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

We ask authors to observe the following instructions for publication.

ARTICLES FORMAT

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

Recommendations for articles submitted to Acta Ortopédica Brasileira

Typ.e of Abstract Number of words References | Figures | Tables Maximum number
Article of authors allowed
Structured, u 2500
Original  up Excluding abstract, references, 20 10 6 6
to 200 words ’
tables and figures
4.000
Updgte ,/ Non-structured, Excluding abstract, references, 60 3 2 2
Review* | up to 200 words )
tables and figures
Editorial* No abstract 500 0 0 0 1

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

MANUSCRIPT PREPARATION: The journal Acta Ortopédica Brasileira receives the following types
of contributions: Original Article, Update Article and Review Article. The Update and Review articles
are only considered by invitation from the Editorial Board.
Manuscripts should be sent in .txt or .doc files, double-spaced, with wide margins. Measures should
be expressed in the International System (Systéme International, Sl), available at http://physics.nist.
gov/cuu/Units and standard units, where applicable
It is recommended that authors do not use abbreviations in the title and limit their use in the abstract
and in the text.
The generic names should be used for all drugs. The drugs can be referred to by their trade name,
however, the manufacturer's name, city and country or electronic address should be stated in brack-
ets in the Materials and Methods section.
ABBREVIATIONS: The use of abbreviations should be minimized. Abbreviations should be defined
at the time of its first appearance in the abstract and also in the text. Non-standard abbreviations shall
not be used, unless they appear at least three times in the text.
Measurement units (3 ml or 3 mL, but not 3 milliliters) or standard scientific symbols (chemical ele-
ments, for example, Na and not sodium) are not considered abbreviations and, therefore, should not
be defined. Authors should abbreviate long names of chemical substances and therapeutic combina-
tions terms. Abbreviations in figures and tables can be used for space reasons, but should be defined
in the legend, even if they were defined in the article.
PRESENTATION LETTER: The cover letter accompanying the submission of the manuscript should
be signed by the corresponding author and should include the following information: Title, names
of all authors, text authorizing the publication of the article, stating that it has not being submitted
simultaneously elsewhere and it has not been previously published (publication in another language
is considered as the same article). Authors should make sure that the manuscript is entirely in ac-
cordance with the instructions.
CLINICAL TRIALS: The journal Acta Ortopédica Brasileira supports the Clinical Trials Registry policy
of the World Health Organization (WHO) and the ICMJE, recognizing the importance of these initia-
tives for the registration and international dissemination of clinical studies in open access. Therefore,
it will only accept for publication articles involving clinical research that have received an identifica-
tion number in one of the clinical trials registry platforms validated by WHO and ICMJE. The URLs
of these registry platforms are available at the ICMJE page [http://www.icmje.org/about-icmje/fags/
clinical-trials-registration/].

CONFLICT OF INTERESTS: As recommended by the ICMJE and resolution of the Brazilian Fed-

eral Council of Medicine n°® 1595/2000, authors have the responsibility to recognize and declare any

potential financial conflicts of interest, as well as conflicts of other nature (commercial, personal,
political, etc.) involved in developing the work submitted for publication.

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

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

the article, but somehow contributed to its development.

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

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

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

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

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

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

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

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

finally, tables and charts (with their respective captions)

COVERPAGE: The title page should contain:

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

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

c) The full name of each author (without abbreviations); and their institutional affiliations (the units should
be presented in ascending order of hierarchy, e.g. department, faculty/institution, university). The
names of institutions and programs should be submitted preferably in full and in the original language
of the institution or in the English version when writing is not Latin (e.g. arabic, mandarin, greek);

d) The place where the work was performed;

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

ABSTRACT: The abstract in Portuguese and in English should be structured in cases of original

articles and shall present the study's objectives clearly, methods, results and main conclusions and

should not exceed 200 words (do not include any reference citations). Moreover, the abstract should

include the level of evidence and the type of study, according to the classification table attached at

the end of this text.

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

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

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

mesh/meshhome.html

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

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

MATERIALS AND METHODS: This section should describe the experiments (quantitatively and

qualitatively) and procedures in sufficient detail to allow other researchers to reproduce the results or

provide continuity to the study.

When reporting experiments on humans or animals, authors should indicate whether the procedures

followed the rules of the Ethics Committee on Human Trials of the institution in which the survey was

conducted and whether the procedures are in accordance with the 1995 Helsinki Declaration and

the Ethics in Experimentation Animals, respectively. Authors should include a statement indicating

that the protocol was approved by the Institutional Ethics Committee (affiliate institution of at least

one of the authors), with its identification number. It should also include whether a Free and Informed

Consent Term was signed by all participants.

Authors should precisely identify all drugs and chemicals used, including generic names, dosages

and administration. Patients’ names, initials, or hospital records should not be included. References

regarding statistical procedures should be included.

RESULTS: Results should be present in logical sequence in the text, using tables and illustrations.

Do not repeat in the text all the data in the tables and/or illustrations, but emphasize or summarize

only the most relevant findings.

DISCUSSION: Emphasize new and important aspects of the study and the conclusions that derive

from it, in the context of the best evidence available. Do not repeat in detail data or other information

mentioned elsewhere in the manuscript, as in the Introduction or Results. For experimental studies

it is recommended to start the discussion by briefly summarizing the main findings, then explore

possible mechanisms or explanations for these findings, compare and contrast the results with other

relevant studies, state the limitations of the study and explore the implications of these results for

future research and for clinical practice.

Link the conclusions with the goals of the study, but avoid statements and conclusions that are not

supported by the data, in particular the distinction between clinical and statistical relevance. Avoid

making statements on economic benefits and costs, unless the manuscript includes data and ap-

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

has not yet been completed.

CONCLUSION: The conclusion should be clear and concise, establishing a link between the conclu-

sion and the study objectives. Avoiding conclusions not based on data from the study in question is

recommended, as well as avoiding suggest that studies with larger samples are needed to confirm

the results of the work in question.
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the study, but whose contribution does not justify co-authorship. The author must ensure that people

agree to have their names and institutions disclosed. Financial support for the research and fellow-

ships should be acknowledged in this section (funding agency and project number).

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

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

below.

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

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

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

« Writing the article or critically reviewing its intellectual content;

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

tion of terminal plate functions.")

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

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

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

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

a) Article: Author (s). Article title. Journal title. Year; volume: initial page —final page.

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

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

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

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

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

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

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




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

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

f) Thesis: Author, title, level (Master, PhD, etc.), city: institution; year.

Ex.: Kaplan SJ. Post-hospital home health care: the elderly’s access and utilization [dissertation]. St.

Louis: Washington Univ.; 1995.

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

Ex.: Pavezi N, Flores D, Perez CB. Proposi¢ao de um conjunto de metadados para descricédo de

arquivos fotogréficos considerando a Nobrade e a Sepiades. Transinf. [Internet]. 2009 [acesso em

2010 nov 8];21(3):197-205. Available from: http://periodicos.puc-campinas.edu.br/seer/index.php/

transinfo/article/view/501

TABLES: Tables should be numbered in order of appearance in the text with Arabic numerals. Each

table should have a title and, when necessary, an explanatory caption. Charts and tables should be

sent in editable source files (Word, Excel) and not as images. Tables and charts covering more than
one page should be avoided. Do not use image elements, text boxes, or tabs.

FIGURES (ILLUSTRATIONS AND PHOTOS): Figures should be submitted on separate pages

and numbered sequentially in Arabic numerals, according to the order of appearance in the text. To

avoid issues that compromise the journal pattern, all material sent shall comply with the following
parameters: all graphics, photographs and illustrations should have adequate graphic quality

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

Files with extension .xls, .xIsx (Excel), .eps or .psd to curve illustrations (graphics, drawings and

diagrams) shall also be accepted. Figures include all illustrations such as photographs, drawings,

maps, graphs, etc. Black and white figures will be freely reproduced, but the editor reserves the right
to set a reasonable limit on their number or charge the author the expense resulting from excesses.

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

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

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

For further information please contact Atha Comunicagéo e Editora. Rua Machado Bittencourt
190, 4° floor. Vila Mariana, 04044-000. Sao Paulo, SP, Brazil. actaortopedicabrasileira@uol.com.br.
Tel. +55 11 5087-9502 c/o Ana Carolina de Assis/Arthur T. Assis.

The journal's content, unless otherwise stated, is under Creative Commons Licence CC-BY-NC.
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homogeni;usc) studies studies studies
. Development of diagnostic Sensible costs and alternatives;
Lesser quality RCT (eg, < 80% N : . ) o
followup, no blinding, or improper Retrospective' study c”‘tina on coqlsecutl\l{e pat\fents valugs c.>btlar\1ned ‘ff"m I\m\te(.:l' .
randormization) (with universally applied reference studies; with multiway sensitivity
“‘gold” standard) analyses
i b 0 o
Prospective? comparative study® Untreated controls from an RCT Systematic review” of Level ll SVStema“C review” of Level |
studies studies
]
. . Lesser quality prospective study
Systematic review® of Level Il : f
st{dies or Level | studies with (eg, patients enrolled at different
inconsis tent results points in their disease or <80%
followup)
Systematic review® of Level Il
studies
Study of non consecutive patients; Analyses based on limited
Case control study? Case control study® without consistently applied alternatives and costs; and poor
reference “gold” standard estimates
Retrospective’ comparative study® Systematic review® of Level Il Systematic review® of Level Il
1] P P Y studies studies
i iew?
S&sctjzrgatlc review® of Level lll Case-control study
Poor reference standard
v Case series” Case series Analyses with no sensitivity
analyses
A" Expert opinion Expert opinion Expert opinion Expert opinion
@ A complete assessment of quality of individual studies requires critical appraisal of all aspects of the study design.
5 A combination of results from two or more prior studies.
¢ Studies provided consistent results.
9 Study was started before the first patient enrolled.
¢ Patients treated one way (eg, cemented hip arthroplasty) compared with a group of patients treated in another way (eg, uncemented hip
arthroplasty) at the same institution.
The study was started after the first patient enrolled.
9 Patients identified for the study based on their outcome, called "cases" eg, failed total arthroplasty, are compared with patients who
did not have outcome, called “controls™ eg, successful total hip arthroplasty.
" Patients treated one way with no comparison group of patients treated in another way.
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ABSTRACT

Objective: Dupuytren’s disease is a genetic disorder related to the
proliferation of myofibroblasts. The pluripotent property of stem
cells present in adipose tissue inhibits myofibroblast proliferation.
Our study sought to evaluate the effect of stem cell-rich fat grafts in
patients that underwent limited fasciectomy. Methods: We studied
45 patients, in a single-blind, prospective, randomized clinical trial.
All patients underwent limited fasciectomy. In one group, fat graft
was injected. Results: The total passive extension deficit results
did not exhibit a significant difference. Fat group exhibited worse
functional score at 6 months and 1 year postoperatively, such as
higher complication rates (43%), when compared with control
group (8%), and more pain at 6 weeks follow-up. Conclusion:
Fat grafting associated with limited fasciectomy promotes worse
functional results compared to conventional limited fasciectomy
in the short term. However, long-term results and recurrence rates
should be further assessed. Level of Evidence Il, Prospective
comparative study.

Keywords: Dupuytren Contracture. Adipose Tissue. Fasciectomy.
Stem Cells. Randomized Controlled Trial. Clinical Trial.

