy hips

Sato et al. ®

The effect of GO and leg length dis-
crepancy (LLD) on hip joint muscle
strength and gait trajectory

Global FO reduction by > 5 mm after THR was
associated with hip abductor muscle weakness

Tokuhara et al. @

Anterior knee pain after THR

Associated with increased lateral patellar tilt
and leg lengthening

The effect of LLD and offset changes

Residual LLD and an FO difference greater

i (30)
Renkawitz et al. after THR

than 10 mm led to low patient-related outcome
scores and changes in gait symmetry

set (FO) is indicated because it reduces the risk of
dislocation, decreases polyethylene wear, lowers
the risk of edge loading and restores soft tissue ten-
sion. Moreover, restoring FO has a positive effect on
isometric hip abductor strength', walking speed,
and knee flexion and extension 1 year after THR.?
Restored FO has also been shown to influence knee
joint moments but has no apparent impact on hip
joint moments.?! Most studies have focused on the
FO in relation to gait and function. However, both
the FO and acetabular offset (AO) are important to
consider when restoring hip joint anatomy.
Chamnongkich et al®? suggested that a moder-
ately increased FO may be effective for enhancing
hip abductor muscle function and ambulatory bal-
ance after THR. Regardless, the abductor isometric
strength was found 9% and 25 % lower in high FO
and lower FO patients respectively, compared to
the non operated limb. These results are in line with
Sariali et al. who reported that the ROM required
for activities of daily living decreased by more than

20% in patients with a 15% postoperative reduction
of their offset.?

Further investigating the impact of offset on the
postoperative gait of THR patients, Sato et al inves-
tigated the effect of GO and leg length discrepancy
(LLD) on hip joint muscle strength and gait trajecto-
ry. His results showed that reduction of global FO
by > 5 mm after THR, compared to the contralat-
eral hip, was associated with hip abductor mus-
cle weakness. He postulated that straight leg raise
(SLR) strength is important for generating sufficient
forward thrust when walking and that it influenc-
es the stride length and strength of the lower limb
forward swing. Therefore, SLR weakness would
lead to asymmetry of gait trajectory in the sagittal
plane.”

Implant orientation

Implant orientation is crucial in THR. Despite the
femoral stem anteversion (FA), the anteversion of
the cup must also be taken into consideration, since
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the combined anteversion is of importance when
considering the risk of hip impingement and dis-
location. The proposed safe zone differs greatly in
the literature depending on the varying geometri-
cal definitions of the measurements as well as on
the surgical approach and prosthetic types. The
acetabular cup is usually implanted following the
45-degrees abduction - 15-degrees anteversion rule,
whilst others use the transverse acetabular ligament
as a guide for anteversion. Furthermore, when the
surgeon elects a cementless type of fixation, ante-
verting the femoral stem according to the preop-
erative plan may not be feasible. Anteversion of
cementless femoral stems may be restricted by the
endosteal anatomy of the femoral neck, the diaphy-
seal bow, and the anterior-posterior isthmus at the
level of the calcar femorale.? In addition, there has
been a great debate about which is the most accu-
rate way to evaluate intraoperatively femoral ante-
version. Various reference points like the posterior
condylar and transepicondylar lines, the calcar and
the linea aspera have been proposed. In a study per-
formed by Lee et al, it was supported that the fem-
orotibial angle influenced the discrepancy between
intraoperative estimation and the real FA. When the
former was decreased such as in a varus knee, the
intraoperative measurement underestimated the
FA®

Despite the abundance of articles investigating
the effect of FA on hip postoperative stability,
the impact of FA changes on a individual’s gait
pattern is not described extensively. In a recent
study, Esbjornsson et al. used computed tomog-
raphy and three dimensional gait analysis to in-
vestigate whether geometrical restoration in THR
leads to gait pattern alterations. They supported
that changes in hip rotation during walking were
associated with changes in FA in the same direc-
tion as well as changes in pelvic rotation in the
opposite direction during gait.?* Changes in rota-
tion after THR may affect gait, daily activities, the
rate of dislocation of the hip, and ipsilateral knee
pain. The latter is an independent factor leading
to gait alterations.?

According to Tokuhara et al. anterior knee pain
after THR is associated with increased lateral patel-

lar tilt and leg lengthening.?” Furthermore, increased
internal rotation of the hip may influence the axial
alignment of the ipsilateral knee. There are various
factors leading to increased femoral rotation. These
can be associated with underlying disease (OA),
less pre-operative internal rotation, female gender,
posterior surgical approach, leg lengthening, and an
increase in femoral anteversion.®

Leg length discrepancy

The occurrence of LLD is another factor leading to
postoperative gait changes after THR. Marked LLD
after THR is a major cause of patient dissatisfaction
due to abnormal gait mechanics that lead to knee
and back pain, early prosthesis loosening, and revi-
sion surgery. Beard et al. reported that patients with
a LLD > 10 mm had significantly worse Oxford hip
scores three years after surgery.” In addition, Ren-
kawitz et al. reported that residual LLD and an FO
difference greater than 10 mm led to low patient-re-
lated outcome scores and changes in gait symme-
try.® In cases where postoperative LLD exceeds
20mm, walking speed and stride length are signif-
icantly reduced.®® However, other researchers sup-
ported that the kinematic symmetry and loading on
the hips during level walking and stair ascending
were not markedly affected even when postopera-
tive LLD was up to 20 mm. Therefore, according to
them, the use of insoles in such cases was not bio-
mechanically justified.*

Nevertheless, it is beyond dispute that when the leg
is lengthened the tensor fasciae lata, iliotibial band,
and quadriceps cross the hip and knee joint and be-
come stretched. When the iliotibial band is stretched
the patellofemoral kinematics are altered.*® Conse-
quently, tension is put on the lateral retinaculum thus
causing increased lateral patellar tilt. Furthermore, due
to changes in posture, valgus deformities may occur.*
Especially in cases of developmental dysplasia of the
hip, where leg lengthening and medialization of the
hip center are combined, consequent medjialization of
the hip may lead to medialization of the knee. In such
cases, the patient would either try to walk with a wid-
er interfoot distance to avoid striking the contralater-
al side or attempt to bring the knees closer together
and keep the joint line horizontal. Both of these pos-
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tures may predispose the knee to valgus deformity.
The postoperative mLDFA is a major factor related to
knee valgus alignment after THR, which combines the
preoperative anatomy and surgical reconstruction.®
A high-offset femoral component is indicated to com-
pensate for the medialization of the hip center.

