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Scope and policy

The journal Acta Ortopédica Brasileira, official organ of the Department of Orthopedics and Traumatol-
ogy, Faculdade de Medicina da Universidade de S&o Paulo (DOT/FMUSP), operates under a continuous
publication model of bi-monthly issues (Jan/Feb, Mar/Apr, May/Jun, Jul/Aug, Sep/Oct, and Nov/Dec) with
an English version. The titles, abstracts and keywords are published in English and Portuguese.The publi-
cation follows entirely the international standard of the International Committee of Medical Journal Editors
(ICMJE) - Vancouver Convention - and its uniform requirements [http://www.icmije.org/]. Submitted papers
are sent for peer review evaluation to decide whether they should be published or not, suggesting im-
provements, asking the authors for clarification and making recommendations to the Editor-in-Chief. The
editor(s) and/or reviewer(s) responsible for approval of the manuscript will be identified in the accepted
articles. The concepts and statements contained in the papers are the sole responsibility of the authors.
We ask authors to observe the following instructions for publication.

Publication Fee

To allow for the sustainability and continuity of the Acta Ortopédica Brasileira, we inform authors that
starting in January 2017 a publication fee was instituted for articles. Authors are responsible for pay-
ing a fee to publish accepted articles, which will be charged to authors when their respective works
are approved. Following the acceptance of the manuscript and notification by the editor-in-chief,
authors should make a deposit in the name of the Atha Mais Editora LTDA, CNPJ14.575.980/0001-
65, Santander (033) Bank agency 4337, account number 13001765-6. A copy of the deposit receipt
should be sent to the email actaortopedicabrasileira@uol.com.br and include the work protocol
number (AOB-0000), the article title, and the name of the article’s author(s).

The fee is a R$ 1.150,00 (US$ 600). Upon submitting the manuscript and filling out the registration
form, the author should read and agree to the terms of original authorship, relevance, and quality, as
well as to the charging of the fee. Upon indicating agreement with these terms, the manuscript will be
registered on the system for evaluation.

Recommendations for articles submitted to Acta Ortopédica Brasileira

Type of 5 Maximum number
Article Abstract Number of words References | Figures | Tables of authors allowed
Structured, up 2500
Original ’ Excluding abstract, references, 20 10 6 6
to 200 words ;
tables and figures
4.000
gzsia;;,/ Slotno»sztrot:)cw:gé Excluding abstract, references, 60 3 2 2
P tables and figures
Editorial* No abstract 500 0 0 0 1

*These contributions shall be published at the Editors’ criteria, with due replica, when applicable.

Article formatting

NUMBER OF WORDS RECOMMENDED ACCORDING TO THE PUBLICATION TYPE: The criteria
specified below should be observed for each type of publication. The electronic counting of words
should start at the Introduction and end at the Conclusion

Manuscripts’ form and presentation

MANUSCRIPT PREPARATION: The journal Acta Ortopédica Brasileira receives the following types of
contributions: Original Article, Update Article and Review Atrticle. The Update and Review articles are
only considered by invitation from the Editorial Board. Manuscripts should be sent in .txt or .doc files,
double-spaced, with wide margins. Articles should be submitted ideally in English and Portuguese.
Measures should be expressed in the International System (Systéme International, Sl), available at
http://physics.nist.gov/cuu/Units and standard units, where applicable. It is recommended that au-
thors do not use abbreviations in the title and limit their use in the abstract and in the text. This journal
adopts Writecheck plagiarism detection system, however all published content are the sole responsi-
bility of the authors. The generic names should be used for all drugs. The drugs can be referred to by
their trade name, however, the manufacturer’'s name, city and country or electronic address should be
stated in brackets in the Materials and Methods section

PRESENTATION LETTER: The cover letter accompanying the submission of the manuscript should
be signed by the corresponding author and should include the following information: Title, names
of all authors, text authorizing the publication of the article, stating that it has not being submitted
simultaneously elsewhere and it has not been previously published (publication in another language
is considered as the same article). Authors should make sure that the manuscript is entirely in ac-
cordance with the instructions.

PREPRINT: RBME accepts the submission of articles published as preprints. A preprint is a completed
scientific manuscript that is deposited by the authors in a public server. It may have been previously
published without having passed through a peer review and can be viewed free of charge by anyone in
the world on platforms developed today for this purpose, such as the Scielo PrePrint platform (https://
preprints.scielo.org/index.php/scielo/user/register). In most cases, a work published as a preprint is
also submitted to a journal for peer review. Thus, preprints (not validated through peer review) and
journal publications (validated through peer review) function in parallel as a communication system
for scientific research.1,2

Data sharing: RBME encourages the sharing, citation and referencing of all data, program code and
content underlying article texts in order to facilitate the evaluation of research, the reproducibility of
studies, and the preservation and reuse of content. Data sharing can be published on the Scielo
Dataverse platform, https://data.scielo.org/ Citations should facilitate access to research content and
when articles, books, and online publications are cited, the data should be cited in an appropriate
place in the text and the source included in the list of references in accordance with the Vancouver
Style standards.3

ABBREVIATIONS: The use of abbreviations should be minimized. Abbreviations should be defined
at the time of its first appearance in the abstract and also in the text. Non-standard abbreviations shall
not be used, unless they appear at least three times in the text. Measurement units (3 ml or 3 mL, but
not 3 milliliters) or standard scientific symbols (chemical elements, for example, Na, and not sodium)
are not considered abbreviations and, therefore, should not be defined. Authors should abbreviate
long names of chemical substances and therapeutic combinations terms. Abbreviations in figures
and tables can be used for space reasons, but should be defined in the legend, even if they were
defined in the article.

CLINICAL TRIALS: The journal Acta Ortopédica Brasileira supports the Clinical Trials Registry policy
of the World Health Organization (WHO) and the ICMJE, recognizing the importance of these initia-
tives for the registration and international dissemination of clinical studies in open access. Therefore,
it will only accept for publication articles involving clinical research that have received an identifica-
tion number in one of the clinical trials registry platforms validated by WHO and ICMJE. The URLs
of these registry platforms are available at the ICMJE page [http://www.icmje.org/about-icmje/fags/
clinical-trials-registration/].

CONFLICT OF INTERESTS: As recommended by the ICMJE and resolution of the Brazilian Federal
Council of Medicine n° 1595/2000, authors have the responsibility to recognize and declare any
potential financial conflicts of interest, as well as conflicts of other nature (commercial, personal,
political, etc.) involved in developing the work submitted for publication.

CORRECTION OF PROOFS: As soon as they are ready, proofs in electronic format shall be sent
via email to the author responsible for the article. Authors must return the proof with the appropriate

\ corrections via email no later than 48 hours after having received them. The remittance and return of

the proofs by electronic mail is intended to speed up the revision process and subsequent publication
of these documents.

ELECTRONIC FILE ORGANIZATION: All parts of the manuscript must be included in a single file.
This file must be organized to contain a cover page first, then the text and references followed by
figures (with captions) and, at the end, tables and charts (with captions).

COVER PAGE: The cover page must contain:

a) type of article (original, revision or update article);

b) complete title in Portuguese and English with up to 80 characters, which must be concise yet
informative;

c) The full name of each author (no abbreviations) and their affiliation (hierarchical units should be
presented in ascending order, for example, department, college/institute and university. The names
of institutions and programs should be submitted preferably in full and in the original language of the
institution or in the English version when writing is not Latin (e.g. Arabic, Mandarin, Greek);

d)The place where the work was performed;

e)Name, address, telephone number and e-mail of the corresponding author.

ABSTRACT: The abstract in Portuguese and in English should be structured in cases of original ar-
ticles and shall present the study’s objectives clearly, methods, results and main conclusions and
should not exceed 200 words (do not include any reference citations). Moreover, the abstract should
include the level of evidence and the type of study, according to the classification table attached at
the end of this text.

KEYWORDS: Must at least contain three keywords based on the Descritores de Ciéncias da Salude
(DeCS) - http://decs.bireme.br. In English, the keywords must be based on the Medical Subject Head-
ings (MeSH) - http://www.nlm.nih.gov/mesh/meshhome.html, with at least three and at most, six citations.
INTRODUCTION: It must present the subject and the objective of the study, and provide citations
without making any external review of the subject material.

ACKNOWLEDGEMENTS: Authors can acknowledge financial support to the work in the form of re-
search grants, scholarships and other, as well as professionals who do not qualify as co-authors of the
article, but somehow contributed to its development.

MATERIALS AND METHODS: This section should describe the experiments (quantitatively and
qualitatively) and procedures in sufficient detail to allow other researchers to reproduce the results or
provide continuity to the study. When reporting experiments on humans or animals, authors should
indicate whether the procedures followed the rules of the Ethics Committee on Human Trials of the
institution in which the survey was conducted, and whether the procedures are in accordance with
the 1995 Helsinki Declaration and the Ethics in Experimentation Animals, respectively. Authors should
include a statement indicating that the protocol was approved by the Institutional Ethics Committee
(affiliate institution of at least one of the authors), with its identification number. It should also include
whether a Free and Informed Consent Term was signed by all participants. Authors should precisely
identify all drugs and chemicals used, including generic names, dosages and administration. Patients’
names, initials, or hospital records should not be included. References regarding statistical proce-
dures should be included

RESULTS: Results should be present in logical sequence in the text, using tables and illustrations. Do
not repeat in the text all the data in the tables and/or illustrations, but emphasize or summarize only
the most relevant findings.

DISCUSSION: Emphasize new and important aspects of the study and the conclusions that derive
from it, in the context of the best evidence available. Do not repeat in detail data or other information
mentioned elsewhere in the manuscript, as in the Introduction or Results. For experimental studies it is
recommended to start the discussion by briefly summarizing the main findings, then explore possible
mechanisms or explanations for these findings, compare and contrast the results with other relevant
studies, state the limitations of the study and explore the implications of these results for future re-
search and for clinical practice. Link the conclusions with the goals of the study, but avoid statements
and conclusions that are not supported by the data, in particular the distinction between clinical and
statistical relevance. Avoid making statements on economic benefits and costs, unless the manuscript
includes data and appropriate economic analysis. Avoid priority claim (“this is the first study of ...").
CONCLUSION: The conclusion should be clear and concise, establishing a link between the conclu-
sion and the study objectives. Avoiding conclusions not based on data from the study in question is
recommended, as well as avoiding suggest that studies with larger samples are needed to confirm
the results of the work in question.

ACKNOWLEDGEMENTS

When applicable, briefly acknowledge the people who have contributed intellectually or technically
to the study, but whose contribution does not justify authorship. The author must ensure that people
agree to have their names and institutions disclosed. Financial support for the research and fellow-
ships should be acknowledged in this section (funding agency and project number).
IDENTIFICATION OF THE AUTHORS: The ORCID number (Open Researcher and Contributor ID,
http://orcid.org) of each of the authors, following the name of the respective author, and the complete
link must be included on the cover page.

DECLARATION OF THE CONTRIBUTION OF THE AUTHORS: The declaration of the contribu-
tion of the authors must be included at the end of the article using at least two criteria of authorship,
among them:

Substantial contribution to the concept or design of the work, or acquisition, analysis, or interpretation
of the study data;

Writing of the work or critical review of its intellectual content;

Final approval of the version of the manuscript to be published.

All the authors must be included in the declaration, according to the model:

“Each author made significant individual contributions to the development of this manuscript. Faloppa
F: writing and performing surgeries; Takimoto ES: data analysis and performing surgeries; Tamaoki
MJS: review of the article and intellectual concept of the article.”

REFERENCES: References: Cite up to about 20 references, restricted to the bibliography essential
for the article’s content. Number references consecutively, as they first appear in the text, using su-
perscripted Arabic numerals in the following format: (Reduction of functions of the terminal plate.1)
Please include the first six authors followed by et al. Journal names must be abbreviated according
to the Index Medicus.

a) Articles: Author(s). Article title. Journal title. year; volume: initial page - final page

Ex.: Campbell CJ. The healing of cartilage defects. Clin Orthop Relat Res. 1969;(64):45-63.

b) Books: Author(s) or publisher(s). Book title. Edition, if other than the first one. Translator (s), if appli-
cable. Publication site: publisher; year. Ex.: Diener HC, Wilkinson M, editors. Drug-induced headache.
2nd ed. New York: Spriger-Verlag; 1996.

c) Book chapters: Author(s) of the chapter. Chapter heading. Publisher (s) of the book and other
related data according to previous item. Ex.: Chapman MW, Olson SA. Open fractures. In: Rockwood
CA, Green DP Fractures in adults. 4th ed. Philadelphia: Lippincott-Raven; 1996. p.305-52.

d) Summaries: Author(s). Title, followed by [abstract]. Journal year; volume (supplement and cor-
responding number, if applicable): page(s) Ex.: Enzensberger W, Fisher PA. Metronome in Parkinson’s
disease [abstract]. Lancet. 1996;34:1337.

e) Personal communications must only be mentioned in the text if within parentheses

f) Thesis: Author, title (master, PhD etc.), city: institution; year. Ex.: Kaplan SJ. Post-hospital home
health care: the elderly’s access and utilization [dissertation]. St. Louis: Washington Univ.; 1995.

g) Electronic material: Author (s). Article title. Abbreviated Journal title [medium]. Publication date
[access date followed by the expression “accessed on”]; volume (number):initial page-final page or
[approximate number of pages]. URL followed by the expression "Available from:”

Ex.: Pavezi N, Flores D, Perez CB. Proposigao de um conjunto de metadados para descrigao de ar-

quivos fotogréficos considerando a Nobrade e a Sepiades. Transinf. [Internet]. 2009 [acesso em 2010 /




-

nov 8];21(3):197-205. Available from: http://periodicos.puc-campinas.edu.br/seer/index.php/transinfo/
article/view/501

h) Data Sharing: Pavezi N, Flores D, Perez CB. Proposi¢cao de um conjunto de metadados para
descrigao de arquivos fotograficos considerando a Nobrade e a Sepiades. Transinf. [Internet]. 2009.
Avalilable at: https://doi.org/10.1590/50103-37862009000300003. Write [dataset] immediately before
the reference so we can identify it properly as a data reference. The identifier [dataset] will not appear
in the published article.

TABLES: Tables should be numbered in order of appearance in the text with Arabic numerals. Each
table should have a title and, when necessary, an explanatory caption. Charts and tables should be
sent in editable source files (Word, Excel) and not as images. Tables and charts covering more than one
page should be avoided. Do not use image elements, text boxes, or tabs.

FIGURES (ILLUSTRATIONS AND PHOTOS): Figures should be submitted on separate pages and
numbered sequentially in Arabic numerals, according to the order of appearance in the text. To avoid
issues that compromise the journal pattern, all material sent shall comply with the following parameters:
all graphics, photographs and illustrations should have adequate graphic quality (300 dpi resolution)
and present title and caption. In all cases, the files must have tif or .jpog extensions. Files with extension
Xls, xIsx (Excel), .eps or .psd to curve illustrations (graphics, drawings and diagrams) shall also be
accepted. Figures include all illustrations such as photographs, drawings, maps, graphs, etc. Black
and white figures will be freely reproduced, but the editor reserves the right to set a reasonable limit on
their number or charge the author the expense resulting from excesses. Color photos will be charged
to the author.

Please note that it is the authors’ responsibility to obtain permission from the copyright holder to repro-
duce figures (or tables) that have been previously published elsewhere. Authors must have permission
from the copyright owner, if they wish to include images that have been published in other non-open
access journals. Permission shall be indicated in the figure legend, and the original source must be
included in the reference list.

LEGENDS TO FIGURES: Type the legends using double space, following the respective figures
(graphics, photos and illustrations). Each legend must be numbered in Arabic numerals corresponding
to each illustration and in the order they are mentioned in the text. Abbreviations and acronyms should
be preceded by the full name when cited for the first time in the text. At the bottom of figures and tables
discriminate the meaning of abbreviations, symbols, signs and other informed source. If the illustrations
have already been published, they shall be accompanied by written consent of the author or editor,
stating the reference source where it was originally published.

PAPER SUBMISSION: From January 2008 Acta Ortopédica Brasileira adopts the SciELO Publication
and Submission System available online at http://submission.scielo.br/index.php/aob/index. Authors
should follow the registration and article inclusion instructions available at the website.

LEVELS OF EVIDENCE FOR PRIMARY RESEARCH QUESTION: Access the following link.
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The authors are solely responsible for the concepts presented in the articles.

Total or partial reproduction of the articles is permitted as long as the source is indicated.

All journal content, except where identified, is licensed under a Creative Commons Attribution type
BY-NC license.

If you require additional clarifications, please contact Atha Comunicagéo e Editora - Rua: Machado Bit-
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Tel. +55 11 5087-9502 c/o Ana Carolina de Assis/Arthur T. Assis.

The journal's content, unless otherwise stated, is under Creative Commons Licence CC-BY-NC.
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Levels of Evidence for Primary Research Question?

(This chart was adapted from material published by the Centre for Evidence-Based Medicine, Oxford, UK.
For more information, please visit www.cebm.net.)

Types of study
. . Prognostic Studies - . .
Therapeutic Studies P, . : . Economic and Decision
. Investigating the Effect of a Diagnostic Studies - "
Level .Irr:\é:tsrt':g:ilng the Results of Patient Characteristic on the Investigating a Diagnostic Test 222:_?::1?0 o??:;?s’:ilnngl\:g del
Outcome of Disease
High quality randomized trial with . . . d . . . L
statistically significant difference High quality prospective study’ Testing of previously developed Sensible costs and alternatives;
or o stati\éticg\l significant (all patients were enrolled at the diagnostic criteria on consecutive values obtained from many
difference but nérrc?w confidence same point in their disease with patients (with universally applied studies; with multiway sensitivity
1 intervals =80% of enrolled patients) reference “gold” standard) analyses
b
(Saysée:tﬂﬁéwc rr:;/ﬁt\g v?efrléevel RCTs Systematic review® of Level | Systematic review® of Level | Systematic review® of Level |
homogenZ)usc) studies studies studies
. Development of diagnostic Sensible costs and alternatives;
o,
Lesser quality RCT (eg, < 80% ¢ criteria on consecutive patients values obtained from limited
followup, no blinding, or improper Retrospective' study ith uni I | f ies: with multi S
randomization) (with universally applied reference studies; with multiway sensitivity
“gold” standard) analyses
i iewP i iewb
Prospective? comparative study® Untreated controls from an RCT Systgmatlc review” of Level | Systgmat\c review of Level I
I studies studies
Systematic review® of Level Il Lesser quality prospective study
studies or Level | studies with (eg, patients enrolled at different
inconsis tent results points in their disease or <80%
followup)
Systematic review® of Level Il
studies
Study of non consecutive patients; Analyses based on limited
Case control study? Case control study? without consistently applied alternatives and costs; and poor
reference “gold” standard estimates
g ) . Systematic review® of Level Ill Systematic review® of Level Ill
m Retrospective' comparative study’ N )
studies studies
i iewb
‘SStyuséﬁenSﬂat\c review® of Level Il Case-control study
Poor reference standard
‘ . Analyses with no sensitivity
h
v Case series Case series analyses
v Expert opinion Expert opinion Expert opinion Expert opinion

a A complete assessment of quality of individual studies requires critical appraisal of all aspects of the study design.

A combination of results from two or more prior studies.

¢ Studies provided consistent results.

d Study was started before the first patient enrolled.
¢ Patients treated one way (eg, cemented hip arthroplasty) compared with a group of patients treated in another way (eg, uncemented hip

arthroplasty) at the same institution.

"The study was started after the first patient enrolled.
9 Patients identified for the study based on their outcome, called "cases" eg, failed total arthroplasty, are compared with patients who
did not have outcome, called “controls” eg, successful total hip arthroplasty.
" Patients treated one way with no comparison group of patients treated in another way.
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EDITORIAL

EDITORIAL

With more than 30 years of existence, Acta Ortopédica Brasileira is one of the main vehicles for the dissemination of Brazilian and
international scientific research in Orthopedics and Traumatology, periodically disseminating quality scientific knowledge, and contributing
to raising the level of Brazilian science in the international scenario as a whole.

This can be seen in its recognition by important indexes in the world, reflecting the high quality of the scientific production of Brazilian
Orthopedics. Acta is currently part of the SciELO database, and is indexed in PubMed, Web of Science, PubMed Central, Scopus,
Redalyc, LILACS and DOAJ.

We bring this result with satisfaction because it undoubtedly reflects the commitment of all members of the Editorial Board, as well as
that of the researchers who, for 30 years, have entrusted the publication of their works to Acta.

We prioritize research works for master’s theses and doctoral dissertations to strengthen Brazilian journals and recognize stricto sensu
graduate studies. Therefore, there is nothing fairer than having PhD and associate professors as our Associate Editors and in the
Editorial board. We have thus updated our editorial board to sync with our mission.

Recommended works, from medical schools and fruits of academic boards are accepted directly by the desk-review system (accepted
by the Editor-in-Chief and/or Associate Editors) for having passed the scrutiny of “peer review” of professors not only during the research
development as advisors, but also in their presentations and final approvals.

We will continue to seek excellence in editorial work, so that the journal can tread a path of constant evolution and for this we always
hope to count on the immense support and valuable collaboration of the all!

Cordially,

Prof. Olavo Pires de Camargo
Editor-in-Chief

(©MON
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ABSTRACT

Objectives: to identify oncological-orthopedic studies published
in Acta Ortopédica Brasileira over three decades; to classify them
according to the type and level of evidence (LE); to observe the
inter-rater agreement in the classification of studies; to analyze
the studies retrospectively, according to levels of evidence;
and to outline the evolution of the evidence in the study period.
Methods: Descriptive analyses were performed with absolute
and relative frequencies of studies published between 1993
and 2022. Inter-rater agreement was analyzed by percentage
of agreement and Kappa statistic (95%Cl). The interpretation
of the magnitude of the agreement was performed according
to Landis & Koch. The association between classifications and
publication period was analyzed using Fisher’s exact test. The
analyses were performed using the R program (significance of
5%). Results: 69/1349 papers were selected; there was a signifi-
cant association between type of study, statistical methodology,
and LE with publication period (p < 0.05); inter-rater agreement
regarding LE was 92.8%. Conclusions: Oncological-orthopedic
studies accounted for 5.1% of all published papers. Regarding
the LE, 80% were NE IV and V studies, despite the evolution
observed between the first and last decade (decrease in LE V
studies and increase in LE II, [l and V). Level of Evidence I,
Retrospective Comparative Study.

Keywords: Evidence-Based Medicine. Epidemiologic Methods.
Neoplasms. Orthopedics. Research Design. Periodicals as Topic.

RESUMO

Objetivos: identificar estudos oncolégico-ortopédicos publicados
na Acta Ortopédica Brasileira (Acta Ortop Bras) ao longo de trés
décadas; classifica-los quanto ao tipo e nivel de evidéncia (NE);
observar a concordéncia interavaliadores na classificagdo dos
estudos; analisar os trabalhos retrospectivamente, de acordo com
niveis de evidéncia; e tragar 0s perfis evolutivos das evidéncias
no periodo avaliado. Métodos: Realizou-se analises descritivas
com frequéncias absolutas e relativas dos estudos publicados
entre 1993 e 2022. A concordancia interavaliadores foi analisada
pela porcentagem de concordancia e estatistica Kappa (IC95%).
A interpretac&o da magnitude da concordancia foi realizada de
acordo com Landis & Koch. Aassociagéo entre classificagées e
periodo de publicagéao foi analisada pelo teste exato de Fisher. As
analises foram realizadas no programa R (significancia de 5%).
Resultados: foram selecionados 69 de um total de 1349 artigos;
houve associagao significativa entre tipo de estudo, metodologia
estatistica e NE com periodo de publicagéo (p < 0,05); a concor-
dancia interavaliadores quanto ao NE foi de 92,8%. Conclusées:
Os estudos oncoldgico-ortopédicos corresponderam a 5,1% de
todos os artigos publicados. Quanto ao NE, 80% foram estudos
NE IV e V, apesar da evolugdo observada entre a primeira e a ultima
década (decréscimo de estudos NE V e aumento de NE I, Il e V).
Nivel de Evidéncia lll, Estudo Retrospectivo Comparativo.

Descritores: Medicina Baseada em Evidéncias. Métodos Epidemi-
olégicos. Neoplasias. Ortopedia. Projetos de Pesquisa. Publicagbes
Periédicas como Assunto.
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INTRODUCTION

Evidence-based medicine (EBM) is an approach that seeks to use
the best available scientific evidence to guide medical decisions'®
that are appropriate to patients’ values and preferences.® Scientific
evidence can modify actions, allocate research resources, and
influence healthcare decision-makers.'

The systematic approach to EBM involves, initially, a critical
evaluation and stratification of studies into hierarchical levels of
evidence."'? The stratification of evidence is the central element
in distinguishing between low- and high-quality studies, which is
essential amid the increasing number of studies year after year.'
Much has been done to disseminate the concepts of EBM that
apply to the particular characteristics of orthopedics, along with
the critical evaluation of the methodological quality of published
studies. This is particularly important when considering ortho-
pedic oncology, a subspecialty of orthopedics that deals with
neoplasms that affect the musculoskeletal system, characterized
by a wide spectrum of rare pathologies, with case records and
follow-up that are often insufficient to provide evidence that
promotes clinical practice. It has become indispensable to
critically analyze the literature for orthopedic oncologists in need
of updates, that may be seeking a basis for their conduct in the
face of the most diverse pathologies.