RESUMO

Objetivo: A moléstia de Dupuytren (MD) esté associada a um disttrbio
genético relacionado a proliferagédo de miofibroblastos. Acredita-se
que a propriedade totipotente das células-tronco, presentes no
tecido adiposo, seria capaz de inibir a formagéo dos miofibroblastos.
O objetivo deste estudo foi avaliar o efeito do enxerto de gordura, rico
em células-tronco, nos pacientes com MD, submetidos a fasciectomia
parcial. Métodos: Estudamos 45 pacientes, em um ensaio clinico
prospectivo, randomizado e cego. No grupo-controle, era realizada
apenas a fasciectomia parcial. No grupo com gordura, era realizada
a fasciectomia parcial e injetado o enxerto de gordura. Os desfechos
foram avaliados pelo Déficit de Extenséo Passiva Total (DEPT) e escore
funcional Brief Michigan Hand Questionnaire (BMHQ). Resultados:
Os resultados do déficit de extens&o passiva total n&o apresentaram
diferenca significativa. O grupo com gordura apresentou pior escore
funcional apds 6 meses e 1.ano, como maiores taxas de complicagdes
(43%) em comparagao ao grupo controle (8%) e mais dor com 6
semanas de seguimento. Conclusao: O uso de enxerto de gordura
associado a fasciectomia parcial promove piores resultados funcionais
em comparagcdo com a fasciectomnia parcial convencional, a curto
prazo. No entanto, a recidiva e 0s resultados a longo prazo devem ser
avaliados. Nivel de Evidéncia Il, Estudo prospectivo comparativo.

Descritores: Contratura de Dupuytren. Tecido Adiposo. Fasciotomia.
Células-Tronco. Ensaio Clinico Controlado Aleatdrio. Ensaio Clinico.

Citation: Sambuy MTC, Nakamoto HA, Bolliger Neto R, Mattar R Jr., Rezende MR, Wei TH. Randomized controlled trial of limited fasciectomy with
injection of adipose graft for Dupuytren’s Disease. Acta Ortop Bras. [online]. 2020;28(4):159-64. Available from URL: http://www.scielo.br/aob.

INTRODUCTION

Dupuytren’s disease (DD) is a progressive chronic fibroproliferative
disease characterized by contractures in flexion of the fingers.!

Various techniques such as percutaneous fasciotomy, open
limited fasciectomy, dermofasciectomy, and collagenase
clostridium histolyticum applications have been described
for treating DD.?%

Growing evidence suggests that fat-mediated autologous grafting
can treat fibrosis and scarring contractures throughout the body.®
This action is related to the ability of stem cells to inhibit the prolifer-
ation of contractile myofibroblasts, and these effects are mediated
by soluble factors influenced by cellular.5-8

Hovius et al.® were among the first to associate fat grafting
with percutaneous fasciotomy in their Extensive Percutaneous
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Aponeurotomy and Lipografting (PALF) technique. They presented
certain cases, in which they performed aponeurotomy in every cord
path and then injected the fat graft into the space created between
the skin and the sectioned cord, obtaining good results.”®
Considering this scenario, the question arises if fat grafting from
autologous lipoaspirate can be beneficial when associated with
open limited fasciectomy.

Our study sought to evaluate the functional and goniometry outcomes
of patients with DD that underwent open limited fasciectomy using
stem cell-rich fat graft and compare these results with those that
underwent open limited fasciectomy without the addition of fat graft.

MATERIALS AND METHODS

Between February 2014 and November 2017, 45 DD patients were
studied in a simple, prospective, randomized clinical trial. Patients
over 40 years of age, both males and females, with Total Passive
Extension Deficit (TPED) greater than 30 degrees in the metacar-
pophalangeal, proximal interphalangeal and distal interphalangeal
joints were included. Patients with previous treatment or those
with medical conditions that precluded general anesthesia were
excluded. All patients were informed about the study and signed
an informed consent form. The Ethics Committee for Analysis of
Hospital Research Projects duly approved the study.

Flow of participants

In total, 100 patients were evaluated for the treatment of DD at
the outpatient clinic between February 2014 and November 2017.
However, 45 patients were excluded. Of these, 40 had previous
surgery and therefore were considered to have a recurrence, and 5
had no clinical conditions to undergo surgery. Before randomization,
5 patients were excluded — two did not return for evaluation, and
3 refused surgery.

Atotal of 45 patients were included in the study: 24 were randomly
assigned to control group and 26 to fat group. During the study, five
patients in fat group were excluded — two abandoned follow-up,
and 3 did not undergo the minimum follow-up time of 1 year. Thus,
21 patients were included in fat group.

Randomization

The patients were stratified into four subgroups (I to IV) based on
the severity of the disease according to the Tubiana Classification
of 1986 (Table 1).! Each of the four subgroups were randomized
separately to obtain homogeneous groups according to the disease
severity. The randomization into two groups was performed by
electronic software (Excel for Windows) (Figure 1). In one group
(control group), only open limited fasciectomy was performed.
In the other group (fat group), limited fasciectomy was performed,
and the fat graft was injected at the resected cord site (Figure 1).

Did not meet the
inclusion criteria
(n=45)

Do not want be
operated on (n=3)
Did not return to
attend follow-up

Assessed for eligibility
(n=100)

Randomized (n=50)

(n=2)
| Tubianal | [ Tubianall | | Tubianalti| | Tubianalv|
H°tTv°ge"'za"°" 0l A 02El B 0BEN A 05DV B
0Qgroups || 3ge) A 04EIl B 08DIIl A O7EIV A
31U B 10EIl B 11EIl B 16DIV B
1Dl B 170l A 120l B 24EN A

Figure 1. Flow diagram detailing group allocation.

<< SUMARIO

Table 1. Preoperative TPED evaluation of Tubiana classification.

Groups
Control group Fat group
Tubiana Stage N % N %

| (0°-45°) 5 21% 4 19%

I (45°-90°) 10 42% 11 52%

11 (90°-135°) 8 33% 4 19%
IV (>135°) 1 4% 2 10%
Total 24 100% 21 100%

TPED (Total Passive Extension Deficit) = Passive Extension Deficit of MF + IFP + IFD

Surgical technique

Patients were subjected to general anesthesia or regional block
and sedation, and a pneumatic tourniquet was placed in the arm.
All patients underwent open limited fasciectomy after their inclusion
on the same protocol of postoperative rehabilitation by the hand
therapy team. The protocol involved early mobilization and splinting
in extension during the night for 6 weeks.

Open limited fasciectomy

A Brunner-type incision was performed, followed by dissection of
the subcutaneous tissue and the cord in the palmar region and
finger if necessary. The neurovascular bundle was identified and
protected, ensuring its preservation throughout the procedure.
The cord was sectioned in its palmar origin followed by its resec-
tion in the distal direction until the complete extension of the finger
(Figure 2). The tourniquet was released, and hemostasis was carefully
performed. The skin was then closed with single stitches (Figure 2).
At this time, the surgeon was informed of the group to which the
patient was allocated (randomization). If the patient belonged to the
control group, a bandage dressing was applied, and the procedure
was complete (Figure 2). If the patient belonged to the fat group,
harvesting and grafting were performed. Thus, the patients in both
groups underwent exactly the same operative technique.

Figure 2. Open limited fasciectomy. (Upper pictures), preoperative
clinical aspect demonstrating contracture of the 5th finger, anteri-
or view and profile view; (lower left), intraoperative clinical aspect;
(lower right), clinical aspect after skin closure demonstrating complete
extension of the finger.
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All patients were night splinted for 6 weeks and ultimately partic-
ipated in approximately 10 sessions of hand therapy. However,
patients that experienced CRPS as complication required a different
approach by the hand therapy team.

Harvesting and infiltration of autologous lipoaspirate

A small 5-mm incision was made in the periumbilical abdominal
region according to the classic technique of liposuction with 1.5 mm
thick fine microcannula (Coleman™ Microcannula). The microcannula
aspirator coupled to a 20 ml syringe was introduced into the adipose
layer via back-and-forth movements, and the fat was released and
aspirated.'®'" Lipoaspiration resulted in 10 ml of autologous fat graft.
The contents were placed in properly capped syringes and then
transported to a specific centrifuge to be processed. The lipoaspirate
was processed in the centrifuge for 3 minutes at 3,000 rpm and
756 of G force. The supernatant was discarded, leaving the viable
adipocytes among other components. Five milliliters of purified
lipoaspirate were introduced into a sterile syringe and injected through
amicrocannula between the skin and the deep planes. Lipoaspirate
was slowly injected with no pressure as a longitudinal single track
of the resected cord, forming a “micro-ribbon” of 1.5 mm, which
is consistent with the ideal circumstances for adipocyte survival.'?
The final dressing was performed with the same type of packing as
the control group (Figure 3).

Figure 3. Process of liposuction of fat with thin cannulas. (Upper left),
abdomen incision where the liposuction was performed; (upper right),
aspirating microcannulas with fat; (bottom left), fat centrifuging; (lower
right), fat already injected into the space previously occupied by the cord.

Outcomes and measures

The outcomes were assessed by TPED, the visual analogue scale
(VAS) values (from 0, no pain up to 10, worst pain), and the Brief
Michigan Hand Questionnaire (BMHQ) functional score, that ad-
dresses specifically hand function.™

We guaranteed the “blind” evaluation of the results performed by
hand therapists in the rehabilitation Department of Hand Therapy,
separate from the outpatient clinic. The evaluators assigned to the

Acta Ortop Bras. 2020;28(4):159-64

functional questionnaire and the goniometric measurement were
not aware of the group to which the patient belonged. Only the
surgeon was aware of this detail. We used the online data storage
tool REDCap®, which was developed for scientific research and
allows the safe storage of information and online filling by different
researchers." Each researcher had a personal login and password,
and every change was recorded.

We used only the worst ray measurements of each hand to avoid
confounding the data.

Complications

The collected data regarding possible complications were infec-
tion, nerve damage, tendon injury, operative wound dehiscence,
hematoma, and CRPS. The medical team performed weekly or
biweekly returns in the postoperative period until the skin healed.

Estimated sample calculation

The primary outcome was TPED of the most contracted finger
measured with a goniometer in total passive extension at the 1-year
follow-up consult. The considered effect size was a difference of
25 =+ 35 degrees of the standard deviation based on the first twenty
cases that underwent surgery (10 for each group). We selected a
sample of 31 cases for each group based on a 0.05 alpha error
and a 0.20 beta error.

Statistical analysis

Baseline data were analyzed to verify if the groups were homogeneous
concerning the stratification and randomization process. For analysis
of inferential statistics, the Kolmogorov-Smirnov normality test was
performed for continuous data to observe the distribution of the
sample data. Statistical significance was considered for p < 0.05.
We used the Wilcoxon-Mann-Whitney test, since the data presented
anon-parametric distribution, and the chi-square test, for the analysis
of complications. Some missing data were imputed on the final table
by calculating the percentage of improvement of the group being
analyzed given that they were considered as random losses (Missing
at Random) of a group that follows the same pattern. Data analysis
was performed using SPSS software version 20.0.

RESULTS

Intrinsic patient variables

The groups were homogeneous regarding the degree of contracture
as evaluated by the Tubiana classification (Table 1).

The patients’ ages ranged from 49 to 85 years, with an average age
of 66 years (Table 2). No significant difference was noted between
the two groups regarding the incidence of comorbidities.

Table 2. Intrinsic patient variables and categorical data.

Groups
Control group Fat group
N % N % P
Gender Male 20 83% 14 67%
Female 4 17% 7 33%
Total 24 100% 21 100% 0.176
Dominant Yes 13 54% 7 33%
side No 11 46% 14 67%
Total 24 100% 21 100% 0.212
Presence Yes 23 96% 19 90%
of nodules No 1 4% 2 10%
Total 24 100% 21 100% 0.592
Presence Yes 24 100% 19 90%
of cords No 0 0% 2 10%
Total 24 100% 21 100% 0.212

<< SUMARIO
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Analysis of outcomes
Visual analogue pain scale

We used the median to compare the data between the groups,
since the results did not follow the normality curve. The median
preoperative VAS score was 2 in the control group and 5 in the
fat group with no significant difference (p = 0.616). At 6 weeks
postoperatively, both groups presented pain relief compared to
preoperative values; however, VAS score values in the fat group
postoperatively were significantly higher than control group
(p = 0.045). The patients did not refer to pain in the fat donor site.
Comparison of the groups at the 6-month and 1-year follow-up
showed no statistically significant differences (p = 0.487,p = 0.864
and p = 0.290, respectively) (Table 3).