Conclusion
Review of the related literature for the purpose of

this study (Table) showed that abnormal gait pat-
terns may persist up to 1 year after THR. Identi-
fying gait changes after THR can offer important
information about the manner the hip joint works
and its impact on adjacent joints. The identification
of abnormal walking patterns will help us under-
stand their causes and will eventually make us
learn how to make better decisions in our clinical
practice.
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Abstract

Tendinopathy is the clinical entity representing chronic tendon injury, and it is relatively common,

affecting about one-fourth of adults during their lifetime. Non-invasive management of tendon
disorders includes various peri-tendinous injections. Ultrasound-guided peri-tendinous injections
is a non-invasive technique with potentially therapeutic effect for tendinopathy. Commonly used
drugs and agents include topical corticosteroids, PRP, autologous whole blood, hyaluronic acid,
hyperosmolar dextrose, and needle tenotomy. The routine use of NSAIDs and peri-tendinous cor-
ticosteroid injections are being re-evaluated since histologic examination of pathologic tendinous
tissue has shown no signs of inflammation. New non-invasive tools such as PRP, autologous whole
blood, and hyaluronic acid are being investigated. These agents have been proven effective in al-
leviating pain and histologically improving tendon injuries. Prolotherapy is a rapidly spreading
approach, but its effectiveness is currently vastly studied compared to other interventions. The
simple needle fenestration of the injured tendon has also shown promising results and can be used
alone or in combination with tested drugs and agents. The literature lacks extensive high-quality
double-blinded clinical trials that will test the efficacy of different peri-tendinous injections and
conclude which method leads to the best results. This mini-review aims to discuss the above op-
tions as far as their indications and their use are concerned.

Tendinopathy; PRP; hyaluronic acid; prolotherapy
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Introduction

Tendons are fibroelastic structures of tenocytes and
tenoblasts in a rich extracellular matrix network.
Tendon injuries are widespread and can be either
acute or chronic !. Acute injuries usually include
partial or complete ruptures due to extrinsic forc-
es exceeding the tendon’s resistance capacity. A
combination of extrinsic and intrinsic factors causes
chronic injuries. Repetitive overloading of tendons
can cause trauma or accumulative microtrauma,
leading to a pathological healing response 2 His-
tologically, healing seems impaired, with collagen
fibre disorientation and thinning, hypercellularity,
absence of inflammatory cells, neovascularity, and
increased glycosaminoglycan deposition °.

Tendinopathy is a clinical entity representing
chronic tendon injury. This is relatively common,
affecting about one-fourth of adults during their
lifetime *. Athletes’ increasing performance de-
mands and the wide spread of sports as hobbies in
more mature age groups have augmented the risk
of primary tendon lesions over the last decades °.
The tendons most usually affected are Achilles, pa-
tella, rotator cuff tendons, wrist extensors and flex-
ors, posterior tibial, and biceps femoris °, but every
tendon can be affected.

Treatment options are abundant for tendon dis-
orders. However, there is no consensus on tendin-
opathy management’; treatment choice usually de-
pends on empirical observations. Physical therapy,
rest, training modification, NSAIDs and various
peri-tendinous injections are a few of the available
preservative options, but the results are almost al-
ways temporary and inconsistent. Surgical treat-
ment should be preserved for cases that do not im-
prove with less invasive approaches 8.

Peri-tendinous injections: agents and techniques

Ultrasound-guided intra and peri-tendinous injec-
tions is a non-invasive technique with potentially
therapeutic effect for tendinopathy, and it is being
extensively investigated ° in contemporary liter-
ature. Many different agents and drugs are being
tested in experimental and cohort studies, with the
effectiveness results awaiting proof. The authors
conducted a thorough literature overview to intro-

duce the most usual drugs used in peri-tendinous
injection and their potential effectiveness.

Corticosteroid injections

Peri-tendinous corticosteroid injections are the most
popular and widely used ' in chronic tendinopa-
thies, despite the sheer lack of benefit presented in
current literature ™.

Local steroids are used to decrease pain via topi-
cal inflammatory process restriction. Histologically,
tendinopathy does not include signs of inflamma-
tion but is merely a pathologic healing reaction. In
the rare situation with an inflammatory response,
it is an indispensable part of the healing course
against injury or continuous microtrauma, and its
disruption can lead to adverse effects. Steroids can
harm tendons’ biomechanics, degrading collagen,
decreasing fibroblast proliferation, and increasing
inflammation and cytotoxicity '2.

The biochemical effects of steroids on tendon
structures have been proven harmful in animal
models '* ', but evidence has not yet been estab-
lished in human tendons. However, there have been
case reports of tendon rupture after peri-tendinous
steroid administration ™ ¢ and studies showing a
positive correlation between local steroid usage and
tendon tears 7.

Subsequently, peri-tendinous steroid injections
can transiently alleviate pain and partially restore
range of motion but seem to cause more damage
than good at cell and tissue level, with possible
long-term tendon atrophy, rupture and other ad-
verse effects.

Platelet-Rich-Plasma injections (PRP)

PRP is autologous patient plasma with a higher con-
centration of platelets ' (three to eight times high-
er than whole blood). Platelets are derived from
megakaryocytes and, except for being essential to
blood clot formation, they release many active bi-
omolecules containing growth factors. Platelet-de-
rived growth factor (PDGF), transforming growth
factor-p (TGF-B) and vascular endothelial growth
factor (VEGF) are the most important agents excret-
ed by platelets, which actively assist in the healing
process. According to the literature, platelets might
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Table 1: Pros and cons of the different types of peri- tendinous injections

Type of peri-tendinous injection

Pros

Cons

- Corticosteroid injections

Pain relief
Inflammation reduction

Cell and tissue damage
Tendon atrophy - rupture

- PRP injections

Pain relief
May offer definite treatment

Effectiveness still under investiga-
tion

- Hyaluronic acid

Enhancing collagen produc-
tion

Enhancing proliferation of
mesenchymal cells
Accelerate tendon recovery

Unknown mechanism of action
Not effective on inflammation

Amelioration of ROM

- Whole blood - Low cost - Little literature comparing its effec-
- Ease of use and preparation tiveness
- Dextrose prolotherapy - Pain relief - Variable results

- Percutaneous tendon fenestration

Reactivates healing process
Microtrauma liberates growth

Usually, needs to be combined with
other injection therapy, like PRP

factors

even promote stem cell recruitment and collagen
production from fibroblasts *.

Peri-tendinous PRP injections have shown prom-
ising results in chronic tendinopathy management
20,21,2, 2,24, 5 Platelets are activated after they are
injected into the tendon via their interaction with
free collagen and release growth factors that pro-
mote and augment the healing course of actions.
The generative effect of PRP has been proven his-
tologically, and PRP injections have shown clinical
improvement in pain and range of motion in cases
with different kinds of tendinopathy. The rapidly
increasing interest in PRP injections is unveiled in
the numerous currently registered studies investi-
gating its effectiveness.

