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The journal Acta Ortopédica Brasileira, official organ of the Department of Orthopedics and Traumatol-
ogy, Faculdade de Medicina da Universidade de Sao Paulo (DOT/FMUSP), is published bimonthly in
six issues per year (jan/feb, mar/apr, may/jun, jul/aug, sep/oct, and nov/dec) with English version. The
titles, abstracts and keywords are published in English and Portuguese. The publication follows entirely
the international standard of the International Committee of Medical Journal Editors (ICMJE) - Vancou-
ver Convention - and its uniform requirements [http://www.icmije.org/]. Submitted papers are sent for
double-blind peer review evaluation to decide whether they should be published or not, suggesting
improvements, asking the authors for clarification and making recommendations to the Editor-in Chief.
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.

ARTICLES FORMAT

NUMBER OF WORDS RECOMMENDED ACCORDING TO THE PUBLICATION TYPE: The cri-
teria 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.

Recommendations for articles submitted to Acta Ortopédica Brasileira

Typ.e of Abstract Number of words References | Figures | Tables Maximum number
Article of authors allowed
Structured, u 2500
Original > Up Excluding abstract, references, 20 10 6 6
to 200 words ’
tables and figures
4.000
Updgte / Non-structured, Excluding abstract, references, 60 3 2 2
Review* | up to 200 words )
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.

MANUSCRIPT PREPARATION: The journal Acta Ortopédica Brasileira receives the following types
of contributions: Original Article, Update Article and Review Article. 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. Measures should
be expressed in the International System (Systeme International, Sl), available at http://physics.nist.
gov/cuu/Units and standard units, where applicable
It is recommended that authors do not use abbreviations in the title and limit their use in the abstract
and in the text.
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 brack-
ets in the Materials and Methods section.
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 ele-
ments, 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 combina-
tions 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.
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.
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 Fed-

eral 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.

ACKNOWLEDGEMENTS: Authors can acknowledge financial support to the work in the form of

research grants, scholarships and other, as well as professionals who do not qualify as co-authors of

the article, but somehow contributed to its development.

CORRECTION OF GALLEY PROOFS: As soon as they are ready, the galley proofs in electronic

form will be sent by e-mail to the corresponding author. Authors should return proofs, also by e-mail,

with the necessary corrections within 48 hours maximum after its receipt. This aims to expedite the
review process and publication of the article.

COPYRIGHT: All statements published in the articles are the authors’ responsibility. However, all pub-

lished material becomes the property of the publisher, which shall reserve the copyright. Therefore, no

material published in Acta Ortopédica Brasileira can be marketed without the written permission of the
publisher. All authors of articles submitted to Acta must sign a Copyright Transfer Agreement, which
will take effect from the date of acceptance of the paper.

ORGANIZING THE ELECTRONIC FILE: All parts of the manuscript should be included in a single

file. It should be formed by the cover page, then the text, references, figures (with their captions) and

finally, tables and charts (with their respective captions).

COVERPAGE: The title page should contain:

a) The article category (original article, review article or update article);

b) The full title in Portuguese and English with up to 80 characters. The title should be concise, but
informative;

c) The fullname of each author (without abbreviations); and their institutional affiliations (the units should
be presented in ascending order of hierarchy, e.g. department, faculty/institution, 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

articles 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: The article should include at least three and at most six descriptors in Portuguese

and in English, based on the Descriptors of Health Sciences (DeCS) http://decs.bvs.br/ or Medical

Subject Headings (MeSH) of the National Library of Medicine, available at http://www.nim.nih.gov/

mesh/meshhome.html

INTRODUCTION: The introduction of the article shall present the matter and purpose of the study,

including citations without, however, making an extensive review of the matter.

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 procedures 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 research 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 ap-

propriate economic analysis. Avoid priority claim (“this is the first study of ...”) or refer to work that

has not yet been completed.

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 co-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).

AUTHORS IDENTIFICATION: The ORCID (Open Researcher and Contributor ID, http://orcid.org/)

of each author should be informed in the authors’ statement of contribution, according to the model

below.

STATEMENT OF AUTHORS’ CONTRIBUTION: The declaration of authors’ contribution should be

included at the end of the article, using minimum criteria for authorship, including:

« Substantial contribution in the work conception or design, or acquisition, analysis or interpretation
of data to the study;

* Writing the article or critically reviewing its intellectual content;

* Approval of the final version of the manuscript to be submitted for publication;

* Agree to be responsible for all aspects of the work, to ensure that any matters regarding the
completeness or accuracy of any of its parts are properly investigated and resolved;

All articles should include a description of the authors’ contribution, as follows:

“Each individual author contributed individually and significantly to the development of this work.

MJ (0000-0000-0000-0000)*: wrote and reviewed the and performed the surgeries; CPV (0000-

0002-3904-2836)*: performed the surgeries, analyzed the data analysis and wrote the articles; JVC

(0000-0003-3910-714x (0000-0000-0000-0000)*: performed statistical analysis, participated at the

surgeries and reviewed the article; OMA (0000-0000-0000-0000)*: analyzed the slides and reviewed

the article; MASP (0000-0000-0000-0000)*: drafted and reviewed the article and contributed to the

intellectual concept of the study; ACA (0000-0001-6891-5935)*: performed the surgeries, wrote the

article, performed statistical analysis and contributed to the intellectual concept of the study and the

entire research project. *ORCID (Open Researcher and Contributor ID).”

REFERENCES: Original articles may include up to about 20 references, restricted to the essential

bibliography to the article’s content. Number the references consecutively in the order in which they

are first mentioned in the text, using superscript Arabic numerals in the following format: (e.g., Reduc-

tion of terminal plate functions.")

Authors should make sure that all references are cited in the text. Several citations within a single

set of parentheses should be separated by commas without space (7). Where there are 3 or more

sequential citations, use a numeric range (*). Include the first six authors followed by et al.

The titles of journals should be abbreviated according to Index Medicus.

a) Article: 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) Book: Author(s) or editor (s). Book title. Edition, if it is not the first. Translator (s), if it applies.
Publication place: publisher; year.

Ex.: Diener HC, Wilkinson M, editors. Drug-induced headache. 2" ed. New York: Spriger-Verlag; 1996.

c) Book chapter: Chapter author (s). Chapter title. Book Editor (s) and supplementary data, likewise
the previous item.

Ex.: Chapman MW, Olson SA. Open fractures. In: Rockwood CA, Green DP. Fractures in adults. 4™

ed. Philadelphia: Lippincott-Raven; 1996. p.305-52.

d) Abstract: Author(s). Title, followed by [abstract]. Journal. Year; volume (supplement and its num-
ber, if it applies): page (s).




Ex.: Enzensberger W, Fisher PA. Metronome in Parkinson’s disease [abstract]. Lancet. 1996;34:1337.

e) Personal communications: should only be mentioned in the text, between parentheses.

f) Thesis: Author, title, level (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. Proposi¢cao de um conjunto de metadados para descricédo de

arquivos 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

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 dpiresolution) and presenttitle and caption. In all cases, the files must have .tif or .jpg 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.

Please note that it is the authors’ responsibility to obtain permission from the copyright holder to
reproduce 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 correspond-
ing 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 Publi-
cation 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.

For further information please contact Atha Comunicagéo e Editora. Rua Machado Bittencourt
190, 4° floor. Vila Mariana, 04044-000. S&o Paulo, SP, Brazil. actaortopedicabrasileira@uol.com.br.
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.

K Color photos will be charged to the author.
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(and study results were N N
studies studies studies
homogenous®)
Lsor sty RCT (o, < 0%
followup, no blinding, or improper Retrospective' study ) . " AR ) I
A (with universally applied reference studies; with multiway sensitivity
randomization) M n
gold” standard) analyses
i b 0 o
Prospective? comparative study® Untreated controls from an RCT Systematic review” of Level ll SVStema“C review” of Level |
studies studies
]
. . Lesser quality prospective study
]
Systgmatlc review” of L evel' I (eg, patients enrolled at different
studies or Level | studies with ” T o
N . points in their disease or <80%
inconsis tent results
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
. ) o Systematic review® of Level Il Systematic review® of Level Il
Retrospective’ comparative study’ :
1] studies studies
i iew?
Systa_smatlc review® of Level Il Case-control study
studies
Poor reference standard
v Case series” Case series Analyses with no sensitivity
analyses
v Expert opinion Expert opinion Expert opinion Expert opinion
@ A complete assessment of quality of individual studies requires critical appraisal of all aspects of the study design.
5 A combination of results from two or more prior studies.
¢ Studies provided consistent results.
9 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.




VOLUME 28-N¢@ 3 - 2020

ORIGINAL ARTICLES

ELBOW

PROSPECTIVE EVALUATION OF PERIARTICULAR HYALURONIC ACID INFILTRATION FOR THE TREATMENT

OF LATERAL EPICONDYLITIS ... eeeeeiiiiiiiiiieie ittt ee e s e e e e e e e sm e e e e e e e e e e e e eeeaeeeaaaaaaaaasasssassasssaasasaaaasnnnnnnnsnnsnnnnnnnnnnnnes 107
AVALIA(;AO PROSPECTIVA DA INFILTRA(;AO PERIARTICULAR DE ACIDO HIALURONICO PARA O TRATAMENTO DA
EPICONDILITE LATERAL

Guilherme Augusto Stirma, Deginaldo Holanda Chaves, Simone Tortato, Paulo Santoro Belangero, Paulo Henrique Schmidt Lara, Benno Ejnisman

DOI: http://dx.doi.org/10.1590/1413-785220202803228291

GENERAL

RELATIONSHIP OF FORCE PLATFORM WITH THE CLINICAL BALANCE EVALUATION SYSTEMS TEST

IN OLDER ADULTS .....u i iiiiiiiiittieteettie e e sta e sessaa s s ersassseaassssesasnsssesasssssessssssesssssssesssnsssesnssssersnssssesssssssessssnseesssnssesssnnseersnnssesnnnns 111
RELAQAO DA PLATAFORMA DE FORCA COM O TESTE CLIiNICO DE AVALIAQ/:\O DE EQUILiBRIO (BESTEST) EM IDOSOS

Rita de Cassia Ernandes, Guilherme Carlos Brech, Natdlia Mariana Silva Luna, Michele Figueira Nunes, Julia Maria D’Andréa Greve,

Luiz Eugénio Garcez Leme, Angélica Castilho Alonso

DOI: http://dx.doi.org/10.1590/1413-785220202803228895

HAND

PHALEN TEST POSITIVATION TIME AND ITS CORRELATION WITH ELECTRONEUROMYOGRAPHY .....cccvvvvviiirrrreereennnn, 114
O TEMPO DE POSITIVAQ/:\O NO TESTE DE PHALEN E A CORRELAQAO COM A ELETRONEUROMIOGRAFIA

Thdlio Adley Lima Cunha, Osvaldo Mendes de Oliveira Filho, Marcelo Barbosa Ribeiro

DOI: http://dx.doi.org/10.1590/1413-785220202803225744

PROFILE OF PATIENTS WITH CARPAL TUNNEL SYNDROME TREATED AT A REFERRAL SERVICE..........ccccoviiieriiiieenne 117
PERFIL DE PACIENTES COM SINDROME DO TUNEL DO CARPO ATENDIDOS EM UM SERVICO DE REFERENCIA

Henver Ribeiro de Paiva Filho, Valdénia das Gragas Nascimento Paiva, Elias Felix de Oliveira, Murilo Anténio Rocha

DOI: http://dx.doi.org/10.1590/1413-785220202803227138

THE DESIGN OF THE ARTERIOVENOUS VASCULAR LOOP DOES NOT AFFECT ITS PATENCY:

EXPERIMENTAL STUDY .ciiiiiiiiiiii ittt e et e e et et e e e e e e eeeeaaaaaaaaaaaasaassaaaaaa s s s s aassassansaasenneeneeeneeeeeeeeeeeaeeanseananes 121
O FORMATO DA ALCA VASCULAR NAO AFETA A PATENCIA ARTERIOVENOSA: ESTUDO EXPERIMENTAL

Mateus Saito, Marcelo Rosa de Rezende, Gustavo Bispo dos Santos, Thiago Bittencourt, Maria do Carmo Nunes, Rames Mattar Junior

DOI: http://dx.doi.org/10.1590/1413-785220202803231477

HIP

ACUTE KIDNEY INJURY FOLLOWING SURGERY FOR HIP FRACTURE........cccoiiiiienrrerirrrrrrreree e eeeee e s s e ea e 128
LESAO RENAL AGUDA APOS CIRURGIA DE FRATURA DE QUADRIL

Philip McKeag, Andrew Spence, Brian Hanratty

DOI: http://dx.doi.org/10.1590/1413-785220202803226779



KNEE

AUTOLOGOUS CHONDROCYTE IMPLANTATION IN BRAZIL ... ceeeeeeesreeree e e e e e e et e e e e e e e s e e e e s e e e e e e e e e e e e e e 131
IMPLEMENTAQAO DO TRANSPLANTE AUTOLOGO DE CONDROCITOS NO BRASIL

Pedro Nogueira Giglio, Nelson Foresto Lizier, Débora Levy, Marcel Faraco Sobrado, Riccardo Gomes Gobbi, José Ricardo Pécora, Sergio Paulo Bydlowski,
Marco Kawamura Demange

DOI: http://dx.doi.org/10.1590/1413-785220202803226503

PEDIATRIC ORTHOPEDICS

RESULTS OF ORTHOSES USED ON AMBULATORY PATIENTS WITH BILATERAL CEREBRAL PALSY .....cccccveiveiivnereen. 137
RESULTADOS DO USO DE ORTESES EM PACIENTES DEAMBULADORES COM PARALISIA CEREBRAL

Alessandro Giurizatto Melanda, Ana Carolina Pauleto, Dielise Debona lucksch, Rodrigo Faucz Munhoz da Cunha, Suhaila Smaili

DOI: http://dx.doi.org/10.1590/1413-785220202803228922

TRAUMA

INDICATORS OF MORBIDITY AND MORTALITY BY FEMUR FRACTURES IN OLDER PEOPLE:

A DECADE-LONG STUDY IN BRAZILIAN HOSPITALS ..ot iiceiieieiiiieseeesetttsssasssesssssesssssssnseseeeserssnssssssreseessssnsnssssrereeeeens 142
INDICADORES DE MORBIDADE E MORTALIDADE POR FRATURAS DE FEMUR EM IDOSOS: ANALISE DE UMA DECADA EM
HOSPITAIS BRASILEIROS

Viviane Cristina Uliana Peterle, Jodo Carlos Geber Junior, Willian Darwin Junior, Alexandre Vasconcelos Lima, Paulo Emiliano Bezerra Junior,

Maria Rita Carvalho Garbi Novaes

DOI: http://dx.doi.org/10.1590/1413-785220202803228393

SOCIOECONOMIC IMPACT OF MOTORCYCLE ACCIDENT VICTIMS IN THE EMERGENCY ROOM

(O TN o [0 1] o I 7 R (7Y = 3 R 149
IMPACTO SOCIOECONOMICO EM VITIMAS DE ACIDENTE DE MOTO NA EMERGENCIA DE UM HOSPITAL (PARTE 2)

Cintia Kelly Bittar, Alberto Cliquet Junior, Vinicius Samuel Dias Alves da Costa, Ana Carolina de Freitas Pacheco, Renato Lazarin Ricci

DOI: http://dx.doi.org/10.1590/1413-785220202803230036



DOI: http://dx.doi.org/10.1590/1413-785220202803228291

ORIGINAL ARTICLE

PROSPECTIVE EVALUATION OF PERIARTICULAR
HYALURONIC ACID INFILTRATION FOR THE
TREATMENT OF LATERAL EPICONDYLITIS

AVALIACAO PROSPECTIVA DA INFILTRACAO
PERIARTICULAR DE ACIDO HIALURONICO PARA
O TRATAMENTO DA EPICONDILITE LATERAL

GUILHERME AUGUSTO STIRMA!

PAULO HENRIQUE SCHMIDT LARA" @, BENNO EJNISMAN'

1. Universidade Federal de Sado Paulo, Paulista School of Medicine, Sdo Paulo, SP, Brazil.

, DEGINALDO HOLANDA CHAVES!

, SIMONE TORTATO! (©, PAULO SANTORO BELANGERO! @,

107

ABSTRACT

Obijective: To prospectively, clinically and functionally follow-up
patients previously diagnosed with lateral epicondylitis after periar-
ticular application of hyaluronic acid and analyze the results. Meth-
ods: All patients were previously treated conservatively and had no
clinical improvement. Data such as age, positivity for specific tests
(Cozen and Mill), visual analogue pain scale (VAS) before and during
dorsiflexion of the wrist with resistance, diagnosis time, Mayo Elbow
Performance Score was collected. Patients were reevaluated 30 and
90 days after application. Results: The positivity rates for Cozen and
Mill tests were identical, starting at 100%, dropping to 50% after one
month, and ending at 41.7% after 3 months. The initial Mayo Elbow
Score average was 61.3 points; 85.8 in the first month, remaining
at 85 in the third month. VAS in active force situations had the initial
average of 8.1; after one month it dropped to 3.8, and 3.6 after
three months. At rest, the initial average was 5.9; after one month
it decreased to 3 and ended at 2.1 in three months. Conclusion:
Patients showed improvement in pain parameters, in the Mayo Elbow
Performance Score standard, but with 25% of failure in satisfaction.
Level of evidence 1V, Case series.

Keywords: Hyaluronic Acid. Tennis Elbow. Mayo Elbow Perfor-
mance Score.

RESUMO

Objetivo: Acompanhar de maneira prospectiva, clinica e fun-
cionalmente, os pacientes previamente diagnosticados com
epicondilite lateral apds a aplicagao periarticular de acido hia-
lurbnico e analisar os resultados. Métodos: Todos pacientes
foram tratados previamente de maneira conservadora e nao
obtiveram melhora clinica. Foram coletados idade, positividade
nos testes especificos (Cozen e Mill), escala visual analdégica da
dor (EVA) antes e durante a dorsoflexdo contrarresisténcia do
punho, tempo de diagndstico, Mayo Elbow Performance Score.
Os pacientes foram reavaliados apds 30 e 90 dias das aplicagées.
Resultados: Os indices de positividade para os testes de Cozen
e Milll foram idénticos, comegaram em 100%, cairam para 50%
ap6s 1 més, e terminaram em 41,7% em 3 meses. A média
inicial do Mayo Elbow Score foi 61,3 pontos; 85,8 no primeiro
més e manteve-se em 85 no terceiro més. A EVA em situagbes
de forca ativa teve a média inicial de 8,1; apds 1 més caiu para
3,8, e 3,6 em 3 meses. Em repouso, a média inicial foi 5,9; apds 1
més diminui para 3, e terminou com 2,17 em 3 meses. Conclus&o:
Os pacientes apresentaram melhora nos parémetros de dor,
no padrao Mayo Elbow Performance Score, mas com 25% de
falha na satisfacdo. Nivel de evidéncia IV, Série de casos.

Descritores: Acido Hialurénico. Epicondilite Lateral. Mayo Elbow
Performance Score

Citation: Stirma GA, Chaves DH, Tortato S, Belangero PS, Lara PHS, Ejnisman B. Prospective evaluation of periarticular hyaluronic acid infiltration for
the treatment of lateral epicondylitis. Acta Ortop Bras. [online]. 2020;28(3):107-10. Available from URL: http://www.scielo.br/aob.

INTRODUCTION

Lateral epicondylitis is one of the main causes of pain and functional
incapacity of the elbow, affecting 1% to 3% of the adult population

annually." Despite the classic relationship to the practice of tennis
(tennis elbow), only 5% to 10% of total cases of this disease affect
practitioners of this sport
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Although the terms epicondylitis and tendinitis are both descriptive
of the “tennis elbow” condition, and that the existence of inflamma-
tory process in the early stages is recognized, histopathological
studies characterize it not only as an inflammatory condition,
but also as a fibroblastic and vascular response, known as angiofi-
broblastic degeneration. The tissue changes are characterized by
microruptures of collagen fibers, accompanied by the invasion of
fibroblasts, creation of abnormal vascular tissue and granulation
tissue (although the cicatricial tissue created is grayish, friable and
susceptible to new lesions)."34

The pharmacological and non-pharmacological treatments are
the recommended methods for this condition; however, there is
no consensus or specific protocols for the conservative treatment
of lateral epicondylitis.’

The application of periarticular hyaluronic acid (HA) is an alternative
with clinical effects that have been positive for lateral epicondylitis
and periarticular disorders. Testing in models in vitro has suggested
that HA might increase tenocyte viability, as well as production and
deposition of type | collagen. Its viscoelastic properties reduce
surface friction in the tendons, increasing sliding. Thus, it provides
pain reduction, decreased joint stiffness, patient satisfaction as
well as the recently-confirmed clinical safety of the application in
torsional ligament lesions in the ankle.51°

Due to the lack of prospective analyses on the application of peri-
articular hyaluronic acid on the treatment of lateral epicondylitis,
the failure of non-surgical treatments associated with its collateral
effects may be due to the absence of protocols for the conservative
treatment. The objective of this study is to follow patients previously
diagnosed with lateral epicondylitis in a prospective, clinically
pragmatic fashion, after the periarticular application of hyaluronic
acid, with following result analysis after the treatment.

METHODS

Study approved by the ethics and research committee of the
institution under the number 04798918.0.0000.5505 with opinion
3,318,006. All 52 patients diagnosed with lateral epicondylitis for
one year (2018) were analyzed and all those previously subjected
to the conservative treatment (physiotherapy with a minimum of
three months, in conjunction or not with corticosteroid infiltration
and oral analgesia) who did not obtain clinical improvement.
The patients signed the free and informed consent form before
participation. Data on age, laterality and test-positivity (Cozen and
Mill, for the specific case of lateral epicondylitis) was collected,
as well as results on the visual analog pain scale (VAS) before
and during wrist dorsiflexion with resistance scoring from 0 to
10, in which 0 was absence of pain and 10 was unbearable pain.
In addition, the following variables were analyzed: diagnosis
time, Mayo Elbow Performance Score and time since the pre-
viously conservative treatment within an accepted minimum of
three months.

The Mayo Elbow Performance Score (MEPS) is a performance
index widely used to evaluate clinical outcomes for a variety of
elbow-related conditions. It consists in the evaluation of pain, motion
arc, stability and patient-stablished classification of daily function.
Pain is classified into four variables. The score ranges from 0 to
100 with higher values indicating better result."

The diagnosis of lateral epicondylitis was confirmed via ultra-
sound in conjunction with clinical examination. Both the Cozen
and the Mill tests were performed, and the possibility of differential
diagnoses such as plica syndrome, radial nerve compression,
and posterolateral instability was rejected. Radiographic imaging
was performed to exclude fractures.

<< SUMARIO

Infiltrations of periarticular hyaluronic acid were ultrasound-guid-
ed, with directions in the lateral epicondyle and the extensor carpi
radialis brevis. The procedures were performed by a radiologist
specialized in the musculoskeletal system and by an orthopedist
specialized in shoulders and elbows. Two doses within an interval
of one week were applied. The applied dose of sodium hyaluro-
nate was 12 mg/1.2 mL according to the manufacturer’s guidance.
The medication was donated by the manufacturer (Sportvis™ Inject-
able 12 mg/1.2 mL with 1 filled syringe).

Patients were reevaluated after 30 and 90 days since the ap-
plications. Data from the specific tests for lateral epicondylitis
(Cozen and Mill) were collected, as well as results from the visual
analog pain scale (VAS) before and during wrist dorsiflexion,
the Mayo Elbow Performance Score and patient satisfaction
after each treatment.

All cases with fracture sequelae were excluded, as well as cases of
patients regularly receiving corticosteroids for any medical reason,
cervical radiculopathy and peripheral nerve diseases.