The journal Acta Ortopédica Brasileira (Acta Ortop Bras), a
publication specialized in Orthopedics and Traumatology with
bimonthly periodicity and indexed in PubMed, PubMed Central,
Web of Science, SciELO, SCOPUS, Redalyc and LILACS, has
achieved great relevance in the Brazilian orthopedic oncology
environment since its creation (1993), and is one of the most
consulted sources of research in this field. This motivated us
to trace an evolutionary line of publications on topics related to
orthopedic oncology in this journal.

The objectives of this study were: to identify the orthopedic
oncology studies published in the journal Acta Ortop Bras over
three decades (1993-2002, 2003-2012 and 2013-2022); to classify
the types of studies and the levels of evidence according to EBM
criteria; to observe the inter-rater agreement in the classification
of the included studies; to analyze the studies retrospectively,
according to their levels of evidence; and to trace an evolutionary
profile of the evidence between the three decades in the time
series considered.

METHODS

Two researchers independently evaluated all studies published
since the first edition of Acta Ortop Bras, from 1993 to the year 2022.
The studies were compiled from two databases, a promotional
CD-ROM'™ with the first 15 years of Acta Ortop Bras (containing
all publications between 1993 and 2007), and the journal’s own
website'® (containing all publications between 2000 and 2022). The
studies related to orthopedic oncology were selected based on the
titles and classified as eligible, potentially eligible, and not eligible.
After this initial screening, eligible and potentially eligible studies
were screened again, first by reading the abstracts and then in full.
A third evaluator resolved any disagreements.

Descriptive analyses of the data were then performed with absolute
and relative frequencies. The inter-rater agreement regarding the
level of evidence of the articles was analyzed by the percentage of
agreement and the Kappa statistic, with the respective confidence
interval (95%Cl).

The interpretation of the magnitude of the inter-rater agreement
was performed according to Landis and Koch."”

The associations of the classifications with the period of publication
of the article were analyzed using Fisher’s exact test.

Acta Ortop Bras.2024;32(5):€285265

All analyses were performed using the R program,'® with a signif-
icance level of 5%.

RESULTS

Among the 1349 studies published in Acta Ortop Bras between 1993
and 2022, we identified 72 eligible studies related to orthopedic
oncology. After complete reading, we identified that one of the studies
was conducted with rat samples, another with bone samples (femur)
and a third evaluated specimens composed of cement cylinders.
Thus, 95.8% (n = 69) represented studies involving human beings,
constituting the focus of subsequent analyses (Figure 1, Table 1).

Assessed for initial analysis
(n=1349)

Excluded (n = 1277)
No criteria for inclusion

Secondary analysis
(n=72)

v v

Considered for final analysis
(n=69)

Excluded after secondary analysis
(=3)

Figure 1. Flow chart.

Table 1. Distribution of papers according to characteristics (n = 72).

Features Period Total
1993-2002 | 2003-2012 | 2013-2022
Total Papers 15(20.8%) | 20 (27.8%) |37 (51.4%) | 72 (100.0%)
f’apers with spemmen.s of 1(6.7%) 0(0.0%) 2 (5.4%) 3 (4.2%)
animals, bones, or specimens
Papers involving human
subjects, assessed for 14 (93.3%) | 20 (100.0%) | 35 (94.6%) | 69 (95.8%)
the level of evidence

The analyses that followed considered the division of the studies
into publication periods, with the first period referring to papers
published between 1993 and 2002, the second period between
2003 and 2012, and the third period between 2013 and 2022.

There was a significant association between the type of study and
the period of publication (p < 0.05) (Table 2, Figures 2-5). We
can observe that the percentage of papers published with only
descriptive studies decreased from 35.7% in the period from 1993
t0 2002 t0 5.7% in the period from 2013 to 2022. There was also an
increase in the percentage of papers with an analytical approach,
from 7.1% to 77.1% of the papers published in these periods. There
was also a decrease in the percentage of case reports, from 42.9%
to 8.6% of the published papers (as of 2011 case reports were
no longer accepted at Acta Ortop Bras), with an increase in the
number of observational studies in medical records, from 21.4% of
the studies in the first period evaluated to 48.6% in the last period.
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Table 2. Distribution of papers evaluating samples with human beings according to the type of design used in the study (n = 69).

Feature Category Period Total
1993-2002 2003-2012 2013-2022
Descriptive 5 (35.7%) 5 (25.0%) 2 (5.7%) 12 (17.4%)
Analytic 1(7.1%) 4(20.0%) 27 (77.1%) 32 (46.4%)
Other (Case repart, Expert opinion, 8 (57.1%) 11 (55.0%) 6(17.1%) 25 (36.2%)
Literature review, Integrative review)
p-value <0.0001
Systematic review 0(0.0%) 1(5.0%) 1(2.9%) 2 (2.9%)
Clinical 3 (21.4%) 3 (15.0%) 3(8.6%) 9(13.0%)
Observational in samples 0(0.0%) 0(0.0%) 6(17.1%) 6 (8.7%)
Observational in medical records 3(21.4%) 5 (25.0%) 17 (48.6%) 25 (36.2%)
Type of Study Case series 0(0.0%) 1(5.0%) 3(8.6%) 4 (5.8%)
Case report 6 (42.9%) 9 (45.0%) 3(8.6%) 18 (26.1%)
Integrative review 2 (14.3%) 0(0.0%) 1(2.9%) 3 (4.4%)
Narrative review 0(0.0%) 1(5.0%) 0(0.0%) 1(1.4%)
Expert opinion 0(0.0%) 0(0.0%) 1(2.9%) 1(1.4%)
p-value 0.0074
Cross-sectional 0(0.0%) 0(0.0%) 4 (11.4%) 4 (5.8%)
Cross-sectional in medical records 3(21.4%) 5(25.0%) 17 (48.6%) 25 (36.2%)
Longitudinal 3 (21.4%) 4 (20.0%) 8 (22.9%) 15 (21.7%)
Observation strategy Other (Case report,
Expert Opinion, Review
Literature FI):ievie\s)v, Integrative Review, 8(57.1%) 1 (55.0%) 6(171%) 25(36.2%)
Systematic review)
p-value 0.0282
Retrospective 0(0.0%) 0(0.0%) 3(8.6%) 3 (4.3%)
Prospective 3 (21.4%) 4 (20.0%) 5 (14.3%) 12 (17.4%)
) Cross-sectional 0(0.0%) 0(0.0%) 4 (11.4%) 4 (5.8%)
Temporality - - -
Cross-sectional in medical records 3(21.4%) 5 (25.0%) 17 (48.6%) 25 (36.2%)
Other (Case report, Literature Review,
Integraffive ReviZw, Systematic Review) 8 (57.1%) 11 (55.0%) 6(171%) 25(36.2%)
p-value 0.0255
100.0% limitations of their studies. There was also a significant increase
90.0% in the percentage of papers that used statistical methodology to
80.0% analyze data, from 7.1% in the period from 1993 to 2002 to 77.1%
9 gggj in the period from 2013 to 2022. There was also a small increase in
£ o the percentage of papers with test power or confidence intervals,
S 400%- but none of the papers mentioned the size of the observed effect.
O 30.0%-
20.0%
10.0%
00% 1993-2002 20082012 2013-2022 13223: —
80.0% -
o 70.0% A
Others (Case report, Expert opinion, Literature review, Integrative review) & 600% 1
& 50.0% 1
Analytical g_.% 40.0%
30.0% -
Descriptive 20.0% 1
10.0% 4
Figure 2. Distribution of papers according to the period and form of 0.0%
data analysis (n = 69). 1993-2002 2003-2012 2013-2022
O Systematic review O Clinical
Table 3 and Figures 6-8 present the results of the statistical method- DI Observational in samples D Observational in medical records
ology used in the studies. There was also a significant association O Case series B Reportof a case
with the period of publication of the paper (p < 0.05). There is an - Intefratlve'rclawew
increase in the authors’ concern with the sample size. Although only B Expert opinion

one paper from the period 2013-2022 presented sample calculation,
four papers from the same period discussed the sample size as
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Figure 3. Distribution of papers according to period and type of
study (n = 69).
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100.0%7
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0.0

Percentage
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Others (Case report, Expert opinion, Literature review, Integrative review, Systematic review)
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Transversal in medical records

Transversal

100.0% -
90.0%
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60.0%
50.0%
40.0% <
30.0%
20.0% <
10.0% o

Percentage

0.0%

1993-2002 2003-2012 2018-2022

Others (Case report, Expert opinion, Literature review, Integrative review, Systematic review)
Transversal in medical records

Transversal

Prospective

Retrospective

Figure 4. Distribution of papers according to period and observation
strategy (n = 69).

Figure 5. Distribution of papers according to period and temporality

(n = 69).

Table 3. Distribution of papers evaluating samples with human beings as a function of statistical analysis (n=69).

Sample Feature Category Period Total
1993-2002 2003-2012 2013-2022
No 6 (42.9%) 9 (45.0%) 24 (68.6%) 39 (56.5%)
Samnle caloulat No, but sample size is a limitation of the study 0(0.0%) 1(2.9%) 1 (1.4%) 4 (5.8%)
ample calculation presented Yes 0(0.0%) 0(0.0%) 1(2.9%) 1(1.4%)
Not applicable 8(57.1%) 11 (55.0%) 6(17.1%) 25 (36.2%)
p-value 0.0147
5(35.7%) 5 (25.0%) 2 (5.7%) 12 (17.4%)
Applied methodology
statistics for 1(7.1%) 4(20.0%) 27 (77.1%) 32 (46.4%)
analyze the data
Not applicable 8(57.1%) 11 (55.0%) 6(17.1%) 25 (36.2%)
p-value <0.0001
It presented the power of
the test, size of effect or No 6 (42.9%) 8 (40.0%) 22 (62.9%) 36 (52.2%)
confidence interval
Confidence interval 0(0.0%) 1(5.0%) 6(17.1%) 7(10.1%)
Effect Size 0(0.0%) 0(0.0%) 0(0.0%) 1(1.4%)
Test Power 0(0.0%) 0(0.0%) 1(2.9%) 25 (36.2%)
Not applicable 8(57.1%) 11 (55.0%) 6(17.1%) 25 (36.2%)
p-value 0.0193
100.0% -
00.0% 100.0%1
80.0% 4 90.0%
©  70.0% 80.0%+
S 60.0% o 70.0%
S 500%- & 60.0%
S 400%. g 500%
& 300% S 40.0%
200% ] O 30.0%]
10.0% 20.0%-
0.0% 10.0%-
1993-2002 2003-2012 2013-2022 0.09
1993-2002 20032012 2013-2022
Not applicable Not applicabl
Yes ot applicable
No, but reported that the small sample size is a limitation of the study Les
No 0

Figure 6. Distribution of papers according to period and sample
calculation presentation (N=69).
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Figure 7. Distribution of papers according to period and application
of statistical methodology to analyze data (n=69).
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Figure 8. Distribution of papers according to the period and presen-
tation of test power, effect size or confidence interval (n=69).

The inter-rater agreement regarding the level of evidence of the
published papers, according to the table provided by the journal,
was 92.8%, classified as almost perfect agreement according to
Landis and Koch' (Kappa = 0.89) (Table 4).

Table 4. Results of the inter-rater reproducibility analysis for the level of
evidence of the papers (n = 69).

Statistics Value
Agreement 92.8%
Weighted Kappa (C195%) 0.89 (0.80-0.99)

Cl: Confidence interval. Classification of reproducibility according to Landis and Koch*: Almost
perfect agreement.

The inter-rater cases of disagreement were presented to a third
evaluator and the final level of evidence is presented in Table 5
and Figure 9. A significant association was observed between
the level of evidence of the study and the period of paper pub-
lication (p < 0.05). There was a decrease in the percentage of
papers with evidence level V, from 57.1% in the period from 1993
to 2002 to 14.3% in the period from 2013 to 2022. On the other
hand, the percentage of papers with evidence level IV increased
from 21.4% to 60.0%. There was also a slight increase in the
percentage of papers with level Ill evidence, from 7.1% to 11.4%
of published papers.

Table 5. Distribution of papers evaluating samples with human beings
according to the level of evidence (n = 69).

Period
Level of evidence Total
1993-2002 2003-2012 2013-2022
| 0(0.0%) 0(0.0%) 0(0.0%) 0(0.0%)
[ 2 (14.3%) 5(25.0%) | 5(14.3%) | 12(17.4%)
I 1(7.1%) 0(0.0%) 4 (11.4%) 5 (7.2%)
% 3(21.4%) 5(25.0%) |21(60.0%) | 29 (42.0%)
v 8(57.1%) 10(50.0%) | 5(14.3%) | 23(33.3%)
p-value 0.0056
Page 5 of 6

Figure 9. Distribution of papers according to level of evidence (n = 69).

DISCUSSION

The number of orthopedic oncology publications in Acta Ortop
Bras over the study period was restricted; of the total 1349 papers
published in thirty years, only 5.1% referred to this orthopedic
subspecialty, which indicates the need to stimulate further scientific
research in the national reference centers of this subspecialty.
The most frequent study designs were case reports, case-control
studies, retrospective-comparative studies, systematic reviews of
level Ill studies, and expert opinions, representing approximately
80% of all papers evaluated. Orthopedic publications seem to follow
this trend of low level of methodological evidence, as pointed out
by Moraes et al.'®in a study on the hierarchy of evidence in hand
surgery in Brazilian orthopedic journals and by Kiter et al.,! in the
analysis of publications in nine high-impact international orthopedic
journals. Orthopedists have been criticized for publishing few
studies with a high methodological level; however, since not all
questions can be studied with these characteristics, the relative
preponderance of lower-level studies may not accurately describe
the frequency with which orthopedic researchers use inappropriate
means and, in turn, may not accurately represent the quality of the
literature on orthopedics.'® The current state of Brazilian research in
orthopedic oncology cannot be judged by the findings of our study,
since relevant research of high methodological quality is usually
published in journals with greater visibility and academic impact.
In parallel with the above, a significant association was identified
between the type of study and the period of publication, since
the percentage of papers published only with descriptive studies
decreased (37.5% in 1993-2002 to 5.7% in 2013-2022), while the
percentage of studies with an analytical approach increased sig-
nificantly (7.1% to 77.1% in the same period). This was in addition to
the perception of an increase in the use of statistical methodology
to analyze and validate study data: only 7.1% of the studies used
statistics in 1993-2002, while 77.1% used them in 2013-2022. This
demonstrates the authors’ concern with the improvement in the
methodology of the studies over time.

We also observed an improvement in the quality of the predominant
studies over the decades, since there was a significant drop in the
percentage of papers with levels of evidence V (57.1% in 1992-2003
to 14.3% in 2013-2022) as well as a significant increase in the
observance of papers with level of evidence IV (21.4% in 1992-2003
to 60%% in 2013-2022) and a discrete increase in the number of
papers with level of evidence IV (21.4% in 1992-2003 to 60% in
2013-2022) . There was an evolution in relation to papers with levels
of evidence Il and Ill (21.4% in 1992-2003 to 24.6% in 2013-2022).
This chronological change, directed to research designs of a higher
methodological level, has been identified in similar studies based
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on historical series of orthopedic journals.'>?° Finally, we observed
that the inter-rater agreement was classified as almost perfect,
conferring good reproducibility to the method of classification of
evidence used by the journal, which makes it a viable instrument
for the evaluation of studies.

CONCLUSIONS

The orthopedic oncology studies published in Acta Ortop Bras
during the study period showed a low prevalence (5%) considering
the number of studies published on other subspecialties. The level

of evidence (LE) of these studies still showed, after three decades,
a predominance of studies classified as LE IV and V, despite a
significant improvement observed between the first and last decade
regarding the decrease in LE V studies and an increase in LE Il Il
and IV studies; which leads us to believe that high-quality evidence
related to orthopedic oncology is still poorly available. This scenario
puts researchers in the position to make an effort to produce more
randomized clinical trials and meta-analyses for the subspecialty.
The inter-rater agreement regarding the level of evidence of the
published papers was 92.8%, classified as almost perfect.
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ABSTRACT

Obijective: To outline the epidemiological profile of tibial fractures
treated in a tertiary hospital and explore associations between the
characteristics of the fractures and the clinical outcome of post-
operative complications. Methods: Retrospective cross-sectional
study involving adult patients diagnosed with tibial fractures who
underwent surgical and/or conservative treatment in a tertiary
hospital between January 2019 and December 2021. The variables
sex, age, mechanism of injury, type and classification of fracture,
associated injuries, personal history, length of hospital stay, surgical
treatment, post-surgical complications (infections, loss of synthesis
material, surgical wound dehiscence) and death. Results: The
sample consisted of 100 individuals, with an average age of 35.8
years, 86% of whom were male, with a higher prevalence of motor-
cycle accidents. The most common treatment was intramedullary
stem, and type C fractures, which are more complex, were more
associated with complications. Conclusion: Given the predominance
of motorcycle accidents involving young people, there is a need for
intervention in accident prevention policies, aiming to reduce the
incidence, as well as the morbidity and mortality, of these individuals
and, consequently, to reduce costs to the health system. Level of
evidence Ill, Retrospective Study.

Keywords: Fracture. Tibia. Orthopedics.

RESUMO

Objetivo: Tragar o perfil epidemiolégico das fraturas de tibia tratadas
em um Hospital de nivel tercidrio e explorar associagées entre a
carateristica da fratura e o desfecho clinico de complicagées pds-
-operatorias. Métodos: Estudo transversal retrospectivo, envolvendo
pacientes adultos, com diagndstico de fratura de tibia que realizaram
tratamento cirdrgico e/ou conservador em um hospital de nivel
terciario entre janeiro de 2019 e dezembro de 2021. Foram analisadas
as variaveis sexo, idade, mecanismo de leséo, tipo e classificacédo
de fratura, lesbes associadas, antecedentes pessoais, tempo de
internag&o hospitalar, tratamento cirdrgico, complicagbes pos
cirdrgicas (infecgbes, perda do material de sintese, deiscéncia de
ferida operatdria) e dbito. Resultados: A amostra foi composta por
100 individuos, com média de idade de 35,8 anos, sendo 86% do
género masculino, com maior prevaléncia de acidente motociclistico.
O tratamento mais realizado foi a Haste intra-medular e as fraturas do
tipo C, mais complexas, foram mais associadas as complicagées.
Concluséo: Diante da predominancia de acidentes motociclisticos
envolvendo o publico jovem ha necessidade de intervengéo de
politicas de prevengdo de acidentes, visando diminuir a incidén-
cia, bem como a morbidade e mortalidade desses individuos e
consequentemente a diminuigdo de custos ao sistema de saude.
Nivel de evidéncia lll, Estudo Retrospectivo.
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INTRODUCTION

Traumatology of the musculoskeletal system is an important problem
in public health as it accounts for a large part of hospital care and
is responsible for high morbidity and mortality rates."?
Diaphyseal tibial fractures are the most common among fractures
of the long bones. In North America, around 300,000 fractures
occur per year, and in Brazil around 50,000 per year." Tibial
fractures usually occur in two forms: spiral fractures, which are
more frequent in people aged over 50 years and result from
low-energy trauma, and transverse and/or comminuted fractures,
which are more related to high-energy trauma in people aged
over 30 years. Low-energy trauma is more related to falls from
one’s height and sports injuries, while high-energy trauma is more
associated with automobile accidents.?

The most used classification is the Orthopaedic Trauma
Association/Arbeitsgemeinschaft fur Osteosynthesefragen
(OTA/AQ), which considers the mechanism, location and
energy of the trauma. Type “A” stands for simple fractures,
type “B” for fragmented fractures with wedges and type “C” for
complex multifragmented fractures.®4 Due to force transmission
mechanisms and local anatomical characteristics, diaphyseal
tibial fractures can have some complications and association
with other injuries, such as compartment syndrome, ankle
injuries, extension of injury to the tibial plateau, knee ligament
injury, among others, which can trigger greater functional
impairments and risks."?

The most used diagnostic method is radiography. In cases in which
there is a suspicion of associated joint and/or ligament injuries,
computed tomography or even, in some cases, magnetic resonance
imaging is recommended.>®

Treatment for diaphyseal tibial fractures can be conservative or
surgical, with the latter being increasingly used in orthopedic
practice. There are different options of surgical treatment,’-34 which
can take into account factors such as fracture type, age, among
others, aiming at fracture stability, rehabilitation and an early return
to activities, in addition to avoiding postoperative complications.*®
Since traumatology of the musculoskeletal system comprehends
an important part of hospital care and accounts for high rates
of morbidity and mortality, especially related to postoperative
complications,*® it is very important to properly understand the
current epidemiological situation of this condition in our environment.
In Brazil, few epidemiological studies on this topic have been
published in recent years, and there is currently no basis for a
better understanding of the impact of tibial fractures on the health
system and, consequently, for the development of preventive
strategies to reduce the risk of comorbidities and complications.
Thus, the objectives of this study were to outline the epidemiological
profile of ankle fractures treated in a tertiary hospital and to explore
associations between fracture characteristics and clinical outcomes
of postoperative complications.

MATERIAL AND METHODS

This is a retrospective study conducted by searching the electronic
Patient Records System (PRS) for hospital admission records of
patients with diaphyseal tibial fractures who were hospitalized and
treated between January 2019 and December 2021. Records with
incomplete data, patients under 18 years of age or transferred to
other hospital services were excluded.

All the information used in this project was collected after the
participants signed the Informed Consent Form (ICF) issued by
the research team. This study was registered and approved by the
Research Ethics Committee, with registration in Plataforma Brasil
under CAEE number: 68883423.9.0000.5505, opinion 6.297.715.
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The variables sex, age, mechanism of injury, fracture type,
fracture classification, associated injuries and personal history
were recorded. The analyzed outcomes were divided into primary,
postoperative complications (infections, loss of synthesis material,
wound dehiscence) and death; and secondary, length of hospital
stay and surgical treatment variables.

Statistical analysis

Categorical data were expressed as relative frequency (%),
continuous data were expressed as mean and standard deviation,
and discrete data were expressed as median and quartiles 25-
75%. Firstly, a descriptive analysis was conducted to verify the
prevalence and distribution of clinical, anthropometric and surgical
characteristics of patients.

To explore the association between fracture types “A”, “B” or
“C” and the clinical outcomes, a generalized linear model was
performed with the distributions linear, gamma and logistics,
according to the nature of the dependent variables. The
postoperative complication outcome was determined by the
existence of at least one clinical event considered not expected
in the postoperative period, such as loosening of surgical
material, need for reoperation, surgical site infection, pneumonia,
associated fracture and cardiorespiratory arrest. The adopted
level of statistical significance was p < 0.05. The software used
was JAMOVI (Version 1.6.23.0).

RESULTS

The data related to sociodemographic characteristics are shown
in Table 1. The study involved 100 patients: 86% of the participants
were male and 14% female, with a mean age of 35.8 + 14.6 years.

Table 1. Sample distribution by gender and age.

Gender n % Mean M Ma
Female 14 14.00 45.00 18 72
Male 86 86.00 33.93 18 71
Total 100 100.00 35.82 18 72

Legend: n - number of patients; % - percentage; M - minimum; Ma - maximum

Table 2 presents the data regarding the AQO classification of fractures,
with the most frequent fractures being the simple type (A), followed
by wedge (B) and multifragmented fractures (C). A higher prevalence
of simple type (A) fractures was found, with 58% of all fractures.

Table 2. Distribution of diaphyseal tibial fractures as classified by the Ortho-
paedic Trauma Association / Arbeitsgemeinschatft fir Osteosynthesefragen.

Fracture type N Percentage (%)
Al 22 22.00
A2 16 16.00
A3 20 20.00
B1 2 2.00
B2 16 16.00
B3 4 4.00
C1 1 1.00
C2 10 10.00
C3 9 9.00

Legend: N - number of patients, A1 (spiral), A2 (oblique), A3 (transverse), B1 (spiral wedge), B2
(flexion wedge), B3 (fragmented wedge), C1 (comminuted spiral), C2 (Segmental) and C3 (crushing)
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Among the mechanisms of injury, automobile traumas stood out,
followed by falls (from one’s height or flat floor), pedestrian collisions
and sports practice, respectively (Table 3). Of the total, 6.00% could
not report their mechanism of trauma.

Table 3. Mechanism of injury.

Causes N Percentage (%)
Automobile accident 62 62.00
Pedestrian collision 14 14.00
Fall 15 15.00
Sports practice 3 3.00
Could not report 6 6.00

Legend: N - number of patients

The most used treatment was the intramedullary stem (IM), followed
by locking plates, conservative treatment and treatment with llizarov-
type linear or ring external fixators (Table 4).

Table 4. Treatment

Treatment N Percentage
External fixator 4 4.00
Intramedullary stem 83 83.00
Plates and screws 8 8.00
Conservative treatment 5 5.00

Legend: N - number of patients

Considering the classification of fractures into types A, B and
C, it was found that fracture severity was a determining factor in
the outcome of postoperative complications. Patients with a type
C fracture were 4.9 times more likely to develop postoperative
complications compared to those with a type A fracture (OR =
4.88 [95% Cl = 1.61 — 15.46], p = 0.006, Table 5). No difference
was found when comparing patients who evolved with a type B
fracture compared to types A and C.

Table 5. Odds ratio of clinical outcomes by group.

