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Scope and policy

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

Publication Fee

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

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

Recommendations for articles submitted to Acta Ortopédica Brasileira

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

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

Article formatting

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

Manuscripts’ form and presentation

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

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

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

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

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

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

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

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

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

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

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

COVER PAGE: The cover page must contain:

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

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

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

d)The place where the work was performed;

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

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

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

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

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

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

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

ACKNOWLEDGEMENTS

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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




-

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

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

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

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

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

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

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

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

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
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arthroplasty) at the same institution.
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ABSTRACT

The distal leg joint fractures are among the most common frac-
tures in humans across all age groups, and 50% of them require
surgical treatment. Few studies discuss the epidemiology and
costs of this fracture in the global and national literature. Objective:
To evaluate the annual incidence and reimbursement value of
distal leg joint fractures requiring surgical treatment from 2008
to 2021. Methods: A retrospective study was conducted to analyze
the complex structured data of high volume and high variability
(Big Data), publicly available on the TabNet platform (DATASUS),
via software with artificial intelligence. Data from 2008 to 2021
on surgical treatment for malleolar fracture, distal tibia fracture,
and isolated fibula fracture were analyzed. Results: From 2008
to 2021, there was an average incidence of 28.8 fractures/10°
inhabitants per year, representing 14.62% of all fractures.
The total amount paid for hospitalizations due to these fractures
was R$ 34,218,014.62 over these 14 years. Conclusion: The incidence
of distal leg joint fractures follows the pattern of those recorded in
other countries. The adjustment of reimbursement over the years
was lower than the accumulated inflation. Level of Evidence II,
Economic and Decision Analyses — Developing an Economic
or Decision Model.

Keywords: Tibial Fractures. Ankle Fractures. Fracture Dislocation.
Population Characteristics.

RESUMO

As fraturas articulares distais da perna estao entre as fraturas mais
comuns do ser humano ao longo de todas as faixas etarias, e 50%
delas necessitam de tratamento cirdrgico. Existem poucos trabalhos
discutindo a epidemiologia e 0s custos dessa fratura na literatura
mundial e, principalmente, na nacional. Objetivo: Avaliar a incidéncia
anual e o valor de reembolso das fraturas distais da perna com
indicag&o para tratamento cirdrgico entre 0s anos de 2008 e 2021.
Meétodos: Estudo retrospectivo para analisar os dados complexos
estruturados de alto volume e alta variabilidade (Big Data), disponi-
bilizados publicamente na plataforma TabNet (Datasus), através de
um software com inteligéncia artificial. Foram analisados os dados
de 2008 a 2021 do tratamento cirdrgico de fratura maleolar, fratura
distal da tibia e fratura isolada da fibula. Resultados: Entre 2008 e
2021, houve incidéncia média de 28,8 fraturas/105 habitantes-ano,
representando 14,62% de todas as fraturas. O valor total pago pelas
internagbes dessas fraturas foi de R$ 34.218.014,62 ao longo desses
14 anos. Concluséo: A incidéncia das fraturas articulares distais
da perna acompanha o padrdo daqueles registrados em outros
paises. O reajuste do repasse ao longo dos anos foi inferior a inflagao
acumulada. Nivel de Evidéncia Il, Analises Econémicas e de De-
cisao — Desenvolvimento de Modelo Econémico ou de Decis&o.

Descritores: Fraturas da Tibia. Fraturas do Tornozelo. Fratura-Luxagéo.
Caracteristicas da Populagéo.

Citation: Rosemberg DL, Wolosker N, Silva MFA, Mann TS, Giordano V, Godoy-Santos AL. Analysis of 45,507 surgical treatment of distal tibia and
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INTRODUCTION

Distal joint fractures of the leg — ankle fractures (AO44) and distal
fractures of the tibia (AO43) — are indicated for hospitalization
for surgical treatment in up to 50% of cases,"? which generates
significant direct and indirect costs for the paying sources.?
They are common traumatic injuries in the adult population

up to 60 years old, which also has a negative impact on the
economically productive population.

Moreover, epidemiological data and data related to efficiency,
efficacy, values, and behavior in the production and consumption
of health and health care are still scarce.
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Silva et al.,® in 2020, studied the official records of hospitaliza-
tion from 2004 to 2013 for the treatment of ankle fractures and
reported the incidence of 21.39 fractures/10° inhabitants-year in
individuals over 50 years of age. American authors observed,
in a population study involving all age groups, an incidence of
42.2 fractures/10° inhabitants-year,® which demonstrates a regional
incidence variation for these fractures.

This study aimed to evaluate the annual incidence, length of
hospital stay, and the amount paid as reimbursement of distal
joint fractures of the leg with an indication for surgical treatment
in the public healthcare system from 2008 to 2021.

METHODS

This is a retrospective study that analyzes the complex structured
data set of high volume and high variability (Big Data), publicly
available on the TabNet platform of the public health informatics
system, on one of the most populous cities in the world (DATASUS),”
using an artificial intelligence software.
Information regarding gender, age group, length of hospital stay,
number of hospitalizations, and amount paid by the public health-
care system for the treatment of joint fractures of the leg in patients
over 20 years of age were processed. The codes of the table of
procedures, medications, orthoses, prostheses, and materials of the
SIGTAP/SUS system were used.® The following codes were used:
* 04.08.05.049-7: surgical treatment of bimalleolar/trimalleolar/
ankle dislocation-fracture;
* 04.08.05.054-3: surgical treatment of tibial pilon fracture;
* 04.08.05.057-8: surgical treatment of unimalleolar ankle fracture.
For a comparative analysis, information regarding length of hospital
stay, number of hospitalizations, and amount paid by the public
healthcare system in the treatment of all grouped body fractures,
excluding face and skull, were also processed using ICD-10 clas-
sification (codes S12, S22, S32, S42, S52, S62, S72, S82, and S92)
in patients over 20 years of age. Data from the last population census
of the city studied and its behavior in relation to age group and
gender distribution were also extracted from the TabNet platform.®
Allinformation was collected from the website using a data collection
program. It was encoded using Python v. 2.7.13 (Python Software
Foundation, Beaverton, OR, USA), running on a Windows 10 operating
system computer (Microsoft Corporation, Redmond, WA, USA). Data
collection, field selection, and table ordering were done by the open
source programs selenium-webdriver v. 3.1.8 (Selenium HQ, various
developers worldwide) and pandas v. 2.7.13 (Lambda Foundry, Inc. and
PyData Development Team, New York, NY, USA). After data collection,
standard data transformation and cleaning procedures were performed
in each file, including removing header and footer information, removing
health facility code, and converting data columns into rows. The data
was saved and stored in a spreadsheet in Microsoft Office Excel 2016®
v. 16.0.4456.1003 (Microsoft Corporation).
The data were analyzed statistically, having relevance only when
p =< 0.05, using the ANOVA single factor and T-test method paired
by mean.

RESULTS

From 2008 to 2021, 45,507 cases of distal joint fractures of the
leg were recorded in hospitals that serve the public healthcare
system in the city of Sdo Paulo — Brazil; when corrected by the
total population of adults over 20 years (11,253,503), the incidence
of these fractures in the population studied during the period is
28.8 fractures/10° inhabitants-year on average (Table 1).

When we analyzed the annual pattern of these fractures, we found
a statistical difference among the three fracture patterns over
the years (p < 0.001), with an increase in the incidence of these

Acta Ortop Bras.2023;31(2):e263885

Table 1. Occurrence and incidence of each fracture.

Total cases Incid.ence .°f
fractures/10° inhabitants-year
(p<0.001) (0 < 0.001)
Malleolar fracture 18,921 12.01
Isolated fibula fracture 22,099 14.03
Distal tibia fracture 4,487 2.85

fractures (Figure 1A). During the same period, 311,166 hospitalized
cases of fractures of the entire skeleton, excluding face and skull,
were recorded, and distal joint fractures of the leg accounted for
14.62% of the total fractures (Figure 1B).

The three types of fractures have a higher total incidence in males
(p < 0.001), with distal tibia fractures presenting the highest
male:female ratio of 3.2:1 and malleolar fractures presenting
the lowest ratio of 1.16:1 (Figure 1C).

After age group segmentation, we noted that the three fractures
occurred most commonly in the third and fourth decade of life;
however, when corrected for incidence, this pattern changes
according to the fracture (Table 2).

Incidence of fractures over the years (10%inhabitants-year)

18
14 /\

12 e R

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
—— Malleolar fracture Isolated fibula fracture - PT

Percentage of each fracture

Other
fractures
85%

Isolated fibula fracture
7%

‘ Distal fibia
fracture
2%

Malleolar fracture
6%

Proportion of each fracture corrected by incidence

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

Malleolar fracture Isolated fibula fracture Distal tibia fracture
= Male = Female
Figure 1. A) Incidence of each fracture over the studied years;
B) Percentage of fractures in relation to total fractures over the years;
C) Male/female ratio of each fracture incidence.
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Table 2. Fractures incidence by age group.

Incidence 20-29 | 30-39 | 40-49 | 50-59 | 60-69 | 70-79 | > 80
Malleolar fracture 15.44 | 16.15 | 17.18 | 19.86 |20.03 | 13.61 | 7.93
Isolated fibula fracture | 21.60 | 20.49 | 19.59 | 19.95 | 17.95| 12.35 | 7.44
Ankle fracture 37.03 | 36.64 | 36.77 | 39.82 | 37.98 | 25.96 | 15.37
Distal tibia fracture 2.63 | 424 | 520 | 498 | 428 | 269 | 1.12

When we analyzed the patients by comparing gender by age
group, we found unimodal curves with peaks in different decades
of the patients’ lives, with earlier peaks in man and later peaks in
women. In ankle fractures, fracture prevalence showed an inversion
according to the gender gender, whereas distal tibia fractures are
always more prevalent in men (Figure 2).

The total amount paid to hospitals for hospitalizations of distal
joint fractures of the leg was R$ 34,218,014.62 over these 14 years.
Correcting this value for the number of interactions, the average
amount paid per hospitalization was R$ 783.04, ranging from
R$ 672.68 in 2008 to R$ 893.81 in 2021, which is equivalent to a
readjustment of 32% in 14 years (Table 3, Figure 3A).

When we compare the distal ankle fractures with other lower
limb fractures, this discrepancy in the amount paid increases.
The average value for surgical treatment of lower limb fractures
was R$ 1,396.85, which represents 35.59% more than the amounts
paid for the treatment of distal tibia fractures, 47.85% for malleolar
fractures, and 48.39% for isolated fibula fractures.

The average length of hospital stay of distal joint fractures was
5.12 days, ranging from 6 days in 2008 to 4.42 days in 2021
(p < 0.001). When compared to the average hospital stay of the
other fractures (5.25 days), distal joint fractures represent 3% less
(p < 0.001) (Figure 3B).

When analyzing the codes used, we found that the code for
distal tibia fractures presented a significantly longer hospi-
tal stay (6.78 days — 8.85 days in 2008 to 5.94 days in 2015),
whereas the code for malleolar fractures presented an average
hospital stay of 4.67 days (5.94 days in 2018 to 3.51 days
in 2021) and the code for isolated fibula fracture presented
an average of 3.92 days (4.76 days in 2008 to 3.19 days in
2021 - p < 0.001).

Malleolar fracture incidence per decade of life (/10° inhabitants-year)
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Distal tibia fracture incidence per decade of life (/10° inhabitants-year)
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0,000
2029 30-39 4049 50-59 60-69 70-79 >80
years years  years years years years years
old old old old old old old

== Male == Female Total

Isolated fibula fracture incidence per decade of life (/10° inhabitants-year)
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Figure 2. A) Malleolar fracture incidence per decade of life (/10° inhabitants-year); B) Isolated fibula fracture incidence per decade of life
(/10° inhabitants-year); C) Distal tibia fracture incidence per decade of life (/10° inhabitants-year).

Table 3. Cost per fracture.

Average reimbursement

Reimbursement considering

Fracture

per hospitalization (BRL)

Lowest Price (Year - R$)

Highest value (Year - R$)

Readjustment rate (%)

the average of fractures (%)

Malleolar fracture 728.45 2008 — 605.01 2019 - 868.45 43.54 35.18
Isolated fibula fracture 720.96 2008 — 646.27 2020 -791.70 22.50 35.32
Distal tibia fracture 899.70 2008 - 766.77 2021 -1,172.76 52.95 19.94
All fractures 1,123.77 2008 —960.57 2021 - 1,294.44 - 34.76
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Average amount paid for each fracture over the years
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Figure 3. A) Average amount paid for each fracture over the years; B) Average length of hospital stay of each fracture over the years.

DISCUSSION

Distal joint fractures of the leg are the most frequent cause of
post-traumatic hospitalization for surgical treatment in the population
up to 60 years old and represent 10.3-17% of total skeletal fractures
in the adult population.*'®" In this study, distal joint fractures leg
represented 14% of all fractures during the study period, whereas
ankle fractures represented over 12% of all body fractures.
Somersalo et al.,* studied 6,788 cases of skeleton fractures hospi-
talized for treatment from 2002 to 2008. The reported ankle fracture
incidence was 83 fractures/10° inhabitants-year. The literature
indicates a large variation in the incidence of this traumatic injury,
ranging from 41.2 to 187 fractures/10° inhabitants-year."246.10-13
Part of this variation in incidence is due to the fact that the studied
populations present different ages and socioeconomic and cultural
patterns, which reinforces the importance of using local data for
strategic action in public health. Liu et al.'"* found a difference in
the number of cases in urban centers and rural areas.

In our study population, we observed an incidence of 28 frac-
tures/10° inhabitants-year for malleolar fractures. However, our study
evaluated the number of hospitalized cases for surgical treatment,
disregarding the cases that were exempted from hospitalization for
non-surgical treatment. Beerekamp et al.? reported that only 28-35%
of fractures of the distal third of the leg require hospitalization for
treatment and Jensen et al.! estimated hospitalization for surgical
treatment in about 50% of cases."? Applying this percentage to the
studied sample, the incidence of total fractures would be approxi-
mately 52-92.85 fractures/10° inhabitants-year considering only mal-
leolar fractures, which is similar to the results found in the literature.
Papin and Berthonnaud'? also surveyed surgical treatment fractures
and found an incidence of 41.2 fractures/10° inhabitants-year for
malleolar fractures and 5.6 fractures/10° inhabitants-year for distal
tibia fractures.

In this study, isolated fractures of the fibula were 15% more fre-
quent than malleolar fractures. However, studies have reported
that malleolar fractures represent 57% of these cases in women.'®
Our findings corroborate with other studies regarding less incidence
of distal tibia fractures."'>'6

For all types of fractures in this study, men had a higher incidence,
especially in the young adult age group (peak around 20-29 years),
possibly due to greater involvement in sports activities and auto-
mobile accidents, whereas women recorded more hospitalizations
in older groups (peak between 60-69 years). This difference in
incidence between genders observed by us differs from some
findings in the literature that refer to these fractures as more common
in women 8101
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Regarding the pattern of distribution throughout life, our findings
corroborate most of the publications."?481013 Scheer et al.® also
observed a higher incidence of ankle fractures in young men and
women over 50 years of age.

Another point to be highlighted is that the peak incidence of isolated
fibular fractures in women occurs a decade earlier than ankle
fractures. The bone mineral density decreases with age in women,
which can increase the risk of more complex fractures with low
energy traumas. A population study in patients over 65 years of age
demonstrated that ankle fractures are the second most common
fracture of the lower limbs, predominantly in women.®

Studies that evaluate the risk of bone fragility observed an incidence
of up to 150 fractures/10° inhabitants-year in ankle fractures related
to corticosteroid use, previous history of fractures, and personal
history of rheumatoid arthritis.'®

We observed a greater amount paid for surgical treatment for distal
tibia fractures than for malleolar fractures, which is expected for more
complex fractures; however, fibula isolated fractures present a greater
amount paid in the SIGTAP/SUS table for hospitalization compared
to malleolar fractures (bi and trimalleolar (R$481.49 and R$432.14
respectively).® Itis interesting to note how these reimbursements were
established since they do not follow the degree of complexity of the
surgical treatment of these fractures. The average reimbursement of
distal leg fractures was lower compared to the other body fractures,
and the difference is more significant when compared with other
lower limb fractures. Other joint fractures, such as in the knee and hip,
require more expensive implants and longer hospital stays, which
may justify this difference in the amount paid.

Another point to be discussed is the price readjustment of the
procedures. When we calculated the readjustment of the payment
made to hospitals for the surgical treatment of these fractures,
we found that the readjustment in the last 14 years was 52.95% in
distal tibia fractures, 43.54% in malleolar fractures, and 22.50% in
fibula isolated fractures, whereas the total readjustment of fractures
treatment was 34.76%. When we used the central bank tool to
calculate inflation in the same period, we found that it is significantly
higher than the readjustment of reimbursement (193.741710% by
the IGP-M and 124.045490% by the IPCA)."

Furthermore, when we compared the reimbursement in the Bra-
zilian public healthcare system for these treatments to other
countries, we observed a significant discrepancy in the amounts
of US$ 62,000.00 in the United States (private financing system)
and £ 4,730.28 in the United Kingdom (public financing system).6'8
The value discussed in this article is the amount paid by the public
health system to public hospitals, and does not represent all of the
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hospital costs for patients with injuries (such as surgical materials and
hospital medications), which likely leads to a growing financial deficit
for hospital administrations.

In this study, an average increase in the necessary hospitaliza-
tion time was observed as the trauma associated with higher
energy increased, and the average hospitalization time for ankle
fractures, which ranged from 3.92 to 6.78, is similar to that
reported by other authors.® In a national study involving the
DATA-SUS database, including 56,364 cases of ankle fractures
from 2004-2013,° ankle fractures remained, on average, 4.94 days
hospitalized. Other authors report an average of 6.6 to 10.17 days
of hospitalization for individuals with ankle fractures.®'® When we
analyzed the mean length of hospitalization of SIGTAP for these
fractures, we found that, on average, patients stay longer than
the recommended three days for ankle fractures and four days
for distal tibia fractures,® which indicated that the reimbursement
table should be adjusted.

The main limitations of this study were its retrospective nature
and the inadequate completion of some data such as race,
ethnicity, and educational level of the treated patients, which
had to be disregarded in the data collection. We must consider
that several of these hospitals are training centers for doctors,
and often the documents are filled out by residents who are not
properly instructed or by doctors who do not pay attention to the
data. It was impossible to access information such as trauma
mechanism and synthesis material used in the treatment. Despite

these limitations, this is, to the best our knowledge, the first study
in the Brazilian literature that analyzed the data available on the
TabNet platform of the Unified Health System of the City of Sao
Paulo (DATASUS) using an innovative robotization technology
for information collection.” This data collection strategy is faster,
more efficient, and more reliable than the manual collection of
each studied items, and can encourage the epidemiological
study of the main diseases in the city of Sao Paulo, ultimately
producing a high quality national literature. The estimation of the
cost for the SUS with the hospital treatment of these fractures
can help public administrators in budget planning and in a
homogeneous reimbursement policy by municipality region and
by hospitalization code.

CONCLUSION

The incidence of distal joint fractures of the leg in the studied popu-
lation was 28.8 fractures/10° inhabitants-year. We noted statistically
significant difference between gender and type of fracture, in which
men show a younger peak incidence compared to women for the
three types of fractures evaluated. The mean length of hospital stay
of patients in the studied period decreased from 6 days in 2008
to 4.42 days in 2021, and showed differences according to the
fracture pattern. The average amount paid by the public healthcare
system (R$ 783.04) was always lower than the average of other
reimbursements for fracture treatment, and the adjustment over
the years was lower than the accumulated inflation.

AUTHOR’S CONTRIBUTIONS: Each author contributed individually and significantly to the development of this article. DLR, TSM, ALGSM: writing of the
paper, critical review of its intellectual content, and final approval of the version to be published; NW, MFAS, VG: critical review of the article and final approval

of the version to be published.

REFERENCES

1. Jensen SL, Andresen BK, Mencke S, Nielsen PT. Epidemiology of ankle fractures:
a prospective population-based study of 212 cases in Aalborg, Denmark.
Acta Orthop Scand. 1998;69(1):48-50.

2. Beerekamp MSH, de Muinck Keizer RJO, Schep NWL, Ubbink DT, Panneman
MJM, Goslings JC. Epidemiology of extremity fractures in the Netherlands.
Injury. 2017;48(7):1355-62.

3. Belatti DA, Phisitkul P. Economic burden of foot and ankle surgery in the US
medicare population. Foot Ankle Int. 2014;35(4):334-40.

4. Somersalo A, Paloneva J, Kautiainen H, Lénnroos E, Heindnen M, Kiviranta I.
Incidence of fractures requiring inpatient care. Acta Orthop. 2014;85(5):525-30.

5. Silva ARB, Martinez LC, Pinheiro MM, Szejnfeld VL. Low-trauma ankle fractu-
res in Brazil: secular trends in patients over 50 years old from 2004 to 2013.
Arch Osteoporos. 2020;15(1):105.

6. Scheer RC, Newman JM, Zhou JJ, Oommen AJ, Naziri Q, Shah NV, et al.
Ankle fracture epidemiology in the United States: patient-related trends and
mechanisms of injury. J Foot Ankle Surg. 2020;59(3):479-83.

7. Brasil. Ministério da Saude. Internagées Hospitalares do SUS no Municipio de
S&o Paulo a partir de 2008 [Internet]. Brasilia (DF): Datasus; [accessed on 2022
Mar 28]. Available from: http://tabnet.saude.prefeitura.sp.gov.br/cgi/deftontm3.
exe?secretarias/saude/TABNET/AIHRDO8/AIHRDNET08.def

8. Brasil. Ministério da Saude. SIGTAP — Sistema de Gerenciamento da Tabela
de Procedimentos, Medicamentos e OPM do SUS [Internet]. Brasilia (DF):
Datasus; [accessed on 2022 Mar 28]. Available from: http://sigtap.datasus.
gov.br/tabela-unificada/app/sec/inicio.jsp

9. Brasil. Ministério da Saude. Populagéo residente segundo ano, sexo, idade e
local de residéncia: municipio de S&o Paulo [Internet]. Brasilia (DF): Datasus;

Page 5 of 5

[accessed on 2022 Mar 28]. Available from: http://tabnet.saude.prefeitura.sp.
gov.br/cgi/deftohtm3.exe?secretarias/saude/TABNET/POPIDADE/popidade.def

10. Happonen V, Kréger H, Kuismin M, Sund R. Ankle fractures in Finland: 118,929
operatively treated between 1987 and 2019. Acta Orthop. 2022;93:327-33.

11. Bergh C, Wennergren D, Mdller M, Brisby H. Fracture incidence in adults in relation
to age and gender: a study of 27,169 fractures in the Swedish Fracture Register in
a well-defined catchment area. PLoS One. 2020;15(12):e0244291.

12. Papin P, Berthonnaud E. Incidence of osteosynthesis of members in France.
Int Orthop. 2017;41(8):1501-6.

13. Juto H, Nilsson H, Morberg P. Epidemiology of adult ankle fractures: 1756 cases
identified in Norrbotten County during 2009-2013 and classified according to
AO/OTA. BMC Musculoskelet Disord. 2018;19:441.

14. LiuS, ZhuY, Chen W, Wang L, Zhang X, Zhang Y. Demographic and socioeconomic
factors influencing the incidence of ankle fractures, a national population-based
survey of 512187 individuals. Sci Rep. 2018;8:10443.

15. Thur CK, Edgren G, Jansson KA, Wretenberg P. Epidemiology of adult ankle
fractures in Sweden between 1987 and 2004. Acta Orthop. 2012;83(3):276-81.

16. Copés RM, Comim FV, Barrios NS, Premaor MO. Incidence of fractures in
women in the post-menopause: a cohort study in primary care in southern Brazil.
Arch Osteoporos. 2021;16(1):126.

17. Brasil. Banco Central do Brasil. Calculadora do cidadao [Internet]. Brasilia (DF):
BCB; [accessed on 2022 Mar 29]. Available from: https://www3.bcb.gov.br/
CALCIDADAO/publico/exibirFormCorrecaoValores.do?method=exibirForm
CorrecaoValores&aba=1

18. Murray AM, McDonald SE, Archbold P, Crealey GE. Cost description of inpatient
treatment for ankle fracture. Injury. 2011;42(11):1226-9.