Table 3. Evaluation of pain level according to VAS during follow-up.

N Median | Minimum | Maximum p
Pre-Operative

Control 24 2 0 9 0.616
With fat 21 5 0 9

6 weeks
Control 24 0 0 5 0.045*
With fat 21 2 0 9

6 months
Control 24 0 0 5 0.487
With fat 21 0 0 9
1 year
Control 24 0 0 5 0.864
With fat 21 0 0 9

N: number of patients; p: level of significance; *: statistical significance (p < 0.05).

TPED analysis

TPED analysis results for the two groups showed no significant
difference (Table 4, Figure 4). We assume as recurrence criterion
a loss greater than or equal to 30 degrees when compared with
postoperative measurements.*

Table 4. Results of the measurement of TPED during the follow-up.

140
140
120
80
60 3
40

20

Control With fat

[ ] TPED pre
TPED 6 weeks
&S} TPED 6 months

TPED 1 year

Figure 4. Results of the TPED measurement during the follow-up.

Analysis of the BMHQ score

The median BMHQ score in the preoperative period was 55.20
in the control group and 60.41 in the fat group, and the result
was not statistically significant (p = 0.241). At the 6-month and
1-year evaluation, significant differences were noted between
the groups (p = 0.040 and 0.048, respectively). After 6 months
postoperatively, the medians were 92.70 in the control group and
83.33 in the fat group. In comparison, the medians observed at
1-year postoperatively were 91.28 in the control group and 87.50

- — - in the fat group. The results are shown in Table 5 and Figure 5.
N Median | Minimum | Maximum p
Pre-operative
Table 5. BMHQ score results during follow-up.
Control 24 77.50 35 150 0.784 - — -
. N Median | Minimum | Maximum p
With Fat 21 75.00 25 155 Pre-operative
6 weeks Control 24 55.20 11.13 89.58 0.241
Control 24 15.00 0 55 0.198 With Fat 21 60.41 27.08 89.58
With Fat 21 25 0 65 6 weeks
Control 24 79.16 43.75 97.91 0.121
6 months With Fat 21 23.66 22.72 100.00
Control 24 10.00 0 45 0.101 6 months
With Fat 21 15.00 0 130 Control 24 92.70 50.00 100.00 0.040*
1 year With Fat 21 83.33 25.00 100.00
1 year
Control 24 10.00 0 60 0.151 Control 24 91.28 6458 | 10000 | 0.047°
With Fat 21 25.00 0 135 With Fat 21 87.50 43.75 96.03

N: number of patients; p: level of significance.
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Figure 5. BMHQ score results during follow-up.

Complications

Complications were observed in 11 patients. Two patients had more
than one occurrence. One patient presented infection and dehiscence
of the surgical wound, and the other had digital nerve injury and CRPS.
The following complications were observed: one case of infection,
one case of hematoma, one case of hypertrophic scar, three cases
of dehiscence, and five cases of CRPS (Table 6, Figure 6).

Table 6. Postoperative complications during follow-up.
Groups

Control group Fat group
Intercurrences N % N % P
Infection 0 0% 1 5%
Dehiscence 1 4% 2 10%
Hematoma 0 0% 1 5%
CRPS 1 4% 4 19%
Hypertrophic scar 0 0% 1 5%
Total 2 8% 9 43% 0.019
N: number of patients; p: level of significance.
10
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83
£ 2 2
32
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Infection  Dehiscence Hematoma CRPS Hypertrophic scar Total
Follow-up
Control IWith fat

Figure 6. Postoperative complications during follow-up.
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Control group had one case of dehiscence and one of CRPS.
Fat group had one case of infection, one case of hematoma, one
case of hypertrophic scar, two cases of dehiscence, and four cases
of CRPS. Of the patients with CRPS, four were type | or “classic”
CRPS and one was type II, which involves identifiable peripheral
nerve injury (causalgia) due to intraoperative digital nerve injury

DISCUSSION

The benefits of adipose tissue rich in stem cells in the treatment
of cicatricial contractures are described in several articles 5%
These benefits are related to the inhibition of myofibroblasts and
the restoration of subcutaneous atrophy by fat graft.'s

However, there is no evidence of these benefits in the treatment
of DD. Studies have assessed fat grafting in the treatment of DD
after an extensive percutaneous aponeurotomy and ultimately
demonstrated benefits with the association of fat graft.”°

Kan et al.'® were the first to compare the technique of extensive
percutaneous aponeurotomy followed by fat filling with the conven-
tional technique of open limited fasciectomy. The authors obtained
similar results among the techniques, but reduced complication and
faster return to work were noted in the group in which fat was used.'®
However, no randomized clinical trials that use one surgical tech-
nique for all of the patients and associate fat in a group to evaluate
its action alone have been performed prior to this study. We consider
that the use of fat grafting is essential and should be treated as a
single variable; thus, all the patients underwent a standard surgical
procedure in our study.

To specifically analyze the effect of fat grafting, we compared two
groups (with and without fat) using the conventional technique of
open limited fasciectomy.

Our findings showed statistically significant differences between the
groups. We observed worse results in the functional BMHQ score
at 6 months and 1 year postoperatively in the fat group (p = 0.040
and p = 0.047, respectively) (Table 5, Figure 5).

The fat group had a significant increase in pain on the VAS scale
at 6 weeks postoperatively [median 2 versus 0 in the control group
(b = 0.045)].

We also observed 9 cases (43%) of complications in the fat group
and 2 (8%) in the control group; a statistically significant differ-
ence was observed between the groups by the Chi-square test
(p = 0.019). Among them, five cases were CRPS: four in the fat
group (19%) and 1 in the control group (4%). Fat group had one
case of nerve injury that may influence the results. We chose not
to exclude it due to the importance of showing all negative results.
The incidence of complications following the technique of open
limited fasciectomy is typically increased when compared with
percutaneous techniques, especially for CRPS, ranging from 1.3%
to 13%.5"” However, increased rates were noted in the fat group:
a total of 43% with complications and 19% of these with CRPS.
Five patients belonging to the fat group were excluded during the
study. Three did not return for the final evaluation, one presented
CRPS and wanted to leave the study, and the fifth did not return.
These cases would possibly contribute to the worsening of the fat
group results. The remaining patients did not complete the minimum
follow-up time of 1 year.

We believe that the decrease in the BMHQ functional score and
the increase in pain at 6 weeks postoperatively in the fat group are
due to the high complication rates in this group, in which some
individuals shifted the median lower. The worst results found in the
fat group differed from the results of previous studies that used fat
grafts in the treatment of DD.”'6'® However, those studies used
different surgical techniques between the groups, namely, extensive
percutaneous aponeurotomy and fat grafting, and did not used the
same technique for the control group. Thus, the reported benefits
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could not be exclusively attributed to the action of fat or simply the
technique of extensive percutaneous aponeurotomy.

Grafting fat into a larger space (fasciectomy) may compromise neo-
vascularization of part of the fat grafted. However, tissues beneath a
resected cord have constant and rich vascularization. Moreover, fat
grafting is extensively used in aesthetic and reconstructive plastic
surgery, even with larger cannulas (4 mm) without compromising
the viability of the fat grafted.

We believe it is important to point out the effects of fat injection
based on the adopted surgical technique. Further experimental and
clinical studies may demonstrate the physiological mechanisms
involved that could explain our results.

Perhaps, surgical aggression associated with fat graft promoted
more local inflammatory reaction. However, there are no histological
elements in our study to prove this hypothesis.

We found that fat grafting did not confer benefits when com-
pared with the control group when associated with open limited
fasciectomy in the short term (1 year postoperatively). However,
questions remain regarding the long-term results and if the stem

cells exist in the fat graft could interfere with the recurrence of
the disease in the future.

One of the limitations of our study is the short follow-up time of 1
year for the evaluation of postoperative recurrence. For a better
understanding of the outcomes of this technique, a longer follow-up
period would be necessary.

CONCLUSION

The use of the fat graft associated with open limited fasciectomy
in the treatment of DD promoted worse results when compared
with conventional open limited fasciectomy in a short-term study
regarding functional results and complications. Longer follow-up is
required to evaluate the fat graft effect on recurrence of the disease.
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ABSTRACT

Obijective: Brachial plexus injury can lead to significant functional
deficit for the patient. Elbow flexion restoration is a priority in surgical
treatment. Free functional muscle transfer is an option for early or
late treatment failure. This study evaluated patient characteristics
and elbow flexion muscle strength after gracilis functioning muscle
transfer. Methods: Medical records of 95 patients operated from
2003 to 2019 were analyzed and the following variables recorded:
age, gender, nerve transfer used to motorize the gracilis muscle,
time between trauma and surgery, age at surgery and elbow flexion
strength after a minimum of 12 months following functioning muscle
transfer. Results: 87 patients were included, averaging 30 years
of age (17 to 57 years). Fifty-five achieved elbow flexion muscle
strength = M3 (55/87, 65%), with a mean follow-up of 37 months.
The nerves used for activation of the transferred gracilis were: 45
spinal accessory, 10 intercostal, 8 median n. fascicles, 22 ulnar n.
fascicles and 2 phrenic nerves. Conclusion: Functional muscle
transfer is a viable surgical procedure for elbow flexion in chronic
traumatic brachial plexus injuries in adults. Level of Evidence II,
Retrospective study.

Keywords: Surgical flaps. Microsurgery. Brachial Plexus.

RESUMO

Objetivo: Aleséo do plexo braquial pode determinar sequelas para o
paciente. A restituigao da flexao do cotovelo € prioridade no tratamento
cirdrgico. A transferéncia muscular funcional livre é opgéo na falha do
tratamento precoce ou tardio. Este estudo avaliou caracteristicas dos
pacientes e forca muscular de flexdo do cotovelo apos transferéncia
muscular funcional livre. Métodos: Prontuarios de 95 pacientes,
operados de 2003 a 2019, foram analisados e as sequintes variaveis
registradas: idade, sexo, transferéncia nervosa utilizada para motorizar
o musculo gracil, tempo entre o trauma e a cirurgia, idade na cirurgia,
forca de flexao do cotovelo apds prazo minimo de 12 meses da
transferéncia muscular livre. Resultados: 87 pacientes foram incluidos
no estudo, com idade média de 30 anos (17 a 57 anos). Cinquenta
e cinco pacientes obtiveram forga muscular de flexao de cotovelo
= M3 (565/87, 65%), com tempo de sequimento meédio pds-operatério
de 37 meses. Os nervos utilizados para ativagao do musculo gracil
foram: 45 espinhais acessorios, 10 intercostais, oito fasciculos do
n. mediano, 22 fasciculos do n. ulnar e dois frénicos. Concluséo:
Atransferéncia muscular funcional livre € um procedimento cirdrgico
vidvel para flexdo do cotovelo nas lesées traumaticas crénicas do plexo
braquial no adulto. Nivel de Evidéncia Il, Estudo retrospectivo.

Descritores: Retalhos Cirdrgicos. Microcirurgia. Plexo Braquial.

Citation: Silva GB, Lima Neto MR, Cho AB, lamaguchi RB, Resende MR, Wei TH. Gracilis muscle transfer for elbow flexion in brachial plexus injuries.
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INTRODUCTION

Traumatic injury of the brachial plexus has gained special attention
from the scientific community in recent decades, not only for being
a devastating pathology, but also because its treatment imposes
remarkable challenges on the professional involved.! Notably, elbow
flexion deficit represents a frequent problem for most patients with
brachial plexus injury, with its reestablishment being the primary
objective of treatment.?