Postoperative complications

Comparison of groups OR(B) C195% z P value
1.61- .
C A 488 15.46 277 0.006
B - A 0.73 0.15-2.70 -0.45 0,655

Notes: OR - Odds ratio, Cl - Confidence interval

The mean length of hospital stay was 6 (3 - 8.75) days for patients
with a type A fracture, 5 (3-7) days for patients with a type B fracture,
and 6 (4 - 10.3) days for patients with a type C fracture. There
was no association between fracture type and length of hospital
stay (Kruskal Wallis = 1.42, df = 2, p = 0.491). Individuals who
developed complications in the postoperative period had a longer
hospital stay compared to those who did not have complications
(Mann-Whitney U = 288, p < 0.001, Figure 1)

No deaths occurred during this study.
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Figure 1 - Relationship between length of stay and complications

DISCUSSION

One hundred patients with diaphyseal tibial fractures were studied,
predominantly young adult males. This predominance of males
has also been reported in other studies, such as Grecco's’, in
which 73.7% of the sample was composed of men. The mean
age of the patients in this study was 35.82 years (18-72 years),
which corroborates other studies found in the literature,®® such
as those by Ali® and Grecco’, who found mean ages of 38 and 32
years respectively.

Regarding fracture classification, simple (type A) fractures were the
most found type, like the data from other studies that report a higher
prevalence of simple fractures, also in hospitalized individuals.&°
The higher incidence in working-age men is directly linked to those
previously mentioned factors, especially as regards the mechanism
of injury, usually of high energy."®

The literature notes that there are several methods of treatment
for diaphyseal tibial fractures, as well as discussions favoring one
method or another. A study conducted by Canadian surgeons
showed that 80% of them treated diaphyseal tibial fractures
surgically.® Nevertheless, in a conference of the Orthopaedic
Trauma Association, 70% of orthopedic surgeons opted for surgical
treatment of this injury. Over the years, conservative treatment has
become less common due to the risks of non-consolidation and
possible displacement of the fracture during treatment.>®

The intramedullary stem is considered by many surgeons to be
the most effective treatment for these fractures.'° At this point,
depending on when the study was conducted, the literature was
conflicting. In the study by Grecco et al.,” of the 179 diaphyseal
tibial fractures, 86 underwent treatment with cast immobilization,
71 with external fixators and cast immobilization, 17 with plates and
screws, and 5 with external fixators only. On the other hand, the
study by Vieira Jr. et al.'® showed a divergent situation, in which
of the 123 fractures studied, 37.5% were definitively treated with
dynamic compression plates (DCP), 20.3% with bridge plating and
intramedullary stems, 15.6% with linear external fixators and 6.3%
with llizarov-type ring external fixators.'®

The mean length of hospital stay in this study was 8.2 days, a
considerably lower number compared to data from other reported
authors, who obtained a mean length of hospital stay of 26.61 days.""
The literature indicates that length of hospital stay is directly related
to the number of procedures to which a patient is submitted. '
As in other studies, simple fractures (42A) were the most
found type, while the wedge fractures (42B) and the complex,
multifragmented fractures (42C) shown were not similar, but had
no statistical significance.?

Vieira Junior et al., in a retrospective, descriptive and analytical study
of a tertiary hospital, showed that the mean hospital stay for patients
with a type A fracture was 25.5 days, with 16.8 days for type B and
48.3 days for type C. However, there was no statistical significance.!
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Because it has a small range of muscle protection in its anterior
part, the tibia is commonly fractured in an exposed way; and when
evaluated between the mechanisms (high and low energy), this
percentage varies between 12 and 47%, but when evaluated only
in high energy traumas, the percentage increases to approximately
63%.2513 Similarly, when evaluating the number of hospital days in the
literature, considering patients who had or did not have associated
complications in the fracture, the length of hospital stay changes,
resulting in a mean of 45.57 days for patients with associated injuries
and 16.68 days for patients without associated injuries.'

No topics were found in the literature regarding the death of patients
after complications related to diaphyseal tibial fractures, nor to
physiotherapy services being offered to, and engaged by, patients
with diaphyseal tibial fractures after hospital discharge.

The Ministry of Health warns that automobile accidents are the
second largest cause of external deaths in Brazil. In 2017, 35.3
thousand people lost their lives due to a kind of automobile accident.
It also reports that approximately BRL 260 million are spent annually

on hospitalization of injured persons alone. In addition, those
accident victims also cease to contribute to the state, meaning
that they will not pay back what was spent on them, which strongly
contributes to overburdening public services."

This study reinforces relevant data on diaphyseal tibial fractures
with a robust number of participants. It corroborates important
aspects regarding the proper care of these injuries, which will
allow us to continuously improve treatment and obtain increasingly
favorable outcomes.

CONCLUSION

Diaphyseal tibial fractures had a higher incidence in males aged
between 20 and 39 years. The most frequent cause was automobile
accidents, mostly causing a simple (type A — AO) fracture, while
patients with a type C fracture were more likely (4.9 x) to develop
complications. Surgical treatment using an intramedullary stem
was the most common method, accounting for 83% of cases, with
a mean length of hospital stay of 8.42 days.
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ABSTRACT

Objective: To evaluate the pregabalins adjuvant effect in patients
with carpal tunnel syndrome (CTS) surgically treated, analyzing
postoperative pain and the incidence of complex regional pain
syndrome (CRPS). Methods: Outpatient surgical candidates with
CTS were selected and followed for 12 months, divided into three
groups. The Control Group received a placebo, the Pregabalin
75 mg Group received a daily dose, and the Pregabalin 150 mg
Group received a daily dose of the medication. Patient progress
was evaluated using the visual analog scale (VAS) for pain and
the DN4 neuropathic pain score before surgery, one month and
three months after. Results: The administration of pregabalin
to surgical patients with CTS did not demonstrate significant
differences in immediate postoperative pain relief. Additionally,
there were no statistically significant variations in the incidence
of complications, such as CRPS, among the groups. Conclu-
sion: This study did not show a significant impact of pregabalin
on postoperative pain relief or the reduction of CRPS incidence
in patients undergoing surgery for CTS. These results suggest
that pregabalin might not be an effective adjuvant in these
surgical situations. Level of Evidence Il, Comparative
prospective study

Keywords: Carpal Tunnel Syndrome. Surgical Procedures.
Operative. Pregabalin. Pain.

RESUMO

Objetivo: Avaliar o efeito adjuvante da pregabalina em pacientes
com sindrome do tunel do carpo (STC) tratados cirurgicamente,
analisando a dor pés-operatéria e a incidéncia da sindrome da
dor complexa regional (SDCR). Métodos: Foram selecionados
pacientes com acompanhamento ambulatorial, indicagdo de
tratamento cirdrgico para STC e acompanhados ao longo de 12
meses. Depois, foram divididos em trés grupos. O Grupo Controle
recebeu placebo, o Grupo Pregabalina 75 mg tomou uma dose
didria e o Grupo Pregabalina 150 mg também recebeu dose diaria
da medicacdo. A evolugao dos pacientes foi avaliada mediante
aplicagdo da escala visual analégica de dor (EVA) e o escore de
dor neuropatica DN4, antes da cirurgia, um més e trés meses
apos. Resultados: A administracao de pregabalina em pacientes
cirdrgicos com STC nao demonstrou diferengas significativas no alivio
da dor pés-operatdria imediata. Além disso, ndo houve variagoes
estatisticamente significativas na incidéncia de complicagées, como
a SDCR, entre os grupos. Concluséao: Este estudo néao evidenciou um
impacto significativo da pregabalina no alivio da dor pés-operatoria
ou na reducéo da incidéncia da SDCR em pacientes submetidos
a cirurgia para STC. Esses resultados sugerem que a pregabalina
pode nao ser um adjuvante eficaz nessas situagoes cirtrgicas. Nivel
de Evidéncia Il, Estudo prospectivo comparativo.

Descritores: Sindrome do Ttinel do Carpo. Procedimento Cirtirgico.
Pregabalina. Dor.
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INTRODUCTION

Carpal tunnel syndrome (CTS) is the most common compression
neuropathy of the upper limbs and affects approximately 4% of
the general population, with a higher prevalence in women aged
45 to 60 years.! The clinical picture is characterized by pain and
paraesthesia in the median nerve area with insidious onset and,
in more severe cases, muscle weakness and atrophy of the thenar
muscles.? The carpal tunnel is an osteofibrous, inelastic canal
with the transverse carpal ligament as its roof, through which 10
structures pass, including nine tendons and the median nerve.
Surgical treatment of CTS involves release of the transverse
ligament and decompression of the nerve.? Although it is a common
procedure in hand surgery with high success rates, CTS surgery can
have unsatisfactory outcomes for patients, including complications
that cannot be prevented, such as the development of chronic
postoperative pain.*

Complex regional pain syndrome (CRPS), also known as reflex
sympathetic dystrophy or causalgia, is a chronic pain disorder
with neuropathic features that are often out of proportion to
the nociceptive stimulus and may or may not be accompanied
by vasomotor changes.® It is more common in women and
prolonged immobilization may act as a predisposing factor.
The incidence of CRPS after carpal tunnel release surgery is
about 8%°, regardless of technique, and accounts for half of the
complications after this type of surgery in some case series’.
With the understanding of the central sensitization processes
that lead to chronic pain, drugs from the gabapentinoid class,
particularly pregabalin, have been investigated for the prevention
of CRPS. Most studies in the literature analyzed the reduction
in pain scores and opioid consumption in knee surgery when
pregabalin was used preventively.2® However, there is still no
consensus on the dose or duration of use of these drugs. This
study aims to evaluate the efficacy of pregabalin as an adjuvant
in the preoperative phase of carpal tunnel release surgery.

MATERIALS AND METHODS

In this study, patients presenting to the hand surgery outpatient
clinic of Santa Casa de Misericérdia de Sao Paulo with a diagnosis
of CTS between June 2022 and June 2023 were analyzed and
prospectively observed. The study was conducted with the approval
of the Research Ethics Committee of the same institution, according
to Resolution 196/96 (CAAE: 69653223.9.0000.5479), and all
patients signed the informed consent form (ICF).
These patients were randomized into three groups:
» Patients who received placebo in the three weeks before surgery.
» Patients who received 75 mg/day of pregabalin in the three
weeks before surgery.
 Patients who received 150 mg/day of pregabalin in the three
weeks before surgery.
Patients of both sexes aged between 40 and 70 years who had
a confirmed diagnosis of CTS by ultrasound, electromyography
or clinical examination participated in the study. Surgical
decompression of the median nerve was performed by the same
surgeon using the mini-incision technique. Patients with previous
surgery on the same hand, concomitant neuropathies, previous
use of gabapentinoids and a history of CRPS were excluded
from the study.
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Data were collected and analyzed by the same researcher using
the visual analog pain scale (VAS) and the DN4 neuropathic
pain questionnaire. All patients followed the same follow-up
protocol. Medication or placebo was started three weeks before
the procedure, and examinations were carried out immediately
after the procedure and one month and three months after the
procedure. All patients wore an orthosis for immobilization until
the stitches were removed, which took place two weeks after the
procedure. They also received simple analgesia with NSAIDs
and tramadol for pain relief for the first two weeks if needed.
They were also supervised by the occupational therapy team
until the last examination.

Patients were examined before the procedure, one month and
three months postoperatively. Quantitative characteristics were
described by group using summary measures (means, standard
deviations, medians and quartiles) and compared between groups
using analysis of variance (ANOVA) or the Kruskal-Wallis test.
Qualitative characteristics were described by the group using
absolute and relative frequencies and tested for association using
the likelihood ratio test.'

Pain scores were described by the group across evaluation periods
using summary measures and compared between groups and
periods using generalized estimating equations (GEE) with normal
marginal distribution and identity link function assuming a first-
order autoregressive correlation matrix (AR(1)) between evaluation
periods." The analyses were followed by Bonferroni? multiple
comparisons to test for differences between groups and periods.
Analyses were performed using IBM-SPSS for Windows version 22.0,
tabulated using Microsoft Excel 2013, and tests were performed
at a 5% significance level.

RESULTS

Among the 45 patients diagnosed with CTS and indicated for
surgical treatment, 18 patients were in group 1 (placebo in the
three weeks before surgery), 15 patients were in group 2 (75 mg/
day pregabalin in the three weeks before surgery), and 13 patients
were in group 3 (150 mg/day pregabalin in the three weeks before
surgery). Four patients were excluded due to prior use of gabapentin,
loss to postoperative follow-up, and noncompliance with suggested
medication before surgery.

Both the VAS and DN4 showed statistically similar mean behavior
across the assessment periods (interaction p > 0.05). The VAS
showed differences between groups regardless of assessment
period (group p = 0.007) and the VAS and DN4 showed average
differences across assessment periods regardless of group (period
p < 0.05). (Table 1).

The VAS score was higher in the pregabalin 75mg group compared
to the placebo group regardless of assessment time point (p
= 0.006), and both the VAS and DN4 scores decreased from
the preoperative period to subsequent time points, regardless
of group (p < 0.001). When the statistical results are analyzed
in this way, it is clear that patients showed similar results with a
decrease in VAS and an improvement in DN4 at the postoperative
assessments regardless of group. In addition, there was no
evidence of the occurrence of CRPS in any of the three groups
up to 3 months postoperatively (Table 2).

The remaining demographic data can be found in Table 3.
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Table 1. Description of pain scores by group during the assessment time points and results of the comparisons.

Variable/Moment Placebo Group Pregabalin 75mg Pregabalin 150mg p Group | p Moment p Interaction
VAS 0.007 <0.001 0.166
Pre-op.
mean + SD 79+2 88+18 84+15
median (p25; p75) 8(6.3; 10) 10 (8; 10) 9(7;10)
1 month
mean + SD 1.7x24 29+38 21118
median (p25; p75) 0(0;4.8) 0(0;6.5) 2(0;4)
3 months
mean + SD 0.4+09 35+28 08+15
median (p25; p75) 0(0;0) 3(1;6.5) 0(0;2)
DN4 0.375 <0.001 0.456
Pre-op.
mean + SD 53+2.1 62+15 6124
median (p25; p75) 45 (4;7) 7(5;7.5) 7(5;8)
1 month
mean + SD 1.3+1.3 15+2 1.8+2
median (p25; p75) 1(0;2) 1(0;2.5) 1(0;4)
3 months
mean + SD 0.6+ 1.1 1.6+2 09+13
median (p25; p75) 0(0;1) 1(0;3) 0(0;2)
EEG with normal distribution and identity link function, assuming an AR(1) correlation matrix between the time points
Table 2. Result of multiple comparisons of pain scores between groups and assessment
Cl (95%)
Mean Difference | Standard error | Inferior
Superior
Placebo - Pregabalina 75mg -1.74 0.56 0.006 -3.09 -0.39
Pregabalin Placebo - 150mg -0.45 0.59 >0.999 -1.86 0.97
VAS '
e P 150 12 02 | g | s 278
Pre-op. - 1 month 6.13 0.42 <0.001 5.62 7.14
Pre-op. - 3 months 6.76 0.48 0.406 -0.38 7.90
1 month - 3 months 0.63 0.42 <0.001 1.64 3.66
Pre-op. - 1 month 4.27 0.26 4.89
DN4
Pre-op. - 3 months 4.78 0.32 <0.001 4.00 5.55
1 month - 3 months 0.51 0.26 0.146 -0.11 1.12
Table 3. Description of personal and clinical characteristics by group and results of the statistical tests.
Group
Variable Total (N = 40) P
Placebo (N = 16) Pregabalin 75mg (N = 13) | Pregabalin 150mg (N = 11)
Age(years) 0.162*
mean + SD 61+ 14.8 51.5+82 56.2 +14.7 56.6 +13.3
median(p25; p75) 60 (47.5;75.8) 54 (47, 57.5) 52 (41.5;71.5) 55 (47; 69)
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Sex 0.088
Female 15 (93.8) 12 (92.3) 7(63.6) 34 (85)
Male 1(6.3) 1(7.7) 4 (36.4) 6 (15)
Laterality 0.031
Right 7(43.8) 5(38.5) 1(9.1) 13 (32.5)
Left 4 (25) 5(38.5) 1(9.1) 10 (25)
Bilateral 5(31.3) 3(23.1) 9(81.8) 17 (42.5)
Symptom duration (years) 0.907¢
mean + SD 27%25 26124 25+25 26 24
median (p25; p75) 2(1;3) 2(15;3) 2(0.7;3) 2(1;3)

Likelihood ratio test; ** Unpaired Student’s t-test; £ Kruskal-Wallis test

DISCUSSION

Pregabalin modulates calcium channels in neurons and has been
shown to have antiepileptic and anxiolytic effects as well as analgesic
effects in neuropathic pain.'”® These results suggested that this
substance should be included in the present study to analyze its effect
in the postoperative phase of patients with a proven diagnosis of CTS.
All patients studied were already candidates for surgical treatment
of CTS due to failure of clinical treatment or muscle hypotrophy in
the thenar region. Although gabapentinoids are approved for the
treatment of chronic neuropathic pain, this drug has not yet been
shown to be effective in the treatment of postoperative pain in CTS.
A study by Sadatsun' found that taking gabapentin, an anticonvulsant
with similar effects to pregabalin, in a single dose of 600 mg one
hour before induction of anesthesia did not produce significant
results in CTS patients. Similar results were found in this study.
Even when taking the drug for one month before surgery, only a
few patients reported an improvement in symptoms before surgery
without avoiding the procedure.

However, other studies have shown that gabapentinoids reduced
the use of other medications such as opioids in coping with

major surgery,® but this variable was not assessed in this
study as patients continued to take analgesics regularly during
postoperative follow-up.

Another aspect to consider in this study is the fact that all
patients had a surgical indication before the administration
of the medication. Since no statistical difference was found
between the control group and the groups with the drug, it is
hypothesized that patients with more severe CTS or refractory
to conservative treatment did not benefit from the combined
treatment of pregabalin and surgery, with the improvement being
mainly due to the surgical intervention.

Regarding CRPS, although patients did not manifest this condition
during the study period, the literature reports an approximate
incidence of 8% in CTS patients. Therefore, a study with a larger
patient population could lead to different results.

CONCLUSION

During the period studied, no significant difference was observed
in the use of pregabalin in terms of pain perceived by patients using
the VAS and the DN4 and in terms of the occurrence of CRPS.
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ABSTRACT

Obijective: This study reviews the literature and shares clinical
experiences, emphasizing its diagnostic relevance in children
under 5 years of age. Method: We examined 169 cases of Legg-
Calveé-Perthes disease (LCPD) in patients in this age group. We
analyzed medical records and images, observing variables such
as age, gender, complaints, treatment, and outcomes. Results:
We studied 20 patients with Meyer’s dysplasia, representing
1.4% of LCPD cases in children. The majority were boys (85%)
with symptom onset at 38 months. Claudication (25%) and mild
pain (40%) were the main complaints. Radiographic findings
showed a smaller, granular, or asymmetric nucleus. The average
follow-up was 6.4 years, with interventional treatment in 5 cases.
Most showed complete reossification and centralization of the
femoral head. Conclusion: Meyer’s dysplasia is a rare condition
that affects the hip in children under 5 years of age, predominantly
in boys. It usually does not require intensive treatment; clinical
and radiological follow-up is sufficient. However, it is important
to be aware of possible unfavorable progressions, requiring
more aggressive treatment to prevent complications. Level of
evidence lll, Retrospective comparative study.

Keywords: Legg-Calve-Perthes Disease. Hip. Intermittent
Claudication. Hip Joint.

RESUMO

Objetivo: Este estudo objetiva revisar a literatura e compartilhar
experiéncias clinicas, enfatizando sua relevancia diagndstica em
criangas com menos de 5 anos. Método: Estudamos 169 casos
de Doenca de Legg-Calvé-Perthes (DLCP) em pacientes desta
faixa etaria. Analisamos prontuarios e imagens, observando
variaveis como idade, género, queixas, tratamento e resultados.
Resultados: Estudamos 20 pacientes com displasia de Meyer,
que representavam 1,4% dos casos de DLCP em criangas.
A maioria eram meninos (85%) com inicio dos sintomas aos 38
meses. Claudicagéo (25%) e dor leve (40%) foram as principais
queixas. Achados radiograficos mostraram nticleo menor, granular
ou assimétrico. O acompanhamento médio foi de 6,4 anos, com
tratamento intervencionista em cinco dos casos. A maioria apre-
sentou reossificagao completa e centralizagcao da cabecga femoral.
Concluséo: A Displasia de Meyer é uma condigéo rara que afeta
0 quadril em criangas menores de 5 anos, predominantemente
em meninos. Geralmente, nao requer tratamento intensivo, 0s
acompanhamentos clinico e radiolégico séo suficientes. Contudo,
é importante estar ciente de possiveis evolugbes desfavoraveis,
requerendo tratamento mais agressivo para evitar sequelas.
Nivel de Evidéncia Ill, Estudo restrospectivo comparativo.

Descritores: Doenga de Legg-Calve-Perthes. Quadril. Claudicagdo
Intermitente. Articulagcgo do Quadril.
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INTRODUCTION

Meyer's dysplasia (MD) or “Dysplasia Epiphysealis Capitis Femoris”
is arare disorder that leads to a change in the proximal epiphyseal
core of the femur. It was first described by Pedersen' in 1960
and later described in detail by Meyer? in 1964. It was based on
observations in a group of patients with Legg-Calvé-Perthes disease
(LCPD) with benign outcomes and younger age groups.

The patient may present with episodes of mild pain and limp as a
defensive posture or remain asymptomatic.™'* On a plain radiograph,
areduced size of the affected epiphysis compared to the unaffected
side may be observed with unilateral involvement, as described by
Meyer, who described that ossification does not occur until about
2 years of age. When it happens, the small epiphyseal nucleus
has a pathological appearance and irregular mineralization pattern
resembling a “mulberry” or “flaky” appearance.?

Its clinical relevance lies in its importance as a differential diagnosis
to other more serious hip disorders in preschool-aged children,
such as infectious processes and especially LCPD.%® Lack of
awareness of its existence and evolutionary features for proper
diagnostic clarification (of aetiology) can lead to unnecessary
additional testing, hospitalization and surgery.>"!

In its natural course, Meyer’s dysplasia is benign in the vast majority
of cases, with symptoms improving and no functional or structural
impairment occurring in adulthood. However, some cases may
take an atypical course leading to deformities of the femoral head.
Therefore, it is important to better understand the development and
characteristics of the disease and to identify factors that may lead
to a different prognosis than usual.5"

We aimed to review the current literature on this condition, add our
experience to its evolution, discuss its peculiarities and highlight
the importance of its recognition in the differential diagnosis of hip
pain in children under 5 years old.

MATERIAL AND METHODS

The research project was submitted to the ReserachEthics
Committee of the Brazil Platform and approved for implementation
under CAAE number 39750814.0.0000.5479.

In this retrospective study, we analyzed the medical records and
imaging examinations of patients who were first diagnosed with
LCPD in the Department of Orthopedics and Traumatology of
Santa Casa de Sao Paulo between 1978 and 2023. A total of 169
records were reviewed.

Inclusion criteria were records and radiographs of patients with
clinical information and radiologic features compatible with the

disease, in children under 5 years old with a diagnostic hypothesis
of MD. Exclusion criteria were patients without documentation in the
outpatient follow-up, such as lack of radiographs until reossification
of the proximal femoral epiphyseal nucleus or skeletal maturity, as
well as incomplete or missing clinical data.

The variables analyzed were age, gender, laterality, complaints
or reason for seeking medical care, duration of development,
age at onset of complaints, radiograph, treatment applied, and
joint outcome.

RESULTS

Twenty patients were diagnosed with Meyer’s dysplasia, affecting
27 hips out of a total of 1322 children diagnosed with LCPD,
representing 1.4% of the total cases. Of these, seventeen (85%)
were boys and only three (15%) were girls. Seven (35%) children
had bilateral involvement. The average age at first consultation was
38 months (with a range of 26 to 48 months).

The reason for seeking medical attention was limping in 5 (25%)
patients, 8 children (40%) had mild hip pain, 7 (35%) had both
symptoms and in 1 case (5%) it was an X-ray finding after a traumatic
event. The mean duration of symptoms was 7.2 months (1-24
months). The mean age at onset of symptoms was 32.7 months
(23-45 months).

Regarding the radiographic findings, we found that in 7 children
(35%) the nucleus was smaller in size and height than on the healthy
side (characterized as an asymmetric pattern), in two (10%) the
pattern was granular and in 6 (30%) both aspects, generally affecting
the entire epiphyseal nucleus (Figure 1).

Follow-up ranged from 3 to 14 years with a mean of 6.4 years.
Five patients underwent interventional treatment, with two patients
receiving skin traction followed by a cast in mid-abduction and
three patients receiving an abduction cast without prior traction.
In the remaining 15 patients, no intervention was performed, but
only outpatient follow-up care was provided. Radiological follow-up
revealed complete reossification and centralization of the femoral
head in all cases. One notable case among the patients examined
concerned a female patient who had been treated in our clinic at
the age of 3 years. The initial radiographs showed a compaction of
the epiphyseal ossification nucleus (Figure 2), which developed into
a deformity of the femoral head during the follow-up examination
(Figure 3). However, she maintained a centralized articulation with
non-spherical congruency and did not undergo corrective surgery
up to the time of the study.