The reactivation of the healing process seems con-
nected to the resumption of an inflammatory state,
and leukocytes play a tremendous role in inflam-
mation. PRP can currently be divided into leuko-
cyte-rich (LR-PRP) and leukocyte-poor (LP-PRP).
The interaction between leukocytes and platelets
can be pro or anti-inflammatory with regenerative
potential. This combination of autologous cells may

offer the definitive therapeutic effect that is pursued
but is still being studied with promising future re-
sults %,

Hyaluronic acid
Hyaluronic acid (HA) is a high-molecular-weight
glycosaminoglycan and the primary component of
synovial fluid, providing lubrication and shock ab-
sorption #. It is also one of the fundamental com-
ponents of tendon tissue, contributing to its bio-
mechanical properties. It has been tested in several
clinical trials as a therapeutic means for managing
tendinopathy. It has been proven effective in pa-
tients with rotator cuff tendinopathy % % *, tennis
elbow ?, patellar * and Achilles ** tendinopathy.
Although the exact mechanism of action is not
yet thoroughly investigated, peri-tendinous HA
injections accelerate tendon recovery by enhancing
collagen production and proliferation of specific
mesenchymal cells, such as chondrocytes and he-
matopoietic cells **. The viscoelastic effects of HA on
connective tissue have been suggested to warrant its
use for tendinopathy management. Hyaluronic acid
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has been proven to improve function and reduce
pain without the complications of corticosteroids.
Further research needs to be conducted to deter-
mine the stages of tendinopathy that can benefit the
most from HA injections *.

Whole blood

Compared to PRP, autologous whole blood injec-
tions present decreased cost and ease of preparation
and use. In addition, clinical benefit has been shown
concerning pain and mobility improvement. Thus,
the effects of autologous whole blood versus PRP
injections are worth investigating. According to the
literature, whole blood is equally effective to PRP in
managing lateral elbow tendinopathy * and ham-
string tendinopathy ¥. However, certain reviews
suggest the superiority of PRP for specific tendon
disorders. Further investigation needs to be con-
ducted to assess the cost-effectiveness of this debut-
ing non-invasive approach meticulously.

Dextrose prolotherapy

Prolotherapy with hypertonic dextrose has been
used for years for chronic musculoskeletal pain with
variable results in literature *. Prolotherapy has also
been introduced as a non-invasive treatment option
in tendinopathy management.

The suggested mechanism of action includes the
initiation of the inflammatory response cascade and
enhancing the tendon healing process. Peri-tendi-
nous hypertonic dextrose infusion can induce mes-
enchymal cell proliferation and collagen production
¥, significantly improving range of motion (ROM)
and pain.

Prolotherapy is a rapidly spreading means for
preservative treatment of various soft tissue disor-
ders. The literature lacks high-quality research as-
sessing the effectiveness of hyperosmolar dextrose
injections in chronic tendon disorders. Some re-
views suggest little to no benefit from prolotherapy
%, whereas other studies have presented ameliora-
tion of mobility and pain in Achilles * and rotator
cuff ¥ tendinopathy. Further well-organized dou-
ble-controlled trials are necessary to conclude the
debate on prolotherapy effectiveness for chronic
tendon disorders.

Percutaneous tendon fenestration or needle tenotomy
(PNT)

Ultrasound-guided tendon fenestration has also
been used successfully in managing chronic ten-
don disorders and even tendon tears. The technique
includes passing a needle several times (20-25)
through the tendinous tissue. The rationale behind
this technique is converting a failing chronic healing
process into an acute response * by multiple nee-
dle microtrauma. In addition, the induced bleed-
ing provides the tendon with autologous red blood
cells and platelets, which release healing-promoting
growth factors.

The improvement of tendinopathy-related symp-
toms via PNT has been recognized in many stud-
ies *%, but has not been widely compared to other
non-invasive interventions. Other peri-tendinous
injections can be combined with PNT, such as PRP
or autologous whole blood, to enhance the induced
regenerative result and promote tendon healing.
As the non-invasive clinical approach and manage-
ment of tendinopathy gain ground, the need for a
preservative but definitive treatment arises. Subse-
quently, these combinations are currently subjected
to extensive investigation “.

Discussion

Tendon disorders represent many acute or chronic
tendon pathologies, mainly caused by overuse con-
ditions, where the tendon part of the muscle-tendon
unit is imposed to excess force and stress. They rep-
resent one of the most frequent clinical diagnoses,
accounting for 30% of all musculoskeletal consul-
tations *. These injuries are usually encountered
in athletes, presenting the highest prevalence in
elite athletes, and different tendons are affected in
distinct ways. Tendons of the rotator cuff, the long
head of the brachial biceps, the extensors and flex-
ors of the wrist, the thigh adductors, the posterior
tibialis tendon, the patellar tendon, and the Achilles
tendon are the districts most often involved ¢, but
every tendon can suffer damage.

Sport activity is the most recognizable risk fac-
tor for tendon injuries. However, other modifiable
and not modifiable risk factors are taking part in
developing tendon disorders. Age seems to be a
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factor that influences the prevalence of tendinopa-
thy since adolescents seem to be less affected com-
pared to adults *. Sex is another factor influenc-
ing the presentation of specific tendinopathies in
athletes *. Occupational exposure to intense-force
repetitive movements combined with poor work-
place ergonomics is a known risk factor affecting
the upper extremities and predisposing to lateral
epicondylitis *.

Additionally, drugs can negatively affect tendi-
nous tissue predisposing to injuries, such as corti-
costeroids, quinolone antibiotics, aromatase inhib-
itors, and statins '. Obesity is another risk factor
since the increased weight puts excess force on the
muscle-tendon units, leading to faster tendon wear.
Lastly, numerous metabolic diseases can be present-
ed with clinical symptoms of tendinopathy, such as
chronic gouty arthritis, hypercholesterolemia, dia-
betes mellitus, and thyroid pathologies.

Surgery for chronic tendinopathy has presented
inconsistent results and increased morbidity. Thus,
it is not preferred as the go-to treatment choice %,
but it is preserved for patients that do not show im-
provement after six months with less invasive ap-
proaches. The routine use of NSAIDs and peri-tendi-
nous corticosteroid injections are being re-evaluated
since histologic examination of pathologic tendi-
nous tissue has shown no signs of inflammation,
which could benefit from anti-inflammatory agents.
It is currently believed that these medications only
offer transient pain relief with possible long-term
adverse effects. Subsequently, new non-invasive
tools are being investigated.

PRP, autologous whole blood and hyaluronic acid
are materials proven effective in alleviating pain
and histologically improving tendon injuries. Pro-
lotherapy is a rapidly spreading approach, but its
effectiveness is currently vastly studied compared
to other interventions. The simple needle fenestra-
tion of the injured tendon has also shown promising
results. It can be used as a standalone treatment or
in combination with tested drugs and agents such
as PRP and autologous whole blood.