Graft reconstructions and nerve transfers for elbow flexion are
the preferred approach in early treated brachial plexus injuries.’
However, patients evaluated late (trauma-surgery interval above
12-18 months) show degeneration of the neuro-muscular junc-
tion of the upper limb muscles, an irreversible change that pre-
cludes reconstructions and nerve transfers to this musculature.*
When treatment is delayed or the surgical treatment fails in the
acute phase —and there are no muscles strong enough for muscle
transfer — the alternative to recover elbow flexion is free functional
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muscle transplant with intraplexual or extra-plexual nerve transfer,
depending on the severity of the brachial plexus injury.*®

Opting for free functional muscle transfer, a donor motor nerve
for the transferred muscle must be selected. Total brachial
plexus injuries commonly uses the accessory nerve and the
intercostal nerves. For high partial injuries, in addition to these
nerves, motor fascicles of the median nerve or ulnar nerve can
also be transferred.® Currently, the free gracilis flap is the most
popular choice for elbow flexion reconstruction — a thin muscle with
adequate strength and excursion, reliable neurovascular pedicle,
easy dissection, resulting in little functional loss of the lower limb.”
This study aimed to describe the patients’ characteristics and the
results of free gracilis muscle transfer to elbow flexion in chronic
brachial plexus injuries in adults, after evaluating 87 consecutive
cases performed at a university hospital.

MATERIALS AND METHODS

The study began after the formal authorization granted by the
institution’s and Plataforma Brasil Research Ethics Committee
under CAAE 52633015.0.0000.0068 and after all patients have
signed the informed consent form.

Between February 2003 and December 2019, 95 patients with
traumatic brachial plexus injury underwent free transfer of the
gracilis muscle to recover elbow flexion.

The following variables were retrospectively collected by medical
records analysis: age, gender, trauma mechanism, injury laterality,
injury level, nerve transfer used to motorize the gracilis muscle,
interval between trauma and surgical procedure, patient’s age during
surgery, elbow flexion strength after a minimum of 12 months of free
muscle transfer, relevant observations (complications, secondary
surgeries, associated trauma, etc.).

The inclusion criteria for the study were: patients older than 18
years of age who received a functioning gracilis muscle flap for
elbow flexion reconstruction following post-traumatic brachial
plexus injury. Patients with failed free gracilis flap or having
less than 12 months of postoperative follow-up at the time of
evaluation were excluded. Results after secondary surgery (e.g.,
Steindler and distal retensioning of the gracilis muscle insertion)
were discarded. Patients subjected to secondary surgeries were
included considering only the results after free transfer from
gracilis muscle, that is, before additional surgeries.

Two patients were excluded due to loss of the transferred free
muscle (2/95; 2%), one after venous thrombosis of the flap and
one due to infection. Six other patients were excluded due to total
postoperative follow-up of less than 12 months, totaling 87 patients
included in the study.

Patients were divided into five groups according to the transferred
nerve for activating the functional flap of the gracilis muscle: spinal
accessory nerve (SAN), intercostal nerves (ICN), median nerve
fascicle (MED), ulnar nerve fascicle (ULNAR) and phrenic nerve (PHR).
The final elbow flexion muscle strength was assessed using
the British Medical Research Council (BMRC) scale® (Table 1).
Considering that a patient undergoing a free functional flap has no
normal muscle strength, the authors classified the research subjects
from MO to M4, deeming a good result M3 or more.

Table 1. British Medical Research Council (BMRC) Scale.®

Degree of
muscle strength
Mo No muscle contraction
M1 Muscle contraction not resulting in joint movement
M2 Muscle contraction with movement excluding gravity
M3 Muscle contraction effective agginst gravity
but does not overcome resistance.
M4 Muscle contraction that overcomes some resistance
M5 Normal muscle strength
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RESULTS

Of the 87 cases included in the analysis, 82 patients were male
(94.2%) and 5 females (5.8%). The mean age was 30 years
(ranging from 17 to 57 years). Of the 87 patients, 48 showed left
laterality (65.1%) and 39 right laterality (44.9%). Regarding injury
characteristics, 42 patients had partial injury (48.2%), 20 C5-6
injury (47%) and 22 C5-7 (53%), in addition to 45 presenting total
injury (51.8%).

Evaluating trauma mechanisms, we found 75 motorcycle accidents
(86%), five hit-and-run (5%), two car accidents (3%), two bicycle
accidents (3%) and two physical aggressions (3%).

The mean interval between accident and surgery was 79 months
(ranging from 8 to 1311 months). The mean follow-up time was
37 months (ranging from 13 to 154 months).

Regarding functional strength, 55 cases had muscle strength
= M3 (65%): eight MO (9%), nine M1 (10%), 15 M2 (17%), 30 M3
(35%) and 25 M4 (29%).

The nerve transfers that activated free functional muscle flaps were:
45 spinal accessory nerve transfers (four using sural nerve graft
and 41 cases without grafting), 10 intercostal nerves (three with
graft and seven without), eight median nerve fascicles, 22 ulnar
nerve fascicles and two phrenic nerves.

Table 2 summarizes the results of the different donor nerve transfers
to the functional muscle flap.

Table 2. Results per transferred nerve.

Overall | SAN ICN MED | ULNAR | PHR
Good Result | 5587 | 3345 | 6/10 28 1322 | 1R
(> M3) (65%) | (73.3%) | (60.0%) | (25.0%) | (59.0%) | (50%)
MO 8/87 3/45 310 0/8 122 112
9%) | (65%) | (30.0%) | (0.0%) | (45%) | (50.0%)
" 9/87 4/45 010 28 3/22
(10%) | (9.0%) | (0.0%) | (25.0%) | (13.6%)
v 1587 | 545 110 458 5/22
(17%) | (11.0%) | (10.0%) | (50.0%) | (22.8%)
M3 30087 | 22145 | 3110 118 3/22 112
(35%) | (49.0%) | (30.0%) | (12.5%) | (13.6%) | (50.0%)
M4 2587 | 1145 | 310 118 10/22
(29%) | (245%) | (30.0%) | (125%) | (45.5%)

SAN: spinal accessory nerve; ICN: intercostal nerves; MED: median nerve. ULNAR: ulnar nerve;
PHR: phrenic nerve.

The complications of the viable flaps were: four re-explorations —
three for loss of the skin monitor with the viable flap and one
compressed pedicle by hematoma — and four infections (two from
the recipient site and one from the donor site), totaling 9.2%.

The secondary surgeries were: eight proximal transfers of the
flexo-pronator muscles (Steindler surgery) — five cases going from
M2 to M4, two cases from M3 to M4, and one case that from M1
performed triceps to biceps transfer and after Steindler obtained
final result of M4 —and one case of distal retensioning of the gracilis
muscle insertion in the biceps tendon (without functional gain).
Twelve patients who received free functional muscle transfer had
previously undergone unsuccessful exploration and reconstruction of
the brachial plexus (four graft reconstructions and eight nerve transfers).

DISCUSSION

This study reinforces the current understanding that traumatic
brachial plexus injury primarily affects young men victimized in
motorcycle accidents: 94.2% of the patients were male, with a
mean age of 30 years. Flores® and Anjos'®evaluated the victims of
motorcycle accidents in different Brazilian states, concluding that
they are basically young males. Brachial plexus injury represents a
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major impact on these victims’ lives'® due to the long treatment time
and permanent functional deficit that it imposes on the injured. We
believe that these demographic and natural history characteristics
justify all efforts to try to restore the affected limb, even if partially.
Based on Dyck et al.,' we used the British Medical Research Council
(BMRC) scale to assess elbow flexion muscle strength. According
to Bengtson et al.,'? about three quarters of the publications that
evaluate brachial plexus use this scale, being a simple and well-
established method. An opinion shared by Bhardwaj et al.,'®
who state that this scale is the most popular to assess the return
of elbow flexion, but alerting to the variances in inter-observer
interpretation of the BMRC grading.

Ikuta et al."*were the first to describe free functioning muscle transfer
connected to intercostal nerves for elbow flexion reconstruction,
with their initial report being followed by numerous publications that
selected different nerve donor sources.'®'® Chung et al.'® reported
free gracilis muscle transfer to elbow flexion using intercostal nerves
as the donor, with 78% of patients reaching flexion strength M4 or
higher; Krakauer et al.'® reported M3 or more in three of their four
patients (75%) while Chuang et al.,'” studied 16 cases and 81.2%
achieved M3 or more elbow flexion strength. Success rate (= M3)
of the present study (60%, 6/10) after intercostal nerve transfer to
the transplanted gracilis was slightly lower than previously reported.
Barrie et al.'® reviewed 26 patients who underwent free transfer of the
gracilis muscle, with intercostal nerves or spinal accessory nerve as
the donors, and reported functional elbow flexion in 63% of cases.
Kay et al."® studied 33 functioning transfers of the gracilis muscle,
most of which were attached to intercostal nerves (15 cases) or
ulnar nerve fascicles (12 cases) with an overall success rate (= M3)
of 70%; when only adults were included, this rate reached 53%.
Intercostal nerves group yielded better results regarding elbow
flexion strength. In the present study the overall good results (= M3)
reached 65% while ulnar nerve fascicles transfer group achieved a
success rate of 59%, similar to the intercostal nerves group (60%).

Sungpet et al.?° assessed the result of free gracilis transfer to
elbow flexion in three patients with high brachial plexus injury
(C5/C8), using an ulnar nerve fascicle as donor nerve. After a
33-month follow-up, an average elbow flexion muscle strength
of 4.3 kg was observed. The authors reported no loss of hand
grip strength or wrist flexion, as well as no change in sensitivity.
The advantages of using the ulnar nerve as a donor are highlighted,
being easy to perform, avoiding the use of nerve grafts and enabling
voluntary control of elbow flexion. The authors of the present study
report similar outcomes as ulnar nerve transfer proved to be a reliable
procedure, with satisfactory results and no sensory-motor deficit
of the donor nerve. Limitations of this study were its retrospective
nature and the qualitative assessment of elbow flexion strength
(even though the BMRC scale is vastly used in the literature).
Likewise, the limited number of patients operated on in some groups
(median, intercostal, and phrenic) hinder in-depth group comparison.
Data from handwritten medical records was eventually challenging
to interpret. The patients’ individual effort during assessment and
rehabilitation may impact the results.

Limitations of this study were its retrospective nature and the
qualitative assessment of elbow flexion strength (even though
the BMRC scale is vastly used in the literature). Likewise,
the limited number of patients operated on in some groups
(median, intercostal, and phrenic) hinder in-depth group
comparison. Data from handwritten medical records was
eventually challenging to interpret. The patients’ individual effort
during assessment and rehabilitation may impact the results.

CONCLUSION

The free functioning transfer of the gracilis muscle for traumatic
brachial plexus injuries is a reliable surgical technique for gaining
elbow flexion in adults. Further studies are needed to elucidate the
role of accessory, intercostal, median, ulnar, and phrenic nerves
in activating functional muscle flaps for upper limb reconstruction.
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ABSTRACT

Objective: To evaluate if the levels of serum total protein and
serum albumin are risk factors for surgical complications of free
flap limb reconstruction. Methods: Consecutive inclusion of all
patients undergoing microsurgical flaps for limb reconstruction
of complex injuries. We recorded epidemiological and laboratory
data, including total proteins and fractions, for descriptive and
analytical statistics. Results: Our study analyzed one microsur-
gical flap from 35 patients that underwent complex injuries of
the limbs. In total, 23 patients were men, and mean age of all
patients was 35 years. After statistical analysis, no influence of
pre or postoperative hypoalbuminemia was observed on the
incidence of complications. Patients with hypoalbuminemia had
a higher length of stay than those with normal albumin levels
(p = 0.008). Conclusion: We observed that 71% of patients had
hypoalbuminemia in early postoperative period and we suggest
a nutritional support for patients requiring complex traumatic
limb reconstruction. Hypoalbuminemia in patients subjected to
microsurgical flaps for the treatment of complex traumatic limb
injuries did not influence the complications that required surgical
reintervention; However, it was associated with prolonged hospital
stay. Level of Evidence Il, Retrospective study.