Figure 1. Radiographs of pelvis in anteroposterior orientation illustrating the patterns of involvement in Meyer’s epiphysitis - A — asymmetric

pattern; B — granular pattern; C - mixed pattern.
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Figure 2. X-ray of the pelvis (anteroposterior view) at the initial exam-
ination at 3 years and 8 months old.

Figure 3. Radiograph of the pelvis (anteroposterior view) at the final
examination at 11 years and 11 months.

DISCUSSION

Meyer’s dysplasia is a rare disorder described by Pedersen in 1960
and later defined more precisely by Meyer in 1964. According to
the observations of these authors, it is a disorder with features
that differ from those observed in a group of patients originally
diagnosed with LCPD.

The symptoms of MD are usually milder, onset occurs at a younger
age, usually under five years, and bilateral cases are more
common."" When present, symptoms can range from complaints
of limping, mild pain, changes in a sitting position, “waddling”
gait” — external rotation and abduction - to asymptomatic cases
found on examination for other reasons.*¢78 Pain, either isolated or
associated with limping, was the most common reason for seeking
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medical attention and accounted for 40% of the cases examined
in our series. Only one patient was identified as an X-ray finding in
a child being examined for abdominal disease.

The etiology remains undetermined, there are various possibilities.
A vascular cause has been proposed by Meyer due to ischemia
as well as by Batory, who theorizes about a congenital vascular
malformation.?* However, since the advent and availability of
investigations such as angiography, itis no longer possible to identify
changes in the vascularization of the secondary epiphyseal nucleus
of the proximal femur, which deviates from these hypotheses.3*
Because the disorder occurs in a bone development zone, an
endocrinologic etiology has been proposed,* but we have found
no conclusive studies on this etiology.

Other authors consider MD to be a precursor to LCPD, an earlier
stage,? a theory that differs from the more accepted literature
that distinguishes them as two distinct pathologies.>'" When the
diagnoses overlap, the typical radiographic changes of MD initially
occur without the typical LCPD changes such as subchondral bone
fractures and lateral subluxation. Subsequently, these changes
occur and merge with the MD changes, with extensive and massive
necrosis noted. The well-established chronologic study supports
the theory that these are different conditions and not stages of the
same disease,*° a theory with which we agree.

The radiographic features of MD can be described as changes in
the bony nucleus with evidence of delayed ossification compared
to the contralateral side, showing marked asymmetry in the size and
height of this nucleus.?® Another characteristic shape is the stippled
and granular pattern described as “mulberry-like” or “golf ball” 24
In addition to the various radiologic presentations of MD, other
types of changes have been found in the literature. Khermosh
analyzed the distance between the upper edge of the metaphysis
and the Hilgenreiner line and found a reduction (about 30-50% in
his case series) on the affected side in unilateral cases.® Necrosis
can occur in Meyer’s disease, as observed in our study, but more
subtly than in LCPD, where there is extensive, homogeneous, and
dense necrosis. Other features of LCPD that are not found in MD are
lateral subluxation, subchondral fracture and changes in the femoral
neck.>® Other investigation methods such as scintigraphy show
normal results and MRI shows only fragmentation and reduction
of the epiphysis.>*® In our patients, the asymmetric pattern was
most common, followed by the mixed type, where both asymmetry
and granulation were present in the ossification.

Delayed ossification of the secondary nucleus of the proximal femur
or even its “absence”, seen on radiographs of 2-year-old children,
can occur in MD. This fact inspired theories that the etiology of
MD is related to an ossification disorder rather than changes in
blood supply and necrosis of the epiphyseal nucleus, as occurs in
LCPD.* In MD, the nucleus would already be altered at the onset
of ossification, whereas in LCPD this structure is completely normal
before necrosis.?* In MD, the epiphyseal nucleus would have an
as-yet-unknown ability to normalize, favoring natural resolution.*
The delay in bone age has also been observed in MD by different
authors, although the methodology was evaluated differently, making
this observation difficult to compare. However, it remains a consistent
finding in this disease. In the study by Xiao-Tang Sun, the method
of Tanner and Whitehouse 3 (TW3) was applied and a decrease in
bone age in the relationship between radius-ulna and other bones
as well as the age of carpal bones in Meyer dysplasia was observed
following the pattern of “delay and then recovery”.® Compared
to LCPD, MD was noted to have a greater initial delay in bone
maturation and a more pronounced decrease in the relationship
between radius-ulna and other bones. However, in MD, bone age
normalized at around five years of age, which was noted for both
the carpal bones and the relationship between the radius and ulna
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and other bones, whereas in LCPD this normalization did not occur
until around eight years of age. The finding that the delay in bone
age resolves more rapidly in Meyer dysplasia is consistent with the
milder course of the disease.®

The epidemiologic profile of the 20 patients enrolled in this study
was similar to that found in the literature, with a higher incidence
in males and an earlier onset of the disease compared to LCPD.
The average age at diagnosis was slightly higher than reported in
the literature, averaging 38 months, while other authors reported
values between 24 and 36 months.*8 This can be justified by the
duration of the complaints and the resulting delay in seeking medical
care and clarification of the diagnosis, as the patients in this study
reported that the clinical condition had manifested itself on average
7.2 months earlier, increasing the average age of onset to 32.7
months. Bilaterality, which varies between 42 and 59%2€ in the
literature, was observed in 35% of the cases analyzed here.

In addition to LCPD, the differential diagnoses of MD can also include
epiphyseal dysplasia, hypothyroidism and the consequences of
infectious processes in the hip.3"

The natural course of MD is usually benign and requires no
treatment. Immobilization, plaster casts, orthoses and traction
have been mentioned in some of the literature. Nevertheless, it is
important to emphasize that there is a possibility of an unfavorable
course that can lead to secondary conditions, chronic pain and
joint restrictions. Therefore, appropriate treatment is essential to
support patients with such a progression, #'®"'which sometimes
requires corrective surgery.

Such conditions can be treated in the active phase with conservative
strategies such as immobilization, offloading, skin or skeletal traction.
In the chronic phase, surgical approaches such as osteotomies and
even joint prostheses can be used to relieve pain, improve mobility
or correct the deformities of secondary conditions."" The change
in the shape of the femoral head may be characterized by a certain

flattening or reduction of its residual volume, the coxa vara, and
a widening of the femoral neck.3*™"" Appropriate follow-up after
the initial resolution of the condition, even if benign, is essential to
monitor for the development of sequelae or new symptoms.

Of the patients we studied, seven received a cast with the lower
limbs in abduction, one received percutaneous traction and two
others received traction followed by a cast in abduction. However,
we believe that clinical follow-up and observation are sufficientin the
vast majority of cases.3¢#'" Reossification, with the disappearance
of radiographic changes, occurs completely on average three
years after the onset of the disease, unlike LCPD, which takes an
average of 5-7 years.?! The final result is generally a spherical and
centralized hip joint with good results in terms of Stulberg parameters
and concentric circles of Mose. 83 One of the cases studied had
a more severe deformity but showed no symptoms or limitation of
range of motion and did not require surgical treatment during the
eight years of follow-up. Despite the generally good outcome, it is
worth noting that follow-up of our patients and appropriate treatment
may have prevented the worsening of sequelae and the resulting
need for more invasive measures.

CONCLUSION

MD is a rare disease that affects the hip in children of younger age
(under 5 years), occurs predominantly in males, has more bilateral
involvement and a more favorable course compared to LCPD. The
diagnosis is made based on clinical/epidemiologic aspects and
simple radiology. Due to the favorable prognosis, more restrictive
treatment or hospitalization is usually not required as clinical/
orthopedic observation and follow-up are sufficient. However, the
possibility of an unfavorable outcome must be taken into account,
which requires rapid and efficient therapeutic intervention to prevent
secondary damage and the need for more aggressive procedures.
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ABSTRACT

Objective: This study aimed to evaluate the surgical treatment of
diaphyseal femur fractures in polytraumatized children, considering
consolidation rate, complications, and function as outcomes of
interest. Methods: This is a quantitative, cross-sectional, and
retrospective study of medical records of patients treated from
2012 to 2021. The 39 patients (41 femurs) were divided into four
groups according to the method of osteosynthesis. We used the
IBM SPSS Statistics software, version 20 (SPSS Inc, Chicago,
IL), and performed Chi-square, Fisher, Kruskal-Wallis, and Shap-
iro-Wilk tests with a significance level of 5%. Results: We observed
six complications among patients. Functional outcomes were
satisfactory in 40 cases (97.6%) and unsatisfactory in one case
(2.40%) according to the adopted criteria. We found one case
(2.40%) of non-union and one case (2.40%) of malunion, whereas
39 cases (95.20%) achieved full consolidation. Conclusions:
Flexible intramedullary nails and external fixators are the preferred
options for patients aged 5 to 10 years. Intramedullary nails, plates,
or external fixators are prioritized for patients over 11 years old.
The type and pattern of fractures were considered relevant for
treatment selection. Level of evidence Ill, Therapeutic study
- Investigation of outcomes and treatment. Comparative
retrospective study.

Keywords: Child. Child Hospitalized. Femoral Fractures. Fracture
Fixation. External Fixators. Intramedullary Fracture Fixation.

INTRODUCTION

Treatment choice for diaphyseal femur fractures (DFF) in the
pediatric age group depends on the age, size, and pattern of
injury in the patients involved'.

Success depends on the careful selection of methods to achieve
the best possible outcomes. Surgery is generally indicated for the

RESUMO

Objetivo: Este trabalho teve como objetivo avaliar o tratamento
cirdrgico das fraturas diafisarias do fémur, em criangas politrau-
matizadas, considerando 0s desfechos: taxa de consolidagéo,
complicagbes e fungdo. Métodos: Trata-se de estudo quantitativo,
transversal, retrospectivo de prontuarios de pacientes atendidos
entre 2012 e 2021. Os 39 pacientes (41 témures) foram divididos
em quatro grupos de acordo com o método de osteossintese.
Utilizamos o Software IBM SPSS Statistics, versao 20 (SPSS
Inc, Chicago, IL) e os testes do Qui-quadrado, Fisher, Kruskal-
-Wallis e Shapiro-Wilk com significancia de 5%. Resultados:
Obtivemos seis complicagées entre os pacientes. O resultado
funcional foi satisfatdrio em 40 (97,6%) situagdes e insatisfatorio
em uma (2,40%) de acordo com os critérios adotados. Tivemos
um (2,40%) pseudartrose e uma (2,40%) consolidag¢ao viciosa, 39
(95,20%) casos obtiveram plena consolidagdo. Conclusées: As
hastes intramedulares flexiveis e o fixador externo s&o as opgoes
preferenciais para pacientes com idade de 5 a 10 anos. As hastes
intramedulares, placas ou fixadores externos séo prioritarios para
pacientes com mais de 11 anos. O tipo e o padrao das fraturas
forarmn considerados relevantes para a escolha do tratarmento.
Nivel de evidéncia Ill, Estudo terapéutico - Investigagcao
dos resultados e tratamento. Retrospectivo comparativo.

Descritores: Crianga. Crianga Hospitalizada. Fraturas do Fémur. Fix-
acdo de Fratura. Fixadores Externos. Fixacao Intramedular de Fraturas.

following clinical situations: fractures associated with multiple injuries,
such as polytrauma, multiple fractures, floating knee, open fractures,
fractures associated with extensive skin and soft tissue injuries,
pathological fractures, and fractures associated with head injuries.?
The socioeconomic conditions of the family and the treatment
environment are also important factors guiding treatment choices,
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in addition to the cost of treatment and the availability of different
types of osteosynthesis. The patients’ caregivers usually work, and
their absence from work can result in undesirable financial burdens.
Prolonged absence from school can also affect the educational
needs of the children.®

Surgical treatment using osteosynthesis falls into three modalities:
plate and screws, external fixation, and intramedullary fixation. The
use of these devices has been shown to prevent many complications
that can be caused by prolonged immobilization with casts, as well as
psychological and financial damage due to extended hospital stays.?
The use of plates and screws is indicated for the treatment of
comminuted fractures in which the maintenance of bone length is
compromised, thus considered unstable, or in children with a body
weight exceeding 49 kg. The intrinsic benefits of this modality include a
lower rate of malunion, greater axial and torsional stability when the body
weight is placed on the operated lower limb, and reduced exposure
and less muscle damage when the submuscular technique is used.
Some authors advocate the use of bridge technique for comminuted
and unstable fractures to maintain or restore femoral bone length.*
Onthe other hand, the use of these implants by traditional methods
shows some disadvantages as they require extensive exposure,
causing more damage to the soft tissues surrounding the fracture.*
Inrecent years, flexible intramedullary nailing has become the preferred
method for osteosynthesis, initially developed in Nancy, France.
With the introduction of this method, many advantages have been
recognized, such as the use of minimally invasive approaches, shorter
hospital stays, early mobilization and rehabilitation, and a lower rate
of complications. Its indication is for stable length DFF patterns, such
as transverse and short oblique fractures, and can be performed by
retrograde or antegrade insertion. This approach avoids osteonecrosis
of the femoral head and premature closure of the growth plates,
especially the greater trochanter, when trochanteric insertion nails
are used. There are also rigid Ender nails that can be used to prevent
shortening at the fracture site. However, complications such as skin
irritation due to the prominence of the distal ends of the nails and
migration due to premature implant loosening have also been reported.®
The use of external fixation methods offers several advantages.
They are simple to apply, quick to install, and allow for temporary
or permanent treatment of femoral fractures in patients kept in an
intensive care environment. However, it is reported that complications
associated with external fixation are more common, especially in
children with multiple injuries.®

When researching the literature, there is a scarcity of studies
comparing the advantages and disadvantages of different surgical
treatment methods in terms of consolidation rates, complications,
and functional outcomes.”

When comparing different methods of surgical stabilization, a
systematic review by Madhuri et al.8found three trials that showed
that the compiled studies were of low quality in determining the rate
of complications such as malunion, serious adverse events, time
to return to school, parental satisfaction, and children’s satisfaction
in fractures treated with elastic intramedullary nails versus external
fixation. The rates of serious adverse events and time to full weight-
bearing in patients treated with dynamic versus static external
fixation were also inconclusive. The authors found very low-quality
evidence when comparing intramedullary fixation and submuscular
plating regarding differences in malunion rates, serious adverse
events, and time to weight-bearing."?

In the association between pediatric DFF and polytrauma, it is
known that injuries to the head, chest, and abdomen can occur.
The Waddell triad is described in association with high-energy
kinetic injuries, such as high-speed motor vehicle accidents or
pedestrian accidents. In healthy children, there can be an acute
loss of blood volume of approximately 25 to 30% before changes

Acta Ortop Bras.2024;32(5):e278518

in blood pressure can be recognized, resulting in hypovolemia
and a potential state of shock. A child with DFF and hypotension
should be carefully investigated for bleeding.®

Thus, the ideal treatment for femoral fractures in polytrauma depends
strictly on the child’s age and severity of other injuries. Within the
principles of care, there is evidence suggesting that early surgical
stabilization of fractures results in a lower rate of complications due
to shorter periods of ventilatory support, intensive care unit stays,
and hospitalization.'

Based on the above, this study aimed to evaluate the surgical
treatment of DFF in polytraumatized children using four different
therapeultic stabilization methods, considering outcomes such as
consolidation rate, complications, and function.

MATERIALS AND METHODS

This is a quantitative, retrospective cross-sectional study based

on the review of medical records of patients diagnosed as

polytraumatized with diaphyseal femur fractures (DFF) in the

pediatric age group who were treated at the Hospital Geral de

Pirajussara (a reference center for the municipalities of Embu das

Artes and Taboé&o da Serra, Sao Paulo, Brazil, operating under

the Brazilian Unified Health System - SUS) from January 2012 to

December 2021.

The study was developed as an extension of a project previously

approved by the Research Ethics Committee (CEP) of the Federal

University of S&o Paulo - UNIFESP, with Ethical Review Presentation

Certificate number 59474522200005505, and approved for

execution under the CAAE number 5.612.632. The procedures

followed the guidelines of the UNIFESP Research Ethics Committee

for experiments involving human subjects, in accordance with the

Helsinki Declaration of 1995.

Inclusion criteria were:

* Patients of both sexes.

* Age from 2 to17 years.

* Patients undergoing surgical treatment.

* Diagnosed with polytrauma and DFF.

* Simple, complex, closed, or open fractures.

* Complete medical records.

* Minimum outpatient follow-up = outpatient discharge or six
months.

* Signing an informed consent form.

Meanwhile, exclusion criteria were:

* Patients with pathological fractures.

» Femoral fractures in other segments.

* Incomplete medical records.

* Failure to sign an informed consent form.

The patients were divided into four groups based on the

osteosynthesis method used for fracture treatment. Group A

consisted of 13 (31.70%) patients treated with linear or circular

external fixators; Group B included six (14.63%) patients treated

with plates and screws; Group C included 13 (31.71%) patients

treated with intramedullary fixation. These were subdivided into C1

(blocked intramedullary nail) with nine (21.95%) and C2 (flexible

intramedullary nail) with four (9.76%). Group D comprised nine

(21.95%) patients who initially underwent surgical treatment with

an external fixator and later converted to internal fixation.

Thus, after applying the eligibility criteria, 39 patients with DFF

were included for analysis. Cases with bilateral fractures were

considered individually (N=2). Thus, the overall sample size of cases

evaluated was 41 operated femurs. Of the total, 11 (28.21%) patients

were female, and 28 (71.79%) were male. Table 1 provides an

overview of the sample, considering age and sex. Epidemiological

characterization was also conducted for individual cases (Table 1).
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Table 1. Characterization of the overall sample and by fixation method by age and sex (N=41)

Total | Sexo
Male Female
N (%) Age N (%) Age (years) Mean (SD) N (%) Age
(years) Mean (SD) (years) Mean (SD)
Overall sample 41 11,8 (5,01) 28 (68,29) 12,54 (4,62) 13(31,7) 10,23 (5,61)
Fixator* 13(31,7) 6,85 (5) 8(19,51) 8,13 (4,76) 5(12,2) 4,8 (5,17)
* Circular external fixator 1(2,44) 15 1(2,44) 15 0(0)
“Linear external fixator 12 (29,27) 6,17 (4,55) 7(17,07) 7,14 (4,18) 5(12,2) 4,8(5,17)
Plate 6 (14,63) 12,17 (2,93) 5(12,2) 12,2 (3,27) 1(2,44) 12
Locked nail 9(21,95) 16 (1,41) 7(17,07) 16 (1,53) 2 (4,88) 16 (1,41)
Flexible nail 4(9,76) 11,75 (5,12) 3(7,32) 12 (6,24) 1(2,44) 1
Method conversion 9 (21,95) 14,56 (1,51) 5(12,2) 15,4 (0,55) 4(9,76) 13,5 (1,73)
1- For categorization purposes, the overall group included both circular and linear external fixators
A spreadsheet was created to tabulate relevant information collected RESULTS

in our sample, including sex, age at the time of the accident, fracture
type, fracture pattern, treatment type, consolidation time, post-
recovery function, and postoperative complications.

Injuries were classified according to fracture pattern as simple
(transverse, oblique, or spiral) and complex (wedge, segmental,
and comminuted), and as closed or open, following the Gustillo
and Anderson classification.!

The consolidation process of injuries and function after therapeutic
intervention were also assessed. Good outcomes were defined for
individuals who exhibited complete fracture consolidation, a normal
range of joint motion, normal muscle tone, grade V strength, absence
of pain, limb length discrepancy less than 2 cm, and proper gait as
determined by visual analysis. A poor outcome was defined if any
of these criteria were not met. Sequelae and complications were
analyzed in each of the studied groups, being subdivided into major
(refracture, malunion, deep infection, non-union, shortening greater
than 2 cm, limited joint range of motion, and/or infection such as
osteomyelitis and septic arthritis) and minor (pin tract infection,
screw breakage, nail migration, and/or implant-related tendinitis).
The groups were compared based on age, fracture type and pattern,
consolidation success, functional analysis (using criteria adopted
by the researchers), and complications, checking for statistical
significance when possible.

The data obtained were analyzed by a specialized medical statistician
using the IBM SPSS Statistics software version 20 (SPSS Inc, Chicago,
IL). Categorical data were presented in the form of frequencies and
percentages, and continuous numerical data were presented as
means and standard deviations. For categorical data, the Chi-square
test and Fisher's Exact test were used. The Kruskal-Wallis test was
applied for non-homogeneous and non-parametric numerical data
comparisons. Analyses were conducted to determine whether there
was a statistical association between the different methods of surgical
treatment for the studied variables, with a significance level of 5%.
Normality of the variables was tested using the Shapiro-Wilk test,
assuming non-normality when the result was p < 0.05. Confidence
interval was set at 95%. We used 2xN tables to assess the association
between treatments and other variables. The Cramer’s V coefficient
was applied to evaluate the association between non-square tables.
To specifically iscriminate statistical differences within the groups
for the evaluated categories, adjusted residuals were analyzed (the
difference between observed and expected frequencies adjusted
according to the Z-score for Fisher’s Exact test, with a reference value
of 1.96, corresponding to a significance level of 5%). Residuals > 1.96
or < 1.96 were considered statistically significant.”
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For cases of method conversion (Group D), there was a need for
conversion from external fixation to intramedullary nail (IN) in seven
situations. Among these, six conversions from external linear fixator
to nail occurred. In one of these patients, delayed consolidation
occurred, with removal of the synthesis material being performed
after 2.5 years. In another case, a strategic change from a plate to
an IN was made due to loss of reduction. Additionally, there was one
instance in which conversion from external linear fixator to bilateral
plates was required. Finally, in yet another of these cases, although
the osteosynthesis method was not changed, a reoperation was
necessary to perform a femoral wedge osteotomy due to malunion,
a complication associated with a reduction in the range of motion
of the ipsilateral knee.

In the comparison between groups, according to different fixation
systems versus age, the Kruskal-Wallis test demonstrated an effect of
the group on age [X2(4) = 22.315; P < 0.001], indicating a statistical
difference in age among the groups (Table 2). In order to identify
which groups presented a statistically significant difference, pairwise
comparisons were made for the groups considering the age of the
participants. Pairwise comparisons showed a statistically significant
difference between the “fixator-flexible nail” group (P = 0.019)
and the “fixator-locked nail” group (P < 0.001). The others did not
show significant differences considering the age of the samples.
It should be noted that sample size (N) was higher for groups B,
C, and D, accounting for 31.7%, 21.95%, and 21.95% of the overall
sample, respectively.

Table 2. Comparison of age versus fixation method (N=41)
df Chi-square (X )
22,315

P-value*
<0,001

Age vs. Fixation method 4

2 - *Kruskal-Wallis test

Pairwise comparisons showed a statistically significant difference between the “fixator-conversion”
groups (P = 0.019) and “fixator-locked nail” groups (p < 0.001). The other comparisons did not
show significance for age.

Table 3 shows the comparisons between the groups and fracture
patterns, consolidation, function, and complications (we marked YES
or NO for positive cases among major and minor complications).
When evaluating the consolidation category, we excluded two
patients, one due to transfer to a private healthcare service and
the other due to loss of follow-up. Only one case (in which there
was a conversion from plate to nail due to loss of reduction) was
considered a consolidation failure. Regarding complications,
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we found six positive situations, with three classified as major
(malunion, limitation of joint range of motion, and pyoarthritis) and
three as minor (pin tract infection, screw breakage in the nail without
compromising consolidation or function, and secondary tendinitis at
the implant insertion site). We highlight that 50% of the complication
cases (N = 3) occurred in Group D, with two major complications
(limitation of joint range of motion and pyoarthritis) and one minor
(tendinitis). In Group A, we found one minor complication (pin tract
infection) and one major complication (malunion); in Group C1, we
found one minor complication (screw breakage in the nail).

The functional outcome was satisfactory in 40 cases (97.6%) and
unsatisfactory in one case (2.4%) according to our criteria. Regarding

fracture consolidation, we found one case (2.4%) of non-union and
one case (2.4%) of malunion. In total, 39 cases (95.2%) achieved
full and satisfactory consolidation of their injuries.

For the analyses between the studied groups, only comparisons
between fracture pattern (simple vs. complex) and fracture type
(open Gustillo 3A vs. closed) showed statistical significance. The
Fisher's Exact Test showed an association between fracture pattern
and fixation method (X2(4) = 13.232; P = 0.007) and between
fracture type and osteosynthesis type (X2(4) = 7.361; p = 0.029),
with no association for comparisons of consolidation, function, and
complications with p > 0.05 (Table 3).