Acta Ortop Bras.2023;31(2):e263885

<< SUMARIO



ORIGINAL ARTICLE

DOI: http://dx.doi.org/10.1590/1413-785220233102e260893

HAND SURGERY

RESULTS OF SURGICAL TREATMENT OF
CARPAL TUNNEL SYNDROME USING TWO
VARIATIONS OF OPEN TECHNIQUE

RESULTADOS DO TRATAMENTO CIRURGICO DA
SINDROME DO TUNEL DO CARPO POR MEIO DE
DUAS VARIACOES DA TECNICA ABERTA

PATRICIA MARIA DE MORAES BARROS Fucs'

, YUSSEF ALI ABDOUNI'

, ANA CAROLINA DA SILVA LOVATO'

1. Santa Casa de Misericordia de Sao Paulo, Faculdade de Ciéncias Médicas, Departamento de Ortopedia e Traumatologia, Sao Paulo, SP, Brazil.

ABSTRACT

Transverse carpal ligament (TCL) opening is the treatment of
choice for carpal tunnel syndrome. However, complications such
as loss of grip strength and anterior displacement of the median
nerve are described as common complications associated with
this technique. Thus, techniques that reconstruct or extend TCL
are described to reduce the incidence of these complications.
Objective: To evaluate the effectiveness of TCL enlargement
through Z-plasty and the reduction of complications by com-
paring it with the complete opening of the ligament. Materials
and Methods: A prospective and randomized intervention study
was conducted in 56 patients. They were divided into 2 groups:
1) complete opening of TCL 2) TCL enlargement via Z-plasty.
We evaluated grip strength, sensitivity, and functional evaluation
using the QuickDASH questionnaire. Results: There was no
statistically significant difference in the improvement of scores
with QuickDASH between the two techniques. The sensitivity test
was better in patients subjected to TCL enlargement, whereas
grip strength increased in the group subjected to complete TCL
opening. Conclusion: According to the results of this study,
the complete opening of the TCL showed no reduction in grip
strength, although it showed inferior recovery to postopera-
tive sensitivity. Both techniques were equivalent in functional
improvement. Thus, Z-plasty showed no identifiable benefits
for TCL enlargement. Level of Evidence Ill, Randomized
Clinical Trial.

Keywords: Carpal Tunnel Syndrome. Median Nerve. Median
Neuropathy.

RESUMO

A abertura completa do ligamento transverso do carpo (LTC) é o
tratamento de escolha para a sindrome do tunel do carpo. No entanto,
complicagdes como perda de forca de preenséo e deslocamento
anterior do nervo mediano s&o complicagbes comuns associadas
a essa técnica. Assim, descrevem-se técnicas que reconstroem ou
alargam o LTC visando reduzir a incidéncia dessas complicagoes.
Objetivo: Avaliar a efetividade do alargamento do LTC através de
Z-plastia e a diminuicdo das complicagbes, comparando a técnica
com a abertura completa do ligamento. Métodos. Realizou-se um
estudo de intervengéo, prospectivo e randomizado com 56 pacien-
tes. Estes foram divididos em dois grupos: 1) abertura completa do
LTC e 2) alargamento do LTC através de Z-plastia. Avaliamos forga
de preenséo e sensibilidade e realizamos avalicgdo funcional por
meio do questionario Quick Disabilities of Arm, Shoulder and Hand
(QuickDASH). Resultados: Néo houve diferencga estatisticamente
significante na melhora dos escores entre as duas técnicas. O teste
de sensibilidade teve melhores resultados nos pacientes subme-
tidos ao alargamento do LTC, enquanto a forga de preensao teve
maior acréscimo no grupo submetido a abertura completa do LTC.
Conclusé&o: Aabertura completa do LTC n&o levou a reducéo da forga
de preenséo, apesar de ter se mostrado inferior na recuperagao da
sensibilidade no pds-operatdrio. As duas técnicas foram equivalentes
na melhora funcional. Dessa forma, ndo encontramos beneficios
identificaveis na realizagéo da Z-plastia para alargamento do LTC.
Nivel de Evidéncia lll, Ensaio Clinico Randomizado.

Descritores: Sindrome do Tunel do Carpo. Nervo Mediano.
Neuropatia Mediana.

Citation: Fucs PMMB, Abdouni YA, Lovato ACS. Results of surgical treatment of carpal tunnel syndrome using two variations of open technique.
Acta Ortop Bras. [online]. 2023;31(2): Page 1 of 6. Available from URL: http://www.scielo.br/aob.

INTRODUCTION

Carpal tunnel syndrome is the most common compressive neuropa-
thy of the upper limbs, affecting 4% to 5% of the general population.’2

Women are more affected than men, it is more prevalent in the
40 to 60 years age range, and is usually bilateral.® Risk factors for
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the disease include obesity, repetitive wrist movements, pregnancy,
family history, and rheumatoid arthritis.*

Conservative methods can be used for treatment and the most
common is the use of orthotic devices and local injection of cor-
ticosteroids.>® More recently, exercises involving nerve excursion
showed a reduction in the number of surgical interventions.”
Nerve excursion can be an option to speed up functional recovery.®
Other methods such as platelet-rich plasma injections® and shock-
wave therapy'® are being studied as options to treat this disease,
but still lack data to prove their effectiveness.

The literature lacks consensus on the best time for surgical indication,
but studies show that surgery is generally more effective than
conservative treatment in terms of recurrence rate, improvement of
symptoms, and hand function.!" However, the best time for surgical
treatment should be discussed with the patient as their symptoms
are not always directly related to the findings of physical examination
and electroneuromyography.'?

Conservative treatment generates positive responses in 80% of
patients. Relapse rates of symptoms after conservative treatment
range from 8% to 80%."2'* Surgical treatment can be performed
by an open approach or endoscopically. Similar results and com-
plication rates are observed in both techniques.’>®

Regarding surgical treatment, the complete opening of the trans-
verse carpal ligament (TCL) remains a treatment of choice in
refractory cases. As common complications associated with this
technique, we can mention the reduction of grip strength and pain
on the thenar and hypothenar eminence, also called “pillar pain.”"
Discomfort at the site of the scar is also a common complication,
with incidence rates ranging from 19% to 61%.'3

The reduction in grip strength is attributed by several authors to
the loss of the pulley effect of the TCL on the flexor tendons."®
To avoid such a complication, several techniques of TCL reconstruction
were postulated after its complete section,'® as well as techniques
that only widen the ligament without completely sectioning it."”
Another complication described is the subluxation of the median
nerve, observed intraoperatively, in 60% of the patients reoperated
for recurrence of carpal tunnel syndrome.? To avoid these effects
and maintain tendons and nerves within the TCL, some authors
use Z-plasty for TCL enlargement and reconstruction.®8

This study aims to compare the results of grip strength, symptom
improvement, and postoperative sensitivity of the technique of TCL
widening by Z-plasty with the complete opening for the treatment
of patients with carpal tunnel syndrome.

METHODS

Population studied

Intotal, 56 patients were evaluated, 20 men and 36 women, with clinical
criteria for the disease in a prospective randomized intervention study.
The Tinel's sign and the Durkan and Phalen tests were evaluated,
as well as thenar atrophy, grip strength, and complaints of paresthesia
inthe median nerve. The electroneuromyography study was not used
in the diagnostic criteria. Studies show that this method has limitations,
including the inability to predict what patients will benefit most from
surgery or conservative treatment.”

Patients with complaints of paresthesia and pain in the ulnar
nerve path and patients with advanced thenar atrophy and loss
of opposability were excluded; patients with signs of high com-
pression of the median, associated diseases such as rheumatoid
arthritis and other connective tissue diseases, malignancies,
renal diseases, distal radius fractures, congenital neuropathies,
spinal diseases, diabetes mellitus, fioromyalgia, pregnant women,
or thyroid diseases were also excluded. Patients previously
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operated on for median nerve decompression (reoperation)
were also excluded.
This study was approved by the Research Ethics Committee of the
School of Medical Sciences of Santa Casa de Sao Paulo under
opinion No. 4985725.

Evaluation criteria

Patients who met the inclusion criteria of the study completed the
informed consent form after the appropriate explanations. All data
evaluated regarded the side to be operated on.

The patients completed the Quick Disabilities of the Arm, Shoulder
and Hand Outcome Measure (QuickDASH) questionnaire,
composed of eleven items that address symptoms and skills of
daily living in people with any or several disorders involving the
upper limb, with the advantage of providing the same quality of
information with fewer items for the patient to complete, facilitating
scoring for the clinician or researcher. Like the regular DASH,
it provides a scale with scores of 0-100 points, with 100 indicating
the highest deficiency. QuickDASH is comparable to regular DASH,
and its construct validity and sensitivity suggest that QuickDASH
scores should observe disabilities and symptoms that are relatively
similar to those predicted by the full version.?

The patients were also subjected to the sensitivity test of
the median nerve by the Semmes-Weinstein monofilaments.
Six monofilaments (pocket model - “Sensikit”) of nylons number
612, 38 mm in length, and different diameters that exert a specific
force in the tested area corresponding to weight variation from
0.05 to 300 g was used. For filling out the disability degree form,
the parameters used were those by the MS to record the degree
of disability, in which the perception of monofilaments of 0.05 g
(green), 0.2 g (blue), and 2.0 g (violet) indicate degree 0 of disability;
whereas the non-perception of the monofilament of 2.0 g (violet)
and the perception or not of the other monofilaments (4.0 g, 10.0 g,
and 300.0 g) indicate grade | disability.

The grip strength was evaluated according to the recommendation of
the American Society of Hand Therapists (ASHT), by using the Jamar
dynamometer®, in the second position (of five), referring to the size of
the handle. The patients remained seated in an office chair (without
arms) with their spine erect, keeping the knee flexion angle at 90°,
the shoulder positioned in adduction and neutral rotation, the elbow
flexed at 90°, with their forearms in half pronation and neutral wrist,
which could be moved up to 30° of extension. Their arm was kept
suspended in the air with their hand positioned on the dynamometer,
which was supported by the evaluator. Grip strength measured by
the dynamometer does not reflect all the situations encountered in
the gestures of everyday life or at work. Therefore, this parameter
was not used isolated in the evaluation of the results.

Follow-up

Patients were evaluated in the immediate preoperative period and
with 30, 60, and 180 postoperative days. All patients were evaluated
by the same examiner on all dates and criteria. Patients who could
not be reevaluated at any of these intervals were excluded.

Surgical method

The patients were randomly divided into two groups: those subjected
to the “open” method and another group to the “zetaplasty” method.
The procedure was performed in a surgical environment, always
by the same surgeon, and the type of anesthesia was determined
by the anesthesiologist. The same classical volar access route
to the TCL was performed in all patients, being an incision of ap-
proximately 3 cm, slightly ulnar to the thenar flexion fold. The TCL
was cross-sectioned in the “open” group, and by zetaplasty in the
group of the same name.
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The complete release of the TCL was verified, being left open in patients
of the open group. In the “zetaplasty” group, the TCL was sutured so
as not to cause tension or new nerve compression, together with the
tips of the “Z” formed by the incision, as Figure 1 exemplifies.

All patients underwent early mobilization and occupational therapy
in the postoperative period. Plastered immobilization or orthotic
devices were not used in any case in the postoperative period since
their use showed no beneficial effect when compared to simple
compressive dressing. Moreover, this practice increases the total
surgical time and can thus be safely abandoned.®

Figure 1. TCL incision in patients in the group subjected to TCL enlarge-
ment and reconstruction by Z-plasty.

Source: Karlsson et al.”
TCL: transverse carpal ligament; TS: scaphoid tuberosity; HH: hamate hamulus; RA: radial artery,
UA: ulnar artery; UN: ulnar nerve; MN: median nerve.

RESULTS

The statistical analysis used the Student’s t-test. The quantitative
variables are described by their mean and 95% confidence interval
for those considered normal. The two-sample t-test was used
to compare whether the proportion of responses of two certain
variables and/or their levels is statistically significant.

Our objective was to compare the results between the two types
of surgery. We started with the mean of DASH and Jam in each of
the four periods. We used the Student’s t-test.

* MF: Semmes-Weinstein monofilament test

* JAM: Jamar dynamometer®

Table 1 and Figure 2 show a comparison between the two surgical
techniques and their outcome using the QuickDASH questionnaire
as a parameter. Table 2 and Figure 3 use the grip strength measured
by Jamar® to compare the two techniques.

Table 1. Comparison between the types of surgery in relation to functional
recovery evaluated by the Quick Disabilities of Arm, Shoulder and Hand
by follow-up time.

45 42.4
40 38.9

35 32.8

30 26.0
25

20 18.0
15
10

35.8

28.5
24.9

TO T30 T90

Zeta

T180
Open

Figure 2. Comparison between the types of surgery in relation to
functional recovery evaluated by the Quick Disabilities of Arm, Shoulder
and Hand by follow-up time.

Table 2. Comparison between the types of surgery in relation to the

DASH | Mean | Median | 292" | v | win (Max | N | cI | pvalue
Deviation

Open| 389 | 3 19, 1% | 1 28 | 7.4

o |Open] 389 | 35 99 |51% |10 80 |28 0483
Zeta | 424 | 45 | 164 |39%| 15| 80 | 27 |62
2. . 217 |66%| 7 | 75 | 28 |8.

T30 | pen | 328 | 305 66% S EIE .
Zeta | 358 | 35 | 204 |57%| 5 |70 |27 |77
Open | 260 | 205 | 197 |76% | 2 | 74 | 28 | 7.3

T9 662

O Zem [ 285 | 20 | 221 |77 | 4 | 73 |27 |83 ] °

Open| 180 | 135 | 166 |92%| 0 | 58 | 28 | 6.1

T1 193

8 et (229 | 17 | 215 |87% | 1 |77 |27 |81 >
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grip strength measured by the Jamar dynamometer by follow-up time.
Jam | Mean |Median | 2198 | ye i I max | N | I | pvalue
Deviation
Open| 27.0 26 9.0 33% | 12 | 44 | 28 |33
T .002
0 Zeta | 20.5 18 49 24% | 12 | 30 | 27 | 1.8 0.00
Open| 24.2 22 9.3 38%| 8 | 40 | 28 |34
T .
%0 Zeta | 18.1 18 48 27% | 12 | 30 | 27 | 1.8 0.003
Open| 26.5 27 8.9 33%| 10 | 40 | 28 |33
T90 0.001
Zeta | 19.3 18 45 23%| 10 | 28 | 27 |17~
T180 | Open| 27.3 27 8.9 33%| 10 | 40 | 28 | 3.3 | 0.004
0 a0 26.5 27.3
25 242 ’ts
205 :
20 18.1 19.3
15
10
5
0
T0 T30 T90 T180
Open Zeta

Figure 3. Comparison between the types of surgery in relation to the
grip strength measured by the Jamar dynamometer by follow-up time.

When QuickDASH was evaluated as an isolated parameter, the types
of surgeries, in all four follow-up moments, showed no statistically
significant mean difference. Grip strength showed a mean difference
between the types of surgery at all times of the follow-up. The mean
was always higher in the group subjected to complete opening of
the TCL compared with the Z-plasty group. The largest difference
occurred in the T90, in which the mean of open surgery was 26.5
versus 19.3 of the Z-plasty group (p < 0.001).

In Table 3 and Figure 4, we compared the surgeries for the distri-
bution of the relative frequency of the results of the sensitivity test
using the monofilaments, in which we used the two-sample t-test.
We found that there is only a statistically significant difference
between the types of surgery in the distribution of the violet result
in T180, in which in the open surgery group the index was 25.0%
and in the Z-plasty was 51.9% (p = 0.040).

The gain/delta was also performed between the moments for
QuickDASH and grip strength, whose results are shown in Table 4
and Figure 5 and Table 5 and Figure 6, respectively. This gain is
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simply the simple mathematical difference between the times, To-30 T0-90 To-180 T30-90  T30-180  T90-180
inwhich a positive value indicates an increase in the value between
the times involved and a negative value indicates a reduction.
We reused the Student's t-test to compare the types of surgery as -5 -3.67
to the mean of the QuickDASH deltas and grip strength. -6.18-6.59 -6.71.7.30
Inthe gain/delta analysis, we found only a mean difference between 10 800
the types of surgery when we used QuickDASH in the T90-180 12.89 1096
delta, with reduced values in both surgeries. For open surgery, the 15 -13.89 -14.71
mean was —8.00 versus —3.67 in the Z-plasty group (p = 0.030). 20 -17.56
-20.89
Table 3. Comparison between the types of surgery in relation to the -25
grip strength measured by the Jamar dynamometer by follow-up time. Open Zeta
MF Open Zeta p-value Figure 5. Comparison between the types of surgery for delta values of the
N % N % Disabilities of Arm, Shoulder and Hand, in which: a positive value indicates
Violet 22 78.6 19 70.4 0.485 functional improvement and a negative value indicates functional decrease.
T0 Blue 5 17.9 7 25.9 0.469
Green 1 36 1 8.7 0.979 Table 5. Comparison between the types of surgery for delta grip strength
Violet 20 4 17 63 0.504 measured by the Jamar dynamometer, in which: a positive value indicates
T30 Blue 5 17.9 8 29.6 0.304 improvement in grip strength and a negative value indicates a decrease in it.
Green s | 107 | 2 74 0670 Jamdelta | Mean | Median | 22798 | ve | win |Max| N | 1 | pvalue
Violet 20 71.4 17 63 0.504 Deviation
T90 Blue 5 17.9 8 296 0.304 7030 Open|-2.79| -2 378 [136% |-12| 4 |28|140 0.722
Green 3 10.7 2 74 0.670 Zeta| -2 -2 3.25 133% | -8 | 2 |27 123
Violet 7 25.0 14 51.9 0.040 09 Open|-050| 0 395 [790% |-8| 8 |28]146 0500
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Figure 6. Comparison between the types of surgery for delta grip
strength measured by the Jamar dynamometer, in which: a positive
value indicates improvement in grip strength and a negative value
indicates a decrease in it.

Finally, Table 6 and Figure 7 show a comparison between the types
of surgery for the Delta in the sensitivity parameter. The two-sample
t-test equality test was used.

We noticed a statistical significance inthe T0-180, T30-180, and T90-180
delta values. Exemplifying the result in the delta from T0-180, we have
statistical significance for results that held, in which we had 35.7% in
the open surgery group and 66.7% in the Z-plasty group (p = 0.022).
We also found significance for the change to the Improved 1 category,
in which in the open surgery group the index was 46.4% compared
with 18.5% of Z-plasty (p = 0.027).
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Table 6. Comparison between the types of surgery for delta recovery of
sensitivity measured by monofilaments, in which: a positive value indicates
improvement in sensitivity and a negative value indicates its decrease.

Open Zeta
MF delta N P % N % p-value
Maintained 26 929 | 25 | 926 0.970
T0-30 Improved 1 0 0.0 1 37 0.304
Improved 2 2 7.1 1 3.7 0.574
Maintained 26 | 929 | 25 | 926 0.970
T0-90 Improved 1 0 0.0 1 3.7 0.304
Improved 2 2 7.1 1 3.7 0.574
Worsened 1 1 3.6 2 7.4 0.531
T0-180 Maintained 10 357 | 18 | 66.7 0.022
Improved 1 13 46.4 5 18.5 0.027
Improved 2 4 14.3 2 7.4 0.413
T30-90 Maintained 28 100 27 100 -X-
Worsened 1 1 3.6 2 7.4 0.531
T30-180 Maintained 12 429 | 20 | 744 0.019
Improved 1 13 46.4 4 14.8 0.011
Improved 2 2 71 1 3.7 0.574
Worsened 1 1 3.6 2 7.4 0.531
T90-180 Maintained 12 | 429 | 20 | 741 0.019
Improved 1 13 46.4 4 14.8 0.011
Improved 2 2 7.1 1 3.7 0.574
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Figure 7. Comparison between the types of surgery for delta recovery
of sensitivity measured by monofilaments, in which: a positive value
indicates improvement in sensitivity and a negative value indicates
its decrease.

DISCUSSION

We analyzed the postoperative results of TCL enlargement by
Z-plasty compared with the complete opening of the TCL.

TCL is a strong anatomical structure, whose main function is to
serve as a pulley to keep the flexor tendons close to the center of
rotation of the wrist.® If these tendons move anteriorly during wrist
flexion, this reduces their contraction force. After the division of
TLC, many surgeons observe an anterior displacement of the flexor
tendons and median nerve. In this study, the authors concluded
that the complete division of TLC leads to reduced grip strength
and prolonged palmar pain in the scar region.

According to the results of this study, the increase in grip strength
was higher in patients in the group that TCL was completely opened,
contrary to Lluch’s findings.'

In a study with 52 patients and more than 25 weeks of follow-up,
Dias et al."" found no advantage over the technique of widening the
TCL in Z-plasty over the complete opening. Recovery of neurological
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symptoms, functional results, and postoperative pain were evaluated.
Similar results were obtained by Karlsson et al.,'? in which 99 pa-
tients were evaluated in a retrospective study comparing the two
techniques. Patients subjected to enlargement in Z-plasty of the TCL
presented longer time away from work. According to the authors,
the probable explanations were the longer immobilization time in
the postoperative period of patients in the Z-plasty group as well
as a more extensive exploration of the volar tissues, leading to a
longer period of local inflammation. Thus, there is no advantage
in rebuilding the TCL.

Dias et al.,'" in a randomized double-blind study, compared the
two techniques in 52 hands in a follow-up of 25 weeks. Function
questionnaires were used to evaluate the severity of the disease.
Their study showed no identifiable benefits in performing TCL
enlargement for carpal tunnel decompression.
Castro-Menendéz et al.,'® showed similar results in a study that
evaluated 80 patients divided into two groups, a model similar to
the previous study. In this study, the follow-up time was up to one
year and no statistically significant differences were identified in the
grip strength and presence of pillar pain between the two groups.
The grip strength was also evaluated by Karlsson et al.'? in a study in
which the open technique for opening the TCL was compared with
enlargement by Z-plasty. Patients subjected to TCL repair presented
higher mean grip strength with the wrist at 45° extension, while
the group subjected to the simple opening of the TCL had greater
average grip strength when measured with the wrist at 45° of flexion.
Another study in which grip strength in patients who had undergone
TCL reconstruction was higher than in patients who had undergone
simple opening was that of Gutierrez-Monclus et al.'* A total of 177
patients were evaluated in a model similar to our study, being 59 patients
subjected to stretching and 59 being the control group subjected to the
simple opening of the TCL. The conclusion was that TCL reconstruction
resulted in greater improvement of grip strength than in the group
subjected to simple retinaculotomy.

In our study, the two techniques were equivalent when performance
on the QuickDASH questionnaire was evaluated in isolation. Among
the three criteria evaluated, this is the most subjective; however,
it is the one that most relates to the patient’s perception regarding
the improvement of symptoms and activities of daily living in the
postoperative period. Regarding the sensitivity test by monofilaments,
the group in which Z-plasty was used to widen the TCL showed
greater recovery. In a similar study, Jakab, Ganos and Cook,'®
performed the two-point discrimination test to evaluate the sensitivity
of patients subjected to complete TCL opening compared with its
enlargement by Z-plasty. Their study showed no relevant difference
between the two techniques.

A commonly found complication in the literature related to the
surgical opening of TCL is a pain in the thenar eminence region
and in the region of the surgical scar, also called the “pillar pain”.
Seitz and Lall® relate this pain to a combination of the complete
opening of the TCL with exposure of nerve endings and loss of
the anatomical covering of the carpal tunnel that would have a
biomechanical function, acting as a pulley for the flexor tendons,
and a neuroprotective function. Their study failed to find a significant
difference with six months of follow-up between the two groups.
In a similar study, Saravi et al.'® concluded that although both groups
showed improvement in pain and normal grip strength 12 weeks
after surgery, the group subjected to Z-plasty showed a significant
reduction in hand pain, shorter duration of this pain, and a shorter
period to achieve normal grip strength.

Comparing enlargement in TCL Z-plasty with the simple opening,
Xu, Huang and Hou'” obtained an excellent improvement in function
and patient satisfaction in the Z-plasty group. The authors cite
this method as a more effective alternative to the conventional
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method of surgery for the treatment of carpal tunnel syndrome.
Castro-Menéndez et al.'® also compared these two techniques
and showed no difference between the two groups regarding
grip strength, pillar pain, and functional improvement assessed
by a questionnaire. Thus, Z-plasty shows no identifiable benefits
to reduce postoperative complications. In this study, as well as
in most studies similar to ours, a recurrent and important bias is
that the surgeries were performed by different surgeons. In the
case of this study, this bias is not present, since all surgeries were
performed by the same physician.