There is no conflict of interest with the applied medication.

Infiltration technique

The performed technique consists in local antisepsis with ch-
lorhexidine or topical iodine. A 27 mm gauge needle is directed
to the lateral epicondyle with the elbow flexed at 90° (Figure 1).
The medication is injected through the “fan” technique with up to
1 cminradius. After application, five active movements of flexion/
extension of the elbow and pronation/supination of the forearm
are performed, and the patient is instructed to avoid physical
activities or repetitive work with the upper limb in question for
24 hours.

SHOULDER

Lateral Epicondyle

Figure 1. Infiltration of periarticular hyaluronic acid.

After application, the patients were instructed to use simple
analgesic medications (dipyrone and acetaminophen), in con-
junction to rehabilitation exercises (standard home procedures
of stretching and strengthening)'? guided by a physical therapist
of the institution and application of cold compresses at the site
according to necessity.

RESULTS

Twelve patients met the inclusion criteria and were subject to the
local infiltrations. Eight, 75%, were women and four, 25%, were men.
In eight cases (75%) laterality was on the right and in four cases
(25%) on the left. The mean age was 51.4 = 6.2 years and mean
diagnosis time was 8.4 = 3.1 months.

Previous treatment involved physical therapy and analgesia in 66.7%
of cases. Four patients (25%) were previously subjected to corticoid
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infiltration and at least one, 8.3%, to acupuncture. The Cozen and
Mill tests were positive in all patients after the first evaluation. After
application of the medication, the positivity rates for both tests
were identical; started at 100% (all 12 patients), dropped to 50%
(six patients) after one month and ended at 41.7% (four patients)
in three months (Tables 1 and 2, Figure 2).

In relation to the application of the Mayo Elbow Score, the initial
mean was 61.3 points, while in the first month after the infiltration
of sodium hyaluronate it went up to 85.8 and kept still in 85 after
the third month (p = 0.009, Table 3).

Table 3. Compares moments of the Mayo Elbow Score.

Table 1. Compares moments for the Cozen test distribution. Mayo Mean | Median Star]d?rd CV |Min|Max | N | Cl |p-value
o Elbow Deviation
Initial 1 month 3 months —
Cozen Test % N % N % Initial | 61.3 | 55 155 [25% | 35 | 85 | 12 | 8.8
Negative 0 0% 6 50% 7 58.3% 1 month | 85.8 85 15.5 18% | 55 100 12 8.8 0.009
Positive 12 100% 6 50% 5 41.7% 3months | 85 100 21.2 25% | 40 [ 100 | 12 | 12
Table 2. Compares moments for the Mill test distribution. Thgre wasa S|gn|f!cant reducnqn n b_Oth VAS_ SCOres gnalyzed. VAS
Initial 1 month 3 months in situations of active force (during wrist dorsiflexion with resistance)
Mill Test % N ” N % had an initial mean of 8.1 and after 1 month it went down to 3.8,
, ~ - - ending with 3.6 in 3 months (p = 0.005, Figure 3). Resting VAS
Negative 0 0% 0% | 7 58.3% had a mean of 5.9 and after 1 month it decreased to 3, ending at
Positive 12 100% 50% 5 41.6% 2.1in 3 months (p = 0.015, Table 4).
Evolution for the Distribution of the Cozen Test Evolution for the VAS score
9 A
120.0% 8 ’
100.0%  t000% 7 59
6
80.0%
.39
60.0% 50.0% 58.3% y 38 36
40.0% 41.7% 3 2.1
20.0% ? 3.0
0.0% - - 0
Initial mont 3 months Initial 1 month 3 months
Negative Positive Resting ~ Active
Figure 2. Evolution for the distribution of the Cozen test. Figure 3. Evolution for the VAS score.
Table 4. Compares moments for VAS score.
VAS Mean Median Standard Deviation cv Min Max N Cl p-value
Initial 59 6 2.6 45% 2 10 12 1.5
Resting 1 month 3 25 29 96% 0 12 1.6 0.015
3 months 2.1 0 3.3 156% 0 9 12 1.8
Initial 8.1 8 1.6 20% 5 10 12 0.9
Active 1 month 3.8 35 3.4 87% 0 9 12 1.9 0.005
3 months 3.6 1 4 113% 0 10 12 2.3

When questioned about satisfaction with the treatment conducted,
66.7% of patients (a total of 8) in a month were satisfied (p = 0.102),
and after three months 75% (a total of 9) were satisfied (p = 0.014).
There were no complications or adverse effects with the medi-
cations applied.

DISCUSSION

Our study presented the analysis of 12 patients, with previous
clinical treatment showing resistance to pain improvement both
in rest and in active movement, in one month (p = 0.005) up
until three months (p = 0.015), as well as initial increase in the
Mayo Elbow Score index of 61.3 points to 85.8 points in the first
month and 85 in the third month (p = 0.009) and high patient
satisfaction after three months of treatment, in 75% of the cases
(p = 0.014). Petrella et al. S examined 331 competitive tennis athletes

Acta Ortop Bras. 2020;28(3):107-10

(unlike our study, with lack of previous treatment) diagnosed with
lateral epicondylitis through a randomized prospective clinical
trial (165 AH x 166 placebos). Two injections of HA within a sev-
en-day interval were applied, and the results were compared with
the placebo group that received saline solution during a 1-year
follow-up. They concluded, like our patients, that the cases in
which injections of HA were applied proceeded with significant
improvement in pain, high satisfaction rate and earlier return to
sporting activities in relation to the control group, even after 1-year
follow-up. There was no description of serious adverse effects. Fogli
et al.”® analyzed 28 patients with lateral epicondylitis for 56 days.
After the application of the medication, they discovered through
the use of ultrasound equipment a decrease in tendon thickness,
reduction in local vascularization and improvement in the visual
analog pain scale. Kumai et al." applied HA in only one dose for
enthesopathies (plantar fasciitis, achilles tendinopathy and lateral

<< SUMARIO

109



110

epicondylitis) and studied the results after one week. In 16 cases,
patients had elbow-related complaints and even with the short
period after periarticular injections, improvement could already be
visualized in the visual analog pain scale at —2.55 = 2.43.
Arecently published meta-analysis compared the efficacy of several
local application therapies for lateral epicondylitis. Dong et al.
reported that hyaluronic acid injection may be more effective in the
medium-term than other therapies like autologous blood injection,
platelet-rich plasma, botulinum toxin and placebo. However, more
studies and evidence are needed to prove its superiority.'
Hyaluronic acid (HA), also known as hyaluronan or hyaluronate,
is a glycosaminoglycan composed of disaccharidic units of N-ace-
tyl-glucosamine and glucuronic acid. The average molecular weight
of HA in the synovial fluid is 5 to 7 x 108 Da.'® Hyaluronic acid is
present in various types of tissues, including synovial fluid, connec-
tive tissues and periarticular soft tissues. Under normal conditions,
itis the main constituent of the extracellular matrix and the synovial
fluid. It presents properties for joint lubrication, cartilage protection,
joint pressure distribution, mechanics for shock absorption and
maintenance of structural and functional viscoelastic characteristics
in periarticular tissues."1®

HA injections are used in viscosupplementation for the treat-
ment of osteoarthritis. However, there is a recent interest in the
use of HA in periarticular and soft tissue disorders, such as
tendinopathies, ankle sprain, lateral epicondylitis, subacromial
bursitis and partial ruptures of the rotator cuff, particularly in
the younger athletic population.® Some believe the medication

can be identified by the body as biocompatible, similar to
endogenous HA, making it active in the soft tissue healing
process.”? It stimulates mitosis and immigration of epithelial
cells and fibroblasts during the proliferative phase, contributes
to the transformation of immature tenoblasts into tenocytes, and
creates a better environment for cell growth with protein matrix
accumulation and cell differentiation factors."0:19

There was no adverse event associated with the infiltrations.
One of the most important limitations of this study is the lack of
comparison with the control group; however, the small sample
size is due to the selection patients with refractory periods to
conservative treatment. It is a series of cases with a short follow-up
period; however, the results of previous studies highlight the
efficacy of the application up to 3 months of follow-up, without
improvement after this period and with decline in results.

The Mayo Elbow Performance Score, as an analytical tool, was not
specially developed for lateral epicondylitis. It is however a widely
used index of performance for the evaluation of clinical outcomes
for a variety of eloow-related conditions.?°

CONCLUSION

Periarticular HA proved to be safe for patients resistant to treatments
classically used in lateral epicondylitis within three months of fol-
low-up. The individuals showed improvement in pain parameters
(VAS), Mayo Elbow Performance Score (MEPS); however, regarding
patient satisfaction, it offered 75% in symptom resolution, that is,
a 25% failure rate.
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ABSTRACT

The aging process can alter the organization of postural control
causing instability; literature shows several equipment and clinical
tests whose purpose is to measure postural balance, involving
different protocols and methodologies. Objective: To evaluate postural
balance during the task to walk over the force platform (turn and
return) and its relationship with clinic balance test (BESTest) in older
adults. Methods: 60 older people of both sexes, aged 60 to 79 years,
were tested in the force platform (NeuroCom Balance) and BESTest
to evaluate postural balance. Results: negative correlations were
found when comparing domains of the clinical test with stabilometric
parameters in time and velocity variables of the tests Step/Quick turn.
The highest correlations were in the total score (time spent to perform
the task — 0.41, and in the velocity left side — 0.33/right side — 0.43),
as well as in the stability limit (time spent to perform the task left
side — 0.34/right side — 0.37, and the equilibrium velocity left
side — 0.37/right side — 0.43). Conclusion: There are slim correlations
between the clinical test and force platform variables, showing that
each test measures different parameters. Level of evidence II,
Diagnostic study - investigating a diagnostic test.

Keywords: Postural Balance. Gait. Aged.

RESUMO

O processo de envelhecimento pode alterar a organizagédo do
controle postural causando instabilidade. Na literatura ha varios
equipamentos e testes, envolvendo protocolos e metodologias
diversas, com a finalidade de mensurar o equilibrio corporal.
Objetivo: Avaliar o equilibrio postural e analisar a correlagao entre
0s dados da plataforma de equilibrio e do teste clinico (BESTest)
em idosos. Métodos: Foram avaliados 60 idosos de ambos 0s
sexos, com idade de 60 a 79 anos. Para avaliagdo do equilibrio
postural foi utilizada a plataforma de forga (NeuroCom Balance) e
0 BESTest. Resultados: Correlagcbes negativas foram encontradas
quando comparados os dominios do teste clinico (BESTest) com
parémetros estabiliométricos nas variaveis tempo, velocidade e
impacto dos testes Step/Quick turn. As maiores correlagoes foram
no score total (tempo gasto para realizar a tarefa LE — 0,41, e na
velocidade do equilibrio LE — 0,33/LD — 0,43), assim como no
limite de estabilidade (tempo gasto para realizar a tarefa LE — 0,34/
LD — 0,37, e a velocidade do equilibrio LE — 0,37/LD — 0,43).
Concluséo: Ha poucas e fracas correlagoes entre o teste clinico
e as variaveis do teste Step/Quick turn da plataforma de forga,
mostrando que cada teste mede pardmetros diferentes. Nivel de
Evidéncia Il, Estudos diagnédsticos - investigagcao de exames
para diagnéstico.

Descritores: Equilibrio Postural. Marcha. Idoso.

Citation: Ernandes RC, Brech GC, Luna NMS, Nunes MF, Greve JMD, Leme LEG, Alonso AC. Relationship of force platform with the clinical balance
evaluation systems test in older adults. Acta Ortop Bras. [online]. 2020;28(3):111-3. Available from URL: http://www.scielo.br/aob.

INTRODUCTION

Postural balance is the maintenance of the center of gravity within
the base support of the body.! The aging process leads to changes
inthe sensory systems involving postural balance and consequently
an increase in number of falls.?

There are several equipment, clinical tests and scales, developed
to evaluate postural balance. Health professionals are frequently
looking for clinical tests that could have the same results as gold
standard instruments that assess postural balance, such as the force

platform, to become useful in clinical practice. However, the bio-
mechanics industry creates more high cost sensitive equipments.®
The NeuroCom Balance Master® provides objective assessment
of the sensory and voluntary motor control of balance with visual
biofeedback, which enables objective assessment of performance
in essential activities of daily living. Previous studies measuring the
stabilometric parameters demonstrated that the equipment is reliable*
and provides accurate measurements of the postural balance in
different groups.5® The Balance Evaluation Systems Test (BESTest) is
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used by clinicians to categorize balance into six underlying systems
that may constrain balance, being the first test to include a clinical
method for assessing postural responses to external disturbances,
whose purpose is to evaluate the postural balance.”®

Both systems have their advantages and disadvantages: the Balance
System platformis a more accurate, but costly equipment that requires
atrained professional to perform data acquisition; on the other hand,
the BESTest is low cost and provides reliable measures related to
postural balance, and it can be applied anywhere with a clinical or
scientific purpose. These tests are indicated to guide clinical treatment
strategies for fall prevention protocols. As such, an analysis of the
relationship between the force platform and this clinical test is justified,
in view of the prognosis of the postural balance responses resulting
from this comparison, whether or not the professionals involved use
them with more precision and specificity, and consequently to design
more efficient rehabilitation programs.

Thus, the aim of this study was to evaluate postural balance during
the task to walk over the force platform (turn and return) and its
relationship with clinic balance test (BESTest) in older adults.

METHODS

This was a cross-sectional study approved by the Ethics
Committee of the Universidade S&o Judas Tadeu (registration
number: 60952116.4.0000.0089) and developed in partnership with
the Laboratory of Movement Studies of the Universidade de Sao
Paulo School of Medicine and the Universidade Sao Judas Tadeu.
All participants provided a written informed consent.

Subjects

Sixty older adults of both sexes between 60 and 79 years old were
evaluated. The subjects were recruited from the Integrated Health
Center (CIS), endocrinology department of the Universidade An-
hembi Morumbi. The inclusion criteria were absence of foot ulcers
and/or partial and total lower limb amputations; disease or functional
impairment of any system: auditory, vestibular, proprioceptive,
neurological, musculoskeletal; no use of medications that could
affect the postural balance; and present normative parameters
in the cognitive test (MoCA). Exclusion criteria: if for any reason,
subjects could not perform any of the proposed tests.

Measurements

The following data were initially collected during the interviews:
age, MoCA, education (years of education), weight, height, and
body mass index (BMI).

Balance Evaluation Systems Test (BESTest) containing 27 items,
with a total of 36 tasks organized in six sections (biomechanical
constraints, stability limits, postural responses, anticipatory postural
adjustments, sensory orientation, dynamic balance during gait,
and cognitive), was used to evaluate postural balance. All domains
followed the protocol established by the translation and adaptation
to Brazilian portuguese.®

The postural balance assessment (posturography) was per-
formed on the NeuroCom Balance Master® force platform system

(NeuroCom International, Inc., Clackamas, OR, USA). The system
uses afixed 18in. A ~ 60in. dual force plate to measure the vertical
forces exerted by the patient’s feet.%1

The test is a functional balance evaluation, where older adults were
advised to walk on the platform, rotate 180 degrees, and return to
the starting place (“Step/Quick Turn” task),first to the left and then
to the right, repeating three times in a 30 second interval on each
side. This assessment quantifies two movement characteristics as
the patient takes two steps forward, quickly turns 180°, and steps
back to the starting point. The measured parameters are turn-time
(Time spend for the task) expressed in sec; and turn-sway velocity
(Balance velocity) expressed in “/s.

Statistical analysis

Data were stored in the SPSS 24.0 program and presented by
means and standard deviation. The Kolmogorov-Smirnov test was
performed to verify if the variables adjusted to normality. The Spear-
man correlation test was used to assess the bivariate correlation
between measures, and a 5% level of significance was adopted
throughout the analysis.

RESULTS

Sample characterization regarding age and anthropometric data,
education level and cognitive conditions are presented in Table 1.

Table 1. Baseline characteristics.

Mean (SD) Minimum Maximum
Age (years) 7.03 (5.51) 60 79
MoCA 23.35 (3.15) 16 26
Education (years) 11.5 (4.73) 1 15
Anthropometry
Body weight (kg) 72.37 (13.16) 46.80 66.30
Height (m) 1.62 (0.09) 1.43 1.69
BMI (kg/m?) 27.66 (3.78) 18.70 34.70

SD: standard deviation; BMI: body mass index; MoCA: Montreal Cognitive Assessment.

When compared, the clinical test data (BESTest) and the stabilomet-
ric parameters, the total BESTest score (the sum of its six domains)
and the stability limit, showed a negative correlation between the
time spent to perform the “Step/Quick Turn” task and the speed
on both sides (right and left) (Table 2).

The Biomechanical Restrictions domain showed negative correla-
tion with the time spent to perform the task on the left side, while
“anticipatory transition” showed negative correlation with the time
spent to perform the task on both sides.

The reactive test showed a negative correlation only in the time
spent to perform the task on the right side, presenting no significant
differences in the other data. Sensory orientation showed negative
correlation in balance velocity on the right side, while “gait stability”
showed negative correlation in the time spent to perform the “Step/
Quick Turn” task on the right side (Table 2).

Table 2. Correlation between clinical test (BESTest) and stabilometric parameters in the force platform.

Step/Quick turn BESTest total Blomef:hénlcal Stability Limits Antlclp.a.t ory Reactive S.ensor.y Gait Stability
Restrictions Transition Orientation
Time spend for the task LS (sec) | —0.36(0.00)* | —0.24(0.05)* - 0.34(0.00)** - 0.25(0.05)* -0.17(0.19) -0.11(0.37) -0.23(0.07)
Time spend for the task RS (sec) | —0.41(0.00)** -0.21(0.10) -0.37(0.00)** -0.24(0.06) —0.26(0.04)* -0.21(0.10) -0.30(0.01)*
Balance velocity — LS (°/s) -0.33(0.10) -0.16(0.22) -0.37(0.00)** -0.15(0.24) -0.15(0.25) -0.19(0.13) -0.17(0.18)
Balance velocity — RS (%/s) - 0.43(0.00)** -0.15(0.22) - 0.43(0.00)** -0.22(0.08) 0.24(0.06) -0.30(0.01)* -0.31(0.01)*

LS: left side; RS: right side; sec: seconds; BESTest: Balance Evaluation Systems Test; *p < 0.05; **p < 0.01
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DISCUSSION

This study found that the tests results (clinical and force platform)
had low to moderate association among them, possibly because
the stabilometric parameters captured differences in functional per-
formance abilities, whereas the BESTest (clinical method) evaluated
postural responses to external disturbances. Both are multifaceted,
and the nature of each task demonstrates the results of this study.
The BESTest focuses on the variety of disability dimensions® and
guides treatment decision; while the force platform (Balance Mas-
ter) provides quantification of the postural balance index'® with a
better precision to demonstrate small disturbances and postural
adjustments based on the total oscillation of the platform.'-
One of the most common tasks of the activities of daily living (ADL)
and used throughout all the domains of BESTest, “Step/Quick Turn”
is a challenging test because stepping must be tightly coordinated,
and head rotation changes visual and vestibular inputs. To turn
around, the patient must anticipate the action, decelerate the forward
progression of the COG, alter the stepping pattern, then re-initiate gait
inthe opposite direction. The change in direction must be anticipated
so that forward COG progression can be sufficiently decelerated to
allow the change in direction, but not stopped, or else momentum
that can assist with the turn will be lost. A change in step pattern is
also required: the most efficient one is pivot on the toes of the lead
foot, while the trailing foot does not advance, as it would in taking a
step forward, but pivots in place and is immediately ready to accept
the body weight as it begins to travel in the opposite direction.'
We found several studies comparing functional and physical perfor-
mance measures with ones based on stabilometric parameters, as
well as between clinical tests, scales with force platform parameters,
and kinetic and posturographic measurements,”'"'%"7 but these
results must be carefully analyzed, considering methodological
differences and application in different groups.

The time (s) and oscillation velocity (°/s) variables obtained by
the “Step/Quick Turn” test on the force platform, used to measure
stability in a 180° turn, are negatively correlated (low to moderate)
to almost all domains of BESTest. Thus, clinical balance tests can
discriminate subjects with large differences in posture mainte-
nance,”" but not identify small postural adjustments, which can

be done with equipment such as the force platform.™ If we are able
to identify typical movements that demonstrate a poor postural
balance (risk of fall) involving walking and a 180° turn, the maneuver
becomes challenging to older people compared to walking straight,
because the body remains outside the base of support in most of
the support phase of the gait.'®°

During the test, the patients were instructed to complete it as
quickly as possible, where low scores (faster turns) are good,
while higher scores (slower turns) are worse. Patients may not be
able to safely turn quickly if they cannot control the moving COG
over the small base of support (pivot foot) and must instead resort
to the slower strategy of taking multiple steps to turn around. This
compensatory strategy allows for double support time, sacrificing
speed for stability. Patients may not be able to pivot due to ankle
weakness, non-coordination, or sensory abnormalities (visual/
vestibular). Thus, the negative correlations found between the test
and the clinical evaluations of postural balance demonstrate that
the higher the score (higher score = better balance) the shorter
were the time and speed (shorter time and lower velocity = better
balance) spent on the task.

Although our findings are limited and need further studies that
include methodological investigations on postural balance measures
within the parameters analyzed, this study indicates that, while the
clinical test and the force platform provided different data about
balance, they complement each other and should be used together
to provide more relevant information to the understanding of postural
balance. Thus, this study contributed to helping health professionals
detect mechanisms essential for the field of gerontology.

CONCLUSION
Clinical tests (BESTest) are poorly to moderate correlated with the
Step Quick/Turn test on the Balance Master force platform.
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ABSTRACT

Obijective: To compare the classification of CTS by the Phalen test
with electromyography. Methods: Cross-sectional observational
study. Patients at orthopedic outpatient clinic with carpal tunnel
syndrome were evaluated by the Phalen test and compared with
the result of the electroneuromyography. Results: Sample of 33
patients, mostly women (87.9%). Most patients were already diag-
nosed with severe CTS by ENMG. The results of the Phalen test and
the electromyography were equal in 26 of the 33 patients (78.8%).
Conclusion: The Phalen test showed its applicability, since it had
results similar to those of ENMG in most cases, especially in the most
severe ones. The exam studied is a possible tool for the classification
and recommendation of surgical treatment. Level of evidence 1V,
Retrospective observational study.

Keywords: Carpal Tunnel Syndrome. Median Nerve. Wrist.

RESUMO

Objetivo: Comparar a classificacao pelo teste de Phalen com
a eletroneuromiografia (STC) na STC. Métodos: Estudo des-
critivo transversal. Pacientes do ambulatério de ortopedia
com STC sé&o avaliados pelo teste de Phalen, cujo resultado
€ comparado ao resultado da eletroneuromiografia (ENMG).
Resultados: Amostra de 33 pacientes, em sua maioria mulheres
(87,9%). Maioria dos pacientes com STC grave pela ENMG.
Os resultados do teste de Phalen e da ENMG foram iguais
em 26 dentre os 33 pacientes avaliados (78,8%). Concluséo:
O teste de Phalen mostrou ter sua aplicabilidade, pois teve resultados
semelhantes aos da ENMG na maioria dos casos, principalmen-
te nos mais graves. O exame em estudo se mostra uma possive/
ferramenta de classificagao e indicacdo do tratamento cirdrgico.
Nivel de evidéncia 1V, Estudo retrospectivo de observagao.

Descritores: Sindrome do Tunel Carpal. Nervo Mediano. Punho.
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[online]. 2020;28(3):114-6. Available from URL: http://www.scielo.br/aob.