Table 3. Comparison of fracture, consolidation, function, and complications versus fixation method (N=41)

Fixation method N (%) c
"sV%
Group Group Group Group Group p-Valor* ra(?-‘e’;Ije)
A B c1 c2 D
Fracture type Open 0(0) 0(0 00 124 3.9 0,029 48,8 (0,045)
(N=41) Closed 13(31,7) 6(14,6) 9(22) 3(7,3) 6 (14,6) ' o
Fracture pattern Simple 9(22) 2(49) 5(122) 3(7.3) 0(0) 0.007b 55,3 (0,014)
(N=41) Complex 4(9,8) 4(9,8) 4(9,8) 1(24) 9(22) ' o
Total 13(31,7) 6(14,6) 9(22) 4(98) 9(22)
Consoli Yes 12(308) 6(154) 8(209) 4(103) 8(205) 0,692 29,6 (0,490)
dation (N=39) No 0(0) 0(0) 0(0) 0(0) 1(26) ' o
Total 12(30,8) 6(154) 8 (20,5) 4(103) 9(23,1)
, Normal 11(35,5) 5(16,1) 5(16,1) 4(129) 5(16,1)
Function (N=31) 0,645 37,3 (0,366)
Sequela 0(0) 0(0) 0(0) 0(0) 1(32)
Total 11 (35,5) 5(16,1) 5(16,1) 4(129) 6(19,4)
Complications Yes™ 2(6.1) 000 16) 00 361 0,389 385 (0,299)
(N=33) No 10 (30,3) 5(15,2) 4(12,1) 4(12,1) 4(12,1) ' o
Total 12(36,4) 5(15,.2) 5(15,2) 4(12,1) 7(212)
Yes™ (N<6) Mf'iior 1(16,7) 0(0) 0(0) 0(0) 2(33,3) 1 471 0513
Minor 1(16,7) 0(0) 1(16,7) 0(0) 1(16,7)

*Fisher’s exact test
a = Adjusted residues indicate a statistical difference in the “method conversion” comparison

b = Adjusted residues indicate a statistical difference in both the “method conversion” and “fixator” comparisons

For specific discrimination of statistical differences between
treatment groups for the evaluated categories, adjusted residuals
were analyzed. The number of individuals with open and/or complex
fractures in the “Method Conversion” group was higher than
expected (observed frequency 3 and expected 0.9 with adjusted
residual = 2.7; and observed frequency 9 and expected 4.8 with
adjusted residual = 3.2, respectively), and the number of complex
fractures in Group A was lower than expected (observed frequency
= 4 and expected = 7, with adjusted residual = —2). The adjusted
residuals did not show a statistically significant difference between
observed and expected frequencies for the other cells.

DISCUSSION

The definitive treatment of diaphyseal femur fractures (DFF) in
the pediatric population remains undefined in the literature. This
assertion is based on studies in which the levels of scientific
evidence attained are still not ideal.2 We observed that management
is primarily based on the patient’s age, although skeletal age, pattern
and type of injury, child size, and the expertise of the medical team
are also considered determining factors for therapeutic choice."
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Our study showed a direct association between the age of the
children involved and the method of fixation, corroborating the
hypothesis predicted in numerous previous studies.’-1

We believe that there are numerous advantages associated with
surgical treatment of femoral fractures, especially in polytraumatized
individuals who require very specific care. Among the benefits of
this modality are ease and early patient mobilization, improved
respiratory capacity, prevention of bedsores, minimization of the
risk of pulmonary infection, appropriate stabilization, reduced
hospitalization periods, lower therapeutic costs, ease of hygiene,
and mobility."

Moreover, the superiority of surgical treatment has been reported
for this population when compared to conservative methods.
We noted that this theme has been the subject of discussion by
various authors.”'"'® Regarding the various aspects of treatment
with plaster casts, we can mention knee joint stiffness, malunion,
shortening, delayed consolidation, refracture, muscle hypotrophy,
and weakness, among others."”

In our view, another relevant and significant aspect of this topic is
the socioeconomic factors, such as the length of in-hospital stay, the
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burden on the institution, the impact on the family budget, absence
from school, absence of parents or guardians from work, and job loss.
Otherissues have also been reported, such as transportation difficulties,
hygiene problems, reduced social contact, total dependence for
feeding care, psychological changes, and restricted visual field."”
Our services are provided in a public referral facility for more complex
treatments in the municipalities of Embu das Artes and Taboao
da Serra, Sao Paulo, Brazil, which are affiliated with the Brazilian
Unified Health System (SUS). Thus, optimizing the use of beds
and hospitalization time is a constant concern, requiring the best
possible management.

Considering surgical treatment, the American Academy of Orthopaedic
Surgeons (AAOS)™ published a series of recommendations for the
treatment of DFF in 2010. These recommend flexible intramedullary
nailing as a therapeutic option for children aged five to 11 based on
level lll evidence and grade C recommendation. The use of rigid
trochanteric intramedullary nailing, plate and screws, and flexible
intramedullary nailing is recommended for individuals older than 11
based on level IV evidence and grade C recommendation. There is no
evidence to recommend for or against the following situations: removal
of surgical implants from asymptomatic patients after operative
treatment of DFF (level IV evidence and inconclusive recommendation
grade); outpatient physical therapy to improve function (level V
evidence and inconclusive recommendation grade); and use of
blocked plates versus unblocked plates for fracture fixation (level [V
evidence and inconclusive recommendation grade).

Considering these assumptions, we agree with the recommendations
proposed by AAOS."® Our study showed that the mean ages for
choosing blocked intramedullary nails were higher compared to
the other groups in our casuistry (N = 16). The mean ages for using
plates and screws were 12.17 years, 11.75 for using flexible nails, and
6.85 for external fixation. However, we did not adopt the conservative
therapeutic approach for children older than five when possible.
We highlight the work by Luo Y et al., who advocate for the choice of
flexible nails over plate and screw fixation in low-energy comminuted
fractures, reporting advantages such as shorter surgical time,
intraoperative bleeding, and hospitalization costs.® Of the nine cases
observed in children aged < 5 years, eight were treated with linear
external fixation, and one with a flexible intramedullary nail. Our study
demonstrated statistical significance in comparisons between fixation
methods when considering the type of injury (Gustillo 3A open vs.
closed) and fracture pattern (simple vs. complex), indicating that these
variables are also invaluable factors in choosing the fixation method.
When judging the choice between external fixation and intramedullary
nailing, the literature has not established a consensus. Our results, in
pairwise evaluations, showed that the comparison between groups
A and C did not present statistical significance (P < 0.001) when
considering the age of the participants. Although our study did not
demonstrate a positive association in the comparison between
these groups and age, we believe that there is a tendency to assert
that the use of external fixation may have superiority in patients
with more distal or proximal fractures, older age, and body weight
above 45 kg, compared to the use of flexible nails.'®

In this study, there were six conversions in which external fixation was
replaced by intramedullary nailing, four of which showed significant
associated injuries (head, chest, cervical, or abdominal trauma). This
is a common approach, as the implementation of external fixation
is fast and effective, allowing for quick stabilization of the bone
injury and enabling care for other systems and organs.'® However,

we emphasize that there are proponents of using external fixation
definitively, especially in the pediatric population.'®2° The more
severe profile of patients undergoing external fixator therapy'®2°
could explain the higher number of individuals with open and/or
complex fractures in Group D in our study.

Regarding complications, Group D showed a higher number of
cases, with 50% showing complications, including one patient who
developed non-union. The work of Lascombes et al. reports minimal
complications, with one case of osteomyelitis, two refractures, five
length discrepancies > 2 cm, and 12% skin irritation in over 350
treated fractures. They argue that the use of nails is superior to plates
and external fixators.2" Our study is in line with these findings, but
our sample is limited, which may bias our results.

The length of hospitalization for our patients corresponded to the
standard of care for polytraumatized individuals. A considerable
rate of complications and adverse events, including mortality, is
inherent in polytrauma cases among adolescents and pediatric
patients. The severity of trauma is closely related to lower body
weight and bone structure. In older children, thoracic and cranial
trauma may be important predictive factors for outcomes in these
patients, although extremities, the chest, and the abdomen are more
frequently affected in this population. Besides the complications
listed, we did not observe any fatal cases.??

We suggest that higher treatment costs are related to the severity of
injuries. When comparing the financial demand, operative methods
appear to be more advantageous when compared to conservative
treatment, which could entail avoiding the risks of surgery.'®

The main limitation of our study is the small sample size, despite
data collection spanning over 10 years (from January 2012 to
December 2021). We consider the strong points to be the collection
of data in a referral hospital for pediatric musculoskeletal injuries in
the region. We believe that additional or multicenter studies could
provide a larger sample size and offer more evidence on the subject.

CONCLUSIONS

We conclude that the correct therapeutic choice in the management
of diaphyseal femur fractures (DFF) in children and adolescents
remains inconclusive in the literature, and it continues to be a topic of
great relevance to the academic and scientific community. Our study
confirms the association between age and fixation methods. Flexible
intramedullary nails (INs) and external fixation were found to be the
preferred options for patients of intermediate age, whereas locked INs,
flexible INs, plates, and/or external fixation are prioritized for patients
over 11 years old. The type and pattern of fractures are considered
important factors in the choice of treatment. Despite complications
being observed, the use of INs should not be discouraged. Finally,
individual factors should be considered when choosing the best
therapeutic approach. The functional outcome was satisfactory in
40 cases (97.6%) and unsatisfactory in one case (2.4%). Regarding
fracture consolidation, we found one case (2.4%) of non-union and
one case (2.4%) of malunion. In total, 39 cases (95.2%) achieved full
and satisfactory healing of their injuries. Regarding complications,
we noted that 50% of cases (N=3) occurred in Group D, with two
major complications (joint motion limitation and pyoarthritis) and
one categorized as minor (tendonitis). Moreover, in Group A, we
found one minor complication (pin tract infection) and one major
complication (malunion), whereas in Group C1, we found one minor
complication (screw breakage in the nail).
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DECREASED SURGICAL DURATION, LESS COMPLICATIONS,
AND FASTER RETURN TO ACTIVITIES ACROSS THE LEARNING
CURVE FOR THE ARTHROSCOPIC LATARJET TECHNIQUE

MENOR TEMPO CIRURGICO, MENOS COMPLICACOES E
RETORNO MAIS RAPIDO AS ATIVIDADES AO LONGO DA CURVA
DE APRENDIZADO PARA A TECNICA ARTROSCOPICA DE LATARJET
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ABSTRACT

Obijetive: This study aims to analyze the learning curves in per-
forming the arthroscopic Latarjet surgery. Methods: This was an
observational, retrospective, single-center study. All cases of
arthroscopic Latarjet performed in this institution from 2016 to
2021 were included. The data analyzed were surgical time (of the
chief surgeon alone and the group of surgeons), complications,
and time until the return to sports activities. Technical observations
about the learning process were also reported. Results: In total,
50 consecutive cases were included (93% retention of the initial
sample identified at the institution). The decrease in surgical time
was presented logarithmically and showed a decrease in time both
for the individualized analysis of the senior surgeon (r = —0.67,
p < 0.001) and for the surgical group (r = —0.476, p < 0.001).
Mean operating time (and standard deviation) dropped from
235 minutes (73) in the first 10 cases to 156 minutes (34) for the
subsequent cases (p < 0.001). In the first 20 cases, five intercur-
rences were recorded and three reoperations were performed,
whereas subsequent cases presented only one intercurrence
requiring surgical intervention (p = 0.032). The median time
to return to sport was nine months for the first 20 cases versus
six months for subsequent cases (p = 0.001). Conclusion: The
learning curve for the arthroscopic Latarjet procedure showed
a progressive decrease in operative time, complications, and
time to return to sports activities. This suggests that the surgeon
developed the necessary skills and confidence to reach a plateau
of expertise to perform the surgical procedure. Level of evidence
IV, Observational retrospective.

Keywords: Instability. Shoulder. Surgeon Experience. Learning Curve.

RESUMO

Objetivo: Analisar a curva de aprendizado para a realizagao artroscépica
da cirurgia de Latarjet. Métodos: Este foi um estudo observacional,
retrospectivo e unicéntrico. Foram incluidos todos os casos de Latarjet
artroscopico realizados nesta instituicdo, de 2016 a 2021. Os dados
analisados foram: tempo cirdrgico (somente do cirurgido chefe e do
grupo de cirurgioes), complicagoes e tempo até o retorno as atividades
esportivas. Observagoes técnicas sobre o processo de aprendizagem
também foram relatadas. Resultados: Foram incluidos 50 casos conse-
cutivos (retencao de 93% da amostra inicial identificada na instituic&o).
Adiminuig&o do tempo cirdrgico foi apresentada de forma logaritmica
e mostrou redugéo do tempo, tanto para a analise individualizada do
cirurgido sénior (r = —0,67, p < 0,001) quanto para o grupo cirdrgico
(r=—0,476, p < 0,001). O tempo operatério médio (e desvio padrédo)
caiu de 235 minutos (73) nos primeiros 10 casos para 156 minutos (34)
nos casos subsequentes (p < 0,001). Nos primeiros 20 casos foram
documentadas cinco intercorréncias e realizadas trés reoperagoes,
enquanto nos casos subsequentes 0correu apenas uma intercorréncia
com necessidade de intervengéo cirdrgica (p = 0,032). O tempo médio
ppara retorno ao esporte foi de nove meses para 0s primeiros 20 casos
VErsus seis meses para 0s casos subsequentes (p = 0,0017). Concluséo:
Durante a adogéo inicial do Latarjet artroscopico, houve diminuigdo
progressiva do tempo operatdrio, das complicagbes e do tempo de
retorno as atividades esportivas até que o cirurgiao ganhasse a habi-
lidade e a confianca necessarias para atingir o patamar de expertise
para realizacéo do procedimento cirirgico. Nivel de evidéncia IV,
Retrospectivo observacional.

Descritores: Instabilidade. Ombro. Experiéncia do Cirurgio. Curva
de Aprendizado.
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INTRODUCTION

Anterior glenohumeral dislocation is the most common type
of shoulder dislocation, accounting for 90% of cases. It is a
potentially disabling injury and frequently affects young athletes,
which encourages continuous improvement in the development
of techniques to treat this pathology.

Considering the high rates of recurrences described, Balg and
Boileau designed the Instability Severity Index Score (ISIS),
which considers patient’s characteristics, type of activity, and
radiological images. Scores below 4 show recurrence rate of
approximately 10%, whereas scores greater than or equal to 4
have an approximate recurrence rate of 70%, thus requiring further
techniques for repair, with the need for bone blocks, such as the
Bristow-Latarjet surgery.?

The Bristow-Latarjet technique involves osteotomy of the coracoid
apophysis and its transfer, along with the conjoined tendon, to
address the bone defect in the anteroinferior portion of the glenoid.3*
In 2007, Lafosse et al. first described arthroscopic Latarjet surgery,
finding fewer complications compared to open surgery.®

The literature have suggested that the arthroscopic technique
shows potential benefits, including less damage to the adjacent
tissues, less postoperative stiffness, and faster rehabilitation.®
However, it is technically challenging due to concerns about
potential surgical risks during the initial phase of the learning
curve.”® Thus, this study aimed to analyze the learning curve for
performing arthroscopic Latarjet surgery.

MATERIALS AND METHODS

After approval by the Research Ethics Committee, an observational,
retrospective, single-center study of a series of cases was
conducted. Screening of the participants was accomplished by
searching the medical records of the institution. Inclusion criteria
were: individuals who underwent arthroscopic Latarjet surgery
from April 2016 to July 2021 to treat anterior glenoid bone defects
greater than 20%, an engaging Hill-Sachs lesion with ISIS score
greater than four'®, or a failed Bankart repair. Exclusion criteria
included the presence of rotator cuff injuries, fractures of the
proximal third of the humerus, and/or insufficient medical records
for the required analyses.

The data collected and analyzed were sex, age, surgical time, need
for reverting to open surgery, surgical or perioperative complications,
reoperation, and time to return to physical activities.

The study was approved by Instituto Fleury under the number
48639121.0.0000.5474.

Surgical technique

The arthroscopy was performed with 0.9% saline solution with
half an ampoule of adrenaline with vasoconstrictor for each liter
of saline. The pressure in the infusion pump in the arthroscope
was maintained at 45 to 50 mmHg, and 1 g of tranexamic acid
was administered during anesthetic induction. Arm support was
provided by an articulated mechanical arm (Trimano) and bipolar
radiofrequency was used. The arthroscopic portals were used as
recommended by Lafosse® and as previously described."

Once the kit for performing the arthroscopic Latarjet technique
became available in our country, the institution where this research
was conducted began to treat cases using this surgical technique.
A senior surgeon from the group took the lead as head surgeon
in the first cases. To ensure the safety of the coracoid osteotomy
and its positioning, the first 10 cases were completely performed
using the arthroscopic technique with subsequent open surgery
for checking and making final adjustments when necessary, as
previously suggested for this surgical technique'. The patients
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were previously informed that the arthroscopic and open surgery
were going to be programmed and performed.

As the surgical group gained experience, after the first 10 cases, the
procedure was completely performed arthroscopically and other
surgeons began to take on their first cases as the lead surgeon,
accompanied by the senior surgeon.

Data analysis

A descriptive and inferential presentation of the data was prepared.
Technical observations about the learning process were compiled
in descriptive form.

For learning curve, three models were considered: (A) chronological
order with only the senior surgeon cases, (B) chronological order
with all group cases, and (C) order considering the number
of cases for each surgeon individually. The learning rate was
calculated for model (A) using the learning curve data for the
single surgeon cases only. The Kolmogorov-Smirnov test was
used to evaluate the normality of the data. Parametric correlation
analysis (Pearson’s correlation) between the case number and
the surgical time was conducted using the least squares method
(logarithmic transformation of the variables involved). Group case
series were divided into five consecutive strata in chronological
order and the mean surgical times of the blocks were compared
using analysis of variance (ANOVA) and the two-sample Student’s
t-test to evaluate change between the blocks during the learning
process. A 2x2 contingency table was used with Pearson’s test
for the comparison between the blocks of cases with or without
complications. Moreover, the Mann-Whitney test was used to
compare the times to return to physical activities. The SPSS
Statistics 22 (IBM®) software program was used for data analysis,
and the significance level was set at 0.05.

RESULTS

From the initial sample of 54 identified cases, we obtained the
necessary data for 50 individuals (93% retention). In total, 44 patients
were male (88% of the total), and the mean patient age was 32 years
(standard deviation, SD 11). A total of 34 surgeries were performed
by the primary author as the lead surgeon. The other procedures
were performed by four other surgeons in the group as the leads,
but always with the primary author as the supervisor.

Figure 1 shows the operating time spent per number of consecutive
cases and the estimated time based on the learning curve model. The
decrease in surgical time is evident over the course of consecutive
cases across the learning curve for this surgical technique.

The correlation model observed between the surgical time (in
log) and the secondary evolution of the cases operated only
by the senior surgeon demonstrated a significant statistical
correlation, in which a decrease in surgical time was observed
(Pearson’s linear correlation coefficient, r = —0.67, p < 0.001,
Figures 1a and 1b).

In our analysis of the group learning curve, we also observed a
statistically significant decrease in the surgical time over the course
of the cases operated (r = —0.476, p < 0.001, Figures 1c and 1d).
By separating the cases into consecutive chronological blocks of
10, it was possible to observe that the mean surgical time of the
cases after the tenth dropped significantly (Figure 2, p < 0.001)
from 235 minutes (cases 1-10) to 151 (11-20), 165 (21-30), 150
(31-40), and 157 (41-54). After the tenth case, the variability
(standard deviation) of the surgical times dropped from 73 minutes
(95% Cl 182-287, cases 1-10) to 34 minutes (95% CI 145-167,
cases 11-54), showing trends to follow the estimated time curve
more faithfully, in a plateau projection.
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Figure 1. Learning curves created by plotting surgical time by case number. (a) Learning curve of the senior surgeon with raw data and in (b)
logarithmic transformation. The learning curve was estimated as 84% (2-°'%). (c) Learning curve of all cases of the surgical group directed by
the senior surgeon with raw data and in (d) logarithmic transformation. The learning curve was estimated as 89% (2-°24). Graphs A and C show
logarithmic trendlines and graphs B and D show linear trendlines. (e) Learning curve of the surgical group in the chronological and cumulative
order in which the cases were operated. (f) Learning curve of the different lead surgeons of the same surgical group (the cases were not cumu-
latively counted among the different surgeons).
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Figure 2. Comparison of surgical times by consecutive groups of cases
included in this study. ANOVA (p < 0.001), * Group 1-10 statistically
significant in Student’s t-test compared to the other groups (p = 0.006:
1-10vs. 11-20, p = 0.011: 1-10vs. 21-30, p = 0.010: 1-10vs. 31-40,
p = 0.011: 1-10 vs. 41-54)

In the first 10 cases, a total of five complications were found,
with two cases of neurapraxia of the musculocutaneous nerves,
with spontaneous resolution, a case of coracoid graft fracture,
resolved intraoperatively with graft fixation using a screw, and two
cases of grafts in a highly lateralized position, requiring thinning
of the graft and removal of the screws. All cases progressed well,
without sequelae. In this study, in our analysis of cases 30 to 50,
we encountered only one complication. Breakage of the coracoid
graft occurred in case 43, which was fixed with only one screw and
was resolved intraoperatively, requiring only conversion to open
surgery, without complications or future sequelae for the patient.
We observed a change in pattern after the 20th case (p = 0.032).
The median time to return to physical activities in the first 20 cases
was nine months (min.-max., 4-18) versus six months (min.-max.,
4-9) for subsequent cases (p = 0.001).

As qualitative observations, we noted some recurring challenges
from the first surgical procedure. First, we noticed a high splitin the
subscapularis muscle, leaving only a narrow upper layer, which could
lead to muscle weakness. Another issue was related to the size of
the coracoid. During the osteotomy, the graft often was found to be
quite small at the base, with excess coracoid, which could cause an
internal impact in the future or, if the grafts were smaller than 1 cm,
they might not be sufficient to stabilize the humeral head against
the glenoid. Moreover, when the graft was fixed arthroscopically,
we noted that it was usually positioned excessively at the base
of the glenoid and excessively lateralized, which could generate
impact and chondral injury on the humeral head.

After the first 10 surgeries, we were able to make the necessary
adjustments so that all the procedures were performed solely by
arthroscopy without checking via open visualization. This was
made possible with the subscapularis split in the proper location,
the coracoid tip with the correct size, and the more medialized
positioning of the graft, preventing impact with the humeral head
and adequately stabilizing the glenohumeral joint.

DISCUSSION

In our study, we observed a reduction in the required surgical time,
a decrease in the number of complications, and an acceleration of

Acta Ortop Bras.2024;32(5):e277567

the return to physical activities accompanying the learning curve.
These findings corroborate the fact that the arthroscopic Latarjet
technique can show favorable clinical results, even better when
performed by experienced surgeons.®®

As previously discussed in the literature,'?'3 the technical challenges
recurrent during a surgeon’s first cases operating via arthroscopic
Latarjet surgery should be noted and include the subscapularis spilit
and the preparation and proper positioning of the coracoid graft."
These challenges can be attributed to the inadequate placement
of the portals. For example, while the midsub portal exposes the
entire extension of the subscapularis muscle, facilitating a proper
split, and the pectoral portal, also known as the “suicidal portal,”
provides a good view for positioning the coracoid on the glenoid,
these are details that require training and careful attention of the
surgeon performing these operations.® "4

According to Kany et al., 50% of open Latarjet procedures evolve
with poor positioning of the bone graft. They also state that, after
conducting surgical planning using computed tomography of the
shoulder, 81% of the patients who underwent arthroscopic Latarjet
had good positioning of the coracoid, which corroborates the
fact that graft positioning may be related to surgical planning and
adequate reproduction of the arthroscopic Latarjet technique.'®
In our study, we had only two cases of poor graft positioning
out of 50, which is lower than the values normally found in the
literature both for open and arthroscopic Latarjet. The decline in
the number of complications from the open technique had already
been documented,'®'” but unlike other previous reports using the
arthroscopic technique,”'%'2'8 the present study was able to also
attest to such a decline in the minimally invasive technique.

In fact, the negative correlation between surgical time and surgeon’s
experience is the most commonly studied outcome in the initial
adoption of both the open and arthroscopic Latarjet techniques.'”
In 2018, a systematic review'” estimated a number that can be
defined as the case volume necessary to achieve proficiency
in the arthroscopic procedure. By grouping the data from three
studies'®'?'8 they observed that the surgical time was greater in
the 1st to 42nd cases than in the subsequent cases (43-105). In
a study with 12 surgeons in five different countries®, the authors
concluded that, with a high volume of cases, surgeons reach a
learning curve plateau at around 30 to 50 cases.

After that review article, and in addition to a mere decline, in 2020,
Getz and Joyce concluded that the arthroscopic Latarjet procedure,
after a learning curve of 20 to 25 patients, may be advantageous
over the open procedure by reducing the time to return to sports,
scar size, and joint stiffness, in addition to showing no statistical
difference in relation to the number of complications.'® Surgical
time and incidence of complications were found to significantly
decreased after the first 25 and 30 cases in two other studies.?%%!
Inthis article, we observed a decrease in the three outcomes studied
starting with the 21st case, a result consistent with the findings in
amore recently study published by Leuzingher et al.” We highlight
that the surgeon was already familiar with the technique, as has
completed observational internships and undergone training, which
may have optimized the adoption of the technique.