CONCLUSION

With the comparison of the conventional technique with the complete
opening of the TCL in relation to the technique of its enlargement
using Z-plasty, we conclude that both are equivalent in terms of
functional improvement of the hand using QuickDASH as a ques-
tionnaire. This is the most subjective parameter that considers the

patient’s perception of their symptoms, limitations for activities of
daily living, and how much the disease interferes with their routine.
The group subjected to complete opening of the TCL showed better
progression of grip strength in relation to the group subjected to
Z-plasty. This data contradicts the idea that the complete opening
of the TCL would eliminate its pulley function for the flexor tendons,
leading to reduced grip strength.

Regarding the sensitivity test using monofilaments, the Z-plasty
group showed greater improvements than the other group.
Considering these parameters, we conclude that there is no significant
advantage in extending the TCL through Z-plasty in relation to its
simple opening.
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ABSTRACT

Obijective: To evaluate the citation of the ligament in the magnetic
resonance imaging (MRI) reports and confirm its presence and
injury in the images of exams performed in the acute phase
retrospectively. Methods: In total, 103 patients who underwent
anterior cruciate ligament (ACL) reconstruction in 2019 were
included. The images were reanalyzed by two radiologists.
Results: In the first analysis, only one report mentioned the
anterolateral ligament (ALL) and its injury (0.97%). On reanalysis,
ALL was visualized in almost all cases (95% and 97%). An injury
was found in 53 (51.5%) cases by radiologist A and in 56 (54.4%)
cases by radiologist B. The injury was diagnosed by both in
39 (37.9%) cases (p < 0.0001). Radiologists disagreed regard-
ing the injury (Kappa = 0.411). Conclusion: The reports failed
to describe the ligament and diagnose a significant number
of injuries. The analysis of conventional resonance images
still presents divergences in the diagnosis of ALL injury asso-
ciated with the ACL among radiologists. Level of Evidence 1V,
Case Series.

Keywords: Anterolateral Ligament. Anterior Cruciate Ligament.
Ligaments Articular. Magnetic Resonance Imaging.

RESUMO

Objetivo: Avaliar, de forma retrospectiva, a citagao do ligamento
anterolateral (LAL) em laudos de ressonancia magnética (RM) e
confirmar sua presenca e les&o nas imagens de exames feitos na
fase aguda. Métodos: Foram incluidos 103 pacientes submetidos a
reconstrucdo do ligamento cruzado anterior (LCA) em 2019, cujas
imagens foram reanalisadas por dois radiologistas. Resultados:
Em primeira analise, apenas um laudo citava o LAL e sua lesao
(0,97%); enquanto na reanalise, o LAL foi visualizado em quase
fodos 0s casos (95% pelo radiologista A e 97% pelo radiologista B).
Foi encontrada lesdao em 53 (51,5%) casos pelo radiologista A e
56 (54,4%) pelo radiologista B. Les&o foi diagnosticada por ambos
em 39 (37,9%) casos (p < 0,0001). Houve divergéncia entre 0s
radiologistas com relagao a lesao (Kappa = 0,411). Concluséo:
Os laudos deixaram de descrever o ligamento e diagnosticar
um numero significativo de lesées. A analise das imagens con-
vencionais de ressonancia ainda gera divergéncias no diagnos-
tico da lesdo do LAL associada ao LCA entre os radiologistas.
Nivel de Evidéncia IV, Série de Casos.

Descritores: Ligamento Anterolateral. Ligamento Cruzado Anterior.
Ligamentos Articulares. Imageamento por Ressonéancia Magnética.

Citation: Guerreiro JPF, Manini ABB, Campanha DBV, Zendrini GO, Bignardi PR, Danieli MV. Evaluation of the anterolateral ligament of the knee in
magnetic resonance MRI: case series. Acta Ortop Bras. [online]. 2023;31(2): Page 1 of 3. Available from URL: http://www.scielo.br/aob.

INTRODUCTION

Anterior cruciate ligament (ACL) injuries are among the most frequent
injuries in orthopedics, affecting mainly active young people, which
lead to reduced activity due to joint instability, with an incidence of
200,000 reconstructions per year inthe USA."2 In the past, reconstruc-
tions were exclusively extra-articular, becoming openly intra-articular,
arthroscopically intra-articular. Today, extra-articular reinforcement
associated with arthroscopic intra-articular reconstruction is discussed.?
The surgical method must be reconsidered due to the high rate
of new ACL injury, which ranges from 6 to 28%, even with proper

technical performance.® Thus, the reinforcement or reconstruction of
the anterolateral ligament (ALL) was proposed to cases of re-rupture.*®
The ALL is considered a distinct ligament structure in the third
layer of the lateral compartment of the knee, being posterior and
proximal to the lateral femoral epicondyle and with insertion in the
anterolateral face of the tibia, halfway between the fibular head and
Gerdy tubercle.® Poor healing of the ALL injury occurs in 70% of
patients undergoing isolated ACL reconstruction after one year.5’
Biomechanical studies show that in the combined injury of ACL
and ALL, isolated ACL reconstruction does not reestablish normal
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knee biomechanics.? In a clinical study, the combined ACL and
ALL injuries were associated with significantly unfavorable results
in isolated ACL reconstruction.®

Despite the improvement proven when undergoing combined
surgery, the indications for extra-articular procedure are currently
based on clinical parameters, such as pivot shift severity, patient
activity level, and the surgeon’s personal experience.® However,
studies based on routine preoperative magnetic resonance imaging
(MRI) show that MRI is highly sensitive, specific, and accurate
for detecting ALL abnormality in adults.'®'" In pediatric patients,
this detection may be inaccurate due to knee size."?

Based on this evidence, the appropriate diagnosis of this injury be-
comes essential in the routine analysis of knee magnetic resonance
imaging. Thus, this study questions the efficiency of conventional
MRI in orthopedics for this evaluation. The hypothesis is that an-
terolateral ligament injuries are not being properly visualized and
are not being reported by radiologists.

Objectives

To evaluate the citation of the ligament in MRl reports, to evaluate the
presence of the anterolateral ligament actively and retrospectively
in MRI images by two different radiologists, and to evaluate the
number of injuries associated with anterolateral ligament in cases
subjected to surgery for ACL reconstruction.

METHODS

This study was conducted after approval by the Research Ethics
Committee (CEP) of the institution, according to opinion
no. 4,811,548. This is an observational cross-sectional study.
Patients of both sexes, over 18 years of age, operated for primary
anterior cruciate ligament injury without correlation with associated
ligament reconstruction and who underwent surgical treatment
in 2019 were included; with preoperative MRI performed within
one month after sprain with ACL injury (acute phase). Patients
without MRI within one month after sprain with ACL injury (acute
phase) were excluded.

In a single stage, two radiologists reanalyzed separately the
MRI images, in search of visualization and injuries in the ALL.
The definition of injury was previously described as changes in
thickness, course, and/or edema around the ligament region.'o"
No examination was considered poor quality or excluded.

For statistical analysis, the number of ALL in the reports was
compared before the study to those reported by radiologists
during the reanalysis. The diagnoses of ALL injury before and
after reanalysis were compared, considering injury the case
reported in the resonance report before the study and the cases
of agreement between the two radiologists in the reanalysis.
Agreement in the diagnosis between the two radiologists in
the reanalysis was also compared by estimating the kappa
coefficient with the Software SPSS 23.0 (IBM Corp., Armonk,
NY, USA). Categorical data were evaluated using McNemar'’s
test with continuity correction to compare samples paired by
GraphPad’s free web QuickCale.

RESULTS

From the initial sample of 221 patients operated in 2019 by the
group, 103 were included; 118 were excluded since MRI was not
performed one month after sprain with ACL injury (Figure 1).

The participants were classified according to the citation of ALL in
the report and its presence in images reanalyzed by radiologists.
Among all the reports analyzed, only one cited description and
ALL injury. However, with the revaluation of the images by two
radiologists in an active search for the ligament, this was visualized
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in 98 (95%) images by radiologist A and 100 (97%) images by
radiologist B (Table 1). Among these, injury was found in 53 situations
by radiologist A and in 56 by radiologist B (Table 2). They agreed
in the diagnosis and considered a ligament injured in 39 cases
(37.9%), one of which was already observed in the report made
before the study (Table 3).

Moreover, a significant divergence was found in the injury observation
among radiologists. Among the 96 cases in which both radiologists
identified the ligament on the images, only the kappa coefficient of
0.411 presented a moderate agreement between them (Table 4).

221 ACL-operated patients in 2019
(meet the inclusion criteria)

|

118 do not present acute resonance

|

103 patients in the study

Figure 1. Study flowchart.

Table 1. ALL visualization.

Previous Reanalysis - Reanalysis -
analysis radiologist A radiologist B
(N=103) (N=103) (N =103)
ALL visualization -
N (%) 1(0.97) 98 (95) 100 (97)
Table 2. Diagnosis of ALL injury.
Previous | Reanalysis - | Reanalysis -
analysis | radiologist | radiologist | p-value
(N=103) | A(N=103) | B(N=103)
Injury "'s”a':'io";‘;“ MALL-1 4 097) | 53(515) | 56(544) | <0.08
0,

Table 3. Analysis of diagnoses in agreement among radiologists.

. . Reanalysis -
Previous analysis Lo
(N =103) radiologists p-value
- (N=103)
Diagnosis ochLL injury - 1(097) 39 (379) <0.0004
N (%)
Table 4. Agreement in the diagnosis among radiologists.
Standardized Approximate | Approximate
Value B b e
asymptotic error? T significance
Kappa measure | . ;. 0.093 4.026 0.000
agreement
Nu.mber of 9%
valid cases

aNot assuming the null hypothesis; "Use of standard asymptotic error considering the null hypothesis.

DISCUSSION

ALL is identified by MRI in 11-72% of cases, according to the sixth
edition of Insall and Scott.'® On knees without injuries, Helito et al.**
identified the structure with magnetic resonance imaging of 1.5 Te in
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81.8% of the cases in 2015. Another observational study on knees
without injuries shows high sensitivity for ligament visualization and
discusses the impasse of standardization of injury detection due
to the difficulty in observing its entire extent due to the presence of
accessory structures.' Furthermore, studies present controversies
about the location of frequent ligament abnormalities alongside the
non-efficacy of the standard MRI sequence for such visualization, which
also hinders diagnosis.'® When we evaluated knees with acute ACL
injury, the ligament was present in 95-97% of radiologists’ evaluations
only during reanalysis. In agreement with a retrospective comparative
assay," the divergence in the visualization of anterolateral ligament injury
among specialists in evaluations of images of the injured knee in the
acute phase was also present in our study (Table 4). The concomitant
ACL injury makes it difficult to observe the injury in ALL and suggests
susceptibility to false results — positive and negative.”

Regarding the injury, both radiologists agreed on its diagnosis
in 39 cases (37.9%). One of the first publications on the subject
shows 32.6% of associated injuries in MRl images.'® More recently,
three studies show rates of associated injuries close to 90%.'0"18
In one of them, three-dimensional MRl images were used(3D),'®
in the other, MRI images of the contralateral knee without injury were
used as a comparison standard,'® and in the last, the evaluations
were made by three scholars of the subject always using MRl of 1.5
Tesla." The evaluation with 3D MRI and the use of a contralateral
knee resonance examination as a reference were scientifically
effective, but difficult to apply during usual clinical practice. However,
the most careful and rigorous evaluation, as in the last example,
seems to be more feasible in daily clinical practice considering
the variability of the ligament aspect among individuals and the
presence of accessory structures.'®

Despite several publications on the subject in the past decade
worldwide and several publications by Brazilian authors on the
subject' in this series of cases, we found only one report (0.97%)
containing information on ALL. Thus, we understand that it would
be appropriate to increase the active search for ALL during the
evaluation of images by radiologists in orthopedics, enabling other
data for the surgeon to define if the associated reconstruction
between the ACL and ALL in the acute phase will be made and
facilitate the authorization of the procedures and materials necessary
by healthcare insurers. Today, radiologists consider it essential to
report the presence of LAL and changes in thickness, course, and
edema around, when present, showing the probable injury.'%"
This study presented some limitations and biases. First, the retrospec-
tive analysis of images were performed in several radiology services
with different resonance devices and with resolutions ranging from 0.5
to 1.5 Tesla. Second, the series of cases encompassed only a single
medical center. Finally, this study included a large number of patients
operated with ACL injury, but many had not undergone acute phase
imaging and, therefore, were excluded from the analysis.

CONCLUSIONS

In this series of cases, we show that the reports no longer describe
the ALL and diagnose a significant number of injuries. The analysis
of conventional resonance images still presents divergences in the
diagnosis of ALL injury associated with ACL among radiologists.
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ABSTRACT

Objective: To determine the frequency of reoperations in the
treatment of adult patients diagnosed with septic arthritis of
the knee, the average number of debridements needed to
control the infection, the mortality rate, and to assess factors
associated with a greater need for reoperation and mortality.
Methods: Retrospective cohort study evaluating 38 adult patients
diagnosed with septic arthritis who underwent arthrotomy via a
medial parapatellar approach for joint cleaning and debridement.
Demographic, clinical, surgical, and microbiological variables of
the cases were analyzed by review of medical records. Tests for
equality of two proportions, chi-square, and multivariate logistic
regression analysis were performed, defining a significance level
at 0.05, with 95% confidence interval. Results: A total of 50%
of the cases underwent reoperation, with an average number
of required debridement of 2.02 and a mortality rate of 10.5%.
Patients with infection caused by Staphylococcus aureus were
more likely to need a reoperation compared to patients with
positive cultures for other agents (OR 6.0). Conclusion: In 50%
of cases, an average of 2.02 debridements were necessary and
the mortality rate was 10.5%. Staphylococcus aureus infection is
associated with a 6 times greater chance of additional surgeries.
Level of Evidence IV, Case Series.

Keywords: Arthritis, Infectious. Knee. Staphylococcus aureus.
Infections.

RESUMO

Objetivo: Determinar a frequéncia de reabordagens cirtrgicas no
tratamento de pacientes adultos com diagndstico de artrite séptica
do joelho, a média de desbridamentos necessarios para o controle
da infecgao e a taxa de mortalidade, assim como avaliar os fatores
associados a maior necessidade de reabordagem e mortalidade.
Meétodos: Estudo retrospectivo tipo coorte que avaliou 38 pacientes
adultos com diagnéstico de artrite séptica submetidos a artrotomia
por via parapatelar medial para limpeza e desbridamento da articu-
lag&o. Foram analisadas varidveis demograficas, clinicas, cirirgicas
e microbioldgicas dos casos, por revisdo de prontuario médico,
e realizados testes de igualdade de duas proporcées, qui-quadrado
e analise multivariada de regressao logistica, sendo definido um
nivel de significancia de 0,05, com 95% de confianca estatistica.
Resultados: 50% dos casos foram submetidos a reabordagem
cirdrgica, sendo a média de desbridamentos necessarios de 2,02 e a
taxa de mortalidade de 10,5%. Pacientes com infeccao causada por
Staphylococcus aureus apresentaram mais chances de necessitar
de reabordagem quando comparados aos pacientes com culturas
positivas para outros agentes (OR 6,0). Concluséo: Em 50% dos
casos foram necessarios, em média, 2,02 desbridamentos e a
taxa de mortalidade foi de 10,5%. A infecgéo por Staphylococcus
aureus esta associada com seis vezes mais chances de cirurgias
adicionais. Nivel de Evidéncia IV, Série de Casos.

Descritores: Artrite Infecciosa. Joelho. Staphylococcus aureus.
Infecgdes.

Citation: Fernandes LS, Yagi AJ, Santos Netto A, Salles MJ, Oliveira VM, Cury RPL. S. aureus is associated with a greater need for reoperation in septic
arthritis of the knee. Acta Ortop Bras. [online]. 2023;31(2): Page 1 of 4. Available from URL: http://www.scielo.br/aob.

INTRODUCTION

Septic arthritis of the knee is a frequent condition and is associated
with high morbidity, since the delay in the diagnosis and treatment of
infection can lead to irreversible joint damage, with loss of permanent
function and even death due to the spread of the infectious process."?

Septic arthritis enters into the differential diagnoses of patients
admitted to the emergency department with pain, joint effusion,
and local heat in the knees, which includes osteoarthritis,
rheumatoid arthritis, gouty arthritis, other nonspecific arthritis,
and septic arthritis itself.3 As the treatment of infectious arthritis

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

The study was conducted at the Santa Casa de Misericérdia de Sao Paulo, Faculdade de Ciéncias Médicas, Departamento de Ortopedia e Traumatologia.
Correspondence: Ricardo de Paula Leite Cury. Rua Doutor Cesario Motta Junior, 112, Sao Paulo, SP, Brazil, 01221020. rcury1@me.com

Article received on 02/01/2022, approved on 05/30/2022.

Page 1 of 4

QO6

Acta Ortop Bras.2023;31(2):e260592

<< SUMARIO


https://orcid.org/0000-0002-1335-7370
https://orcid.org/0000-0003-0265-7199
https://orcid.org/0000-0003-1472-7174
https://orcid.org/0000-0002-5443-6024
https://orcid.org/0000-0001-7236-4936
https://orcid.org/0000-0003-0507-4976

is based on cleansing and debridement of the joint, in addition
to antibiotic therapy, early diagnosis is essential.* Arthrocentesis
should be performed for cytological and biochemical evaluation
of the synovial fluid, in addition to microbiological analysis
with bacterioscopy and culture.® Since culture results are not
obtained in the emergency room, and positivity is low even during
infection bacterioscopy, cytological evaluation of the synovial
fluid is the most important test in the emergency evaluation of
these patients.® A synovial fluid white cell count greater than
50,000 cells/mm? is the cutoff number most often used for the
diagnosis of septic arthritis.°

The best surgical treatment technique for septic arthritis of the
knee is still controversial.#® Options include serial aspirations
with needles, cleaning, and open debridement (arthrotomy) or
arthroscopic.* The superiority of any of the methods has not yet
been stablished in the literature, but there is a current tendency
to clean and debridement by arthroscopic approach as it allows
a wide access to the joint, performs an adequate debridement of
synovia, and dilute inflammatory enzymes during the intraoperative
period.* Even so, it is often necessary to perform more than one
cleansing and debridement of the joint to obtain healing of the
infectious process.®

The presence of comorbidities associated with immunosuppression,
Staphylococcus aureus infection, and high cellularity in the synovial
fluid are some of the factors described as having a worse prognosis
in septic arthritis of the knee, being related to a greater need for
surgical reoperations to control the infectious process, but without
consensus in the literature."-

Thus, this study aims to evaluate the frequency of the need for
surgical reoperation to new debridement in the treatment of septic
arthritis of the knee of adult individuals, the average debridement
necessary to control the infection, the mortality rate of cases,
and possible risk factors for greater need for reoperation or
higher risk of mortality.

METHODS

This is aretrospective cohort study that, after approval by the Ethics
Committee on Research in Human Beings of the Irmandade da Santa
Casa de Misericérdia de Sao Paulo (CAAE: 45469121.0.0000.5479),
evaluated the cases of patients diagnosed with septic arthritis of
the knee treated surgically in the Department of Orthopedics and
Traumatology of the Santa Casa de Misericérdia de Sao Paulo from
May 2015 to January 2021.

The diagnosis of septic arthritis was suspected in clinical and
laboratory evaluation, and confirmed by analysis of the synovial
fluid. Inclusion criteria were patients with clinically suspected septic
arthritis of the knee (knee with acute pain, hot, and swollen) and
more than 50,000 cells/mms3 on synovial fluid evaluation, or positive
bacterioscopy, or positive synovial fluid culture, or positive blood
culture. All patients underwent medial parapatellar arthrotomy for
joint cleaning and debridement.

Cases of polyarticular septic arthritis, skeletal immaturity, post-surgical
infection, and cases in which no arthrocentesis (joint aspiration)
was performed in the initial care were excluded.

The demographic, clinical, surgical, and microbiological variables
of the cases were analyzed, through a review of medical records,
in order to obtain the following data: Identification: gender,
age, and comorbidities associated with immunosuppression
(diabetes, chronic kidney disease, smoking, rheumatoid arthritis,
alcoholism, substance-related disorders, active cancer, and HIV
infection); Laboratory analysis of joint aspiration: global cell count,
percentage of neutrophils, bacterioscopy, and synovial fluid
culture; Complications: need for surgical reoperation and death.

Acta Ortop Bras.2023;31(2):e260592

The equality test of two proportions was applied to analyze the
prevalence (relative frequency) of some qualitative covariates.
A chi-square test was also used to measure the relationship
between positive culture and cell count in the synovial fluid,
as well as between the positive cultures for Staphylococcus
aureus and the positive cultures for the other germs for prediction
of reoperation and death. Finally, multivariate logistic regres-
sion analysis was applied to identify the independent factors
(age, comorbidity, cellularity, and fluid culture) to the need for
reoperation and death. Prevalence was estimated for the total
valid answers of each variable. To evaluate the objectives of this
work, the collected data were grouped into tables and subjected
to statistical analysis using the programs SPSS V20, Minitab 16,
and Excel Office 2010. A significance level of 0.05 (5%) was
defined for this study. The confidence interval was defined as
95% statistical confidence.

RESULTS

In the period analyzed, 49 cases of septic arthritis of the knee
treated surgically in our service were identified, and 38 of them were
eligible for this study. A total of five cases with skeletal immaturity
and five cases of post-surgical infection were excluded. The age
of the patients ranged from 19 to 81 years, with an average of
49.1 years. Men were the most affected, with 29 cases (76.3%).
Regarding the presence of comorbidities, 13 patients (34.2%) had no
comorbidity, 10 (26.3%) had one, and 15 (39.4%) had two or more.
Regarding synovial fluid cellularity, the number of nucleated cells
varied from 6,800 to 720,000 cells/mms3, and 23 patients (60.5%)
had more than 50,000 cells/mm3 in the liquid. The percentage of
neutrophils ranged from 75% to 99%, being higher than 90% in
32 patients (84.2%).

Bacterioscopy was positive in 45% of the cases, all for gram-positive
cocci, and synovial fluid culture was positive in 73% of the cases.
As for the pathogens identified, 64% of the infections were caused
by Staphylococcus aureus (Figure 1).

Regarding the number of surgical debridements necessary for
controlling the infectious process, in 50% of the cases only one
surgical approach was performed and in the other 50% at least one
more surgical debridement after the initial operation was necessary.
In our sample, the average number of debridements to control the
infectious process was 2.02. Mortality during hospitalization was
10.5% (four cases).

Higher synovial fluid cell count and higher culture positivity showed
no correlation, and 44% of patients with positive synovial fluid culture
had less than 50,000 cells/mm3 in the synovial fluid (Table 1).

Prevalence of the Pathogenic Agent
70.0% 64.0%
60.0%
50.0%
40.0%
30.0%
20.0% 12.0%
10.0% ’—‘ 40% 4.0% 4.0% 4.0% 4.0% 4.0%
0.0% . b b Bl el B
S.aureus E.coli  Acineto G+ cocci Klebsiella Strepto S. Beta-
spp  pyogenes Beta-  hemolytic
hemolytic  strepto

Figure 1. The most frequently identified infectious agent in synovial
fluid cultures was Staphylococcus aureus.
S. aureus: Staphylococcus aureus; E. coli: Escherichia coli; multi-R Acineto: Multidrug-Resistant

Acinetobacter; G+ cocci: Gram-positive cocci; S. Beta-hemolytic: beta-hemolytic Staphylococcus;
Strepto pyogenes: Streptococcus pyogenes; Beta-hemolytic strepto: beta-hemolytic Streptococcus.
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A significant correlation between the need for reoperation and
isolation of S. aureus in cultures was observed (p = 0.041).
We estimated the odds ratio, in which in the analysis with re-
ordering it was 6.00. This value was important because the
95% confidence interval does not contain the value 1.00 in it,
indicating that patients with positive cultures for S. aureus were
six times more likely to require reoperation to joint cleansing and
debridement compared to patients with positive cultures for other
agents (Table 2).

No other isolated factor evaluated can be considered as a risk
predictor, since none of them was statistically significant for a higher
need for reoperation or higher risk of mortality (Table 3).

