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Scope and policy

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

Publication Fee

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

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

Recommendations for articles submitted to Acta Ortopédica Brasileira

Type of . Maximum number
Article Abstract Number of words References | Figures | Tables of authors allowed
Structured, up 2500
Original ’ Excluding abstract, references, 20 10 6 6
to 200 words ;
tables and figures
4.000
Update / | Non-structured, .
S 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.

Article formatting

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

Manuscripts’ form and presentation

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

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

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

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

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

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

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

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

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

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

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

COVER PAGE: The cover page must contain:

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

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

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

d)The place where the work was performed;

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

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

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

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

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

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

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

ACKNOWLEDGEMENTS

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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




-

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

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

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

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

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

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

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

LEVELS OF EVIDENCE FOR PRIMARY RESEARCH QUESTION: Access the following link.

The sending of manuscripts

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

The authors are solely responsible for the concepts presented in the articles.

Total or partial reproduction of the articles is permitted as long as the source is indicated.
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Levels of Evidence for Primary Research Question?

(This chart was adapted from material published by the Centre for Evidence-Based Medicine, Oxford, UK.
For more information, please visit www.cebm.net.)
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Level .Irr:\é:tsrt':g:ilng the Results of Patient Characteristic on the Investigating a Diagnostic Test 222:_?::1?0 o??:;?s’:ilnngl\:g del
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High quality randomized trial with High i . ayd Testi f iously developed Sensibl dal S
statistically significant difference igh quality prospective study esting of previously developed ensible costs and alteratives;
or no statistically significant (all patients were enrolled at the diagnostic criteria on consecutive values obtained from many
difference but nérrc?w confidence same point in their disease with patients (with universally applied studies; with multiway sensitivity
1 intervals =80% of enrolled patients) reference “gold” standard) analyses
b
(Saysée:tﬂﬁéwc rr:;/jg v?efrléevel RCTs Systematic review® of Level | Systematic review® of Level | Systematic review® of Level |
homogenZ)usc) studies studies studies
. Development of diagnostic Sensible costs and alternatives;
o,
Lesser quality RCT (eg, < 80% ¢ criteria on consecutive patients values obtained from limited
followup, no blinding, or improper Retrospective' study ith uni I | f ies: with multi S
randomization) (with universally applied reference studies; with multiway sensitivity
“gold” standard) analyses
i iewP i iewb
Prospective? comparative study® Untreated controls from an RCT Systgmatlc review” of Level | Systgmat\c review of Level I
I studies studies
Systematic review® of Level Il Lesser quality prospective study
studies or Level | studies with (eg, patients enrolled at different
inconsis tent results points in their disease or <80%
followup)
Systematic review® of Level Il
studies
Study of non consecutive patients; Analyses based on limited
Case control study? Case control study? without consistently applied alternatives and costs; and poor
reference “gold” standard estimates
g ) . Systematic review® of Level Ill Systematic review® of Level Ill
m Retrospective' comparative study’ N )
studies studies
i iewb
Zyuséﬁensﬂanc review® of Level Ill Case-control study
Poor reference standard
‘ . Analyses with no sensitivity
h
v Case series' Case series analyses
\' Expert opinion Expert opinion Expert opinion Expert opinion

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

A combination of results from two or more prior studies.

¢ Studies provided consistent results.

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

arthroplasty) at the same institution.

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

Objective: Evaluate whether the experience of the surgeon could
reduce Ponseti treatment time, and a number of cast changes,
and the evolution of the Pirani Score. Methods: 2 reference cen-
ters were evaluated. At Institution 1, 254 patients with idiopathic
clubfoot (403 feet) were included, and at Institution 2, 32 patients
(51 feet). At institution 1 (mentor), 3 intervals of 5 years each
were analyzed. At the Institution 2 (trainee), 1 interval of 5 years
was analyzed. Results: Patients treated by the mentor had fewer
casts compared with the trainee (p < 0.001). At Institution 1, the
three mentor intervals showed differences in the number of casts
(p < 0.05). A statistically significant difference was observed only
in the first mentor interval (2000 to 2005, average of 3.47 casts)
compared with the 2 other intervals (2005 to 2010; average of 2.6
casts and 2011 to 2015; average of 2.79 casts; p < 0.0001). Pirani
score decreases the most until the third clinic visit. Conclusion:
The mentor’s greater expertise was associated with fewer casts
and shorter time to obtain correction in isolated clubfoot, especially
right after the first 5 years of practice. Progression of the Pirani
score in both institutions occurs between the first and the third
casts. Level of Evidence IlI; Therapeutic Study, Retrospective
Comparative Study.

Keywords: Learning Curve. Clubfoot. Education, Medical. Inservice
Training.

RESUMO

Objetivo: Avaliar se a experiéncia no Método Ponseti pode reduzir o
tempo de tratamento e o nimero de gessos. Métodos: Na instituigdo
1 foram incluidos 254 pacientes com pé torto idiopatico (403 pés)
e na instituicdo 2, 32 pacientes (51 pés). Na instituicdo 1 (mentora)
foram analisados 3 intervalos de 5 anos. Na instituicéo 2 (estagiaria),
foi analisado 1 intervalo de 5 anos. Resultados: Os pacientes tratados
pelo mentor tiveram menos gessos em comparagdo aos tratados
pelo estagiario (p < 0,001). Na Instituicao 1, os trés intervalos de
mentores apresentaram diferengas no nimero de gessos até a
corre¢éo dos pés (p < 0,05). Diferenca estatisticamente significativa
foi observada no primeiro intervalo do mentor (2000 a 2005, média
3,47 gessos) em comparagao com 0s outros 2 intervalos (2005
a 2010; média 2,6 gessos e 2011 a 2015; média 2,79 gessos;
p < 0,0001). O escore de Pirani diminui mais até a terceira consulta
clinica. Conclusdo: A maior expertise do mentor no Método Ponseti
esteve associada ao menor nimero de gessos e ao menor tempo
para corregéo do pé torto, principalmente logo apds 0s primeiros 5
anos. A maior progressao do score de Pirani ocorre entre o primeiro
e o terceiro gesso. Nivel de Evidéncia Ill; Estudo Terapéutico,
Estudo Comparativo Retrospectivo.

Descritores: Curva de Aprendizado. Pé Torto Equinovaro. Educagéo
Médica. Capacitagdo em Servico.

Citation: Guerschman TM, Nogueira MP. Learning curve in ponseti method — evolution in 5 year-intervals. Acta Ortop Bras. [online]. 2024;32(1): Page
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INTRODUCTION

Idiopathic clubfoot is one of the most common birth defects occur-
ring in one in 1000 live births." Natural evolution of the deformity has
amajor impact on family’s social and emotional issues.®® Until the
beginning of the XXI century, treatment of clubfoot was essentially
surgical, but results were poor and complications, including stiffness
of the ankle and subtalar joint, pain, arthritis, residual deformity,
and muscle weakness, were high.!

Ponseti Method revolutionized the history of clubfoot. Difusion of
Ponseti Method was increased by the publication of Dr Ponseti 30
year results in JBJS, in 1995, and his book in 199622, Orthopae-
dic services globally started to learn and apply Ponseti Method
around 2000’s and international publications reflect this tendency.?
Compared with the traditional 2 day course/symposium format,
the mentorship educational model can reduce complications and

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

The study was conducted at the Hospital do Servidor Publico Estadual de Sao Paulo (HSPE), Sao Paulo, Brazil.
Correspondence: Monica Paschoal Nogueira. 1800, Pedro de Toledo Street, Vila Clementino, Sao Paulo, SP, Brazil. 04089-000. monipn@uol.com.br
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increase the effectiveness. However, transition to this new technol-
ogy was not simple.® The usual structure for orthopedic surgeon’s
training needed to be revised. In 1999, Shafique Pirani introduced
a fast and reproducible score.”8

With diffusion of Ponseti Method, without adequate training, the
number of complications increased. Medical training through
mentorship educational model was able to reduce complications
and improve effectiveness and efficiency of the Ponseti Method.*®
In medical literature there are no specific studies on the learning curve
inthe Ponseti Method. The purpose of this retrospective cohort study
was to demonstrate the orthopedic surgeon’s learning curve in the
Ponseti Method to treat idiopathic clubfoot considering the number
of casts, treatment time and the correction progression according to
the Pirani Score. Primary questions were: (1) Does greater experience
in the Ponseti Method reduce the number of casts and treatment
time? (2) Is the evolution of clubfoot correction through the Pirani
Score modulated by the expertise in the Ponseti Method?

METHODS

This is a retrospective comparative cohort study. Data from 2 refer-
ence services with orthopaedic surgeons trained in Ponseti method
were evaluated. At institution 1, patients undergone treatment by
a senior orthopedic surgeon with more years in practice. In this
center, 254 patients diagnosed with idiopathic clubfoot (403 feet)
met the eligibility criteria. In institution 2, where patients were treated
by an orthopedic surgeon with less years of practice, 32 patients
with idiopathic clubfoot were included (51 feet).

In institution 1, data obtained from medical records were analyzed
at 3 intervals of 5 years each, considering the total time of Ponseti
Method practice (2000 to 2005, 2005 to 2010 and 2011 to 2015)
totaling a period of 15 years. In the Institution 2, data were analyzed
in 1 interval of 5 years (2011 to 2015). In both institutions, treatment
was carried out with strict adherence to Ponseti Method.

Just after residency, the orthopaedic surgeon from institution 2
(TMG - trainee) and the orthopaedic surgeon from institution 1
(MPN - mentor) developed an academic relationship also based
in mentorship to refine the practice in the Ponseti Method.

The learning curve in the Ponseti method was characterized by
the average number of casts in each period of the mentor and
the trainee.

Patients started treatment at 14 to 180 days of age. The minimum
follow up was 15 weeks after Achilles tenotomy (last event to be
included in data analysis). Cases without tenotomy were not included
in the study. Neurological and or syndromic clubfoot, and with any
previous surgery were excluded.

Two hundred and eight-six patients were evaluated, in a total of
454 feet. At Institution 1, the mentor treated 403 feet (88,76%) and
data were analyzed at 3 intervals: from 2000 to 2005, from 2005 to
2010 and from 2011 to 2015. At Institution 2, the trainee treated 51
feet (11.24%) and data were analyzed in one interval from 2011 to
2015. Patients were consecutive, and not randomized in this study.
Institution 1 is a large tertiary hospital, with residency in orthopedics
and fellowship in Pediatric Orthopedic Surgery, serving a metro-
politan area with an estimated city population of 12 million people
in 2020. Care at institution 1 was managed only by the orthopedic
surgeon (mentor) who has been practicing there for 15 years and
is the head of the Pediatric Orthopedic Department.

Institution 2 consisted of a small secondary pediatric hospital, with
an estimated city population of 162,000 people in 2020. At institution
2 care was managed only by the orthopedic surgeon (trainee), who
had 2 years of practice after residency in Pediatric Orthopedics.
Quantitative variables were: age (in months), time until tenotomy
(in days) and number of casts. Qualitative variables were: gender,
side, and professional responsible for the patient (mentor or trainee).

Acta Ortop Bras.2024;32(1):e273739

We compared the quantitative variables.Time until tenotomy was
shorter in patients treated by the mentor (p < 0.001), the mentor
needed fewer casts to obtain correction (p < 0.001), the age of
patients treated by the mentor and the trainee did not have statistical
relevance (p = 0.0973).

The analysis of the quantitative variables age (in months), time
until tenotomy (in days) and number of casts were done with the
t-Student Test. For all tests the significance level was 5%. Another
guantitative variable was the correction evolution trough the Pirani
Score. Comparison of the number of casts in the different time
intervals was done by the ANOVA variable analysis.'® Averages
of the Pirani Score, number of casts and time until tenotomy were
compared between the sides right and left. In this analysis, only
patients with bilateral clubfoot were compared. As the different
sides were from the same patient, the statistical analyses used was
the Generalized estimating equation (GEE)."""* Model was adjust-
ed considering normal distribution and unstructured correlation
structure (significance level was 5%).

Correlation between the severity of the foot according to the Pi-
rani Score and time to tenotomy was evaluated according to the
Spearman coefficient (closer to +1 and -1, stronger the correla-
tion). Evolution of the Pirani score through the appointments was
analyzed, as well as this correlation and its comparison between
genders and laterality through the approach of mixed models with
repeated measures. For all comparisons was considered 5% as
significance level.

Code availability

The authors confirm that the data supporting the findings of this
study are available within the article [and/or] its supplementary
materials. The data sets used and/or analysed during the current
study are available from the corresponding author on reasonable
request. The data are not publicly available due to information that
could compromise the privacy of research participants.

Ethics approval

This study was approved by Institutional Ethics Committee under
opinion number 1.365.728.

Consent to participate

Written informed consent according to the Declaration of Helsinki
was obtained from all study participants and in applicable cases
their parents or legal guardians.

Consent for publication

Written informed consent was obtained from all patient/parents/
legal guardians for publication of this study and any accompanying
images and videos. A copy of the written consent is available for
review by the Editor of this journal.

RESULTS

Patients treated by the mentor needed fewer casts to obtain cor-
rection (average of 2.8 cats) than patients treated by the trainee
(average of 5.5 cast; p < 0.01). Time until tenotomy was shorter in
patients treated by the mentor, average of 15.9 days for patients
treated by the mentor and 42.7 days, patients treated by the trainee
(p < 0.01). (Table 1)

Regardless the professional, the Pirani score decreases the most
until the third clinic visit, without differing in the subsequent ap-
pointments. (Figure 1)

There was no correlation between severity of the Pirani score and
time until tenotomy (Spearman correlation 0.318).