The literature lacks extensive, high-quality dou-
ble-blinded trials that will test the efficacy of differ-
ent peri-tendinous injections and conclude which
method leads to the best results in reconditioning
the healing process, alleviating pain, and re-estab-
lishing range of motion. The treatment choice lies
in the clinicians’ empirically generated opinion,
modified according to patients” characteristics and
requirements.

Conclusion

Chronic tendon disorders are a frequent clinical en-
tity encountered by the orthopaedic surgeon. Nu-
merous non-invasive approaches exist, such as rest,
training modification, NSAIDs, and abundant avail-
able drugs and agents for peri-tendinous injections.
Tendinopathy is a non-inflammatory failed healing
process that renders topical steroids inappropriate
and harmful. New techniques have been present-
ed, but further investigation is mandatory to show
the best means available for non-invasive long-term
management and even treatment of chronic tendon
injuries.
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Abstract

Biopsy remains a cornerstone in diagnosing musculoskeletal tumors, requiring meticulous plan-

ning and execution to ensure diagnostic accuracy while minimizing patient harm. Some benign le-
sions and hematological diseases can be diagnosed through imaging and laboratory results, negat-
ing the need for biopsy. However, if a biopsy is indicated, it should be performed in a specialized,
multidisciplinary center where radiologists, pathologists, orthopedic surgeons, and oncologists
collaboratively determine the most appropriate approach.

Several biopsy techniques are available, each suited to different clinical scenarios. Fine Needle As-
piration (FNA) is minimally invasive but limited by its inability to provide comprehensive histo-
logical data. Core Needle Biopsy (CNB) offers tissue samples sufficient for histological and mo-
lecular analyses and is nowadays the first-line choice due to its high diagnostic accuracy and low
complication rate. Incisional biopsy, while invasive, is reserved for cases where extensive tissue
sampling is required or the CNB is unsuccessful. Imaging guidance, such as ultrasound, fluorosco-
py, or CT, can improve diagnostic accuracy and safety, especially for deep or complex lesions (13).
A well-planned biopsy respects oncological surgical principles, avoiding contamination of sur-
rounding structures and preserving future treatment options. Errors in biopsy technique can delay
diagnosis, impact prognosis, and reduce the feasibility of limb-sparing surgery in malignant cases.
Complementing traditional methods, liquid biopsies are emerging as a transformative tool in on-

cology. By analyzing circulating tumor cells (CTCs), tumor DNA (ctDNA), and extracellular ves-
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icles (EVs), liquid biopsies offer real-time insights into tumor behavior, metastases, and chemore-

sistance. These advancements not only enhance diagnostic precision and personalized treatment

but also promise to reduce healthcare costs and improve patient outcomes.

This review highlights the importance of biopsy planning and selection in the context of musculo-

skeletal tumors, emphasizing the need for specialized, multidisciplinary input to optimize patient

outcomes.

Biopsy; bone sarcoma; soft tissue tumor; percutaneous; incisional; liquid biopsy

Introduction

A properly performed biopsy with subsequent his-
topathological examination presents the final and
decisive step in the diagnostic chain of musculoskel-
etal tumors.

In knowledge of the patient’s medical record and
clinical examination as well as after the careful re-
view of all necessary results of local imaging studies,
and eventually of the systemic staging, a decision
must be made, if a biopsy is necessary for the fur-
ther treatment. Some benign lesions, inflammatory
processes or even a underlying hematological dis-
ease can be diagnosed based on the imaging study
(plain X-Ray, CT or MRI) or the laboratory findings
(elevated CRP, abnormalities in full blood count), so
that they don’t require a histological confirmation™.

A biopsy is a basic technical procedure, but if on-
cosurgical criteria aren’t followed, it might negative-
ly impact the patient’s outcome, especially limb sal-
vage in malignancy. 1982 Mankin et al. reported that
biopsy associated complications occur 3 to 5 times
less frequently in a specialized tumor center than
in a less specialized treatment unit?. 2012 Schaser et
al. estimated that the complication rate of a biopsy
was about 9%, when performed in a tumor center
while about 30% in non specialized centers'. Traina
et al. noted that since there is no single standard bi-
opsy approach for all these conditions and personal
experience and judgment may influence biopsy de-
cisions, it must be performed optimally in a center
where experienced radiologists, pathologists, ortho-
pedic surgeons, and oncologists (multi-disciplinary

team) will preoperatively discuss the planning’.

The purpose of a biopsy is to provide an accu-
rate diagnosis causing minimal harm to the patient
and his definitive operative treatment. The lesion
should be sampled in a representative way without
damaging neurovascular structures, contaminating
uninvolved anatomical compartments or limiting
definitive surgical treatment. Furthermore the sam-
ples should arrive in proper form to the pathologist,
who has to determine if the lesion is benign or ma-
lignant, if the diagnosis is specific and if a grading of
the tissue is possible, so that the treatment cascade
can begin?°.

Planning a biopsy

Most patients with a soft tissue tumor or bone le-
sion present with focal pain and/or swelling. The
clinician should perform a thorough history and
physical examination to evaluate important medical
aspects such as the dynamic of tumor growth, the
duration, the presence of pain or other side effects
as well as inciting events (e. g. trauma).

In soft tissue tumors the imaging diagnostic ap-
proach usually starts with a high resolution ultra-
sound. If the findings are unclear or the mass is
greater than or equal to 3 cm further evaluation
through sectional imaging should be initiated. The
best radiological study to assess a soft tissue mass
is an MRI with IV contrast agent (e. g. Gadolinium).
In addition plain radiographs provide important
information regarding possible bone infiltration or
erosions and can rule out a bone tumor mimicking
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a soft tissue mass such as a prominent exostosis or a
phlebolith within a hemangioma®.

In bone tumors plain radiographs in 2 planes
are usually the first diagnostic step. Many lesions
such as non ossifying fibroma, fibrous dysplasia or
osteoid osteoma present a pathognomonic image,
so that a definitive diagnosis can be provided by a
plain radiograph and a biopsy can be avoided*. MRI
with IV contrast agent is the technique of choice
when the finding is unclear and will provide addi-
tional information concerning the following biopsy.
CT may also be necessary for the further planning
(osteosynthesis, prosthesis etc.)

Under suspicion of bone metastasis or hematolog-
ical disease (e. g. myeloma, lymphoma) further im-
aging including thorax und abdomen CT as well as
appropriate laboratory tests should be additionally
performed™.