INTRODUCTION

Carpal tunnel syndrome (CTS) is the most common neuropathy in
the upper limbs. The incidence of the disease is estimated between
0.1% and 1% per year and the prevalence ranges between 5%
and 15%, depending on the criteria used for diagnosis. More than
80% of patients are over 40 years of age, with women being more
affected (5:1). Although bilateral involvement is common (> 50%
of cases), the dominant hand is usually the first and most severely
involved.! This syndrome is often considered a sensory disorder,
since sensory fibers of the median nerve are more affected than
motor fibers.?

One million adults from the United States are estimated (annually)
to have CTS, requiring high-cost medical treatment for the health
system. In 1995, Palmer et al. estimated that between 400,000 and

500,000 cases of CTS require surgical treatment annually in the
United States, with an economic cost of more than $2 billion per
year. Surgical decompression rates for the UK are between 43 and
74 per 100,000/year.?

This is one of the most widely recognized occupational condition,
particularly in industries in which work involves high strength/
pressure and repetitive use of vibratory tools. Einhorn and Leddy*
estimated an incidence of 1% on the general population and 5% on
workers in industries that require repetitive use of hands and wrists.
CTS exact pathogenesis is still unclear. Several theories have tried
to explain the symptoms. The most popular ones are mechanical
compression, microvascular insufficiency and vibration theories.®
CTS has the compression of the median nerve as pathophysiological
basis, when it passes through the carpal tunnel. This compression
can occur due to any tenosynovial proliferation, abnormality of the
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wrist joint, tumor or muscle abnormality, producing a clinical picture
of pain, paresthesias and hypoesthesias in the hand. In advanced
stages, it can cause thumb paralysis and loss of sensitivity.®
Several provocative tests are used for diagnosis with different
sensitivity and specificity such as the Phalen and Tinel test.! The
diagnosis is eminently clinical, based on symptoms and distribution
of sensory changes of the hand; and neurophysiological, evaluating
the median nerve conduction velocity. Electroneuromyography,
besides being the main test for the diagnosis of this neuropathy,
is essential to make the differential diagnosis among other neuro-
muscular pathologies and determine the severity of CTS.”

The high prevalence of focal neuropathies (mononeuritis and com-
pressive syndromes) is also noteworthy. Carpal tunnel syndrome
is frequent in diabetic patients not only due to alteration of synovial
tissue surrounding the nerve, but also because the nerve presents
alterations secondary to high blood glucose.?

Our study seeks to compare the results of electroneuromyography
with a modification we proposed in the Phalen test. Thus, it aims
to promote a new way of classifying and recommending a surgical
procedure through the Phalen test.

METHODS

This is a cross-sectional observational study. Data were collected
between September and December 2018.

The study population is composed of patients with carpal tunnel
syndrome that were referred and spontaneously went to the out-
patient clinic.

The sample comprises patients that met the following criteria: clinical
picture consistent with carpal tunnel syndrome, who underwent
electroneuromyography and who agreed to undergo physical
examination. All participants signed the informed consent form.
The patient to be included in the study had to have at least the
Phalen test positive among the physical examination tests, since
it was the test to be evaluated in our study.

Those patients that already had electroneuromyography at the time
of appointment with CTS diagnosis were included in the study.
Patients that have previously undergone surgical treatment for
neuropathy; those who did not have the Phalen test positive for the
examination, and those who did not perform electroneuromyography
were excluded.

Data were collected through outpatient appointment in the ortho-
pedic service by preceptors and residents of orthopedics and
traumatology after training with the specialist in hand surgery of the
service. Data on the appointment were recorded in an evaluation
form we made, which guided the data collection. In the evaluation,
we surveyed epidemiological data from the study population seeking
for the presence of comorbidities; the tests of Tinel, Durkan and
Phalen were performed during physical examination, and the result
of electroneuromyography was noted.

The Phalen test was performed when each patient was included
in the study, classifying the involvement into different degrees ac-
cording to the time required for test positivation. Usually, the patient
is actively examined (the patient himself performs movement) for
60 seconds, subjecting the wrist to forced palmar flexion against
each other, so that the pressure inside the carpal tunnel increases
and CTS paresthesia symptoms are exhausted, showing positive
or negative results. In our study, we gauged the result according
to the time it takes to make the test positive. If positive before 10
seconds, it will be considered as severe involvement; between
10 and 30 seconds, moderate; and 30 or more seconds will be
classified as mild.

R software was used to estimate the sample size in the universe.
The total sample was estimated by the simple Random Sampling
technique (more details in Bolfarine and Bussab).® A 95% confidence
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interval and a robust, maximum variance were adopted in estimates.
With a 5% error in the parameters, the sample size was composed
of 33 patients.

Data were organized and analyzed in the SPSS software version 20.0.
The qualitative variables were described in a table. For quantitative
variables, statistics were used: minimum, maximum, arithmetic mean
and standard deviation. The Chi-Square Test was used to compare
the proportions of patients with comorbidities.

The procedures described followed the ethical principles in researchin
force in the country ensuring confidentiality, anonymity and the non-use
of the information to the detriment of others, and the data obtained were
used only for purposes provided for in this study. Research Protocol
No. 2,878,873, Ethics Committee of Federal University of Piaui.

RESULTS

The analysis of the 33 evaluation forms of the patients included in
the study showed a mostly female attendance, representing 87.9%
of the total. On average, the patients were 44.6 years old.
Regarding the profession, we also observed that most patients
with carpal tunnel syndrome were housewives/husbands, 24.2%,
followed by those who performed cooking work. Regarding
race, 57.6% of people declared themselves brown, 24.2% white,
and 18.2% black.

All patients had a positive Phalen test, since it was a criterion to
be included in our study. In total, 87.9% patients had the Durkan
test and 72.7% had the positive Tinel test during physical exam-
ination. Only in 21.2% of the patients, atrophy of the thenar region
was verified.

Of the 33 electroneuromyography tests evaluated, 54.5% were
classified as severe. All obtained the same classification in the
modified Phalen test (positive results in less than 10 seconds),
thus, similar results in 100% of cases. Electroneuromyography
tests classified as moderate involvement corresponded to 39.4%,
of which 46.2% had the same result in the Phalen test, 53.8% were
classified as mild and none as severe. The rest of the electroneuro-
myography, 6.1% had mild involvement as a result, also obtaining
the same classification in the Phalen test, generating equal results
in 100% of the cases, as shown in Table 1. Therefore, 26 out of
33 patients had similar results in both modified Phalen test and
electroneuromyography (78.8%).

Table 1. Percentage of similar results of the modified Phalen Test compared
with electroneuromyography.

WG | N | % foidntest| M| bewesnsas
Mild 2 100
Mild 2 6.1 Moderate
Severe
Mild
Moderate 13 39.4 Moderate 46.2
Severe
Mild
Severe 18 545 Moderate
Severe 1 100

ENMG: electromyoneurography.

DISCUSSION

More than 80% of patients with CTS are women and over 40 years
of age,2 agreeing with the findings of Jesus Filho et al." In our study,
however, the involvement in women is higher, reaching 87.9%. This
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fact may have sociocultural influence in our state, and even in Brazil
itself, where there is a greater concern and search for medical ap-
pointments among women, which can be confirmed by a study con-
ducted by the Brazilian Institute of Geography and Statistics (IBGE).°
It also exemplifies the fact that all male patients in the study were
classified as severe by both ENMG and Phalen’s test.

In addition to the Phalen test, the semiology of carpal tunnel syn-
drome includes Durkan and Tinel tests, with 87% sensitivity and
90% specificity for the Durkan test. Tinel test is less sensitive, with
only 56% positivity in patients in whom CTS was confirmed by
electrophysiological investigation and 80% specificity." Our study
confirms this trend, since the Durkan test was positive in 87.9%
and Tinel in 72.7% of cases.

Electroneuromyography, besides being the main test for the diagno-
sis of this neuropathy, is essential to make the differential diagnosis
among other neuromuscular pathologies and determine the severity
of CTS. Recently, with the appearance of high resolution ultrasound,
scholars have been trying to demonstrate the usefulness of this
method as an aid tool in the diagnosis of carpal tunnel syndrome,
especially in cases in which patients showed symptoms compatible
with the disease and normal physical and electroneuromyography
results. A9 mmz area of the upper median nerve in the distal carpal
tunnel at the level of the pisiform bone, measured by ultrasound,
is considered a CTS diagnosis.” According to Carvalho et al.,”
this is an examination with high sensitivity and specificity in diag-
nosis. However, it has not become a very reproducible examination
to use it in our study.

Electroneuromyography has a 92.3% sensitivity and a 81.8%
specificity." It is effective in detecting CTS, but not in ruling out
the diagnosis. In this study, 54.5% of the patients had ENMG clas-
sified as severe, 39.4% as moderate and 6.1% as mild. All patients
considered severe by complementary examination also had the
same classification in the Phalen test, showing that the two tests
have similar results in more advanced cases, which are more likely
to require surgical treatment. It is also noteworthy that 21.2% of

patients already had atrophy of the thenar region. In these cases,
the involvement had already exceeded the sensory portion and
reached the motor portion of the median nerve. They were classified
as severe in both the examination and the test, since atrophy is a
sign of an advanced disease.

The cases in which Electroneuromyography showed mild and severe
results, it obtained the same results in Phalen test. However, when
the electroneuromyography result was moderate, the divergence
between the results was very large, with only 46.2% agreement.
The main objective of our study was to compare the results of the
Phalen test with those of ENMG. Initially, all patients included in
the study had the positive test, since this was one of the inclusion
criteria. The results showed that 26 out of 33 patient had the same
result in both tests (78.8%).

We observed that most patients were already at an advanced stage
of the disease. It possibly happened due to the study being carried
out in a specialized tertiary service, to which most are referred when
the primary care physician sees the need for surgical treatment, or
also due to a delayed diagnosis of mild cases, when the evaluation
is not carried out by a specialist. We observed there was a great
agreement between the results of the test under study and the
examination at the extremes of involvement degrees, that is, in mild
and severe cases, reaching 100% of similar results. However, the
results were quite divergent in those with moderate involvement.
All patients classified as severe with the Phalen test were rec-
ommended for surgical treatment and waited for the procedure
at the hospital, which shows that, in addition to other studies,
this examination may be an important tool for direct indication of
surgical treatment for CTS.

CONCLUSION

The Phalen test showed results similar to those of ENMG, especially
inthe most severe and mild cases, but with large differences in mod-
erate cases. The test showed its value in cases that require surgical
treatment, and it may serve as a suggestive recommendation tool.
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ABSTRACT

Objective: To describe the clinical and epidemiological charac-
teristics of people diagnosed with carpal tunnel syndrome (CTS)
treated at a hand surgery outpatient clinic of a regional referral
service. Methods: Interview and specific medical examination of 150
people diagnosed with CTS underwent, and statistical analysis of
the results obtained. Results: Women smokers, in the fifth decade
of life, married, overweight and educated until the elementary level
prevailed in our study. Arterial hypertension and diabetes were
the most reported comorbidities, and Durkan’s test was the most
prevalent. Conclusion: CTS is prevalentin women in their fifth decade
of life, with bilateral involvement and high school. The hypertension
and diabetes are the most common diseases in people with CTS.
Level of evidence 1V, Case series.

Keywords: Carpal Tunnel Syndrome. Median Neuropathy.
Epidemiology.

RESUMO

Objetivo: descrever as caracteristicas clinicas e epidemiolégicas
das pessoas diagnosticadas com sindrome do tunel carpal (STC)
atendidas em um ambulatorio de cirurgia da mao de um servigo
de referéncia regional. Métodos: Entrevista e exame médico
especifico de 150 pessoas diagnosticadas com STC e analise
estatistica dos resultados obtidos. Resultados: Houve prevaléncia
de mulheres tabagistas, na quinta década de vida, casadas, com
nivel de instrucdo até o nivel fundamental. Hipertenséao arterial
sistémica e diabetes foram as comorbidades mais relatadas e
o teste de Durkan foi o mais prevalente. Concluséo: A STC é
prevalente em mulheres na quinta década de vida, com aco-
metimento bilateral e nivel de escolaridade até o ensino médio.
Hipertensao e diabetes sao as comorbidades mais frequentes
em pessoas com STC. Nivel de evidéncia IV, Série de casos.

Descritores: Sindrome do Tunel Carpal. Neuropatia Mediana.
Epidemiologia.

Citation: Paiva Filho HR, Paiva VGN, Oliveira EF, Rocha MA. Profile of patients with carpal tunnel syndrome treated at a referral service. Acta Ortop
Bras. [online]. 2020;24(1):117-20. Available from URL: http://www.scielo.br/aob.

INTRODUCTION

Carpal tunnel syndrome (CTS) is the most common peripheral
neuropathy associated with the compression of the median nerve
at the level of the carpal tunnel. This syndrome is characterized
by numbness, tingling, and, in advanced cases, weakness of the
thumb and thenar atrophy.’

The median nerve is located below the transverse carpal ligament,
and it provides motor and sensory function for the hand. Its delicate
positioning makes it susceptible to compression and, in prolonged
cases, can lead to compression neuropathy.?

The subjects with CTS may describe symptoms in the area of
median nerve innervation (thumb, index finger, middle finger and
radial side of the ring finger), as well as pain in thenar eminence

and, with advanced compression, weakness and atrophy of the
abductor pollicis brevis and opponens pollicis muscles.?

The overall prevalence ranges between 2.1% and 3% of the popu-
lation.* Risk factors for this condition include pregnancy, fractures,
hypothyroidism, rheumatoid arthritis, diabetes, and obesity.®

In most cases, CTS is considered idiopathic. Even with the large
number of original research on the subject, its etiology and the
contribution of work on daily routine as a causal agent of this
condition are still controversial. Moreover, its pathophysiology has
not been fully clarified. Nerve ischemia by increased pressure within
the carpal tunnel, vascular alteration and chronic focal compression
deformation are conflicting opinions described in the literature.®
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This study is justified by the lack of publications in the literature
presenting the characteristics of people with CTS attended at a
regional referral service of the Brazilian Unified Health System. Our
aim is to describe the clinical and epidemiological characteristics of
people diagnosed with CTS attended in a hand surgery outpatient
clinic of a university hospital.

METHODS

A cross-sectional observational study of quali-quantitative nature
was conducted, presenting as design the assessment of patients
admitted consecutively in the period of six months in the hand
surgery outpatient clinic of a university hospital. All procedures were
performed in accordance with the ethical standards determined
both by the Research Ethics Committee for Research in Human
Beings (CAAE 17608319.9.0000.8667 and Opinion No. 3,578,491 of
09/16/2019) and by the 1964 Declaration of Helsinki. The Free and
Informed Consent Form was obtained from all study participants,
upon signature of a specific term.

The inclusion criteria were people of both sexes, over 18 years
old, in an initial appointment at the hand surgery outpatient
clinic, who presented the clinical diagnosis of CTS written in the
medical referral of Primary Health Care. People who presented
cognitive or mental alterations that made the interview impossible
were excluded, as well as those who did not provide consent
to this research.

A total of 150 people met the said criteria and were submitted to
interview and specific medical exam, according to the routine of
the hand surgery outpatient clinic. To characterize the sample and
present the results of data collection, qualitative variables (sex,
smoking, marital status, dominance, affected limb, schooling level,
and presence of comorbidities) were assessed using absolute
and relative frequencies, while quantitative (age and body mass
index — BMI) were assessed using average, standard deviation,
median, minimum and maximum.

The CTS prevalence was described according to each qualitative
characteristic, and the association with the use of chi-square
or exact tests (Fisher’s exact test or likelihood ratio test) was
verified. Quantitative characteristics were described according
to CTS and compared with the use of the Student’s t-test or
Mann-Whitney test.

The IBM-SPSS for Windows version 22.0 was used for the analyses,
and the software Microsoft Excel 2003 was used for data tabulation.
The tests were performed with 5% significance level.

RESULTS

Table 1 describes the personal characteristics and associated
diseases in our sample. A total of 150 people with CTS were
attended, 120 women (80%) and 30 men (20%), with a mean
age of 541 = 10.9 years. The mean BMI was 27.3 kg/m?. In
total, 105 people (70%) did not smoke, 25 (16.7%) reported
being former smokers and 20 (13.3%) claimed to be smokers.
Most people declared to be married, corresponding to 96 cases
(64%), followed by 23 singles (15.3%), 22 divorced (14.7%) and
9 widow/widowers (6%). Right hand dominance was reported
in 146 people (97.3%), and left hand dominance in 4 (2.7%).
The occurrence of symptoms in both hands (bilaterally) was
reported by 92 people (61.3%), while 58 (38.7%) reported hav-
ing symptoms unilaterally. In relation to schooling, 30 people
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(20%) reported being literate, 79 (52.7%) had elementary schoal,
33 (22%) high school, and 8 (5.3%) college.

Table 1. Description of the personal characteristics and comorbidities
of the patients assessed.

Variable Description (N = 150)
Sex, n (%)
Women 120 (80)
Men 30 (20)
Age (years)
mean SD 541 10.9
median (min.; max.) 53.5 (24; 79)
Body mass index (kg/m?)
mean SD 273 45
median (min.; max.) 26.2 (18.6; 44.5)
Smoking, n (%)
No 105 (70)
Yes 20 (13.3)
Former smoker 25 (16.7)
Marital status, n (%)

Single 23(15.3)
Married 96 (64)
Divorced 22 (14.7)

Widow/Widower 9(6)
Dominance, n (%)
Right hand 146 (97.3)
Left hand 4(2.7)
Occurrence, n (%)
Unilateral 58 (38.7)
Bilateral 92 (61.3
Schooling, n (%)
Literate 30 (20)
Elementary school 79 (52.7)
High School 33(22)
College 8 (5.3%)
Number of comorbidities
mean SD 23 1.7
median (min.; max.) 2(0;7)
Systemic Arterial Hypertension n (%)
No 78 (52)
Yes 72 (48)
Diabetes, n (%)
No 121 (80.7)
Yes 29 (19.3)
Fibromyalgia, n (%)
No 107 (71.3)
Yes 43(28.7)

The mean value of comorbidities presented was 2.3 per person.
Out of these, systemic arterial hypertension (SAH) was observed
in 72 cases (48%), while 78 (52%) did not present this condition.
The presence of diabetes was reported by 29 people (19.3%),
while 121 (80.7%) did not report the disease. A total of 43 people
(28.7%) reported treatment for fibromyalgia, while 107 (71.3%) did
not report the treatment.

Table 2 shows the characteristics of the symptoms mentioned and
diagnostic tests applied in our sample.
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Table 2. Description of symptoms and diagnostic tests performed.

Variable Description (N = 150)
Pain, n (%)
No 21 (14)
Yes 129 (86)
Sensitivity alteration, n (%)
No 56 (37.3%)
Yes 94 (62.7)
Loss of strength, n (%)
No 53 (35.3)
Yes 97 (64.7)
Numbness, n (%)
No 14 (9.3)
Yes 136 (90.7)
Tinel’s sign, n (%)
Negative 69 (46)
Positive 81 (54)
Phalen’s maneuver, n (%)
Negative 85 (56.7)
Positive 65 (43.3
Durkan’s test, n (%)
Negative 66 (44)
Positive 84 (56)
Flick sign, n (%)
Negative 52 (34.7
Positive 98 (65.3)
Time since diagnosis (years)
mean SD 46 3.6
median (min.; max.) 4(0; 18)

Pain was reported in 129 people (86%), while 21 (14%) did not
report symptoms with pain. Sensitivity alteration was reported by
94 people (62.7%) while 56 (37.3%) did not show this alteration.
Regarding loss of strength, 97 people (64.7%) reported this symptom
and 53 (35.3%) denied it. Numbness was reported by 136 people
(90.7%), while 14 (9.3%) did not report this symptom. Tinel’s test
was positive in 81 people (54%) and negative in 69 (46%). Phalen’s
test was positive in 65 people (43.3%) and negative in 85 (56.7%).
Finally, the Durkan’s test was considered positive in 84 people
(56%) and negative in 66 (44%). The Flick’s sign maneuver was
reported by 98 people (65.3%), while 52 (34.7%) did not report it.
When asked about the time between the onset of symptoms and
the search for medical care for CTS diagnosis, the mean value
found was 4.6 years.

Table 3 shows the result of the adjusted model to explain the presence
of CTS in people according to age and presence of fioromyalgia.

Table 3. Result of the model adjusted to explain the presence of carpal
tunnel syndrome in patients according to the characteristics assessed.

. (95%Cl )
Variabl OR
ariable Inferior | Higher Education P
Age (years) 1.05 1.01 1.08 0.017
Fibromyalgia 0.34 0.16 0.73 0.006

Multiple logistic regression with Stepwise backward selection method with input and output
criterion of 5%.

DISCUSSION

The carpal tunnel is the channel in which the floor is formed by the
carpal bones, and the ceiling is the thick and inelastic transverse
carpal ligament. In this tunnel, the median nerve is on the surface
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of the superficial flexor tendons of the fingers, and any factor that
increases the contents within the tunnel can compress the median
nerve, leading to symptoms of paresthesia in its innervation area.’
CTS is more frequent in women between the fourth and sixth de-
cades of life, although this syndrome can be found in men and in
all age groups, including it has been described in children and
young people.® Our studies met the literature, with a prevalence of
women in 80% of cases and mean age of 54.1 years.

Shiri et al.,? in a meta-analysis, found that overweight and obese
people had an increased risk of CTS. Our study also showed
a significant number of people with BMI above normal values.
Although no statistical significance was observed, our results can
be used to promote healthy habits and activities for the population
and prevent worsening.

In some cross-sectional studies, smoking is recognized as a risk factor
for CTS;'"2 however, studies on its pathophysiology are scarce. In
our study, 30% of people reported smoking or were former smokers.
We believe that further investigations can help verify correlations
between smoking and the development or worsening of CTS.
Studies by Mattioli et al."® show that marital status may be associated
with CTS; however, its results do not clearly justify this correlation,
suggesting that individual and labor factors should be investigated
to better elucidate this trend. Our study showed prevalence of
married people, corresponding to almost twice of those divorced
and single combined.

Dominance was also investigated in our study, showing prevalence
of right-handed people, but bilateral symptomatology was reported
in more than half of the cases.

According to Pourmemari et al."*, the prevalence of CTS in people
with low education was 60% higher than in those with a high and
higher level of education. For these authors, people with a higher
level of education are less at risk of being submitted to decompres-
sion surgery of the median nerve at the level of the carpal tunnel
compared with low educational level. In our study, more than half
of the people also had a lower education level than high school,
and none of them had undergone prior surgical procedure.

One of the most common complications of diabetes is peripheral
neuropathy, and among focal neuropathies (mononeuritis and
compression syndromes), CTS is frequent in diabetic people due
to some alteration in the synovial tissue surrounding the nerve
and because the nerve presents secondary alteration to high
blood glucose.” In our study, there was a prevalence of systemic
comorbidities, arterial hypertension and diabetes in more than
half of the cases.

The literature indicates the Tinel's (50% sensitivity and 67% spec-
ificity) and Phalen’s tests (75% sensitivity and 47% specificity) as
the most used in clinical practice for the diagnostic aid of CTS.'®
Nowak and Noszczyk'” also report Durkan's and Phalen’s tests as
the most positive clinical trials in people with CTS. In our results, we
found the Durkan’s test as the most prevalent, followed by Tinel's
and Phalen’s, respectively. The Flick’s sign maneuver, which consists
of shaking hands to relieve symptoms of numbness especially at
night, was the most reported, being present in almost two-thirds
of people affected by CTS in our sample.

Fibromyalgia is a chronic pain syndrome characterized by gen-
eralized involvement and pain to muscle palpation, in addition
to fatigue, morning stiffness, non-restorative sleep and cognitive
symptoms.'® Some studies show that CTS is more common in people
with fibromyalgia,'® and paresthesia in the extremities is related
to abnormal sensory perception due to central sensitization, and
this may interfere with the interpretation of paresthetic symptoms
in CTS.2% In our study, only age and the presence of fibromyalgia
influenced the diagnosis of CTS, so that every year of age the
chance of CTS increased 5%, regardless of the other characteristics
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assessed. We observed in our study that people with CTS and
fibromyalgia presented a statistically higher mean age than those
with CTS without fibromyalgia (p = 0.010). The frequency of CTS
in patients with fioromyalgia was statistically lower than in patients
without fibromyalgia (p = 0.003).