DISCUSSION

In this study, 50% of patients with infectious arthritis required
reoperation, the mortality rate of the cases was 10.5%, and the
average number of debridements needed to control the infection
was 2.02. The presence of positive synovial fluid culture and
the cell count in the liquid showed no relationship. Patients
with infection caused by S. aureus were six times more likely to

Table 1. Correlation between cultures with synovial fluid pathogen
identification and global cell count.

Negative culture | Positive culture Total
N % N % |N| %
>50thousandimm | 7 | 77.8% | 14 | 56.0% |21 618% p(;":L;e
<50thousandimm | 2 | 22.2% | 11 | 44.0% |13| 38.2%
Total 9 | 265% | 25 | 735% |34 100.0%

thousand/mma3: thousand units per cubic millimeter; N: total number. %: percentage; p-value:
probability of significance.

Table 2. Relationship of infections caused by Staphylococcus aureus
and other agents with the number of reoperations and deaths.

Culture (+) S | Culture (+) other
Reoperations | aureus (n=16) | agents(N=9) | p-value | Odds ratio
N N
Yes 12 (75%) 3(33.3%) 0.041 6
No 4 (25%) 6 (66.6%) (1.01 0 35.91)
Deaths
Yes 2 (12.5%) 1(11.1%) 0918 1.14
No 14 (87.5%) 8 (88.8%) (0.09 to 14.68)

N: total number; %: percentage; p-value: probability of significance.

Table 3. Logistic regression model to evaluate factors associated with
higher risk of reoperation and death.

Odds ratio 95%ClI
p-value OR Inferior Superior
Limit Limit
Constant 0.032 | 0.03
Age 0.395 | 1.02 0.97 1.07
Reoperation |  Comorbidities 0.226 | 29 0.52 16.22
Cells/mm >50,000 | 0.059 | 5.44 0.94 31.5
Liquid culture 0.166 | 3.76 0.58 24.46
Constant 0.998 0
Age 0.754 | 1.01 0.93 1.11
Death Comorbidities 0.999
Cells/mm >50,000 | 0.998
Liquid culture 0.917 | 1.18 0.05 25.38

OR: Odds ratio; cells/mm3: cell count per cubic millimeter; p-value: probability of significance.
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undergo reoperation compared to patients with positive cultures
for other infectious agents.

Risk factors for pyogenic arthritis are the presence of comor-
bidities such as advanced age, diabetes mellitus, renal failure,
and other conditions associated with impaired immunity.!-13
A total of 65.8% of our patients had some type of comorbidity
associated with immunosuppression; however, the presence of
these comorbidities showed no association with a higher risk
for reoperation or death.

The most commonly identified pathogenic agent in cases of
septic arthritis of the knee is Staphylococcus aureus,'®'® and
some studies associate the isolation of this agent in cultures with
a worse prognosis, with a higher risk of needing reoperations
to new cleaning and debridement of the joint.'”? In our sample,
Staphylococcus aureus was identified in 64% of positive cultures,
being the most prevalent agent and associated with the worst
prognosis. In cases in which this pathogen was isolated, there
was a greater need for reoperation, with statistical significance,
compared to cases in which other germs were identified in
cultures. Patients with cultures positive for Staphylococcus
aureus were six times more likely to require reoperation for joint
cleansing and debridement compared to patients with positive
cultures for other agents.

The evaluation of synovial fluid is essential for the diagnosis of septic
arthritis. In the literature, bacterioscopy is positive in 30 to 50% of
cases of infection,®” and in our series it was positive in 44.8% of
the cases, hence the importance of evaluating the cytology of the
synovial fluid for diagnosis in urgency.

The most commonly used cutoff number for the number of white
cells in the synovial fluid in the diagnosis of septic arthritis is a count
greater than 50,000 cells/mm3.5% However, Bell et al'® identified
that only 31.2% of patients with positive cultures had white cell
counts = 50,000 cells/mma3. In our series, 44% of patients with
positive synovial fluid culture had less than 50,000 cells/mm3 in
the synovial fluid. These findings suggest that the cutoff value of
more than 50,000 cells/mm? for the diagnosis of septic arthritis
may be a very high value. Further studies, however, are needed to
elucidate this hypothesis.

Stake et al.™® described that high cellularity in the synovial fluid is
related to the increase in the rate of reoperation, and an increase of
1,000 cells/mm3is related to a 1% increase in the chance of reoperation.
In our study, patients with cell counts = 50,000 cells/mm3 tended to
present a higher risk of need for reoperation, but without statistical
significance (p = 0.059).

The most commonly used options for surgical treatment of septic
arthritis of the knee are open or arthroscopic cleansing and
debridement. The literature lacks consensus; however, a trend
in favor of using the arthroscopic technique is observed.® In our
series, we performed the surgical treatment of septic arthritis of
the knee by open approach, through arthrotomy. This was due
to the unavailability of arthroscopic material for urgent surgical
procedure in our service.

The rate of reoperation in cases of septic arthritis of the knee
varies, ranging from 0 to 71% in the literature."'? In our series,
reoperation was required in 50% of cases. In the literature,
the series of septic arthritis treated arthroscopically tend to have
a lower rate of reoperation than the series treated by arthrotomy.
In the series of Peres et al.,'” no case treated by arthroscopy
required more than one surgical procedure. Bohler et al."® needed
reoperation in only 5% of the cases treated by arthroscopy.
On the other hand, Johns et al.' showed a reoperation rate of
50% in cases treated by arthroscopy, and 71% in cases treated
by arthrotomy; the average number of procedures necessary
to control the infection was 1.79 in arthroscopic treatment,
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and 2.42 in open approach. In our series of cases treated by
arthrotomy, 2.02 procedures were needed on average to control
the infectious process.

The mortality rate of our sample was 10.5%. Ferrand et al.,?* in a
study with 109 patients, had 5.6% of deaths. Balalaud et al.? in a
literature review, showed a mortality rate of 3 to 29%.

Our sample, relatively small, represents a limitation of our study.
It was a convenience sample based on the number of cases that
were admitted to the hospital over the collection period. Additionally,
surgical procedures were performed by more than one surgeon,
as it is a teaching hospital. However, the use of a standardized

technique, medial parapatellar arthrotomy, allowed an effective
debridement of the joint.

CONCLUSION

In 50% of the cases of septic arthritis of the knee of adult individuals,
treated with surgical cleaning and open debridement, a new surgical
approach was necessary. The average number of debridement
was 2.02 and the mortality rate during hospitalization was 10.5%.
Patients with cultures positive for Staphylococcus aureus were six
times more likely to require reoperation compared to patients with
positive cultures for other agents.
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ABSTRACT

Objective: To report and compare the results of posterior
cruciate ligament (PCL) and anterior cruciate ligament (ACL)
reconstructions. Methods: In total, 42 patients were retrospectively
evaluated, 20 with isolated PCL injuries (group 1) and 22 with
isolated ACL ones (group 2) who were subjected to arthroscopic
ligament reconstruction with autologous grafts and followed
up for at least two years. To evaluate the results in group 1,
objective IKDC and Lysholm scores, posterior drawer tests, and
evaluations by a KT-1000 arthrometer were used, whereas for
group 2, subjective IKDC and Lysholm score and the Lachman
test were employed. To compare groups, objective IKDC and
Lysholm scores and assessment via a KT-1000 arthrometer
were considered. Results: Intragroup analysis showed improved
results for all variables (p < 0.001) in both groups. Comparisons
between groups showed a significant difference in objective
IKDC scores (p < 0.001), but no such disparities for Lysholm
ones (p = 0.052), clinical tests (p = 0.058) or evaluation by
KT-1000 (p = 0.129). Conclusion: Treatment restored knee stability
and function in both groups. Comparisons between groups
showed that PCL reconstructions had inferior results than ACL
ones according to patients’ objective IKDC scores. Level of
Evidence I, Retrospective Study.

Keywords: Posterior Cruciate Ligament. Posterior Cruciate Liga-
ment Reconstruction. Anterior Cruciate Ligament. Anterior Cruciate
Ligament Reconstruction. Knee.

RESUMO

Objetivo: Reportar e comparar 0s resultados da reconstrugéo do
ligamento cruzado posterior (LCP) e do ligamento cruzado anterior
(LCA). Métodos: Foram avaliados retrospectivamente 42 pacientes:
20 com les&o isolada do LCP (grupo 1) e 22 com leséo isolada do
LCA (grupo 2), submetidos a reconstrucao ligamentar artroscopica
com enxertos autdlogos e acompanhados por pelo menos dois
anos. Para avaliagéo dos resultados no grupo 1, foram utilizados
o escore do International Knee Documentation Committee (IKDC)
objetivo, escore de Lysholm, teste da gaveta posterior e avaliagao
pelo artrbmetro KT-1000; e, para o grupo 2, foram utilizados o IKDC
subjetivo, escore Lysholm e teste de Lachman. Para comparagao
entre os grupos, foram considerados o IKDC objetivo, escore
Lysholm e avaliagéo pelo artrémetro KT-1000. Resultados: Ambos 0s
grupos demonstraram melhora dos resultados na analise intragrupo
em todas as variaveis (p < 0,001). Na comparagdo intergrupos,
observou-se diferenca significativa no IKDC objetivo (p < 0,001),
néo sendo observada diferenga no escore Lysholm (p = 0,052), nos
testes clinicos (p = 0,058) ou na avaliagéo pelo KT-1000 (p = 0,129).
Conclusao: A estabilidade e fungcao do joelho foram restauradas
emambos 0s grupos. Na comparagao intergrupos, a reconstru¢ao
do LCP apresentou resultados inferiores a reconstrugao do LCA no
critério IKDC objetivo. Nivel de Evidéncia ll, Estudo Retrospectivo.

Descritores: Ligamento Cruzado Posterior. Reconstrug&o do Liga-
mento Cruzado Posterior. Ligamento Cruzado Anterior. Reconstrugdo
do Ligamento Cruzado Anterior. Joelho.
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INTRODUCTION

Most posterior cruciate ligament (PCL) injuries are composite and
generate significant instability, functional impotence, and future
degenerative changes. Research has well established the indication
of surgery for this group of patients.’

Currently, doubts in the literature relate more to the much less frequent
isolated PCL injuries, usually indicating surgical treatment for cases
of grade Il lesions, which, even if isolated, can cause disabling
outcomes such as instability and anterior pain. Grade Il chronic
injuries can bring the same symptoms in young and active patients
if conservative treatment fails.! However, as PCL reconstruction
techniques have evolved, including the advent of double-bundle
reconstruction and better fixation methods, graft options, and re-
habilitation protocols, the surgical treatment of isolated injuries has
vastly improved, and the literature often reports superior results to
those of conservative treatment.>*

PCL reconstruction generally shows inferior results than those for
anterior cruciate ligament (ACL).>¢ However, via the aforementioned
surgical advances, in 2018, LaPrade et al.,” performed double-bundle
PCL reconstructions with homologous grafts, obtaining comparable
results for their isolated reconstruction of both ligaments.
Homologous grafts (or allografts) have been the preference for
reconstructing PCL, especially for combined injures due to their
shorter procedure time, lower surgical morbidity, and possibility of
obtaining longer and more robust grafts."®° However, the Brazilian
reality does not allow their wide use, often leaving autologous
grafts as the only available option. Nevertheless, studies have
successfully reconstructed PCL with autografts, often obtaining
comparable results to allografts.'®12

We found only one study has compared the results of PCL and ACL
reconstruction with autografts,® unlike LaPrade et al.,” who used
allografts. This study employed a simple bundle technique in most
cases. Thus, as far as we know, this is the first study comparing the
results of PCL and ACL reconstructions with autografts associated with
double-bundle PCL reconstruction. We hypothesized that both can
effectively restore knee stability and function and that their results would
resemble each other even if we used autografts to reconstruct PCL.

METHODS

This retrospective longitudinal study was approved by the research
ethics committee of our institution (CAAE 40713720.1.0000.5479).
From April 2002 to January 2017, results from two groups were
reviewed: from patients who had been subjected to isolated
double-bundle PCL reconstruction and those subjected to iso-
lated ACL reconstruction who were followed up in our institution.
All interventions were performed by a single surgeon (RPLC).
Skeletally mature patients of all genders with isolated and com-
plete central ligament (PCL or ACL) injuries without associated
ligament lesions who underwent outpatient follow-up for at least
two years were included. Patients with clinical and/or radiographic
signs of gonarthrosis, poor lower limb alignment, history of
previous knee injuries or surgeries or who failed to follow our
rehabilitation protocol were excluded.

From April 2002 to January 2017, 172 PCL injury cases were treated
in our service, including combined or isolated injuries and cases
of fracture-avulsion. From the criteria above, 20 patients were
considered eligible for this study (group 1). Given that number,
arandom sample of 22 patients with isolated ACL injuries who were
treated in the same period were selected (group 2).

Outcome diagnosis and evaluation

Patients’ physical condition was thoroughly examined by two expe-
rienced orthopedists to diagnose ligament injuries. The anterior and
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posterior drawer, Lachman, Godfrey, pivot-shift, reverse pivot-shift,
dial, varus and valgus opening (both at 0 and 30°), and external
rotation recurvatum tests were performed.

Imaging tests were used to confirm patients’ diagnosis: radiography
(frontal, profile, and panoramic images of participants’ lower limbs) —
to evaluate their mechanical axes and the incidence of gonarthrosis
and magnetic resonance imaging to assess ligament, chondral and/
or meniscal lesions.

The following criteria were considered to assess stability and
functionality preoperatively and postoperatively (within two years of
follow-up) in group 1 (PCL): Lysholm and objective IKDC scores;
posterior drawer test; and evaluation via a KT-1000 arthrometer;
whereas for group 2 (ACL), Lysholm and subjective IKDC scores
and the Lachman test.

To postoperatively compare groups, the available data common to
both were considered and the following postoperative variables,
compared after at least two years of follow-up: Lysholm and objective
IKDC scores and evaluation via a KT-1000 arthrometer.

Surgical technique

All cases included were operated by the same surgeon (R.P.L.C)).
The transtibial technique in femoral double bundle''3 with au-
tologous quadriceps and semitendinosus grafts from patients’
ipsilateral knees or bilateral flexor tendons were used in PCL
reconstructions (group 1), whereas the “outside-in"'* technique
with autografts from ipsilateral flexor tendons was used in ACL
reconstructions (group 2). If grafts only included flexor tendons,
anterolateral bundles were reconstructed with two semitendinosus
grafts and posteromedial ones with two gracilis ones. In cases
treated with quadriceps and semitendinosus tendons, the former
were used to reconstruct anterolateral bundles and the latter,
posteromedial ones.

The anterolateral bundles in group 1 showed a 9-mm mean diameter
in reconstructions with quadriceps tendons and a 8-mm mean
diameter in those with double semitendinosus grafts. Posteromedial
bundles treated with two gracilis grafts or a single semitendinosus
ones showed a 7-mm average diameter. In group 2, both flexor
tendons showed a 8-mm mean diameter.

Meniscal lesions were treated by partial meniscectomy and chon-
dral lesions, by microfractures. Rehabilitation was standardized
according to previous protocols.!*'®

A 5% statistical significance was defined and confidence intervals,
constituted with 95% statistical confidence. The chi-squared test
was used to compare the evaluated parameters within groups and
between them.

RESULTS

Table 1 shows both groups’ demographic distribution and asso-
ciated lesions.

Tables 2 and 3 show the results of each group separately (intragroup
evaluation). We found that all variables showed significant statistical
evolution when we compared patients before and after surgery.
Table 4 shows our comparison of postoperative outcomes between
groups (intergroup evaluation) for the variables which enabled
analysis (Lysholm, objective IKDC, and evaluation by KT-1000).
We only found a significant difference in objective IKDC scores

Table 1. Sample characterization.

Group Gender Age (average)
M F

1(PCL) 17 (85%) 3 (15%) 18-44 (32.64)

2 (ACL) 11 (50%) 11 (50%) 15-43 30.15

PCL: posterior cruciate ligament; ACL: anterior cruciate ligament; M: male; F: Female.
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(four patients classified as “A” in group 1 (20%) vs 19 in group 2
(86.4%) — p < 0.001). The Lysholm score failed to show statistical
significance (p = 0.052), despite considerable numerical differences
among patients deemed “excellent.”

Finally, we found three cases of stiffness in group 1 (15%). Patients
received additional manipulation under narcosis. We observed no
complications in group 2.

DISCUSSION

This study shows that the employed techniques were efficient,
showing a high success rate in subjective and objective criteria
after we compared patients before and after surgery. Nevertheless,
postoperative intergroup comparisons showed that 86.4% of group 2
participants had “normal” operated knees, whereas only 20%
of group 1 participants did. The other two variables showed no
such situation, but we found a considerable difference in absolute
Lysholm scores (p = 0.052, 86.4% and 60.0% “excellent” patients
in group 2 and group 1, respectively).

Table 2. Intragroup comparison of variables in group 1 — Posterior cruciate
ligament reconstruction.

Outcomes Preop. Post-p
N % N % p-value
Poor 7 | 30% | 0 | 00%
Average 9 | 450% | 0 | 00%
Lysholm Good s | 200% | 8 | a00% | <0
Excellent 0 | 00% | 12 | 60.0%
D 12 | 600% | 0 | 00%
Objective c 8 40.0% 1 5.0%
IKDC B o | oo | 15 | 0% | <0
A 0 | 0.0% 20.0%
3 14 | 70.0% 0.0%
Posterior 2+ 6 30.0% 1 5.0%
drawer test 1e o | oo | 7 | sow | <0
Negative 0 | 00% | 12 | 60.0%
>10 15 | 750% | 0 | 00%
61010 5 | 25% | 1 | 50%
KT-1000 3105 o | oo% | 7 | asow | <0
0to2 0 | 00% | 12 | 60.0%

PCL: posterior cruciate ligament; IKDC: International Knee Documentation Committee score; Preop:
preoperative; Postop: postoperative; A: normal; B: almost normal; C: abnormal; D: Very abnormal.

Table 3. Intragroup comparison of variables in group 2 — Anterior cruciate
ligament reconstruction.

Outcomes Preop. Postop value
N % | N | % P
Poor 12 545% | 0 0.0%
Average 7 318% | 0 | 0.0%
Lysholm 0.001
y Good | 3 | 136% | 3 | 136% |
Excellent 0 0.0% | 19 | 86.4%
Poor 19 86.4% | 0 0.0%
Average 3 136% | 0 0.0%
Subjective IKDC 0.001
: Good | 0 | 00% |5 |227%| ©
Excellent 0 0.0% | 17 | 77.3%
3+ 4 182% | 0 | 0.0%
2+ 9 409% | 0 | 0.0%
Lachman Test 0.001
14 9 | 409% | 2 | 91% | °
Negative 0 0.0% | 20 | 90.9%

ACL: anterior cruciate ligament; IKDC: International Knee Documentation Committee score;
Preop: preoperative; Postop: postoperative.
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Table 4. Intergroup comparison of postoperative variables.

roup 1 (PCL roup 2 (ACL

Outcomes GNOUP (;:) 3 oup (%C) p-value
Poor 0 | 00% | o 0.0%
Average 0 | 0o% | o 0.0%

Lysholm Good 8 | 400% | 3 | 1ae% | OO
Excellent | 12 | 60.0% | 19 | 86.4%
D o | 00% | o 0.0%
c 4 | 50% | o 0.0%

Objective IKDC B 5 | 50% | 3 136% | <0001
A 4 | 200% | 19| 86.4%
3+ 0 | 0o% | o 0.0%

Clinical trials 24 1 50% | 0 0.0% 0,058

(Lachman/PD) 1+ 7 | 35.0% | 2 9.1% '

Negative | 12 | 60.0% | 20 | 90.9%
> 10 mm o | 00% | o 0.0%
Gto10mm | 1 50% | 0 0.0%

KT-1000 3to5mm | 7 | 350% | 3 3% | 1%
Oto2mm | 12 | 60.0% | 19 | 86.4%

PCL: posterior cruciate ligament; ACL: anterior cruciate ligament; PD: posterior drawer test;
IKDC: International Knee Documentation Committee score; A: normal; B: almost normal;
C: abnormal; D: very abnormal.

Currently, the literature shows consensus on the need to surgically
treat cruciate ligament injuries to reestablish knee stability and
biomechanics and avoid secondary injuries and long-term joint
degeneration.'®'® Thus, ligament reconstruction techniques have
been improved, especially for PCL, showing better subjective and
objective results."® However, PCL reconstruction results remain,
in general, incomparable to those for ACL.>¢

Our results disagree with LaPrade et al.,” who showed a clear
similarity between their isolated ACL and PCL reconstruction results.
However, some important differences must be considered, the first
of which includes grafts. LaPrade et al.” used allografts (calcaneal
tendons with bone blocks associated with anterior tibial tendons)
to reconstruct PCL (including due to isolated injuries), whereas
we used autografts, which demand a longer surgical time as they
require surgical removal and show higher morbidity during collection.
We believe that this may have interfered with our postoperative
functional results.

Moreover, LaPrade et al.” used a different graft fixation method.
Although they also employed femoral interference screws, they
performed tibial fixation by a screw with a toothed washer directly on
the graft’. Allografts are generally longer than autografts, enabling
direct fixation to the anterior portion of patients’ tibiae.

We inserted interference screws into tibial tunnels in 20% of our
cases (those in which grafts consisted only of flexor tendons).
In the remaining 80%, we employed a “on-post” fixation technique:
we tied and tensioned the wires attached to the graft around a
conventional screw and washer we had inserted more distally,
creating a double interface — “screw-wires” and “graft-wires” —
instead of more proximally and directly fixating the graft on
the tibial anterior portion. This technique was necessary as
quadriceps tendons produce shorter grafts which prohibit direct
fixation. The “direct” method in LaPrade et al. may produce
more stable and resistant fixations than the “post” fixation of
autologous quadriceps tendon grafts, especially considering
the great mechanical stress exerted on PCL reconstruction.'
A biomechanical study has shown that proximal fixation in patients’
tibial tunnels with or without distal fixation generated more stable
results than the latter alone.?°
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Outcome evaluation methods also differed between studies:
LaPrade et al.” used SF-12, WOMAC, Tegner, and Lysholm scores.
We only included the latter, and both studies showed no statistical
difference. We found that the objective IKDC score was the only
method showing a clear difference between our experimental
groups, which LaPrade et al. ignored.

Differences in rehabilitation must also be considered. PCL cases
require even more careful and intensive rehabilitation than ACL
ones.'® In this study, although all patients underwent rehabilitation
in the same institution under a standardized protocol, we must
consider the difficulties of intensive follow-up due to socioeconomic
limitations and the local public health system. Moreover, LaPrade
et al.” report routine dynamic orthosis in all patients who underwent
PCL reconstruction, absent in Brazil due to economic limitations.
This may also explain our treatment of patients’ associated injuries
(meniscal and/or chondral) as the Brazilian public health system
lacks the more advanced techniques to repair chondral lesions
and suture menisci.

Finally, our results evade comparison with those in Owensen et al.,®
who, despite their similar goal and use of autografts in most cases,
only employed KOOS subijective scores to compare PCL and
ACL reconstructions. They concluded that, although both groups
show evident and comparable subjective improvements, patients

subjected to PCL reconstruction show lower preoperative and
postoperative KOOS scores.

This study has limitations. Its retrospective nature and convenience
sample limit the interpretation of the effects of its interventions,
especially considering its relatively small sample due to the infre-
quency of isolated PCL injuries. Moreover, we compared distinct
lesions treated with different surgical techniques to evaluate
similarities between the evolution of the two surgically treated
injuries. We know that lesions and associated procedures can
generate bias in result assessments, but it would be extremely
difficult to obtain a “pure” sample — i.e., without any associated
meniscal or chondral lesions — of an injury as rare as isolated PCL
ones. To minimize this bias — exclusive to group 1 (PCL) —,
we chose to pair both set of patients to avoid excluding those with
associated meniscal injuries from group 2 (ACL), thus randomly
distributing this possible bias across groups.