In any case a biopsy should be delayed until clin-
ical evaluation is performed and the results of all
imaging and laboratory studies are collected and
discussed in an multi-disciplinary team, which has
to clarify the followings:

1. Is biopsy indicated?

2. Which part of the tumor has to be biopsied?
The biopsy should be representative of tumor his-
tology.

3. Which type of biopsy is appropriate as to
supply sufficient tissue to the pathologist?

Which is the most suitable surgical approach so
that representative tissue in sufficient quantity
can be yielded, avoiding vital structures like
neurovascular bundles and without causing any
further focal tumor cell dissemination or risking
the definitive surgical tumor resection. It's crucial
that the biopsy approach is discussed with the team,
who will perform the actual appropriate resection
of the tumor, since the biopsy tract is contaminated?,
it shouldn’t violate more than one anatomical
compartment and has to be resected en bloc with
the underlying tumor.

Is an imaging technique for guidance necessary
and if so, which one is the most appropriate?
Palpable
that are superficial, may not require additional

soft tissue masses, especially those

imaging techniques or can be easily evaluated with

ultrasound guidance. For bone tumors, especially
in long bones, fluoroscopy is indispensable. Lesions
that are deeper and more difficult to access near
vital neurovascular structures (pelvis, spine, etc.)
may require CT guidance®®®.

Biopsy techniques

The selection of the appropriate biopsy technique for
the clarification of a musculoskeletal lesion is not a
trivial decision. It should be as small as possible but
as large as needed to provide an accurate diagnosis
and it surely depends on the surgeon’s experience,
the pathologist’s familiarity with the cytologic and
histopathologic appearance of the different kind of
tumors and not lately on the equipment capability
of the center*®. Antibiotics should be stopped for at
least 48 hours, ideally two to three weeks before the
biopsy so intraoperative microbiological cultures
(for differential diagnosis) can be reliable!.

Excisional biopsy

An excisional biopsy is the complete surgical re-
moval of the lesion. Only minor (< 3 to 5 cm) and
superficial soft tissue lesions can undergo excisional
biopsy. Since a malignancy prior to resection cannot
be excluded, the surgical oncological criteria (mar-
gins, compartment separation etc.) should be con-
sidered, so that the definitive treatment can follow
without the risk of contamination* . Any soft tissue
neoplasm located deep to the fascia is highly likely
a sarcoma and should be biopsied prior to excision'

Fine needle aspiration (FNA)

A fine, hollow needle is inserted into the lesion di-
rectly to yield the sample. The role of FNA in mus-
culoskeletal tumors diagnostic is very limited'?. The
procedure is mostly used for cytology examination
of the aspirate (FNA Cytology) but there is rare-
ly a possibility of histological tissue examination
(FNA Biopsy). FNA’s tumor diagnosis accuracy is
frequently criticized. The published results vary
from excellent to unreliable®. An ultrasound guid-
ance may be used and several passes may be needed
to increase the yield. It is the least invasive biopsy
method, which can be performed even without a
general anesthesia and has the lowest risk of tumor
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Figure 1a: Ewing Sarcoma of fibula diaphysis links: Core Needle Biopsy (CNB) under fluoroscopy guidance.

cell contamination of the needle tract. The primary
drawback of FNA is that it only allows cytological
evaluation of cells that are not structurally attached
as aspirated, making it difficult to determine the his-
tology type and grade’.

The procedure has the highest accuracy in ho-
mogenous tumors and can be used particularly for
documentation of metastases and local or distant
recurrences, where the cytological findings can be
compared with prior histology specimen’® '2. Lay-
field et al. reported that in 50% of all cases an FNA
was followed by a Core Needle Biopsy (CNB) or in-
cisional biopsy due to uncertain result®.

Core needle biopsy (CNB)

Core biopsies provide a cylinder of tissue, which
preserves the structural integrity of the tumor, en-
abling the potential for histological, immunochemi-
cal and molecular analysis and present therefore the
gold standard procedure’. A 8-18 Gauge trocar is
inserted via a small puncture wound into the mass
directly or under guidance of ultrasound, fluorosco-
py or CT*® (Fig 1). The site of insertion of the trocar
(e. g. Jamshidi Trocar) should be in line of the possi-

44

ble definitive surgical incision since the biopsy tract
has to be resected en bloc with the underlying tu-
mor'. As this minimal tract is usually noticeable for
3-4 weeks postoperative, it should be marked (e.g.
with indian ink) if the definitive surgery won't take
place in the interim?*.

A minimum of three specimen for bone lesions
and four for soft tissue lesions has been proposed4.
Tissue samples should be taken from the periphery
of the tumor due to the frequent presence of central
necrosis'’. In most cases a sufficient sample can be
yielded, which can be used not only for rapid sec-
tion diagnostic but also for immunohistology and
molecular test such as PCR/FISH, so that an accu-
rate diagnosis can be provided™ (Fig 2).

CNB is usually performed as the first step in the
invasive diagnostic cascade. An open biopsy is ac-
complished, when the sample is not representative.
Especially under CT guidance CNB is very useful
for deeper lesions near vital neurovascular struc-
tures, which require a pinpoint approach (pelvis,
Spine)3, 9,11, 13.

Less morbidity and fewer complications have
been reported for CNB, ranking between 0-17%,
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Figure 2: a. Jamshidi Trocar is usually used for Core Needle Biopsy. b. Multiple'cylinders of tissue obtained from
different directions (fixation in formalin)
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Figure 3: Osteosarcoma of distal femur links: The definitive surgical incision (white arrow) is designed including the
biopsy tract (yellow arrow), which is then resected en bloc with the underlying tumor.
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most commonly bleeding, hematoma and infection”
1 Layfield et al. estimated that an incisional biop-
sy was performed in only 9,4% of all patients, who
underwent CNB, while CNB demonstrates a slight
superiority to FINA®.

Incisional biopsy

Incisional biopsy has long been considered as the
“gold standard”. Certainly this is the method, which
provides the largest sample of tumor tissue, allow-
ing for higher degree of accuracy, but it also entails
the greatest risk of local complications (bleeding,
cell dissemination, limitation of the definitive sur-
gery). Nowadays the incisional biopsy is indicated
in difficult cases, when the imaging studies are not
conclusive, the sample obtained from a less invasive
method (FNA/CNB) is insufficient or larger speci-
men are required for further immunohistological or
molecular examinations.

The sample should contain solid, vital tumor tis-
sue of at least 1 cm® volume. When an incisional bi-
opsy is performed with frozen section and the result
is benign, a definitive resection can be completed in
the same stage’. The biopsy incision must be pre-
viously discussed with the surgical team, who will
perform the definitive surgery, so that the biopsy
tract, which has to be completely resected en bloc
with the tumor, won't influence the final surgical
approach' (Fig. 3).