The positive finding of our study was the high number of cases, which
included most patients treated at secondary level with the diagnosis
of CTS in the stipulated period. On the other hand, because our
hand surgery service is a regional reference for several surrounding

cities, our results may not present the reality of Primary Health Care
services. We suggest studies on different levels of health care to
better evaluate the profile of the person with CTS.

CONCLUSION

CTS is prevalent in women in the fifth decade of life, with bilateral
occurrence and lower level of education. Systemic hypertension and
diabetes are the most frequent comorbidities in people with CTS.
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ABSTRACT

Objective: To evaluate the effect of the design of a femoral vas-
cular loop with anastomosis in the femoral artery of rabbits on
the presence of flow (patency) after seven days. Methods: A total
of 39 rabbits underwent arteriovenous microanastomosis using
the microsurgical technique. Two loop designs were used: one
circular and the other angled. The parameters evaluated were
presence or absence of flow, signs of hemolysis and hemodynamic
changes. Results: After seven days, flow was present in 68% of
the angled loops and 75% of the circular loops (p > 0.05). There
was a significant intragroup decrease in pCO, and a significant
increase in pH. For the other parameters evaluated, no significant
differences between the two loop models were found. Conclusions:
A reproducible vascular loop model was shown. There was no
significant difference between the two vascular loop models about
the presence of flow after seven days. Level of Evidence V, Animal
experimental study.

Keywords: Arteriovenous Anastomosis. Vascular Grafting.
Femoral Vein.

RESUMO

Objetivo: Avaliar, em coelhos, qual é a influéncia do desenho
da alga de veia femoral com anastomose na artéria femoral,
na presenga de fluxo (paténcia) apos sete dias. Método: 39
coelhos foram submetidos a microanastomose arteriovenosa
com técnica microcirdrgica. As algas foram acomodadas em
dois desenhos, um circular e outro, 0 mais alongado possivel
sem dobras na alga. Os parédmetros avaliados foram: presenca
ou néo de fluxo, sinais de hemodlise, alteragbes hemodinamicas.
Resultados: apods sete dias, o fluxo estava presente em 68%
das algas anguladas e em 75% das algas circulares (p > 0,05).
Houve, intragrupo, diminuicéo estatisticamente significante da
pCO, e aumento estatisticamente significante do pH. Nao houve
diferenca estatistica no restante dos parametros avaliados entre
0s dois modelos de alga. Conclus6es: apresentamos um modelo
reprodutivel de alga vascular. N&o houve diferenca estatistica
quanto a presenca de fluxo apoés sete dias nos dois modelos
de alca vascular. Nivel de Evidéncia V, Estudo experimental
em animais.

Descritores: Anastomose Arteriovenosa. Enxerto Vascular.
Veia Femoral.

Citation: Saito M, Rezende MR, Santos GB, Bittencourt T, Nunes MC, Mattar R Jr. The design of the arteriovenous vascular loop does not affect its
patency: experimental study. Acta Ortop Bras. [online]. 2020;28(3):121-7. Available from URL: http://www.scielo.br/aob.

INTRODUCTION

Vascular loops enable the insertion of microsurgical flaps in areas
where local recipient vessels are damaged.'? These loops have
been used in head and neck, as well as trunk and limb, recon-
struction.®® While they can be done during anesthesia for flap
transposition, loops can also be prepared days earlier, thereby
dividing a long and exhausting procedure into two shorter, more
manageable surgeries.'”

Despite speculation regarding the factors that can lead to its failure,
the literature lacks controlled models that demonstrate which of
them actually affect the patency of a loop.

The primary objective of this study was to standardize and
maintain a vascular loop model in rabbits, thereby determining
whether there is a difference in blood flow patency between
two different loop designs, “circular” and “angled” (Figure 1).
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Figure 1. Design of loop models. On the left, CIRCULAR model, on
the right, ANGLED model.

The secondary objective was to determine the effects of the
different loop designs on heart rate, respiratory rate, blood gas
analysis and presence of hemolysis.

MATERIALS AND METHODS

The animals were treated following the “Guide for the Care and Use
of Laboratory Animals™® and the ARRIVE Protocol (Animal Research:
Reporting of In Vivo Experiments)."

Surgical and Anesthetic Protocol

Our research involved New Zealand rabbits that were provided
by the Central Animal Laboratory of the Medical School, Univer-
sidade de Sao Paulo. Male and female adult rabbits were used
based on availability.

The weight of the animals ranged from 2,350 g to 6,081 g.

The animals were anesthetized with ketamine (40 mg.kg™) and
midazolam (2 mg.kg™), propofol at a 5 mg/kg dosage and iso-
flurane diluted in 100% oxygen by means of the Mapleson D
anesthetic circuit.

The animals were prepared for surgery under aseptic conditions;
a surgical microscope was used.

Solutions were prepared with 1 ml of 2% lidocaine to allow vaso-
dilation; a 5000 IU heparin in 10 ml of normal saline was used to
prevent thrombus formation in the vessel lumen.

Blood gas, electrolyte, bilirubin and liver enzyme tests were
collected from a portion of the femoral artery distal where
the anastomosis was performed. An insulin needle was used
(0.45 mm x 13 mm).

A medial incision was made in the right thigh, from the inguinal
ligament to the knee. The femoral artery and vein were identified
from the inguinal ligament to the emergence of the genicular
branches (Figure 2). The branches of the femoral vein were ligated,
and the vein was detached from its bed. The vein was attached
just above the origin of the genicular branches. The distance
between the ligature and the point where the vessel crossed the
inguinal ligament was measured and noted as the length of the
vessel (Figure 3).

An end-to-end anastomosis was performed in the femoral artery
immediately after the emergence of the deep femoral artery.
A 10-0 mononylon yarn was used with a 75-micrometer needle.
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inguinal ligament

femora bundle
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Figure 2. Vascular anatomy of the medial surface of the rabbit’s pos-
terior paw.

Inguinal ligament

Femoralis profunda artery
Femoralis artery

Femoralis vein

Genicular branches

Figure 3. Dissected femoral vessels. Measurement of vessel length,
which is used for making the vascular loop.

After completion of the anastomosis (when the loop was positioned),
an external collaborator, without direct contact with the procedure,
told the surgeon what type of loop to make. This information was
generated by a randomization table created on the website
www.randomization.com and grouped into permutation blocks
ranging from 2, 4 or 6 positions (Figure 4).

Surgery starts femoral vessels dissections

Loop anastomosis

CIRCULAR Random ANGLED

Figure 4. Study design.
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The formed loop was then introduced into one of two possible
positions, drawn by lot at the end of the anastomosis, to avoid
influencing the surgeon’s preference:

a) "ANGLED,” folded over itself at the midpoint of its length. The vein
was inserted so there would be contact between the descending
and ascending sections of the loop, but without constriction of
its walls. This shape reaches a more distal region of the foot
(Figure 5).

“CIRCULAR,” introduced to be closer to a circular shape. With a
balance between length and width, this loop design reaches a
more proximal region of the foot when compared with the “AN-
GLED” loop positioning (Figure 6).

c

Artery

Anastomosis

Vein

Figure 5. ANGLED loop.

Artery

Anastomosis

Vein

Figure 6. CIRCULAR loop.

The loops were introduced on Bioclusive® sterile plastic film
(Johnson & Johnson, USA), prepared in a rectangular shape,
folded back on itself to prevent contact between the adhesive and
the tissue, and fixed to the bed with sutures. On this structure,
strips made of the same material were attached to the base to
keep the loop in the shape required for evaluation.

The loop was measured for length, which was defined as the
largest distance from the point where the artery crosses the inguinal
ligament, and the largest width perpendicular to the length line. If
the loop was “circular,” it was measured for its inner diameter, also
perpendicular to the length, in the space between the ascending
and descending segments of the loop (Figure 7).

After the measurements were taken, another plastic film layer was
gently placed on the loop to isolate its environment from the rest
of the musculature and prevent the adherence of adjacent tissue.
Closure was performed in a plane by plane fashion, attaching
the musculature distal to the loop with 4-0 nylon. The subcuta-
neous plane was closed with inverted sutures and 4-0 nylon.

Acta Ortop Bras. 2020;28(3):121-7

The skin was closed with 4-0 nylon with separate stitching and
a continuous running suture to ensure wound closure.

Width
Length

Inner diameter
Figure 7. Measurement of the loop dimensions.

The wound was cleaned and coated with antiseptic and repellent
spray to discourage licking. A collar was attached to block neck
movement but did not disturb the animal’s feeding.

The animals were kept in individual cages with food and water
available ad libitum; their environment was clean and air-conditioned
with a light and dark cycle.

Postoperative

Following the same protocol, after seven days the animals underwent
an additional round of anesthesia for evaluation and subsequent
euthanasia.

The loop was identified, the plastic film cut with microsurgery in-
struments (Figures 8 and 9), then measured, with blood samples
taken from a portion of the distal loop for analysis (Table 1). The loop
was then sectioned in its distal third, and the flow was evaluated
as “present” , when a continuous flow filled the cavity, or “absent”,
if it was a simple drip . Finally, a dose of 1.0 to 2.0 mEqg/kg potassium
chloride was administered.

Figure 8. ANGLED vascular loop on the seventh postoperative day
(left, still covered in plastic film, right after its removal).
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Figure 9. CIRCULAR vascular loop on the seventh postoperative day.

Table 1. Chi-square test, flow x design.
Chi-square tests

Value df Significance (2-sided)
Pearson’s chi-square 0.208 1 0.648
No. of valid cases 39

Evaluations

Primary evaluation: patency of the vessels

The flow was classified as “present” or “absent.”
In the first 12 specimens, the blood flow was measured using a Tran-
sonic T106 Doppler flowmeter (Transonic, Ithaca, NY, USA) (Figure 10).

Figure 10. Loop flow evaluation with Doppler flowmeter Transonic T106.

Secondary measures

Heart rate (HR) and respiratory rate (RR) were measured immediately
after the two rounds of anesthesia. HR was measured in beats per
minute, allowing the hemodynamic effects of the different vessel
types to be evaluated. RR was measured in strokes per minute to
evaluate, indirectly, the effectiveness of analgesia and the presence
of respiratory depression.

HEMOLYSIS MARKERS: hemoglobin (g/dL), hematocrit (%), lac-
tate dehydrogenase (LDH, mg/dl) and direct and indirect bilirubin
(DB and IB, mg/dL).

BLOOD GAS ANALYSIS: Arterial blood gas levels were collected
to evaluate the quality of oxygen supply that the vascular loop
could carry for a hypothetical flap to be performed on the seventh
postoperative day. Standard blood gas analyses included pO,,
pCO,, O, saturation, base excess, pH, Na*, K*, CI- and Ca®*.
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RESULTS

Forty-three surgeries were performed in a controlled and randomized
manner. Four specimens died: three during induction of anesthesia
and the fourth on the first postoperative day. Information for these
four specimens was removed from the data analysis. Data were
recorded and analyzed for 39 surgeries.

Twenty-nine rabbits were female, and ten male.

The “circular” loop group comprised 20 specimens, and the “angled”
loop group 19.

The parameters HR, RR and temperature, measured pre- and
post-anesthesia, were similar in both groups.

During sectioning and vessel ligation, the relative percentages of
vessel shortening were 26.6% in the “circular” group and 33.5%
in the “angled” group.

Presence or absence of flow after seven days regarding the vascular
loop design (Figures 11 and 12):

ANGLED loops - Patency after 7 days

Figure 11. Patency of the "ANGLED” loops.

CIRCULAR loops - Patency after 7 days

Figure 12. Patency of the “CIRCULAR” loops.

When subjected to statistical analysis using the chi-square test,
the comparison between the “angled” and “circular” loop groups
showed no significant difference (Table 1).

All blood gas and electrolyte parameters measured showed nor-
mal distributions when subjected to the Kolmogorov Smirnov test
(Table 2).
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Table 2. Electrolytes and blood gases at the start of surgery.

Table 4. Distribution of biochemical hemolysis markers.

“CIRCULAR” LOOP _[Minimum|Maximum| Mean |Standard deviation = Ci;nculér design T T
o inimum aximum ean andard Deviation
— Initial pH 720 r42_| 12616 o.0mal Initial ALT (IUL) 20 67 36.75 14.710
Initial pCO, (mmHg) 3870 | 9190 | 68.8273 17.87032 niial AST (IUL) i 5 2525 6811
Initial pO, (mmHg) 99.60 399.00 |213.6909 94.88694 Initial TB (mg/dL) 0.0 01 0017 0.0389
Initial sat O, (%) 0.00 100.60 | 36.3364 50.41730 Initial DB (mg/dL) 0.0 0.0 0.000 0.0000
Initial base excess (mmol/L) | -0.40 9.90 3.4655 3.33866 Initial IB (mg/dL) 0.0 0.1 0.017 0.0389
Initial sodium (mEq/L) 137.00 | 148.00 |140.5455 3.17376 Initial LDH (IU/L) 160.7 617.8 333.825 126.8985
Initial potassium (mEq/L) | 3.10 460 | 37636 0.48015 Final ALT (IUL) 12 48 30.36 11.102
Initial calcium (mg/dL) 580 | 683 | 63818 0.29144 Final AST (IUL) 13 39 22.00 8.450
Initial chioride (MEGL) | 96.00 | 11600 |1042727|  6.03475 :2:: gg i”r;gjgt; gg 8(1) gggg ggggg
“ANGLED” LOOP Minimum|Maximum| Mean |Standard deviation Final IB 0.0 0.1 0.018 0.0405
Initial pH 714 | 740 | 7.2812 0.07608 Final LDH (UL) | 1242 3452 232973 66.7961
Initial pCO, (mmHg) 4240 | 7610 | 59.8182 11.72449 Angled design
Initial pO, (MmHg) 40.40 400.00 |236.0727 131.00080 Minimum | Maximum Mean  [Standard Deviation
Initial sat O, (%) 0.00 99.90 | 28.9455 4162591 Initial ALT (IUL) 17 73 38.42 21.043
Initial base excess (mmollL) | -0.10 | 6.60 | 2.3609 2.22143 Initial AST (IUL) 18 62 3017 12.988
Initial sodium (MEq/L) | 134.00 | 14500 |137.7273]  3.00303 :::tt::: gg ggﬁa gg g; gggg ggggg
Initial potassium (mEq/L) 3.10 4.10 3.6818 0.38423 Iniial B (mg/dL) 0:0 0:1 0:025 0:0452
Initial calcium (mg/dL) 6.10 6.76 6.4255 0.19831 Initial LDH (IU/L) 89.8 542.7 274.758 124.3742
Initial chloride (mEq/L) 96.00 107.00 | 101.5455 3.47458 Final ALT (IUL) 11 173 42.09 45.034
Final AST (IUL) 11 62 27.36 14.603
When comparing the initial blood gas and electrolyte values, boththe ~ _Final TB (mg/dL) 0.0 0.0 0.000 0.0000
“circular” and “angled” loop groups showed similar baseline values. ~ —Final DB (mg/dL) 0.0 0.0 0.000 0.0000
The laboratory hemolysis markers LDH, total bilirubin (TB), DBand ~ ——rnal 1B 0.0 0.0 0.000 0.0000
IB measured are listed in Table 3. The concentrations of alanine Final LDH (IULL) 17.9 4800 237.218 121.2778
aminotransferase transaminase (ALT) and aspartate aminotrans-
ferase (AST) were measured to rule out hepatopathy concomitant  Taple 5. Flow measured in mL.min-'.
with bilirubin increase, as described in Tables 3 and 4. Design Minimum |[Maximum| Mean |Standard Deviation
A normal distribution of ALT, AST, and LDH was found. The test ~ “ANGLED” |  Flow at start 3 156 | 8533 40215
rejected the hypothesis of normality for TB, DB and IB. of surgery ) )
No significant difference was found in any sample in either the Flow at euthanasia | 101 | 4271 39.037
intra-group comparison (“circular” or “angled”) or the intergroup (mL.min")
comparison (“circular” versus “angled”) regarding hemolysis tests ~ CIRCULAR’|  Flow at start 03 170 | 72.46 39.928
(LDH, TB, DB and IB) and transaminases (ALT and AST) was found. of surgery _
Flow, in mL.min"', was measured in the first 12 specimens FIowatLeut.h'inasm 0 160 | 44.33 50.060
(Table 5). The distribution was unusual, with no significant intra- or in- (mLmin)
tergroup differences between initial surgery and euthanasia (Figure 13).
200 200
Table 3. Electrolytes and blood gases at euthanasia. 150 ¥ % 150 i
“CIRCULAR” LOOP Minimum | Maximum | Mean |Standard deviation z §
Final pH 7.05 743 | 7.3092 0.10133 = 100 3 100
Final pCO, (mmHg) 1010 | 66.60 | 46.4909 15.00989 = 5 g 50
Final pO, (mmHg) 28.40 | 262.00 [135.0818 88.57413 2
Final sat O, (%) 35.10 101.90 | 80.8875 26.79112 0 0
Final base excess (mmollL) | -6.40 4.70 0.3455 3.81376 ANGLED CIRCULAR ANGLED CIRCULAR
Final sodium (mEg/) | 131.00 | 142.00 |137.5455] 336714 Figure 13. Distribution of initial and final flow in mL min -1 in the two
Final potassium (mEg/L) 2.80 4.40 3.6000 0.42661 loop designs.
Final calcium (mg/dL) 5.51 6.74 6.1009 0.36822
Final chloride (mEglL) ,9‘?'00 11?'00 1038182 5'65364_ - Because of the costly equipment and the absence of additional data
"ANGLED" LOOP Minimum | Maximum | Mean _|Standard deviation for the study, the measurement of flow by Doppler was discontinued.
Final pH 7.26 7.51 7.3584 0.07149
Final pCO, (mmHg) 2780 | 5550 | 485111 8.82715 DISCUSSION
F;::Lrg;gr?;?) :;;g ?g?gg 1::82020202 11175;61076; Arteriovenqus vascular Ioops have been vv.idelly uged for_ both
Final base excess (mmolL) | -2.90 6.40 13889 306938 reconlstruchonlof limbs and t|s§ue reyasculanzahon. DesplteT the
, . technique having been described since 1982,' some questions
Final sodlu.m (mEqL) 133.00 | 14400 |138.5556 436208 remain unanswered. The purpose of this study is to propose an
Final potassium (mEql) | 0.00 400 | 31800 115065 evaluation model to answer the following question: “What is the
Final calcium (mg/dL) 0.00 6.52 | 54590 1.92931 effect of the loop design on the presence or absence of flow
Final chloride (mEqg/L) 93.00 112.00 |103.6667 6.30476 after seven days?”
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The anesthesia protocol was sufficient to allow the animals to
survive procedures of up to four hours. There were four deaths in
this series, with undefined cause for the three deaths that occurred
during induction. The death on the first postoperative day resulted
from heavy intraoperative bleeding.

The saphenous vessels were not used, as the arrangement in
humans is different, with two veins and one artery composing the
same bundle, since this pattern would make the measurement of
flow in a single vessel nonviable.

We chose to use the femoral vein, from the confluence of the
genicular veins to the confluence of the deep femoral vein. It was
necessary to ligate the muscular branches along the entire path
of this vessel. The absence of necrosis in the foot shows that the
deep femoral artery is sufficient to supply the limb with blood in
the absence of the femoral artery.

Concerning the mold that keeps the loop in position, three questions
were answered: the biocompatibility of the material; the minimum
vessel compression; and the stability of the material when used in
the rabbit’s thigh (a site of substantial movement).

Hard molds were tested and discarded for causing vessel compres-
sion. Instead, we chose to use flaps of Bioclusive® sterile plastic
film (Johnson & Johnson, USA).

The period of seven days between loop construction and the
evaluation of patency was chosen in accordance with several clinical
trials that waited the same period to evaluate loop maturation and
the patient’s clinical stabilization.'>

A sample power statistical study was conducted and showed signifi-
cantly similar numbers of patent vessels in the “circular” and “angular”
loops. The proportions of patent vessels in the “angled” and “circular”
loop populations were 55% and 64%, respectively, thus the sample
size calculation, allowing for an alpha error of 5% and a statistical
power of 80%, indicated that 466 specimens would be required for
each group, for a total of 932. This sample size would make the project
nonviable from ethical, logistical and economic perspectives.

Upon the study completion, the patency rates for the “angled”
and “circular” loops were 68% and 75%, respectively, which are
similar to the success rate of a large clinical series, where flaps
made after the loop showed a success rate of 66%.'® However,
the values are slightly below the success rate for vascular loops in
rats, estimated at 77%."”

The flow measurement results did not reflect differences between
the two groups. Perhaps a greater number of studies, such as
performed by Asano et al.,'® can provide different results.
Regarding blood gas analysis, there was a decrease in the pCO,
rate from 68.8 mmHg to 46.5 mmHg in the specimens receiving
the “circular” loop. This difference was significant and could be
explained by anincrease in cardiac output, resulting from decreased
peripheral vascular resistance, generating an increased respiratory
rate and a decreased CO, level. However, no significant increases
in HR and RR were found. This may be explained by an increase in
alveolar permeability, which was not measured using this method.
In specimens subjected to the “angled” loop construction, a minimal
increase in pH and a slight decrease in pCO, were observed.
These differences were clinically insignificant.

Other electrolyte and blood gas parameters showed no sig-
nificant differences.

Transaminases, DB, IB and LDH did not change before and after
the construction of the loop in either group. Bilirubin may increase
in cases of hemolysis or hepatopathy. The lack of increased trans-
aminases reveals the absence of hepatopathy.

The vein’s responses about dilation and increased blood flow
has been demonstrated in diabetic patients'® and experimental
studies,? although the responses have not been correlated with
the vessel shape.

Much of what is known about clinical and histological changes of
arteriovenous anastomoses comes from studies with arteriovenous
fistulas.?’ However, such research cannot be used to study vascular
loops as the evaluations are usually performed on repeatedly
punctured vessels. Regarding evaluating the effect of fistula design
on the presence of flow, our study is the first in the literature to
consider the vein.

In studies of the vessels’ response to increased pressure regimes,
from venous to arterial, the shapes that the vessels assume were
not compared. Efforts have been made to keep the vessels in the
same conformation and to evaluate the results of other factors,
such as drugs inhibiting neointimal proliferation.!®

Moreover, the saphenous vessels were discarded because the con-
formation of one artery with two veins full of communications would
turn the study of isolated response of one saphenous veinimpossible.
This study was conducted on small animals. The direct application
of these results in clinical practice should be approached carefully
for the vessel diameter is much smaller than in humans. Performing
the technique on medium-sized animals is a step that may be taken
to confirm the current results.

The presented thrombosis rate does not preclude comparison
between the loop shapes. The same anastomosis procedure was
performed on all animals, and the surgeon was advised of the
loop only after the anastomosis was completed, requiring only the
positioning of the same inits bed, in the “angled” or “circular “ shape.
The anesthesia and surgery protocols, as well as the surgical
technique for creation of the loop, were simplified to facilitate
their reproducibility and use in exploring other gaps in scientific
knowledge (such as providing blood flow to flaps or preparation
of vascularized composite grafts in reconstructive microsurgery).
A major contribution of this study is to start breaking the paradigm
that an angled loop has a greater chance of thrombosis than a
circular one.

In reconstructive microsurgery this may be the difference between
a loop reaching a distal point or less in the limb that needs a
microsurgical flap, covering the poorer areas in covering tissue,
such as the distal third of the leg and ankle.