CONCLUSION

Both PCL and LCA reconstructions managed to restore knee stability
and function, showing significantimprovement in our intragroup com-
parison. However, PCL reconstruction with autografts showed poorer
results in objective IKDC scores than those for ACL. Intergroup analysis
showed no statistically significant difference for our other variables.
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ABSTRACT

Introduction: Soft tissue undifferentiated pleomorphic sarcoma
(UPS) in extremities is considered a rare neoplasm, corresponding
to 5% of soft tissue sarcomas (STS) today. The objective was to
evaluate prognostic factors related to death, local recurrence (LR),
and impact on survival rates. Methods: A retrospective study including
42 patients with UPS in extremities treated surgically in a single center.
Comparisons were made between demographic data, characteristics
of the neoplasia, and treatment. Between the variables with statistical
significance, logistic regression analysis was used. Survival rates
were evaluated using Kaplan-Meier plots. To compare the effect of
variables on survival rates, the Log-Rank test was used. Results:
Age group of patients was from 25 to 85 years (mean 58 years),
with a mean follow-up of 29.6 months. The variables with the highest
effect on survival rates were sizes larger than 15 cm (T4) with p = 0.01,
presence of metastatic lesions, and prognostic stage IV according
to the American Joint Committee of Cancer (AJCC) with p < 0.001.
The mean survival was 25.9 months. Metastasis and stage IV of AJCC
were associated with a reduction in patient survival (17.8 months)
with Log-Rank test p < 0.001. Conclusion: The main factors of poor
prognosis related to mortality and reduction of survival of UPS in
extremities were metastatic lesions and stage IV of AJCC. Level of
Evidence Ill, Retrospective Study.

Keywords: Histiocytoma, Malignant Fibrous. Sarcoma. Prognosis.
Recurrence. Death. Survival.

RESUMO

O sarcoma pleomérfico indiferenciado (SPI) de tecidos moles em
extremidades, neoplasia rara, correspondente a 5% dos sarcomas
de tecidos moles (STM). Objetivo: Avaliar fatores de progndéstico
relacionados a 6bito, recorréncia local (RL) e impacto na sobrevida
geral. Métodos: Estudo retrospectivo de 42 pacientes com SPI
tratados cirurgicamente em centro tnico. Foram comparados dados
demograficos, caracteristicas da neoplasia e de tratamento; e para
as variaveis com significancia estatistica, foi realizada analise de
regressao logistica. A sobrevida foi avaliada através de gréficos de
Kaplan-Meier; e os efeito das variaveis sobre a sobrevida, por meio
do teste de log-rank. Resultados: Os pacientes tinham idades entre
25 e 85 anos (média de 58 anos), com seguimento ambulatorial
médio de 29,6 meses. As variaveis com maior relagdo com o des-
fecho ébito foram tamanho maior que 15 cm (T4), com p = 0,01,
metastases e estagio |V de prognéstico da American Joint Com-
mittee on Cancer (AJCC), com p < 0,001. A sobrevida média dos
pacientes foi de 25,9 meses. Presenca de metastase e estagio IV
da AJCC foram associados a redugdo na sobrevida dos pacientes
(17,8 meses; p < 0,001). Concluséo: Os principais fatores de mau
prognadstico relacionados ao obito e a redugao da sobrevida dos
pacientes com SPI foram doenga metastatica e estagio IV da AJCC.
Nivel de Evidéncia lll, Estudo Retrospectivo.

Descritores: Histiocitoma Fibroso Maligno. Sarcoma. Progndstico.
Recidiva. Morte. Sobrevida.
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INTRODUCTION

Undifferentiated pleomorphic sarcoma (UPS) of soft tissues was
initially described in the 1960s in case reports developed by
Kaufman and Stout' and Ozzello, Stout, and Murray.? In the 1970s,
Weiss and Enzinger® conducted an extensive analysis of cases,
describing the neoplasm in detail and establishing it as a primitive
mesenchymal lesion with partially fibroblastic and histiocytic
differentiation. UPS usually presents in men over 50 years old,

affecting the lower limbs in most cases. Due to its deep structure
origin, there is difficulty in early diagnosis and management,
with approximately 5% of cases diagnosed with metastatic
lesions, the lungs being the main site.*®

Identifying prognostic factors is one of the main approaches used
to improve the efficacy of cancer treatments. These factors are
important both in practice and in conducting trials and clinical
studies. On the one hand, to select and plan the most appropriate

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

The study was cc d at Universid.

de de Sao Paulo, Faculdade de Medicina, Hospital das Clinicas, Instituto de Ortopedia e Traumatologia.

Correspondence: Carlos Henrique Macaneiro Junior. Rua Blumenau, 1316, Joinville, SC, Brazil, 89204251. macaneiro.junior@gmail.com

Article received on 07/14/2022, approved on 10/05/2022.

Page 1 of 5

QO6

Acta Ortop Bras.2023;31(2):e265942

<< SUMARIO


https://orcid.org/0000-0001-7244-1225
https://orcid.org/0000-0002-0830-4602
https://orcid.org/0000-0002-1128-7292
https://orcid.org/0000-0002-1250-0876
https://orcid.org/0000-0001-5856-8799

treatment, and on the other hand, to enable the analysis of
differences in possible study outcomes and identify subgroups
for new treatment possibilities.®

Due to the various phases related to the evolution of UPS diagnosis
since 1960, much of the published data regarding prognostic
factors are still associated with the period prior to 2002 when it
was still considered as Malignant Fibrous Histiocytoma (MFH)
and accounted for virtually 60-70% of soft tissue sarcoma (STS)
diagnoses, making the application of these factors inadequate,
when considering only UPS cases.’

Given the lack of studies available in the Brazilian literature and
elaborated by orthopedists involving prognostic factors of UPS,
this research focuses on conducting a retrospective analysis of
these factors over a period of 30 years. Therefore, the objectives
of the study were to identify possible prognostic factors related
to death or local recurrence and to identify possible factors that
may have an impact on the survival rates of these patients.

METHODS

A retrospective study, conducted at a single center (Institute of
Orthopedics and Traumatology of the Hospital das Clinicas of the
Universidade de Sao Paulo [IOT HC FMUSP]) from January 1988
to December 2018. The study was approved by the local ethics
committee (CAAE 80667617.2.0000.0068).

Patient-related factors

A total of 202 cases of patients with the diagnosis of MFH or
UPS were selected from the institution. All cases were evaluated
and classified by two pathologists from the institute, both spe-
cialists in musculoskeletal sarcoma cases. Cases considered
inoperable (1), located in the head and/or neck, chest, trunk,
bones (2), and with any type of cellular differentiation reported
in the postoperative pathological report (3) were excluded. Thus,
42 patients were included in the study.

Treatment-related factors

All patients underwent surgical treatment at the institution, with wide
and/or radical resection. Surgical margins were classified as negative
(the narrow margin was considered negative) or positive, according
to the Enneking'’s stages.® Cases requiring surgical reapproach
(debridement, margin enlargement, amputations, and disarticulations)
and those who received any type of clinical treatment (radiotherapy
or chemotherapy) were also listed.

Variables and outcome measures

Allincluded UPS were considered to be of high histological grade
according to the criteria of the French Federation of Cancer Centers
(FNCLCC).® Follow-up time was measured in months, within the
period between the first and last consultation recorded in the medical
records. Lesion size was in accordance with the pathological report,
(greater axis in cm macroscopically) and classified according to
the soft tissue sarcoma classification from the American Joint
Committee on Cancer (AJCC —T1 upto 5 cm, T2 from 6 to 10 cm,
T3 from 11 up to 15 cm, and T4 greater than 15 cm).'® Local re-
currence (LR) and distant metastases or lymph node involvement
were also reported. Survival rates were estimated from the date
of surgical treatment until the date of death or last consultation
recorded in the medical records or online system.

Statistical analysis

The data were analyzed using R software version 4.2.0. Continuous
variables were described using mean, median, standard deviation,
interquartile range, minimum and maximum values. Categori-
cal variables were described using counts and percentages.
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The normal distribution of continuous variables was measured
using the Shapiro-Francia test. For comparison of continuous
variables between two groups, either the T-test or the Wilcox
test was used depending on the distribution of the variable.
Categorical variables were analyzed using Fisher’s exact test for
two groups, whereas the chi-square test was used for three or
more groups. In addition, logistic regression was used to identify
the effect of candidate variables on death or local recurrence.
Finally, actuarial tables and Kaplan-Meier graphs were used
for survival rates analysis of the patients, and the Log-rank test
was used to compare the effect of a variable on patient survival.
P values lower than 0.05 were considered significant.

RESULTS

Table 1 presents clinical and demographic characteristics
of patients.

Deaths

Atotal of 31 patients died during the study period (74%). The variables
that showed some relation with a higher chance of death out-
come were: having a size larger than 15 cm (T4) (p = 0.01), having
stage IV of AJCC prognosis (p < 0.001), and having metastasis
(p < 0.001) (Table 2).

To identify which factors have a greater effect on the risk of death,
alogistic regression was performed, which showed that the presence
of metastasis and the stage of the lesion were related to an increased
risk of death in patients (Table 3). Note that due to the perfect
correlation between the presence of metastasis and the occurrence
of grade IV tumors, two models were made to demonstrate that
both variables had identical coefficients.

Local recurrence

Six patients presented tumor recurrence (14%). None of the
studied variables presented statistical significance with the
recurrence outcome, however male patients showed a higher
tendency to LR (Table 4).

General survival rates

In addition, patient survival rates were demonstrated using a
Kaplan-Meier chart, in which it was found that the mean survival
rate of patients was 25.9 months (Table 5 and Figure 1).

Finally, we observed the presence of metastasis or of stage IV
lesion were significantly associated with a reduction in patient
survival rate (Table 5 and Figures 2 and 3).

DISCUSSION

Aggressive clinical behavior is the only aspect of MFH/UPS that
remained unchanged since its initial descriptions by Kauffman and
Stout;" Ozello, Stout, and Murray;? and Kempson and Kyriakos."
This pathology usually presents with high-grade histological lesions,
deep location, and the capacity to reach dimensions larger than
10-15 cm. Unfortunately, it also has high rates of metastatic disease
and recurrences, which directly influence disease-free survival
and overall survival.3%'2 As MFH/UPS was a leading diagnosis for
STS during much of the 1990s, it influenced a whole generation
of studies (Figure 4).1314

With the evolution of auxiliary techniques within the surgical
field, MFH/UPS has been gradually losing relevance and, today,
it is considered a diagnosis of exclusion that corresponds to
approximately 5% of STS.* Thus, being a relatively “new” diagnosis,
our study evaluated the main prognostic factors chronologically
to compare and analyze possible divergences.

Of the patients involved in the study, 74% died. Using univariate
analysis, the variables that showed some relation with a higher
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chance of death outcome were having a size larger than 15 cm (T4)
(p = 0.01), (p < 0.001), having metastasis (p < 0.001), and having
stage IV of AJCC prognosis. Since all stage IV lesions present
metastasis, it can be affirmed that they are related variables, a fact
that is confirmed through two logistic regression models (Table 3),
with identical coefficients. Lesion size and gender showed no
relationship after multivariate analysis.

Table 1. Demographic, pathological, and treatment characteristics of
42 patients with UPS.

These results are similar to the findings of the “new” concepts
about the UPS classification.

Before 2002, when there was a change of nomenclature from MFH
to UPS, Markhede, Angervall, and Stener'® analyzed the STS in a
multivariate way and pointed out that there is an increased risk of
death in patients with recurrence of injury (p < 0.01), especially in
cases of recurrence in the first two years after surgical treatment.
In the post-reclassification phase of MFH, Vodanovich et al.'®
in a multivariate analysis of 266 UPS defined that each passed year
since lesion and metastasis diagnosis increased the death chance

Table 2. Variables with statistical significance regarding the occurrence
of death.

Death
Variable | ltems Total Test
Yes No
WA | 0(0%) 5(100%) | 5(11.90%)
Stageof | UIB | 3(50%) | 3(50%) | 6(14.29%) fp;:ré’::;
injury IV |28(90.32%) | 3(9.68%) |31(73.81%) Chi-Square Tes)
Total | 31(73.81%) | 11 (26.19%) | 42 (100%)
Size of T1-T3 [ 12 (57.14%) | 9 (42.86%) | 21 (50%) P = 0.0140
injury T4 [19(90.48%) | 2(9.52%) | 21 (50%) (Fisher's
Total |31(73.81%) | 11 (26.19%) | 42 (100%) Exact Test)
No | 3(27.27%) | 8(72.73%) | 11 (26.19%) P =0.002
Presence of o
m . | Yes |28(90.32%)| 3(9.68%) |31(73.81%) (Fisher's
etastasis
Total | 31 (73.81%) | 11 (26.19%) | 42 (100%) Exact Test)

Table 3. Logistic regression models regarding the occurrence of death
and their respective coefficients.

Metastasis Tumor grade

(Intercept) -1.74 -1.74
-1.08 -1.08

Gender (men) 0.23 0.23
-1.01 -1.01

Metastasis (yes) 3.14* N/A

-1.01

Lesion size (T4) 1.74 1.74
-1.05 -1.05
Stage of injury (IV) N/A 3.14*
-1.01

N 42 42
Pseudo R2 0.53 0.53

*p < 0.01; (): standard deviation.

Table 4. Demographic data of the population in relation to the occurrence
of local recurrence of the lesion.

Variables Total (%)

Gender

Men (20) 47
Women (22) 53

Age

Mean 58

Standard deviation 14
Age group 25-85
Site
Upper limb 12 (29)
Lower limb (30) 71
Laterality
Left (30) 71
Right 12 (29)
Follow-up (months)

Medium 29.6
Minimum 0.6
Maximum 165.9
Size (cm)

T1(0-5) 1(2)
T2 (6-10) 10 (24)
T3 (11-15) 10 (24)
T4 (> 15) 21 (50)
Size (cm)

Mean 9
Variation 2-23
Surgery

Wide resection (30) 71
Amputation/disarticulation 12 (29)
Margin
Marginal or intralesional 37 (88)
Affected 5(12)
Radiotherapy
Yes 26 (62)
Preoperative 10 (38)
Postoperative 16 (62)
No 16 (38)
Chemotherapy
Yes 25 (59)
Neoadjuvant 10 (40)
Adjuvant 15 (60)
No 17 (41)
Local recurrence
Yes 6 (14)
No 36 (86)
Resurgery (two or more surgical procedures)
Yes 9(22)
No 33(78)
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Variable Items Local Recurrence Total Test
Yes No
Older No 3(14.29%) | 18(85.71%) | 21(50.00%) | p=1.0000
than 60 Yes 3(14.29%) | 18(85.71%) | 21(50.00%) | (Fishers
years Total 6(14.29%) | 36(85.71%) |42 (100.00%) | Exact Test)
MinMax | 36.0/74.0 25.0/85.0 25.0/85.0
625 59.5 595
nge | MeUIOR | oss600 | (512675 | [520692] p=T°'7322
Average (SD) | 602 (13.7) 579(150) s82(146) | o
N 6(14.29%) | 36(85.71%) |42 (100.00%)
Men 5(25.00%) | 15(75.00%) | 20 (47.62%) | p=0.0866
Gender| Women | 1(455%) | 21(95.45%) | 22(52.38%) | (Fisher's
Total 6(14.29%) | 36(85.71%) |42 (100.00%) | Exact Test)

Med: median; IQR: interquartile range; SD: standard deviation.
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Table 5. Table containing the results of survival tests for death.

Item Time up to 50% survival LOGRANK Test
General 25 months -
Presence of metastasis Yes: 17.8; No: N/A p < 0.001
Stage of injury [IA-B: N/A; IV:17.8 p < 0.001

N/A: not applicable (population did not reach values less than 50% survival).

Survival
Strata General
1.00
@ 0.75
©
IS 050
=
>3
@ 0.25
0.00
0 50 100 150 200
Time (Months)

Figure 1. Survival time without death of the cohort studied. Dotted line
indicates median survival time of the population.
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Figure 2. Survival time without death of the cohort studied in relation
to the presence of metastasis. Dotted line indicates median survival
time of the subpopulation. Dotted line indicates median survival time
of the subpopulation.

(risk ratio 1.03 and 2.89, p < 0.001 and p = 0.001 respectively)
and that lesions in the upper limbs have a lower chance of death
(risk ratio 0.57 and p value = 0.043).

Around 15% of the sample presented LR. Among the variables
analyzed, none presented statistical significance, but men showed
a tendency to have LR of the lesions (p = 0.086). Age and stage
of injury did not show statistical significance.

Kearney, Soule, and Ivins'™ evaluated 167 cases of STS retrospectively,
with an LR rate of 51% and more than half with more than one episode.
Among patients with fascia superficial tumors, 71% presented LR
after “complete excision”; high rates are apparently associated with
less aggressive resections, longer survival (therefore, more timely for
recurrence), and greater ease for detection of palpation. In addition,
of the superficial cases, 31% were diagnosed as deep lesions to
the fascia. Markhede, Angervall, and Stener,'® Pisters et al.'” and
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Figure 3. Survival time without death of the cohort studied in relation
to the stage of the lesion. Dotted line indicates median survival time
of the subpopulation.

0 ©

Figure 4. A and B: Macroscopy; soft tissue tumor in the hip, surface
with ulcerated center. Affects a deep margin; C, D and E: Microscopy
(H&E) revealing cytological and nuclear pleomorphism. The tumors
often contain giant cells, spindle cells, and histiocyte-like round cells
in varying proportions. Storiform cell patterns and chronic inflammatory
stroma are also common. The spindle component resembles fibroblasts,
myofibroblasts, or smooth muscle patterns.*

Source: A cortesy from pathology IOT HC FMUSP/CEDAP Joinville.

Gibbs et al.'® presented statistically relevant results, relating LR with
inadequate surgeries or margin of the affected lesion in up to 76.2%
of the relapsed disease in patients.

Considering recent evaluations (after 2002), Vodanovich et al.'® and
Ozcelik et al.'® also showed results associating RL with affected
margins in univariate and multivariate analyses, a fact that does
not corroborate with the data shown in the present study.

The recurrence variable also correlates with radiotherapy treatment.
Ozcelik et al." reported good results considering perioperative
radiotherapy (p = 0.009 and p = 0.000 respectively).

Although it is a variable without impact in our cohort, advanced
age showed statistical significance in the prospective study of
Pisters et al.'” for patients = 50 years. Vodanovich et al.'® also
presented statistical significance in multivariate analysis for
patients = 70 years (p < 0.016, RR 1.6; p = 0.046, HR 1.03).
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The authors speculate that such differences may occur due to
the small sample size added to the high mortality rate of the
disease causing few patients in the sample to present LR.

The mean survival of the patients in this study was demonstrated
through the Kaplan-Meier graph (Figure 2), with an average of
25.9 months. Presence of metastasis or stage IV AJCC prognosis
presented close relationship with the reduction of survival rates,
with a mean of 17.9 months (p < 0.001).

Among the analyses that precede the reclassification of MFH,
Kearney, Soule, and lvins,'? Pisters et al.,'”” and Gibbs et al.'®
demonstrated that proximal tumors that affect the pelvis and
proximal region of the thigh, are of worse prognosis, affecting
the survival rates of these patients; the last two authors consider
them as independent prognostic factors.

The size of tumors was also associated with worse survival by
some authors. Pezzi et al."® described that survival rates were 82%
in patients with lesions up to 5 cm, 68% in cases of 5-10 cm, and
51% for lesions greater than 10 cm with p < 0.05. Pisters et al.””
and Gibbs et al.'® corroborate with the finding through multivariate
analysis, in which tumors = 10 cm showed a high correlation with
worse survival rates (risk ratio 1.5 and P < 0.001, respectively).
However, in the studies by Kearney, Soule, and lvins'? and Markhede,
Angervall and Stener,'s tumor sizes had no impact on survival,
a fact that aligns with the results of our study.

The histological grade of tumors was another constant variable
in survival analyses, considered a poor prognostic factor.'s'%18
Gibbs et al.'® and Pisters et al."” also evaluated patients at the
time of lesion diagnosis and patients who already presented
metastatic lesions or local recurrence to measure their effects
on survival rates (p = 0.0002 and risk of 1.5, respectively).
Correlating studies from different periods, the main prognostic
factors related to worsening of survival rates were size (p = 0.02)
and presence of metastasis at diagnosis (p = 0.001) increasing

the risk of mortality by almost 500% compared to patients without
metastasis.'” The presence of metastatic lesions during the disease
showed a negative correlation with survival in our study and in the
analyses of Ozcelik et al’® with p < 0.001 and = 0.004, respectively.

Study limitations

The short time to conduct the project and the rare diagnosis (small
sampling) studied requires a retrospective design study. This design
brings disadvantages, mainly due to systematic errors. Selection bias
occurred since itis a single reference center for cancer cases, so there
is a higher incidence of severe cases. Confusion bias can also end
up influencing outcomes, such as survival rates. Since not every case
has the defined cause of death (related to the disease itself or another
secondary cause), comorbidities may end up influencing outcomes.
The fact that patients received orthopedic and clinical care in indepen-
dent sectors also generates limitations since it restricts information,
such as the chemotherapy and radiotherapy protocols and the exact
date of occurrence or recurrence of metastasis. Immunohistochemical
reassessment of each case became financially unfeasible since it is
a study with independent funding.

CONCLUSIONS

This study demonstrated that the main factors of poor prognosis
related to death were size larger than 15 cm (larger diameter),
metastatic disease, and stage IV of AJCC prognosis; for recurrence,
no variable studied presented statistical relevance, although male
patients showed a higher tendency to LR. In terms of survival rates,
the main factors related were the presence of metastatic lesions
and the stage IV of prognosis.

Despite this study being relevant to assist medics in the development
of strategies for the treatment of patients, new studies with
larger cohorts and with the possibility of immunohistochemical
reassessment are necessary to confirm our findings.

AUTHORS’ CONTRIBUTIONS: Each author contributed individually and significantly to the development of this article. CHMJ: activity planning,
data collection, article writing, interpretation of results; AMB: interpretation of study results, review and approval of the final version; OPC: conception
and planning of the activities that led to the study, approval of the final version; RZF, ETO: data collection and analysis.

REFERENCES

1. Kauffman SL, Stout AP. Histiocytic tumors (fibrous xanthoma and histiocytoma)
in children. Cancer. 1961;14(3):469-82.

2. Ozzello L, Stout AP, Murray MR. Cultural characteristics of malignant histio-
cytomas and fibrous xanthomas. Cancer. 1963;16(3):331-44.

3. Weiss SW, Enzinger FM. Malignant fibrous histiocytoma: an analysis of 200 cases.
Cancer. 1978;41(6):2250-66.

4. Fletcher CDM, Bridge JA, Hogendoorn PCW, Mertens F, editors. WHO classification
of tumours of soft tissue and bone. 4th ed. Lyon: IARC Press; 2013.

5. Camargo OP, Baptista AM, Caiero MT, Camargo AFF. Lesoes fibrosas e histiociticas.
In: Barros Filho TEP, Camargo OP, Camanho GL. Clinica ortopédica. Barueri:
Manole; 2012.

6. Hermanek P. Prognostic factor research in oncology. J Clin Epidemiol.
1999;52(4):371-4.

7. Maretty-Nielsen K. Prognostic factors in soft tissue sarcoma: population-based
studies on comorbidity, biomarkers, and methodological aspects. Dan Med J.
2014;61(11):B4957.

8. Enneking WF, Spanier SS, Goodman MA. A system for the surgical staging of
musculoskeletal sarcoma. 1980. Clin Orthop Relat Res. 2003;(415):4-18.

9. Trojani M, Contesso G, Coindre JM, Rouesse J, Bui NB, de Mascarel A, et al.
Soft-tissue sarcomas of adults; study of pathological prognostic variables and
definition of a histopathological grading system. Int J Cancer. 1984;33(1):37-42.

10. Raut CP, Maki RG, Baldini EH, Hornick JL. Soft tissue sarcoma of the abdomen
and thoracic visceral organs. In: Amin MB, Edge SB, Greene FL, Byrd DR,
Brookland RK, Washington MK, et al., editors. AJCC cancer staging manual.
8th ed. Chicago: American College of Surgeons; 2018. p. 517-21.

Page 5 of 5

11. Kempson RL, Kyriakos M. Fibroxanthosarcoma of the soft tissues. A type of
malignant fibrous histiocytoma. Cancer. 1972;29(4):961-76.

12. Kearney MM, Soule EH, Ivins JC. Malignant fibrous histiocytoma: a retrospective
study of 167 cases. Cancer. 1980;45(1):167-78.

13. Pezzi CM, Rawlings MS Jr, Esgro JJ, Pollock RE, Romsdahl MM. Prognostic
factors in 227 patients with malignant fibrous histiocytoma. Cancer.
1992;69(8):2098-103.