Keywords: Free Tissue Flaps. Risk Factors. Hypoalbuminemia.
Postoperative Complications.

RESUMO

Objetivo: Avaliar a influéncia dos niveis totais de proteina sérica
e albumina como fator de risco para complicacées de retalhos
microcirdrgicos para reconstrugdo de membros. Métodos: Inclusé&o
consecutiva de todos os pacientes submetidos a retalhos micro-
cirdrgicos para reconstrugdo de membros de lesées complexas.
Foram registrados dados epidemiolégicos e laboratoriais, incluindo
proteinas e fragbes totais, para fins estatisticos descritivos e ana-
liticos. Resultados: 35 retalhos microcirtrgicos foram estudados
em 35 pacientes com lesées complexas dos membros. A idade
média dos pacientes foi de 35 anos, e 23 pacientes eram do sexo
masculino. Apds analise estatistica, ndo foi observada influéncia da
hipoalbuminemia pré ou pés-operatdria na incidéncia de complica-
¢ées. Pacientes com hipoalbuminemia permaneceram mais tempo
hospitalizados do que aqueles com niveis normais de albumina
(o = 0,008). Conclusao: Observamos 71% dos pacientes com
hipoalbuminemia no inicio do periodo pés-operatdrio e sugerimos
fornecer suporte nutricional para pacientes que necessitam de
reconstrugdo traumatica complexa dos membros. A presenca de
hipoalbuminemia em pacientes submetidos a retalhos microci-
rargicos para o tratamento de lesées traumaticas complexas nos
membros ndo influenciou a presenga de complicagdes que exigiam
reintervencao cirdrgica, mas foi associada ao tempo de hospitali-
zagdo prolongado. Nivel de Evidéncia ll, Estudo retrospectivo.

Descritores: Retalhos de Tecido Bioldgico. Fatores de Risco.
Hipoalbuminemia. Complicag6es Pds-Operatdrias.

Citation: Silva ACO, Silva GB, Cho AB, Wei TH, Mattar R Jr, lamaguchi RB. Hypoalbuminemia in microsurgical flaps of the musculoskeletal apparatus.
Acta Ortop Bras. [online]. 2020;28(4):168-71. Available from URL: http://www.scielo.br/aob.

INTRODUCTION

Acute inflammation is the main indicator of tissue infections and
lesions, with leukocytosis and extravasation of plasma proteins from
extravascular tissue to the site of infection or injury. Pathophysiolog-
ical responses such as pyrexia, hormone secretion inhibition, and
muscle protein depletion are other reactions of the immune system.

Leukocytes and plasma proteins are recruited to the sites of infection
and injury, in which they provide immune defense and onset tissue
repair. Whereas the concentration of the negative acute phase
reactants and albumin reduces, the concentration of plasma proteins
entering the inflammatory sites increases, including complement
proteins and antibodies.? The posttraumatic hypoalbuminemia is
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questioned not to be an indication of malnutrition but as a biomarker
for inflammatory status,? although it is commonly associated with
complications and malnutrition in studies for orthopedic surgeries.*
Microvascular flap reconstruction technique has evolved, reach-
ing excellent outcomes with a reduced incidence of complica-
tions.® However, the treatment of these injuries in traumatic limb
reconstruction still presents higher incidences of complications
when compared with the treatment for head, neck, and breast.®
General risk factors for flap failure are multiple or extensive trau-
ma, smoking, age, and peripheral vascular disease.” Among the
perioperative risk factors studied, hypoalbuminemia is a factor that
could negatively influence the results of free flap reconstruction.
Common causes of free flap failure include arterial and venous
thrombosis, infection, anatomic variations, and flap dissection.®

In the medical literature, preoperative hypoalbuminemia is identified
in poor nutritional conditions and could influence the increase in
total flap loss.®® Studies into the influence of hypoalbuminemia on
free flap outcomes have included patients that underwent oncologic
reconstruction of the head and neck and breast, in which the
patient can have nutritional deficit due to chronic illness, ignoring
those subjected to limb reconstruction with microsurgical flaps.
Our study sought to evaluate the influence of lower levels of serum
total protein and serum albumin in preoperative and postoperative
periods in the outcomes of free flap reconstruction of the limbs.

MATERIALS AND METHODS

This is a prospective, cross-sectional study with prede-
fined data collection, approved by the Ethics Committee
(CAAE 42679515.2.0000.0068). We performed a consecutive inclu-
sion of all patients who underwent microsurgical flap reconstruction
of limbs, performed at a public university hospital. Patients signed
an informed consent form. A monitoring protocol was used with
the patient’s epidemiological data, pathology-related data and
dates of occurrence, as well as clinical follow-up, complication,
and end-result data.

The epidemiological data analyzed were sex, age, body mass index
(BMI) —in kilograms per square meter (kg/m?), in which obesity was
defined when patients achieved a BMI greater than 30 kg/m?2 - and
the presence of comorbidities. We recorded Pre-operative and
postoperative laboratory data for hemoglobin (Hb) in grams per
deciliter (g/dL), the number of platelets multiplied by 10° per cubic
milliliter (x 103/mm3), and levels of serum total protein and serum
albumin (g/dl). The cause of the injury that led to the microsurgical
procedure was also recorded.

Perioperative data observed were type of flap in relation to the donor
area, type of arterial anastomosis, number of venous anastomoses,
and ischemia time of microsurgical flap, defined as the time elapsed
between clamping of the vessels at the donor site and releasing
of the microvascular clamps of the artery and at least one venous
anastomoses, obtaining free flap reperfusion.

We described and included complications following the Clavien-Din-
do classification'®'" grade Ill, which requires surgical intervention.
Complications were dehiscence, partial or total flap loss, thrombosis
with indication of revision of anastomoses, and infection.

Statistical analysis

The Statistical Package for Social Sciences (SPSS) version 20.0
software was used for analysis with descriptive statistics and the
univariate analysis was performed using Pearson Chi-squared
test. Fisher’s exact test was applied when the expected frequency
was less than five. A value of p less than 0.05 was considered
statistically significant. For the division of values and analysis,
we considered both the presence and absence of comorbidities
and hemoglobin values greater than, equal to, or less than 11 g/dL,
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according to the World Health Organization' standard anemia
definition. Platelets were divided into values greater than, equal to,
orless than 450 x 10%L, according to standardized thrombocytosis
values.™ Values less than 3.4 g/dL were defined as hypoalbuminemia
and values less than 6.6 g/dL were defined as hypoproteinemia,
according to the tests performed in the same clinical laboratory.

RESULTS

We included 35 microsurgical flaps, one flap from each patient, for
complex injuries of the limbs in a one year period, (September 2018
through September 2019). The mean age of the patients was
35years (SD 14.11). In total, 12 patients were women and 23 were men.
Traumatic injuries accounted for 90% of cases, being motorcycle
accident the most common cause of injury, occurring in 55% of
the patients.

The anterolateral thigh (ALT) was the most common type of flap,
followed by the latissimus dorsi flap (Figures 1 e 2).

50%

40%

30%

% Cases

20%

10%

0%

ALT Medial  Toeto Vascularized Gracilis Latissimus Parascapular
femoral  hand fibular flap dorsi
condyle
Type of flap

Figure 1. Type of microsurgical flap by donor area.
ALT: anterolateral thigh flap.

Figure 2. Male, 51 years, motorcycle accident with Gustilo I1IB leg open
fracture. Patient referred for orthoplastic treatment after 1 month and
subjected to a Latissimus Dorsi free flap for coverage.

Regarding laboratory data, the patients had a mean pre-hemoglobin
value of 12.21 (+ 2.08) g/dL. In the postoperative period, the mean
hemoglobin value for the group was 10.65 (= 1.74) g/dL. Eleven
patients presented anemia during the preoperative and 12 in the
postoperative period.

Analysis of the platelet counts showed that two patients had pre-
operative thrombocytosis, with a mean value of 326.82 x 10%/L
(+ 125.58 x 109).

The level of serum total protein in pre-operative period was 6.16 g/dL
on average (= 1.05) and the mean of the level of serum albumin was
3.72 (= 0.89). The mean level of serum total protein in postoperative
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period was 5.43 g/dL (= 0.73) and the mean level serum albumin
was 3.07 g/dL (= 0.56). Twelve patients had hypoalbuminemia in
pre-operative and 25 patients in postoperative period.

Eight patients had complications, five of which required take-back
flap due to microvascular thrombosis (total loss of four flaps).
There was one case of total flap loss due to infection and one
case of dehiscence of the surgical wound. The mean pre - and
postoperative hemoglobin values for these eight patients were 12.28
(= 1.58) g/dL and 10.73 (= 2.23) g/dL. Preoperative platelets had
a mean value of 338.75 x 10%/mm? (= 0.92).

The statistical analysis showed no influence of pre- (p = 0.891)
or postoperative (p = 0.984) anemia, thrombocytosis (p = 0.556),
or hypoalbuminemia (p = 0.115) on the incidence of complications
of the microsurgical flaps for limb reconstruction.

The mean hospital stay was of 28.60 days for the patients with
hypoalbuminemia and 9.80 days for patients without hypoalbu-
minemia, with a p-value of 0.008 using the Mann-Whitney U test.
The microsurgical flap success rate was 86%.

DISCUSSION

In situations with great physical stress, such as long surgeries for the
treatment of complex limb injuries, the serum albumin level decreases,
since it is a negative acute phase reactant and the skeletal tissue
is the source for restitution of serum albumin level. The intensity of
this stress metabolism depends of the extension of trauma, that
initiates an acute inflammation in minutes to hours, thus resulting in
post-traumatic protein catabolism that can persist for around four
months."* A sufficient quantity of proteins is essential for wound
healing and immune response;*'® however, the nutritional status of
surgical patients is still disregarded, even for oncologic patients.'®

The nutritional status of surgical patients is an important factor in
postoperative complications, including surgical site infection and
mortality rates.* Malnutrition is associated with prolonged hospital
stay and complications due to surgical stress.!” However, studies on
the influence of hypoalbuminemia on outcomes and complications
of microsurgical flaps for traumatic limb injuries is scarce, being
only available for microsurgical flaps for oncologic reconstructions.'®
In the Hospital das Clinicas da Faculdade de Medicina, the Recon-
structive Microsurgery and Hand Surgery Group focusses on the
treatment of complex injuries in the Orthopedic Department, which
is a reference for trauma. Our population is composed of young
adults with normal nutritional status. However, the extensive trauma
causes protein depletion such as tumors, similar to the occurring in
patients with chronic diseases. Therefore, it is important to study and
monitor the nutritional status of these patients after hospitalization.
The timing of treatment of complex limb injuries with microsurgical

flaps depends on the type of trauma, associated lesions, the referral
to the Microsurgery reconstructive Group and the patient’s clinical
condition. In our study, 34% of the patients had hypoalbuminemia
in pre-operative period, demonstrating that, despite being young
adults with a mean age of 35 years, both the severity of the trauma
and the delay in referral for definitive microsurgical treatment may
lead to a high incidence of malnutrition. We suggest referring
to a orthoplastic center for a multidisciplinary treatment at the
earliest convenience to avoid protein depletion and complications,
as recommended in the literature.™® Although serum albumin lev-
el is considered to be a long-term marker for nutrition status,®
we observed that, after the free flap surgery for limb reconstruction,
the percentage of patients with hypoalbuminemia raised to 71% in
early postoperative period. Such increase on protein turnover with
a negative whole-body protein balance?® suggests the monitoring
of the patients and a nutritional support for those requiring limb
reconstruction with microsurgical flaps in orthoplastic centers.
Offodile et al.’® reported an association between hypoalbuminemia
and prolonged hospital stay in patients who underwent free flap
treatments. In our study, the patients with hypoalbuminemia had a
higher mean length of hospital stay than those with normal albumin
levels (28.6 days versus 9.8 days, respectively), with statistical
significance (p = 0.008). Therefore, hypoalbuminemia is still asso-
ciated with higher costs due to prolonged Hospital stay caused by
healing delay and infection with clinical treatment in patients with
traumatic injuries of the limbs, although the serum albumin level is
no longer considered a good marker for malnutrition.?