CONCLUSION

In this study, whether the design of the vascular loop was “angled”
or “circular” did not affect the presence of flow in the vessel after
seven days. The blood gas analysis was minimally affected. This is
a suitable and reproductible model of vascular loops.

AUTHORS’ CONTRIBUTIONS: Each author contributed individually and significantly to the development of this article: MS: design, intellectual and scientific
content, technical procedures, acquisition and interpretation of manuscript writing, critical review and approval of the final version of the manuscript; MRR:
orientation, discussion of the study design and manuscript review; GBS: developing the anesthesia protocol; MCN: developing wound isolation techniques
and preventing the animal from mobilizing the wound; TB: assisting surgeries, collaborating to the flow monitoring, RMJ: design discussions, manuscript

review and institutional support.

REFERENCES

1. Threlfall GN, Little JM, Cummine J. Free flap transfer: preliminary establishment
of an arteriovenous fistula: a case report. Aust N Z J Surg. 1982;52(2):182-4.

<< SUMARIO

2. Giovanoli P, Meyer VE. Use of vein loops in reconstructive procedures. Micro-
surgery. 1998;18(4):242-5.

Acta Ortop Bras. 2020;28(3):121-7



Greenwald LL, Comerota AJ, Mitra A, Grosh JD, White JV. Free vascularized
tissue transfer for limb salvage in peripheral vascular disease. Ann Vasc Surg.
1990;4(3):244-54.

Rechnic M, Edelson RJ, Fosburg RG. Single-anastomosis femoral arteriovenous
shunt as recipient vessels for free-flap reconstruction of a massive lumbosacral
wound. Plast Reconstr Surg. 1997;99(1):242-4.

Depprich RA, Naujoks CD, Meyer U, Kubler NR, Handschel JG. Ateriovenous
subclavia-shunt for head and neck reconstruction. Head Face Med. 2008;4:27.
Reichenberger MA, Harenberg PS, Pelzer M, Gazyakan E, Ryssel H, Germann G,
et al. Arteriovenous loops in microsurgical free tissue transfer in reconstruction
of central sternal defects. J Thorac Cardiovasc Surg. 2010;140(6):1283-7.
Lind B, McCarthy W, Derman G, Jacobs C. Arteriovenous loop grafts for free
tissue transfer. Vasc Endovascular Surg. 2012;46(1):30-3.

Harry BL, Deleyiannis FW. Posterior trunk reconstruction using an anteromedial
thigh free flap and arteriovenous loop. Microsurgery. 2013;33(5):416-7.
Masden DL, McClinton MA. Arterial conduits for distal upper extremity bypass.
J Hand Surg Am. 2013;38(3):572-7.

. National Research Council (US). Committee for the Update of the Guide for the

Care and Use of Laboratory Animals. Guide for the care and use of laboratory
animals. 8th ed. Washington, DC: National Academies Press, 2011.

. Kilkenny C, Browne W, Cuthill IC, Emerson M, Altman DG; NC3Rs Reporting

Guidelines Working Group. Animal research: reporting in vivo experiments: the
ARRIVE guidelines. Br J Pharmacol. 2010;160(7):1577-9.

Acta Ortop Bras. 2020;28(3):121-7

15.

16.

18.

19.

20.

. Yuan SM, Jing H. A reappraisal of saphenous vein grafting. Ann Saudi Med.

2011;31(1):62-71.

. Cavadas PC. Arteriovenous vascular loops in free flap reconstruction of the

extremities. Plast Reconstr Surg. 2008;121(2):514-20.

. Atiyeh BS, Khalil IM, Hussein MK, Al Amm CA, Musharafieh RS. Temporary

arteriovenous fistula and microsurgical free tissue transfer for reconstruction
of complex defects. Plast Reconstr Surg. 2001;108(2):485-8.

Serensen JL, Muchardt O, Reumert T. Temporary arteriovenous shunt prior to
free flap transfer. Scand J Plast Reconstr Surg Hand Surg. 1990;24(1):43-6.
Lin CH, Mardini S, Lin YT, Yeh JT, Wei FC, Chen HC. Sixty-five clinical cases of
free tissue transfer using long arteriovenous fistulas or vein grafts. J Trauma.
2004;56(5):1107-17.

. Polykandriotis E, Drakotos D, Arkudas A, Pryymachuk G, Rath S, Beier JP, et al.

Factors influencing successful outcome in the arteriovenous loop model: a re-
trospective study of 612 loop operations. J Reconstr Microsurg. 2011;27(1):11-8.
AsanoY, Ichioka S, Shibata M, Ando J, Nakatsuka T. Sprouting from arteriovenous
shunt vessels with increased blood flow. Med Biol Eng Comput. 2005;43(1):126-30.
Aschberg S, Ankarcrona H, Bergstrand O, Bjérkholm M. Temporary arterio-venous
shunts to dilate saphenous crossover graft and maintain graft patency. Acta
Chir Scand. 1976;142(8):585-7.

Langer S, Heiss C, Paulus N, Bektas N, Mommertz G, Rowinska Z, et al. Functional
and structural response of arterialized femoral veins in a rodent AV fistula model.
Nephrol Dial Transplant. 2009;24(7):2201-6.

<< SUMARIO

127



DOI: http://dx.doi.org/10.1590/1413-785220202803226779

ORIGINALARTICLE

ACUTE KIDNEY INJURY FOLLOWING

SURGERY FOR HIP FRACTURE

LESAO RENAL AGUDA APOS CIRURGIA

PHILIP MCKEAG' ©, ANDREW SPENCE? ©, BRIAN HANRATTY'

DE FRATURA DE QUADRIL

1. Altnagelvin Hospital, Department of Trauma and Orthopaedic Surgery, Londonderry, United Kingdom.
2. Royal Victoria Hospital, Department of Gastroenterology and Hepatology, Belfast, United Kingdom.

128

ABSTRACT

Objective: An observational study was carried out to determine
the rate of acute kidney injury (AKI) following surgery for hip
fracture at our institution and to look for factors associated with
AKI. Methods: Preoperative creatinine values were compared to
post-operative results for all patients who underwent surgery for
hip fracture at our institution between 15t January 2015 and 30"
September 2016. AKI was defined as an increase in postoperative
creatinine, greater than or equal to 1.5 times the preoperative
value within 7 days. Chi-squared test and Student’s t-test were
used to look for factors associated with AKI. Results: Out of 500
patients, 96 developed an AKI (19.2%). Patients with chronic
kidney disease (CKD) were more likely to develop AKI (30.8%)
that those without it (17.2%, p = 0.018). Similarly, patients with 2
or more comorbidities were more likely to develop AKI (22.0%)
than those without it (12.4%, p = 0.009). No statistically significant
association was observed between type of surgery and AKI.
Conclusion: A large proportion of patients following surgery for
hip fracture developed AKI. Patients with CKD and the presence
of 2 or more comorbidities had significantly higher rates of AKI.
Level lll evidence, Retrospective comparative study.

Keywords: Hip Fractures. Acute Kidney Injury. Hip. Hemiarthro-
plasty. Fracture Fixation. Arthroplasty, Replacement.

RESUMO

Objetivo: Estudo observacional realizado no Altnagelvin Hospital
para determinar a taxa de leséo renal aguda (LRA) apds a cirurgia
de fratura de quadril e procurar fatores associados a LRA. Métodos:
Os valores de creatinina pré-operatdria foram comparados aos
resultados pos-operatérios em todos 0s pacientes submetidos a
cirurgia de fratura de quadril entre 1° de janeiro de 2015 e 30 de
setembro de 2016. A LRA foi definida como aumento da creatinina
pds-operatdria maior ou igual a 1,5 vezes ao valor pré-operatdrio
dentro de 7 dias. Os testes qui-quadrado e t-Student foram usados
para procurar fatores associados a LRA. Resultados: Dos 500
pacientes, 96 desenvolveram LRA (19,2%). Pacientes com doenca
renal crénica (DRC) foram mais propensos a desenvolver LRA
(30,8%) do que os pacientes sem a doenga (17,2%, p = 0,018).
Da mesma forma, pacientes com duas ou mais comorbidades foram
mais propensos a desenvolver LRA (22,0%) do que 0s pacientes
sem comorbidades (12,4%, p = 0,009). Nao houve associacao
estatisticamente significativa entre tipo de cirurgia e LRA. Conclus&o:
Apds a cirurgia de fratura de quadril uma grande proporgéo de
pacientes desenvolveu LRA. Pacientes com DRC e duas ou mais
comorbidades tiveram taxas significativamente maiores de LRA.
Nivel de evidéncia Ill, Estudo comparativo retrospectivo.

Descritores: Fraturas do Quadril. Lesao Renal Aguda. Quadril.
Hemiartroplastia. Fixagao de Fratura. Artroplastia de Substituicado.
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INTRODUCTION

Hip fracture is a rising epidemic associated with prolonged stay
in hospital and reduction in quality of life." Acute kidney injury
(AKI) following surgery for hip fracture is common.? Long- and
short-term mortality rates are higher for patients who develop
AKI following surgery for hip fracture compared to those who do
not.®4 This group of patients is aging with more comorbidities.5
Recent studies have shown that increasing age and number of

comorbidities are associated with significantly more patients
developing AKI following surgery for hip fracture.® Observational
studies have shown that up to 21% of patients following surgery
for hip fracture can develop AKI; however, results vary among
studies.®” The purpose of this study was to determine how many
patients developed AKI following hip fracture in our institution and
if previously suggested risk factors for postoperative AKl are true
for this patient sample.

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

All patients aged over 65 years who underwent surgery for hip
fracture at Altnagelvin Area Hospital between 01/01/2015 and
09/21/2016 were identified using our hip fracture database.
Baseline serum creatinine concentration (day of hospital admission)
and postoperative serum creatinine concentration (day 1 and 4)
were recorded at the Northern Ireland Electronic Care Record.
Recorded information also included age, sex, type of fracture and
surgery, date and duration of surgery, length of stay in hospital and
medical comorbidities.

AKl was defined as an increase in postoperative serum creatinine
concentration greater than or equal to 1.5 times the baseline value
within 7 days.

Statistics

Results are presented as mean and standard deviation (SD)
for continuous variables. Binary and categorical variables are
summarized by frequency. Chi-squared test and Student’s t-test
were used to investigate risk factors associated with post-surgical
AKI (increasing age, male sex, chronic kidney disease—CKD
and 2 or more comorbidities). All analyses were performed with
IBM SPSS Statistics version 20 (IBM Corporation, New York, US).

RESULTS

Baseline patient characteristics are summarized in Table 1.
The mean age was 81.4 years and most patients were women.
Frequent comorbidity included ischaemic heart disease (13%),
chronic obstructive pulmonary disease (11.2%) and 14.2% of pa-
tients had a history of diabetes mellitus. The most common type
of operation performed was hip hemiarthroplasty (46.8%), followed
by dynamic hip screw insertion (29.8%) and long intramedullary
nail insertion (16.2%). The least common operation performed was
total hip replacement (7.2% of patients). The mean preoperative
serum creatinine was 90 micromoles per liter.

Out of 500 patients aged over 65 years who underwent surgery for
hip fracture, 96 developed AKI (19.2%).

Table 1. Baseline patient characteristics and type of surgery.

All Patients
N =500
Mean age, years (SD) 81.4 (8.6)
Sex, n (%)
Male 133 (26.6)
Female 367 (73.4)
Past Medical History, n (%)
Ischaemic heart disease 65 (13.0)
Chronic obstructive pulmonary disease 56 (11.2)
Cerebrovascular accident 49(9.8)
Diabetes mellitus 71 (14.2)
Myocardial infarction 31(6.2)
Type of Surgery, n (%)
Dynamic hip screw 149 (29.8)
Hip hemiarthroplasty 234 (46.8)
Long intramedullary nail 81(16.2)
Total hip replacement 36(7.2)
Mean preoperative creatinine
concentration, micromoles/| 90 (50.0)
(SD)

Table 2 shows the risk factors known to be associated with AKI
following surgery for hip fracture. Patients with chronic kidney
disease and the presence of 2 or more comorbidities had signifi-
cantly higher rates of AKI (p-value = 0.018 and 0.009 respectively).
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Asignificant difference was identified between mean preoperative se-
rum creatinine concentration and development of AKI (p = < 0.001).
No significant difference was found regarding sex (p = 0.200), mean
age or type of surgery performed (p = 0.282) and development
of AKI (p = 0.459).

Table 2. Possible factors associated with acute kidney injury following
hip fracture.

Patients Patients
with AKI | without AKI pvalue
Mean age, years (SD) 82.5(9.1) 81.1(8.4) 0'4,59
Student’s t-test
Sex, n (%)
Male 30 (6.0) 103 (20.6) 0.200
Female 66 (13.2) 301 (60.2) Chi-squared test
Type of Surgery, n (%)
Dynamic hip screw 25 (5.0) 124 (24.8)
Hiphemiartvoplasty | 44 (8) 190 (36.0) Chi_sgﬁi et
Long intramedullary nail 22 (4.4) 59 (11.8)
Total hip replacement 6(1.2) 30 (6.0)
Comorbidities, n (%)*
> 2 comorbidities 78 (15.6) 277 (55.4) 0.009
< 2 comorbidities 18 (3.6) 127 (25.4) Chi-squared test
Chronic kidne
disease, n (%)), 20 (4.0) 45(90) 0.018
No chronic kidne Chi-squared test
eotom. n (%) y 75 (15.0) 360 (72.0)
Mean preop creatinine
concentration, 109.0 (80.0) 85.0 (39.0) < 0'901
micromoles/l (SD) Student's ttest

*Cerebrovascular accident, transient ischaemic attack, cardiovascular disease, chronic obstructive
pulmonary disease.

DISCUSSION

Recent studies have shown that between 12.7% and 24.0% of
patients develop AKI following surgery for hip fracture.>*67 In this
study, 19.2% of patients developed AKI within 7 days of surgery
for hip fracture. This is comparable to the findings from other
recent studies. Variability exists in relation to how AKl is defined,
and this may contribute to the differences presented in numbers
of patients developing AKI.

In one of the largest studies investigating AKI following surgery for
hip fracture, 12.7% of 13,529 patients from hospitals in Denmark
developed AKI.8 Baseline serum creatinine was estimated using an
electronic database of blood results.® The highest serum creatinine
value in the first 5 postoperative days was compared to baseline.?
AKI was defined according to the criteria in The Kidney Disease
Improving Global Outcome (KIDGO) classification.®

A similar study included 2,959 patients from UK hospitals.’® Baseline
serum creatinine was estimated using the Modification of Diet and
Renal Disease (MDRD) equation.'® Then this result was compared
to the highest postoperative value for the length of hospital stay.'
AKI was defined again according to the KIDGO classification.
A total of 24% of patients developed a post-surgical AKI."0

One modifiable factor that may affect the development of postop-
erative AKl is the antibiotic choice for surgical prophylaxis. In this
study, all patients received flucloxacillin and gentamicin. Higher
rates of AKI among patients receiving flucloxacillin and gentamicin
have been seen compared to cephalosporins for elective hip and
knee surgery."
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Intraoperative measures also play an important role in preventing
postoperative AKI. Hypovolaemia due to intraoperative blood loss
will lead to reduced renal perfusion.''™ Even short periods of low
mean arterial pressure are poorly tolerated and associated with
increased risk of postoperative AKI.'2'3 This fact highlights the
importance of accurate measurement of intraoperative blood loss,
recording of blood pressure while the patient is anesthetize and
careful assessment of fluid balance in the perioperative period.?'3
Another important modifiable risk factor for the development of
postoperative AKl is the administration of nephrotoxic or potentially
nephrotoxic medications.'* Drugs associated with an increased
risk of AKI in general are non-steroidal anti-inflammatory drugs,
angiotensin converting enzyme inhibitors and angiotensin receptor
blockers, and mineralocorticoid receptor antagonists."8 If possible,
these drugs should be discontinued preoperatively and held in the
perioperative period."1®

In this study, the proportion of patients developing AKI was sig-
nificantly higher in those patients with a past history of CKD or the
presence of 2 or more comorbidities when compared to those without.
This is in keeping with findings from other studies.?%® Porter et al., °
in arecent observational study, found a significant number of patients
who developed AKI following surgery for hip fracture with a history of

CKD or the presence of 2 or more comorbidities. Additional factors
known to increase the risk of AKI following surgery for fractured neck
of femur include increased age and being men.® In this study, the
proportion of patients developing AKI was not significantly differ-
ent for patients with these risk factors compared to those without.
The reason for this is not clear, but one possible explanation is that
the study size was insufficient to present a significant difference.

This study has a number of limitations. Firstly, data collection was
retrospective, introducing an element of recall bias. Secondly, no
information was recorded about patient medication being poten-
tially nephrotoxic, which could have affected the results. Finally,
although the proportion of patients developing AKI in this study is
in keeping with other recent studies, the sample size is still relatively
small. Further studies are required to analyze the type of operation
performed for hip fracture and the subsequent development of AKI.

CONCLUSION

In this single-center observational study involving 500 patients,
19.2% developed acute kidney injury within 7 days following surgery
for hip fracture. Patients with a medical history of CKD and 2 or more
comorbidities were more likely to develop AKI than those without it.
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ABSTRACT

Objective: To describe the first series of cases of autologous chon-
drocyte implantation (ACI) in collagen membrane performed in
Brazil. Methods: ACI was performed in 12 knees of 11 patients,
aged 32.1 = 10.9 years, with 5.3 + 2.6 cm? full-thickness knee
cartilage lesions, with a six-month minimum follow-up. Two sur-
gical procedures were performed: arthroscopic cartilage biopsy
for isolation and expansion of chondrocytes, which were seed-
ed onto collagen membrane and implanted in the lesion site;
the characterization of cultured cells and implant was performed
using immunofluorescence for type Il collagen (COL2) for cell via-
bility and electron microscopy of the implant. Clinical safety, KOOS
and IKDC scores and magnetic resonance imaging were evaluated.
We used repeated-measures ANOVA and post-hoc comparisons
at a = 5%. Results: COL2 was identified in the cellular cytoplasm,
cell viability was higher than 95% and adequate distribution and cell
adhesion were found in the membrane. The median follow-up was
10.9 months (7 to 19). We had two cases of arthrofibrosis, one of
graft hypertrophy and one of superficial infection as complications,
but none compromising clinical improvement. KOOS and IKDC
ranged from 71.2 = 11.44 and 50.72 = 14.10, in preoperative period,
t0 85.0 = 4.4 and 70.5 = 8.0, at 6 months (p = 0.007 and 0.005).
MRI showed regenerated tissue compatible with hyaline cartilage.
Conclusion: AClin collagen membrane was feasible and safe in a
short-term follow-up, presenting regenerated formation visualized
by magnetic resonance imaging and improved clinical function.
Level of evidence IV, Case series.

Keywords: Cartilage. Cell- and Tissue-Based Therapy. Transplan-
tation, Autologous. Chondrocytes.

RESUMO

Objetivo: Descrever a primeira série de casos de transplante autélogo
de condrdcitos (TAC) em membrana de colageno realizada no Brasil.
Métodos: Doze joelhos de onze pacientes, com idade de 32,1 +
10,9 anos, com lesées de cartilagem de espessura total do joelho de
tamanho de 5,3 + 2,6 cm? foram submetidos ao TAC, com seguimento
minimo de seis meses. Realizamos dois procedimentos cirdrgicos:
bidpsia artroscopica de cartilagem para isolamento e expansao de
condrdcitos, que foram semeados em uma membrana de colageno
implantada no leito da les&o. Foi realizada caracterizagédo com imu-
nofluorescéncia para colageno tipo Il (COL2) de células cultivadas e
implantes, viabilidade celular e microscopia eletrénica no implante.
Foram avaliados a sequranga clinica, os escores funcionais KOOS e
IKDC e a ressonancia magnética. Utilizamos teste ANOVA para medidas
repetidas, com comparagées post-hoc, a = 5%. Resultados: COL2 foi
identificado no citoplasma da célula, viabilidade celular foi superior a
95% e houve distribuicdo adequada e adeséo celular na membrana. O
seguimento mediano foi de 10,9 meses (7 a 19). Como complicagdes,
ocorreram dois casos de artrofibrose, um de hipertrofia do enxerto e
um de infecgéo superficial, nenhum deles havendo comprometimento
da melhora clinica. Escalas KOOS e IKDC passaram de 71,2 + 11,44
e 50,72 = 14,10, no pré-operatorio, para 85,0 + 4,4 e 70,5 = 8,0, aos
6 meses (p = 0,007 e 0,005). Ressonéancia magnética mostrou tecido
regenerado compativel com cartilagem hialina. Conclusdo: TAC em
membrana de colageno foi viavel e seguro em seguimento de curto
prazo, apresentando formacao de regenerado visualizado através de
imagens de ressonéncia magnética e melhora de fungéo clinica. Nivel
de evidéncia IV, Série de casos.

Descritores: Cartilagem. Terapia Baseada em Transplante de
Células e Tecidos. Transplante Autélogo. Condrdcitos.
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INTRODUCTION

Articular cartilage defects can impose limiting symptoms, loss
of function and predisposition for osteoarthritis. Furthermore,
it is a challenging clinical problem, as cartilage damage has
limited biological capacity for regeneration.! Nowadays, there
are several techniques for treating these injuries with proven
medium and long-term clinical results, including bone marrow
stimulation (subchondral perforations and microfracture), autol-
ogous osteochondral transfer, fresh allogeneic osteochondral
transplantation and autologous chondrocyte implantation (ACI)."2
Each of these techniques has advantages and limitations, but
ACl is currently considered first-line surgical treatment for large
defects with intact subchondral bone.®®

ACI was introduced in 1994 by Brittberg et al.® The procedure
is performed in two surgical procedures: arthroscopic biopsy
of normal cartilage from a non-weightbearing area, in which
chondrocytes are isolated and expanded in a cell culture lab-
oratory; implant of the cultured chondrocytes onto defect site.
ACl first-generation techniqueused a periosteum patch harvested
from the tibia and sutured to the surrounding of the defect,
containing the solution with suspended cells and delimiting
the area for cartilage formation.® Second-generation technique
used a collagen membrane to replace the periosteum patch.’
Third-generation used previously chondrocytes-seeded mem-
branes, and last days of cell culture are performed directly on
the membrane scaffold.®

In Brazil, experiences with ACI and other cellular therapies for
cartilage regeneration are incipient. After the initial application
of first-generation technique,®'® there was a period in which
other techniques were not available.

The aim of this study was to establish an ACI clinical routine for
knee cartilage injuries and report the experience with a six-month
minimum follow-up, focusing on feasibility, patient safety and
evaluation of adverse events and functional outcome.

METHODS

From January 2017 to December 2018, eleven patients were
consecutively recruited to attend an outpatient clinic in a tertiary
health service. Inclusion criteria were: aged between 14 and
55 years; and symptomatic chondral knee lesions larger than
2 cm?, visualized on magnetic resonance imaging, classified
as lll or IV grade by the International Cartilage Regeneration &
Joint Preservation Society (ICRS) score with previous conserva-
tive treatment failure. Non-inclusion criteria were: patients with
BMI > 30 kg/m? and ligamentous instability or limb malalignment
greater than 5° which were not correctable during surgery. Me-
niscal deficiency was not an exclusion criterion.

All patients were informed about their voluntary participation in
the research by the application of the Informed Consent Form.
The study was approved by the Institutional Research Ethics
Committee (protocol 1123) and registered in the National Clinical
Trials database.