14. Fletcher CD. Pleomorphic malignant fibrous histiocytoma: fact or fiction?
A critical reappraisal based on 159 tumors diagnosed as pleomorphic sarcoma.
Am J Surg Pathol. 1992;16(3):213-28.

15. Markhede G, Angervall L, Stener B. A multivariate analysis of the prog-
nosis after surgical treatment of malignant soft-tissue tumors. Cancer.
1982;49(8):1721-33.

16. Vodanovich DA, Spelman T, May D, Slavin J, Choong PFM. Predicting the
prognosis of undifferentiated pleomorphic soft tissue sarcoma: a 20-year
experience of 266 cases. ANZ J Surg. 2019;89(9):1045-50.

17. Pisters PW, Leung DH, Woodruff J, Shi W, Brennan MF. Analysis of prognostic
factors in 1,041 patients with localized soft tissue sarcomas of the extremities.
J Clin Oncol. 1996;14(5):1679-89.

18. Gibbs JF, Huang PP, Lee RJ, McGrath B, Brooks J, McKinley B, et al. Malignant
fibrous histiocytoma: an institutional review. Cancer Invest. 2001;19(1):23-7.

19. Ozcelik M, Seker M, Eraslan E, Koca S, Yazilitas D, Ercelep O, et al. Evaluation
of prognostic factors in localized high-grade undifferentiated pleomorphic
sarcoma: report of a multi-institutional experience of Anatolian Society of Medical
Oncology. Tumour Biol. 2016;37(4):5231-7.

Acta Ortop Bras.2023;31(2):e265942

<< SUMARIO



ORIGINAL ARTICLE

DOI: http://dx.doi.org/10.1590/1413-785220233102e259899

PEDIATRIC ORTHOPEDICS

EVALUATION OF EARLY TREATMENT OF IDIOPATHIC
CLUBFOOT USING THE PONSETI METHOD

AVALIACAO DO TRATAMENTO PRECOCE DO PE TORTO
CONGENITO IDIOPATICO PELO METODO DE PONSETI

Calo Luiz DE TOLEDO OLIVEIRA'

, GERALDO MOTA GONCALVES FILHO?

, JOSE BATISTA VOLPON'

1. Universidade de Sao Paulo, Faculdade de Medicina de Ribeirao Preto, Ribeirao Preto, SP, Brazil.
2. Universidade de Sao Paulo, Faculdade de Medicina de Ribeirao Preto, Hospital das Clinicas, Departamento de Ortopedia e Anestesiologia, Ribeirao Preto, SP, Brazil.

ABSTRACT

Congenital clubfoot is one of the most common congenital de-
formities of the lower limbs, with an estimated incidence of 1 for
every 1,000 live births. Its treatment is controversial, and currently
the Ponseti method has been widespread, showing promising
results and decreasing the need for extensive surgical releases,
as was usually done until the introduction of the technique. Currently
used in approximately 55 countries, the method has changes and
scopes that vary according to the society in which it is applied,
with the results and peculiarities of the method molded according to
the sample studied. Objective: To evaluate the clinical outcome of
clubfoot treatment using the Ponseti method under local conditions.
Methods: The clinical evaluation will include a descriptive analysis
of the sample, as well as radiographic evaluation and family
satisfaction with the treatment. Results: In total, 46% of the pa-
tients had good results and no family was dissatisfied with the
treatment results. No statistically relevant relationships were found
between the studied variables. Conclusion: The results are good
and generally similar to those in the literature. Our epidemiological
data generally agree with those reported by other authors. Level of
Evidence IV, Case Series.

Keywords: Congenital Abnormalities. Foot Deformities.
Clubfoot.

RESUMO

O pé torto congénito (PTC) é uma das deformidades congénitas mais
comuns dos membros inferiores, com incidéncia estimada de um para
cada 1.000 nascidos vivos. Seu tratamento é motivo de controvérsia,
mas, atualmente, 0 método de Ponseti tem sido difundido, mostrando
resultados promissores e diminuindo a necessidade das liberagbes
cirdrgicas extensas, como geralmente se fazia até a introdugéo da
técnica. Utilizado em aproximadamente 55 paises, o método apresenta
alteracées e alcances que variam de acordo com a comunidade em
que é aplicado, sendo o resultado e as peculiaridades do método
moldados de acordo com a amostra estudada. Objetivo: Avaliar o
resultado clinico do tratamento do PTC através do método de Ponseti
em condicdes locais. Métodos: Aavaliagéo clinica incluiu uma analise
descritiva da amostra, além de avaliagdo radiografica e satisfagao da
familia com o tratamento. Resultados: 46% dos pacientes apresentaram
bons resultados e nenhuma familia se mostrou insatisfeita. Nao foram
encontradas relagbes estatisticamente relevantes entre as variaveis
estudadas. Concluséo: Os resultados s&o bons e, de maneira geral,
semelhantes aqueles da literatura. Ha, também, concordancia geral
dos dados epidemioldgicos deste estudo com os relatados por outros
autores. Nivel de Evidéncia IV, Série de Casos.

Descritores: Malformagées Congénitas. Deformidades do Pé.
Pé Torto Equinovaro.
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INTRODUCTION

Congenital clubfoot (CCF) is a complex three-dimensional defor-
mity that results from the association of equinus, cavus, varus,
and adductus foot.! The condition has an approximate incidence
of one case per 1,000 live births among white people, but this
number varies according to the population studied? and affects
both sexes and ethnicities.® Most CCF cases occur isolated, called
“idiopathic” (iCCF) due to their unknown cause. However, around
20% of cases are associated with underlying diseases, classified
as “teratological.”

The treatment has been challenging, with manipulations and ban-
dages being recommended by Hippocrates. Therapy has become
more aggressive, with wrench-like devices being developed, which
forced the correction of the foot, actually crushing the bones. Then,
conservative treatment was reestablished, culminating in Kite,® which
was slow and presented uncertain results. Kite's technique was
associated with early but increasingly extensive surgical releases until
reaching the “circumferential release of the foot”,” still unsatisfactory.
This scenario changed with Laaveg and Ponseti,2 who created a new
concept of the type of manipulation and plaster cast, associated or
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not with percutaneous Achilles tenotomy and a prolonged use of
the Denis Browne splint. This resulted in well-corrected and flexible
feet and lower rate of recurrences.

Due to its effect, this method is now widespread, well established,
being used in over 50 countries.® Many Brazilian authors have
already published their results, which were mostly favorable.'%'?
Our institution has been using this method for several years;
however, the results must be always reevaluated and compared
to those of the literature. Thus, this study aimed to analyze the
results of cases of idiopathic congenital clubfoot treated early by
the Ponseti method.

METHODS

This is a retrospective observational study of data from patients
with idiopathic congenital clubfoot, who underwent treatment with
the Ponseti method from 2011 to 2016. This study was approved
by the Research Ethics Committee of the Hospital das Clinicas of
the Ribeirao Preto Medical School of the University of Sao Paulo
(Opinion No. 13,034-2019, approved on 12/02/2019). Individuals
who started treatment until three months of age were included,
whereas those who started treatment in another institution or were
treated by other methods were excluded. Patients with irregular
follow-up, who interrupted the treatment, or whose medical records
were unavailable were also excluded. The minimum follow-up time
after treatment was established as 12 months.

In total, 142 children with congenital clubfoot were treated during
this period, 53 of which being included in the study, totaling 74 feet.
Data such as gender, laterality, classification according to Pirani,
Staheli, and Naddumba,'® number of exchanges, need for tenotomy,
recurrences, and follow-up time were obtained.

In the institution, treatment is initiated by foot manipulation,
according to Ponseti's strict orientation,'* then, plaster immo-
bilization is performed in the position in which the foot could
be manipulated. Radiographic evaluation was performed in the
first and last appointments. Kite’s angles (talocalcaneal) were
measured in the anteroposterior and profile incidences before
and after treatment (Figures 1 and 2), as well as the relation
between the forefoot and hindfoot bones using the relation
between the long axes of the talus and calcaneus with the first
and fourth metatarsals, respectively (Figure 3).

Figure 1. lllustration of the determined longitudinal axes of the talus and
calcaneus on radiographs in the anteroposterior incidence of the foot
(Kite’s angle). (A) The idiopathic congenital clubfoot presents overlap
of the two bones expressed by the smallest opening angle between
them; (B) the corrected foot presents separation between the bones
and the shafts are very divergent.

Source: Arquivo da Disciplina de Ortopedia Pediatrica e Afecgdes do Pé, Hospital das
Clinicas of the Ribeirdo Preto Medical School of the Universidade de S&o Paulo.
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Figure 2. lllustration of the determined angle between the talus and
calcaneus in the lateral incidence (Kite's angle). (A) Before treatment;
(B) after treatment. When the foot is not corrected, the angle vertex
is in the dorsal region. After correction, the angle should be on the
midfoot, preferably on the cuboid ossification center.

Source: Arquivo da Disciplina de Ortopedia Pediatrica e Afecgdes do Pé, Hospital das
Clinicas of the Ribeirao Preto Medical School of the Universidade de Sao Paulo.

Figure 3. lllustration of the determined longitudinal axes of the talus
and calcaneus on radiographs in the anteroposterior incidence of
the foot. In the radiographs in the anteroposterior incidence, lines were
drawn based on the longitudinal axes of the talus and calcaneus, along
the first metatarsal, as well as in the space between the fourth and fifth
metatarsals for evaluation of the forefoot deviation. (A) In the idiopathic
congenital clubfoot, these lines are broken, and the corresponding
angles increased; (B) in the normal foot, the longitudinal axis of the
talus coincides or points medially to the bone of the first metatarsal,
and the axis of the calcaneus coincides with the alignment between
the fourth and fifth metatarsals.

Source: Arquivo da Disciplina de Ortopedia Pediatrica e Afecgdes do Pé, Hospital das
Clinicas of the Ribeirao Preto Medical School of the Universidade de S&o Paulo.

The Assessing Clubfoot Treatment (ACT) satisfaction index'® was
applied (Chart 1). Information were obtained from the families by
phone calls. Out of the 53 cases, 33 families were contacted (44 feet).
Simple and multiple logistic regressions were used to test the as-
sociations between treatment satisfaction and potential variables.
Statistical analyses were performed with the RStudio software
(version 1.1.456), and all tests considered p < 0.05 as statisti-
cally significant.
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Chart 1. Questionnaire to evaluate clinical results, according to
family members.
Questions
Wh?t do you Does your Can your child Are you satisfied
Score consider o be child complain |  wear any type with the
the shape of your of foot pain? of footwear? treatment of your
child’s foot? pain ' child’s feet?
Answer option
Yes, and
0 Very altered with frequent Never Very dissatisfied
limitations
Yes, but it
1 Altered rarely limits Rarely Dissatisfied
their activities
Yes, but it
2 Almost normal | does not limit |  Almost always Satisfied
their activities
3 Normal No Always Very satisfied
RESULTS

Out of the 53 patients selected for the study, 35 (66%) were boys
and 18 (34%) girls; 34 had unilateral iCCF (64%), 18 in the left
foot (52%), and 16 in the right foot (48%). Statistical relationship
between sex and either good or bad results (p = 0.93), or between
bilaterality and treatment results (p = 0.33), was not found.
Mean follow-up time was 50 months, with a minimum of 12 months,
and a maximum of 98 months. Mean number of plaster exchanges
was 7.41 per patient, with a minimum of four and maximum
of 16. Mean age at the beginning of treatment was 42 days,
with a minimum of four days and maximum of 82 days. Likewise,
no statistically relevant relationship was found between the number
of exchanges and treatment results (p = 0.11).

Out of the 74 feet evaluated, 63 (85%) underwent percutaneous
Achilles tenotomy. Mean initial Pirani score was 5.1, suggesting the
occurrence of severe feet. We found no statistical relationship between
the Pirani classification score and treatment results (p = 0.13).

We observed a mean increase of 18.73° in the talocalcaneal angle,
in the anteroposterior incidence after treatment (178%). In total,
38 feet (51.3%) presented a talocalcaneal angle greater than or
equal to 30° after treatment, a value considered satisfactory by
Ponseti. In the relationship between the hindfoot bones, 21 out of
the 71 feet (29.5%) presented correction of the axes after treatment.
In the lateral incidence, 23 (44.1%) of the feet showed a reduction
in the angle, whereas 28 (54.9%) showed an increase; 23 of them
could not be compared.

Out of the 21 recurrences (40%), 18 patients required surgical
interventions and, of these, 12 (57%) presented reports of incorrect
orthosis use during follow-up in the medical records. Considering
the number of feet, 33 out of 74 (39%) presented recurrence, and of
these, 26 required surgery (35%). In total, 15 feet were subjected to
anterior tibial translation associated or not with combined wedge
osteotomy in the cuboid and navicular. Recurrences in four patients
were treated exclusively with a plaster cast, and two were subjected
to a la carte posteromedial release.

All 33 family members contacted (47 feet) answered the ques-
tionnaire. Regarding pain, 25 (75.7%) reported no complaints,
six (18.1%) reported sporadic pain that did not limit activities.
Two cases (6.2%) reported pain complaints with limitation of
activities, even if not very often.

Regarding footwear wear, 23 families (69.6%) answered that their
child wore any type of footwear, and two patients were could rarely
wear any footwear (6%).

Acta Ortop Bras.2023;31(2):259899

Regarding foot shape, 10 families (30.3%) answered that it was
normal, 15 families (45.5%) reported that the feet were practically
normal, seven families (21.2%) reported that the children had feet
different than the usual, and one family (3%) reported that one foot
presented a very different shape.

Regarding general satisfaction with the treatment, 22 families (66.6%)
were very satisfied, 11 families (33.4%) were satisfied, and no family
declared to be dissatisfied or very dissatisfied with the treatment.
Table 1 shows data and clinical score.

Seven families scored < 8 (21.2%), whereas 15 (45.5%) scored
11 and 12. Eleven families scored 9 or 10 (33.3%).

Simple and multiple logistic regressions were used to test the
associations between treatment satisfaction and potential variables.
None of the correlations studied were statistically significant.

DISCUSSION

The Ponseti method is considered a major advance in the treat-
ment of CCF, with unprecedented results, as many feet achieved
a normal or almost normal appearance and maintained flexibility.
Recurrences are usually not severe, being corrected with new
plasters or smaller surgeries. If surgery is required, anterior tibial
translation is the most common.™ Overall, our results confirm these
impressions. The epidemiological data of our population were similar
to those reported in the literature regarding gender,? bilaterality,>'®
slightly differing regarding the similar involvement of the sides when
compared with other reports,2'6'7 which probably represents only
regional and typical variations of the sample. In Brazilian literature,
Jaqueto et al."? found that 64.5% of males were affected and 80.6%
of incidence in the right foot.

Our results of mean plaster exchange before indicating tenotomy are
also in accordance with most of the reports.'®'® This information is
important as it reflects the proper indication of the technique and the
adherence of the families. When the number of plaster exchanges
is very discrepant, they serve as a warning for the identification of
possible problems, especially for public institutions working with
resident physicians. Although Lourenco and Morcuende?® reported
that 90% of their patients required less than five plaster changes;
this result may reflect local characteristics not observed in other
regions or countries.

Regarding the need for Achilles tenotomy for equine correction, this
occurred in 85% of our sample, similarly to that of other authors. 41820
The percentage of recurrences is a very relevant data in the
treatment of any deformity and in this case was around 40%.
In his first series, Ponseti showed that up to 56% of his patients also
needed a new approach after the end of treatment, whether surgery
or plaster exchange." However, “recurrence” is comprehensive
term that can be subjective. We evaluated the association between
recurrences and the number of plaster changes (p = 0.96), initial
Pirani score (p = 1.00), need for tenotomy, and age at the begin-
ning of treatment (p = 0.72), and found no statistically significant
association. The concepts of these parameters are also not clear

Table 1. Degree of satisfaction, score from 0-12 points.

Score Number of families Percentage Results
6 1 3%
7 1 3% Bad
8 5 15%
9 5 15%
Regula
10 5 18% egur
11 6 18%
Good
12 9 28%
Total 33 100%
Page 3 of 4
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in the literature, which makes difficult a comparison against
other results.

Originally, radiographic measurements had been proposed by
Ponseti since his first publications on the method; however, good
correlations between radiographic findings and clinical findings
could never be established. Our analysis showed that 51.3% of
the feet had a talocalcaneal angle above 30°. Considering only
radiographic parameters, the correction rate in our patients would
be 29.5-51%. In the lateral incidence, Kite’s angle measurement
presents great variation in normal patients, with normal considered
17-46°.'* Among the radiographs analyzed, only 28 (54%) of them
presented an increase in the talocalcaneal angle that would
be compatible with a decrease in the varus of the hindfoot.
These results reinforce Ponseti’s statement that the cases present
clinicoradiographic dissociation. Other authors have also shown
the limitation of radiographs to evaluate the Ponseti method, as they
seem not that much useful to evaluate the efficacy of treatment if
analyzed separately.?'

Ponseti also proposed a system for evaluating CCF results that
considers six parameters, in which the sum of their scores would
have a maximum of 100 points.'* Recently, Smythe et al.'® presented
atool called ACT (Assessing Clubfoot Treatment) to establish a score
that shows a good relationship with clinical evaluation. Given the
many different forms of evaluations of CCF treatment, none of them
seem to be validated and full accepted as standard. The results of
our functional clinical evaluation showed that five patients (15.1%
of those contacted) scored < 8, which would require a revaluation;

however, no family reported dissatisfaction with the results of the
treatment. This scenario may indicate the low expectation of family
members regarding the result, especially when compared with the
initial aspect of the foot.

This study has limitations for data analysis and association due
to the observational retrospective design. Studies on CCF must
carefully evaluate sample profile, treatment results and its compli-
cations. Further studies can be conducted implementing follow-up
protocols that facilitate data collection and standardization, as well
as objective and functional resources to access the results, such
as baropodometry and gait analysis, which, however, could only
be addressed in studies of a prospective design. Furthermore,
evaluation of flexibility and muscle strength of the feet should
have been included, which were disregarded since we found no
objective methods in the literature that could be applied in children
of different ages.

In short, the comparison of our results mostly agrees with those of
the literature, presenting epidemiological data within parameters
already known, weak association between radiological and clinical
results, and 46% of good results with treatment.

CONCLUSION

The results of iCCF treatment by the Ponseti method in the popula-
tion studied are good and generally similar to those in the literature.
Our epidemiological data also generally agrees with those reported
by other authors.
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ABSTRACT

Obijective: Evaluating clinical factors associated with mortality in
older patients who underwent surgical correction of hip fractures.
Methods: This observational and retrospective study analyzed
the medical records of 67 patients (aged older than 60 years),
both men and women, who underwent surgical correction of hip
fractures from 2019 to 2020 at Hospital S&o Paulo. The following
variables were analyzed: age, sex, presence of comorbidities,
affected hip region, and trauma mechanism. Statistical analyses
were performed using the SPSS software. Results: The mean
age of patients was 78.12 + 9.80 years and 80.6% of the sample
were women. The prevalence of hip fractures on the right side
(562.2%), in the transtrochanteric region (53.7%), and due to fall on
the same level (88.1%) was higher. Systemic arterial hypertension
(77.6%), diabetes mellitus (37.3%), and dementia (16.4%) were
frequent comorbidities. The prevalence of death after fracture
was 17.9% and it was associated with longer hospital stay after
surgery (p = 0.028). Conclusion: The prevalence of mortality of
patients with hip fractures who underwent surgery was 17.9%.
A longer hospital stay due to pre-existing comorbidities was
the main factor related to this outcome. Level of Evidence I,
Retrospective Study.

Keywords: Hip Fractures. Femoral Fractures. Mortality. Retrospective
Studies. Risk Factors. Orthopedic Procedures.

RESUMO

Objetivo: Avaliar os fatores clinicos associados a mortalidade em
pacientes idosos submetidos ao tratamento cirdrgico para corregao
de fraturas do quadril. Métodos: Estudo observacional e retrospec-
tivo de analise de prontuarios de 67 pacientes (idade superior a
60anos). Foram incluidos individuos de ambos 0s sexos, submetidos
ao tratamento cirdrgico para correcdo de fraturas do quadri, entre
2019 e 2020, no Hospital S&o Paulo. Foram analisadas as variaveis:
idade, sexo, presenca de comnorbidades, regido do quadril acometido
e mecanismo de trauma. As analises estatisticas foram realizadas pelo
software SPSS. Resultados: A idade média dos participantes foi de
78,12 + 9,80anos, e 80,6% da amostra era constituida por mulheres.
Houve maior prevaléncia de fraturas do quadril no lado direito (52,2%),
na regido transtrocantérica (53,7%) e causada por queda sem desnive/
(88,1%). Hipertenséo arterial sistémica (77,6%), diabetes mellitus (37,3%)
e deméncia (16,4%) foram frequentes. A prevaléncia de 6bito apds a
fratura foi de 17,9%, sendo associada a maior tempo de internagao
hospitalar apds a cirurgia (p = 0,028). Concluséo: A prevaléncia
de mortalidade dos pacientes com fratura do quadril submetidos a
cirurgia foi de 17,9%. O tempo prolongando de internagdo hospitalar
por comorbidades pré-existentes foi o principal fator relacionado a este
desfecho. Nivel de Evidéncia lll, Estudo Retrospectivo.

Palavras-chave: Fraturas do Quadril. Fraturas do Fémur. Mortalidade.
Estudos Retrospectivos. Fatores de Risco. Procedimentos Ortopédicos.

Citation: Corréa FG, Serikawa LT, Nicolau RB, Ferres LFB, Pedro Filho JC, Reis FB, Cocco LF. Factors associated with the outcomes of older patients
operated due to hip fractures. Acta Ortop Bras. [online]. 2023;31(2): Page 1 of 4. Available from URL: http://www.scielo.br/aob.

INTRODUCTION

Population aging is a worldwide phenomenon in a progressive increase.
By 2050, the number of older adults in the world is estimated to be
about 2 billion.! The epidemiology of fractures also tends to increase,
with 4.5 million cases estimated for 2050.2 In Brazil, population aging
poses new challenges for health services, since, as the older population
increases, fragility fractures (hip, shoulder, wrist, and spine) affect an
increasingly significant number of individuals.37

In general, treatment in geriatric trauma needs special attention,
as itrequires specialized services and longer hospital stay, increasing
morbidity and mortality and the costs of health services.®® In this
scenario, hip fractures stand out, since they are associated with
severe complications, such as increased rates of admission in
intensive care units, risk of infection, and mortality.®"

High-energy mechanisms such as traffic accidents, falls from
great heights, and firearm injuries are the most frequent cause
of fractures among young adults, whereas low-energy traumas
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such as simple falls are more frequent among older adults with
less unstable fracture traits.®'® Moreover, fracture characteristics,
anatomical site, and severity can also be influenced by factors
related to bone density quality.'>'®

We found other peculiarities in the process of fracture healing in older
adults. A decrease in the healing potential results in lower rates of
healing or bone nonunion and, consequently, higher mortality risk 32
Among factors associated with mortality after hip fracture, advanced
age, female sex, the presence of comorbidities, surgical delay, the type
of anesthesia, and altered laboratory tests play an important role.8°
Thus, handling with manageabile risks in the treatment schedule
of older patients with proximal femoral fractures is mandatory.'
Moreover, studies on the outcomes of these patients are essential
for the development of national policies focused on assisting health
care professionals in creating more effective preventive strategies.
Thus, this study aims to evaluate the clinical factors related to
mortality in older patients who underwent surgical correction of
hip fractures at Hospital Sao Paulo.

METHODS

Type of study

This observational and retrospective study collected data from
the medical records of patients treated at Hospital Sao Paulo by
the Department of Orthopedics and Traumatology of the Paulista
School of Medicine (UNIFESP). The study respects the ethical and
legal aspects of studies with human beings and was approved
by the Research Ethics Committee of the Universidade Federal
Sao Paulo (no. 5.143.826).

Casuistry

This study was based on the analysis of medical records of patients
older than 60 years, both men and women, who underwent surgical
correction of hip fractures at Hospital Sdo Paulo from January 1,
2019, to January 1, 2020, with outpatient follow-up for one year.
Patients with incomplete or outdated medical records or who did
not agree with the terms of consent to participate in the study were
excluded. Deaths during hospitalization or outpatient follow-up
were considered.