There was a significant difference in the number of casts until
correction between the 3 analyzed mentor intervals (p < 0.05).
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Table 1. Comparison of professionals.

performance tend to be most rapid at first and then tail off, as
the degree of improvement attained with each case reduces as

Professional
1 ) p-value techique is refined. In the third phase, assuming an adequate
Time until tentory . 371 3 <0.001 aptitude, apointis reached when the procedure can be perfqrmed
Average 159 127 both independently and competently. Add|t|onz_i| experience
Median 14.0 320 improves outcomes by very gmall amqunts, until a plateau is
— . - reached. Inthe fourth phase, with advancing age, manual dexter-
Sta.rd.ard deviation 10.0 342 ity, eyesight, memory and cognition may deteriorate, outweighing
Minimum value 20 70 any advantage from long experience, leading to a fall in the level
Maximurm value 700 | 1580 of performance. An alternative curve has been also described,
Number of casts n 403 51 <0.001 which exhibits temporary performance deterioration after technical
Average 2.8 55 competence has been achieved and the probable reasons are
Median 3.0 4.0 technical adaptations or over confidence resulting in lapses in
Stardard deviation 1.3 3.3 technique or judgement.’ (Figure 3)
Minimum value 1.0 1.0
Maximum value 7.0 14.0 Table 2. Comparison between different periods of professional 1
Professional 1
From 2000 | From 2005 |From 2011 |Professional
Pirani Curve to 2005 t02010 | to 2015 2
6,0 Number of patients 39 96 118 33
Number of feet 53 149 201 51
o Average 3.47 2.6 2.79 5.51
§ Number Median 3 2 3 4
s of Casts | Standard Deviation 1.3 1.3 1.33 3.26
& Minimum Value 1 1 1 1
Maximum Value 6 7 7 14

0,0

Number of Casts

«=¢==From 2000 to 2005
==fr=From 2010 to 2015

e=é==From 2005 to 2010
== Professional 2

Figure 1. Pirani curve at all intervals (consecutive scores for every visit).

Only the first interval (2000 to 2005) compared to the others had
statistical difference (p < 0.05), evidencing that after 5 years of
experience the mentor needed fewer casts to obtain correction.
In the first mentor interval (2000 to 2005) the average number of
casts per patient until correction of the deformities was 3.47. In
the second interval (2005 to 2010) was 2.6 and in the third interval
the mentor needed an average of 2.79 casts to obtain correction,
featuring a plateau. The mentor evolution shows that the number
of casts per patient decreased as the experience increased over
time. (Table 2, Figure 2)

DISCUSSION

Clubfoot is a public health matter, affecting 200,000 children every
year in the world. The consequences when clubfoot is not treated
can be devastating and can cause a high social and financial
impact on patients, families and in the health care system.* Ponseti
method provides good results, is low cost and highly reproducible
when not modified."* However, close attention should be paid to
details. Incorrect casting can lead to complication as complex
clubfoot with requires even more specific and delicate treatment.
Learning curve for medical procedures involving surgeries was
designed for the United Kingdom’s Health Ministry by Hoper and
it has 4 main phases. First phase represents the beginning of
training; in the second phase the curve ascends, and the gradient
of this ascent indicates how quicky individuals’ performance
improves and may be a stepwise ascent as individuals learn
and master stages of complex procedure. Improvements in

Page 30f 5

Average number of casts per time of experience and per professional

- N W A 0o o N

o

From 2005 Professional 2

to 2010

From 2011
to 2015

From 2000
to 2005

Average with confidence interval

Professional 1

Figure 2. Average number of casts per length of experience and per
professional.

Measured outcome

Primary learning curve

— — - Secondary learning curve

Number of cases

Figure 3. Hopper learning curve. A: Training start, B: Ability to perform
the procedure competently and independently, C: Gain of professional
experience doesn’t change the final result, D: Plateau, E: Drop in per-
formance with advancing age.
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Many orthopedic procedures such as resurfacing hip arthroplas-
ties'® 7 and the treatment of hip dysplasia'® had described their
learning curve. The learning curves show that practitioners improve
their results and decrease complications as the experience increas-
es. The purpose of our study was to demonstrate the orthopedic
surgeon learning curve in the Ponseti method to treat idiopathic
clubfoot considering the number of casts, treatment time and the
correction progression according to the Pirani Score. We found that
in the beginning of practice both practitioners obtained correction
of the deformities in a similar way regarding number of casts, but
as the mentor became more experienced over time the number of
casts needed to obtain correction of the deformities decreased.
The mentor’s learning curve demonstrated that the number of casts
to correct the feet in the second interval (2005 to 2010) was fewer
than in the first interval (2000 to 2005), but was similar to the third
interval (2010 to 2015). It is possible to compare this curve to the
drawing of Hoper learning curve.'® The first interval as the coordinate
A, in the beginning of training the curve raises demonstrating the
gradually performance improvement as the practitioner learns and
masters treatment techniques. The second interval as coordinate B in
Hoper's learning curve drawing, when the practitioner is adequately
qualified and can perform the procedure independently and com-
petently. In the learning of the Ponseti Method, the alternative curve
between coordinates B and C that exhibits temporary deterioration
in performance after technical competence has been achieved may
represent the period in which the practitioner has already reached
technical competence and starts to make adaptations to the Ponseti
method, in addition to mixed and more complex cases. Mentors third
and last interval is represented by coordinate C, where additional
experience improves results in very small amounts, suggesting a
plateau on the learning curve (Figures 1 and 3). We can also infer
that the learning curve in the Ponseti method is a tool that helps the
training orthopedic surgeon self-evaluation.

The mentor’s evolution showed that the number of casts necessary
to obtain correction decreased as the gain of experience increased,
especially in the second interval five years after the beginning of
practice. This evolution characterizes the learning curve in the
Ponseti method to treat idiopathic clubfoot.

Both centers treated more than 50 clubfeet. The Ponseti International
Association (PIA) guidelines recommend as able to treat clubfoot
patients the professional who has treated at least 50 feet.?°
Conseqguences when not treating a congenital clubfoot can be devas-
tating. In ambulatory children, the deformity causes the child to walk
on the lateral border of their foot. The social, emotional and financial
consequences of non treated clubfoot are felt for a lifetime. 202!

The practice of many orthopedic procedures has already shown that
there is an improvement of results and reduction of complications
with the gain of experience.'®'® Considering the number of casts
per patient to obtain correction of deformities, both the mentor
(average of 3 casts per patient) and the trainee (average of 5 casts
per patient) managed to correct the deformities of clubfoot within
the number of casts changes suggested by Dr Ponseti.®22

The Pirani Score measure clubfoot severity visually, dynamic and
tactile and assists the orthopedic surgeon in the learning curve of
the Ponseti method.”

Indication for tenotomy is a corrected foot concerning forefoot
alignment and an abduction of 70° degrees. The equinus correction
through the subtalar joint is maximal, lacking only final degrees of
ankle dorsiflexion. The authors had performed tenotomy in 98%
of cases. No foot needed extensive surgery such as posterior or
posteromedial release.

The most important decrease of the Pirani Score for all patients
occurs from the first to the second cast and it’s associated with
the forefoot. Hindfoot deformities are the last to be corrected,
and the equinus usually is obtained only with the tenotomy of the
Achilles tendon.

There was no correlation between the severity of the Pirani score
and time until tenotomy, meaning that the greater severity of the
foot is not an indication that patient will need more casts until
correction.?*24 This is a relevant fact as the progression of correction
depends more on how the foot will answer to treatment than to
practitioner’s expertise.

Patient’s age, which often drives families away from less invasive
treatment and may be a demotivating factor for the orthopedic
surgeon to start the treatment, was not related to the number of
casts (patients age from 14 to 180 days old). This finding was also
observed by an European study comparing the success of the
Ponseti method in patients younger and older than 6 months old.?®
An American study demonstrated that there is no urgency in start
treatment in clubfoot newborn patients.'

Since 2016, PIA Brasil (Ponseti International Association affiliated),
team formed by a group of pediatric orthopedic surgeons concerned
with the correct diffusion and application of the Ponseti method,
joined a partnership with Rotary International and with a global
grant started a national training program. This was an educational
program that has already trained 50 orthopedic practitioners of the
Ponseti method in the mentorship model with the aim of improving
the technique and creating a net of reference centers throughout
the country. Differentials of the mentoring model include the close
mentor/ trainee relationship, hands-on practice, contact with patients
at various stages of treatment and case discussion with experienced
mentors. This may collaborate for acceleration of young practitioners
learning curves. This training program has already been replicated
in other countries in Latin America.

We suggest that administration support, parent’s groups support,
and mentoring model training are relevant in the learning curve of
the Ponseti method.

CONCLUSION

The experience of the orthopedic surgeon results in a shorter
treatment time and fewer cast changes, when three 5-year interval
times are analyzed, regardless foot’s side or severity and patient’s
age or gender. The Pirani Score also followed the same pattern,
characterizing Ponseti method learning curve.
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ABSTRACT

Introduction: The inability of the spinal cord to propagate sensory
and motor stimuli as a result of the disruption of the nerve tracts is
called spinal cord injury. Objective: This study analyzes clinically and
radiologically the hands and wrists of spinal cord injured patients,
evaluating their motor and sensitive functionality, in order to determine
if these patients are more likely to develop degenerative alterations.
Methods: 14 patients (8 paraplegics and 6 tetraplegics) were evaluated,
undergoing anamnesis and clinical examination - a scale of muscu-
lar strength (MRC - Medical Research Council) and the amplitude
measurement of the movement with a manual goniometer (ROM),
were used for objective evaluation - and x-ray exams. The results
were compared with pre-existing data from other studies. Results:
When asked, only one of the 14 observed patients complained about
constant wrist pain, described as level 3 (weak to moderate), based
on the visual analog scale (VAS). The motor evaluation, MRC and
ROM divided the group of patients into two subgroups: paraplegic
and tetraplegic patients. The x-ray analysis showed, based on Kellgren
and Lawrence classification, that all exam images fit grades 1 or 2 of
osteoarthritis and osteoarthrosis. Conclusion: In conclusion, spinal
cord injured patients showed none or minimal clinical and radiological
signs of osteoarthritis on hands or wrists. Overall, the hands and
wrists of spinal cord-injured patients behave similarly to noninjured
patients. Level of Evidence llI; Retrospective Comparative Study.

Keywords: Osteoarthritis. Pain. Muscle Strength.

RESUMO

Introdugéo: A incapacidade da medula espinhal de propagar estimulos
$ensoriais e motores como resultado do rompimento das vias nervosas
€ chamada de leséo da medula espinhal. Objetivo: Este estudo analisa
clinica e radiograficamente méo e punhos de pacientes lesados me-
dulares, avaliando fungdo motora e sensitiva, a fim de determinar se
estes pacientes estariam mais propensos a alteragbes degenerativas.
Meétodos: 14 pacientes (8 paraplégicos e 6 tetraplégicos) foram avalia-
dos, passando por anamnese e exame clinico - sendo escala de forga
muscular (MRC - Medical Research Council) e a medicéo da amplitude
de movimento com um goniémetro manual (ROM) foram utilizados para
analise objetiva - e radiografias. Os dados obtidos foram comparados
com literatura preexistente. Resultados: Quando questionados, apenas
um dos 14 pacientes observados referiu dor crénica nos punhos, descrita
como nivel 3 (fraca a moderada), baseada na escala visual analégica. A
avaliacdo motora, MRC e ROM dividiram 0s pacientes em 2 subgrupos:
pacientes paraplégicos e tetraplégicos. A analise radiogréfica mostrou,
baseada na classificagcdo de Kellgren e Lawrence, que todas as imagens
se encaixam nos graus 1 ou 2 de osteoartrite e osteoartrose. Concluséo:
Conclui-se, entdo, que pacientes lesados medulares apresentam nen-
huma ou minimas alteragées clinicas e radiologicas para osteoartrite ou
osteoartrose de punhos ou méaos. Ou seja, no geral, maos e punhos de
pacientes lesados medulares comportam-se como oS pacientes sem lesao
medular. Nivel de Evidéncia lll; Estudo Retrospectivo Comparativo.

Descritores: Osteoartrite. Dor. Forga Muscular.

Citation: Bittar CK, Perucci IF, Signorini DN, Mascarenhas MB, Silvestre OF, Cliquet Junior A. Clinical and functional evaluation of wrists and hands of
spinal cord injured patients. Acta Ortop Bras. [online]. 2024;32(1): Page 1 of 5. Available from URL: http://www.scielo.br/aob.

INTRODUCTION

The inability of the spinal cord to propagate sensory and motor
stimuli as a result of the disruption of the nerve tracts is called spinal
cord injury. Motor and sensory dysfunctions are observed in the
body segment below the level of the injury, affecting the locomotor
system, viscera and homeostasis of the body, by deregulating the
sympathetic nervous system.'?

They can be complete or incomplete, which implies the clinical
picture of the spinal cord injury, because in partial injury, muscle

groups and sensory areas may be preserved, while in total injury
there is total loss of these functions, and the entire body segment
below the injury is affected.

Spinal cord injury can be: tetraplegia, which consists of the loss of
motor and/or sensory function affecting both the lower and upper
limbs, trunk and pelvic organs, and paraplegia, which is the loss
of function of the thoracic, lumbar and sacral segments, including
the lower limbs.2
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The most frequent traumatic causes are gunshot wounds, auto-
mobile accidents, falls from heights, and diving in shallow water.
Non-traumatic lesions are tumors, infections, vascular changes,
congenital malformations, or degenerative or compressive pro-
cesses. In Brazil, traumatic spinal cord injuries are unknown, as
they are not reported, and it is estimated that the annual incidence
is approximately 40 cases/million in inhabitants, 'saian 135

Spinal cord injury represents an important disabling syndrome
since the sequelae become highly limiting in the physical and
socioeconomic spheres. Therefore, rehabilitation aims to reintegrate
him into the activities of society.5-8 vears

Orthopedic comorbidities are common and mainly affect the joints
of the upper limbs, especially paraplegic ones. They are considered
secondary to the increase in stress caused using these upper limbs,
as they are recruited to try to compensate for the lack of lower limbs;
Paraplegics use the strength of the upper limbs to move, either for
body transfer and accommaodation or for propulsion in a wheelchair
and walker. The upper limbs of patients with spinal cord injury are
recruited with greater frequency and strength when compared to
patients without spinal cord injury, which results in greater stress and
overload on these limbs. Studies indicate that the most important
pain complaints are from the shoulder, elbow, wrist and hand.®
This study highlights these comorbidities related to the wrist and
hand joints in paraplegic and quadriplegic patients and compares
clinical and radiological criteria with normality parameters in
the literature.