The most appropriate shortest approach (skin-le-
sion) should be chosen. The incision should be as
small as possible and parallel to the longitudinal
axis of the affected extremity. Transverse incisions
are not recommended due to the need of a broader
soft tissue removal during the final surgical proce-
dure' The approach should be through the muscle
compartment over the tumor, no other compart-
ment should be penetrated, so that a transfascial tu-
mor cell contamination can be avoided. The biopsy
shouldn’t be in the immediate vicinity of neurovas-
cular structures, which are vital for the extremity, or
uninvolved joints. A bleeding or hematoma should
be avoided too. If a tourniquet is used, a wrapping
with an Esmarch bandage is contraindicated. The
tourniquet should be released and precise hemosta-
sis should be accomplished before would closure*

%12 A drain is seldom necessary, but if needed, it
should be placed closed in the line of the incision
(<1 cm), since the drain sinus is regarded as contam-
inated and must be therefore removed en bloc with
the surgical specimen and the biopsy tract** 2.

In bone lesions with extraosseous tumor part, the
soft tissue component is usually as much represent-
ative as the bony one. A penetration of the cortex
can increase the risk of pathologic fracture, so that it
should be performed mainly in purely intraosseous
lesions® 7 1. Clark et al. reported that oblong bone
windows with rounded ends provide the lowest
risk of pathologic fracture. Increasing their width
decreases the strength of the bone, while increasing
their length does not”.

Liquid biopsy

Liquid biopsy is a current and rapidly advancing as-
pect of medical diagnostics, especially in oncology.
Derived from bodily fluids near malignant cells, it is
particularly beneficial for tumors, that are difficult
to access, as even minimally invasive biopsies can
carry risks and often sample only a limited tumor
area, which may not represent the entire tumor ac-
curately.

Blood is the most commonly used fluid for liquid
biopsies, though urine, cerebrospinal fluid, and sali-
va can also be useful depending on the tumor type.
Blood-based liquid biopsies enable cancer profiling
by analyzing circulating biomarkers (e.g. bone sia-
loprotein, osteoprotegerin), metabolites (e. g. pyrid-
inoline) and three key biological components: circu-
lating tumor cells (CTCs), cell-free circulating tumor
DNA (ctDNA), and extracellular vesicles (EVs),
such as exosomes'.

A. Circulating tumor cells (CTCs)

Circulating tumor cells (CTCs) are rare tumor cells
found in the bloodstream, first identified nearly
150 years ago by Ashworth, and now widely uti-
lized in cancer diagnosis, prognosis, and monitor-
ing. Advances in technologies like FDA-approved
CellSearch and next-generation sequencing enable
detailed analysis of CTCs, providing insights into
the tumor’s genetic and molecular characteris-
tics. CTCs are particularly significant in metastatic
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cancers, with higher counts associated with worse
prognosis and specific metastatic patterns in cancers
like breast, lung, and prostate. For bone sarcomas,
such as osteosarcoma and Ewing sarcoma, CTC
levels and characteristics predict metastasis, treat-
ment response, and disease recurrence. Emerging
research highlights combined CTC and circulating
tumor DNA (ctDNA) analysis as a powerful tool for
assessing metastatic progression and treatment out-
comes across various cancer types'2.

B. Circulating tumor DNA

Circulating tumor DNA (ctDNA), primarily derived
from apoptotic and necrotic tumor cells, provides
valuable insights into tumor mutations, genomic al-
terations, and treatment needs, such as targeting the
BRAF V600E mutation in various cancers. ctDNA
analysis is especially useful in detecting metastatic
disease, monitoring disease progression, and identi-
fying minimal residual disease (MRD) for prognosis
and treatment planning. Studies in breast cancer and
non-small cell lung cancer (NSCLC) have shown a
correlation between ctDNA levels and disease pro-
gression, including bone metastases. In bone sarco-
mas like osteosarcoma and Ewing sarcoma, ctDNA
detection via next-generation sequencing has linked
genetic alterations, such as TP53 mutations and
EWSR1 fusion, to tumor burden, recurrence, and
poor outcomes. Additionally, ctDNA levels reflect
therapeutic responses, with potential for monitor-
ing disease recurrence and guiding treatment in
sarcoma patients. Further large-scale studies are
needed to refine ctDNA’s clinical utility'

C. Extracellular vesicles (EVs)

Extracellular vesicles (EVs) are lipid bilayer particles
produced by cells, including cancer cells, and play
key roles in tumor biology, diagnosis, and progno-
sis. These vesicles, which can encapsulate DNA,
RNA, and proteins, provide stable molecular infor-
mation and are particularly relevant in bone metas-
tases, osteosarcoma, and Ewing sarcoma. Research
highlights the potential of EV-derived biomarkers,
such as mRNA and miRNAs, for early detection of
bone metastases and cancer progression, as seen in
studies on breast, lung, and prostate cancers. EV

cargo has also been linked to therapeutic responses
and clinical outcomes, as in osteosarcoma and Ew-
ing sarcoma, where specific miRNAs and surface
proteins serve as diagnostic and prognostic indica-
tors. Despite challenges in cost and scalability, EV-
based liquid biopsies offer significant promise for
non-invasive cancer monitoring and personalized
treatment strategies'?.

Despite their potential, liquid biopsies face several
challenges hindering widespread clinical adoption.
Variations in sample collection and processing can
significantly affect results, with plasma preferred
over serum to avoid contamination from other DNA
sources. Lifestyle factors also impact cell-free DNA
release, complicating data interpretation. Circulat-
ing tumor cells (CTCs) are rare and difficult to iso-
late, with current methods like CellSearch limited to
DNA and immunofluorescence analyses, excluding
RNA-based or functional studies. CTCs may not
fully represent tumor heterogeneity, though new
strategies like arterial blood sampling are being
explored. Extracellular vesicles (EVs) also present
unique challenges, including variability in isolation
techniques and difficulty distinguishing tumor-spe-
cific exosomes. Implementing liquid biopsies re-
quires specialized training, facilities, and expertise,
alongside further research to standardize protocols
and enhance accuracy'>

Conclusion

Biopsy is the ultimate step in diagnosing possible
malignant and unclear musculoskeletal lesions.
Technical simple but conceptually complicated,
it should be extensive discussed in a specialized
multidisciplinary team after the completion of clini-
cal evaluation and imaging studies.