Shum et al.® studied patients who underwent reconstruction with mi-
crosurgical flaps of the head and neck and observed that those either
malnourished or with low prealbumin levels had a higher incidence
of total flap loss. A study by Wang et al.?' observed that, in radial free
forearm flaps, low postoperative concentration of albumin was a risk
factor for complications. In our study, hypoalbuminemia in preoperative
or post-operative periods was not associated with higher incidence
of complications Clavien-Dindo grade Ill or total flap loss, being the
first study of microsurgical flaps for traumatic limb reconstruction not
related with oncologic resection and flap reconstruction.

The limitation of our study is the sample size, making it impossible
to lead to definitive conclusions. This is a preliminary study and
requires further research with continuity of prospective data capture.

CONCLUSION

Hypoalbuminemia in patients subjected to microsurgical flaps for
the treatment of complex traumatic limb injuries did not influence the
occurrence of complications that required surgical reintervention;
however, it was associated with prolonged hospital stay.
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ABSTRACT

Obijective: To establish the association between initial and residual
angulation of the distal interphalangeal joint (DIJ) in mallet finger
treated conservatively. Methods: An observational, prospective,
descriptive and analytical research developed with uncomplicated
closed mallet finger patients between January and December 2017.
Atotal of two measurements of the DIJ were done, at the initial trauma
and 6 weeks after conservative treatment. All measurements were
ranked according to the Crawford Classification and Relative Risk
was measured. Results: In total, 43 patients were studied, in which
53.48% of outcomes obtained were excellent. The sample was
divided in two groups; one with less than 30° of DIJ initial angulation,
which had 28% of residual angulation. The second group with more
than 30° presented 72.22% of residual angulation. The Relative
Risk to present a residual angulation in patients that had 30° of DIJ
initial angulation was 2.99 (Cl 95%) with p = 0.0059. Conclusion: It
is suggested that patients with an initial DIJ angulation more than
30° are more likely to present residual angulation with conservative
treatment. Level of Evidence IV, Case series.

Keywords: Tendons. Finger joint. Follow-up studies. Outcome
study. Acquired Hand Deformities.

RESUMO

Objetivo: Estabelecer a associacao entre a angulacao inicial e residual
da articulacéo interfaléngica distal em casos de dedo em martelo
tratados de forma conservadora. Métodos: Estudo observacional,
prospectivo, descritivo e analitico desenvolvido com pacientes
que apresentavarm dedo em martelo fechado, sem complicagdes,
no periodo de janeiro a dezembro de 2017. Foram realizadas duas
medidas na articulagéo interfalangica distal, no trauma inicial e seis
semanas apaos o tratamento conservador. Todos foram classificados
de acordo com a Classificagao Crawford e o Risco Relativo (RR) foi
calculado. Resultados: Foram estudados 43 pacientes, dos quais
53,48% apresentaram resultados excelentes. A amostra foi dividida
em dois grupos: um com < 30° de angulagéo interfalangica distal
inicial, com 28% de angulagéo residual, e outro com > 30°, apresen-
tando 72,22% de angulagéo residual. O risco relativo de apresentar
angulagéo residual em pacientes com 30° de angulagéo inicial da
articulagdo interfaléngica distal foi de 2,99 (IC 95%) com um valor de
p = 0,0059. Concluséo: Sugere-se que 0s pacientes com angulacao
inicial da articulagdo interfalangica distal superior a 30° tém maior
probabilidade de apresentar angulacao residual com tratamento
conservador. Nivel de Evidéncia IV, Série de casos.

Descritores: Tenddes. Articulagbes dos Dedos. Seguimentos.
Avaliagdo de Resultados em Cuidados de Saude. Deformidades
Adquiridas da Méo.

Citation: Davalos Barrios SA, Sosa Serrano AFJ, Gama Herrera JA, Ramirez Berumen MF, Pérez Atanasio JM. Outcome of non-surgical treatment of
mallet finger. Acta Ortop Bras. [online]. 2020;28(4):172-6. Available from URL: http://www.scielo.br/aob.

INTRODUCTION

The extensor mechanisms of fingers, hand and wrist are extremely
intricated." The terminal tendon injury of the extensor mechanism
is referred as mallet finger (MF) deformity.3-6

Epidemiologically, this is a common injury with an international
prevalence of 9.3% among all tendinous injuries in the body, and
incidence of 5.6% among all hand and wrist tendinous injuries.”®

There are many studies that have concluded that the recommen-
dation is to immobilize the affected region from six to eight weeks.
Nevertheless, there is no evidence of superiority if the splint is
placed in a volar or dorsal position,">6910.11-14

Surgical treatment is controversial in closed MF, but it is indicated
in open and fracture associated injuries.'s"

In 1984, Crawford described a widely used therapeutic assessment
method in four stages: excellent, good, average and poor results.'s1
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Another classification was described by Albertoni who divides
the injury according to results from a lateral X-ray of the DIJ, and
categorizes it into four types: A, B, C and D. Each type is subdi-
vided into 1 and 2. Type A is a pure tendinous injury and Type B
is an injury with bone avulsion.” In types A and B, subtype 1 is
described as an injury with less than 30° and subtype 2 by a flexion
deformity greater or equal to 30°.'"° Deformities greater than this point
of angulation can occur possibly due to damage to the retinacular
ligaments and capsular structures in types A2 and B2."° Type C
is subdivided into C1, congruent joint (stable), and C2, sub-dislo-
cated or dislocated joint (unstable). Type D is subdivided into D1,
epiphyseal detachment (Salter and Harris lesion type 1) and D2,
fracture-detachment (Salter and Harris type 3).2°

In order to support Albertoni’s description and to reproduce his
findings we tried to determine which degree of DIJ is necessary to
achieve excellent result with a splint for closed MF. If such value is
determined, we will be able to reduce prolonged incapacity and
obtain optimal results for patients with this injury.

Our aim was to determine the initial DIJ angulation, in which the
Relative Risk (RR) increased in a statistically significant manner to
present residual angulation after conservative treatment. Second,
we aimed to identify the most affected hand, finger, gender and
age group in our population.

MATERIALS AND METHODS

Study design

Clinical, Observational, Descriptive, Analytical, Prospective and
Unicentric research.

Location

Highly Specialized Medical Unit, Traumatology Hospital “Dr. Victorio
delaFuente Narvaez” (Mexican Social Security Institute). Mexico City.

Ethics approval and consent to participate

Our study does not endanger the patient’s integrity in any way (bi-
ological, functional or ethical). This research fulfills International and
National ethics codes. The study was approved by the Research Ethics
Committee (Mexican Social Security Institute). Every patient signed an
Informed Consent Form, granting their approval to join the research.

Universe

Patients with closed MF that arrived to the Emergency Department
between January 2017 and December 2017.

Inclusion Criteria

* Age between 18 — 45 years old

* Both genders

* Injury in one finger

* Injury in one hand

* Less than 24 hours of injury evolution

Exclusion Criteria
* Associated injuries (bone, nerve, vessel and/or flexor tendon)
* Comorbidities

Elimination Criteria

* Patients who did not complete follow-up time

» Patients who did not complete treatment

» Patients who modified the treatment

» Patients who have not completed radiological studies

Design and sample

The sampling was non-probabilistic type with consecutive cases.
The annual prevalence of closed MF in 2016 in our Hospital
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(Reference Center of MF in Mexico City) was 153 cases. There-
fore, we used the formula based on the prevalence to estimate a
statistically significant sample with a 95% confidence interval (Cl),
and the result was 42.94 patients. Then, 43 patients were recruited
for the study.

Data collection

We identified patients diagnosed with closed MF that met the criteria
previously mentioned. First, we obtained a posteroanterior and
lateral X-Ray of the affected hand, in which there was no support
for the affected hand or finger. Secondly, we determined the DIJ
angulation in the lateral X-ray. Then a line was drawn in the middle
point of both middle and distal phalanx, in its transverse axis to
measure the angulation. After that, we estimated the exact angulation
with the digital X-ray software.

Thus, we placed a volar cast splint to immobilize the DIJ in a hy-
perextension position for six weeks. Finally, we removed the splint
and estimated again the DIJ angulation, comparing initial and
final results.

Data analysis

We classified the patients with the final result after six weeks
according to Crawford Criteria (CC). This maneuver supported
the estimation of patients’ frequency in every stage of the CC.
All study variables measured were organized in Table 1. We used
the SPSS version 22 to statistically analyze the sample. The variable
analysis was carried out with Chi square test to associate them.
A calibration point was estimated using a 2 x 2 contingency
table (Table 2). Therefore, we estimated the RR in which the result
is statistically significant. After that, a homogeneity test was
measured with chi square comparing age and gender. Finally,
the sample was classified in two groups; the first with patients
that had an initial DIJ angulation less than thirty degrees; and the
second group with more than thirty degrees (Table 2). Relative
Risk (RR) was used to determine the probability to develop
residual angulation.

Table 1. Study variables.

Affected | Affected | Initial Final Crawford
Name | Gender | Age ) . - -
hand | finger |angulation |angulation |classification
1 | RMM | Male | 43 Left \ 12.56 0 Excellent
2 | BJM |Female| 40 Left I\ 12.94 0 Excellent
3| MSJ | Male | 44 | Right I\ 13.08 0 Excellent
4| RMJ | Male | 25 | Right 1l 13.16 0 Excellent
5| GMO | Male | 18 | Right vV 14.55 0 Excellent
6| LTJ | Male | 42 Left 1l 14.57 12.83 Average
7 | HCM | Male | 23 | Right v 14.76 11.57 Average
8 | RGA |Female| 42 Left vV 15.23 19.84 Average
9| PMC | Male | 25 | Right vV 18.13 0 Excellent
10| LPM | Male | 43 | Right vV 18.62 0 Excellent
11| SRL | Male | 44 | Right 1l 18.63 0 Excellent
12| SSD | Male | 24 Left vV 20.74 0 Excellent
13| CGL | Male | 22 Left I 21.19 0 Excellent
14| IBL |Female| 40 | Right I 21.26 4 Good
15| ROR | Male | 35 | Right 1l 21.46 0 Excellent
16| LGM | Male | 37 | Right 1l 21.93 0 Excellent
17| AGJ |Female| 34 Left \ 22.8 0 Excellent
18| MOR | Male | 26 Left V 23.28 0 Excellent
19| GRA |Female| 40 | Right Il 23.49 7.21 Good
20| TAJ |Female| 43 | Right 1l 24.37 16.49 Average
21| BBD | Male | 44 | Right v 24.84 16.13 Average
22| SRS | Male | 20 | Right v 24.87 0 Excellent
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Table 1. Study variables.