METHODS

The study was conducted at the spinal cord injury outpatient clinic
of the University Hospital, SP, Brazil, in 2020/2021 and approved
by the CAE ethics committee: 23257613.4.0000.5404.

A total of 14 patients were evaluated, eight paraplegic and six
quadriplegics, aged between 28 and 68 years (mean 45 years).
Of the patients, 12 were male and two were female. The ASIA test
was performed to classify spinal cord injuries. The ASIA of each
patient was related to the respective mechanism that led to the
spinal cord injury. First, a subjective evaluation was performed,
which consisted of a detailed anamnesis to evaluate complaints
associated with pain, and an inspection of the patients’ hands,
looking for deformities, calluses, and retractions.'34

Then, the sensory and motor evaluation of the patients’ hands and
wrists was performed bilaterally to determine the preservation of
certain functions of the median, radial and ulnar nerves. The patients
were separated into two subgroups, differentiating paraplegics (8
individuals) and quadriplegics (6 individuals).

The physical-motor examination seeks to identify lesions in the median
nerve, which result in paralysis or paresis of the muscles responsible
for hand abduction and the ability of the thumb to oppose or makes
it impossible or difficult to grasp between the thumb and the other
fingers of the hand. Injuries to the radial nerve, which cause difficulty
grasping objects as they affect the extension of wrists and fingers.
On the other hand, ulnar nerve injuries result in claw deformity in the
little and ring fingers (hyperextension of the metacarpophalangeal
joints and flexion of the interphalangeal joints).’"

To analyze the preservation of the sensory functionality of the supe-
rior peripheral nerves, we took into account the area of cutaneous
innervation of these nerves, where the radial nerve is responsible for
the cutaneous innervation of the lateral region of the dorsum of the
hand, dorsum of the thumb, proximal phalanges of the index and
middle fingers, and a large part of the posterior region of the arm
and forearm; cutaneous innervation of the lateral half of the palm,
palmar surface of fingers I-lll and half of the IV finger, and dorsal
surface of the middle and distal phalanges of the Il and Ill fingers and
lateral half of the IV finger; and, finally, the ulnar nerve, responsible

Acta Ortop Bras.2024;32(1):e264175

for the cutaneous innervation of the hypothenar eminence and the
medial region of the dorsum of the hand.!*™"

The superficial flexor, deep flexor, superficial extensor and deep
extensor muscles of the hand were analyzed using the MRC-Medical
Research Council as a parameter.'®

During the physical examination, the range of motion (ROM) was
measured using a goniometer to assess the angles of supination/
radioulnar pronation and flexion/extension and abduction/adduction of
the wrist. The values considered normal for joint range of motion are:"”
Supination and radioulnar pronation: 0°-90°

* Wrist flexion: 0°-90°

* Pulse extension: 0°-70

* Pulse abduction: 0°-20°

* Wrist adduction: 0°-45

Angular and mobility measurements were performed by manual
methods by three examiners. Each examiner performed three
measurements and the mean was. (Figures 1 and 2)

considered in relation to the 9 measurements performed, this one
was repeated for each angulation given by the manual goniometer.
This method was performed due to the lack of a digital goniometer.
The study used radiographic examinations of the wrist in the antero-
posterior and lateral positions for analysis and classification of the
stages of osteoarthritis to compose the radiographic analysis of the
patients. As exemplified below (both images are of the same patient):
The Kellgren and Lawrence system was used for the classification,
which, according to the appearance of osteophytes in the marginal
joints, periarticular ossicles or pseudocysts and joint reduction
associated with subchondral bone sclerosis and marginal bone
alteration, categorizes the radiological image and, consequently, the
osteoarthritis of the patients. According to Kellgren and Lawrence’s
classification, OA can be divided into the following categories:'®
0: no change, no osteoarthritis

1: some alteration may be found, indicating the onset of osteoar-
thritis, but without clinical repercussions

2: minimal and confirmed diagnosis of osteoarthritis, but minimal
severity

3: Moderate

4: Record

Figure 1. Anteroposterior view: radiographic image of the left and right
hand and wrist, respectively.

\
Figure 2. Lateral view: radiographic image of the left and right hand
and wrist, respectively.
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All analyses were performed bilaterally.

For the statistics, the data obtained according to these methods,
their maximum values, minimum values, standard deviation and
mean were considered.

RESULTS

Fourteen patients with a average age of 45 years (ranging from 28
to 68 years) participated in the study; 2 were female and 12 were
male. Level and characteristic, according to the ASIA standard
categorization, as well as the mechanism of this lesion, are described
in the table below. (Tabela 1)

ASIA “A") Complete Injury: Without preservation of motor and
sensory functions in the sacral segment S4-S5.

ASIA “B”) Incomplete Injury: Loss of motor function, but preserved
sensory function below the neurological level and includes sensitivity
of sacral segment S4-S5.

ASIA “D”) Incomplete Injury: Preserved motor function below
neurological level, and more than half of the key muscles below
neurological level have a strength grade of 3 or more.'

During the anamnesis, one patient interviewed reported constant
wrist pain, which he described as a level 3 pain (weak to moderate)
according to the Visual Analog Pain Scale. The other 13 study
participants reported no complaints of significant severity and
constancy regarding pain. Also, no relevant deformities such as
calluses and retractions were observed.™

Then, the physical examination was performed to evaluate the
preservation of peripheral nerves of the upper limbs, following the
distinction made between paraplegic and paraplegic patients.
Among the paraplegic patients, only one of the eight patients
observed presented some functional limitation, and a functional
dysfunction was described only in the median nerve. For the group
of quadriplegic patients, it was not possible to identify any level of
functionality and preservation of these nerves, not having any type
of movement or sensibility.

About the Muscle Strength Evaluation Scale (MRC-Medical Re-
search Council), it is important to separate the patients into groups.
For the paraplegic patients, the following averages were found.
(Tabela 2)

In contrast, as already observed in the previous analysis, those
quadriplegic patients presented mean, and standard deviation, 0
(zero) in the muscle strength evaluation, showing no evidence of
muscle contraction - an expected characteristic due to the high
spinal cord injury.

Table 1. The spinal cord injury is classified according to the international
standardization determined by the American Spinal Injury Association-ASIA.

Then, the measurement of range of motion (ROM) was analyzed,
with the goniometer as an instrument. Again, since this is an analysis
of the active hand positioning ability, the data obtained for the
quadriplegic patients were 0 (zero), mean and standard deviation.
For the paraplegic patients, the results of the averages obtained
were as follows. (Tabela 3)

Finally, radiographic examination was performed to investigate OA
in these patients, which indicated the following results described
below. (Tabela 4)

Among the patients analyzed, radiographs showed that from the
total of 16 wrists and hands belonging to the paraplegic group,
81.25% fit OA stage 1 and 18.75% stage 2. For the quadriplegic
group, the analysis showed a sample of 50% with OA stage 1, and
the rest of them were classified as OA stage 2. A total of 12 wrists
and hands of quadriplegic patients were counted.

DISCUSSION

The objective of this study was to carry out, through the methodol-
ogies presented, a functional and motor evaluation of patients with
spinal cord injury and to try to compare whether their daily activities,
with the use of wheelchairs and repetitive movements, favored the
development of osteoarthritis; To evaluate the relevance of the
data obtained to confirm whether, in fact, the use of wheelchairs
in patients with spinal cord injury favored the development of joint
problems in the wrists and hands.

Table 2. MRC-Medical Research Council (0) Absence of contraction; 1)
Outline of muscle contraction; 2) Active movement, but not overcoming
gravity; 3) Active movement against gravity; 4) Active movement against
gravity and with resistance; 5) Complete mobility, overcoming additional
resistance.'s

Muscles Averages M?/);IT: " MIC:IT: " Stapdgrd
MRC MRC MRC deviation
Left flexor superficialis 4.8 5 4 0,44
Right flexor superficialis 5 5 5 0
Left flexor profundus 48 5 4 0,44
Right flexor profundus 5 5 5 0
Left extensor superficialis 4.8 5 4 0,44
Right extensor superficialis 5 5 5 0
Left extensor profundus 4.4 5 3 0,89
Right extensor profundus 4.4 5 3 0,89

Table 3. The normal values for joint range of motion are: radio-ulnar

ASIA injury mechanism supinatiorj and prorlwation: O°—90°;Iwrist flexipn: 0°-90°; wrist extension:
- 0°-70°; wrist abduction: 0°-20°; wrist adduction: 0°-45°."7
C3A falfrom height Angulation Standard
CaA car accident Measure Average Deviation
Cc48 car accident Left radioulnar supination 88,4° 1,81
C5A shallow water diving Right radioulnar supination 87,2° 4,08
CeB gunshot wound Left radioulnar pronation 86,8° 4,43
ceB shallow water diving Right radioulnar pronation 86° 4,18
T4A car accident Left wrist flexion 75,2° 1154
T4B gunshot wound Right wrist flexion 77° 13.85
T7A fall from height Left wrist extension 62,6° 11,58
T7A fall from height Right wrist extension 56,8° 5,89
T7A car accident Left wrist abduction 33,8° 15,56
T8A car accident Right wrist abduction 34,6° 12,05
T8D spinal cord infarction Left wrist adduction 56,2° 10,75
T12A car accident Right wrist adduction 55,2° 9,80
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Table 4. Kellgren-Lawrence Arthrosis Rating Scale - 0) None; 1) Question-
able 2)Minimal; 3)Moderate; 4)Severe.'®

Patient asia | Years of age | Osteoartrite XR left | Osteoartrite XR right
T8A 36 1 1
T7A 68 1 1

T12A 28 1 1
T8D 61 1 1
T4B 29 1 1
C4B 58 2 1
C4A 50 2 2
C3A 42 2 2
T7A 42 2 2
C5A 35 2 1
C6B 35 1 1
T7A 43 1 1
T4A 55 1 2
C6B 52 1 1

Most of the patients were male, young adults, with equal distribution
in relation to the height of the lesions and different mechanisms
for these lesions.

With the results obtained, it was possible to perceive that patients
with spinal cord injury have mild or absent clinical and radiographic
alterations in the wrists and hands. Among the patients analyzed,
only 32.14% had signs of osteoarthritis (category 2), and the re-
mainder were classified as category O or 1 osteoarthritis, which
presented mild alterations, without a definitive diagnosis and without
clinical repercussions worthy of note.

In the functional and motor evaluations carried out during the
development of the research, the following will be discussed:

In the anamnesis, only one of the patients reported complaints
associated with pain, such as inflammatory pain, or worsening
at rest and with some morning stiffness, which improved after 30
minutes of movement. The remaining patients did not complain
of significant pain.

Inthe motor physical examination, the objective was to identify lesions
of the median, radial and ulnar nerves, the results found corroborated
findings in the literature. The clinical findings were consistent with
those expected for the ASIA examination, which is the characteristic
and height of the spinal cord injury, as described by Mazurek, Michael
T.MD et al (2001) and Maynard FM Jr et al (1997).141

According to the authors, during the physical examination, the
preservation of the sensory function of the superior peripheral
nerves was analyzed, as well as in the motor evaluation, the sensory
results obtained did not diverge from those expected, as described
by Mazurek, Michael T.MD et al (2001) and Maynard FM Jr et al
(1997). The clinical findings were consistent with those expected
for the disease, as indicated by the existing literature, i.e., the
characteristic and height of the spinal cord injury.'*1

James, M. A. (2007) postulated in relation to the “Muscle Strength
Rating Scale (MRC-Medical Research Council)”, important for the
diagnosis of weakness the study showed that the highest scale ob-
served was 5, corresponding to the normal parameters of force against
the gravitational force and the applied resistance, and the smallest
scale was 3, which demonstrates active movement against the force
of gravity, but not overcoming the added resistance. In patients
with a scale below 5, the results were consistent with the ASIA, i.e.,
the characteristic and height of the spinal cord injury, and there was

no correlation between the change in the behavior of the functional
status and muscle strength with the objective of the research. In the
quadriplegics, the mean and standard deviation were 0 (zero) in the
evaluation of muscle strength, with no evidence of muscle contraction
- a characteristic expected due to the high spinal cord injury.'6™
Wrist goniometry, an evaluation technique used to determine the
range of motion restrictions of these patients. As previously noted,
the analysis of all patients is within normal range of motion values.
We did not observe any representative alteration in the reduction
of joint mobility in the patients studied, with the exception of the
quadriplegic group, which, as it was an analysis of the ability to
actively position the active hand, the data obtained for the quad-
riplegic were 0 (zero), mean and standard deviation. Therefore,
during the evaluation, the results on range of motion also did not
diverge from the expected results, according to data found by
Marques, Amélia Pasqual (2003) and Maynard FM Jr et al (1997).
The clinical findings were consistent with those expected for ASIA,
i.e., the characteristic and height of the spinal cord injury.'*"
Radiographic analysis of these patients was performed in order to
look for any sign indicative of osteoarthritis and to use it as a com-
parison with the clinical data previously obtained. The classification
of wrist osteoarthritis, therefore, indicated that, of the 28 radiographs
analyzed, 67.86% of the cases fell into categories 0 and 1, i.e., no
radiographic alterations or, at most, minimal alterations, without a
closed diagnosis of osteoarthritis or any clinical repercussion. The
remaining 32.14% fall into stage 2, i.e., with evidence of osteoarthritis,
but of low grade.'®"

It is noteworthy that most of these patients are extremely debil-
itated, one of the possible causes of osteoarthritis can facilitate
the development of preventive strategies, seeking to improve the
quality of life of these individuals. Delaying or preventing the onset
of osteoarthritis requires lifestyle changes that can minimize more
serious clinical problems, especially in patients with spinal cord
injury, in whom the approach is more complex, since therapeutic
resources are scarcer and not always accessible.'%20am

The importance of this study lies in the use of this material as an
object of analysis for other research related to the theme, thus
serving as a comparative support for the composition of other
research in the area.