Due to high accuracy and low complication rate
the CNB is usually the first biopsy modality, fol-
lowed by an incisional biopsy, when a precise diag-
nosis is not possible. The use of imaging guidance
(ultrasound, fluoroscopy, CT) can increase the di-
agnostic accuracy and reduce the risk of compli-
cations. In any case biopsy should be performed
in knowledge of the definitive surgical approach,
always in line with the oncosurgical principles. An
improper performed biopsy can not only lead to a
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delayed and false diagnosis, but it can also jeopard- in oncology, offering real-time tumor monitoring

ize the limb salvage of the extremity and affect the and detection of metastases and chemoresistance.
patient’s prognosis dramatically. By combining tissue and liquid biopsies, healthcare
Liquid biopsies, either standalone or alongside costs can be reduced while improving patient out-

traditional methods, hold transformative potential
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Abstract

Open fractures are most commonly the result of high-energy injuries. They present a higher rate

of infection, when compared with closed fractures. On that account, the management of open frac-
tures ought to be immediate and effective. Many steps are involved in this procedure, with one of
them being wound irrigation. The research community has demonstrated a great interest in the
best practices around the irrigation of open fractures. Nevertheless, a widely accepted protocol is
yet to be determined. The timing of rinsing should be as early as possible, certainly in the first 24
hours after the injury. The quantity of fluids for irrigation is calculated, depending on the size of
the wound, the extent of contamination and the coexistence of nerve or vascular damage. Low,
non-pulsating pressure is ideal for most cases; high-pressure or pulse lavage can be reserved for
highly contaminated wounds. Normal saline is a cost-effective, sterilized and isotonic solution, that
is characterized by lower rates of infection, when compared with other fluid options and does not
impede the wound healing process due to its low cytotoxicity. The existence of a standardized pro-
tocol for irrigation of open fractures is of great importance and, therefore, more relevant high-qual-

ity studies are needed.

Open fractures; irrigation; saline; infection; review
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Introduction

Open fractures have always been considered, by their
very nature, as an Orthopaedic and Trauma emergen-
cy. The incidence of open fractures is reported to be
about 30.7 per 100,000 persons per year. ' Most com-
monly, they are the result of high-energy injuries, such
as crash accidents, falls from height and gunshots.
! The risk for infection of open fractures in the Unit-
ed States of America can range from 18% to 30%. 2
Management of open fractures has evolved substan-
tially throughout the years, considering that the treat-
ment of choice during the American civil war was
emergency amputation to diminish the risk of sepsis.
3 Nowadays, effective treatment of open fractures in-
volves administration of intravenous antibiotics and
tetanus-preventing measures ideally in the first hour,
followed by immediate irrigation, debridement and
fracture stabilization within the first 24 hours and
wound closure within the first 7 days after the injury.*
Irrigation and debridement of open fractures is a crit-
ical step of this protocol and therefore has received a
lot of attention from the research community.® Timing,
delivery pressure and type and quantity of irrigation
fluids are factors that can vary a lot among surgeons.
This study aims to critically appraise the available lit-
erature for the best practices of irrigation procedures,
by answering common questions that each surgeon
faces when dealing with open fractures.

When should we irrigate?

Immediate and effective management of open frac-
tures can be decisive for the patient’s outcome.® Since
the 19th century, the “common rule” of six hours
was considered the gold standard; the first washing
should ideally be done within the first six hours after
the injury.2® Of course, there is a plethora of different
factors that should be taken into account before de-
ciding the ideal irrigation plan, such as the size of the
open wound and the extent of contamination.! (Fig. 1)
A consensus among the authors and surgeons is still
missing. According to several studies, the longer irri-
gation is delayed, the stronger the bonds of pathogens
on bone and soft tissues become, and consequently,
the harder their rinsing.* The benefits of early de-
bridement and lavage, in the first six hours, have also
been confirmed in experimental animal models.? On

the other hand, there are publications available in the
literature that report no differences in infection rates
when comparing open fracture irrigation before and
after the first six hours, as long as the 24-hour limit is
not surpassed.>*¢

Which is the ideal fluid-volume for irrigation?

The amount of fluids used to irrigate an open fracture
is another important predictive factor of a patient’s
outcome.! There are no clear guidelines in literature,
other than it ought to be plenty and, as a result, the
amount is usually determined by the surgeon’s judg-
ment and clinical experience. It is common sense that
the characteristics of an open fracture, such as the size
of the exposed area, the contamination, the existence
of debris, soil, dirt or foreign bodies and their attrib-
utes, such as material and size, can impact significant-
ly the severity of the trauma and thus the need for a
greater quantity of lavage solutions.®’ Furthermore,
in the presence of coexisting disruption of noble el-
ements, such as vessels and nerves, the surgeon in
charge should adjust the plan of action accordingly,
modifying the amount of irrigation fluids as well.}?8 A
very popular course of action among surgeons bases
the quantity of fluids on the Gustilo-Anderson classi-
fication for open fractures; according to an easy rule
of thumb, Gustilo-Anderson type 1 fractures should
be irrigated with at least three liters of solution, type
2 with at least six liters, and type 3 with at least nine
liters.®? Unfortunately, there are no data in the liter-
ature proving the validity of this concept. Ultimately,
the effect of the amount of solution, in reducing the
microbial load of open fractures and, by extension, the
patient’s risk for infection, is still undetermined. (Ta-
ble 1)

Which is the ideal pressure for irrigation?

Another topic of extended debate is the ideal fluid
delivery pressure when debriding and irrigating an
open fracture. The most convenient and cost-effective
method, which is commonly preferred by surgeons in
acute settings, involves the use of syringes or intrave-
nous fluid bags with gravity flow to rinse the exposed
area."” In recent years, new lavage devices have arisen
and quickly gained field in the management protocols
of open fractures. (Fig. 2) More specifically, these lav-
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Figure 1a: Gustilo I1IB distal femoral fracture Figure 1b: Preoperative X-ray

Figure 1c: Intraoperative fluoroscopy of the screw fix-  Figure 1d: End-to-end wound closure
ation

. Figure 2: Mdélnlycke® Pulsed Lavage system (source:
|~ — g 34 ge sy.

i https://www.molnlycke.co.uk/products-solutions/
T / molnlycke-pulsed-lavage/)
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Skin Coverage Local coverage | Local coverage

Local coverage

Table 1: Gustilo Classification (source: https://www.orthobullets.com/trauma/1003 /gustilo-classification)
I II IIIA I11B ITIC
Energy Low Moderate High High High
Wound size <lcm 1-10 cm usually >10 cm | usually >10 cm usually >10 cm
Soft tissue Minimal Moderate Extensive Extensive Extensive
damage
Contamination Clean Moderate Extensive Extensive Extensive
ch'ture Commi- Minimal Moderate Severe Severe Severe
nution
P’erzosteal Strip- No No Yes Yes Yes
pmg
Free tissue flap or ro- | Typically requires

tational flap coverage | flap coverage

Neurovascular

. Normal
Injury

Normal

Normal

Exposed fracture with
arterial damage that
requires repair

Normal

age systems offer adjustable delivery pressure and are
usually powered by an external source, thus constitut-
ing an easy-to-carry and handle option when dealing
with an open fracture. Additionally, irrigation fluids
loaded in these lavage systems, can either be delivered
at a constant or a pulsing pressure, offering the sur-
geon more versatility in his treatment plan of choice.??