Cartilage biopsy

In the first surgical stage, cartilage biopsy was performed on
the superolateral aspect of the intercondylar notch, outside the
loading area. A specific arthroscopic gouge was used to remove
a 5 mm by 10 to 15 mm full-thickness fragment (Figure 1).
The fragment was immediately placed in a 50 ml conical tube
containing DMEM / F12 transport culture medium (GIBCO) sup-
plemented with 50 uM gentamicin (Hypofarma). The samples
were promptly transported to the cell culture laboratory, with
facilities approved by the Brazilian national sanitary authority
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(ANVISA) for cell therapy clinical trials (Center for Cellular Tech-
nology Il — CTC II), where they were kept refrigerated at 4°C for
a maximum of 48 hours.

Figure 1. Arthroscopic cartilage biopsy of lateral intercondylar area.
Fragment Chondrocyte.

Isolation and culture

Biopsy specimen was washed three times using phosphorus-buff-
ered saline (PBS) supplemented with 50 uM gentamicin and frag-
mented to obtain small cartilaginous tissue explants. These were
placed in 25 cm? culture bottles, with 5 ml of DMEM/F12 mixture
(GIBCO), supplemented with 10% fetal bovine serum (GIBCO)
and 50 uM gentamicin. The bottles were kept in an incubator
at 37°C, with relative humidity close to 100% and atmosphere
of 5% CO2. After 72 hours, culture medium was changed, and
non-adherent fragments were discarded. New culture medium
consisted of DMEM/F12 mixture supplemented with 5% fetal
bovine serum and 50 uM gentamicin until cells migrated from
the explant and formed the first colonies. When maximum con-
fluence (70-90%) was reached, cell suspension was performed.
About 1x10* cells per cm? were placed in culture bottles in
DMEM / F12 culture medium supplemented with 5% fetal bovine
serum and 50 uM gentamicin until chondrocyte implantation
in collagen membrane. Chondrocytes were removed from the
culture bottles by TRYPLE enzyme (5 min at 37°C) and transferred
to 15 ml conical tubes with culture medium supplemented with
fetal bovine serum. Then, they were centrifuged at 800 rpm for
5 minutes. Supernatant was discarded and chondrocytes were
resuspended in 5 mI DMEM / F12 culture medium supplemented
with 50 uM gentamicin and distributed evenly over the surface of
the double-layer type I/1ll (Chondro-gide® — Geistlich Pharma)."
Cultures were kept for 3 to 4 days in an incubator at 37°C, with
relative humidity close to 100% and atmosphere of 5% CO2 until
the second surgical procedure.'>'

All samples were subjected to quality control. For microbiological
control, approximately 2 ml of culture medium was extracted from
the chondrocyte culture flasks and added to the microbiological
growth flask (BD Bactec Peds Plus™), to detect the growth
of aerobic and anaerobic microorganisms in culture medium
samples. Fungal culture tests were also performed on culture
medium. Immunofluorescence evaluation with human monoclonal
antibody anti-collagen was used in cell cultures to assess the
presence of type Il collagen as a biological marker of chondro-
cytes. The final implantation of chondrocyte-seeded collagen
membrane was subjected to scanning electron microscopy to
assess the presence of adhered cells. Cell viability was assessed
by DNA-intercalanting assays using hoechst 33342 (0.1 ug/ml)
and iodide propidium (50 ug/ml).

Second surgical stage

Through a parapatellar knee arthrotomy, the chondral lesion
was identified and debrided to remove all injured tissue,
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calcified cartilage layer and any intralesional osteophytes. The
objective was to obtain perpendicular edges of healthy cartilage
at the edge of the lesion. Then chondrocyte-seeded collagen
membrane was implanted with the porous part facing the bed

Table 1. Patients undergoing autologous chondrocyte implantation.

and fixed with absorbable points on the adjacent cartilage and
fibrin glue at the lesion bottom and edges.® Additional clinically
indicated procedures were performed, as shown in Table 1.
Intraoperative clinical images are exemplified in Figures 2 to 4.

Total defect

Patient Age Defect location Etiology size (cm?) Associated procedures

1 31 LFC ligament injury 2.2 revision ACL reconstruction

2 21 MFC ligament injury 39 high tibial osteotomy, ACL reconstruction

3 38 patella MFC patellar instability 5.4 MPFL reconstruction, tibial tuberosity osteotomy

(right4knee) % MFC, LFC, trochlea ligament injury 82 reViSi0?eégrl;s:?;:t%s:umczzglar:Ler::sziEH?amem

left 36 MFC, LFC, trochlea ligament injury 6.7 revision ACL reconstruction, anterolateral ligament reconstruction
5 27 patella, trochlea fracture sequela 7.6

6 34 MFC Osteochondritis dissecans 3.9

7 55 MFC ligament injury 84

8 14 trochlear Osteochondritis dissecans 24 bone grafting

9 25 patella patellar instability 47 MPFL reconstruction, tibial tuberosity osteotomy
10 19 trochlear ligament injury 2.1 ACL reconstruction

11 40 MFC, trochlear ligament injury 10.1 valgus tibial osteotomy, ACL reconstruction

LFC: lateral femoral condyle; ACL: anterior cruciate ligament; MFC: medial femoral condyle; MPFL: medial patellofemoral ligament; SD: standard deviation.

Figure 2. Trochlea and medial femoral condyle injury before and after

treatment.

Figure 3. Defect in lateral femoral condyle after debridement and
membrane implantation.

Acta Ortop Bras. 2020;28(3):131-6

Figure 4. Defects in patella and medial femoral condyle before de-
bridement, after debridement, and after fibrin glue implant.
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Postoperative follow-up

All patients received initial rehabilitation with assisted gait training
with crutches and continuous passive motion (CPM) device at the
hospital, for at least three days. For tibiofemoral lesions, immediate
partial weightbearing was allowed, progressing to total weightbear-
ing at six weeks. Range of motion (ROM) progression was: 0-30°
in the hospital, 0-90° up to three weeks, 0-120° at six weeks, and
full ROM after that. For patellofemoral lesions, immediate partial
weightbearing with extension immobilizer and crutches was used,
progressing to full weightbearing at three weeks and immobilizer
removal at six weeks. ROM progression was: 0-20° at admission,
0-60° at three weeks and 0-120° up to six weeks. Running started
between 9 and 12 months, and normal sports activities after 12
to 18 months.

KOQOS (Knee injury and Osteoarthritis Outcome Score) and IKDC
(International Knee Documentation Committee Score) functional
outcomes questionnaires were used.'* T2-mapping magnetic res-
onance images were performed after six months for all patients.
Preoperative and postoperative patient’s functional scores were
compared. Repeated-measures ANOVA and Bonferroni method for
multiple comparisons were performed using the SPSS 22 statistical
package (IBM, New York) to verify statistically significant differ-
ences. Results were expressed as mean =+ standard deviation for
normal distribution variables, considering a statistically significant
P value < 0.05.

RESULTS

Twelve knees of eleven patients aged 32.1 = 10.9 years underwent
treatment. Average size of lesions was 5.3 + 2.6 cm?. Location and
associated lesions treated are summarized in Table 1. Patient’s medi-
an follow-up was 10.9 months (7 to 19). Two patients followed up for
less than two months by our group were not included in this series.
We were successful in isolating and culturing all biopsy specimens
performed. Average cell culture period was 35 days. There was no
microbiological contamination in any of the samples. Immunoflu-
orescence images of cultured chondrocytes showed the presence
of type Il collagen distributed throughout the cell cytoplasm,
demonstrating chondrogenic profile (Figure 5). Membrane scanning
electron microscopy at the time of implantation showed the presence
of chondrocytes uniformly adhered to the membrane matrix through
thin cytoplasmic extensions (Figure 6). There was good cell distri-
bution in the membrane, and cell viability tests showed at least
95% of viable cells (Figure 7).

Figure 5. Immunofluorescence showing type Il collagen in the cyto-
plasm of cultured chondrocytes.

|
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Figure 6. Scanning electron microscopy image showing chondrocytes
adhered to the membrane collagen fibers.

Figure 7. (A) DNA-intercalanting assay showing cell viability greater
than 95%. (B, C) Immunofluorescence with human anti-collagen I
monoclonal antibody in the final implant, showing presence and cellular
distribution in membranes.

Functional results are summarized in Table 2 and Figure 8. KOOS
and IKDC scales were 71.2 + 11.44 and 50.72 = 14.10 preopera-
tively; at three months 77.7 = 16.2 and 62.3 = 19.2; and six months
85.0 = 4.4and 70.5 + 8.0. KOSS (p = 0.031) and IKDC (p = 0.009)
scores were significantly differentbetween preoperative and 6-month
scores (p = 0.007 for KOOS and p = 0.005 for IKDC).

Table 2. Preoperative clinical scores at three and six months of follow-up.

. three six . p (preop vs

Preoperative months months P 6 months) t

KOOS | 7112 1144 |77.7 16.2| 85.0 44 | p=0.031¢% p=0.007 ¥
IKDC |50.72 14.10|62.3 19.2| 705 8.0 | p=0.009% p=0.005%

KOOS: Knee Injury and Osteoarthritis Outcome Score; IKDC: International Knee Documentation
Committee Score. *Repeated-measures ANOVA with Greenhouse-Geisser correction; t Bonferroni
correction t-test; t statistically significant.
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Figure 8. Box charts for the evolution of preoperative KOOS and IKDC
scores at six weeks, three months and six months.

Magnetic resonance imaging at six-month follow-up showed regen-
erated tissue at lesion site, good filling and signs of compatibility
with hyaline cartilage (Figures 9 and 10).

Figure 9. Images demonstrating lateral femoral condyle lesions of
two patients. Images A and C are preoperative, showing chondral
lesion, bone edema and intra-lesional osteophytes; images B and D
show the evolution at 6 months, good filling regeneration and signs
of compatibility with hyaline cartilage.

Acta Ortop Bras. 2020;28(3):131-6

Figure 10. Preoperative magnetic resonance images (A), six months
(B) and one year (C) patient follow-up. 1. Increased lesion filling and
regeneration, similar to adjacent cartilage on the one-year image.

There were four cases of complication. Two patients presented
stiffness and difficulty in ROM progression, with flexion less than
120 degrees at the tenth week. After arthroscopic release and
joint manipulation, full ROM was achieved. One patient presented
dehiscence and superficial infection in a pelvic surgical wound for
iliac graft removal, used for a high tibial osteotomy. He was treated
with wound debridement and antibiotic therapy until complete
resolution. There was only one complication due to the chondrocyte
implantation itself: a graft hypertrophy observed through magnetic
resonance imaging but asymptomatic.

DISCUSSION

This study reported the first cases of third-generation ACI using
collagen membrane in Brazil.

Isolation and cell cultivation of samples from all patients were
successful on chondrocyte growth and positive expression of
collagen type Il. The quality control of the implants demonstrated
good distribution, viable cells adhering to the extracellular matrix
of the collagen membrane and no microbiological contamination.
The primary outcome assessed in this short-term follow-up was
safety. All surgeries were performed successfully. Although there
were four cases of treatment complications, all were successfully
treated, without functional outcome impairment. Three cases were
due to complex reconstructive knee surgery: post-operative stiffness
and wound complication. Only one was related to the implantation
itself, with graft hypertrophy observed through magnetic resonance
imaging, but not presenting symptoms. This complication has been
reported in ACl international literature as occurring in up to 27% of
cases,' and unrelated to clinical outcomes or cartilage quality.'>'¢
The functional result obtained was adequate until the sixth month,
with KOOS and IKDC scores improvement in relation to the preop-
erative, consistent with previous literature. Gommol et al.'” reported
anincrease in IKDC from 45.6 to 68, and KOOS from 45.86 to 70.14
in 2.46 years. Saris et al.'® reported an increase in IKDC 32.9 to
65.7, and KOOS from 32.5 to 74.1 in 24 months.

As in other literature series, we expect function to improve further
with longer follow-ups, as returning to sports activities takes long
after ACI application, fully allowed after 12 to 18 months.'®

Our study has limitations. This is a case series with no control group
and short-term follow-up. To evaluate the effectiveness of cartilage
treatments, a minimum two-year follow-up is desirable. However, the
work was fully adequate to its main objective: to report the develop-
ment of a clinical routine for ACI with feasibility and safety evaluation
as a secondary outcome for the initial efficacy. At this follow-up, it
was possible to observe the regeneration in imaging exams, initial
clinical improvement in all patients and no serious complications.
Patients recruited for this study represent the reality of cartilage
treatment defects in Brazil: large chondral lesions requiring additional
procedures to treat associated lesions. Using patients with isolated
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chondral lesion would result in less varied outcomes. However,
for the evaluation of safety and effectiveness, we preferred to
include the patient profile in which the technique is most likely
to be applied in our country, including associated injuries and
previous surgeries. We expect ACI to be frequently used as a
combined procedure, and even as a salvage one, after several
previous surgeries. Therefore, this choice increases the external
validity of our study.?°

ACl is considered a first-line method in the international literature
for the treatment of large unipolar chondral knee injuries in active
patients.*® With third-generation technique, chondrocyte adhesion
in scaffold occurred in vitro, needless of cell manipulation in the
operating room.*?!

Cell therapy as a treatment for cartilage injury has generated wide-
spread clinical and research interest worldwide.?? ACI was the first
cell therapy for cartilage defects developed and routinely used
worldwide and is a first-line therapy for large chondral lesions.
Gaining national experience allows us to glimpse the possibility

of having this technique available for routine clinical use in near
future. It is also the first necessary step towards the future of cell
and orthobiologic therapy in Brazil.

CONCLUSION

ACI in collagen membrane was feasible and safe in short-term
follow-up for the treatment of cartilage defects larger than 2 cm?,
presenting regenerated formation, visualized through magnetic
resonance imaging, and improvement of clinical function.
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ABSTRACT

Obijective: To investigate the impact of ankle-foot orthoses (AFO)
on subjects diagnosed with bilateral cerebral palsy (CP) using
the gait index and temporal data parameters. Methods: Twen-
ty-four subjects, 14 male and 10 female, with a mean age of 11
(5-17 years old), underwent a comprehensive gait analysis under
both barefoot (BF) and braced walking conditions. All children
had been wearing the orthoses for at least 2 months before the
gait analysis. Results: The overall values for the left and right
Gait Profile Scores (GPS) did not show statistically significant
variations when comparing the same individuals with and without
orthoses. Gait velocity increased by 19.5% (p < 0.001), while
the cadence decreased by 4% with use of orthosis, although
it was not statistically significant (p > 0.05). The stride and the
step lengths on both the right and left sides, however, resulted in
statistically significant increases, when wearing AFO. Conclusion:
AFO, prescribed for assistance by professionals without using gait
data, did not significantly affect the gait index (GPS), but improved
temporal data. The determination of quantitative clinical parameters
for the prescription of orthotics in patients with bilateral CP, as
well as orthotics that meet the specific requirements are points
to be addressed in the future to obtain more significant effects.
Level of evidence lll, Case control study.

Keywords: Cerebral Palsy. Foot Orthoses. Gait.

RESUMO

Objetivo: Investigar o impacto das orteses suropodalicas (AFOs)
utilizando indices da analise computadorizada da marcha (ACM)
e dados de tempo e espago, em individuos com diagndstico de
paralisia cerebral (PC) bilateral. Métodos: 24 individuos, 14 do sexo
masculino e 10 do sexo feminino, com média de idade de 11 anos
(5-17 anos), foram submetidos a uma analise da marcha, tanto na
condigc&o de andar descalco (AD) quanto com uso das orteses.
Todas as criangas usavam as Orteses ha no minimo 2 meses antes da
ACM. Resultados: Os valores do perfil global da marcha (GPS) dos la-
dos direito e esquerdo ndo apresentaram variagoes estatisticamente
significativas quando os mesmos individuos foram comparados, com
e sem drteses. Com o uso de rtese a velocidade da marcha aumen-
tou 19,5% (p < 0,001), enquanto a cadéncia diminuiu 4%, embora
né&o tenha sido estatisticamente significativa (p > 0,05). No entanto,
€om 0 uso da ortese, a passada e o0 comprimento do passo dos lados
direito e esquerdo tiveram aumentos estatisticamente significativos.
Conclusdo: As AFOs, quando prescritas por profissionais sem o
uso de dados da ACM, ndo alteraram significativamente o indice
da marcha (GPS), mas melhoraram os dados de tempo e espago.
A determinagdo de parametros clinicos quantitativos para a prescri-
¢&o de orteses em pacientes com PC bilateral, berm como érteses
que atendam a requisitos especificos, s&o pontos a serem abor-
dados no futuro, a fim de obter efeitos mais significativos. Nivel de
evidéncia Ill, Estudo de caso e controle.

Descritores: Paralisia Cerebral. Orteses do Pé. Marcha.

Citation: Melanda AG, Pauleto AC, lucksch DD, Cunha RFM, Smaili S. Results of orthoses used on ambulatory patients with bilateral cerebral palsy.
Acta Ortop Bras. [online]. 2020;24(1):137-41. Available from URL: http://www.scielo.br/aob.

INTRODUCTION

Cerebral Palsy (CP) is the most common cause of physical disability
affecting children in developed countries, with an incidence rate
between 2.0 and 3.5 per every 1,000 live births,' while in developing
countries this index may reach 7 for every 1,000.* The explanation for
the difference between these two groups of countries is attributed

to poor conditions of antenatal care and primary care for pregnant
women. Functionally, approximately 60% of patients with CP can
walk independently, approximately 10% use a mobility device, and
approximately 30% have limited or no walking ability.®

Efficient walking is an important treatment goal for children with
CPS Orthotic management is a significant and useful treatment
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option for a number of conditions that affect gait and posture, and
usually forms part of an overall rehabilitation program established
for patients with CP.

Orthoses are commonly prescribed to address both structural and
functional deficiencies.” Eighty-five percent of children with CP
have had at least one orthotic device. The most commonly used
lower-limb orthoses in CP are AFO that provide direct control of the
ankle and foot to improve gait.® Orthoses influence the ankle and
foot by providing a control moment opposing ankle motion, and
also stabilize the motions of the mid and forefoot joints."

In children with CP, the aim of orthotic management in the form
of ankle-foot orthoses (AFO) is to produce a more natural gait
pattern. AFO may be used to protect the outcome of a surgical
procedure during the healing and rehabilitation phases, to prevent
the development or worsening of musculoskeletal deformities with
growth and to improve gait."

The prescription of rehabilitation treatments and recommendation of
orthoses is generally performed after a clinical evaluation. The use
of three-dimensional gait analysis (3DGA) contributes to defining
strategies for the treatment of patients with cerebral palsy.'>"* How-
ever, even with the assistance of gait analysis, the degree to which
a patient’s gait improves after an intervention remains difficult to
assess. Considering not only how each feature of the gait pattern has
changed, but also how the relationship between the features changed
is important to accurately assess the changes in gait resulting from
a specific treatment.'® For such, the gait profile score (GPS) will be
used, in order to produce an overview of the gait.'® The gait index
summarizes the kinematic data, helping the clinician to understand
the general changes in gait pathology after a specific treatment.'”
Our study seeks to verify the outcome of the use of orthoses by patients
with cerebral palsy that were prescribed through clinical criteria due to
the unavailability of gait laboratories in most cities around the world.
We must question if we are really improving the gait of patients with
cerebral palsy by prescribing orthoses without using 3DGA. It was
hypothesized that gait index and spatial-temporal data parameters
could improve with the use of orthoses.

METHODS

This retrospective cross-sectional study was conducted using
the database of the gait laboratory at the Rehabilitation Cen-
ter of Parana in Curitiba, Paran4, Brazil. All participants and
parents/guardians signed an informed consent form before
the study. The approval of the local research ethics committee
(number: 2.447.001) to conduct the study had been previously
obtained. A search was conducted for all children with spastic
CP who had underwent 3DGA, both barefoot (BF) and for those
who were using orthoses during a single visit to the gait analysis
laboratory between 2011 and 2017.

Participants

The inclusion criteria were: children with a clinical diagnosis of
spastic CP, with bilateral involvement of the lower limbs, using
rigid or articulated AFO (the same design worn bilaterally), who
had undergone 3DGA with and without orthoses.

Previous treatments such as single event multilevel surgery or
botulinum toxin type A injections were allowed, as well as the use
of walkers and crutches. All children had been wearing the orthoses
for at least 2 months before the gait analysis. The walking motion
trials were conducted on those wearing orthoses during the same
visit as the barefoot trials.
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Measurements

The Gross Motor Classification System (GMFCS) and Functional
Mobility Scale (FMS) were assigned by a senior clinical physical
therapist and a pediatric orthopedist in appointment with the child
and their parents.'®1°

The kinematic data was collected using reflective markers
strategically placed on specific anatomical points on the par-
ticipants, as described by Kadaba et al.,>® and recommended
by the software user's manual (Cortex Version 1.1.4.368 — User’s
Manual; Motion Analysis Corporation, Santa Rosa, CA, USA).
Three-dimensional kinematic gait data was collected bilaterally
using 6 infrared cameras and a motion capture system (infrared
digital Hawk; Motion Analysis Corporation, Santa Rosa, CA)
sampling at 60 Hz.

Three-dimensional gait kinematics data was used to estimate the
GPS and temporal data was used to quantify the overall deviation
of an individual’s gait from normal gait.

GPS represents the root mean square (RMS) difference between
particular gait trials and averaged data from people with no gait
pathology. The overall GPS is based upon 15 clinically important
kinematic variables including, gait variable score (GVS): Pelvic
Tilt (Ant/Post), Pelvic Obliquity (Up/Dn) and the rotation of the
left side and hip flexion, abduction, internal rotation, knee flexion,
ankle dorsiflexion and foot progression for the left and right sides,
as shown in Table 2. In this analysis, a GPS score for each side
was used based on all nine GVS for each side. As the GPS uses
all the gait features representing the root mean square difference
between the patient’s data and the average from the reference
dataset obtained from all of the relevant kinematic variables for the
entire gait cycle, the higher the GPS value the less physiological
the gait pattern.?’

Temporal data, GPS and GVS were used to quantify the changes
of the gait with and without orthoses.

Three different analyses were conducted. First, all 24 participants
were analyzed while walking barefoot using orthoses. Second, the
participants were divided according to the use of rigid or articulate
orthoses. Third, they were divided by functional status (GMFCS),
classified into levels |, Il, Il and IV.

Statistical analysis

Data was presented as median and interquartile range, according to
the Shapiro-Wilk test for normality. For intragroup analyses (with or
without orthoses) the paired t-test or Wilcoxon test was performed,
and for the analyses between groups (GMFCS classification and
type of orthosis), the t-test for independent samples or Mann-Whitney
test was used, according to the normality distribution of the data.
Statistical analyses were conducted using SPSS 22 for Windows
(SPSS Inc., Chicago, IL), adopting a 5% significance level.

RESULTS

The sample consisted of 24 subjects, 14 male and 10 female, with
a median age of 11 [5-17 years old] and with GMFCS as follow:
1 participant at level |, 13 at level Il, 9 at level lll and 1 at level IV.
Regarding orthosis characteristics, 10 patients used rigid AFO and
14 articulated AFO.

No significant differences were found for outcomes considering GPS
overall, GPS right and GPS left side when comparing the walking
tests with the individuals using or not using the orthoses (Table 1).
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Table 1. Median [quartile range] of gait profile scores overall, left and
right sides for bilateral cerebral palsy group when walking barefoot and
with ankle-foot orthoses.

Variable Barefoot AFO P
GPSoverall | 14.96[13.11-18.18] 15.54 [14.05-16.40] 0.25

GPS right 13.06 [11.50-16.13] 14.15[11.77-15.62] 0.73

GPS left 14.80 [13.00-16.85] 14.62 [12.70-16.30] 0.87

Considering GVS variables such as pelvic tilt, pelvic rotation, pelvis
obliquity, hip flexion, hip rotation, hip abduction, knee flexion,
ankle dorsiflexion, and foot angle of advancement, no statistically
significant differences were observed between BF and with use of
orthoses, except for one parameter: GVS Hip Abduction-Adduction
left- barefoot = 5.76 [4.42-8.85] and with AFO = 6.44 [5.31-8.97] -
p = 0.01. All results are shown in Table 2.