Some limitations were: angular and mobility measurements were
performed by the manual method, which was used due to the lack of
adigital goniometer. No study on the hand and wrist pattern in spinal
cord injury was found in the literature. This paucity of publications
suggests that more studies are needed to define standards and
compare different treatments for this group of patients.

CONCLUSION

We conclude that the use of wheelchairs and repetitive movements
in patients with spinal cord injury does not favor the development
of high degrees of osteoarthritis. The evaluations and tests applied
to 14 patients with spinal cord injury show that the results followed
the normal standard, with the exception of the quadriplegic group,
in which the evaluations could not be performed due to the inability
to perform and measure range of motion, muscle strength and
nerve preservation.

The rest of the patients did not present significant alterations that
express a relationship between the use of wheelchairs and the
development of osteoarthritis. Therefore, the wrists and hands of
these patients behave similarly to uninjured individuals.
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ABSTRACT

Obijective: This study aims to evaluate aspirin as a chemical pro-
phylaxis (200 mg) in total hip arthroplasty. Methods: the study
compared two groups and used ultrasonography (USG) to screen
for low-deep venous thrombosis. Group 1 received 600 mg (control),
and Group 2 received 200 mg of (intervention), associated with the
use of elastic compression stockings and early walking Results:
fourteen patients were allocated to Group A (200mg), and 16 to
Group B (600mg); in group A (200mg), 3 cases with thrombus below
the popliteal vein were detected at the first USG examination. All
of them are in the left lower limb (21.4%). In group B (600 mg), 5
cases were identified after the first exam (31.2%). All cases were
asymptomatic and followed the protocol with prophylaxis only
with Aspirin. Conclusion: In the statistical data, there were no
differences in the presence of thrombus between the 200- and
600 mg groups, which is credited to using low-dose aspirin in low
doses (200mg). Hematimetric levels returned to baseline levels
and suggested there was no chronic or acute bleeding related
to the use of aspirin. The manuscript was prepared according to
the CONSORT guideline 2010. Level of Evidence I; Longitudinal
Randomized Comparative Clinical Study.

Keywords: Disease Prevention. Thromboembolism. Total Hip
Replacement. Aspirin.

RESUMO

Objetivo: Este estudo pretende avaliar a aspirina como profilaxia
quimica (200 mg) na artroplastia total do quadril. Métodos: estudo
comparando dois grupos com diferentes doses de aspirina e uti-
lizando a ultrassonografia (USG) para rastreamento da trombose
venosa profunda baixa. O grupo 1, 650 mg ao dia de aspirina
(controle) e o grupo 2, 200 mg de aspirina ao dia na mesma poso-
logia (intervengéo) e associados ao uso de meias elasticas de
compresséo e deambulagdo precoce. Resultados: quatorze paci-
entes foram alocados no grupo A (200 mg) e 16 no grupo B (650
mg). No grupo A foram detectados 3 casos com trombos abaixo da
veia poplitea ao USG sendo 21,4% . Ja no grupo B, 5 casos foram
identificados apds o primeiro exame (31,2%). Todos assintomaticos
e sem sinais de sangramento ativo ou queda da hematimetria no
momento da detec¢do dos trombos. Conclus&o: os dados sugerem
n&o haver diferenca na incidéncia de trombo em ambos 0s grupos,
néo sendo a profilaxia com a aspirina dose-dependente. Os niveis
hematimétricos retornaram aos niveis iniciais o que sugere ndo
ter havido sangramento crénico ou agudo relacionado ao uso.
Nivel de Evidéncia I; Estudo Clinico Randomizado Longitudinal
Comparativo.

Descritores: Prevengéo de Doengas. Tromboembolia. Artroplastia
Total do Quadil. Aspirina.

Citation: Lins RC, Filho ER, Lima YA, Moura RRS. Randomized clinical trial of aspirin as prophylaxis for thromboembolism in hip arthroplasty. Acta
Ortop Bras. [online]. 2024;32(1): Page 1 of 4. Available from URL: http://www.scielo.br/aob.

INTRODUCTION

Knee and hip joint reconstruction increase exponentially each year.
Joint replacement gives a great improvement in life quality. The level
of activity for elderly patients and the improvement in the quality of
implants are factors that explain the high demand."2 In the United
States, more than 600,000 arthroplasties are performed per year.?
Among the complications of joint replacements, infections and
thromboembolic events are the most feared. The presence of

assimptomatic thrombus in vessels distal to the popliteal vein
is estimated between 20 and 30%; however, there’s no need
treatment and prophylaxis must be maintained."#4% Simptomatic
deep venous thrombosis may reach an incidence close to 5% and
pulmonary thromboembolism, up to 2% in such patients.”® he ideal
drug for the prophylaxis of thromboembolic diseases needs to be
highly effective, accessible in dosage and low cost with low risk of
postoperative bleeding. There is still no consensus regarding the
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drug or their ideal dose, and protocols vary between services. Until
2001, when routine prophylactic chemical measures were instituted
for arthroplasties, the incidence of deep venous thrombosis and
thromboembolic diseases could reach up to 30%."37 Currently, the
use of prophylactic measures alone or in association has reduced
the incidence close to 2%.

Prophylaxis methods can be divided into chemical or mechanical.
Chemical prophylaxis such as warfarin, aspirin, low molecular
weight heparin, factor Xa inhibitors and can be used alone or
in association with mechanical prophylaxis through the use of
pneumatic compression systems in the immediate postoperative
period, as well as the early walking in the first 24 hours.?¢° On the
other hand, the use of such substances can cause bleeding of
variable magnitude in the postoperative period, requiring a new
surgical approach and, therefore, the dose to be administered also
becomes a concern for surgeons.*®

Another issue with no consensus is the period of use of chemical
prophylaxis which, according to the protocols, can be from 3 to 35
days or even just for the period of hospitalization. In a meta-analysis
published in 2020, Gulraj et al. evaluated 13 randomized clinical
studies on the use of aspirin associated or not with other drugs, all
with different protocols of drugs and doses.® The time of appearance
of signs and symptoms of deep venous thrombosis or pulmonary
thromboembolism ranges from 21 to 34 days postoperatively.*®
The ideal prophylaxis method should have a low incidence of
thromboembolism, as well as postoperative bleeding, and be used
for a short period of time.

METHODS

The study was carried out with 30 patients, all operated on at the
orthopedics service of Hospital das Clinicas from May 2019 to May
2021. Goldman grade | or Il, without contraindications to the use
of aspirin. Patients classified as medium or high risk for thrombo-
embolic disease were excluded, as well as patients with recent
episodes of gastrointestinal bleeding, acute myocardial infarction,
use of anti-platelet aggregation agents, hip revision surgeries,
previous hematological diseases, chronic use of corticosteroids.
Patients who met the inclusion criteria were operated on by the
main researcher, using the same surgical approach. The implant
used was a complete metal prosthesis with transoperative use of
tranexamic acid. After the procedure, the patients were sent to the
post-anesthesia recovery room with guidance on the immediate
use of elastic compression stockings and with Aspirin scheduled
to start 12 hours after the end of the surgery. Patients were divided
into two groups by the assistant researcher and blinded to the main
examiner. For group A, dose of 300 mg was given twice a day. The
period of use was 30 days. Group B received only 200mg twice a day
in two doses for 30 days. The patients were randomly distributed
by the assistant researcher in a 1:1 ratio, with identification of the
dosage used only at the end of the second USG doppler exam,
after the sixth week in the end of the postoperative follow-up.

The patients were discharged from the hospital with orientation to
use the medication at a dose of 200 or 600mg per day and, in the
first postoperative week, were referred to the radiology outpatient
clinic of the same hospital for the first ultrasound examination
with Doppler flowmetry of the lower limbs for research purposes:
thrombus below the popliteal vein. This examination was carried
out by two radiologists participating in the research and in case of
asymptomatic thrombus, prophylaxis was maintained for the same
period. In the cases of patients identified as having a thrombus and
symptomatics or signs suggestive of thromboembolic disease, the
therapeutic would be adopted instead of the prophylactic one . The
patients were instructed to return for the second USG examination
with Doppler flowmetry and a new medical review in the sixth week,

Acta Ortop Bras.2024;32(1):e272229

under the same criteria previously adopted for the diagnosis and
treatment of thromboembolic diseases.

The presence of the thrombus below the popliteal vein confirmed
by the 2 radiologists present in the study was analyzed as a dichot-
omous variable as the primary objective of the study. Hematocrit
and hemoglobin data before, immediate and late postoperative,
in addition to the symptomatological questioning were considered
for the evaluation of bleeding due to aspirin use as a secondary
objective of the study.

Data were stored using a Microsoft Excel 2010 spreadsheet and
analyzed using STATA/SE 12.0 software. The tests were used
with 95% confidence and the results presented in tables with their
respective frequencies. Numerical variables are presented with
measures of central tendency and dispersion. For quantitative
variables, the Kolmogorov-Smirnov test was used. The chi-square
test and Fisher’s exact test and Student’s t test were applied to
categorical variables for variables with normal distribution. As for
the variables that did not comply with the normality tests, they were
submitted to the Mann-Whitney test for comparison with groups
with normal distribution.

The study was approved by the Research Ethics Committee of
the Health Sciences Center (CCS) of the Hospital das Clinicas at
UFPE and the National Research Ethics Committee (CONEP) and
the Ministry of Health under CAAE number: 66155517.2.0000.5208.
Obtaining the term of free and informed consent was carried out
by the main researcher, consisting of the steps of resolution 466/12
of the Ministry of Health — Brasil

RESULTS

From May 2019 to May 2021, a total of 30 patients underwent the
total hip arthroplasty procedure, according to the inclusion criteria,
14 in group A (200mg) and 16 in group B (600mg) randomized in
a 1:1 ratio and blinded to the main examiner. Nineteen (63.3%)
were female and 11 (36.7%) were male (p= 0.389). Table 1 Age
ranged between 18 and 71 years old with a mean of 49.2 + 12.8.
Nineteen (63.3%) surgeries were performed on the right hip and
11 on the left hip (36.7%) with no simultaneous bilateral surgery
(p= 0.919). Moore access was performed in all cases and two
patients in group B required blood transfusion in the immediate
postoperative period (12.5%) due to a drop in blood count below
10g/dl of hemoglobin or 30% of hematocrit. However, there was
no statistically significant difference. (p=0.485).

The etiological diagnosis was distributed among mechanical causes
with 19 cases (63.3%), six from autoimmune diseases (20%) and 5
cases, idiopathic Aseptic Necrosis of the Femoral Head (16.7%).

Forthe presence of a thrombus detectable on ultrasound examina-
tion with Doppler flowmetry, the patients were divided in groups A
and B, with the first examination being performed with a mean time
of 7.1 days +_ 1.4 for the first group and 5+_ 1.3 days for group B
respectively (p = 0.001), with no statistical difference between the
mean time for both. (Table 2)

In group A (200mg) 3 assynptomatic cases with thrombus below
the popliteal vein were detected at the first USG examination with
Dopplerflowmetry, all in the left lower limb (21.4%). In group B
(600 mq), 5 aassymptomatic cases were identified after the first
exam, 2 in the right lower limb and 3 in the left lower limb (31.2%).

Table 1. Gender distribution between groups A (intervention) and B
(control).

Variable Group A Group B p -value
Genre a(%) a(%)
Female 10 (71.4) 9(56.2 0.389"
Male 4 (28.6) 7 (43.8)
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All cases were asymptomatic and without signs of active bleeding or
drop in blood count at the time of thrombus detection and therefore
followed the protocol with prophylaxis only with Aspirin in the same
dosages already in use. The presence of a thrombus identified by
one examiner was confirmed at the same time in a consecutive
examination by the second radiologist.

After the sixth postoperative week, the patients came back for the
second USG examination with Doppler, after the 30-day period of
medication use had ended. In group A, 3 assymptomatic patients
(21.4%) with thrombus below the popliteal vein were identified, 1 in
the right lower limb and 2 in the left lower limb. (Table 3) In group
B, two assymptomatic patients (12.6%) had a thrombus diagnosis
confirmed by two radiologists. No patient had clinical signs or
symptoms of thromboembolic disease.

For the hematimetric quantitative variables (hematocrit and he-
moglobin), the results were submitted to the Kolmogorov-Smirnov
Normality test and Student’s t tests were applied when the nor-
mality pattern was observed. Values are shown in graphs 1 and
2 and no significant differences were observed between groups
(p> 0.05). (Figures 1 and 2) There were no gastrointestinal complaints
of patient-detectable bleeding or surgical wounds in either group.
The relative incidence of thrombi detectable at the first test in both
groups (30 patients) was 7 patients and one of them had a positive
bilateral test (23.3%). After performing the second imaging exam

Table 2. Incidence of thrombus identified on usg 1 (4-7 days post op).