The scientific community has shown a particular in-
terest in these lavage systems and the impact of the
variety of available settings on the different types of
open fractures. Nevertheless, there is still controversy
among authors regarding the classification of delivery
pressures. However, a widely accepted theory catego-
rizes lavage pressure from 1 to 10 psi as low, 11 to 19
psi as moderate, and pressure from 20 psi and above
as high.>!° Several studies have concluded that irri-
gation of open fractures with high pressure increas-
es the likelihood of infection, especially after the first
72 hours. Furthermore, high pressure can not only
cause intramedullary dispersion of pathogen bacteria
but also affect the natural bone healing process bone
through changes in the trabeculae structure.?® All
these factors can potentially lead to late-onset infec-
tion, delayed union and even non-union.?* Low-pres-
sure rinsing is effective in most open fractures, with-
out the drawbacks of high-pressure irrigation.

On the contrary, some studies have demonstrated
the beneficial effect of high-pressure irrigations in

treating open fractures with extensive contamination,
dirt, soil particles and large foreign bodies.?” Finally, a
randomized clinical trial concluded that irrigation of
open fractures under low and high pressure did not
differ significantly, as far as patients’ quality of life 12
months after the incidence was concerned. It is also
noteworthy that the quality of life remained lower
when compared to prior injury in all the question-
naires that were assessed.’

A multicenter randomized study held in 2015 con-
cluded that the use of constant and low pressure of-
fers the best results in most cases, whereas pulse lav-
age with high pressure should be reserved for cases
when irrigation and debridement are executed after
the first six hours or in cases with extended contam-
ination involving soil and dirt particles.” Additionally,
the surgeon should always be alerted and prepared to
shift to high pressure upon suspicion findings during
irrigation, to avoid adhesion of pathogenic microor-
ganisms on the bone and soft tissues that could lead
to undesirable results. Interestingly, the same study
also reported that conclusions from clinical trials re-
garding the irrigation protocols of open fractures do
not always translate into significant differences in pa-
tient-important outcomes.”

What temperature should irrigation fluids have?
Fluids’ temperature when rinsing open fractures is
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usually not taken into consideration and its impact on
the risk of infection is therefore underestimated.! Irri-
gation with warm solutions diminishes the incidence
of hypothermia and the lengthening of hospital stay,
whereas cold fluids mitigate bleeding, inflammation
response and bacteria reproduction.? Data on the ide-
al temperature of irrigation fluids are insufficient and,
for that reason, more primary research is needed to
resolve this debate.

What type of solution should we use?

Multiple types of solutions are being regularly used
in clinical practice for open fracture irrigation with-
out unanimity among authors and surgeons.”® Gen-
erally, the solution should be isotonic and non-toxic
to the healthy tissues. Moreover, the fluids should be
non-hemolytic and ideally free of minerals and chem-
icals.?

Sterile saline, sterile water for injection, tap water
Sterile saline is a mixture of sodium chloride and wa-
ter. It is a cost-effective, isotonic fluid with low cyto-
toxicity and thus is considered the gold standard for
irrigation among most surgeons.>*” The FLOW trial
concluded that normal saline offered lower rates of
infection when compared to saline water mixed with
castile soap.” Water for injection is another sterile
alternative, but the existence of minerals inside ren-
ders it hypotonic.®? Tap water is not only hypotonic
but also not disinfected. The use of hypotonic fluids
in large volumes can potentially lead to intracellular
damage and hinder the natural wound-healing pro-
cess.? Nevertheless, studies have proven that tap wa-
ter offers similar rates of infection when compared
with saline solutions and therefore should be consid-
ered a safe alternative in the absence of other sterile
options.?

Antibiotics

Antibiotic irrigation fluids can be beneficial in pre-
venting the adhesion of microorganisms on bone and
soft tissues.! However, the results from available data,
including in vitro and animal studies, are ambiguous.?
Some authors have concluded that the application of
antibiotics on open trauma diminishes the number of
pathogens.? On the other hand, antibiotics can impede
normal cellular function and disrupt, as a result, the

wound-healing process.?®* Moreover, they are more
costly than sterile saline or castile soap and can trig-
ger allergic reactions that demand urgent treatment.?
Finally, rinsing with antibiotic solutions is important
to be conducted as soon as possible after the injury,
as their anti-microbial properties become less potent
after the formation of bacteria biofilms.??

Castile soap

Castile soap is the most commonly used product in
the surfactants category. Unlike antibiotics, they owe
their anti-bacterial characteristics to micelles that
bind with pathogens and are rinsed away from the
trauma altogether.? Castile soap mixtures offer better
results in the irrigation of open fractures compared to
antibiotic and antiseptic solutions, despite not being
sterilized.® Nonetheless, the re-operation rate is high-
er compared to saline solutions.”

Antiseptics

Antiseptics are effective on most types of pathogens,
including bacteria, viruses and fungi.> The most pop-
ular antiseptics being used are povidone-iodine,
chlorhexidine, hydrogen peroxide and benzalkoni-
um chloride. It is generally recommended to avoid
scrubbing open fractures with antiseptic solutions.?
Povidone-iodine in small concentrations is non-toxic
for the tissues but should be avoided in patients with
thyroid diseases. Hydrogen peroxide can break down
into oxygen gas and potentially cause gas embolism.?
Overall, despite their beneficial properties in reduc-
ing the microbial count, they are usually not the first
choice of surgeons due to their possible side effects
and cytotoxicity that can either affect wound healing
or lead to systematic complications.??

Conclusions
Irrigation and debridement of open fractures are of
great importance for reducing the risk of infection.

Timing is crucial and for that reason, irrigation
should be conducted as soon as possible after the in-
jury, definitely in the first 24 hours.

“The more the better” is a safe practice concern-
ing the quantity of fluids. Gustilo-Anderson grade 1
should be rinsed with at least three liters of fluids,
grade 2 with at least six liters and grade 3 with atleast
nine liters, respectively.
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As far as pressure is concerned, most open fractures
can be irrigated effectively with low pressure, by us-
ing intravenous bags with gravity flow or syringes
and needles. High-pressure and pulse lavage systems
should be utilized in greatly contaminated wounds
with dirt, soil or foreign bodies.

Solutions’ temperature is an under-evaluated varia-
ble in the management of open fractures that could be
proven to play a significant role in patients’ outcomes
in the future.

Several types of fluids have been thoroughly studied.
Sterile saline solutions are cost-effective options that
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