Affected | Affected | Initial Final Crawford
Name |Gender| Age X . - -
hand | finger |angulation |angulation |classification
23| IBF | Male | 38 | Right V 25.12 0 Excellent
24| LHL |Female| 44 | Right \% 26.79 0 Excellent
25| VIG | Male | 42 Left 1l 27.26 0 Excellent
26| VAL | Male | 44 Left \ 31.08 9.88 Good
27| RLR | Male | 36 | Right \ 32.75 0 Excellent
28| MAS | Male | 39 | Right Il 32.99 5.72 Good
29| MRA | Male | 38 | Right I 34.08 2.11 Good
30| BLD | Male | 44 | Right Il 35.38 7.56 Good
31| BHA | Male | 45 Left \% 35.53 17.08 Average
32| ESG | Male | 44 Left I 36.14 6.46 Good : : —
33| VIO |Female| 42 Let m 36.29 12.09 Average Figure 2. Middle-aged people were the most affected population in
34| AMM | Male | 28 | Left Vv 37.15 0 Excellent our study.
35| ZMJ | Male | 36 Left 1} 37.27 0 Excellent
36 | HMA |Female| 44 Left V 37.97 12.47 Average AFFECTED HAND FREQUENCY
37| MRC | Male | 39 Left Il 40.28 7.28 Good
38| GGM |Female| 44 | Right \ 4213 0 Excellent
39| TJI | Male | 43 | Right \ 45.15 20.12 Poor
40| CEA | Male | 32 | Right V 45.71 9.23 Good
41| ORE |Female| 44 | Right 1l 46.41 17.53 Average
42| TRL | Male | 44 Left \% 46.5 0 Excellent : EECET
43| GLH | Male | 44 | Right \ 56.07 25.77 Poor
Table 2. 2 x 2 Contingency Table.
> 30 degrees < 30 degrees Total

Residual angulation 13 7 20

Non-residual angulation 5 18 23 " ; .
Totl 18 25 43 Figure 3. Mallet Finger affects more frequently the right hand.

RESULTS AFFECTED FINGER FREQUENCY
Frequency

A total of 43 patients were studied, in which 32 were men and
11 women (Figure 1). 55.8% were middle-aged patients (between
40 and 45 years). (Figure 2). Of the total, 58.1% of the sample
were injured in the right hand (Figure 3). The most affected finger
was the middle one, with 37.2% (Figure 4). By comparing results
between fingers, we observed that the middle finger showed the
worst result for treatment (37.5% excellent result), and ring finger
showed the best result (80% excellent result) (Figure 5).

34.9%

GENDER FREQUENCY

Figure 4. Middle finger was the most frequently affected.

46,66%
62,50%

37,50%

FEMALE = MALE

Figure 1. Male were the most affected gender. finger had the best results.

= EXCELLENT = RESIDUAL

Figure 5. The worst outcome was reported for middle finger. The ring
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Changes in angulation

The initial angulation of the DIJ results obtained a mean 28.01, me-
dian 24.87, standard deviation 11.18, minimum 13, and maximum 56.
The results of Final Angulation were a mean of 5.66, standard
deviation 7.41, minimum of 0, and maximum of 26.

Crawford Classification: After 6 weeks of treatment the patients were
classified according to their results in which 53.48% were excellent,
20.93% good, 23.25% average, and 2.32% poor. (Figure 6).

CRAWFORD CLASSIFICATION

I EXCELLENT

GOOD
AVERAGE
POOR

Figure 6. More than half of the sample achieved an excellent result
after 6 weeks.

Results by groups

Statistical tests determined the homogeneity of groups with Chi
square test based on age (chi square 0.35; p = 0.66); and gender
(chi square 0.18, p = 0.55), with no statistical differences.

In the first group, 28% of the patients developed residual angulation
after 6 weeks, compared to the second group which had 72.22%
of residual angulation (Figure 7 and 8).

Our findings show that patients with 30° of initial angulation, presented
RRvalues as 2.99 (1.73-25.8, IC 95%, p = 0.0059) to develop residual
angulation at the end of the conservative treatment. We classified
the patient’s results based on Albertoni’s Classification (Table 3).

RESIDUAL ANGULATION FREQUENCY
(Initial Angulation 10-29.99)

I NON-RESIDUAL
RESIDUAL

Figure 7. In almost two thirds of the sample, the outcome was no residual
angulation in cases with less than 30 of initial angulation of DIJ.
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RESIDUAL ANGULATION FREQUENCY
(Initial Angulation 30-50)

I NON-RESIDUAL
RESIDUAL

28%

Figure 8. Most residual angulation after 6 weeks occurred in patients
with more than 30° initially.

Table 3. Findings grouped according to Albertoni's Classification.

A1 A2
Before Treatment Before Treatment
25 18
After Treatment After Treatment
43 0
DISCUSSION

In 2008, Clayton et al.? assessed the distribution of population in
a variety of musculoskeletal disorders. They reported the same
frequency in gender, age, and most affected hand as our research.
Furthermore, they described a populational peak in young adult,
fact that can be attributed in greater frequency to hand workers.
Altan et al.'” in 2014 reported, in the same way that our study, the
middle finger as the most affected one. We reported the middle finger
as the one who developed the worst outcome comparing with other
fingers, this may occur due to the increased frequency of injury in this
finger. Notably, our research had a six-week period to compare, since
itis the established time to use the splint. Altan’s results showed that
66% of patients achieved an excellent result, in our study this value
was 53.48%. This fact probably occur because we did a six-week
follow-up and Altan did a follow-up for several months.

In our research, 25% of patients had a poor outcome, requiring sec-
ondary procedures due to a greater angulation of the DIJ that caused
functional alterations. Altan mentioned that it is not possible to conclude
the time limit for orthosis treatment but this is still controversial.

Our data support the findings of Albertoni in 1980s, claiming that 30°
is the point where mallet finger decreases its possibilities to obtain
an excellent result. The Relative Risk to develop residual angulation in
patients with an initial DIJ angulation of 30° was statistically significant.

CONCLUSION

Thirty degrees in the initial DIPJ angulation is the point where the
mallet finger decreases its outcome. Therefore, above this value
the probabilities of developing residual angulation after six weeks
of conservative treatment in closed mallet finger are increased.

The Mexican population has the same epidemiologic frequency in
gender, age, most affected hand and finger, as reported worldwide.
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ABSTRACT

Obijective: To evaluate the complication rate of total knee arthroplasty
(TKA) in octogenarian patients and identify predictive factors. Meth-
ods: The study comprised 70 octogenarians and 70 non-octogenarian
patients as control group, all submitted to TKA. We analyzed the
medical records of these patients, seeking for complications during
the first postoperative year. Regarding the risk factors, we evaluat-
ed: age, sex, race, American Society of Anesthesiologists score,
body mass index, smoking, hypertension and diabetes mellitus.
Results: In the control group, the incidence of complications was
7.1%. Whereas in the octogenarian group it was significantly higher,
reaching 34.3% (OR 6.8; 95% Cl 2.4-19.1). We found no association
to sex, skin color, and comorbidities. Age is an independent risk
factor for postoperative complications. Our data may help patients
to acknowledge the risks of undergoing primary TKA and physicians
to assess and adjust perioperative risk. Conclusion: The incidence of
postoperative complications is significantly higher in octogenarians.
Level of Evidence lll, Case-control study.

Keywords: Arthroplasty. Knee. Postoperative Complications. Aged,
80 and over.

RESUMO

Objetivo: O objetivo do estudo foi avaliar a taxa de complicagbes
da artroplastia total do joelho (ATJ) em pacientes octogenarios
e tentar identificar fatores preditivos. Métodos: Foi realizado um
estudo envolvendo 140 pacientes, divididos em dois grupos
(70 octogenarios e 70 com idade abaixo de 80 anos), submetidos
a ATJ no periodo de janeiro de 2014 a agosto de 2016. Os pron-
tuarios desses pacientes foram analisados buscando a presenca
de complicagbes ocorridas no prazo de um ano apos a cirurgia.
Em relagéo aos fatores de risco foram avaliados idade, sexo,
raca, American Society of Anesthesiologists, Indice de Massa
Corporea, tabagismo, hipertensédo arterial e diabetes. Resultados:
No grupo-controle, a incidéncia de complicacées foi de 7,1%.
Ja no grupo estudado foi significativamente maior, chegando
a 34,3%. A razdo de chances para complicagées é 6,8, com
intervalo de confianca ao nivel de 95% igual a (2,4;19,1). A idade
maior ou igual a 80 constitui, assim, fator de risco aumentado
para a incidéncia de complicagées pds-artroplastia total de
joelho. Conclusdo: A ocorréncia de complicagées apos ATJ é
significativamente maior no grupo dos octogenarios. Nivel de
Evidéncia lll, Estudo de caso-controle.

Descritores: Artroplastia. Joelho. Complicagdes Pés-Operatérias.
Idoso de 80 Anos ou Mais.

Citation: Souza GGA, Ramalho RSC, Albuguerque RSP, Barreto JM, Chaves RSM, Sousa EB. Higher risk of complications after total knee arthroplasty
in octogenarians. Acta Ortop Bras. 2020;28(4):177-81. Available from URL: http://www.scielo.br/aob.

INTRODUCTION

Total knee arthroplasty (TKA) is a high-complexity orthopedic pro-
cedure indicated for treating patients with severe knee osteoarthritis
to relieve pain, improve joint function and correct deformities to
improve patients’ quality of life."

The age up from which a person is considered old varies, but
there is a consensus around 64 years. In 1963, the World Health

Organization recommended the following categorical definition:
middle age, 45 to 59 years; active seniors, 60 to 74 years; dependent
seniors, 75 to 90 years; and oldest-old, over 90 years.?

Because of the increase in life expectancy and medical progress,
elderly patients have been progressively submitted to more complex,
longer and larger surgical interventions.?

Age is a non-modifiable risk factor. Aging alters the natural history
of diseases: it is considered a risk factor for various diseases and
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a determinant for longer hospital stay and higher incidence of
adverse drug reactions.?

The American Society of Anesthesiology (ASA) score has changed
little over the years. It remains one of the most used for its practicality
and sensitivity in predicting patients’ overall risk of mortality based
on age and functional status, regardless of the type of procedure
that will be performed.®

Despite total knee arthroplasty being successful, 11 to 20.8% of
patients develop perioperative complications,*® among which
the most common are: surgical wound, thromboembolic disease,
infection, neurovascular lesions, periprosthetic fracture, extensor
mechanism injury, and joint stiffness.* Surgery complications in
elderly patients will be focused due to aging; that is, due to their
lower adaptability to environmental changes and to their own ho-
meostasis as a result of organic reserve reduction.?

This study aimed to evaluate the complications of total knee ar-
throplasty in octogenarian patients and identify predictive factors.

MATERIALS AND METHODS

A cross-sectional (observational) study was performed involving
patients over 60 years old with primary osteoarthritis of the knee
and submitted to total arthroplasty with cement between January
2014 and August 2016.

The study included patients who underwent TKA with one-year
follow-up: the study group consisted of 70 octogenarian patients,
and the control group consisted of 70 patients between 60 and 65
years. All patients had clinical indication for primary TKA and formed
a homogeneous group with moderate osteoarthritis of the knee
(Ahlback II/11) and no severe deformities (varus/valgus: 15 degrees).
The same surgical protocol was applied to all patients during the
procedure, as follows. The surgery was performed with spinal
anesthesia associated with combined femoral and sciatic nerve
block. Arthroplasty was performed under ischemia with pneumatic
tourniquet inflated to 125 mmHg above patient’s systolic pressure
after limb exsanguination. The procedures were performed with
classic medial parapatellar approach and patients in supine position.
In all cases, Hemovac® drains were placed and removed within
24 postoperative, with corresponding output. Posterior-stabilized
Press-Fit Condylar (PFC sigma/DePuy-Synthes®) Sigma implants
with patellar replacement were used. The pneumatic tourniquet was
released before wound closure. Surgeons members of our Hospital
knee group (all members of the Sociedade Brasileira de Cirurgia do
Joelho) performed the surgeries. Antimicrobial surgical prophylaxis
protocol (Cefazolin/24 hours) was applied to all patients, as well
as for thromboembolic events (low-molecular-weight heparin for
15 days), as effective norms of the institution.

The standard postoperative rehabilitation protocol was applied for
both groups, without distinctions. Motion and gait training were
stimulated during the first or second postoperative day.