USG 1 MID
Group A Group B
Yes 0(0.0) 2 (12.5) 0.485™
No 14 (100) 14 (87.5)
USG 1 MIE
Group A Group B
Yes 3(21.4) 3(18.8) 1,000™*
No 11(78.6) 13(81.2)

Table 3. Incidence of thrombus by groups after USG 2 (6 weeks).

USG 2 MID
Group A Group B
Yes 1(7.1) 1(6.3) 1,000
No 13 (92.9) 15 (93.7)
USG 2 MIE
Group A Group B
Yes 2(14.3) 1(6.3) 0.586™
No 12 (85.7) 15(93.7)
(*) Chi-Square Test (**) Fisher's Exact Test.
7
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Figure 1. Measured hemoglobin value curve.
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Figure 2. Pre, immediate post and late post hemoglobin curve.

to detect a thrombus below the popliteal vein, only one new case
was diagnosed in group A (3.3%). Two positive exams in the first
evaluation were not identified again in the second exam, suggesting
thrombus reabsorption. There was no record of bleeding from the
surgical wound, gastrointestinal complaint or report of change in
stool color suggesting gastrointestinal injury.

Among the 8 patients who presented positive exams, five had
rheumatic diseases as etiological diagnosis (62.5%), which sug-
gests, as a post-horc observation, an association between venous
thromboembolism and diseases of the autoimmune system.

DISCUSSION

In 1977 Harris et al. published a prospective study comparing
aspirin with placebo in 95 patients undergoing total hip arthroplasty
and found an incidence almost 3 times higher in the second group
(p< 0.03).° The diagnosis, at the time, was made through contrast
radiography of the lower limbs (phlebography). Two years before
Zekert et al. identified a significant reduction in necropsy studies of
patients who underwent orthopedic surgery and used some drug
as prophylaxis of thromboembolic diseases.! Historical studies
have already suggested a high incidence of thromboembolic events
and the need for chemoprophylaxis in patients undergoing major
orthopedic procedures involving the hip joint. However, ther’s no
a gold standart fot this solution.

The present study corroborates protocols adopted in some coun-
tries such as the United States of America, where the American
Association of Orthopedic Surgery (AAOS) (lit), suggests the use of
aspirin with level of evidence 1b according to GRADE. In this same
guideline developed and published together with the American
Academy of Hematology in 2019, the AAOS suggests the association
of chemoprophylaxis with mechanical methods such as elastic
compression stockings or pneumatic compression pumps for the
lower limbs.

In a Chinese study, Zhou et al studied the incidence of venous
thromboembolism using Doppler ultrasonography prospectively in a
total of 120 randomized patients. There was no statistically significant
difference between the aspirin and low molecular weight heparin
groups. Both associated with mechanical prophylaxis (p = 0.05)."
On the other hand, British works, as well as the National Institute
for Health and Care Excellence (NICE), in the last update in 2018,
do not recommend aspirin as the drug of first choice for patients
undergoing major orthopedic procedures, despite being this rec-
ommended conduct with a low level of evidence, with a persistent
lack of consensus regarding the ideal drug and duration of use.™
In addition ,a uniform protocol in centers around the world, the dose
of aspirin to be used also becomes a variable without conclusive
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studies. Parvizi et al demonstrated in a 2021 study the effectiveness
of aspirin in major orthopedic surgeries in more than 5000 patients
studied at a dose of 325mg twice a day.'* On the other hand, when
reducing the dose, the same author published a randomized clinical
trial showing the efficacy of aspirin at a dose of 81mg a day in 2009.'
For the results presented in this study, there was no statistically
significant difference between the groups that received doses of
600mg or 200 mg daily for 30 days. None of the patients identified
through the USG examination with Doppler developed symptoms
due to the presence of the thrombus in veins below the popliteal.
As for the variable presence of clinical signs of gastrointestinal tract
bleeding, there was no record of a significant drop in hemocrit or
hemoglobin with recovery of preoperative levels after 6 weeks of

study, even with the use of aspirin. Some studies show an increased
incidence of gastrointestinal bleeding, such as that by Arboy et al.
Published in 2020 showing a slightly higher relative risk in patients
using aspirin.'®

Obviously there is a bias in the number of cases with 30 patients,
requiring larger and multicenter studies to establish a standard
protocol. The COVID-19 pandemic greatly slowed the progression
of the study by suspending surgical procedures. The post horc
observation of the high incidence of thrombus detectable by USG
in patients with rheumatological diseases draws attention to the
association between this variable and the non-use of aspirin for
these patients. However, studies need to be directed in this direction
in order to raise evidence on the subject.
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ABSTRACT

Objective: Demonstrate whether a multiprofessional Clinical Pathway
Program in Total Knee Arthroplasty (CPPA) contributes to optimizing
hospital care. Method: Retrospective study of medical data of care
indicators in 310 patients divided into two groups: A- who underwent
arthroplasty in the last biennium before the introduction of the
CPPA (n=144) and group B- who underwent TKA in the biennium
after the introduction of the CPPA (n=166). Results: Postoperative
showed a significant difference in favor of group B over group A for
hospitalization time in days 4.33 = 2.79 and 5.4 = 1.67 (p<0.001),
time of prophylactic antibiotic in hours 28.13 = 33.77 and 81.49 =
40.91 (p<0.001), referral to the intensive care unit 40.9% and 73.4%
(p<0.001), initiation of thromboprophylaxis within 24 hours 97.9%
and 82.5% (p<0.001), use of elastic stockings and/or intermittent
compression prescribed for thromboprophylaxis 89.5% and 31.2%
(p<0.001), initiation of rehabilitation within 24 hours 90.1% and 66.1%
(p<0.001), readmissions within 30 days 4 .1% and 3% (p = 0.76),
readmissions 90 days 2.7% and 6.6% (p = 0.183), transfusions
5.5% and 15.2% (p = 0.033). Conclusion: The implementation of a
multiprofessional CPPA contributed to the implementation of care
protocols, favoring greater patient safety. Level of Evidence lli;
Retrospective Comparative Study.

Keywords: Arthroplasty, Replacement, Knee. Managed Care
Programs. Quality of Health Care.

RESUMO

Objetivo: Demonstrar se um Programa de Cuidados Clinicos multi-
profissional em Artroplastia Total de Joelho (PCCA) contribui para a
otimizagdo assistencial hospitalar. Método: Estudo retrospectivo em
prontuarios de indicadores assistenciais em 310 pacientes divididos
em dois grupos: A- submetidos a artroplastia no ultimo biénio anteces-
sor a introdugao do PCCA (n=144) e grupo B- submetidos a ATJ no
biénio apds a introducéo do PCCA (n=166). Resultados: Indicadores
pos-operatdrios mostraram diferenga significativa a favor do grupo B
sobre 0 grupo A para tempo de hospitalizagéo em dias 4,33 £ 2,79 e
5,4 + 1,67 (p<0,001), tempo de antibiético profilatico em horas 28,13 =
33,77 e 81,49 = 40,91 (p<0,001), encaminhamento para unidade de
terapia intensiva 40,9% e 73,4% (p<0,001), inicio da tromboprofilaxia
dentro de 24h 97,9% e 82,5% (p<0,001), uso de meias elasticas e/
ou compressao intermitente prescritos para tromboprofilaxia 89,5%
e 31,2% (p<0,001), tempo para iniciagéo da reabilitacdo em 24h
90,1% e 66,1% (p<0,001), readmissées em 30 dias 4,1% e 3% (p =
0,76), readmissées 90 dias 2,7% e 6,6% (p = 0,183), transfusées
5,6% e 15,2% (p = 0,033). Concluséo: A implementacéo de um
PCCA multiprofissional contribuiu para o cumprimento dos protoco-
los assistenciais favorecendo maior sequrancga para 0s pacientes.
Nivel de Evidéncia Ill; Estudo Retrospectivo Comparativo.

Descritores: Artroplastia do Joelho. Programas de Assisténcia
Gerenciada. Qualidade da Assisténcia a Saude.
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Bras. [online]. 2024;32(1): Page 1 of 5. Available from URL: http://www.scielo.br/aob.

INTRODUCTION

Total knee arthroplasty (TKA) is the gold standard therapeutic
procedure and widely performed for the treatment of gonar-
throsis.”® It is noteworthy the exponent growth of this surgery,
which is accompanied by an increase in clinical complications
associated with large additions of financial resources, a fact that
adds relevance to the care issue in order to mitigate the risks
involved in these surgeries.?”

In this context, in order to amplify the therapeutic standardization
and optimization of the best medical practices, the Clinical Pathway
Programs in Arthroplasties (CPPA) in which multiprofessional teams
are trained and monitored to execute institutional care protocols
are presented as an alternative for hospital management.'8:°

A CPPA aims to guide, monitor and generate action plans for
health care based on scientific evidence within the culture of a
health institution.
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The objective of this study is to assess whether the implementation
of a CPPA under the guidance of the Joint Commission International
(JCI) can increase the safety of care for patients undergoing total
knee arthroplasty.

MATERIALS AND METHOD

The retrospective study of patients records analysis was carried out
at our Hospital after approval by the Research Ethics Committee
(number CAAE 61212716.0.0000.0060). The patients were divided
into two groups: Group A (GA) patients who underwent TKA in the
last biennium prior to the introduction of CPPA (2013-2014), and
Group B (GB) patients who underwent TKA in the last biennium
after the start of the CPPA without the impact of the Covid-19
pandemic (2018-2019).

The care indicators identified in the medical records were estab-
lished and required by the JCI for the CPPA, as follows:

* length of hospital stay (LOS);

» administration of antibiotic prophylaxis (ATBp) — interval 60min
to 05min before the start of surgery;

* suspension of ATBp within 24 hours;

* average ATBp administration time;

* initiation of prophylaxis for deep vein thrombosis (DVT) within
24 hours postoperatively;

* use of adjuvant methods for prophylaxis DVT- intermittent pneu-
matic compression device (IPCD) and/or compression stockings (CS);
* immediate postoperative care location: Intensive Care Unit (ICU)
or Inpatient Unit Care (IUC);

* time to start postoperative physical therapy rehabilitation;

* time to start the postoperative gait;

* readmissions 30 days after surgery;

* readmissions at 90 postoperative days;

* blood transfusion;

All indicators were identified by a single researcher with absolute
anonymity of the samples, thus excluding the need to apply the
written informed consent form of the participants.

In addition to the care indicators presented, the population profile
was also compared between the groups through: age, sex, laterality,
body mass index (BMI) and Physical State Classification of the
American Society of Anesthesiologists (ASA).

All patients who underwent primary unilateral TKA were included
in the study. Patients in both groups whose medical records did
not contain all the information for the indicators defined for the
study were excluded.

Statistical analysis

The indicators referring to the patients as well as the care perfor-
mances of the CPPA were presented through categorical variables
described in absolute and relative frequencies, and through numeri-
cal variables, described by the mean, standard deviation, median
and quartiles. For the comparative statistical analysis between the
data obtained from the studied groups, the Fisher’s Exact test and
the Mann-Whitney test were used.

The tests used a significance level of 5% and the analyzes were car-
ried out with the help of the statistical software R (R Core Team-2021).

RESULTS

Atotal of 168 patients were identified in group A (GA), two of which
were excluded, resulting in a final sample of 166 patients. In group
B (GB), 146 patients were identified, two of which were excluded,
resulting in 144 patients, totaling 310 patients evaluated.

The comparative population analysis between the groups showed
no statistically significant difference for age (p = 0.896), sex (p =
0.529), laterality (p = 0.374), BMI (p = 0.881) and ASA (p = 0.076).

Acta Ortop Bras.2024;32(1):e269506

Female patients were more prevalent in both groups (74% in GA
and 69% in GB). The mean age, BMI and ASA were 69 years old,
29.8 Kg/m2 and 2 in AG, and 70 years old, 29.8 Kg/m2 and 2 in
GB, as shown in Table 1.

Regarding the management of preoperative ATBp induction, it was
not statistically different (p = 0.259) since 97.5% of the GA patients
and 97.7% of the GB patients received the medication within the
time interval between 60 and 5 minutes prior to the surgical incision,
with cefuroxime being the most widely administered medication.
Regarding the extension period of ATBp, approximately 2% of the
patients in the GA and 91% of the patients in the GB discontinued
the use of antibiotics within 24 hours after the end of the surgery
(p < 0.001). The mean post-surgical ATBp extension time was 81.4h
in GA and 28h in GB, with statistical significance of p < 0.001, as
shown in Table 2.