Table 2. Median [quartile range] of gait variable scores for the bilateral
cerebral palsy group when walking barefoot and with ankle-foot orthoses.

Parameter Barefoot AFO P
GVS Pelvic Tilt (°) 5.76 [4.24-8.77] 6.77[4.49-9.79] | 0.19
GVS Pelvic Rotation (°) 10.16[8.52-12.84] | 9.87[7.11-13.60] | 0.19
GVS Pelvic Obliquity (°) 4.45[3.07-5.53] 4.66[3.24-5.67] | 0.39
GVS Hip Flex-Extension right (°) | 11.96 [8.24-19.91] | 12.06 [10.02-17.61] | 0.64
GVS Hip Flex-Extension left (°) | 13.26 [6.65-20.16] | 12.41[7.41-15.25] | 0.08
GVS Hip Ab-Adduction right (°) | 6.60 [5.26-7.45] 6.14[5.13-8.53] | 0.84

GVS Hip Ab-Adduction left (°) 5.76 [4.42-8.85) 6.44[5.31-8.97) | 0.01
GVS Hip Rotation right (°) 9.52[7.92-14.73] | 10.52[7.92-15.16] | 0.27
GVS Hip Rotation left (°) 13.84[8.12-20.51] | 11.67[8.00-15.83] | 0.66
GVS Knee Flex-Extension right (°) | 21.48 [15.28-27.93] | 20.87 [18.51-27.94] | 0.62
GVS Knee Flex-Extension left (°) |22.53 [19.17-29.34] | 22.12[19.72-29.72] | 0.58
GVS Ankle Dorsi-
Plantarflexion right (%) 10.83[7.80-14.80] | 10.98[8.74-14.34] | 0.97
GVS Ankle Dorsi-
Plantarflexion et () 11.31(7.88-15.82] | 9.42[7.07-12.89] | 0.24
GVS Foot Progression right (°) | 11.88[9.19-20.71] | 15.98[9.59-24.47] | 0.06
GVS Foot Progression left (°) | 15.05[8.28-26.05] | 12.85[8.13-26.98] | 0.36

When considering the spatio-temporal parameters of gait, there
was a 19.5% increase in Gait velocity with the use of orthosis
(p < 0.001). The Stride length and the step length of the right and
left sides showed a statistically significant increase. No difference
were observed in cadence. The values are shown in Table 3.

Table 3. Median [quartile range] of velocity and cadence. Mean (standard
deviation) of stride length and step length of right and left sides for the bilateral
cerebral palsy group when walking barefoot and with ankle-foot orthoses.

Parameters Barefoot AFO P
Velocity (cm/sec) 68.85 [25.95-80.50] | 82.31[36.70-89.25] 0.01
Cadence (steps/min) | 112.25[68.15-123.15] | 107.50 [61.42-118.87] | 0.46
Stride Length (cm) 68.62 (4.15) 77.65 (4.58) <0.01
Right Step Length (cm) 35.15(2.16) 40.28 (2.28) <0.01
Left Step Length (cm) 33.42 (2.20) 37.82(2.49) <0.01

When performing the detailed gait analysis with and without orthoses
according to the functional classification - GMFCS 1-2 and GMFCS
3-4, as well as between subjects using rigid and articulated orthoses,
we found the same results reported for the general sample. That is,
no significant difference was found between the groups related to
overall, right, left GPS and GVS. However, the significant increase
in velocity and stride length was maintained.
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DISCUSSION

The most typical use of an AFO is to optimize the normal dynamics
of walking by applying a mechanical constraint (control moment)
to the ankle to control motion and, at the same time, to produce
a more efficient gait.??

Different types of orthoses may be prescribed for children with CP,
such as AFO, which can help with alignment and in improving gait
quality. AFO in fact, reduce, plantarflexion of the ankle, leading to
greater stability in the support phase of gait.?

The values for general, left and right GPS did not present statistically
significant differences when comparing the same individuals with
and without the use of orthoses. These results are in concordance
with a previous study by Danino et al.,? that did not find any changes
in GPS in subjects with cerebral palsy when walking BF and using
AFO. The explanation for the non-improvement in GPS was postu-
lated because the index mainly examined the general kinematics of
gait as measured from normal, and despite some changes in distal
parameters, the overall gait pattern did not change significantly.
Our study analyzed GVS variables and significant changes were
not found when analyzing the subjects walking BF or with ortho-
ses, except for, hip adduction/abduction at the left side, the only
parameter that changed. However, this had no clinical significance.
In contrast with our results, Galli et al.?2 reported improvement in
GVS of the ankle and pelvic tilt with a small sample of 10 subjects
diagnosed with bilateral cerebral palsy, walking barefoot and with
AFO. It is important to remember that the GVS evaluates the area
of the kinematic curve as a whole. However, the orthosis positions
the ankle in such a way that it avoids extreme positions of plantar
flexion and/or dorsiflexion, without necessarily making the ankle
movements look close to normal.

On the other hand, the temporal parameters showed changes
that included gait velocity increasing by 19.5% with the use of the
orthoses, while the cadence decreased by 4%, although the latter
is not statistically significant. The lengths of the stride and step
of the right and left sides had a statistically significant increase.
With the concept of minimal clinically important difference (MCID),
which means a limit to determine when significant changes occur,
there is an increasing emphasis in clinical research into establishing
whether outcomes are clinically meaningful, as well as statistically
significant.?*2% Qeffinger et al.,?® reported that changes in gait
velocity, cadence and stride length, respectively 9.1%, 8.1% and
5.8% from normal were MCID. The mean subject’s velocity, cadence
and stride length in our study changed 19.5%, — 4.2% and 13%,
respectively. When comparing these changes with normal values,
we noted that the velocity and the stride lengths were MCID. The
reported changes that reach statistical significance were also
clinically meaningful (gait velocity and stride length). As walking
velocity is often used as a surrogate measure for overall gait quality,
we can say that orthoses in our sample produced functional benefits,
agreeing with a systematic review and meta-analysis published by
Lintanf et al.,?” despite avoiding the appearance of musculoskeletal
deformities. Furthermore, we can observe the results above point to
an improvement in function, since the increase in velocity relates to
an increase in the stride length, rather than an increase in cadence,
as shown in Table 3.

The authors also performed the subdivision of the sample con-
sidering greater and lesser motor impairment (GMFCS 1-2 and
GMFCS 3-4), and by the type of orthosis used (articulated or rigid).
The results reported for the general sample were the same when
the sample was divided using the level of motor impairment and
type of orthosis. Therefore, the heterogeneity in the sample was
not responsible for the changes.

For children with CP, Davids et al.,'" argued that analogous with
multilevel surgery decision making, optimal orthotic management
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requires the physician to clearly identify the gait deviation and
functional deficits to be addressed using the orthosis.
Recommendations for orthoses must meet specific requirements in
physical exams and in gait performance. Adequate range of motion
for typical alignment while walking is necessary to properly fit the
orthosis and to expect good functionality. This requires at least
a neutral ankle dorsiflexion with the knee extended and no knee
flexion contractures. Femoral anteversion and tibial torsion decrease
the effectiveness of a well-made orthosis and should be identified
and corrected to maximize effectiveness.” Rodda and Graham,?®
proposed the use of articulated AFO in true equinus gait and jump
gait as well as the use of rigid AFO for apparent equinus and crouch
gait. This recommendation reveals the concern with keeping the
ankle in a more neutral position during the stance phase of gait.
Careful clinical evaluation of the patient by the professional is es-
sential to avoid prescribing an orthosis under suboptimal conditions
for use. Clinical gait analysis may aid in orthosis recommendations.
In our study, the fact that prescriptions for orthoses were issued
without the aid of quantitative data (gait analysis), may have been a
contributing factor for non-significant changes in some parameters
such as ankle GVS.

The lack of evidence is also observed due to the scarcity of pre-
scription guidelines.?® In clinical practice, this lack of consensus
observed due to differences in treatment paradigms regarding both
the recommendations and the mechanical construction of AFQ.°
A systematic review on the quality of AFO studies in children with
CP concluded that substantial variability in the quality or reporting
was present in currently published studies.*°

The prevention of the occurrence of skeletal muscle dysfunction is
one of the reasons to prescribe orthoses in this population. Studies
such as these do not evaluate this important effect of the use of
orthoses in patients diagnosed with CP.

The limitations of our study relate to the small study cohort sample,
collected out of convenience and for the efficacy of orthoses, who
were evaluated in a laboratory, and not in an environment where
children participated in normal daily activities.

Clinical implications

The attending professional needs to carefully assess the recommen-
dations and effects of orthoses on ambulatory patients with CP. This
is because some predicted effects of orthoses recommendations
may not be achieved, as occurred in the sample studied in which
no changes were observed in the overall gait characteristics.
The determination of quantitative parameters for the prescription of
orthotics in patients with bilateral CP, as well as orthotics that meet
specific requirements are points to be addressed in the future to
obtain more significant effects.

CONCLUSION

In this study, the AFO, prescribed for assistance by professionals without
using gait data, did not significantly affect the gait index (GPS), but
improved temporal data. Answering the question: are we improving
the gait of patients with cerebral palsy by prescribing orthoses without
using 3DGA? In the evaluated sample the patients using orthoses
became more functional with increased velocity, step and stride length.
However, the movements of the lower limbs were no closer to normality.
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ABSTRACT

Objective: To evaluate the profile of femur fractures in older
adults in Brazil between 2008 and 2018. Methods: Popula-
tion-based time series study with data from the Department of
Informatics of the Unified Health System (Datasus), including
480,652 hospitalizations, of adults from 60 years and over, with
hip fracture (ICD10-S72). Results: There was an increase of
76.9% in the hospitalization register (mean 5.87%/year) and an
average incidence rate of 19.46 fractures for every 10,000 older
adults. In total, 68% of hospitalizations were female, 28% from
Sao Paulo. The average length of stay was 8.9 days, being higher
in the Northern Region (11.8) and in the Federal District (18.7).
Average mortality rate was 5%, being higher in men (5.45%) and
over 80 years old. Northeast Region had the lowest mortality rate
(8.54%). Southeast Region had the highest rate (5.53%). Total
cost of hospitalizations was R$ 1.1 billion, with an average of
R$ 100 million/year. Average cost per hospitalization was higher
in the Southern Region (R$ 2,491.00). Conclusion: Femoral
fracture is an important cause of mortality among older adults,
with a higher incidence in women but higher mortality in men,
with high cost to the system and regional differences. Level of
Evidence Il, Economic and decision analyses - developing
an economic or decision model.

Keywords: Femur. Aged/Mortality. Risk Factors. Health Systems.
Osteoporosis.

RESUMO

Objetivo: Avaliar o perfil das fraturas de fémur em idosos no Brasil no
periodo de 2008 a 2018. Métodos: Estudo de série temporal baseado
em dados do Departamento de Informatica do Sistema Unico de
Saude (Datasus), incluindo 480.652 internagdes de pessoas com
idade a partir de 60 anos e com fratura de quadril (ICD10-S72).
Resultados: Houve aumento de 76,9% no registro de hospitalizagao
(média de 5,87% por ano) e taxa de incidéncia média de 19,46 fraturas
para cada 10 mil idosos. O estado de S&o Paulo respondeu por 28%
do total de registros, e as internagées de pacientes do sexo feminino
corresponderam a 68% do total. O tempo médio de permanéncia foi
de 8,9 dias, com maiores indices na Regido Norte (11,8) e no Distrito
Federal (18,7). A taxa média de mortalidade foi de 5% e atingiu os
maiores valores entre os homens (5,45%) e 0s pacientes com mais de
80anos. Aregido Nordeste apresentou a menor taxa de mortalidade
(3,54%) e a regiao Sudeste teve a maior (5,53%). O custo total das
internagées foi de R$ 1,1 bilhdo, com média de R$ 100 milhbes ao ano.
O custo médio por hospitalizagao foi maior na regidao Sul (R$ 2.491,00).
Concluséo: A fratura do fémur é importante causa de mortalidade
em idosos, com maior incidéncia em mulheres e maior mortalida-
de em homens, alto custo para o sisterna e diferengas regionais.
Nivel de Evidéncia Il, Anédlises econémicas e de decisao —
desenvolvimento de modelo econémico ou de decisao.

Descritores: Fémur. Idoso/Mortalidade. Fatores de Risco. Sistemas
de Satide. Osteoporose.
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INTRODUCTION

Although the aging process is more advanced in Europe and
North America, where one in five people were 60 or older in 2017,
populations in other regions are also aging. By 2050, older adults
are expected to account for 35% of the population in Europe,
28% in North America, 25% in Latin America and the Caribbean,
24% in Asia, 23% in Oceania and 9% in Africa.!

The Brazilian Institute of Geography and Statistics (IBGE), based
on projection models, estimated that 13% of the population was
60 or older in 2018, which corresponds to 19.2 million. However,
by 2060, the country will have more older than younger people.?

The association between longevity and the prevalence of chronic
diseases is described in the literature.® In the United States, about
half (50.9%) of adults have at least one chronic condition and
26% have two or more conditions.* A study with data from the
National Health Survey (PNS), held in 2013 in Brazil, revealed that
the prevalence of three simultaneous diseases in the age group
60 and older was 3.7 times the prevalence in the 35-59 age group,
and almost 20 times the prevalence of those between 18 and
34 years old.®

Insufficient muscle function and poor physical performance are
also strong predictors of clinically relevant adverse events in older
adults.® These factors corroborate the falls, which, may predict future
fractures when frequent, in addition to the likelihood of associated
risk factors.” Regarding hip fractures, they are a useful substitute to
determine the burden of osteoporosis. Although they may account
for less than 20% of all osteoporotic fractures, hip fractures account
for most fracture-related health care due to high morbidity, mortality,
and hospitalization costs.®?

Determination of the individual hip fracture incidences in several
countries and even in many locations within the same country
has shown great variability in rates, leading to the suspicion of
several factors that explain such differences, mainly the genetic,
climatic, ethnic-cultural, anthropometric and geographic ones.
Tools like FRAX®, specific to each country and based on national
epidemiological studies, from clinical risk factors (CRF), with or
without bone mineral density (BMD), may provide the likelihood
of fracture of the femur and other bones over the next 10 years.'

Based on the perspective of population aging as a consequence
of the individual aging process, our study sought to analyze the
panorama of health services utilization through the registration of
femur fracture in Brazilian older adults between 2008 and 2018.
Our study seeks to identify sociodemographic characteristics and
the profile of assistance to users, represented by the differences
between the hospitalizations of the analyzed localities to collaborate
to guide regional policies for prevention and to promote the best
allocation of services offer.

METHODS

This is a descriptive study, population-based, in time series, from
public domain data and provided by the Hospital Information System
of the Unified Health System (SIH/SUS), through health information
(Tabnet). It was enabled by the Health Surveillance Secretariat of the
Ministry of Health, through the electronic portal of the Department
of Informatics of the Unified Health System (Datasus), extracted
between June 9th and June 11th, 2019 (http://www.datasus.gov.br).
The system database is generated through hospital units (public
and private publicly funded) that send the information of hospi-
talizations made through the Authorization of Hospital Admission
(AIH) for Municipal and State management. Such information is
processed by the Datasus and form an extensive database with
hospital information from all over the Brazilian territory.
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The filters referring to hospital morbidity data related to femur fracture
were applied, without distinction of anatomical location, referring to
the 10th International Classification of Diseases review (ICD-10 S72),
in patients aged 60 years or older, between 2008 and 2018 in Brazil.
The variables analyzed were: number of hospitalizations, age groups,
sex, total and average cost per hospitalization, average number of
days of hospital stay, deaths and mortality rate. Variables such as
race, type of care and funding were not considered for analysis
due to the considerable percentage of ignored records. Data were
presented descriptively, proportionally and analyzed as coefficients
and rate when possible.

The hospital mortality coefficient for femur fracture was obtained by
the ratio between the number of deaths from femur fracture by the
total number of hospitalizations for this diagnosis in the same age
group as the patients.

Hospitalization rate in older adults due to femur fracture was obtained
by the ratio between the number of hospitalizations due to femur
fracture in people aged 60 years or older, by place of residence
and total population aged 60 and over, in the same period and
place considered in the numerator, using the database of the
Brazilian Institute of Geography and Statistics (IBGE) referring to
population projections.

The cost projection was performed using triple time series exponential
smoothing analysis, Holt-Winters. Projections were made until the
year 2028.

Our study supports a regional study conducted with secondary data
on the subject and was approved by the Research Ethics Committee
under number CAAE: 89658718.8.0000.5553

RESULTS

Between January 2008 and December 2018, 480,652 hospital-
izations for femur fracture were recorded in the population over
60 years old in Brazil, accounting for 2.5% of all hospitalizations for
this age group, in both sexes. In the same period, hospitalizations
record increased by 76.9%, an average increase of 5.87% per year,
as shown in Figure 1. Considering the IBGE annual projections for
the population, the average hospitalization rate in the age group
over 60 years old due to femur fracture over 10 years, for both sexes,
was 19.46 for every 10,000 older adults in Brazil.

70,000
60,000
50,000
40,000
30,000
20,000
10,000

0

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

Source: Datasus; IBGE.

Figure 1. Number of hospitalizations for femur fracture in Brazil, older
adults over 60 years old, between 2008 and 2018.

The number of femoral fracture records was higher among women,
who represent 68% of total hospitalizations. The result is a female/
male hospitalization ratio of 2.1/1. Regarding the age groups over
60 years old, the analysis shows a sustained increase of hospitalization
due to femur fracture with age progression for both sexes, and the
population from 80 years old and over accounts for 47.5% of the
patients, increasing the hospitalization ratio between women/men in
this age group to 2.9/1.
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The average length of hospital stay for femur fracture in Brazil was 8.9
days for both sexes. However, there was a slight predominance of
more days of hospitalization in the male population for all age groups.
Between 2008 and 2018, considering the ICD S72 in the population
over 60 years old, for both sexes, 24,027 deaths were recorded in Brazil,
representing an average mortality rate of 5%, estimated by the ratio
between the number of deaths and the number of hospitalizations in
this population over 60 years old due to femur fracture.

We observed a predominance of the male population in the aver-
age mortality rate (5.45%), in all age groups above 60 years old,
which represents a male/female death ratio of 1.13/1, and an as-
cending pattern. Mortality rate among men above 80 years old was
4.6 higher than among the age group of 60 to 64 years, representing a

variation of 38.9%. In women, the variation in mortality between these
age groups is smaller (31.4%), with a rate 3.81 times greater when 80
years, as shown in Table 1.

The total cost of hospitalizations from 2008 to 2018 in Brazil was
R$ 1.1 billion, with an average of R$ 100 million/year. The cost
analysis reveals an increase of 158% in the period from 2008
to 2018, which represents 9.14% per year. The average value of
each hospitalization was R$ 2,290.80 (R$ 1,781.62 — R$ 2,602.18),
and 80% of the total cost focused on the age group of 70 years old,
regardless of sex, as shown in Table 2.

The estimated cost projection analysis for the next decade
(2019-2028) is R$ 2.16 billion, 107.0% over than the period studied,
as shown in Figure 2.

Table 1. Number of hospitalizations, average length of stay, deaths and mortality rate, total by age group and by sex, between 2008 and 2018.

Number of Average length . o
Sex Age Group Hospitalizations of stay (days) Deaths Mortality Rate (%)
Total 480,652 8.9 24,027 5.00
60 to 64 43,834 8.9 804 1.83
Total 65 to 69 52,587 8.9 1,269 2.41
70to 74 68,129 8.8 2,027 2.98
75t0 79 87,761 8.8 3,405 3.88
80 and over 228,341 8.9 16,522 7.24
Total 153,608 9.0 8,368 5.45
60 to 64 22,662 9.1 435 1.92
Male 65 to 69 22,325 9.1 596 2.67
70to 74 23,758 9.0 846 3.56
751079 26,224 9.0 1,239 4.72
80 and over 58,639 9.0 5,252 8.96
Total 327,044 8.8 15,659 4.79
60 to 64 21,172 8.7 369 1.74
65 to 69 30,262 8.8 673 2.22
Female
70to0 74 44,371 8.7 1,181 2.66
75t0 79 61,537 8.8 2,166 3.52
80 and over 169,702 8.8 11,270 6.64
Source: Datasus.
Table 2. Number of hospitalizations, cost of hospitalization and average
value per total hospitalization between 2008 and 2018 and per year 400,000,000.00
of processing.
350,000,000.00
Year Hospitalizations Average Value
. P Cost (R$) Hospitalization 300,000,000.00
Processing (n) (RS)
250,000,000.00
Total
(2008-2018) 480,652 1,101,072,872.24 2,290.79 200,000,000.00
2008 32,950 58,704,215.87 1,781.62 150,000,000.00
2009 36,435 69,269,677.41 1,901.19
100,000,000.00
2010 35,620 72,767,862.66 2,042.89
2011 38,119 78,749,699.25 2,065.89 50,000,000.00
2012 38,755 82,170,390.49 2,120.25 0.00
2013 41,874 97,259,762.36 2,322.68 BRI NI PPINIIIRERY
SRRR{K/K/KKKKKIKIKIK/KIKKIIKIKR
2014 44,316 107,536,595.16 2,426.59
2015 47,138 114,839,321.03 243624 Values Prediction  Lower confidence limit ~ Upper Confidence Limit
2016 52,130 129,496,301.52 2,484.10
Source: Datasus; IBGE.
2017 55,034 138,627,352.66 2,518.94
2018 58,281 151,651,693.83 2,602.08 Figure 2. Cost projection for femur fracture in Brazil, over 60 years

Source: Datasus.
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Regarding demographic analysis, Table 3 shows an overview
of the Brazilian scenario between 2008 and 2018. Considering
the five regions of the country, the number of hospitalizations
records for femur fractures in the same period and age groups
over 60 years old, in both sexes, predominated in the southeast
region (53.1%).

The state of Sdo Paulo stands out with 136,402 hospitalizations,
which represents 28% of the records for femur fracture in Bra-
zil. Roraima (RR) was the state with the lowest hospitalization
for femur fracture, with 495 records in 10 years, as shown in
Figure 3. Almost half of the Brazilian states (Rondonia, Ama-
zonas, Amap4, Tocantins, Maranhao, Ceara, Paraiba, Sergipe,
Bahia, Espirito Santo, Rio de Janeiro and the Federal District)
has twice the average national hospitalization time, especially

Amapa (19.5 days), Rondénia (19.2 days) and Federal District
(18.7 days), reaching twice the national average (8.9 days).

The Northeast Region had the lowest mortality rate due to femur
fracture in Brazil, between 2008 and 2018, with 3.54% of deaths,
considering all age groups of 60 years old and over. Ceara had the
lowest proportion between the number of deaths and the number of
hospitalizations, with a 2.37% rate in the study period. It was followed
by the state of Alagoas (2.53%), which also had the lowest average
hospital stay in Brazil (6.5 days), and the state of Paraiba with 2.99%
of deaths, regardless of age group or sex, representing almost half
of the national average of 5%. In the overall average for the period,
the Southeast Region had the highest mortality rate (5.53%) in Brazil,
featured for the state of Rio de Janeiro (6.08%), as shown in Table 4.

Table 3. Number of hospitalizations, cost, average length of stay, deaths and mortality rate, total by region, between 2008 and 2018.