Data collection

Researchers analyzed cases exclusively by electronic medical
records. The following data were collected: age, sex, presence of
comorbidities (systemic arterial hypertension and diabetes mellitus),
trauma mechanism, type of fracture (intracapsular or extracapsular),
preoperative time (from admission to surgery), postoperative time
(from surgery to hospital discharge), total length of hospital stay,
type of surgery (osteosynthesis or arthroplasty), clinical outcome
(survival or mortality), laterality, and autonomy to walk before fracture.
Researchers neither collected data in person nor had access to
the name or hospital record of patients, ensuring their anonymity.

Statistical analysis

Data were placed in an Excel spreadsheet for further analysis
regarding age, sex, and pre-existing diseases related to clinical
outcomes after surgical treatment of fractures. Descriptive analyses
were presented in absolute numbers (n) and relative frequencies
(%), along with mean and standard deviation. Statistical analyses
were performed using the SPSS software (version 21). For statistical
significance, the established cutoff value was p < 0.05.

RESULTS

This study included 67 older patients, with a mean age of
78.12 = 9.80 years. Most patients were women (80.6%; n = 54).
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Among comorbidities at admission, systemic arterial hypertension
(77.6%; n = 52) stood out, followed by diabetes mellitus (37.3%;
n = 25). Older patients with some degree of dementia con-
firmed by geriatric clinical examinations represented 16.4%
(n = 11) of the sample. Most cases were femoral fractures on
the right side (52.2%; n = 35) and transtrochanteric fractures
(63.7%; n = 36). Among patients, 64.2% (n = 43) walked al-
most exclusively at home and 34.3% (n = 23) were able to walk
both inside and outside the home before fracture. The main
cause of femoral fracture was fall from the same level (88.1%;
n = 59). The prevalence of death due to femoral fracture was
17.9% (n = 12) even after surgery. Regarding hospital parameters,
length of hospital stay was 8.45 = 5.63 days, preoperative
time was 3.32 = 3.91 days, and postoperative time was
4.52 = 3.894 days (Table 1).

Table 1. Characteristics of older patients who underwent surgical
correction of hip fractures at Hospital Sao Paulo from 2016 to 2021.

Variables Frequency %
Gender
Men 13 19.4
Women 54 80.6
Total 67 100
Systemic arterial hypertension
No 15 22.4
Yes 52 77.6
Total 67 100
Diabetes mellitus
No 42 62.7
Yes 25 37.3
Total 67 100
Dementia
No 56 83.6
Yes 11 16.4
Total 67 100
Laterality
Right 35 52.2
Left 32 47.8
Total 67 100
Functional status
Walked at home 43 64.2
Walked inside and outside home 23 34.3
Other* 1 1.5
Total 67 100
Diagnosis
Femoral neck fracture 23 34.3
Transtrochanteric fracture 36 53.7
Other® 8 1.9
Cause
Fall from the same level 59 88.1
Traffic accident 1 15
Other* 7 10.4
Total 67 100
Final outcome
Non-mortality 55 82.1
Mortality 12 17.9
Total 67 100

#Bedridden, and paraplegic patients and wheelchair users; *Multiple femoral fractures and diaphyseal
femoral fractures; *Unwitnessed fall, prophylactic fixation (myeloma), physical aggression,
and pathologic fracture; n: sample number.
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To analyze epidemiological and clinical factors that influenced
outcomes, patients were divided into two groups: non-mortality
(82.10 %; n = 55) and mortality (17.90%; n = 12). However, groups
had no significant difference between them (Table 2)

Regarding numerical variables, patients with mortality outcome had
longer hospital stay (11.67 + 7.19 days) compared to patients with
non-mortality outcome (7.75 + 5.045 days) (p = 0.028; Table 3).
Patients who died also had higher mean age, more comorbidities,
and longer preoperative and postoperative time. However, we found
no significant differences (p = 0.050).

To assess if length of hospital stay increased mortality risk,
a binary regression model was made, including the variables
length of hospital stay and preoperative and postoperative time.
Hospitalization time increases the risk of death with borderline
p-values (OR = 1.127; p = 0.057) (Table 4).

Table 2. Association of epidemiological and clinical aspects with the
outcome in patients who underwent surgical correction of hip fractures.

. Non-mortality (n = 55) | Mortality (n = 12)
Variables n % n % p
Gender 0.227*
Men 9 16.40% 4 33.30%
Women 46 83.60% 8 66.70%
SAH 0.443*
No 11 20.00% 4 33.30%
Yes 44 80.00% 8 66.70%
DM 0.751"
No 35 63.60% 7 58.30%
Yes 20 36.40% 5 41.70%
Dementia 0.400*
No 47 85.50% 9 75.00%
Yes 8 14.50% 25.00%
Laterality 1.000
Right 29 52.70% 6 50.00%
Left 26 47.30% 6 50.00%
Diagnosis 0.449*
Femoral neck fracture 17 30.90% 6 50.00%
Transtrochanteric fracture | 31 56.40% 5 41.70%
Other™ 7 12.70% 1 8.30%
Functional status 0.743
Walked at home 36 65.50% 7 58.30%
Other® 19 34.50% 41.70%
Cause 1.000*
Fall from the same level 48 87.30% 11 91.70%
Other 7 12.70% 1 8.30%

*Fisher's exact test; *Chi-square test; *Multiple femoral fractures and diaphyseal femoral fractures;
&Bedridden and paraplegic patients and wheelchair users; “Unwitnessed fall, prophylactic fixation
(myeloma), physical aggression, and pathologic fracture; p < 0.05: statistical significance;
n: sample number; SAH: systemic arterial hypertension; DM: diabetes mellitus.

Table 3. Association of age, number of comorbidities, length of hospital
stay, preoperative and postoperative time with clinical outcomes of patients
who underwent surgical correction of hip fractures.

Non-mortality (n = 55) | Mortality (n=12) | p
Variables Mean SD Mean SD
Age 77.870 10.123 | 79.250 | 8.487 | 0.663
Number of comorbidities 2.150 1.183 2.330 | 0.985 |0.620
Length of hospital stay (days) | 7.750 5.045 | 11.670 | 7.190 | 0.028
Preoperative time (days) 4.360 3.602 5250 | 5.154 | 0.581
Postoperative time (days) 3.190 2.727 3.920 | 7.366 | 0.592

#Student’s t-test; n: sample number; SD: standard deviation; p < 0.05: statistical significance.
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Table 4. Binary logistic regression of the influence of length of hospital
stay on the clinical outcome of patients who underwent surgical correction
of hip fractures.

95%Cl
Variables OR Lower Upper p
Length of hospital stay 1127 0.997 1.275 0.057
Preoperative time 1.017 0.855 1.210 0.850
Postoperative time 0.959 0.804 1.142 0.636

OR: odds ratio; Cl: confidence interval; p < 0.05: statistical significance.

DISCUSSION

This study aimed to retrospectively evaluate factors associated with
mortality after surgical correction of hip fractures in older adults.
The prevalence of mortality after surgery was 17.9%, which was as-
sociated with longer hospital stay due to pre-existing comorbidities.
Hip fractures represent a growing public health problem world-
wide and are associated with higher mortality in older patients.®
Among hip fractures, proximal femoral fractures stood out,
especially transtrochanteric fractures due to their high frequency
among older adults and significant social and economic impact.™
Our study is in line with other studies that show the prevalence
of intertrochanteric fractures in relation to the femoral neck.®1
Moreover, our sample has a profile similar to the literature,
considering the occurrence in older and women, with comorbidities
such as diabetes mellitus and arterial hypertension.381013 A study
with 38,126 women with hip fractures and a six-year follow-up
time showed that the presence of comorbidities before fracture
was associated with high short-term mortality and reduced
survival in 39% of cases. Thus, due to the increasing number
of patients with comorbidities associated with aging and high
mortality in patients with hip fractures, improving preoperative
and postoperative care for patients with chronic heart, kidney,
or lung diseases can potentially reduce mortality.'

Brazil has a high prevalence of hip fractures and high mortality and
morbidity rates associated with this condition.>#1° In this study, hip
fracture mortality rates were similar to previous studies.'®'

In a study conducted in Brazil, the mortality rate was 14.4% among
patients with femoral fractures and this mortality was associated with
increasing age, leukocytosis, need for intensive care, and no surgical
treatment. Correa et al.'® showed that the mortality rate among older
adults with proximal femoral fractures at the national level was 8%
and male sex, reduced Parker score, delirium diagnosed at hospital
admission or developed during hospitalization, and surgical delay
were the main associated risk factors.

In the United States, a study presented a femoral fracture mortality
rate of 1.6%."" The authors concluded that patients have a high risk
of mortality and postoperative complications if they undergo surgical
fixation 48 hours after admission, with longer ICU and hospital stay
and increased need for mechanical ventilation."

As one of the main causes of hospitalization of older patients,
hip fractures require careful perioperative management to avoid
complications and decrease mortality rates. Most of the available
guidelines recommend surgical correction of fractures in the first
24 hours, up to 48 hours, as an increased waiting time is correlated
with higher medium-term complication and mortality rates. Moreover,
diagnostic-therapeutic care proved to significantly reduce the
length of hospital stay.'®

Similarly to our findings, studies show that a longer hospital stay
negatively affects older patients with femoral fractures, as it con-
tributes to the development of other hospital complications such as
infection, pressure ulcers, and sepsis, besides increasing mortality
rate.89'8 According to a recent demographic study, the southeastern
region of Brazil showed the highest femoral fracture mortality rates
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and the longest total hospital stay.® Thus, a longer hospital stay
may contribute to higher mortality rates in this region, which is in
line with our findings.

With population aging, optimizing length of hospital stay and re-
ducing overload in health and social services is essential.® Mortality
risk may be high, especially due to the low bone quality of older
patients.®'2'3 Thus, preventive measures to reduce fractures among
this population are extremely important.

Despite the limitations of this study due to its retrospective nature,
development in a single center, and small sample size, we could
identify the association between hip fracture mortality in older
adults and length of hospital stay. Our data can be used in the
planning of services and care protocols focused on older patients
with femoral fractures in order to reduce mortality risk. This should
occur within a multidisciplinary approach, including hospital care

and improvements in the availability of rehabilitation services.
However, further epidemiological studies with a larger sample size
are necessary to analyze the association of hip fracture mortality
in older adults, since studies on this topic are scarce.

CONCLUSION

In this study, the prevalence of mortality of patients with hip fractures
who underwent surgery was 17.9%, and a longer hospital stay due
to comorbidities was the main factor related to this outcome.

ACKNOWLEDGMENTS

We thank the Department of Orthopedics and Traumatology and
the orthopedic trauma team of the Paulista School of Medicine at
the Universidade Federal de Sao Paulo.

AUTHORS’ CONTRIBUTIONS: Each author contributed individually and significantly to the development of this article. FGC, LTS: conception, writing,
and intellectual conception of the article, data interpretation, and writing of the article; RBN, LFBF, JCPF: data interpretation and writing of the article;
FBR: drafting, revision, and approval of the final version; LFC: conception, writing, and intellectual conception of the article.

REFERENCES

1. United Nations, Department of Economic and Social Affairs, Population Division.
World population ageing 2019: highlights. New York: United Nations; 2019.

2. Orces CH. Epidemiology of hip fractures in Ecuador. Rev Panam Salud Publica.
2009;25(5):438-42.

3. Silva JCA, Ribeiro MDA, Silva LN, Pinheiro HA, Bezerra LMA, Oliveira SB.
Femur fractures in elderly in Brazil from 2015 to 2020: analysis of costs, time
of hospitalization and total deaths. Rev Pesqui Fisioter. 2021;11(4):798-806.

4. Cocco LF, Ejnisman B, Belangero PS, Cohen M, Reis FB. Quality of life after
antegrade intramedullary nail fixation of humeral fractures: a survey in a selected
cohort of Brazilian patients. Patient Saf Surg. 2018;12:4.

5. Cocco LF, Yazzigi JA Jr, Kawakami EFKI, Alvachian HJF, Reis FB, Luzo MVM.
Inter-observer reliability of alternative diagnostic methods for proximal humerus
fractures: a comparison between attending surgeons and orthopedic residents
in training. Patient Saf Surg. 2019;13:12.

6. Cocco LF, Aihara AY, Franciozi C, Reis FB, Luzo MVM. Three-dimensional
models increase the interobserver agreement for the treatment of proximal
humerus fractures. Patient Saf Surg. 2020;14:33.

7. Pedro Filho JC, Nicolau RB, Offenbacher RW, Credidio MV, Reis FB, Cocco LF.
Evaluation of post-surgical management of fragility fractures. Acta Ortop Bras.
2021;29(3):137-42.

8. Alcantara C, Dellaroza MSG, Ribeiro RP, Carvalho CJA. Femoral fracture in the
elderly: surgery waiting time and hospitalization outcome. Cienc Cuid Saude.
2021;20:e54726.

9. Franco LG, Kindermann AL, Tramujas L, Kock KS. Factors associated with
mortality among elderly people hospitalized due to femoral fractures. Rev Bras
Ortop. 2016;51(5):509-14.

10. Correa JGL, Andrade-Silva FB, Fortes Filho S, Kojima KE, Silva JS, Leme LEG.
Evaluation of predictive factors of in hospital mortality in patients with proximal
femoral fracture. Acta Ortop Bras. 2020;28(1):40-3.

Page 4 of 4

-
—

. Obey MR, Clever DC, Bechtold DA, Stwalley D, McAndrew CM, Berkes MB,
et al. In-hospital morbidity and mortality with delays in femoral shaft fracture
fixation. J Orthop Trauma. 2022;36(5):239-45.

12. Bliuc D, Nguyen ND, Milch VE, Nguyen TV, Eisman JA, Center JR. Mortality
risk associated with low-trauma osteoporotic fracture and subsequent fracture
in men and women. JAMA. 2009;301(5):513-21.

13.Bergh C, Wennergren D, Méller M, Brisby H. Fracture incidence in adults in
relation to age and gender: a study of 27,169 fractures in the Swedish Fracture
Register in a well-defined catchment area. PLoS One. 2020;15(12):€0244291.

14. Abreu EL, Sena CB, Rodrigues Filho SAS. Effectiveness of treatment of transtro-
chanteric fractures with Dynamic Hip Screws using minimally invasive access.
Rev Bras Ortop. 2016;51(2):138-42.

15. Lunde A, Tell GS, Pedersen AB, Scheike TH, Apalset EM, Ehrenstein V, Serensen
HT. The role of comorbidity in mortality after hip fracture: a nationwide Norwegian
study of 38,126 women with hip fracture matched to a general-population
comparison cohort. Am J Epidemiol. 2019;188(2):398-407.

16. Schnell S, Friedman SM, Mendelson DA, Bingham KW, Kates SL. The 1-year
mortality of patients treated in a hip fracture program for elders. Geriatr Orthop
Surg Rehabil. 2010;1(1):6-14.

17. Guerra MTE, Viana RD, Feil L, Feron ET, Maboni J, Vargas ASG. Mortalidade
em um ano de pacientes idosos com fratura do quadril tratados cirurgicamente
num hospital do Sul do Brasil. Rev Bras Ortop. 2017;52(1):17-23.

18. Myers P, Laboe P, Johnson KJ, Fredericks PD, Crichlow RJ, Maar DC,
Weber TG. Patient mortality in geriatric distal femur fractures. J Orthop Trauma.
2018;32(3):111-5.

19. Scala A, Ponsiglione AM, Loperto |, Della Vecchia A, Borrelli A, Russo G, et al.

Lean six sigma approach for reducing length of hospital stay for patients

with femur fracture in a university hospital. Int J Environ Res Public Health.

2021;18(6):2843.

Acta Ortop Bras.2023;31(2):e259371

<< SUMARIO



ORIGINAL ARTICLE

DOI: http://dx.doi.org/10.1590/1413-785220233102e263742

TRAUMA AND SHOULDER

MINIMALLY INVASIVE OSTEOSYNTHESIS FOR
CLAVICULAR FRACTURE WITH LOCKED PLATE

OSTEOSSINTESE MINIMAMENTE INVASIVA PARA
FRATURA DA CLAVICULA COM PLACA BLOQUEADA

FELIPE MACHADO DO AMARAL'
LEANDRO SOSSAI ALTOE* », CASSIO VELLOSO NUNES?

1. Universidade de Sao Paulo, Hospital Universitario, Sao Paulo, SP, Brazil.

, EDUARDO ANGELI MALAVOLTAZ3
, JOSE RICARDO PECORA®

, FERNANDO BRANDAO DE ANDRADE E SILVAZ ),

2. Universidade de Sao Paulo, Hospital das Clinicas, Faculdade de Medicina, Sao Paulo, SP, Brazil.

3. Hospital do Coragao, Sao Paulo, SP, Brazil.
4. Hospital Geral de Pedreira, Sao Paulo, SP, Brazil.

5. Universidade de Sao Paulo, Hospital Universitario, Departamento de Ortopedia, Sao Paulo, SP, Brazil.

ABSTRACT

Objective: To evaluate the clinical and radiographic results of the
surgical treatment of fractures of the middle third of the clavicle,
using the technique of minimally invasive plate osteosynthesis
(MIPO) with locking. Methods: Prospective case series, evaluating
displaced fractures of the middle third of the clavicle submitted to
MIPO with locking, with procedures performed by a single surgeon.
Patients were evaluated at 12 months using the University of Los
Angeles (UCLA) scale and anteroposterior radiographs of the
clavicles with 45° cranial and caudal inclination, as well as report-
ing complications. Results: In total, 15 patients were evaluated.
The median of surgical time was 50 minutes (IQR 35). The UCLA
scale had a median of 35 (IQR 2) at 12 months. All patients pre-
sented fracture healing. Minor complications occurred in three
cases (20%), with two (13.3%) evolving with plate prominence
and one (6.7%) with local paresthesia, while major complications
occurred in only one case (6.7%), with suture dehiscence requiring
surgical re-approach. Conclusion: MIPO with locking is a viable
option for the treatment of displaced fractures of the middle third
of the clavicle, with excellent results according to the UCLA scale,
fracture healing in all cases, and a low rate of complications.
Level of Evidence IV, Case Series.

Keywords: Clavicle. Fractures, Bone. Osteosynthesis.

RESUMO

Objetivo: Avaliar os resultados clinicos e radiograficos do tratamento
cirdrgico de fraturas do tergo médio da clavicula pela técnica de
osteossintese minimamente invasiva com placa (OMIP) bloqueada.
Meétodos: Série de casos prospectiva que avaliou fraturas desvia-
das do tergo médio da clavicula submetidas a OMIP bloqueada,
com procedimentos realizados por um tnico cirurgido. Os pacientes
foram avaliados aos 12 meses por meio da escala da Universidade da
Califérnia em Los Angeles (UCLA) e por radiografias das claviculas em
anteroposterior (AP) com inclinag&o cranial e caudal de 45°, além de
relatos de complicagées. Resultados: Foram avaliados 15 pacientes.
Amediana do tempo cirdrgico foi de 50 minutos (IIQ 35). Aescala da
UCLA aos 12 meses teve mediana de 35 (IIQ 2). Todos os pacientes
apresentaram consolidagao da fratura. Complicagbes menores ocor-
reram em trés casos (20%): dois (13,3%) com proeminéncia da placa
e um (6,7%) com parestesia local. Maiores complicagdes ocorreram
em apenas um caso (6,7%), com deiscéncia de sutura, necessitando
de reabordagem cirtrgica. Concluséo: A OMIP bloqueada se mostrou
uma opgé&o viavel ao tratamento das fraturas desviadas do terco
médio da clavicula, com resultados excelentes de acordo com a
escala UCLA, consolidagéo em todos os casos e baixo indice de
complicacbes. Nivel de Evidéncia IV, Série de Casos.

Descritores: Clavicula. Fraturas Osseas. Osteossintese.
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INTRODUGAO

Clavicle fracture represents 44% of fractures of the scapular waist
and 2.6% of fractures of the human body. They are more frequent
in young and active individuals. The main mechanism of trauma
of clavicle fracture results from a fall on the shoulder, in a smaller
frequency by indirect trauma on the outstretched arm or direct
trauma to the clavicle."

Fractures of the middle third of the clavicle are the most common,
representing 80% of clavicle fractures."® Although the most show
good results with the conservative management, pseudarthrosis
rates are higher than those treated surgically.*® Displaced fractures
and fractures without contact between fragments present faster
fracture healing, better functional results, and lower rates of com-
plications when treated surgically.®¢
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Osteosynthesis with open plate is considered the gold standard
in the surgical treatment of fractures of the middle third of the
clavicle.*® Some authors advocate the minimally invasive plate
osteosynthesis (MIPO) with locking as a way to reduce complica-
tions and surgical aggression to the fracture focus, as well as to
improve the aesthetic aspect.” However, few studies have been
published on this subject.”®

Objectives

This study aimed to describe the functional and radiographic results,
as well as the complications of the MIPO with locking technique
for fractures of the middle third of the clavicle.

METHODS

A series of prospective cases of patients with fracture of the middle
third of the clavicle were performed and subjected to MIPO with
locking. All procedures were performed in the same institution by
a single surgeon, member of the Brazilian Society of Shoulder and
Elbow Surgery (SBCOC) and the Brazilian Society of Orthopedics and
Traumatogia (SBTO), and with seven years of experience, between
January 2017 and December 2018. The study was approved by The
Ethics Committee (229891 19.3.0000.8054), and the patients signed
an informed consent form. Inclusion criteria were: skeletally mature
patients, between 18 and 70 years old, and with displaced fractures
of the middle third of the clavicle. As a deviation, the presence of
fracture without bone contact, with = 2 cm, intermediate displaced
fragment (Z-fragment), or tent skin were considered (Figure 1).
Exclusion criteria were: fractures older than two weeks between
trauma and the surgical procedure, fractures that included the
proximal and/or distal third of the clavicle, exposed or pathological
fractures, any previous morbidity of the affected upper extremity
that could compromise limb function, bilateral clavicle fractures,
or previous history of ipsilateral fracture, and presence of neurovas-
cular involvement in the initial trauma.

The time of surgery was evaluated, and the moment of incision was
standardized until the last stich on the skin was closed.

Clinical evaluation was performed by the scale of the University
of California (UCLA), Los Angeles, and applied by the surgeon at
12 months of follow-up.®°

All patients initiated pendulum movements, encouraging active and
passive movement in the immediate postoperative period. Patients
started physical therapy after six weeks, twice a week. In total,
20 sessions were performed, the last ten with resistance active exercises.
Radiographic evaluation was performed with anteroposterior (AP)
radiographs, cephalic inclination of 45°, and caudal of 45° of the
clavicle at two and six weeks, and at three, six, and 12 months
after the surgery. Fractures with at least three integrated corticals
were considered consolidated. Absence of fracture healing after
three months was considered a delay in fracture healing, and at
six months, pseudarthrosis.

Figure 1. Complete transverse and displaced fracture of the middle
third of the clavicle.
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Complications were divided into greater or minor, according to

the impact on patient function or increased treatment time. Thus,

the following events were evaluated:

* Minor complications: hypertrophic scar, peri-incisional paraes-
thesia, skin irritation, or prominence of osteosynthesis material.

* Major complications: osteosynthesis failure, refracture, superficial
infection or suture dehiscence requiring reoperation, deep infection,
and consolidation failure.

Surgical technique

The patients were subjected to general anesthesia associated with
interscalene block of the brachial plexus and positioned in dorsal
decubitus in the beach chair position. Initially, the plate size is
chosen, leaving a minimum work area of four holes, with the help
of radioscopy. After demarcation of the length of the plate on the
skin, two 1.5-cm accesses are made on the distal and proximal
parts of the plate equidistant to the fracture trait (Figure 2).

Then, subcutaneous tissue detachment was performed in the
upper aspect of the clavicle, incision of the fascia, with maximum
periostal preservation possible until the communication of the two
accesses, medial and lateral. The plate was placed by the medial
access toward the lateral access.

For fracture reduction, two 2.0-mm Kirschner wires are inserted into
the anterior surface of the clavicle by each of the access, medial
and lateral, and the deviation was reduced by using the joystick
technique (Figure 3). A 2.0-mm Kirschner wire is inserted into the
most dislocated holes of the plate at the fracture focus, medial and
lateral, for temporary fixation of the plate.