For the pharmacological thromboprophylaxis indicator started
within 24 hours of the end of surgery, a significant improvement was
observed in GB (p = <0.001), with enoxaparin being the most used
drug in both groups. It was observed that in GB the association
of adjuvant mechanical methods in the lower limbs was present
in 31.2% of the GA and in 89.5% of the GB (p < 0.001). (Table 2)
The beginning of physical therapy rehabilitation showed results
with a wide care difference in relation to the groups, since in the
GA 66.1% of the patients started rehabilitation activities on the
first postoperative day while in the GB 90.1% received assistance
in the same period (p. < 0.01). The beginning of gait also showed
positive results, as in the GA only 7% of the patients walked on
the first postoperative day, while in the GB 63.8% performed gait
training in the same period (p < 0.01). (Table 3)

The percentages of readmissions at 30 and 90 days did not show
significant statistical differences (p = 0.76 and p = 0.183), however, it
was observed in the GA that 9.6% of patients (01 cellulitis, 01 wound
debridement, 01 debridement surgery, 01 extensor mechanism
rupture, 03 suspected DVT, 07 arthrofibrosis, 01 urinary infection, 01
patellar dislocation) and in GB 6.9% of patients (01 transient ischemic,
01 dehydration, 01 urinary infection, 02 arthrofibrosis, 01 drainage
hematoma, 02 incision debridement, 01 surgical debridement, 01
erysipelas) required hospital care after surgical discharge. (Table 3)
The number of blood transfusions was significantly different between
the groups (p = 0.033). In GA 15.2% of patients and in GB and
5.5% in GB required this therapy. (Table 3)

Table 1. Indicators and comparative statistical analysis of population
epidemiological data from groups A (GA) and B (GB). Body Mass Index
(BMI), American Society of Anesthesiologists Physical Status Classification

(ASA), Total Knee Arthroplasty (TKA).
Before CPPA After CPPA
€ (‘r’l; ) (:= 11 Total (n=310) | P
Age average | 69.65 = 8.67 70.28 + 7.59 69.94 = 8.18 | 0,896
Age median 70.5 70 70
Sex 0,529
Male 45/166 (27.11%) | 45/144 (30.77%) | 90/310 (28.8%)

Female 121/166 (72.89%) | 99/144 (69.23%) | 220/310 (71.2%)
Laterality 0,374
TKAright | 94/166 (56.63%) 75/144 (52%) 169/310 (54,5%)

TKA left 72/166 (43.37%) 69/144 (48%) 141/310 (45,5%)

ASA 0,076
1 12/166 (7.23%) 3/144 (2.08%) 15/310 (4.84%)
2 139/166 (83.73%) | 131/144 (90.97%) | 270/310 (87.1%)
3 15/166 (9.04%) | 10/144 (6.94%) | 25/310 (8.06%)
BMI average | 29.86 = 4.75 30.02 + 4.27 29.93 + 453 | 0,881
BMI median 29.5 29.18 29.36
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Table 2. Indicators and comparative statistical analysis of data associated
with prophylactic antibiotic therapy and thromboprophylaxis (ATBp) in
groups A (GA) and B (GB). Antibiotic (BMI), deep vein thrombosis (DVT),
postoperative (PO), intermittent pneumatic compression device (IPCD).

Before CPPA After CPPA
(n=166) (n=144) Total (n=310) P
management
ATB 60 - 5 min 0,259
before surgery
No 4166 (24%) | 3144 (2.1%) | 7/310(2,3%)
Yes 162/166 (97,5%) | 141/144 (97.9%) | 303/310 (97,7%)
ATBp(nours); | g1 49 4091 | 2843 3377 | 5679 4648 |<0,001
average
ATBp
suspension <0,001
within 24h
No 163/166 (98.19%) | 15/144 (10.42%) | 178/310 (57.42%)
Yes 3/166 (1.81%) | 129/144 (89.58%) | 132/310 (42.58%)
Prophylaxis
DVT within 24h <0,001
No 29/166 (17.47%) | 3/144 (2.08%) | 32/310 (10.32%)
Yes 137/166 (82.53%) | 141/144 (97.92%) | 278/310 (89.68%)
Mechanical
; <0,001
prophylaxis
COMPIESSION | og/166 (16.87%) | 72/144 (50%) | 100/310 (32.26%)
stockings
compression o o o
ctockings + IPCD | 24/168 (14.46%) | 57/144 (39.58%) | 811310 (26.13%)

Table 3. Indicators and comparative statistical analysis of data associated
with physical therapy rehabilitation postoperative period (PO) and blood
transfusion in groups A (GA) and B (GB).

Regarding the place of hospital stay in the immediate postoperative
period, it was observed that in the GA only 26.5% of the patients were
referred to the Ul, while in the GB the percentage of this assistance
was 59%, exposing a significant behavioral change in care for not
using the ICU for postoperative support (p < 0.001). The mean
length of hospital stay (LOS) for GA patients was 5.4 days and 4.3
days for GB patients, showing that CPPA significantly contributed
to the decrease in LOS (p < 0.001). (Table 4)

DISCUSSION

The results found in the study showed that a Clinical Care Pro-
gram in Arthroplasty can contribute to the gain of hospital care
performance, positively impacting the response of protocols and
institutional guidelines.

The essence of a CPPA is to act in the control and compliance of the
best therapeutic practices, intervening with medical professionals,
physiotherapists, pharmacists, psychologists and nursing staff
in constructive tasks that generate controls and feedback on the
performance of their actions in the therapeutic management of
patients and, thus, engaging professionals in a process of continu-
ous improvement, reducing the risk of complications and waste
of resources 31018

Regarding the prescription of pATB during TKA, although drug
induction did not present a significant difference between the
groups, a disruptive change was observed associated with the
extension of postoperative administration with the introduction
of CPPA (p < 0.001) with the suspension in 24h. This behavioral
change is very relevant for the sustainability of public health since
Mobarki et al'® and Chokshi et al'” expressed the worrying global
crisis that we are experiencing due to antibiotic resistance due to
the misuse of these drugs.'® Although there is scientific discussion
regarding the extent of pTAB management in arthroplasties, it is
currently defined by consensus and international guidelines that
the 24-hour period would be ideal if there is no clinical peculiarity

Before CPPA After CPPA
(n=166) (n=14) Total (n=310) | P that requires another care profile.”
- The prescription of thromboprophylaxis was also largely optimized
Physiotherapy . ) ) . .
- mediato PO | 637166 (37.95%) | 757144 51.75%) | 1387310 (44570 | <0.001 with the implementation of CPPA not only in the pharmacologi-
mmeo ate (37.95%) (51.75%) (44.5%) | <0, cal form, but also with the association of adjuvant therapy such
12PO 47/166 (28.31%) | 55/144 (38.46%) | 102/310 (32,9%) as intermittent compression devices and/or elastic compression
2°PO 46/166 (27.71%) | 14/144 (9.79%) | 60/310 (19.3%) stockings, which showed a significant increase in use (p < 0.001)
32PO 8/166 (4.82%) 0/144 (0%) 8/310 (2.5%) without impairing the beginning of patients’ physical mobilization
4 PO 2/166 (1.2%) 0/144 (0%) 2/310 (0.6%) and rehabilitation activities.**
Walk Mosaad et al*® and Weng et al** described that the pharmacological
Immediate PO | 01166 (0%) | 13/144 (9.08%) | 13/310 (4.19%) | <0001 oultine for thromboprophylaxis is relevant and a priority, however
#PO 121166 (7.23%) | 79/144 (54.86%) | 91310 (29.35% the time of drug administration is essential to add prophylactic
- (7.23%) (54.86%) (29.35%) efficiency and, in this context, a significant improvement in the drug
2°PO 95/166 (57.23%) | 51/144 (35.42%) | 146/310 (47.1%) administration within 24 hours of surgery, indicating that patients
32 PO 49/166 (20.52%) | 1/144 (0.69%) | 50/310 (16.13%)
4 PO 7/166 (4.22%) 0/144 (0%) 7/310 (2.26%) Table 4. Indicators and comparative statistical analysis of data associated
6° PO 3/166 (1.81%) 0/144 (0%) 3/310 (0.97%) with the patient’s place of stay in the postoperative period (PO) whether
Readmission in the inpatient unit care (ICU) or intensive care unit (ICU) and the length
within 30 days of hospital stay in the groups A (GA) and B (GB).
No 161/166 (96.99%) | 138/144 (95.83%) | 299/310 (96.45%) | 0,76 Ber*ag;” Af(‘e’ ﬁ;T;A Total (n=310) | P
n= n=
Yes 51166 (3.01%) | 6144 (4.17%) | 11/310 (3.55%) ,
- Immediate
Readmission postoperative <0,001
within 90 days care
No 155/166 (93.37%) | 140/144 (97.22%) | 295/310 (95.16%) | 0,183 e 441166 (26.51%) | 85/144 (59.03%) | 129/310 (41.61%)
Yes 117166 (6.63%) | 4/144 (2.78%) | 15/310 (4.84%) ICU 122/166 (73.49%) | 59/144 (40.97%) | 181/310 (58.39%)
Blood Lenght of stay;
transfusion 0,033 average 54 =167 433 + 279 49+232  |<0,001
No 144/166 (86.75%) | 136/144 (94.44%) | 280/310 (90.32%) Lenght of 5 3 5
Yes 22/166 (13.25%) | 8/144 (5.56%) | 30/310 (9.68%) stay; median
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were in better compliance with the institutional protocol to reduce
the risk of thromboembolism.

Arelevant point is the management of general care associated with
the immediate postoperative follow-up. In the case of elderly patients
and often linked to comorbidities under the care responsibility of an
orthopedic surgeon, it is understandable that the medical team is
insecure in the face of potential clinical instabilities that may occur
in patients resulting from organic responses to surgical trauma. This
context enhances the referral of patients to the ICU after surgery, a
place that empirically increases the risks in agreement with Barnett
et al®® Despotovic et al.?®

One of the contributions of the CPPA to mitigate the use of the ICU
in the immediate postoperative period was the establishment of a
standardization of preoperative surgical risk screening performed by
ateam of cardiologists who monitored the daily evolution of patients
during the perioperative care journey together with the surgical
team providing the patient with a double medical guardianship
during the hospital stay.

It would be opportune to amplify, in Brazilian private hospitals,
intermediary care support in the immediate postoperative period
in order to reduce the need to refer some patients to intensive care
units that require more attention. Our institution, at the moment,
does not have an intermediate level between the ordinary inpatient
unit and intensive care.

In relation to blood transfusions Slover et al’” demonstrated that
this need can reach 8% in arthroplasties. This study showed a
positive response related to this indicator in the post-CPPA group
with a decrease of 7.7%. A relevant factor for this finding is due to
the better control and clinical stabilization of anemias during the
preoperative evaluation, in addition to the establishment of criteria
for the indications of transfusions that are shared with the clinical
team and not only the judgment of the orthopedic surgeon.

Physiotherapy rehabilitation protocols focusing on the “fast track”
concept were created by physical therapists and agreed with
orthopedic surgeons in order to optimize recovery during hospital
stay. This action significantly reflected in the improvement in the
beginning of physical mobility and gait in the immediate postopera-
tive period and on the first postoperative day, with a percentage of
90.1% of patients in gait activity within 24 hours of the postoperative
period. This condition certainly had an impact on reducing the
length of hospital stay, corroborating the results demonstrated by
Foni et al,® Tayrose et al’® Ayalon et al.?®

It was observed that readmissions for arthrofibrosis decreased in
patients operated after CPPA and we postulate that this condition
may be linked to rehabilitation started earlier, as well as the sharing
of a booklet with exercises that patients should perform daily at
home for the functional optimization of the operated knee.

All these care optimizations allowed patients undergoing surgery
after CPPA to reach the clinical and orthopedic criteria for hospital
discharge established by the presence of walking with the aid of
walkers, controlled and tolerable pain with oral medications, and
range of motion of the operated knee at 90° in length of stay 20%
shorter than pre-PCCA patients, without increasing readmission rates.

Limitations of the study

As in any retrospective study of data analysis in medical records, the
number of patients evaluated and the quality of the data identified
in the records can always carry empirical bias for the results found.
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ABSTRACT

Introduction: Giant cell tumor of bone (GCTB) mainly affects young
adults’ long bone epiphyses, threatening bone strength and joint
function. Surgery is the primary treatment, although post-surgery
recurrence is significant. This study analyzes patient profiles,
treatments, and outcomes for GCTB in Brazil. Methods: We retro-
spectively assessed local recurrence, metastasis, and treatment
approaches in 643 GCTB patients across 16 Brazilian centers
(1989-2021), considering regional differences. Results: 5.1% (n=33)
developed pulmonary metastases, 14.3% (n=92) had pathological
fractures, and the local recurrence rate was 18.2% (n=114). Higher
rates of pulmonary metastases (12.1%) and advanced tumors
(Campanacci lll, 88.9%) were noted in lower-income North and
Northeast regions. The North also had more pathological fractures
(83.3%), extensive resections (61.1%), and amputations (27.8%).
These regions faced longer surgical delays (36-39 days) than
the South and Southeast (27-33 days). Conclusions: Our findings
corroborate international data, underscoring regional disparities in
Brazil that may lead to worse outcomes in disadvantaged areas.
This highlights the need for improved orthopedic oncology care
in Brazil's economically and structurally challenged regions. Level
of Evidence llI; Retrospective Cohort.

Keywords: Bone Neoplasms. Giant Cell Tumor of Bone. Curettage.
Recurrence.

RESUMO

Introdug&o: O tumor de células gigantes do osso (TCG) atinge princi-
palmente epifises de 0ssos longos em adultos jovens, impactando a
resisténcia dssea e a funcionalidade articular. O tratamento principal &
cirdrgico, mas ha significativa recorréncia pds-operatdria. Este estudo
analisa o perfil de pacientes e tumores de TCG no Brasil, abordagens
de tratamento e resultados. Métodos: Avaliamos retrospectivamente
taxas de recorréncia, metastase e tratamentos em 643 pacientes
tratados em 16 centros brasileiros de 1989 a 2021, considerando a
distribuigdo geopolitica. Resultados: 5,1% desenvolveram metastases
pulmonares e 14,3% tiveram fraturas patoldgicas. A recorréncia local
foi de 18,2%. Regi6es economicamente menos favorecidas, como
Norte e Nordeste, mostraram maiores incidéncias de metastases
pulmonares (12,1%) e tumores avancados (Campanacci lll, 88,9%).
O Norte teve alta ocorréncia de fraturas patoldgicas (33,3%), cirurgias
extensas (61,1%) e amputacoes (27,8%). Nessas regices, o tempo
pré-cirdrgico foi mais longo (médias de 36 e 39 dias) comparado ao Sul
e Sudeste (27 e 33 dias, respectivamente). Conclusées: Os resultados
refletem disparidades regionais no Brasil, sugerindo que condi¢des
socioeconémicas influenciam os desfechos clinicos. Estes achados séo
importantes para melhorar o cuidado oncoldgico ortopédico em regiées
desfavorecidas do pais. Nivel de Evidéncia lll; Coorte Retrospectiva.