When comparing the open and arthroscopic techniques, there are
no significant differences in terms of complications or outcomes,
although it is necessary to traverse the arthroscopic surgery learning
and experience curve.?? A limitation related to the arthroscopic
Latarjet technique is the increased total cost of the surgery since it
requires specific instruments, which can limit its use.?? Arthroscopic
Latarjet surgery is a highly complex technique; however, when
performed by surgeons with extensive experience in arthroscopy
and shoulder surgery, it is reproducible and safe, as well as
advantageous, especially for athletes and sportspersons who want
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an earlier return to sports.'®2? As far as we know, this was the first
article documenting the reduced time to return to sports activities.
This work was a retrospective study that analyzed the initial
learning curve for the arthroscopic Latarjet technique performed
by a senior surgeon and a surgical team. A long-term analysis
of these learning curves may be important to determine whether
the observed plateau trend in surgical time will be sustained. In
this article, clinical outcomes across the learning curve were not
studied, but a previous study found no significant differences in
Walch-Duplay scores, Rowe scores, or patient satisfaction levels.®

CONCLUSION

In conclusion, during the initial adoption of the arthroscopic Latarjet
procedure, we observed a progressive decrease in surgical time,
a reduction in the number of complications, and a shorter time
before patients were allowed to return to sports activities. As
surgeons progress in this learning curve, they become more
familiar with the procedure, overcome technical difficulties, and
develop the skills and confidence necessary to optimally perform
the surgical treatment.
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ABSTRACT

Obijective: This study aims to assess cost-effectiveness of caudal
epidural block with transforaminal nerve root block in the treat-
ment of degenerative diseases of the lumbar spine. Methods: A
total of 47 patients with lumbar sciatica symptoms were included.
Low back pain and leg pain were assessed using the visual
analogue scale (VAS), both in the pre-procedure and one week
after. The cost-effectiveness and value required to improve each
point on the VAS were estimated using addition, division, and
rule of three calculations. Results: For low back pain, scores
ranging from 2 to 10 were found before the procedure, with a
mean of 7.5 = 2.14 (95%Cl: 6.8-8.1). A week after, these scores
ranged from 0 to 10, with a mean of 3.1=2.8 (95%Cl: 2.3-4.0;
p < 0.0001). Regarding leg pain, scores ranging from 1 to 10
were noted before the procedure, with a mean of 6.8 = 2.5
(95%Cl: 6.1-7.4). A week after, these scores ranged from 0 to 9,
with mean of 2.4 = 2.5 (95%Cl: 1.8-3.1; p < 0.0001). The cost
of the materials used during the procedure was 214.72 BRL.
Conclusion: Caudal epidural with transforaminal nerve root
block were a cost-effective treatment modality for patients with
degenerative diseases of the lumbar spine. Level of evidence
111, Retrospective cohort study.

Keyword: Cost-Effectiveness Evaluation. Local Anesthetics. Low
Back Pain. Pain Measurement. Spinal Diseases. Visual Analog Scale.

RESUMO

Objetivo: Testa a avaliagdo de custo-efetividade do bloqueio epi-
dural sacral com bloqueio foraminal no tratamento de doencas
degenerativas da coluna lombar. Métodos: Foram incluidos 47
pacientes com sintoras de ciatica lombar. A avaliagdo da dor
lombar e dor nas pernas foi quantificada pelo uso da escala visual
analdgica (VAS), antes do procedimento e uma semana depois.
A custo-efetividade e o valor necessario para melhorar um ponto
na VAS foram calculados usando adi¢éo, diviséo e regra de trés.
Resultados: Para a dor lombar, foi observada uma variagao de 2
a 10, com média de 7,5+2,14 (IC95%: 6,8-8,1) antes do procedi-
mento; e uma variagao de 0 a 10, com média de 3,1x2,8 (IC95%:
2,3-4,0) uma semana apos (p < 0,0001). Para dor nas pernas, uma
variagéo de 1 a 10 foi observada, com média de 6,8 = 2,5 (IC95%:
6,1-7,4) antes da intervencdo; e uma variagao de 0 a 9, com média
de 2,4 = 2,5 (IC95%: 1,8-3,1) uma semana depois (p < 0,00017).
O custo dos materiais utilizados durante o procedimento foi de
214,72 reais. Concluséo: O bloqueio epidural sacral e o bloqueio
foraminal foram modalidades de tratamento com custo-efetividade
para pacientes com doengas degenerativas da coluna lombar.
Nivel de evidéncia Ill, Estudo de coorte retrospectivo.

Descritores: Avaliagdo de Custo-Efetividade. Anestésicos Locais.
Dor Lombar. Medig&o da Dor. Doencgas da Coluna Vertebral. Escala
Analégica Visual.
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INTRODUCTION

Spinal degenerative diseases can affect up to 65% of the world’s
population annually and up to 84% of people at some moment in
their lives." The most common symptoms are low back pain and
sciatica.?2 Such symptomatology depends on which findings are
present, such as facet joint arthrosis, spondylolysis, foraminal
stenosis, disc herniation, spondylolisthesis, and degenerative
disease of the intervertebral disc.?3

Several authors have demonstrated an association between the
symptoms resulting from these alterations and the reduction in
the patient’s quality of life.5® Thus, the treatment aims to improve
the patient’s clinical conditions and quality of life.> Concerning
therapeutic options, there is a diversity of treatments available,
ranging from fixations with arthrodesis to non-surgical measures
such as medication and physiotherapy.® It is well-defined
that Each diagnosis require a particular treatment, which
should be pointed out based on the patient’s symptoms and
complementary exams.®?°

Atreatment that has been increasingly used for symptoms resulting
from degenerative spinal disease involves administering facet-joint
and epidural injections, emphasizing the caudal epidural injection
and transforaminal injection.”"" The terminology used to define
epidural injections is already challenge among spine and pain
specialists.'*'® Terms such as facet denervation, percutaneous
rhizotomy, paraspinous infiltration, nerve injection, percutaneous
neurolysis, sympathetic infiltration, foraminal infiltration, facet
injection, sacral injection, and epidural infiltration are some
of the terms in the Brazilian Unified Supplementary Health
Terminology (TUSS) table, thus recognized by the Brazilian
National Supplementary Health Agency (ANS), which are used
to designate a type of percutaneous intervention aimed at treating
low back pain.'®2° This difficulty results in heterogeneity in the
analysis of results after infiltrations when we look for evidence in
the literature that supports its prognosis.'>'®17

Currently, there are several specific materials available that can be
used to carry out such interventions, ranging from spinal anesthesia
needles, available at any health unit, to cooled radiofrequency
cannulas, which are expensive, with varying costs, and less available
on the market, impacting the necessary expense to treat a patient.'2°
Despite being considered a less invasive pain management
technique, epidural injection is not exempt from complications.'?
Pain worsening, neuropraxia, meningeal lesions, abscess formation,
and even paraplegia are described as complications of epidural
injections and must be considered when indicating a specific
procedure.!:20

Thus, this study aims to investigate the cost-effectiveness and
complications of combining procedures, transforaminal and caudal
injections, in treating patients with degenerative lumbar spine
diseases associated with low back pain and sciatica.

METHODS

Ethical aspects

This study is an observational, retrospective cohort study with a
quantitative and qualitative approach and was approved by the
Research Ethics Committee of the institution where the study was
carried out (CAAE:48835721.8.0000.8098), fulfilling the prerogatives
of Resolution no. 466/2012 of the Brazilian National Health Council
regarding the parameters of research with human beings.

Sample characteristics

In total, 47 patients diagnosed with degenerative lumbar spine
disease and symptoms of low back pain associated with sciatica
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were included in the study. All data were obtained from the medical
records of patients treated at the same private clinic by the same
physician with more than 10 years of specialization in spine surgery
and pain management.

Patients of both sexes, aged over 18 years, with low back pain
and/or pain radiating to the leg that was refractory to conservative
treatment with analgesic medication and physiotherapy for
more than four weeks were included. All patients underwent a
combination of caudal epidural and transforaminal injections.
Exclusion criteria included patients under 18 years, those
diagnosed with a tumor disorder, infection, or spinal trauma,
and those with a history of previous lumbar spine surgery.
Complementary imaging, such as radiography and magnetic
resonance imaging (MRI) of the spine, was used in all cases to
confirm the diagnosis.

Analyzed variables

The information collected from the patient’s medical record included
age, sex, diagnosis, occurrence of complications resulting from
the procedure, initial pain intensity (iVAS), and pain intensity one
week after the procedure (fVAS). Pain levels were assessed using
Visual Analog Scale (VAS). VAS scores were recorded for both low
back pain and leg pain.

Moreover, data on the total time and cost of the procedure were
collected from hospital records. The procedure cost was estimated
from the sum of all devices, materials, and medications used to
treat each patient. Information was also obtained from the patient’s
medical records.

The cost-effectiveness (CE) was estimated by dividing the procedure
cost by the mean difference between the iVAS and the fVAS, as
shown below:

Cost-effectiveness (CE) = Total cost (TC) / (iVAS — fVAS)

The cost required to improve by one point on the VAS was estimated
using the rule of three, as presented below:

Total procedure cost (TC) ----------------- (iVAS — fVAS)

Cost of X 1 point on VAS
The cost of X is the cost required to improve one point on the visual
analog pain scale (VAS).

Procedures

The procedures were performed at the same hospital by the
same spine surgeon, using the same mobile C-arm device
(Model: GE OCE Fluorostar Compact; Manufacturer: GE OCE
MEDICAL SYSTEMS GMBH; Serial number: FCDxxA18120685;
Date of manufacture: December/2018; Made in Germany). All
patients were administered transforaminal injection (1.5 to 2
ml of solution per foramen) using a solution containing 1 ml
of 2% lidocaine 20 mg/ml without vasoconstrictor (xylestesin)
and 1 ml of triamcinolone hexacetonin 20 mg/ml (Triancil). For
caudal epidural injection, a solution containing one ampoule
of betamethasone diproptonate 5 mg + disodium phosphate
2 mg (Eurofarma) and one ampoule of lidocaine 2% 20 mg/ml
without vasoconstrictor (xylestesin).

Before performing the procedure, the attending physician met the
patient in the waiting room and asked about the intensity of pain
using the VAS, recorded as the iVAS. Then, the patient was taken
to the operating room, positioned in the horizontal prone position,
and submitted to anesthetic sedation. Thus, asepsis was performed,
and appropriate sterile fields were placed. With the positioning and
use of the mobile C-arm in the anteroposterior view, the desired
lumbar level was identified and, with the oblique view, the needle
was inserted into the foramen, and after confirming its proper
positioning, the analgesic solution was injected. These steps were
repeated according to the number of foramina affected.
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Afterwards, the mobile C-arm was positioned on the lateral view at
the level of the sacrococcygeal region, and the sacral hiatus was
palpated. The needle was inserted into the sacral hiatus, and its
proper positioning was confirmed by administering radiopaque
contrast 300 mg/ml (Omnipague 50 ml), and the analgesic solution
was subsequently injected.

The patient was then directed to the post-anesthesia recovery room
and discharged according to the criteria of the anesthesia team. A
week after the procedure, the attending physician in charge scheduled
a new appointment with the patient and recorded the fVAS.

Statistical analysis

Data tabulation was performed using the Microsoft Excel® 2016
software. The data obtained were statistically analyzed using the
Stata ® 2018 software, and the mean and standard deviations
were used. For inferential analysis, the Student’s t-test for paired
samples was used.

RESULTS

Atotal of 47 patients with degenerative spine diseases associated
with low back pain and sciatica met the inclusion criteria and were
selected for the study. In total, 17 males and 30 females were
included, aged 24 to 86 years, with a mean age of 56.4=17.23 years.
The age of female patients ranged from 26 to 84 years, with a mean
of 60.13 years, whereas male patients’ age ranged from 24 to 86
years, with a mean of 49.17 years. Among the diagnoses of the
evaluated patients, we found facet degeneration, intervertebral disc
degeneration, spinal canal stenosis, disc herniation, and patients
with grade 1 spondylolisthesis. Regarding the complications, no
occurrences were identified.

Low back pain assessment using the VAS found values ranging
from 2 to 10, with a mean of 7.5 = 214 (95%Cl 6.8 — 8.1) before
the procedure (iVAS). A week after (fVAS), it ranged from 0 to 10,
with a mean of 3.1 + 2.8 (95%Cl 2.3 - 4.0; p < 0.0001) . (Table 1)
Meanwhile, leg pain assessment using the VAS found values ranging
from 1 to 10, with a mean of 6.8 + 2.5 (95%Cl 6.1 — 7.4) before the
procedure (iVAS). A week after (fVAS), it ranged from 0to 9, with a
mean of 2.4 + 2.5 (95%Cl 1.8 — 3.1, p<0.0001). (Table 1)

The total cost of the procedure was 214.75 BRL, remaining the
same for all patients included in the study (Table 2). The cost-
effectiveness (CE) for improving one point on the VAS for low back
pain was 73.62 BRL (Table 3) (Figure 1), whereas that for leg pain
was 114.51 BRL (Table 4) (Figure 2).

Table 1. Assessment of lumbar pain (n = 45) and sciatica (n = 56) using
the visual analog scale in patients undergoing epidural infiltration.

Pain Preoperative Postoperative p
. 75+2.14 31+28
LumbarSpine | (cos% 68-8.1) | (C95%23-40) | <000
. 68425 24425
Lower fmbs (C95%61-74) | (Icos% 18-a1) | <0000

Table 2. Materials used to perform caudal epidural and transforaminal
injection with respective amounts and values in reais.

The material used Quantity Un(i;;il)ue To:aBIF\!I:)I ue
Alfenthalin 0.5 mg/ml 1 ampoule 14.99 14.99
Midazolam 1 mg/ml 1 ampoule 5.27 5.27
Ringer lactate 500 ml 1 bag 2.14 2.14
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Abocath 24G (0.7x119 mm) 1 unit 2.53 2.53
Nasal oxygen catheter 1 unit 0.91 0.91
Microdropper equipment 1 unit 3.82 3.82
Tegaderm peripheral cateter 1 unit 5.45 5.45
Needle 25 mm x 8 mm 1 unit 0.1 0.1
Spinal needle 3 units 13.56 40.68
10 ml syringe with thread 2 units 05 1
5 ml syringe with thread 1 unit 0.33 0.33
5 ml syringe without thread 1 unit 0.33 0.33
Betamethasone
dipropionate + disodium 1 unit 3.25 3.25
phosphate 5 mg + 2 mg
Non- ionic iodine
contrast 300 mgi/ml 1 unit 34.68 34.68
Lidocaine 2% 1 unit 6.11 6.11
Triamcinolone 20 mg/ml 1 unit 81.2 81.2
Sterile operation field 1 unit 7.06 7.06
Chlorhexidine 0.5%
alcoholic solution 100 m 1 unit 1.87 1.87
Sterile gauze 2 units 0.7 1.4
Surgical glove 1 unit 1.63 1.63
214.75

mg: milligrams; ml: milliliter; mm: millimeters; % = percentage; BRL: Brazilian reais.

Table 3. Cost-effectiveness for improving lumbar spine pain after
epidural injection.

Number of patients | Painimprovement | Cost of X Disease
45 433 73.63 Overall Average
4 450 79.36 Degiicel:;tion
11 2.09 116.94 Discopathy
16 5.25 51.81 Stenosis
10 490 61.94 Hernia
4 5.25 65.32 Spondylolisthesis

Cost of X: cost needed to improve one point on the visual analog scale.

Table 4. Cost-effectiveness for improving pain in lower limbs after
epidural block.

Num_ber of Pain improvement Cost Disease
patients of X
52 2.60 114.52
3 1.67 139.76 Facet Degeneration
10 1.90 120.56 Discopathy
25 2.28 126.48 Stenosis
10 4.60 74.12 Hernia
4 2.00 106.69 Spondylolisthesis

Cost of X: cost needed to improve one point on the visual analog scale.
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Figure 1. Cost-effectiveness for improving lumbar spine pain after
epidural injection. Legend: DDD = degenerated disc disease.

Figure 2. Cost-effectiveness for improving pain in lower limbs after
epidural block. Legend: DDD = degenerated disc disease.

DISCUSSION

The combination of caudal epidural and transforaminal injections
proved to be, in this study, a cost-effective treatment modality with
a low complication rate for patients with degenerative diseases of
the lumbar spine.

Similar studies have demonstrated that epidural injections do
not change the evolutionary process of the disease,"'*'” but
rather offer immediate relief of the patient’s pain, allowing earlier

rehabilitation.'®2° Moreover, it can be considered a minimally invasive
and low-cost procedure compared to invasive surgical procedures,
with a low risk of complications.'® Among the injections, the lumbar
transforaminal and the caudal epidural injection have been used
in treating low back pain and sciatica caused by degenerative
diseases of the spine.'820

Numerous studies, including contemporary publications by
Manchikant, Lee, and Chou, have highlighted that epidural injection
provides moderate short-term pain improvement.®'® However,
epidural injections are not superior in the long term compared
to conservative treatment alone.'® Similar results were found in
studies by Pennington, in which, after performing the injection,
improvements were noted in the patient’s quality of life during the
first three months, which was not maintained during the six months
of follow-up.2° Our results align with these findings, as we observed
a considerable improvement in pain one week after the procedure,
both for low back pain and sciatica. Despite this, long-term pain
improvement was not considered in this study since, with short-term
improvement, patients could more easily perform rehabilitation and
strengthening exercises in physiotherapy sessions.

A variable that we studied but found no comparable research,
was the cost necessary to improve the patient’s quality of life,
represented by the VAS. We demonstrated that a small cost would
be required to improve one point on the VAS for low back and leg
pain, respectively 73.62 BRL and 114.51 BRL.

We highlight that our study shows limitations. Firstly, we underscore
that this is an observational analysis that used medical records
of patients with symptoms resulting from the degenerative spinal
disease who had unsuccessfully submitted to treatment with
physiotherapy and oral medications. Secondly, we did not apply any
quality of life questionnaires, which could provide more information
about the impact of the disease and resulting symptoms on patients’
daily routines. Finally, the diversity of diagnoses and possible
sources of similar symptoms hinder generalization of results.
However, our study also presents strengths, as we used a
standardized treatment for low back pain and sciatica for
degenerative diseases of the lumbar spine, using the same devices
and mobile C-arm for all injections. Moreover, the same spine
surgeon performed all procedures in the same hospital, and data
were collected by the same assistant.

CONCLUSION

Our results showed that combining caudal epidural and
transforaminal injection procedures is a cost-effective treatment
modality for patients with degenerative lumbar spine diseases
associated with symptoms of low back pain and sciatica for a
short period. In addition, the procedure proved to be safe, with a
low complication rate.
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ABSTRACT

Obijective: This study aims to describe a kinematic gait assess-
ment protocol and identify its main alterations in individuals with
cervical spondylotic myelopathy (CSM) compared to healthy
patients. Methods: In total, 14 patients diagnosed with CSM were
enrolled and submitted to a three-dimensional gait analysis.
The movement of patients was captured with infrared emission
cameras that identified tracking markers placed on the lower limbs.
Reference positions were used, and the patients walked along a
rubberized walkway. The Gait Profile Score (GPS) and Movement
Analysis Profile (MAP) were used to analyze variables. Results
were subjected to a Student’s t-test at 95% confidence interval.
The R Core Team (2016) software was used for statistical analysis,
graphically comparing the study results with data from healthy
patients. Results: When comparing the kinematic data bilaterally,
no statistical differences were found. However, graphical analysis
showed changes in the gait of patients with CSM compared to
healthy individuals. There were differences in all movements,
with a more significant discrepancy in hip and knee flexion and
extension, dorsiflexion and plantar flexion, and internal and ex-
ternal hip rotation. Conclusion: We describe a protocol for gait
kinematics assessment using GPS and MAP, and we presented
the differences in gait kinematics in patients with CSM compared
to healthy individuals. Level of Evidence II, Prospective study.

Keywords: Gait. Gait Analysis. Myelopathy. Movement.

RESUMO

Objetivo: Descrever um protocolo de avaliag&do cinematica da marcha
e identificar suas principais alteragées, em individuos com mielopatia
espondiidtica cervical (MEC), em comparagao com pacientes sauda-
veis. Métodos: 14 pacientes com diagndstico de MEC foram incluidos
e submetidos a analise tridimensional da marcha. Capturamos o
movimento dos pacientes com cameras de emissao infravermelha,
que identificararm marcadores de rastrearmento posicionados nos
membros inferiores. Adquirimos sua posicdo de referéncia e 0s
pacientes caminharam por uma passarela emborrachada. As variaveis
foram analisadas pelo Gait Profile Score (GPS) e Movement Analysis
Profile (MAP), sendo seus resultados analisados pelo teste t de
Student com intervalo de confianga de 95%. Utilizamos o software
R Core Team (2016) para analise estatistica. Comparamos grafi-
camente nossos resultados com dados de pacientes saudaveis.
Resultados: Ao comparar os dados cinematicos bilateralmente, ndo
houve diferencas estatisticas. A analise gréfica evidenciou alteragoes
na marcha do paciente em comparagéo a individuos saudaveis.
Houve diferencas em todos 0os movimentos, com discrepancia mais
significativa na flexao e extensao do quadril e joelho, dorsiflexéo e
flexdo plantar e rotacdo interna e externa do quadril. Concluséo:
Descrevermnos um protocolo de avaliagéo cinematica da marcha
utilizando GPS e MAP e apresentamos as diferengas da marcha de
pacientes com MEC, em comparacao com individuos saudavers.
Nivel de Evidéncia Il, Estudo prospectivo.

Descritores: Marcha. Andlise da Marcha. Mielopatia. Movimento.

Citation: Santos DR, Pimenta EZ, Soeira TP, Serenza FS, Pontes MDS, Herrero CFPS. Quantitative and qualitative investigation of three-dimensional
gait analysis in patients with cervical myelopathy. Acta Ortop Bras. [online]. Page 1 of 4 Available from URL: http://www.scielo.br/aob.

All authors declare no potential conflict of interest related to this article.

The study was cc d at Universid.

de de Sao Paulo, na Faculdade de Medicina de Ribeirao Preto.

Correspondence: Avenida do Café, 2361, Ribeirao Preto, SP, Brazil, 04311-001. emilly.zatta@usp.br

Article received on 09/26/2023, approved on 01/19/2024.

Page 1 of 4

e

Acta Ortop Bras.2024;32(5):e278864

<< SUMARIO


https://orcid.org/0000-0002-2758-9666
https://orcid.org/0000-0001-9808-1109
https://orcid.org/0000-0002-7403-1374
https://orcid.org/0000-0002-7924-9778
https://orcid.org/0000-0001-5962-1467
https://orcid.org/0000-0002-3387-4797

INTRODUCTION

Cervical spondylotic myelopathy (CSM) results from degeneration
of the cervical spine. It is characterized by spinal canal narrowing
and consequent spinal cord compression, the leading cause of
spinal cord dysfunction in adult patients, especially those over
60."2 Clinical presentation of CSM may include motor dysfunction,
gait disturbance, upper limb paresthesia, lower limb weakness or
numbness, balance problems, neck pain, and stiffness.®
Previous studies have shown that most patients diagnosed with
CSM have significant dysfunctions at some point in the gait cycle
compared to healthy individuals.* Some of the findings already
reported in the literature include slower gait speed, reduced step
and gait length, and increased stride width.5 Some researchers
have also observed a greater range of motion (ROM) of the ankle
and a lower ROM of the knee.®

Gait analysis in patients with CSM allows a better understanding
of gait biomechanics.® It may provide specific parameters that can
be analyzed and compared between the pre and postoperative
period, acknowledging a more detailed analysis of the muscle
activity and limb movement during all gait phases.®

The gait parameters of patients with CSM still need to be well established
in the literature due to their variability and lack of a defined pattern.”.82
Previous studies have analyzed the gait of patients with CSM.8210
However, there is a gap in the detailed quantitative and qualitative
assessment of the functional performance of these individuals at all
phases of the gait cycle. Therefore, this study aimed to identify the
main changes in the gait parameters of patients diagnosed with CSM,
as well as describe a protocol for kinematic gait assessment.

MATERIALS AND METHODS

This prospective study was conducted at the Rehabilitation Center of
our institution, received approval by the Institutional Research Ethics
Committee (4,026,013) and followed the prerogatives regarding
the parameters of research with human beings. The patients who
agreed to participate in the study signed an informed consent form.
Patients recruited at the Rehabilitation Center of the Hospital were
individuals with CSM diagnoses who were in the evaluation process
before surgical treatment. Inclusion criteria were individuals of both
sexes, over 18 years of age, who were clinically diagnosed with CSM
and confirmed by magnetic resonance imaging, and who agreed to
participate by signing an informed consent form. The exclusion criteria
included the presence of severe cardiac and respiratory disorders,
neurological diseases concomitant with CSM, and/or symptomatic
musculoskeletal conditions that could impact gait performance.
Before the surgical procedure, the subjects underwent a three-
dimensional gait analysis in a laboratory specialized in gait analysis
(LGA). The LGA presents eight infrared emission cameras (Qualisys
model Oqus 300) positioned and fixed at approximately 2.6 m
from the ground to capture body movement by placing reflective
markers on the skin.

In total, two types of markers were placed tracking markers and
reference markers, which allowed building the biomechanical
model by the segments’ length and the joint axes’ location."2
The constructed elements were the pelvis, thigh, leg, and foot.
The anatomical points where markers were placed included the
anterosuperior iliac spine, the midpoint of the sacrum between
the posterosuperior iliac spines, the lateral femoral epicondyles,
the lateral malleolus, the calcaneal tuberosity, and the center
between the Il and Il metatarsal bones, previously identified via
palpation, as shown in Figure 1. The purpose of tracking markers
is to follow the trajectory of each segment during movement.'12
Tracking markers were used in the thigh, leg, and foot segments,
fixed laterally at the midpoint of the thigh and leg (Figure 1).
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Figure 1. Placement of reflective reference and tracking markers at
anatomical points.