. Hospitalizations Total Cost A\.ler.age_ Average length Deaths Mortality Rate
Region () (RS) hospitalization of stay ( days ) ") %)
cost (R$) °
Total 480,652 1,101,072,872.24 2,290.79 8.9 24,027 5
North Region 17,870 39,110,174.72 2,188.59 11.8 692 3.87
Northeast Region 88,452 188,705,323.81 2,133.42 9.6 3,130 3.54
Southeast Region 255,097 587,449,632.96 2,302.85 8.8 14,082 5.52
South Region 90,512 225,474,745.18 2,491.10 7.8 4816 5.32
Midwest Region 28,721 60,332,995.57 2,100.66 9.1 1,307 455
Source: Datasus.
Region/State Hospitalizations
Amazonas 3,346
Para 8,054 Hospital Admission Geographical Distribution in Numbers
Acre 827
Amapa 773 5
Tocantins 2,258
Rondénia 2,117 120000
Roraima 495 0
Ceara 12,923
Alagoas 5,765 5 100000
Paraiba 8,174
Pernambuco 17,427
Rio Grande do Norte 6,554 -10 80000
Maranh&o 5,436
Piaui 6,666 15
Bahia 21,058 60000
Sergipe 4,449
Minas Gerais 69,801 -20
Espirito Santo 9,071 40000
Séo Paulo 136,402 25
Rio de Janeiro 39,823
Rio Grande do Sul 39,164 200000
Parand 33,324 30
Santa Catarina 18,024
Federal District 4,576 -35
Mato Grosso 5,301 -70 -60 -50 -40 -30
Goias 11,230
Mato Grosso do Sul 7,614

Figure 3. Number of hospitalizations due to femur fractures in patients over 60 years old by Brazilian state between 2008 and 2018.
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Table 4. Number of hospitalizations, average length of stay, deaths and mortality rate, total by region/state, between 2008 and 2018.

Region/State Hospitalizations Average length of stay (days) Deaths Mortality Rate (%)
TOTAL 480,652 8.9 24,027 5.00
North Region 17,870 11.8 692 3.87
Amazonas 3,346 14.1 111 3.32
Para 8,054 8.7 277 3.44
Acre 827 8.9 34 4.11
Amapa 773 19.5 35 4.53
Tocantins 2,258 114 105 4.65
Rondénia 2,117 19.2 105 4.96
Roraima 495 85 25 5.05
Northeast Region 88,452 9.6 3,130 3.54
Ceara 12,923 10.3 306 2.37
Alagoas 5,765 6.5 146 2.53
Paraiba 8,174 10.1 244 2.99
Pernambuco 17,427 9.7 548 3.14
Rio Grande do Norte 6,554 8.0 211 3.22
Maranhédo 5,436 10.5 190 3.50
Piaui 6,666 7.9 261 3.92
Bahia 21,058 9.9 920 437
Sergipe 4,449 11.9 304 6.83
Southeast Region 255,097 8.8 14,082 5.52
Minas Gerais 69,801 7.3 3,165 4.53
Espirito Santo 9,071 10.4 482 5.31
Séo Paulo 136,402 7.8 8,015 5.88
Rio de Janeiro 39,823 14.2 2,420 6.08
South Region 90,512 7.8 4,816 5.32
Rio Grande do Sul 39,164 8.7 1,699 434
Parana 33,324 6.8 1,946 5.84
Santa Catarina 18,024 8.0 1,171 6.50
Mideast Region 28,721 9.1 1,307 4.55
Federal District 4576 18.7 191 417
Mato Grosso 5,301 8.1 225 4.24
Goiés 11,230 6.8 528 4.70
Mato Grosso do Sul 7,614 74 363 4.77

Source: Datasus.

Regarding the states, Sergipe recorded the highest average mortality
rate in Brazil (6.83%). When considering age groups individually, 75.3%
of deaths occurred in the population aged 80 and over, with a 10.25%
mortality rate. Men in this age group had a higher death rate, 12.29%,
more twice of the national average under the same conditions (8.96%).
Santa Catarina has the highest mortality rate under the same conditions
(13.03%). Alagoas and Bahia stand out, despite the lower than average
mortality, the mortality rate is higher among women over 80 years old,
4.1% and 4.41%, comparing with other states, as shown in Table 5.

<< SUMARIO

The average cost per hospitalization in the Southern Region
(R$ 2,491) was higher than the national average, due to the higher
value for hospitalization in the states of Parana (R$ 2,795.62) and
Santa Catarina (R$ 2,725.61). In these, filtering by age groups
and sex, the highest cost in hospitalizations over 80 years old
occurs among men (R$ 3,018.09 and R$ 2,867.63, respectively).
Cost of 21% (Parana) and 27% (Santa Catarina) higher than the
national average for the same sex and age group (R$ 2,376.01),
also shown in Table 5.
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Table 5. Number of hospitalizations, total and average hospitalization, number of deaths and mortality rate, by sex, in the population aged 80 and over,

by region/state, Sul and Northeast from 2008 to 2018.

Hospitalization: Total Hospitalization Mortality R
Sex Age Group osp t?n) ations ot(aR $C)ost o ;-:Z ;aC°:: (()R$) Deaths (n) orta( o/?), ate
State: Santa Catarina
Total 18,024 49,126,435.18 2,725.61 1,171 6.5
Male 80 years old and over 1,896 5,437,021.32 2,867.63 247 13.03
Female 80 years old and over 6,448 17,892,549.71 2,774.90 572 8.87
State: Parana
Total 33,324 93,161,247.99 2,795.62 1,946 5.84
Male 80 years old and over 4,159 12,552,222.68 3,018.09 423 10.17
Female 80 years old and over 10,919 32,434,056.18 2,970.42 892 8.17
State: Rio Grande do Sul
Total 39,164 83,187,062.01 2,124.07 1,699 4.34
Male 80 years old and over 3,680 8,121,912.65 2,207.04 335 9.1
Female 80 years old and over 15,415 32,596,898.39 2,114.62 835 5.42
State: Ceara
Total 12,923 28,900,973.42 2,236.40 306 2.37
Male 80 years old and over 1,442 3,237,808.28 2,245.36 61 4.23
Female 80 years old and over 4,788 10,432,863.43 2,178.96 142 2.97
State: Alagoas
Total 5,765 10,405,461.29 1,804.94 146 2.53
Male 80 years old and over 758 1,319,245.37 1,740.43 22 2.9
Female 80 years old and over 1,977 3,686,575.29 1,864.73 81 4.1
State: Sergipe
Total 4,449 9,117,137.19 2,049.26 304 6.83
Male 80 years old and over 586 1,233,046.04 2,104.17 72 12.29
Female 80 years old and over 1,648 3,506,065.87 2,127.47 157 9.53
State: Bahia
Total 21,058 45,114,541.03 2,142.39 920 4.37
Male 80 years old and over 2,895 15,841,507.14 2,148.58 317 4.3
Female 80 years old and over 7,173 29,273,033.89 2,139.06 603 4.41
State: Maranhao
Total 5,436 9,463,191.36 1,740.84 190 35
Male 80 years old and over 708 1,150,221.72 1,624.61 44 6.21
Female 80 years old and over 1,629 2,822,523.42 1,732.67 87 5.34
State: Paraiba
Total 8,174 9,463,191.36 2,191.68 244 3.51
Male 80 years old and over 1,120 2,505,247.24 2,236.83 63 5.63
Female 80 years old and over 3,145 6,913,466.57 2,198.24 117 3.72
State: Pernambuco
Total 17,427 39,302,298.70 2,255.25 548 3.14
Male 80 years old and over 2,095 4,550,246.74 2,171.96 122 5.82
Female 80 years old and over 6,220 14,128,881,19 2,271.52 255 4.1
State: Piaui
Total 6,666 12,598,755.69 1,890.00 261 3.92
Male 80 years old and over 832 1,653,334.90 1,987.18 88 6.73
Female 80 years old and over 2,344 4,481,404.60 1,911.86 173 5.38
State: Rio Grande do Norte
Total 6,554 15,888,204.17 2,424.20 211 3.22
Male 80 years old and over 890 2,246,935.87 2,524.65 44 4.94
Female 80 years old and over 2,674 6,770,452.81 2,531.96 105 3.93

Source: Datasus.

DISCUSSION

There are limitations of ecological studies regarding the low applicability
at their individual level about the associations between exposure and
outcome, and risk for possible confounding variables.!" Despite the

Acta Ortop Bras. 2020;28(3):142-8

need for proper registration, the information systems of the Unified
Health System (SUS) are powerful tools that guide analyses regarding
the punctual or time series situational diagnosis. Moreover, it can
base hypothesis of association of variables of interest of the subject,
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stimulating the elaboration of new studies. In addition, studies estimate
that 15% of the Brazilian population does not use the SUS service,
which may result in underestimated data for the total population.'
The profile is compatible with the epidemiological for osteoporosis
fractures.®® A population-based study conducted with 4,332
women in the metropolitan region of Sao Paulo between 2004
and 2007 showed that advanced age, menopause, previous low
impact fracture and current smoking were the main risk factors
associated with osteoporosis and fractures. The study also showed
a 33% and 11.5% prevalence of osteoporosis and bone fragility
fractures, respectively.'

The reason of the difference in regionalization about the oc-
currence of fractures in older adults cannot be confirmed by
the methodology of our study. However, there is a possibility of
discussion regarding the aspects involved with the multifactoriality
of the event, such as ethnic patterns, eating habits, climate and
urbanization, related to hypovitaminosis D, mobility conditions,
social protection, access to the health system, notifications of the
disease and life expectancy.®®

The Northeast Region had the lowest mortality rate due to femur
fracture in Brazil, except in the state of Sergipe, especially in older
men. A study conducted in Sobral, Ceard, also identified a low
incidence rate of hip fractures among a population living in an
equatorial area.’®

Studies show a 20% overall mortality rate within 12 months after
hip fracture. Although the overall prevalence of fragility fractures
is higher in women, men generally have higher fracture-related
mortality rates.'®

The American literature considers the treatment of hip fracture
has improved in the last 20 years. Advanced surgical devices and
movement toward replacement arthroplasty, early mobilization,
better use of prophylactic antibiotics and aggressive medical
management may have contributed to improvements in mortality."”
These factors impact hospitalization and treatment costs.
The southern states presented the highest average costs during
the study period, with an increase when selected by sex and age
group. Some studies conducted in this location reveal the Cau-
casian population, with longer life expectancy and risk factors for
fracture incidence, as well as the profile of how femur fracture care
is performed in older adults. Thus, economic factors may play a
significant role in the health of this population. However, the behavior
of the three states is shown to be individual when associated with
means of permanence and mortality rate.'81920

CONCLUSION

The analysis performed in our study showed agreement between
population aging, assessed by population projections, and fracture
incidence. The highest occurrence of the event occurred in older
women in the southeastern and southern states, and the lowest
incidence was in the north and northeast regions. Longer stay in
the Midwest and higher cost in the South. Itis an important cause of
mortality and functional loss among older adults, presenting a higher
incidence in men over 80 years. The evaluation and monitoring of
this indicator are important, considering the differences between
the regions of Brazil, with consequences for the individual and
economic for health systems.
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ABSTRACT RESUMO

Objective: To evaluate the socioeconomic impact of motorcycle
accidents of a metropolis with one million inhabitants treated
by a university hospital in 2017. To study hospital cost and
time of victims, evaluate definite and incapacitating sequelae,
and analyze patient’s insertion in the labor market six months
after the accident. Methods: Retrospective study of 62 victims
of motorcycle accidents treated in the emergency room and
referred for surgical procedure in a university hospital. Data were
collected from medical records and answers via telephone six
months after the trauma. Results: Injuries related to motorcy-
cle accident resulted in high hospital costs. Average loss per
patient was R$ 17,555. Of those who answered the functional
impact questionnaire, 64% were on paid leave by INSS and
84% presented partial or permanent physical disabilities after
the accident. Only 9 people (36%) received any kind of financial
benefit from public authorities. Conclusion: High costs are directly
related to hospitalization time and surgical needs. Most victims
needed financial help and had their social lives aggravated.
Investments in motorcyclists’ awareness of traffic laws and use
of safety equipment are needed, as well as in road infrastructure.
Level of evidence IlI, Prognostic studies.

Keywords: Accidents, Traffic. Socioeconomic Factors. Wounds
and Injuries.

Objetivo: Avaliar o impacto socioeconémico de acidentes motoci-
clisticos de uma metrépole com mais de um milhdo de habitantes
atendidos, no ano de 2017, em um hospital universitario. Estudar
custo e tempo de internagdo hospitalar das vitimas, avaliar sequelas
definitivas e incapacitantes e analisar a inser¢ao no mercado de tra-
balho seis meses depois do acidente. Métodos: Estudo retrospectivo
de 62 pacientes vitimas de acidentes motociclisticos, atendidos na
urgéncia e emergéncia, levados para procedimento cirdrgico de
um hospital universitario. Coleta de dados através do levantamen-
fo de prontuarios e contato telefdnico seis meses apds o trauma.
Resultados: Lesbes relacionadas as vitimas implicaram elevados
custos hospitalares. Prejuizo médio por paciente foi de R$ 17.555.
Dos que responderam ao questionario do impacto funcional, 64%
ficaram afastados da atividade laboral pelo INSS e 84% apresentaram
incapacidades fisicas parciais ou permanentes apds o acidente.
Apenas 9 (36%) receberam algum tipo de beneficio financeiro do
governo. Conclus&o: Elevados custos estao diretamente relaciona-
dos ao tempo de internagdo e necessidades cirdrgicas. A maioria
das vitimas necessitou de auxilio financeiro e teve sua vida social
prejudicada. Investimentos em conscientizagdo dos motociclistas,
para que conduzissem respeitando as leis de transito e utilizando
equipamentos de seguranca, e na infraestrutura das rodovias sqo
necessarios. Nivel de evidéncia Il, Estudo progndstico.

Descritores: Acidentes de Transito. Fatores Socioeconémicos.
Ferimentos e lesoes.

Citation: Bittar CK, Cliquet A Jr, Costa VSDA, Pacheco ACF, Ricci RL. Socioeconomic impact of motorcycle accident victims in the emergency room
of a hospital (Part 2). Acta Ortop Bras. [online]. 2020;28(3):149-51. Available from URL: http://www.scielo.br/aob.

INTRODUCTION

The increase in the number of motorcycles circulating over the
years is a consequence of the low cost, ease of locomotion and
fuel efficiency of this vehicle. However, this increase has grown
proportionally to the number of traffic accidents, making them a
major problem for public health worldwide, since they have been
considered one of the main causes of morbidity and mortality in
the world, according to Martins et al.! and Sant’Anna et al.?

Martins et al.! also mention that the highest rates of traffic accidents
occur in low- or medium-development countries, of which Brazil is
considered part, according to the World Health Organization (WHO).
In Brazil, mortality grew seven times between 1998 and 2008,
as well as the number of hospitalizations, which grew by 83%
in 2000. Also, the growth of the motorcycle fleet is supported
by government policies, given the manufacturing stimulation,
the possibility of financing the product and its cost reduction.
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Owning a motorcycle has some advantages, such as avoiding
congested roads, low buying and maintenance cost, and fuel
economy, in addition to its increasing use in the labor market
(motorcycle taxi and deliveries) when compared with other means of
transportation. Therefore, the motorcycle use in Brazil is increasing
significantly."® This is evidenced in the study by Sant’Anna et al.?
Thus, the need for new public policies to improve public health by
reducing the number of accidents is evident.

Our study evaluated the socioeconomic impact of motorcycle
accidents that occurred in a metropolis with more than one million
inhabitants, in 2017, on the lives of victims treated in a reference
university hospital, their definitive and disabling sequelae, their
reintegration into the labor market after six months of the event
and, finally, the time of hospital stay and its costs.

OBJECTIVE

To evaluate the socioeconomic impact of motorcycle accidents that
occurred in a metropolis with more than one million inhabitants,
in 2017, on the lives of victims attended in a reference university
hospital, through medical records and questionnaires answered
via telephone with patients addressing their definitive and disabling
sequelae and their reintegration into the labor market after six
months of the accident. Moreover, to analyze the influence of cost
and hospitalization time for socioeconomic impact.

METHODS

This is a retrospective cross-sectional study conducted at the
PUC-Campinas University Hospital, filed by the Research Ethics
Committee with registration on Plataforma Brasil under the number
88812818.3.0000.5481, in which the medical record analysis of 62
victims of motorcycle accident was performed in Campinas, Sao
Paulo, Brazil, in 2017 (from January to December). The patients were
treated primarily in the emergency room of a university hospital of
reference and required a surgical procedure.

Data such as sex, age group, cost and hospital stay were evalu-
ated in 62 medical records. However, of this total, only 25 patients
answered the phone call after six months of the accident, providing
information regarding their expenses after hospital discharge,
removal and acquisition of benefit by the National Institute of Social
Security (INSS), receipt compulsory insurance that covers personal
damages caused by road vehicles (DPVAT), return to motorcycle
activities and comparison of physical integrity before the accident
and after six months of recovery.

Data regarding patients’ hospitalization costs were obtained from
the Billing sector of the PUC-Campinas Hospital. The remaining
data (age group, sex and location of injuries) were obtained from
medical records recorded in the Orthopedics and Traumatology
service of the same hospital, and answers were obtained from a
questionnaire via telephone, with the interviewee’s consent.

RESULTS

The age of the 62 victims involved in motorcycle accidents ranges
between 14 and 62 years (mean age of 31 years), in which 11.3% (7)
ranged between 14 and 18 years, 43.6% (27) between 19 and 30
years, and 45.1% (28) over 30 years. Out of 62 patients, 77.4% (48)
were male and 22.6% (14) female. All patients were from Campinas.
In the evaluation of medical records, we observed the high hospital
costs were, on average, R$ 27,781 per patient (ranging from R$ 3,101
to R$ 225,500), and 95% of them (59) caused an average loss of
R$ 17,555 and 5% (3) caused an average profit of R$ 203,396,
which are directly proportional throughout the hospitalization period,
whose mean time was 13 days (1-87 days), as well as the extent
and complexity of fractures. Patients who gave financial losses
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(95%) to the hospital correspond to those treated in the Brazilian
Unified Health System (SUS), while those who gave profit were
covered by health insurance (5% — 1.6% each), such as Bradesco,
Amil and Unimed.

During data analysis, we observed that all were subjected to surgical
procedure and that patella lesions had the lowest cost, followed by
polyfractured patients with lesions associated with lower limbs (tibia,
fibula and femur) and upper limbs (radio and humerus). Traumatic
brain injury corresponds to 3% of cases and brachial plexus injury
to 1.6%. However, what most contributed to the increased cost were
open-book fractures (4.8% of cases) in the case of polytraumatic
and polyfractured patients, with other structures such as urethra,
ureters and bladder affected or with abdominal trauma. Of the 4.8%
of patients who suffered open-book fractures, 1.6% was covered
by Bradesco’s Health Plan, avoiding major losses to the university
hospital, since the amount spent would be R$ 225,550.
Regarding the 25 patients who responded via telephone, 21 (84%)
were male and 4 (16%) were female, aged between 17 and 62
years (mean of 28.3 years) and 68% were aged between 15 and
35 years. The average time of stay was 9 days (1-20 days), with
hospital costs, on average, of R$ 16,307 per patient, all of which
caused financial loss to the hospital, on average, of R$ 10,814 per
patient. All patients analyzed had hospitalizations covered by SUS.
Regarding the functional evaluation and socioeconomic impact
of the 25 patients after six months of the motorcycle accident, we
observed that 16 patients (64%) were on paid leave (INSS), and 8
(50%) were still absent, 6 (24%) presented polyfractures and most
lesions (37%) were solely in the left lower limb. Only 9 patients
(36%) received some kind of benefit (sickness aid, accident aid,
disability retirement, etc.), 11 (44%) used DPVAT insurance and 15
(60%) needed extra financial resources after the accident.

Of the means of transport used for treatment, 16% were buses,
40% owned or borrowed car, 24% ambulance of the municipality,
8% UBER, and 12% did not undergo treatment. Most victims, 21
(84%), underwent follow-up with physical therapists and only 1
(4%) water aerobics after the accident. Regarding the practice of
physical activities six months after the accident, 21 patients (84%)
presented partial physical disabilities and only 4 patients (16%) did
not present transient physical disabilities. In the recovery period
after the accident, 20 (80%) patients were helped by the mother
and/or father, 3 (12%) by the wife and 2 (8%) by a brother.

Only 4 (16%) patients showed interest in returning to their activities
with the motorcycle after the accident.

DISCUSSION

In 2005, the cost of hospitalizations resulting from motorcycle
accidents in Brazil reached R$ 31 million. About R$ 10 million of
this amount were in the state of Sado Paulo. It is noteworthy that
the costs of SUS with hospitalizations resulting from motorcycle
accidents totaled R$ 58 million from 2001 to 2005 only in the
Southeast region. The analysis of hospitalizations of 62 patients
in a reference hospital in Campinas found that the high costs
of hospital admissions were caused by motorcycle accidents in
2017. All victims underwent surgery, contributing to high hospital
expenses, and all hospitalizations were made by SUS.

A similar study conducted by Diniz,® in the city of Goiania, with 122
medical records, reported that the hospital costs of the city’s refer-
ence hospital were, on average, R$ 20,000 per patient. A difference
of R$ 7,781 was observed when compared with the expenses of
the reference hospital of Campinas. This is justified by the fact that
the hospitalization period in Campinas were greater than those in
Goiania (longer period of 25 days). Considering that hospital time
is directly proportional to the cost, the expenses of the hospital in
Campinas were therefore naturally higher. Moreover, all the victims
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assisted in the metropolitan city underwent surgery, and some had
several structures simultaneously affected, such as urethra, ureters,
bladder, pulmonary contusions and traumatic brain injury, increasing
the complexity of trauma. On the other hand, in the city of Goiénia,
only 80.3% (98) performed the same type of procedure, with the
highest complication being a traumatic brain injury (10.6% of the
cases). Studies by Ankarath et al.4, Zargar et al.® and Nwadiaro
et al.% confirm that traumatic brain and abdominal traumas are
responsible for reducing survival rates in these types of accidents.
All of these facts also contribute to increased hospital spending.
Regarding functional impact, the study conducted in Goiénia and
the study of Chichom-Mefire et al.” showed that limb injuries provide
a longer recovery period for the victim and, consequently, a major
impact on their social life. Our study had similar results, since
most victims (84%) could not perform the same physical activities
after six months of trauma, 16% were on paid leave by INSS and
60% needed extra financial resources during the treatment period
after the accident. Moreover, the time of absence of these patients
associated with functional deficit after the accident were responsible
for the inability of these patients to return to their work routine,
remaining, in many cases, unemployed for a long period.
According to the Brazilian Ministry of Health,® to reduce the number
of victims, traffic accidents must be treated as a health promotion
issue with the development of intersectoral projects to stimulate
the participation of the entire population and the adoption of more

supportive behaviors, which aim both at traffic education and
information on the physical consequences of motorcycle accidents.
All this correlates with the purpose of our study, which is to promote
preventive guidelines for the epidemiological group most vulnerable
to traffic accidents. For such, it is essential to raise society’s aware-
ness of traffic laws and, at the same time, use of safety equipment
to reduce the extent of fractures and, consequently, hospital time
and financial expenses, as already reported by Phillip et al.®, from
de Rome et al.'°, Heldt et al."" and Kim et al."? In addition, improving
the infrastructure of streets and roads is indispensable for a safer
and more adequate circulation of motor vehicles.

CONCLUSION

The extent and complexity of fractures and other injuries, asso-
ciated with prolonged hospitalization time significantly influence
the hospital costs of victims of motorcycle accidents, generating
a great socioeconomic imbalance in SUS and in health plans,
and in victims’ expenses with care after hospital discharge. Thus,
our study provides preventive guidelines for the epidemiological
group most vulnerable to traffic accidents and society awareness
traffic laws and, at the same time, use of safety equipment such
as helmets and appropriate clothing, which contribute to reducing
the extent of fractures, hospital time and financial expenses that
victims may have with institutional care, according to Phillip et al.?,
de Rome et al.'°, Heldt et al."", and Kim et al.’?.
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