Descritores: Neoplasias Osseas. Tumor de Células Gigantes do
Osso. Curetagem. Recidiva.

Citation: Becker RG, Galia CR, Pestilho JFCS, Antunes BR, Baptista AM, Giant cell tumor of bone: a multicenter epidemiological study in brazil. Acta
Ortop Bras. [online]. 2024;32(1)Esp.: Page 1 of 5. Available from URL: http://www.scielo.br/aob.

BACKGROUND

Giant cell tumor of bone (GCTB) is a benign primary bone tumor
that is known to be locally aggressive. Histologically, GCTB is char-
acterized by the presence of numerous multinucleated giant cells
surrounded by a monotonous population of mononuclear stromal
cells. This tumor predominantly affects adults between the ages
of 20 and 40, with a predilection for the epiphyses of long bones.

There is no significant gender disparity, although it appears to be
more common in females. The incidence of GCTB is not accurately
known, although registries from Japan, Australia, and Sweden have
estimated it at 1.03 to 1.33 cases per million per year.'3

The standard treatment for any primary bone tumor is complete
surgical resection; however, in selected cases, treatment with
the receptor activator of nuclear factor kappa-B ligand (RANK-L)
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inhibitor denosumab, bisphosphonate therapy, or even radiation
therapy may be employed. Delayed treatment and local recurrence
are issues of great importance, as they may lead to impairment of
joint function, bone loss, and a theoretical high risk of metastasis.
Despite its local aggressiveness and considerable risk of local
recurrence (10-75%), GCTB has a favorable prognosis in terms of
overall survival (approximately 98% at 5 years). Due to their rarity,
primary bone tumors should be managed at referral centers, as
diagnosis and treatment are challenging and expensive.*%

In Brazil, 70% of the population is served by the public Unified
Health System (SUS), established in 1988. The system has long
been overburdened, leading to lengthy waiting times for specialized
treatment. Furthermore, there are substantial variations in care
quality among the country’s geopolitical regions due to the variation
in investments made by each state of the federation. Patients with
bone tumors rely on the availability of appointments with specialists
in their respective city or state. In many cases, delaying treatment
can result in clinical deterioration and poor outcomes.®

Despite the large number of patients with GCTB treated at referral
centers in Brazil, few studies on this topic have been published
to date, and a gap in information regarding the epidemiological
profile of this tumor persists. This study aims to elucidate patient
and tumor characteristics, management practices, and outcomes
in the unique context of Brazil — a middle-income country with a
publicly funded, universal health system serving a very large popu-
lation across different geopolitical regions. Our findings could help
redirect financial and human resources to optimize outcomes.®"8

METHODS

This research project (number 94280918.0.0000.5327) was ap-
proved by the ethics committee of the coordinating center (Hospital
de Clinicas de Porto Alegre, state of Rio Grande do Sul) and, subse-
quently, by the 18 participating centers. Orthopedic follow-up was
performed according to the routine protocol of each center. Case
report forms were completed and sent to the coordinating center.
The inclusion criteria for this study were: histopathological diagnosis
of GCTB; treatment of the primary tumor at the same health care
facility in which it was diagnosed; and availability of complete
medical records. Patients of all ages with tumors in the appen-
dicular and axial skeleton were included. The lead researcher at
each participating center reviewed the data from medical records
and then sent them via e-mail to the coordinating center. All lead
researchers were active members of the Brazilian Association of
Orthopedic Oncology (ABOQO) while the study was ongoing.
General variables such as age, sex, and region of the country where
the patient was treated were extracted from medical records, as were
specific characteristics related to the tumor, such as anatomical location,
presence of metastases, type of surgery, use of cavity filling material,
adjuvant treatment, Campanacci radiological classification, presence of
pathological fracture, local recurrence, death, and use of denosumab. For
analysis, all variables were stratified by the geopolitical region of Brazil
(North, Northeast, South, and Southeast) in which the patient was treated.
Cases from 1989 to 2021 were included. The sample consisted of
653 patients. Of these, we excluded 10 due to lack of data on initial
treatment and one confirmed diagnosis of tenosynovial giant cell
tumor. Therefore, we retrospectively analyzed the records of 643
patients with a histologically confirmed diagnosis of GCTB treated at
16 health care facilities across 8 Brazilian states. Two centers which
approved the study protocol ultimately did not include patients. The
North, Northeast, South, and Southeast regions included 18, 87,
170, and 368 patients, respectively.

Quantitative variables were expressed as mean (SD), while categor-
ical variables were expressed as absolute and relative frequencies.
Data were analyzed in SPSS version 21.0.

Acta Ortop Bras.2024;32nspe1:€273066

RESULTS

The general characteristics of the sample are shown in Table 1.
The cohort comprised 351 (54.6%) women and 292 (45.4%) men,
with a mean age of 32 (SD, 13) years, ranging from 8 to 77 years.
The median follow-up was 7.1 years. Campanacci stage | and Il
tumors accounted for 38.6% (n=248) of cases, and Campanacci
stage lll tumors, for 61.4% (n=395). Data were missing in 3 cases.
Appendicular tumors accounted for 92.1% of cases (n=597), the
knee being the most frequently affected level (52.2%; 175 distal
femur, 133 proximal tibia, and 27 proximal fibula), followed by
hand and wrist (18.7%; 74 distal radius, 26 hand, and 20 distal
ulna), foot and ankle (9.6%; 29 distal tibia, 18 in metatarsus, talus,
and calcaneus, and 1 distal fibula) and scapular girdle (6.0%; 30
proximal humerus, 6 scapula, and 2 clavicle). Tumors located in
the axial skeleton accounted for 7.1% of cases (n=46), with the
most common sites being the pelvic girdle (h=20), sacrum (n=12),
and spine (n=12).

Surgery was performed in 626 patients, with curettage in 50.2%
(n=323), marginal or wide resection in 43.4% (n=279), and amputa-
tionin 3.7% (n=24). Patients treated without surgery accounted for
2.6% (n=17) of cases. The reasons for not operating were unresect-
able tumors, major surgical morbidity, personal and family decisions,
and poor clinical condition. Of the 323 patients who underwent
curettage, 15.4% (n=50) were treated without adjuvant therapy,
40.5% (n=131) received only one adjuvant (ethanol or fulguration
or drilling), and 44.0% (n=142) received two or more combined
adjuvants. The bone defect was filled in 95.7% (n=309) of cases,
and the remaining 4.3% (n=14) received no filling. Bone cement

Table 1. General characteristics.

Variables n (%)
Campanacci grade
I 248 (38.6)
I 395 (61.4)
Pulmonary metastasis
No 616 (94.9)
Yes 33(5.1)
Pathological fracture
No 551 (85.7)
Yes 92 (14.3)
Type of surgery
Curettage 323(50.2)
Marginal/wide 278 (43.2)
Amputation 24 (3.7)
Not performed 17 (2.6)
Type of filling (n=323)
Cement 271 (84)
Cement and bone graft 11(3.4)
Bone graft alone 23(7.1)
No filing 14 (4.3)
Missing 4(1.2)
Adjuvant (n=323)
None 50 (15.4)
One 131 (40.5)
Combined (two or more) 142 (44.0)
Local recurrence” 114 (18.2)
Denosumab*
No 542 (86.6)
Yes 84 (13.4)
*Only surgically treated patients (n=626).
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(PMMA) was used in 271 cases (Figure 1), cement combined with
bone graftin 10 cases, and bone graft alone in 23 cases. (Figure 2)
There were no data on the specific type of reconstruction after wide
and marginal resections.

A total of 97 patients were treated with denosumab. Indications
for use were preoperative cytoreduction (57 cases), local recur-
rence (14 cases), tumors associated with major surgical morbidity
(5 cases), pulmonary metastases (4 cases), and other reasons
(4 cases). Patients treated with preoperative denosumab showed
a local recurrence rate of 14% (8/57). Denosumab was used in
only 15% (97/643) of the patients due to the scarcity of resources
at public health facilities.

Patients diagnosed with GCTB had pulmonary metastases present
atinitial staging in 5.1% of cases (n=33), and pathological fractures
in 14.3% (n=92). Among those with metastatic GCTB, the mortality
rate was 15.1% (5/33). The rate of local recurrence among those
who underwent surgery was 18.2% (n=114). As expected, curettage
had a higher rate of local recurrence (24.4%) compared to wide
and marginal resections (12.5%). (Table 2) The local recurrence rate
according to affected bone was 30% (4/12) in the sacrum, 26.6%
(8/30) in the proximal humerus, 25.6% (19/74) in the distal radius,
171% (30/175) in the distal femur, 14.2% (19/133) in the proximal
tibia (Figure 3), and 10% (2/20) in the pelvis.

The analysis stratified by geopolitical region demonstrated higher
rates of lung metastases (12.6%) and Campanacci stage lll tumors

Figure 1. A) Preoperative radiograph and B) computed tomography
scans displaying a meta-epiphyseal lesion causing endosteal erosion
(Campanacci Il) and expanding the anterior cortex of the distal femur
(arrow). C) Contrast-enhanced MRI of the knee revealing the medullary
and cortical boundaries of a giant cell tumor of bone (GCTB). D) Postop-
erative radiograph depicting the cavity filled with cement after curettage.
Despite endosteal involvement and medullary osteolysis, joint structure
and function were successfully restored.

Figure 2. A) Preoperative radiograph showing an osteolytic lesion par-
tially confined to the left proximal femoral epiphysis (Campanacci Il). B)
Microscopic view of the bone lesion after a core needle biopsy, revealing
multiple multinucleated giant cells within a stroma of mononuclear cells. C)
12-month postoperative follow-up radiograph after curettage, fulguration,
and alcoholization of the tumor bed, plate fixation, and filling with xenograft
and autologous fibula. There was complete incorporation of the graft.
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Table 2. Local recurrence rate and cohort characteristics.*

Variables Local recurrence n=114 (%)
Sex-n(%)
Female 71 (11%)
Male 43 (7%)
Campanacci grade — n(%)
I 40 (6%)
1l 74 (12%)
Anatomical site — n(%)
Sacrum and spine 6/22 (27%)
Humerus and scapula 10/37 (27%)
Wrist and hand 25/120 (21%)
Foot and ankle 13/61 (21%)
Pelvis and hip 4/31 (13%)
Knee 53/333 (16%)
Elbow 2112 (16%)
Other sites 1/10 (10%)
Skeletal distribution — n(%)
Axial 10/53 (19%)
Appendicular 104/573 (18%)
Type of surgery —n(%)
Curettage 79/323 (24%)
Marginal/wide 35/279 (12%)
Amputation 0 (0%)
Type of filling — n(%)
Cement (PMMA) 60/271 (22%)
Cement and bone graft 1/10 (10%)
Bone graft alone 10/23 (43%)
No filling 6/14 (42%)
Adjuvant - n(%)
None 18/50 (36%)
One 33/131 (25%)
Combined (two or more) 28/142 (20%)
Preoperative denosumab 8/57 (14%)

*Only surgically treated patients (n=626).

Figure 3. A) Immediate postoperative radiograph of the knee after cu-
rettage of a proximal tibial GCTB; cement is visible filling the defect.
B) After 18 months, there was local recurrence with severe osteolysis
adjacent to the cement and rupture of the cortical bone. C) Anteroposterior
radiograph showing surgical treatment of the recurrence (curettage,
drilling, fulguration, and alcoholization with 99% ethanol) with successful
joint preservation. Bone cement and reinforcement with a proximal tibia
plate were used.
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(88.9%) in the Northeast and North, respectively. Likewise, the
North region had higher rates of pathological fractures (33.3%),
wide resection (61.1%), and amputations (27.8%). Finally, there was
a longer interval between tumor diagnosis and primary surgery in
the Northeast and North regions (36 and 39 days) compared to the
South and Southeast regions (27 and 33 days). (Table 3)

DISCUSSION

In Brazil, several referral centers for the treatment of bone tumors
have been accumulating cases of GCTB in their records for de-
cades. Despite this large number of patients, only a few case
series have been published. To address this issue, we developed
aresearch project which would collate patients from the country’s
main referral centers and create a multicenter database. This first
Brazilian epidemiological study on GCTB included 643 patients
and gave further support to some findings already described in
the international literature. We consider that the local recurrence
rate was high (18.2%), although previous cases series have re-
ported recurrence rates ranging from 10% to 75%.5%'° The high
recurrence rate observed in the curettage cohort (24.4%) can be
partially attributed to the inclusion of patients treated since the late
1980s, when the range of adjuvant therapies, diagnostic imaging
techniques, and treatment modalities available was limited. Even
though curettage entailed a twofold local recurrence rate relative
to resection, many authors still prefer this technique in order to
protect the bone structure and ensure joint function.®' Moreover,
due to the large proportion of patients with Campanacci stage
Il tumors (61.4%), we hypothesize that diagnostic and treatment
delays may have occurred in some of the cases. This may also
reflect the difficulty of accessing specialized care through the
public health system.

Tumors located in the axial skeleton have been observed to have
higher rates of local recurrence compared to those in the appendic-
ular skeleton. Balke et al.'2 examined nineteen patients with GCTB
of the spine and sacrum and reported an overall local recurrence
rate of 66.7%, and 15.4%, respectively. Likewise, Junming et al."®
evaluated 22 patients with cervical spine GCTBs treated consec-
utively; the local recurrence rate was 71.4% for subtotal resection,
and 7.7% for total spondylectomy.'®'* Generally, this outcome has

Table 3. Sample characteristics stratified by Brazilian geopolitical region.