To identify the segments, the reference points were obtained by
instructing participants to remain in an orthostatic position, with their
feet parallel in the center of the walkway for 5 seconds. After this
acquisition, the reference markers were removed, continuing with
tracking markers. Then, the subjects were instructed to walk barefoot
at a comfortable speed along the rubberized walkway. The patients
walked at least five times along the entire walkway and performed
eight to twelve steps each turn, according to their step size.

The tracking markers were used to obtain nine kinematic
variables and generate the Gait Profile Score (GPS) to facilitate
the understanding of the gait analysis.’® From the division of the
GPS results, the Gait Variable Score (GVS) was obtained, an index
that measures the variable deviation of a normal gait."* Lastly,
the Movement Analysis Profile (MAP) was created from the GVS
results. The MAP describes the magnitude of deviation of the nine
individual variables estimated over the gait cycle, which shows
which variables contribute to altered GPS.'

The statistical data processing was performed using R (R Core Team,
2016), alanguage and environment for statistical computing, provided
by the R Foundation for Statistical Computing, Vienna, Austria. The
results were compared using the Student’s t-test for paired samples
at a 95% confidence interval for the differences between the sides.
The mean values obtained from each evaluation were plotted on
a graph to compare with those obtained from healthy individuals.

RESULTS

Our sample consisted of 14 patients diagnosed with CSM with a
mean age of 56 = 14.85, with 78.57% male (3 women and 11 men).
The mean weight was 76.6 Kg = 14.10 Kg, and the mean height
was 1.66 cm = 0.08 cm. The control group was composed of 19
volunteers with a mean age of 32 years (SD 6.69), mean weight of
61.2 (SD 13.19) and height of 1.70 cm (SD 10.1).

Table 1 shows the results obtained from the kinematic evaluation
GPS and MAP. When we compare the means between the sides
(right and left), the only joint evaluated that presented a statistically
significant difference was the ankle joint (p-value: 0.0204) with a
confidence interval from —4.44 to -0.33 (Table 1).

Figure 2 compares the GPS and MAP data obtained in our sample
of CSM patients with the GPS and MAP values of a sample of
healthy individuals. From the graphic, we identified differences in
all the movements studied by kinematic evaluation, with a more
significant discrepancy in hip flexion and extension, knee flexion
and extension, ankle dorsiflexion and plantar flexion, and internal
and external hip rotation (Figure 2).
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Table 1. Gait Profile Score and Movement Analysis Profile values of individuals with cervical spondylotic myelopathy and healthy individuals.

. Left P value Confidence Interval 95%
Right
Variable* Standard Deviation Standard Deviation Inferior Limit | Upper Limit | Meatny individuals
Mean Mean
G 10.51 2.7872 10.51 2.7872 NaN NaN NaN 4.21
PO 6.36 3.891 6.83 4.7155 0.4337 —-1.72 0.78 1.87
HFE 13 4.9047 12.83 5.3324 0.8138 —1.33 1.66 35
KFE 12.76 4.4356 14.55 5.355 0.1628 —4.4 0.82 4.37
ADPF 8.76 2.9999 11.14 2.589 0.0264 —4.44 —0.33 3.89
PT 3.14 1.3039 341 1.4509 0.116 —0.63 0.08 1.44
HAA 4.66 1.6082 5.59 2.9295 0.2226 —2.51 0.64 1.91
PR 4.01 2.7065 48 3.0339 0.2102 —2.08 0.5 2.46
HIER 9.11 4.621 11.42 6.4778 0.3173 —7.09 2.48 5.27
F 8.79 4.8826 9.03 8.0509 0.934 —6.41 593 3.8

*G = general; PO = pelvic obliquity; HFE = hip flexion and extension; KFE = knee flexion and extension; ADPF = ankle dorsiflexion and plantar flexion; PT = pelvic tilt; HAA = hip adduction and

abduction; PR = pelvic rotation; HIER = hip internal and external rotation; F = foot progression.

Figure 2. Gait Profile Score and Movement Analysis Profile of individuals
with cervical spondylotic myelopathy compared to healthy individuals.

DISCUSSION

Several studies have shown that individuals diagnosed with CSM
present alterations during the gait cycle compared to healthy
individuals due to spinal cord compression.*'® Nevertheless, typical
signs and symptoms of CSM are pain in the neck, shoulder, and
subscapular areas; numbness or tingling in the upper extremities;
motor weakness in the upper or lower extremities; sensory changes
in the lower extremities; and gait disturbances represented most
commonly by a spastic gait.'® On the other hand, subtle or unusual
gait presentations can make the diagnosis of CSM challenging. Thus,
three-dimensional gait analysis can be a helpful tool by providing
detailed data on the biomechanics and gait impairment in patients
with CSM."” Therefore, our study aimed to analyze the kinematic
changes during gait in individuals diagnosed with CSM before the
surgical treatment and to describe a gait assessment protocol.

This study, by assessing gait of 14 patients with CSM, identified
the main kinematic gait alterations and presented an assessment
protocol based on three-dimensional gait analysis using specific
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tools (GPS and MAP). It has been reported that this analysis is
important for a better prognosis of CSM after surgery and the
prevention of possible falls related to gait impairment, consequently
maintaining a good quality of life for patients.’®

GPS consists of nine main kinematic variables that a single number
can represent. Its measurement is presented in degrees, and higher
values point to greater deviations from a gait considered normal.™®
We chose this tool because its results are easy to interpret, and
the minimal clinically detectable difference is 1.6°. Thus, angular
changes considered clinically undetectable could show statistically
significant differences.

Additionally, the GPS can be decomposed to provide the Gait
Variable Score (GVS). The GVS represents parameters that estimate
the gait deviation variation. From the GVS, the Movement Analysis
Profile (MAP) is created to describe the magnitude of the deviation
of the nine individual variables estimated via the gait cycle, thus
providing a view of which variables contribute to a high GPS."
Thus, we chose MAP due to its capacity of providing additional
helpful information to the GPS. To support the value of these tools
in analyzing gait parameters, we compared the results found on
both sides. Then, except for the ankle joint (p = 0.0204), our results
regarding the GPS and the MAP did not show statistically significant
differences when comparing both sides. The interpretation of our
results suggests a symmetry in the findings on both sides, both
statistical and clinical since the minimum difference clinically
detectable by GPS is only 1.6° as mentioned above.

The graphic comparison of GPS and MAP values obtained from
our sample of patients with CSM with the values of individuals
considered healthy showed a difference in all parameters studied,
with a more significant discrepancy in hip flexion and extension,
flexion and extension knee, dorsiflexion and plantar flexion
of the ankle, and internal and external rotation of the hip. The
interpretation of our results suggests that, although we did not find
a statistically significant difference between the sides, the GPS
and the MAP allowed us to identify changes in the gait kinematics
of patients with CSM.

Our study shows some limitations. Firstly, we highlight the small
sample size. As this assessment is not part of the patient’s
preoperative protocol routine, we obtained authorization from a
small portion of individuals operated in our services during the
study period. Secondly, this study lacks a statistical comparison
of our results with the findings of individuals considered healthy
since we did not have access to the detailed data of the patients
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involved in the study from which we acquired the values. However,
we believe the graphical difference was substantial in all segments
studied, reinforcing the importance of evaluating gait kinematics
in patients with CSM. Finally, we believe that the increased age
of patients can contribute to changes found in the assessment of
individuals’ gait, which makes room for a new study proposal. Since
subtle changes may occur between the gait of patients with CSM
and patients with advanced age, detailed assessment techniques
may be extremely relevant.

Thus, we were able to design a protocol for kinematic gait
assessment of patients with CSM, identifying possible changes
in the gait pattern of these patients. Based on these findings,
studies can be developed, including a kinematic gait assessment

in the postoperative period, which can serve as an additional tool
in evaluating the effectiveness of surgical treatment.

CONCLUSION

From the study, it was possible to describe a protocol for gait
kinematics assessment using GPS and MAP to identify the main
alterations, in addition to presenting the differences in gait kinematics
of patients with CSM compared to healthy individuals.
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ABSTRACT

Objective: To compare the prevalence of smokers among patients
with chronic low back pain, in the presence and absence of
Modic changes, also the correlation between smoking history and
progression of the Modic scale. Methods: Observational study,
case-control type, with the inclusion of 340 vertebral segments
in a total of 68 patients, separated into groups: with Modic (case
group) and without Modic (control group). The odds ratio between
the groups was verified using the Chi-Square test. Degree of
correlation between smoking history (packs/year) and the degree
of disc degeneration using Max-Modic and Sum-Modic, using
Spearman’s non-parametric test. Results: The Modic group (MG)
was 54% female and 46% male, with an average smoking history
of 13.84 pack-years and an average of 1.42 altered segments per
patient. Conclusion: An increased risk for Modic changes was
found among smoking patients (odds ratio [OR] 4.09; 95% ClI,
1.26-12.31; p < 0.01) and significant correlation between Max-Mod-
ic, sum-Modic and smoking history. Level of Evidence Ill,
Retrospective comparative study.

Keywords: Intervertebral Disc Degeneration. Intervertebral Disc.
Tobacco Smoking. Low Back Pain. Magnetic Resonance Imaging.

INTRODUCTION

The clinical consequences of intervertebral disc degeneration have
been highlighted as one of the main causes of pain and disability
in the world' due to its potential role in chronic low back pain.?3

RESUMO

Objetivo: Comparar a prevaléncia de tabagistas entre os pacientes
com lombalgia crénica, na presenca e na auséncia de alteragbes
de Modic, bem como a correlagdo entre carga tabagica e pro-
gressédo da escala de Modic. Método: Estudo observacional, tipo
caso-controle, com a incluséo de 340 segmentos vertebrais em um
fotal de 68 pacientes, separados em grupos: com alteragdes de
Modic (grupo caso) e sem alteragées de Modic (grupo controle).
A razdo de chances entre 0s grupos foi verificada por meio do teste
Qui-Quadrado. Grau de correlagéo entre a carga tabagica (magos/
ano) e o grau de degeneracéo discal através do Maximo-Modic e
a Soma-Modic, por meio de teste ndo paramétrico de Spearman.
Resultados: O grupo Modic (GM) foi composto por 54% de pa-
cientes do sexo feminino e 46% masculino, com média da carga
tabagica de 13,84 anos/mago e média de 1,42 segmentos alterados
por paciente. Conclusgo. Foi encontrado um risco aumentado
para alteragcées de Modic entre 0s pacientes tabagistas (razao de
chances [OR] 4,09, IC 95%, 1,26-12,31;, p < 0,01) e correlagao
significativa entre Maximo-Modic (r 0,3 p 0,01) e carga tabagica,
assim como soma-Modic e carga tabagica (r 0,32 p 0,007).
Nivel de Evidéncia lll, Estudo comparativo retrospectivo.

Descritores: Degeneragédo do Disco Intervertebral. Dor Lombar. Dis-
co Intervertebral. Tabagismo. Imagem por Ressonéncia Magnética.

Many theories suggest a causal relationship between smoking
and chronic low back pain. Those theories include increased intra-
abdominal pressure as a reflection of coughing,* changes in the
perfusion of the intervertebral disc,® endocrine changes due to the
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effect of tobacco,® and changes in bone microtubular structures
resulting from microfractures of the vertebral body.®”.

Among the sequelae of disc degeneration, the signal intensity
changes found in the vertebral endplates in magnetic resonance
examination of the lumbar spine were proposed as a potential marker
of chronic low back pain. The study published by Modic et coll. in
1988 found changes that were classified as Type |, with evidence of
an increase in T2-weighted signal and a decrease in T1 signal, while
Type |l was characterized by an increased signal in T2 and T1.8°
Histologically in Type | lesions, the continuity of the endplate is
disrupted, fibrous tissue replaces the bone marrow in this region
amid thickened trabeculae, and the disc-bone interface is filled
with vascularized granulation tissue. These changes represent
edema and inflammation of the bone marrow. In addition to the
above-mentioned findings of Modic Type |, samples of Modic type Il
also show replacement of bone marrow with adipose tissue. These
findings represent the conversion of normal hematopoietic marrow
into fatty, yellow bone marrow. Modic Type lll is characterized by
hypointense signs in both T1 and T2, related to subchondral bone
sclerosis.

Although there is extensive research on the relationship between
smoking and degenerative changes in the intervertebral disc, few
studies specifically address the relationship between tobacco and
Modic changes (MC), a fact that justifies research on the subject. The
objective of this study was to compare the prevalence of smokers
among patients with chronic low back pain, with and without the
existence of Modic changes. As a secondary objective, we evaluated
the existence of a correlation between higher smoking loads and
a greater progression of the Modic scale.

METHODOLOGY

Study Type

This is an observational case-control study conducted at the Spine

Orthopedics Outpatient Clinic at Carapicuiba General Hospital

(HGC). We recruited patients in follow-up for chronic low back pain

who received care sequentially between June 2018 and July 2019

and were not referred to surgical treatment. The study was approved

by the Research Ethics Committee (CAAE 90700618.8.0000.0062).

All research participants signed the Informed Consent Form

(ICF — Appendix 1).

Inclusion criteria:

» Patients with low back pain for more than 12 weeks and;

* Having had an MRI examination of the lumbar spine with at least
one degenerated ID.

* Exclusion criteria:

» Patients who did not wish to participate in the study;

* Previous brain and/or spinal surgeries;

» Spine disorders that lead to image changes on MRI examinations,
such as vertebral fractures, spondylolisthesis, tumors or discitis.

Clinical data

Firstly, socio-demographic data were collected by two orthopedists
in personal, face-to-face interviews. In addition, the patients were
asked if they had a smoking habit and, if they did, they were asked
about their smoking loads. The smoking load was estimated as
follows: “pack”/day x years. For example: 2 packs a day x 30 years
= smoking load = 60 The body mass index was estimated by
dividing mass by square height.

Evaluation of magnetic resonance imaging

After the initial interview, patients were referred to another office
where their MRI exams were evaluated by two orthopedists familiar
with spine disorders. The orthopedists were blind to the initial
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interview. Each intervertebral segment of the lumbar spine was
analyzed individually.

T1 and T2-weighted MR images were analyzed in the sagittal plane
and classified according to the study published by Modic et al.8 For
standardization purposes, when more than 5 lumbar vertebrae or
transitional vertebrae characteristics were found, the last segment
included in the study was L5-S1.

Statistical analysis

Initially, the data were analyzed by comparing the groups. The
existence of Modic changes was considered the outcome. Patients
who met the inclusion criteria and did not have exclusion criteria
were separated into 2 groups: Modic (case group) and no Modic
(control group). The odds ratio between the groups was evaluated
using the Chi-Square test. Descriptive statistics were presented in
absolute and relative frequencies, mean and standard deviation,
median and interquartile, when appropriate.

The existence and the degree of correlation between smoking
load (years/pack) and the degree of disc degeneration was also
analyzed in two ways: maximum degree of Modic found in the
vertebral segments (max-Modic) and the sum of the degrees of
Modic of each individual (sum-Modic). Spearman’s nonparametric
test was used.

Correlations with adequate significance index (p < 0.05) were
considered significant, and the Spearman coefficient was used
to assess the strength of the correlation. Statistical analyses were
performed in the IBM SPSS Statistics v 23 software.

RESULTS

A total of 340 vertebral segments in 68 patients were included in
the study (Figure 1).

Sample Size

Without Modic (GC) Whit Modic (GM)

Outcome

Figure 1. Sample size by outcome.

The control group (CG) had 40 patients, with 30 female patients
(75%) and 10 male patients (25%) (table1).

Table 1. Gender Vs Modic.

MoDIC
GENDER No Yes Total

Frequency 30 15 45

" Col pct 75.00 53.57
y Frequency 10 13 23

Col pct 25.00 46.43
Total 40 28 68

CHI-SQUARE TEST: X2=3.38; GL=1; P=0.066
Page 2 of 5
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The mean age of this group was 50.7 years with SD of 10.2 (19-69).
The group had 33 non-smoking patients (82.5%) and 7 smokers
(17.5%). The average smoking load in this group of 4.73 years/pack.
The mean BMI was 27.46, SD 4.34 (18.9-37.3).

The Modic Group (MG) had 28 patients, with 15 female patients
(54%) and 13 male patients (46%). The mean age was 50.57 years,
with SD of 9.2 (32-69). In this group, 15 patients (54%) were non-
smokers and 13 patients (46%) were smokers (Table 2). The mean
smoking load was 13.84 years/pack (Figure 2). The mean BMI was
27.3, SD of 3.94 (20.6-37.6).

Table 2. Smokers Vs Modic.

Smoker MoDIC
Total
No Yes
No Frequency 33(82.5%) | 15(53.5%) 48
Yes Frequency 7(17.5%) 13 (46.4%) 20
Total 40 28 68

CHI-SQUARE TEST: X2 = 6.64; GL = 1; P = 0.010
OR=4.09; 95% CI OR: (1.36; 12.31)

Among these 28 patients, 40 vertebral segments with MC were
found (mean of 1.42 changed segments per patient) (Table 3).
The most affected was L5S1, accounting for 42.5% (17 cases) of
the total MC, followed respectively by L4L5 with 30% of segments
(12 cases), L3L4 and L2L3 with 12.5% of segments (5 cases), and
L1L2 with 2.5% (1 case) (figure3).

Table 3. Modic distribution (frequency and percentage).

Considering the types of changes, Modic Type 2 was the most
frequent with 42% of the total MC, followed by Type 1 with 35% (14
cases), and Type 3 with 22.5% (9 cases) (Figure 4).

An increased risk for Modic changes was found among smoking
patients (odds ratio [OR] 4.09; 95% Cl, 1.26-12.31; p < 0.01).
The correlation tests between smoking load and max-Modic per
patient showed a Spearman’s r of 0.3 with a significance index of
0.01 (Figure 5), while the correlation tests between smoking load
and sum-Modic showed a Spearman’s r of 0.32 with a significance
index of 0.007 (Figure 6)

16

13.84
14
12

10

4.73

Without Modic (GC) With Modic (GM)

Figure 2. Average smoking load (packs/year).

Modic-Frequency Modic-Percentage
0 1 2 3 0 1 2 3
L1-L2 67 1 L1-L2 98.53 1.47
L2-L3 63 3 1 L2-L3 92.65 4.41 1.47 1.47
L3-L4 63 2 1 2 L3-L4 92.65 2.94 1.47 2.94
L4-L5 56 4 5 3 L4-L5 82.35 5.88 7.35 4.41
L5-S1 51 4 10 3 L5-S1 75.00 5.88 14.71 4.41
Max Modic 40 8 15 5 Max Modic 58.82 11.76 22.06 7.35
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Figure 3. Frequency of Modic change type in sample.
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Figure 4. Modic changes (distribution per segment).
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Figure 6. Sum Modic Vs Smoking Load.

DISCUSSION

There has been a long discussion about the potential role of smoking
in the etiology of chronic low back pain. A study in Finland compared
disc degeneration rates between 20 pairs of monozygotic twins, with
and without a history of smoking®. The study found 18% more disc
degeneration among smokers and an important difference between
the degree of obstruction by arteriosclerosis in carotid ultrasound.
Therefore, it is believed that that situation may lead to lower tissue
blood flow and subsequent lower repair power of the tissue around
the intervertebral disc."

The results showed a degree of homogeneity between the groups
regarding demographic factors. This ruled out confounding factors
that are frequent in studies on the etiology of degeneration of
vertebral elements. Prevalence between sexes, for example, is
a controversial topic usually based on exposure factors more
commonly associated to each sex, such as heavy work, obesity
and smoking.”>=* Similarly, the mean age of the groups (both 50.7
years old) ruled out a possible confounding bias in the comparison,
considering the association between age and MC to be common.”
The percentage of smokers in the Modic group was significantly
higher, as was the smoking load, compared to the control group.
The smoking load of the studied group was almost three times
higher than that of the control group. This datum was the most
discrepant between the groups, given that the other commonly

studied association factors did not differ statistically from each
other in this study.

Studies involving patients with Modic changes are usually cross-
sectional and non-comparative. Among them, Arana et al.'® found
MC in 81% of their sample, composed of clinical patients with 50%
smokers, while Mera et al. showed 65% prevalence, but did not
evaluate smoking.'? Although our prevalence of MC was lower in
the total sample (41%), we found 46% prevalence of smokers in
the outcome group.

Regarding the distribution of MC by segments, increased prevalence
was found at more caudal levels (72.5% of cases were located
between L4L5 and L5S1). This suggests that the load and mobility
to which the vertebral segments are subjected have an effect on
the formation of MC. This finding was similar to studies published
in the field, in which a higher prevalence of MC is found in more
caudal segments.”315.16,

Among the types of changes, Modic type 2 was the most frequent.
This change was described as an intermediate process with a
degree of chronicity.® Many authors'®'*'7 have described a higher
prevalence of Modic type 2, possibly related to the progressive
nature of the degeneration process. It is also known that samples
containing patients with low back pain for a shorter time or higher
degrees of pain have increased levels of Modic type 1 due to its
greater inflammatory nature.',

Other authors had already evaluated the odds ratio of the association
between MC and smoking. Leboeuf-Yde et al. showed a relationship
between MC involving heavy work in combination with heavy
smoking™. The odds ratio for MC in smokers was 4.9, similar to
that found in our study, but this analysis was performed by dividing
smoking into heavy, light and non-smoking groups. Our study used
the smoking load in years/pack, as did Arana et al.'®. However, unlike
all others, we correlated the variables using Spearman’s test. Thus,
the most important datum in this study was the correlation between
higher smoking loads and higher degrees of Modic. This is relevant
because it shows that, in addition to the association between the
variables, a correlation can be further investigated, thus showing
that smoking can have an effect not only on the formation of MC,
but also on their evolution to endplates turning fatty and sclerotic.
This analysis allows for more objectivity in the interpretation of results
and in the replication of the methods in new studies.

As limitations, we can mention the retrospective nature of this
study, which, along with the absence of sample calculation, does
not allow a detailed analysis of the several risk factors that may be
involved in the etiology of MC. Although there is good inter and
intraobserver agreement for the Modic classification described in
the literature,'® it was not performed in this study. Nevertheless,
the results clearly show that smoking has a more important role
in patients with MC, demonstrating that complementary research
may be welcome.

CONCLUSION

In the studied sample, there was a higher chance for the existence
of smokers among patients with Modic changes. A correlation was
found between higher smoking loads and higher degrees of Modic.
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ABSTRACT

Obijective: To establish the epidemiological profile of shoulder
injuries suffered by surfers, through the injury proportion rate, type,
mechanism and/or severity, caused by surfing. Methods: This
systematic review was conducted and written in accordance with
the guidelines for systematic reviews— PRISMA (Preferred Reporting
ltems for Systematic Reviews and Meta-Analyses). The bibliographic
research was carried out between January 2020 and January
2022 in journals indexed in the Web of Science, SPORTDiscus,
PubMed, Scopus, Cochrane and Embase databases. Data were
analyzed in RStudio, and the methodological quality of the studies
was assessed. Results: Ten studies were included, all of which
were retrospective in cross-sectional design and had an average
methodological quality of 75%. The meta-analysis showed an injury
incidence rate of 14.88%. Odds ratio analysis showed that injuries
of joint origin are 7.26 times significantly higher in individuals with
shoulder injuries, and injuries of bone origin and skin injuries had
reduced odds of 70% and 89%, respectively. The most common
mechanism of injury was the movement of paddling (57,68%),
with the average prevalence of acute injuries being 31.53% and
chronic injuries being 68.47%. Conclusion: There was a scarcity
and/or variation in the categorization of data regarding injuries in
the shoulder region resulting from surfing, with injuries of joint and
musculotendinous origin being frequent; and rowing, the most
overloading factor. Level of evidence Il, Systematic Review.

Keywords: Surf. Injuries. Shoulder. Water Sports.

RESUMO

Objetivo: O objetivo desta revisao sistematica foi estabelecer o
perfil epidemiolégico de lesées no ombro sofridas por surfistas,
por meio da taxa de proporgao, tipo, mecanismo e/ou gravidade
de lesées ocasionadas pela pratica do surfe. Métodos: A pre-
sente reviséo sistematica foi conduzida e redigida de acordo
com as diretrizes para revisoes sistematicas — Prisma (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses).
A pesquisa bibliografica foi realizada entre janeiro de 2020 e janeiro
de 2022, nos periddicos indexados nas bases de dados Web of
Science, SPORTDiscus, PubMed, Scopus, Cochrane e Embase.
Os dados foram analisados no RStudio, além disso também foi
avaliada a qualidade metodoldgica dos estudos. Resultados: 10
estudos foram incluidos, sendo todos de delineamento transver-
sal retrospectivos e de qualidade metodolégica média de 75%.
A meta-analise apresentou uma propor¢ao de incidéncia de lesées
de 14,88%. A analise de razédo de chances mostrou que lesdes
de origem articulares sgo 7,26 vezes significativamente maiores
em individuos com lesées no ombro, e lesées de origem dssea
e as lesées na pele apresentaram chances reduzidas em 70% e
89%, respectivamente. O mecanismo de lesao mais comumente
relatado foi 0 movimento da remada (57,68%), sendo a preva-
Iéncia média de lesbes aguda de 31,53%, e de lesées cronicas
68,47%. Conclusao: Observou-se uma escassez e/ou variagao de
categorizacédo de dados referentes as lesées na regido do ombro
decorrentes do surfe, sendo frequentes lesdes de origem articular
e musculotendinea; a remada foi considerada o principal fator
de sobrecarga. Nivel de Evidéncia Il, Revisao Sistematica.