A cortical screw is inserted centrically into each bone fragment, close
to the fracture focus. A 3.5-mm blocking screw is inserted into each
bone fragment in the previous location of the Kirschner wire (Figure 4).
The closure of the muscular fascia is performed with Vycril 1 wire,
with continuous anchored point, the subcutaneous tissue is closed
with Vycril 2.0 wire, with simple stitches, and finally the skin is closed
with nylon thread 3.0, with Donatti-type stitches. A simple dressing
on the surgical wound is changed 24 hours before discharge.
Antibiotic therapy is performed with intravenous 1 g cefazolin
(EV) within 24 hours of the procedure. To use at home, dipyrone is
prescribed 1 g orally (VO) every six hours for five days, and tramadol
50 mg VO in a rescue manner every eight hours.

RESULTS

In the period studied, 17 patients were operated with the MIPO
with locking technique. We excluded two patients due to loss of
follow-up, thus remaining 15 patients as the object of analysis.
No case required conversion of the closed to open technique.

Most patients were male (93%) and had fractures on the left side
(80%). The mean age was 31.8 = 12.7 years. According to the

Figure 2. Measurement of plate size and percutaneous pathway access.
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Figure 3. Intraoperative image of the joystick technique to indirectly
reduce the fracture.

Figure 4. Radiography in postoperative anteroposterior incidence
showing fracture reduction and fixation by plate and screws.

AQ/OTA classification, six (40%) were type A, four (26.7%) type B,
and five (33.3%) type C. Table 1 shows the general characteristics
of the sample.

Functional evaluation by the UCLA scale at 12 months showed a
median of 35 (interquartile interval — IQR 2). The median of time of
surgery was 54.8 minutes. Table 2 shows the data.

All cases presented bone consolidation, which was found at
three months in all 15 patients (100%).

In the evaluation of complications, three patients (20%) presented
minor complications, one (6.7%) had anterior paraesthesia of the
clavicle, and two (13.3%) evolved with prominence of the plate,
but it was not necessary to remove the synthesis material.
No patient presented hypertrophic scarring or skin irritation.
Only one patient presented a major complication (6.7%) with sur-
gical scar dehiscence, thus cleaning, debridement, and suture
were performed in the operating room (Table 3). No other major
complications were observed.

DISCUSSION

In this study, the minimally invasive treatment of displaced frac-
tures from the clavicle had excellent clinical and radiographic
results, with complete fracture healing in all cases. At the same
time, the rate of complications was low compared to studies that
used open plate fixation.® The mean values found in the functional
evaluation by the UCLA scale (34 points) are comparable to those
described by Sohn, Kim, and Shon,® who observed a mean of
33in aretrospective study with 19 patients subjected to MIPO with
locking. Treatment with open osteosynthesis also has excel-
lent results. The Canadian Orthopedic Trauma Society reports
96 points according to the Constant-Murley scale and 5.2 by
the DASH scale.® Jiang and Qu,” observed excellent results with
both approaches, without statistically significant differences in
the only randomized study comparing the conventional technique
with the minimally invasive technique.

All patients in our series presented fracture healing at three months.
The Canadian Orthopedic Trauma Society also describes 100%

Acta Ortop Bras.2023;31(2):e263742

Table 1. General characteristics of the sample.

Characteristics
Age - years old (sd) 31.8(12.7)
Sex —n (%)
Male 14 (93.3)
Female 1(6.7)
Affected side —n (%)
Right 3(20.0)
Left 12 (80.0)
AO classification - n (%)
A1 2(13.3)
A2 4(26.7)
B1 1(6.7)
B2 2(13.3)
B3 1(6.7)
C1 3(20.0)
C2 1(6.7)
C3 1(6.7)
Fracture time - days (sd) 8(1.8)

sd: standard deviation.

Table 2. Functional evaluation by the scale of the University of California
in Los Angeles at 12 months and time of surgery.

Mean sd Median IQR
UCLA scale 34.1 1.2 35 2
Time of surgery (minutes) 54.8 21.6 50 35

UCLA: University of California in Los Angeles; sd: standard deviation; IQR: interquartile range.

Table 3. Complications.

n %

Suture dehiscence* 1 6.7
Paresthesia™ 1 6.7
Plate prominence** 2 13.3

*major complication; **minor complication.

fracture healing in the group of 62 patients undergoing open os-
teosynthesis.® Sohn, Kim, and Shon® describe one case (3%) of
pseudarthrosis in the 32 patients subjected to MIPO with locking,
and no case in the group subjected to osteosynthesis openly, but
without statistically significant difference.

In this study, the average surgery time was 54.8 minutes, shorter
than that reported by Sohn, Kim, and Shon,® with 77.2 minutes
of average in the MIPO and 87.5 in open reduction and internal
fixation (ORIF), but similar to that of Jiang and Qu,” which report an
average of 60 minutes in both techniques. Due to a learning curve
at the beginning, to reproduce any minimally invasive technique
is a greater difficulty; however, by acquiring a certain experience
with a certain number of cases, surgery tends to occur faster than
the conventional ORIF technique.

As minor complications, we had only one case (6.7%) that evolved
with local paresthesia. Low rates of this complication are reported
by other authors who evaluate MIPO.”® Jiang and Qu.” report two
cases (6%) of paresthesia in the MIPO group, against 10 (31%)
in the group subjected to MIPO with locking. On the other hand,
Sohn, Kim, and Shon,® report that none of the 19 patients subjected
to MIPO with locking developed this complication. However, You,
Wu, and Wang'' describe 11 cases (28.9%) in patients undergoing
MIPO with locking. A possible explanation for the index of this
complication is that we performed a small access (1.5 cm), focused
on the distal orifices of the plate, thus preserving the branches of
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the supraclavicular nerve as much as possible. Comparative studies
observe significantly lower values of this complication in patients
operated by the MIPO technique, compared to patients operated
by a crude technique.”® You, Wu, and Wang" report incidence of
29% vs 69%, whereas Jiang and Qu.” 6% vs. 28%, demonstrating
the greater safety of the minimally invasive technique related to this
outcome. Two patients in our series (13.3%) presented prominence
of the synthesis material, who did not need to be subjected to a
new approach to implant removal, since the patients were satisfied
with the result. The values obtained in this study agree with those
reported by other authors.® Sohn, Kim and Shon?® reported two
cases (10%) among those subjected to the MIPO technique with
this complication, a value lower than that observed in the group
subjected to the conventional technique, that is, three cases (21%).
As major complications, we had one patient (6.7%) who evolved
with suture dehiscence, and, thus, we needed a new approach in
the operating room, where local cleaning was performed with a new
closure of the subcutaneous tissue and skin, and osteosynthesis
was not addressed. The Canadian Orthopedic Trauma Society
describes this complication in three cases (5%) of patients subjected
to ORIF with plate.® Among the studies evaluating MIPO, we did
not find reports of suture dehiscence.

We observed no type of synthesis failure, such as loosening or
implant breakage. Thus we associated this failure with the fact
that we use only blocked and unconventional plates (3.5 mm
CPD and 3.5 mm reconstruction). Some biomechanical studies
show the superiority of locking plates compared to conven-
tional plates, although in vivo studies that present such differ-
ences are scarce.’”? Mendes et al.”® conducted a longitudinal

observational study in comminuted fractures of the clavicle
subjected to conventional MIPO, reporting two synthesis failures in
32 approaches, but no implant breaks or fatigues, such as Silva
et al.® in their comparative study on the surgical treatment of
fractures displaced from the clavicle using conventional plates
or intramedullary nail, without the break of the plate when this
was the treatment option used.

Studies show that fractures with deviation and without contact
between fragments present better results when treated surgically.3'
ORIF with plate is considered the gold standard of osteosynthesis
today." Nevertheless, the results of studies evaluating MIPO allow
us to say that this is a safe treatment option, with good clinical
results and high consolidation rate.”®!"

This study has some limitations. First, we cannot claim the supe-
riority of this method over the gold standard due to the absence
of a control group. Moreover, this study has a small casuistry and
does not compare other techniques, open or minimally invasive.
Finally, we used the UCLA scale as a clinical outcome, without
specifically evaluating outcomes such as pain, range of motion,
and quality of life.

This is one of the few studies on MIPO with locking in the treatment
of fractures of the middle third of the clavicle, evaluating functional
and radiographic results in a standardized manner. We consider
this technique reproducible, safe, and viable, as an alternative to
open osteosynthesis.

CONCLUSION

MIPO with locking had excellent results according to the UCLA
scale, fracture healing in all cases, and low rate of complications.
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ABSTRACT

Objective: To determine, by biomechanical analysis, safe patellar
cut limits in anterior cruciate ligament (ACL) reconstruction that
minimize fracture risks. Methods: From three-dimensional recon-
struction, triangular cuts were made in the patella, with a depth of
6.5 mm and variable width and length (10to 20 mm and 8to 12 mm,
respectively, both with an interval of 1 mm). The combinations of
cuts constituted 55 models for tests, with five variations in width
and 11 variations in length, tested with the finite element method
(FEM). Results: The mean of the localized principal maximum
(traction force) values was 4.36 Pa (SD 0.87 = 0.76) and the
localized principal minimum (compression force) was —4.33 Pa
(SD 1.05 = 1.11). Comparing width and length to the tension force
of the values of the main maximum, we found statistical signifi-
cance from 11 mm for width and 13 mm for length. Conclusion:
In ACL reconstruction, the removal of the patellar bone fragment
is safe for fragments smaller than 11 mm in width and 13 mm in
length, which corresponds to 24% of the width and 28% of the
length of the patella used. Level of Evidence I, Comparative
Prospective Study.

Keywords: Biomechanical Phenomena. Finite Element Analysis.
Bone-Patellar Tendon-Bone Grafting. Anterior Cruciate
Ligament Injuries.

RESUMO

Objetivo: Determinar, por meio de analise biomecanica, os limites
de corte patelar seguros para a reconstrugéo do ligamento cruzado
anterior (LCA) e que minimizem riscos de fratura. Métodos: A partir
de reconstrugéo tridimensional, foram feitos cortes triangulares na
patela, com profundidade de 6,5 mm e largura e comprimento variaveis
(8a 12 mm e 10a 20 mm), respectivamente, com intervalo de 1 mm).
As combinagbes dos cortes constituiram 55 modelos para ensaios,
com 5variagées de largura e 11 variagbes de comprimento, ensaiados
pormeio do método dos elementos finitos (MEF). Resultados: A média
dos valores da maxima principal localizada (forga de tragéo) foi de
4,36 Pa (DP 0,87 = 0,76), e a minima principal localizada (forga de
compresséo) foi de —4,33 Pa (DP 1,05 = 1,11). Comparando largura
e comprimento a forga de tensbes dos valores da maxima principal,
houve significancia estatistica a partir de 11 mm para largura e 13 mm
para comprimento. Concluséo: Na reconstrugao do LCA, a retirada
do fragmento 6sseo patelar mostrou-se segura para fragmentos
menores que 11 mm de largura e 13 mm de comprimento, o que
corresponde a 24% da largura e 28% do comprimento da patela
utilizada. Nivel de Evidéncia Il, Estudo Prospectivo Comparativo.

Descritores: Fendbmenos Biomecéanicos. Andlise de Elementos
Finitos. Enxerto Osso-Tendéo Patelar-Osso. Lesbes do Ligamento
Cruzado Anterior.

Citation: Ferrer MA, Lobo MO, Almeida LMP, Freitas A, Macedo Neto SL, Paiva LM, Battaglion LR. Patellar fracture in anterior cruciate ligament
reconstruction: in vitro analysis. Acta Ortop Bras. [online]. 2023;31(2): Page 1 of 5. Available from URL: http://www.scielo.br/aob.

INTRODUCTION

Among many techniques for the reconstruction of the anterior cru-
ciate ligament (ACL), bone-patellar tendon-bone autograft remains
commonly used,' only behind hamstrings autografts.?® The main
advantages of autograft techniques are the easy reproducibility, graft
resistance, and the fixation and consolidation between host bone

and bone block of the graft.* Some negatives of the technique are
postoperative pain in the anterior knee, difficulty of kneeling, and
possible fracture of the patella and rupture of the patellar tendon."®
ACL reconstruction results are very positive since normal function
is restored in 90% of patients, enabling the return to sports activities
in up to 80% of cases. However, many complications may arise with
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the procedure, regardless of the technique used, such as anterior
knee pain, joint stiffness, secondary meniscal injury, pain around
the graft fixation point, graft rupture, and patella fracture, which is
rare but the most frequent when using bone/patellar/bone graft.6”
Some proximal bone block shapes reduce the risk of fracture, such as
triangular, trapezoid, cylindrical and rectangular.® Studies show that
the shape of the block is unrelated to patellar fracture as long as the
graft removal techniques are respected, that is, not exceeding 25 to
30mmin length, 9 to 12 mm in width or one third of the tendon width,
and 6 mm depth or one third of the patella depth.®'® Moreover, even
after using the appropriate technique, patella resistance reduction
ranges from 30 to 40%,%" because the patellar dimensions are very
variable depending on the patient’s gender, height and ethnicity.
Establishing a fixed graft size pattern can be a variable to make the
patella susceptible to fracture.

This study aimed to determine the safe patellar cut-off limits in
ACL reconstruction that minimize fracture risks by biomechanical
analysis using the whole finite element method (FEM) with several
dimensions, demonstrating the results obtained in absolute value
and percentile.

METHODS

Tomographic images of a left patella, 45 mm wide, 43 mm long,
and 20 mm thick, in its greatest measurements, were used in
this study. The images were extracted from the synthetic model
1145-70 of large size, from the Sawbone brand, composed of
cortical and spongy bones manufactured in polyurethane, which
were filed in the communication protocol that encompasses Digital
Imaging and Communications in Medicine (DICOM) and used an
Emotion tomography (16 channels, Siemens™, Munich, Germany)
with 512 x 512 resolution and 1.0 mm between cuts. The file was
imported into the InVesalius™ program for three-dimensional (3D)
reconstruction of the anatomical structure. The program generated
3D files in STereoLithography (STL) format, sometimes also referred
to as Standard Triangle Language (STL).

The 3D virtual models of each system (bone and ligament) were started
using the Rhinoceros™ 6 program (Robert McNeel & Associates,
United States) and the MEF was performed in the SimLab™ program
(HyperWorks, United States) using the Optistruct solver.
Triangular-shape cuts were made in the patella to simplify the
technique applied—clinically, rectangular and trapezoidal shapes
are more commonly used—, always with the same 6.5 mm depth.
This shape is the one that most resembles the graft in a narrow-base
trapezoidal form, which is usually obtained during the extraction of
the graft during surgery. The width and length were the variables for
this study, generating a gap that simulated graft removal, usually
used in ACL reconstruction, with the ligament (Figure 1). The variation
in length of the cuts was from 10 to 20 mm and in width from 8 to
12 mm, both with a 1 mm interval. Cut combinations constituted
55 models for testing, 5 variations of width and 11 of length.

For the simulations, after the removal of the gap that simulates the
patellar graft, all models were imported into the Simlab™ program
to run the test by the FEM. First, the individual identification of each
part of the digital models (cortical bone, spongy bone, and ligament)
was performed. The meshes were then controlled by each part,
always maintaining the size of the element, to avoid contact problems
between the different parts in the simulations. The element adopted
for the formation of the meshes was the tetrahedral and the number
of nodes and elements was also defined.

Knowing and defining the modulus of elasticity and Poisson’s
coefficient of the materials of each part of the digital models was
required for the simulations, as follows: cortical bone 17,000 MPa
and 0.26 v; trabecular bone 1,700 MPa and 0.26 v; and ligament
1,200 MPa and 0.45 v, respectively.

Page 2 of 5

The tests were performed by traction force in the quadricipital
tendon, in the cranial direction, with distal fixation, and 30° inclina-
tion of the patellar tendon, which exerted a force on the patella—
simulating a flexed knee and tensioning the anterior face of the
patella and compressing the posterior face. From these conditions,
the values of the total main maximum (traction force) and main
minimum (compression force) were obtained and located on the
graft gap for each combination (Figures 2 and 3).

Figure 1. Frontal view of the patella, which shows the graft triangle
in detail.

Figure 2. Vector-illustration of the traction force applied to the quad-
ricipital tendon, cranial direction, with distal fixation, and inclination of
the patellar tendon of 30°.
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To define the contour conditions, 3,000 N traction loads were applied
on the Y axis of the application regions. No loads were applied
to the X and Z axes, only in the Y axis. Subsequently, the (fixed)
motion constraint regions were delimited, marked in all directions
of the X, Y, and Z axes (universal coordinates) of displacement
and rotation. These restrictions ensure that the alignment of the
system is perfect, without displacement and/or rotation (Figure 4).
The tension results were analyzed in an exploratory way, by central
position and dispersion measures. The statistical analysis was
performed by analysis of variance (ANOVA) to verify the effect of
length and width regarding stresses. Tukey's post-test was applied
to compare the width and length compared to the tensile and tensile
force. The analyses were implemented in the SAS program version
9.4. Significance was achieved when p < 0.05. The 55 models
were tested respecting the same conditions and contours and the
application loading.

RESULTS

The mean obtained from nodes and elements in the models was
296,606 and 183,719, respectively. The mean values of the localized
maximum (traction force) were 4.36 Pa (SD 0.87 + 0.76) and the
minimum localized primary (compression force) was —4.33 Pa
(SD 1.05 = 1.11). Table 1 shows values of maximum and minimum
for width and Table 2 shows these values for length. In Tukey’s
post-test analysis comparing width and length regarding the
tensile force of the main maximum values, statistical significance
was found for graft widths starting from 11 mm, corresponding
to 24% of the total width of the patella, regarding length, from
13 mm, 28% of the total patella length (Figure 5). Regarding the
main minimum, no statistical difference was found for the values
obtained, using One-way ANOVA (5%).

Application of traction regions Contour conditions

Restriction of movements regions

Max: 3.74

Figure 3. Tension region at the removal point of the graft.

Figure 4. Contour conditions and load application regions.

DISCUSSION

The dissipation of internal stresses to the patellar body and the
tension located in the focus of the gap of the graft removal followed
an inverse pattern compared to the total stresses observed in
the test body. The larger the graft, the more the total stresses
decreased, due to the reduction of the total mass of the studied
structure. However, the same did not occur when the localized
stresses were observed.

The 6.5 mm depth for the graft was defined because it represented
the mean between 6 and 7 mm presented as safety values in the
literature. Values below 6 mm were excluded since they could not
be applied from the clinical point of view, or above 7 mm because

Table 1. Measurements of central position and dispersion of the maximum and minimum variables regarding width.

Variable Width N. Obs. Mean Stand. Dev. Median Q1 Q3 Minimum Maximum P-value
8 11 3.95 0.63 4.01 3.22 4.51 3.15 491
9 11 4.05 0.6 3.94 3.54 4.68 3.24 5.01
Max 10 11 4.33 0.74 4.35 3.77 4.87 3.31 5.66 0.0089
11 11 4.37 0.86 4.41 3.5 4.98 3.35 5.99
12 11 5.14 1.06 3.94 6.09 3.53 6.42
11 -3.89 1.09 -4.15 -48 -3.02 -52 -1.95
11 -4.47 0.83 -4.54 -5.12 -4.01 -57 -2.98
Min 10 11 -4.52 0.87 -4.65 -53 -3.87 -5.69 -2.99 0.3852
11 11 —-4.59 0.97 -4.48 -5.48 -4.07 -6.12 -2.98
12 11 -4.58 0.97 -4.54 -5.48 -4.01 -6.15 -2.99
N. Obs.: number of samples observed; Stand. Pad.: standard deviation; Q1: first quartile; Q3: third quartile.
P-value for ANOVA.
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Table 2. Measurements of central position and dispersion of the maximum and minimum variables regarding width.

Variable Length N. Obs. Mean Stand. Dev. Median Q1 Q3 Minimum Maximum P-value
10 5 3.33 0.15 3.31 3.24 3.44 3.15 3.53
11 5 3.44 0.22 34 3.33 35 3.18 3.78
12 5 3.59 0.3 3.65 3.35 3.77 3.22 3.94
13 5 3.86 0.45 3.74 3.59 3.79 3.54 4.65
14 5 4.08 0.49 3.99 3.77 4.02 3.71 4.92
Max 15 5 4.38 05 435 4.01 4.41 3.94 5.2 < 0.001
16 5 4.64 0.67 4.49 4.21 457 4.13 5.78
17 5 484 0.63 4.69 4.45 4.78 4.37 5.92
18 5 5.03 0.62 4.87 4.68 4.98 4.51 6.09
19 5 5.25 0.67 5.15 4.7 5.4 4.69 6.33
20 5 5.6 0.64 5.66 5.01 5.99 4.91 6.42
10 5 -5.77 0.39 -57 -6.12 -5.69 -6.15 -52
11 5 -5.42 0.17 -5.48 -5.51 -5.45 -5.56 -5.12
12 5 -5.26 0.32 -53 -5.48 -5.12 -5.61 -48
13 5 -4.88 0.31 -5.01 -5.06 -4.87 -5.09 -4.35
14 5 -4.71 0.32 -4.85 -4.87 -4.77 -49 -4.15
Min 15 5 —-4.57 0.08 -4.54 —-4.65 -4.54 -4.65 —-4.48 < 0.001
16 5 -4.21 0.2 -4.23 -4.34 -4.21 -44 -3.88
17 5 -3.93 0.45 -4.06 -4.12 -4.06 -4.25 -3.14
18 5 -38 0.44 -4.01 -4.01 -3.87 -4.07 -3.02
19 5 -3.17 0.4 -3.25 -3.41 -3.2 -3.51 -25
20 5 -2.78 0.46 -2.98 -2.99 -2.98 -2.99 -1.95

N. Obs.: number of samples observed; Stand. Pad.: standard deviation; Q1: first quartile; Q3: third quartile.

P-value for ANOVA.

it is beyond 30% of the patellar thickness dimension applied in
this study.”®

The variation of the cuts in length (10 to 20 mm) differ from that
described in the literature as a safe dimension for graft removal,
which is from 25 to 30 mm in length.® This fact reflects the need
of further studies, since we found a statistical significance from
13 mm, or 28%, in the results obtained, and may observe patellae of

larger dimensions in studies that described dimensions from 25 to
30 mm as safe, confirming that demonstrating values in percentiles
is essential. The variation in width (8 to 12 mm) adopted by the
authors is similar to that described in the literature (9 to 12 mm).”®
Other factors that denote the importance of the observations of
the safety percentiles described in this study is the optimization
of the surgical objectives with the size of the grafts removed,

Figure 5. Association of patellar axial sections and their maxims located at the graft removal point.
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the optimization of the contact of the graft with the tunnel to be
performed and the safety of that of noble structures surrounding
the donor site.”

At 15% of the gait cycle, a peak of quadriceps strength and
knee angulation in flexion from 20 to 30° occurred, which in
previous descriptions in the literature corresponds to 1.5 to 2
times body weight.'3* The 30° flexion positioning adopted by
the authors, between the center of the patella and the fixation
of the patellar tendon, corroborates the possibility of a higher
incidence of burden on the patella. The 3,000 N traction load in
the quadricipital tendon corresponds to three times the body
weight of a 100 kg patient, being a local supraphysiological load
application. Although the patellar fracture in the reconstruction of
the ACL most commonly occurs during its removal, the authors
aimed to present a safety limit of the graft size and its possible
post operative weaknesses.' Thus, such an assessment of
positioning and loads was adopted.

The limitations of this study consist of excluding the presence of
cartilage on the surfaces, in the anatomical differences of contacts of
the different types of trochlear surface, in the absence of mechanical
properties of the synovial fluid, and in the absence of ligament actions
and meniscal structure, which could be mitigating factors to the stress
forces studied. Moreover, the possibility of the presence of notches
inthe angles of the cuts was not considered, a common occurrence
in the use of vibratory saws in the removal of the patellar graft.®

The results are not intended as conduct determinants products.
However, values of graft removal length with statistical significance
(13 mm in length mentioned above) and significantly lower than
those presented by the current literature and safety (25-30 mm)'®
highlight the need to evaluate, both by prospective clinical studies
and by review evaluations of patients who suffered patellar
fracture after ACL reconstruction with patellar graft, the real safety
predictive factors related to the dimensions of patellar grafts in
ACL reconstruction.

CONCLUSION

In this in vitro analysis, the removal of the patellar bone fragment
from the ACL reconstruction proved to be safe in fragments smaller
than 11 mm in width and 13 mm in length (maintaining a constant
6.5 mm depth), which corresponds to 24% of the width and 28%
of the length of the patella used.
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