Variables South Northeast Southeast North
(n=170; 26.4%) | (n=87; 13.5%) | (n=368; 57.2%) | (n=18; 2.8%)
Campanacci
grade — n(%)
I 62 (36.5) 27 (31.0) 157 (42.7) 2(11.1)
Il 108 (63.5) 60 (69.0) 211 (57.3) 16 (88.9)
Pulmonar
metastasis_ﬁ(%) 5(3.0) 11 (12.6) 16 (4.6) 1(56)
Pathological
raciure _gn(%) 27 (15.9) 9(10.3) 50 (16.6) 6(33.3)
Type of surgery
- n(%)
Curettage 99 (59.3) 51 (58.6) 171 (48.3) 2(11.1)
Marginal/wide 65 (38.9) 30 (34.5) 173 (48.9) 11(61.1)
Amputation 3(1.8) 6(6.9) 10 (2.8) 5(27.8)
Localrecurrence | 4551 g) 16 (18.4) 62 (17.5) 1(5.6)
- n(%)
Time between
diagnosis and 27 (6-69) 36 (18-78) 33 (6-80) 39 (20-91)
surgery (days)*

**Median (interquartile range).
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been linked to the difficulty of surgical approaches to the spine and
pelvis, incomplete resections, larger tumors, and the biological
characteristics of the neoplasm.''® In our cohort, we observed a
higher rate of local recurrence for lesions located in the sacrum (33%,
4/12) and spine (20%, 2/10) than for most appendicular lesions.
Additionally, we observed a high rate of local recurrence in our
patients with tumors of the proximal humerus and distal radius."”'8
In the proximal humerus, a local recurrence rate of 26.6% was
observed, while curettage and resection of distal radius lesions
was associated with local recurrence rates of 35% and 16%,
respectively. Theoretically, this higher risk of local recurrence may
be related to the high percentage of stage Ill tumors at diagnosis,
proximity to blood vessels, incomplete curettage, and the biological
behavior of the tumors.>'%'8 The prevalence of lung metastasis
is increased in patients with local recurrence, and considerably
worsens survival rates.!*'% In our study, the metastasis rate was
indeed higher (13%) in patients with local recurrence, and the rate
of death in metastatic patients was 15%. These data corroborate
the findings of previous studies.

Denosumab has become a leading pharmacological option for the
treatment of GCTB. Indications for use include locally extensive
disease, unresectable tumors, major surgical morbidity, pulmo-
nary metastases, local recurrence, preoperative or postoperative
treatment, and even pain control.?® In general, tumors with poor
prognosis are treated with denosumab. Examples include tumors
located in the pelvis, spine, or even in the long bones when overly
aggressive. As a result, poorer outcomes in terms of local recur-
rence, metastases, and death seemingly associated with the use
of denosumab may be explained by patient selection bias. More-
over, treatment with curettage after denosumab may be surgically
challenging due to extensive bone formation inside the lesion.
Theoretically, neoplastic cells confined to the trabecular bone that
has not been removed would be the reason for local recurrence.
In our series, preoperative denosumab followed by curettage did
not increase the rate of local recurrence.

GCTB is a highly curable neoplasm; however, several factors can
interfere with the success of treatment. Studies have demonstrated
that delayed diagnosis and treatment of GCTB correlate with larger
tumors, higher recurrence rates, and higher rates of local complica-
tions. Furthermore, patients in whom diagnosis or treatment of GCTB
are delayed are more likely to require more aggressive treatments,
such as amputation or chemotherapy. Additionally, we identified
that the disparities in development and health investments among
Brazilian geopolitical regions were reflected in the characteristics
and outcomes of our patients with GCTB.® Despite the limited scope
of our cohort, regions with a lower human development index and
annual per capita income, such as the North and Northeast, showed
higher rates of pulmonary metastases, stage lll tumors, pathological
fractures, wide resections, and amputations, as well as a longer
time between diagnosis and primary treatment, as compared to
states in the more highly developed South and Southeast regions.
Measures to promote and protect health should be taken in order
to reduce these inequalities between regions in Brazil. It should
be borne in mind that treatment of GCTB is the responsibility of
high-complexity referral centers, and investments must be made as
needed in order for individuals to have access to these institutions
as quickly as possible. The findings in this cohort are certainly
replicable for other musculoskeletal tumors, particularly regarding a
similar situation of delayed diagnosis, but with even worse prognosis.
The main limitation of this study which may have had an effect on
our findings is that the sample comprised patients who were treated
in different decades, by surgeons with varying levels of experience
in the treatment of GCTB, and with great variation in the availability
of imaging modalities, surgical materials, and histopathological

Page 4 of 5

<< SUMARIO



analysis. Nonetheless, to the best of our knowledge, the 640 pa-
tients included in this study comprise the largest case series with
epidemiological data on GCTB in Latin America.

CONCLUSIONS

Among patients with GCTB in Brazil, characteristics such as sex,
age, tumor aggressiveness, anatomical location, type of surgery
performed, local recurrence rate, and metastases were similar to
those described in the international literature. Patients treated in geo-
political regions with a lower HDI and per capita income presented
higher rates of pathological fractures, metastases, larger tumors,
and amputations, as well as longer delays between diagnosis and
treatment. Despite the large cohort size, limitations and possible
biases of this study should be considered.
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ABSTRACT

Obijective: Evaluate and correlate the sagittal balance parameters
with the postural of the pelvis and lumbar spine. Methods: 80
individuals of both sexes, aged between 20 and 35 years, were
evaluated. Biophotogrammetry was done with the SAPO software
program. Measurements of the sagittal balance parameters were
obtained by analyzing a lateral view panoramic radiography of the
vertebral column, in which the anatomical points of reference were
digitally marked. The calculation of the angles was done automati-
cally by the Keops program. Results: In Keops assessment, 17.5%
of the sample had high pelvic incidence angles (> 60°), 31.5% had
low pelvic incidence angles (< 45°), and 51.2% had medium pelvic
incidence angles (between 46° and 59°). SAPO showed 12,5%
lordosis, 40% retroversion, and 47,5% normal curvature. In the right
lateral view, pelvic incidence angle had a moderate and positive
correlation with vertical alignment of the trunk and with vertical
alignment of the body, and a negative and moderate correlation
with horizontal alignment of the pelvis. Conclusion: Differences
were found between vertical alignment measurements from the
postural evaluation system (SAPO). A positive correlation was
found between Pl from Keops and pelvic anteversion from SAPO.
Level of Evidence IlI; Prospective Study.

Keywords: Spine. Software. Rehabilitation. Posture.

RESUMO

Objetivo: Avaliar e correlacionar o equilibrio sagital com parametros
posturais da pelve e coluna lombar Métodos: Foram avaliados 80
individuos de ambos o0s sexos, com idade entre 20 e 35 anos. A
biofotogrametria foi realizada com o software SAPO. As medidas
dos parametros do equilibrio sagital foram obtidas pela analise de
uma radiografia panoramica em perfil da coluna vertebral, na qual
0s pontos anatémicos de referéncia foram marcados digitalmente. O
calculo dos angulos foi feito automaticamente pelo programa Keops.
Resultados: Na avaliagéo Keops, 17,5% da amostra apresentavam
angulos de incidéncia pélvicos altos (> 60°), 31,5% tinham angulos
de incidéncia pélvicos baixos (< 45°) e 51,2% apresentavam angulos
de incidéncia pélvicos médios (entre 46° e 59°). O SAPO apresentou
12,5% de lordose, 40% de retroversao e 47,5% de curvatura normal.
Na vista lateral direita, o &ngulo de incidéncia da pelve apresentou
correlagédo moderada e positiva com o alinhamento vertical do tronco
e com o alinhamento vertical do corpo e negativa e moderada com
o alinhamento horizontal da pelve. Concluséo: Foram encontradas
diferengas entre as medidas de alinhamento vertical do sistema
de avaliagéo postural (SAPO). Uma correlacao positiva foi encon-
trada entre IP de Keops e anteversdo pélvica de SAPO. Nivel de
Evidéncia IlI; Estudo Prospectivo.

Descritores: Coluna Vertebral. Software. Reabilitacdo. Postura.

Citation: Quintana MSL, Alonso AC, Luna NMS, Silva JP, Lino MHS, Brech GC, Greve JMD. Correlation of the sagittal balance with postural analysis
of the pelvis and lumbar spine. Acta Ortop Bras. [online]. 2024;32(1): Page 1 of 4. Available from URL: http://www.scielo.br/aob.

INTRODUCTION

Posture acquisition occurs throughout life and is affected by con-
stitutional, environmental, and lifestyle factors. Postural deviations
can affect the musculoskeletal structures and cause an abnormal
displacement of the center of mass over the support base, gen-
erating pain, joint instability, muscular weakness and functional
deficiencies,' in addition to altering the load and pressure distribution
on the joint surfaces, leading to joint degeneration and inadequate
muscular tensions.?

Making a good assessment is the first step in treating alterations
of body alignment and posture. One of the most used forms of
assessment is biophotogrammetry, which can be done with the
Postural Evaluation System (SAPQ), a software program that mea-
sures horizontal and vertical angles and distances between body
segments using photographs with luminescent markers placed in
predetermined regions of the body.®

Assessment of the sagittal plane of balance with a three-dimensional
view is a recent development that has been used to evaluate and plan
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surgical procedures for stabilization of the spine. Sagittal balance
depends on the morphological and spatial parameters of the pelvis,
hip and spine, measured with a panoramic radiography of the spine.
The main parameters used are the pelvic incidence angle (Pl),* defined
as the angle between a line perpendicular to the midpoint of the
sacral plateau and another line connecting this point to the central
axis of the femoral head. It is an anatomical parameter, constant,
immutable and exclusive of each individual, which does not depend
on age and orientation of the pelvis and which is consolidated after
bone growth ends.®® In addition to P, the sacral slope angle (SS)
and the pelvic version angle or pelvic balance angle (PV) are also
used in the diagnosis, evolutionary prognosis and treatment of spinal
disorders. Sagittal balance parameters are objective measures that
open a new perspective in the evaluation and treatment of postural
alterations, improving rehabilitation and training programs by making
them more specific and individualized.

The goal of this study was to evaluate the sagittal balance param-
eters measured by the software program Keops and the postural
parameters in the right and left side views measured by the SAPO
program, and to look for correlations among the parameters
measured by Keops and between those and results from biopho-
togrammetry of the pelvis and lumbar spine.

METHODS

Design, local and ethics

This is a cross-sectional study performed at the Laboratory for
the Study of Movement (LEM) of the Institute of Orthopedics and
Traumatology of Hospital das Clinicas from the Medical School of
the University of Sdo Paulo (HC FMUSP) approved by the Ethics
Research Committee (protocol number: 0466/12).

Participants

A total of 80 individuals were evaluated, being 46 females and 34
males, with a mean age of 25 = 4.1 years. The inclusion criteria were:
Having a level of cognition sufficient to understand the procedures
and follow given instructions, sedentary individuals, according to the
International Physical Activity Questionnaire (IPAC), individuals with
BMI < 30, absence of disease/traumas or sequelae that compromise
the locomotor system (musculoskeletal and nervous system) and
absence of diseases of the vestibular system or compromised bal-
ance. The exclusion criteria were not being able to perform the tests.

Procedures

All individuals agreed to participate in the study by reading and
signing the informed consent form. After that they answered a
questionnaire with personal information, socio-demographic.

Assessments

Assessment 1: Panoramic radiography of the vertebral column in
orthostatic position with the arms flexing in front of the body. The
panoramic images were submitted to the Keops program after
identifying the anatomical points used to measure the sagittal
balance parameters: PI, PV, and SS.

Assessment 2: Postural evaluation with the Postural Evaluation
System (SAPO). Styrofoam markers were placed in the anatomical
points of the trunk and limbs: acromion, anterior superior iliac
spine, posterior superior iliac spine, greater trochanter, and lateral
malleolus. Images from the right and left lateral views were used:
vertical alignment of the trunk, vertical alignment of the body, and
horizontal alignment of the pelvis.

Statistical Analysis

The normality and homogeneity of variance were confirmed by
the Komorov-Smirnov test and levene test, respectively. The data

Acta Ortop Bras.2024;32(1):e274089

were presented by means of means, standard deviation (SD).
Pearson’s correlation was used to relate the dependent variables:
lumbar lordosis angles, thoracic cifosis, pelvic angle of incidence,
pelvic inclination and sacral inclination with independent variables
(SAPO angles): vertical alignment of the trunk, vertical alignment
of the body and horizontal alignment of the pelvis. For the entire
analysis, the statistical software SPSS (Statistical Package for Social
Science) version 22.0 for Windows was used and a significance
index of p < 0.05 was adopted.

RESULTS

Table 1 shows the angles measured by the Keops and SAPO
software programs. In the SAPO program, the right and left lateral
views were analyzed and in the Keops program, the pelvic incidence
angle was measured in 80 individuals of both sexes.

Fourteen (17.5%) had a high pelvic incidence angle, above 60° (63.8
+ 4.0°); 41 (51.2%) had a moderate pelvic incidence angle between
45-59° (52.0 = 3.4°) and 25 (31.2%) had a low pelvic incidence
angle, under 45° (42.8 = 1.9°). The SAPO program measurements
resulted in 10 (12.5%) individuals with pelvic anteversion, 32 (40%)
with pelvic retroversion, and 38 (47.5%) with neutral pelvis, assessed
by the horizontal alignment of the pelvis in the right and left lateral
views. (Table 2)

We looked for correlations among the angles measured by the
Keops software program (Table 3). The sacral inclination and lumbar
lordosis angles showed a positive and moderate correlation; the
pelvic incidence angle showed a positive and weak correlation with
the lumbar lordosis angle, and the thoracic kyphosis angle showed
a positive and weak correlation with the lumbar lordosis angle.
Tables 4 and 5 show the correlations between measurements of the
Keops and SAPO software programs: Pelvic incidence angle showed
amoderate and positiv<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>