Descritores: Surfe. Lesées. Ombro. Esportes aquaticos.
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INTRODUCTION

Surfing is a water sport that has become increasingly popular in
recent years. IBRASURF estimates that there are three million surfers
in Brazil and over 35 million worldwide, with an annual growth rate
of 11.5%."2 Global participation is expected to increase even further
following the sport’s debut at the Tokyo Olympics in 2021, as well
as medical and scientific interest in the sport.® The increasing
global spread of surfing is accompanied by an increase in the level
of competition and consequently the frequency of injuries, which
reinforces the need to understand the pathogenesis.

Studies conducted with competitive and recreational surfers have
shown an overall incidence rate of 0.74 to 1.79 injuries per 1,000
hours of surfing.*-% In a review looking at acute injuries in surfers,
it was noted that injuries to the head, face and neck were the
most common and that impact with the surfboard was the most
common mechanism.® More recently, a new study by the same
group, focusing on gradually developing conditions that became
chronic, found that the most commonly reported injury sites were
the spine at 29.3%, the shoulder at 22.9% and the head, face and
neck at 17.5%, with the most common mechanism being paddling,
which accounted for 37.1% of injuries.®

Time and motion analyses have shown that surfing is an intermit-
tent sport and that part of the time, on average 51% (25-70%), is
spent paddling.” Therefore, it is reasonable to assume that overuse
injuries in the shoulder are related to the repetitive motion of the
paddle stroke and the body position while paddling.® In addition,
the paddling movement can lead to muscular imbalances and thus
impair joint movements.®'°

Although the shoulder is related to the most time-consuming
activity in surfing and is the region where most surgical proce-
dures are performed, there is little research that examines and
summarizes these data.>"

Given the significant growth of this sport and the lack of specific
studies on its injuries, there is a recognized need for research
such as this study to estimate the proportion of injuries, types,
mechanisms and/or severity of shoulder injuries.

MATERIALS AND METHODS

This study was written according to the PRISMA (Preferred Re-
porting ltems for Systematic Reviews and Meta-Analyzes) guide-
lines." The protocol was published in the PROSPERO registry
(CRD42021252228).

Search strategy

The search was conducted between January 2020 and May 2022
in journals indexed in the Web of Science, SPORTDiscus, PubMed,
Scopus, Cochrane and Embase databases. The different search
syntaxes are listed in Appendix 1 and can be accessed at https:/www.
crd.york.ac.uk/PROSPEROFILES/252228 STRATEGY 20210429.pdf.
Allrecords were imported into the Mendeley management software
and duplicate publications were removed. The articles in question
were also identified by bibliographic linking.
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Inclusion and exclusion criteria

The inclusion criteria were: (1) studies involving surfers of any age,
both genders, and any experience level; (2) studies that mentioned
surfing-related injuries; (3) studies that categorized shoulder-spe-
cific injuries; (4) studies that reported at least one of the following
outcomes: Frequency of shoulder injury, types of injuries, severity,
and/or mechanisms; (5) Studies published between 2000 and 2021.
There was no restriction in the search: injury stage, language or
study design.

Exclusion criteria were studies that: (1) focused on different water
sports such as wakeboarding, water polo, or water skiing; (2) did
not include surfing injuries; (3) categorized the shoulder along with
other upper limb regions such as the elbow or arm or used only
general terms such as upper limb; (4) were reviews or secondary
analyses; (5) were incomplete or did not include sufficient data on
the outcomes of interest.

Data extraction

Two independent reviewers used Rayyan software to check the
results for selecting eligible studies against the pre-specified in-
clusion and exclusion criteria. Discrepancies were discussed with
a third reviewer.

Assessment of methodological quality and risk of bias

The risk of methodological bias was assessed using the Appraisal
for Cross-Sectional Studies (AXIS tool)." The choice of tool followed
the current recommendations on evidence-based medicine and
methodological quality.’

Data analysis

For the type of injury, a meta-analysis was performed to estimate
the odds ratio (OR) of the dichotomous outcome “shoulder inju-
ries” versus “injuries in other regions” by injury subgroup. Due
to the variety of injury type names and presentations, common
occurrences were grouped into: (1) “articular”: ligament strains,
cartilage damage, dislocations, subluxations; (2) “musculoten-
dinous”; strains, sprains, inflammation, and ruptures; (3) “bone”:
fractures and others (avulsions, bone edema); (4) “skin injuries”:
Lacerations, abrasions, contusions and wounds; (5) “Nerve injury”:
Nerve compression, stretching or other; (6) “Other”: not identified
by the study.

For severity and mechanism, the relative frequencies were summed
and divided by the absolute sample to obtain the total frequency.
Data were analyzed with R software (v.4.0.5) and RStudio (v.1.4.1106)
using the ‘metaprop’ and ‘metabin’ packages.

RESULTS

Study selection

A total of 225 studies were identified using the search terms. After
applying the inclusion and exclusion criteria, the included studies
are shown in Figure 1.
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Figure 1. Flowchart of the article search in databases. (*Not within the specified search limits; **Two included studies were combined as they

included the same cohort of individuals).

Analysis of included studies

The included studies were retrospective cross-sectional stud-
ies published between 2004 and 2021. Four studies were from
Australia, two from the United States and one each from the
United Kingdom, Japan, New Zealand and Brazil. After quality
assessment, six were rated as ‘good’ and four as ‘fair’,” with an
average score of 75% (SD =7.82%), ranging from 65% to 85%.
The final results are in Table 1.

In terms of data collection, only one study strictly referred to
shoulder injuries, while the other nine studies quantified the
total number of injuries and categorized the location according
to the region of occurrence, with shoulder being one of them.'®
Four studies used medical records,'"'®"® while the other five
used questionnaires administered by the research group either
online or by interview.?4182! Only one study collected data in
person through standardized physical assessments after the
online application.'

Overall, 70% of the studies provided information on the type of
injury,®11.151619.20 and only 20% reported on the mechanism of injury
occurrence.>* In terms of injury severity, 80% of studies followed
some criteria for grouping events, although inclusion criteria and
definitions varied.

The average age of the surfers was 34.6 years with a standard
deviation of 12.4 years. The gender distribution was 85.6% male and
14% female. Only three of the included studies did not specify the
level of experience of the surfers, two considered a large proportion
of the cohort to be recreational surfers, three restricted the study to
professionals, one to amateurs, while the last specified as a criterion
people who had at least 12 months experience. The descriptive
characteristics are listed in Table 1.

Based on the evaluation of the included studies, a total of 5,201
surfing practitioners were observed, with 3,280, approximately 63%,
experiencing some type of injury. Of these, 519 were shoulder injuries.
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For the analysis of relative and absolute proportions, a study with
outlier results, which evaluated a population of surfers exclusively
with shoulder injuries, was excluded.' Thus, a meta-analysis with
nine included studies (n = 498), weighting injury frequencies by
study size, is presented in Figure 2.

The summary of the meta-analysis showed an incidence of shoulder
injuries of 14.88% (95% ClI, 10.30 - 20.12). The lowest proportion
of shoulder injuries in relation to total injuries was observed in the
oldest study by Taylor et al.,'® with 5.75% (95% Cl, 3.75-8.37). The
highest proportions were found in more recent studies, with 26.55%
(95% Cl, 22.90 - 30.45) in Remnant et al.?, and 27.52% (95% Cl,
19.40 - 36.90) in Patel et al.'® The heterogeneity between them, as
measured by the |2 statistic, was significant at 93%.

Types of injuries

Broad classifications were used to simplify the amount of data
on the type of injuries. Of the ten studies, only seven reported the
type of occurrence in their sample, representing an absolute total
of 326 shoulder injurigs.*1516:18-20 Joint injuries accounted for 51%
(n = 166), muscle-tendon injuries 30% (n = 97), bone injuries 4%
(n = 14), skin injuries 3% (n = 11), nerve injuries 3% (n = 10) and
unspecified, ‘other’ 9% (n = 28).

Dichotomous random-effects analyses were performed to examine
whether the odds ratios (ORs) of individuals with shoulder injuries
and those with injuries in other regions, i.e. without the outcome of
interest, had similar distributions with respect to the type of injury
event. The analysis is shown in Figure 3.

The meta-analysis showed that individuals with shoulder injuries
were 7.26 times more likely to have joint-related injuries than those
with injuries in other regions (OR 7.26; 95% Cl 2.79 - 18.92; p =
0.0001). The likelihood of muscle-tendon injuries was also 2.4
times higher in people with shoulder injuries, without statistical
significance (OR 2.41; 95% CI 1.03 — 5.64; p = 0.06). In contrast,
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the likelihood of bone and skin injuries was reduced by 70% and
89%, respectively, in people with shoulder injuries (OR 0.30; 95%
Cl 017 - 0.54; p < 0.0001 / OR 0.11; 95% Cl 0.04 - 0.28; p <
0.00001).Nerve injury and other species were on the zero line, hence

0.32; 95% C10.05-1.93; p = 0.22). The summary showed that the
probability of occurrence in the shoulder region or in other regions
was the same (OR 0.82; 95% CI 0.45 - 1.50; p = 0.53). However,
heterogeneity was significant (p < 0.00001), a factor indicating

a similar relationship (OR 0.89; 95% CIl 0.46 — 1.75; p = 0.75/ OR

low quality of the cohort.

Table 1. Assessment of methodological quality and descriptive characteristics of the included studies

Data collection . .
Population demographics
AXIS tool Quality method puiat graphi Number of T.ot.al §houlder "
Author, year . - injuries/total Competition level
points assessment Sex participants (N) S
Average Age (X + SD) study injuries
(M/F%)
i 282+79 90.2/9.8 Research: 646 13/168
Taylor gm0 Good Interview = ND
etal.,, 2004 Questionnaire Emergency: 267 | 12/267 |
Hay etal., 2009'|  13/20 Fair Medical Records 27 80/20 212 21/212 N/D
Meir etal., 2011%|  17/20 Good Online Survey 31.7+12.85 85.4/14* 685 51/389 71.5% recreational
Furmess Active surfers with
etal. 2015° 16/20 Good Online Survey 358 + 13.1 91.3/8.7 1348 154/1047 at least 12 months
Y experience
Championships
N/D N/D o 4
Inazdgl1 g’; Ual., 13/20 Fair Medical Records / / and Clinic: 65 /65 Professional
Clinic: 62 | 172 |
H"zr:)'; gff"' 17/20 Good Medical Records 285 92.6/7.4 86 31/163 Professional
etzll"gg?sgm 15/20 Good Online Survey 35 + 13.2 77/23 227 19227 Professional
Patel etal, 2019'¢  14/20 Fair Medical Records 36 74/26 109 30/109 N/D
e?;mgg;éz 16/20 Good Online Survey 346+ 119 82/18 1473 146/550 63% recreational
Gomes . .
etal, 20205 13/20 Fair Online Survey 28+5 100/0 21 21/21 Amateur athletes
Average 75 % (SD +7.82%) 34.6 + 124 85.6/14 5201 519/3280

N/D: Not declared; *Meir et al., 2011 reported a total of 0.6% (4) transgender individuals participating in the survey.

Figure 2. Forest plot comparison of shoulder injuries in surfing practitioners. The columns present the studies sequenced by year; number of
shoulder injuries; total injuries in studies; shoulder injuries %; 95% ClI; study weight in the overall meta-analysis.
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Figure 3. Forest plot of odds ratio (OR) of dichotomous data (Shoulder Injuries vs. Injuries in Other Regions) according to authors/injury subgroup.

Mechanism of injury

Two studies directly reported the mechanism of injury by region,
totaling 345.2#4 Rowing motion was the most commonly reported,
followed by injuries related to maneuvers and contact or direct trauma
injuries. The others include duck jumping and unknown causes.

Severity

Eight articles reported on the severity of injuries, with widely varying
classification criteria. Three studies divided them into chronic and
acute.?'”1® Two others differentiated them according to surgical
or non-surgical intervention."'® Hay et al.'® and Furness et al.*
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analyzed the incidences as mild or severe, with different criteria.
Gomes et al.’® quantified pain intensity using a numerical scale
(NRS). Due to the notable differences in definitions/nomencla-
ture and details, it was decided to stratify the cases as reported
and group only the similar cases. The severity of the injuries is
shown in Table 2.

Four methods of distinguishing the severity of injury were observed
inthe studies. Due to the different classifications, only the subgroup
that distinguished between acute and chronic injuries was suitable
for comparison. We observed 31.53% acute injuries and 68.47%
chronic injuries.
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Table 2. Frequency of injury severity according to categorization and definitions.

Shoulder Injuries % (N
Author, Year ) d )_ Definition Described by the Study
Acute Chronic
Taylor et al,, 20042 40% (10) 60% (15) . Acute: Individual treated by someone othgr than the surfer or time off activities.
(Chronic: Disorders not related to an acute injury requiring treatment.
Acute: Injuries treated in outpatient care.
20 0, o

Inada et al. 2018 19%4) 81% (17) Chronic: Non-surgical treatments such as medication or physical therapy.

Remnant et al. 20202 35.6% (52) 64.4% (94) Acut‘e:‘ In{ury duratlpn less than 3 months.
Chronic: Injury duration of 3 months or more.
Surgical Non-Surgical
Surgical: An acute injury due to a traumatic event with primary surgical treatment.
Hohn et al.,2020" 73% (20) 27% (7) Non-surgical: An acute injury due to a traumatic event or a chronic
injury due to overuse with non-surgical treatment.
Surgical: Surgical procedure data that has been entered into the electronic medical record system.
Patel et al.,2019% 23.3% (7) 76.7% (23) Non-surgical: Injuries caused by trauma in patients who presented to
the facility less than 6 months after the surfing injury.
Severe/ Mild
Hay et al., 2009" 45% (1) 95.5% (21) Mild: patients who could be dlschargeld a_fte_r treatmg_nt, i.e. injuries t.hat did not require hospitalization.
Severe: Injuries requiring hospitalization.
Mild: Did not interfere with work or surfing or did not require treatment by medical professionals.
Furness et al., 2015 78.6% (121) 21.4% (33) Severe: The participant required one or more days off work and/
or surfing and/or required treatment by a medical professional.
Pain Yes (NPS)* Pain No (NPS)*
The intensity of shoulder pain at the time of data collection was
18 0, [

Gomes etal. 2020 42.9% (9) 57.1%(12) assessed using the Numerical Pain Scale (NPS).

* NPS: Numerical Pain Scale. ** SD: Scapular dyskinesia.

DISCUSSION

he proportion of shoulder injuries compared with other regions was
14.88% (95% Cl, 10.30-20.12), depending on the size of the studies,
and ranged from 5.75% (95% Cl, 3.75-8.37) in Taylor et al, 2004'°,
t0 27.52% (95% Cl, 19.40 - 36.90) in Patel et al'®. The variability in
incidence can be attributed to different data collection methods
or the level of experience of the surfers.

The percentage increase in injuries probably reflects the increasing
global spread of surfing and the simultaneous increase in the level
of competition. The complexity of the maneuvers and the difficulty
of execution have increased.?2 One of the most famous maneuvers
is the aerial, which is associated with high performance and high
risk.?% In addition, advances in design and materials have led to
lighter, smaller boards that improve performance.

Furness et al.* studied 194 surfers who regularly perform aerial
maneuvers, from which 94 suffered serious acute injuries over a
12-month period. The author also found a significant increase in
serious injuries in this group, with an increased strain on ligaments
and contractile tissue and an increase in muscle and joint injuries.
According to Bickley et al,?* riskier maneuvers or larger waves
contribute to higher injury rates in professionals.

The high incidence of shoulder joint injuries, which is 7.26 times
higher than in other regions, and of muscle-tendon origin injuries,
which is 2.4 times higher than in other regions, is attributed to
the overload caused by the repetitive strokes and the body
posture during paddling. The causes are thought to include
hyperextension of the cervical and lumbar spine, continuous
isometric contraction of the neck and scapular muscles, and
medial rotation during paddling. *

Furness et al,?> who examined the strength profile of medial and
lateral rotation, concluded that professionals have greater strength
in the medial rotation muscles than in the lateral ones. When iden-
tifying an asymmetry between the sides for the lateral rotators, the
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non-dominant arm was weaker. It is therefore hypothesized that
paddling promotes unbalanced muscle development that may
lead to scapular dyskinesia (SD).° Gomes et al.'® who studied the
prevalence of SD concluded that it was present in 71.4%, with a
higher prevalence of dyskinesia with a protrusion at the medial edge
of the scapula (57.1%), and that 23.8% had SD at rest. Decreased
thoracic extension alters the risk of dyskinesia of the scapula and
increases the risk of impingement around/d the glenohumeral joint.8
There is also an increase in overuse injuries as surfers are surfing
more frequently and for longer periods in wetsuits that insulate the
body in cold water.?®

A systematic review of the epidemiology of injuries found that skin
injuries (abrasions, lacerations, burns, hematomas, bruises) were
the most common at 46%°. In the same study, the most frequently
injured region was the head (33.8%), followed by the lower limbs
(33.0%). Arm injuries accounted for 16.5%.°

The most reported mechanism was paddling (57.68%), followed by
maneuvers (14.49%). It is estimated that 54% of surfing time is spent
paddling, which would explain the propensity for shoulder injuries.?’
Another factor that may be associated with paddling injuries is the
type of board. Remnant et al.? concluded that longboards pose a
greater risk than shortboards, possibly because longboards require
a greater elbow angle and greater abduction of the shoulder during
recovery to avoid collision with the edge.?

Studies on the mechanism of injury found that the most common
cause was collision between surfer and board, followed by ap-
proaching the wave or performing a maneuver.®2® Subsequently,
when Hanchard et al.® studied the same population but for chronic
injuries, they found a higher percentage caused by paddling.
This result suggests a link between paddling-related injuries and
chronic disease.

Nathanson et al.?° reported that musculoskeletal injuries account
for 60% of chronic surfing injuries, with the shoulder being the
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most affected joint. It is concluded that chronic injuries of gradual
onset related to the rotator cuff are more common in surfers due
to the repetitive nature of paddling.®® This analysis is supported
by Remnant et al,> who found rotator cuff injuries and/or bursitis
in 80% of individuals.

In terms of injury severity, only acute and chronic injuries were
comparable, with chronic injuries being twice as common as acute
injuries. A further classification of severity would be surgical or
non-surgical. Hohn et al.'" described that shoulder injuries were
the most operated on (73%) compared to other regions. These
were usually instability, rotator cuff or SLAP lesions. Similarly, Patel
et al.’® observed surgical intervention in cases of anterior shoulder
dislocation with persistent symptoms of instability, rotator cuff,
SLAP lesion, traumatic osteolysis of the acromioclavicular joint
and chondral shear injury of the humeral head.

Compared to other modalities, surf training is not yet sufficiently
developed and widespread.

This review was limited by the availability of studies with only retro-
spective cross-sectional designs. Another limiting factor lies in the
method of data collection: an online questionnaire that depends

solely on the participants’ memory and is therefore subject to
recall errors. The recall rate decreases with increasing detail, with
accuracy decreasing by up to 61%.%"32|n addition, injured surfers
are more likely to respond to surveys than uninjured surfers, leading
to inaccurate incidence rates.®

Although hospital records were collected in four studies, there was
no consistency in reporting professional surfing experience, a factor
that could improve diagnostic accuracy and injury presentation.
In addition, the cohort of patients included in this study provides
greater statistical power, which facilitates validation of conclusions.

CONCLUSION

There is little data in the literature on shoulder injuries during surfing.
The incidence of shoulder injuries compared to other regions is
14.88%, with joint and muscle-tendon origins being more common.
These incidences can be attributed to overuse of the shoulder due
to the repetitive paddling action and posture of paddling, suggesting
that the practice of this sport appears to promote imbalanced
muscle development.

Further research focusing exclusively on sports practitioners is needed.
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Appendix 1. search syntax used in databases.

Databases

Search strategy

Total

Embase

(‘injuries’/exp OR ‘injuries’ OR ‘athletic injuries’/exp OR ‘athletic injuries’ OR ‘lesion’/exp OR ‘lesion’ OR ‘biomechanical
phenomena’/exp OR ‘biomechanical phenomena’ OR ‘cumulative trauma disorders’/exp OR ‘cumulative trauma disorders’
OR ‘ligaments, articular/injuries’ OR ‘lacerations’/exp OR ‘lacerations’) AND(‘shoulder’ OR ‘shoulder injuries’ OR ‘shoulder
pain/physiopathology’ OR ‘shoulder pain/epidemiology’ OR ‘shoulder pain/etiology’ OR ‘rotator cuff injuries’ OR ‘shoulder
dislocation’ OR ‘shoulder fractures’ OR ‘bankart lesions’ OR ‘shoulder impingement syndrome’) AND(‘surfing water sport’/

exp OR ‘surfing water sport’ OR ‘surf’ OR ‘surfing’/exp OR ‘surfing’ OR ‘recreational water'/exp OR ‘recreational water’

OR ‘recreational athlete’/exp OR ‘recreational athlete’ OR ‘surfing (water sport)’/exp OR ‘surfing (water sport)’)

50

SPORTDiscus

All_fields:((“Injuries” OR “Athletic Injuries” OR “Lesion” OR “Biomechanical Phenomena” OR “Cumulative Trauma
Disorders” OR “Ligaments, Articular/injuries” OR “Lacerations”)) AND all_fields:(“Shoulder” OR “Shoulder Injuries” OR
“Shoulder Pain/physiopathology” OR “Shoulder Pain/epidemiology” OR “Shoulder Pain/etiology” OR “Rotator Cuff Injuries”
OR “Shoulder Dislocation” OR “Shoulder Fractures” OR “Bankart Lesions” OR “Shoulder Impingement Syndrome”))
AND title:((“Water Sports” OR “Wave Surfing” OR “Surfing, Wave” OR “Surfboarding” OR “Surfing” OR “Surf’)

49

Pubmed

(“Injuries”[All Fields] OR “Athletic Injuries’[All Fields] OR “Lesion”[All Fields] OR “Biomechanical Phenomena’[All
Fields] OR “Cumulative Trauma Disorders”[All Fields] OR “ligaments articular injuries”[All Fields] OR “Lacerations[All
Fields]) AND (“Shoulder’[All Fields] OR “Shoulder Injuries’[All Fields] OR “Shoulder Pain/physiopathology[All
Fields] OR “Shoulder Pain/epidemiology[All Fields] OR “Shoulder Pain/etiology”[All Fields] OR “Rotator Cuff
Injuries”[All Fields] OR “Shoulder Dislocation”[All Fields] OR “Shoulder Fractures’[All Fields] OR “Bankart
Lesions’[All Fields] OR “Shoulder Impingement Syndrome’[All Fields]) AND (“Water Sports”[All Fields] OR
“Wave Surfing’[All Fields] OR “Surfboarding’[All Fields] OR “Surfing”[All Fields] OR “Surf’[All Fields])

43

Scopus

(ALL ( ( “Injuries” OR “Athletic Injuries” OR “Lesion” OR “Biomechanical Phenomena” OR “Cumulative Trauma
Disorders” OR “Ligaments, Articular/injuries” OR “Lacerations”) ) ) AND ( ALL ( ( “Shoulder” OR “Shoulder
Injuries” OR “Shoulder Pain/physiopathology” OR “Shoulder Pain/epidemiology” OR “Shoulder Pain/etiology” OR
“Rotator Cuff Injuries” OR “Shoulder Dislocation” OR “Shoulder Fractures” OR “Bankart Lesions” OR “Shoulder
Impingement Syndrome” ) ) ) AND ( TITLE-ABS-KEY ( ( “Surfboarding” OR “Surfing” OR “Surf’) ) )

4

Web of Science

”

“(’Injuries™ OR “"Athletic Injuries” OR “’Lesion™ OR “"Biomechanical Phenomena™ OR “"Cumulative Trauma Disorders
OR “Ligaments, Articular/injuries™ OR “’Lacerations™) AND (“"Shoulder”” OR “"Shoulder Injuries™ OR “"Shoulder Pain/
physiopathology™ OR “’Shoulder Pain/epidemiology” OR “’Shoulder Pain/etiology™ OR “’Rotator Cuff Injuries” OR “"Shoulder
Dislocation™ OR “"Shoulder Fractures™ OR “’Bankart Lesions™ OR “"Shoulder Impingement Syndrome™) AND (*“"Water
Sports™ OR “"Wave Surfing” OR “Surfing, Wave™ OR “’Surfboarding™ OR “’Recreation™ OR “"Surfing™ OR “"Surf”)”

38

Cochrane

((“Injuries” OR “Athletic Injuries” OR “Lesion” OR “Biomechanical Phenomena” OR “Cumulative Trauma Disorders” OR
“Ligaments, Articular/injuries” OR “Lacerations”)) AND ((“Shoulder” OR “Shoulder Injuries” OR “Shoulder Pain/physiopathology”
OR “Shoulder Pain/epidemiology” OR “Shoulder Pain/etiology” OR “Rotator Cuff Injuries” OR “Shoulder Dislocation” OR
“Shoulder Fractures” OR “Bankart Lesions” OR “Shoulder Impingement Syndrome”)) AND ((“Water Sports” OR “Wave
Surfing” OR “Surfing, Wave” OR “Surfboarding” OR “Surfing” OR “Surf’)) (Word variations have been searched)”
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