Data were collected by the analysis of patients’ medical records.
We evaluated the incidence of postoperative complications during
the first postoperative year for both groups and also the risk factors
for complications following TKA, such as: age, sex, race, American
Society of Anesthesiology (ASA) score, body mass index (BMI),
history of smoking, and presence of hypertension and Diabetes
Mellitus. We considered complications any events that modified
normal postoperative evolution, requiring any kind of intervention
or acceptance of functional loss by the patient.

The complications or outcomes observed in the medical records
were categorized into systemic and local. The frequency of outcomes
was analyzed from the intraoperative period until the end of the
first postoperative year. Systemic complications were subdivided
into: pulmonary — pulmonary embolism; cardiac — acute myocardial
infarction, and others. Local complication was subdivided into acute
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arterial occlusion, deep vein thrombosis, skin necrosis, superficial
or deep surgical site infection, amputation, and others.

This study was approved by the Research Ethics Committee of
our institution (CAAE: 79996217.9.0000.5273) and followed the
National Health Council recommendations for Research Involving
Human Beings.

The data were tabulated in Microsoft Excell® for analysis. Descriptive
statistics characterized the variable Age of the study population by:
frequencies; proportions; minimum, maximum and mean values;
standard deviations, median, and coefficient of variation (CV).
The variability of distribution of age was classified following the con-
vention: low variability, if CV < 0.20; moderate, if 0.20 < CV < 0.40;
and high, if = 0.40.

For inferential analysis, the Binomial test compared two complementa-
ry proportions. The chi-square was used to investigate the significant
association between two qualitative variables; whenever its results
were inconclusive and the situation was appropriate (tables 2 x 2),
Fisher's exact test was used. Odds Ratio was used to express risk,
which evaluated the chance of an individual in a group presenting
a complication outcome in relation to the chance of an individual
in the complementary group presenting a complication outcome.
The OR significance level was assessed by the OR confidence interval,
which cannot contain the value 1, as it would mean individuals from
different groups present the same chance for the analyzed outcome.
Kolmogorov-Smirnov test (KS) and the Shapiro-Wilk test (SW)
verified the hypothesis of normality of distribution of age. Distribution
was considered normal if both tests did not reject the null hypothesis
of normality. As normality of the distribution of age was rejected
for both groups, the Mann-Whitney test compared patients’ ages
from two independent groups.

Statistical analyses were performed by 20.0 Statistical Package for
the Social Sciences® (SPSS), and graphics were built in Microsoft
Excel 2007°®. Discussions regarding the tests were conducted
considering a 5.0% maximum significance level.

RESULTS

Our research sample was composed by 140 patients with primary
osteoarthritis of the knee submitted to total arthroplasty with cement:
107 female (76.4%) and 33 male (23.6%), as shown in Figure 1.

Figure 1. Distribution of patients by sex.

Table 1 describes the main analyses of the age distribution of
patients, overall and by sex. Overall, patients were between 60
and 94 years old, mean and median of 73.0 years, and standard
deviation of 10.3 years with coefficient of variation of 0.149, denot-
ing low variability between patients’ ages. From the p values for
the normality tests, we concluded that age did not follow normal
distribution, neither in the overall sample nor in female and male
groups. Thus, the Mann-Whitney test compared distributions
of age within female and male patients, resulting in p = 0.115.
We found no significant difference between the distributions of age
in male and female patients.
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Table 1. Key statistics of patients’ age, overall and by sex.

Statistics Overall Female Male
Minimum 60 60 60
Maximum 94 94 90
Mean 73.0 741 69.5
Standard deviation 10.3 10.3 9.8
Median 73 80 64

Ccv 0.14 0.14 0.14

KS test p value 0.000 0.000 0.000

SW test p value 0.000 0.000 0.000

The group of patients over 80 years old, herein “Octogenarian Group,”
comprises 50% of the sample. Table 2 shows the frequency distribution
of variables that characterize patients in octogenarian and non-octo-
genarian groups. The proportion of male patients in the octogenarian
group (14.3%) is significantly lower than that in the non-octogenarian
group (32.9%), chi-square test. p = 0.010. White and mixed-race
were predominant among patients, and we found no significant differ-
ence among the distribution of skin color in both groups (p = 0.054).
All patients had an ASA score equal to two. Within our study sample, the
most prevalent comorbidities were: SAH, affecting 85.0% of patients;
Diabetes Mellitus, with 17.1% prevalence; and obesity, with 12.1%
prevalence. According to the p-values of the association tests, only the
prevalence of obesity was significantly different between both groups:
the proportion of obese patients in the octogenarian group (4.3%)
was significantly lower than in the non-octogenarian group (20.0%),
p = 0.004. We found no significant difference in the prevalence of
other comorbidities between both groups.

Table 2. Patients’ characteristics, overall and within interest groups.

Non- . test
Characteristic Overall octogenarians Octogenarians p-value
Fl % F | % | F| %
Gender
Female 107 | 76.4% 47 67.1% | 60 | 85.7% 0.010
Male 33 [23.6% 23 329% | 10 | 14.3%
Skin color
White 56 [40.0% 21 30.0% | 35 | 50.0% 0.054
Mixed race 65 |46.4% 38 54.3% | 27 | 38.6%
Black 19 [13.6% 11 15,7% 8 11.4%
Comorbidities
SAH 119 | 85.0% 58 82.9% | 61 | 87.1% 0.478
DM 24 [17.1% 11 15,7% | 13 | 18.6% 0.654
Obesity 17 [12.1% 14 20.0% 3 4.3% 0.004
Hypo/
e m’]’;’roi dem | 11 79% | 3 | 43% | 8 | 114% | o116
Depression 8 |57% 4 57% | 4 | 57% | 1,000
Dyslipidemia 8 |57% 2 2.9% 6 8.6% 0.2750
Smoking 7 | 5.0% 5 71% 2 2.9% 0.4410)
Prostate 5 | 3.6% 0 00% | 5 7.1% | 0.058®
Bronchitis/Asthma | 4 | 2.9% 1 1.4% 3 4.3% 0.620
Prior CVA 3 | 21% 0 0.0% 3 4.3% 0.2450)
Anemia 2 | 1.4% 1 14% | 1 1.4% | 1,0000
AF 2 | 1.4% 1 14% | 1 1.4% | 1,0000
CRF 2 | 1.4% 1 1.4% 1 1.4% 1,000
Epilepsy 1 107% 0 0.0% 1 1.4% 1,000
Gout 1 107% 1 1.4% 0 0.0% 1,0000)
Hepatopathy 1 |0.7% 0 0.0% 1 1.4% | 1,000©
Panic Disorder | 1 | 0.7% 0 0.0% 1 1.4% | 1,0000

(b): the chi-square test was inconclusive; therefore, fisher's exact test was performed.
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Inthe overall analysis of the study sample, the incidence of postopera-
tive complications was 20.7% (39 patients). The chi-square test showed
a significant difference in the incidences of complications between
both groups (p = 0.000). Figure 2 shows the difference between
these incidences. In the non-octogenarian group, the incidence of
complications was 7.1% (five patients), whereas in the octogenarian
group the incidence of complications was significantly higher (34.3%;
24 patients). The odds ratio for complications was 6.8, with 95%Cl
(2.4;,19.1). As the confidence interval of the odds ratio does not contain
the value 1, being 80 years or older represented an increased risk
factor for the incidence of complications following total arthroplasty
with cement for the treatment of primary osteoarthritis of the knee.

100%
80% -
60% -

40% -

Frequency (%)

20% -

0% -

Overall Non-octogenarians Octogenarians

= Complication outcome 1 No complication outcome
Figure 2. Incidence of complications following total arthroplasty with
cement for the treatment of primary osteoarthritis of the knee, overall
and within interest groups.

Table 3 shows the description and frequency distribution of post-
operative complications of patients submitted to total arthroplasty
with cement according to age.

Table 3. Frequency distribution of postoperative complications in patients
submitted to total arthroplasty with cement for the treatment of primary
osteoarthritis of the knee, overall and within interest groups.

Non- .
- _— Overall . Octogenarians
Description of complication octogenarians
F % F % F %
Loss of range of motion 5 35 3 4.2 2 2.8
TKA infection 3 2.1 2 2.9 1 1.4
Anemia 2 1.4 0 0 2 2.8
Cellulitis 2 1.4 0 0 2 2.8
Chronic pain 2 1.4 0 0 2 2.8
Periprosthetic fracture 2 1.4 0 0 2 2.8
Peroneal neuropraxia 2 1.4 0 0 2 2.8
Deep vein thrombosis 2 1.4 0 0 2 2.8
Anasarca/ IPO Hyponatremia 1 0.7 0 0 1 1.4
IPO Decompensated asthma 1 0.7 0 0 1 14
IPO Pulmonary congestion 1 0.7 0 0 1 1.4
Delirium/ IPO ARF 1 0.7 0 0 1 1.4
IPO AF 1 0.7 0 0 1 1.4
IPO.Hematom.a/ 1 07 0 0 1 14
Surgical Dressing
Ligament injury during TKA -
Indoated lbnycs Revien | 1| 07| 0| 0 T4
Delaying Wound Healing 1 0.7 0 0 1 1.4
Intestinal sub-occlusion 1 0.7 0 0 1 1.4
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The most frequent complication was the loss of the range of motion,
affecting 4.2% of the control group and 2.8% of the studied group.
Infection was the second most prevalent, twice as common in
the control group as in the octogenarian group. The two most
common complications in both groups were local. Furthermore,
some complications occurred solely within the group of octogenar-
ians. Among local complications, we excel cellulitis, chronic pain,
periprosthetic fracture, IPO hematoma, ligament injury indicative
of surgical revision, delayed wound healing, and peroneal neuro-
praxia. Among general complications, those that affected solely
octogenarian group were anemia, deep vein thrombosis, anasarca,
decompensated asthma, pulmonary congestion, delirium, atrial
fibrillation, and intestinal sub-occlusion.

DISCUSSION

TKA s currently the top elective surgery in the United States,® and
in patients over 85 years old it represents 5% of the total.”

Fang et al. suggest that octogenarian population presents a lower
BMI.8 We believe that obesity within this age group represents a
factor that increases morbidity or mortality following surgery.

In our culture, the decision for surgery lays with both the patient
and his family, regardless of age. Despite the increased risk of
complications, patient’s careful selection allows a safe surgery
with good results.®

Van den Belt et al.'® found that a high ASA score resulted in a
longer hospital stay. However, age was not a factor in increasing
the length of stay.

The literature reports high mortality rates during the first 30 post-
operative days, as well as high complication and morbidity rates in
patients with advanced age."" Thus, the adequate clinical follow-up
is one year. Similar researches applied the same evaluation period.'?
The literature is controversial regarding the percentage of the
complication rates in octogenarians and lacks consistency in
defining “complication.” Some authors do not consider surgical
manipulation as complication. Others consider surgical complica-
tions only, excluding clinical complications.”™? Our data collection
was thorough, including any event that altered the pattern of a TKA
postoperative rehabilitation.

To avoid a selection bias, our study was based on the ASA, and
clinical and radiographic patterns of the knee. We believed that

large knee deformities and marked bone defects could increase
surgical time and bewilder our results.

We found a higher complication rate within the octogenarian group,
and several other studies in the literature corroborate our results.'*1
However, Seo et al.'? observed no differences in complication rates
among their study groups.

Kodaira et al.'® analyzed complications within octogenarians and the
control groups, finding no increase in general clinical complications.
In assessing the aseptic implant failure, they reported 5 cases in
the younger group and no case in octogenarians.'®

Kreder et al."® concluded that octogenarians undergoing TKA have
a risk of mortality 3.4 times higher than a control group.'®

Our study reported some general complications restricted to the
octogenarian group. Biau et al.,'"” however, found no differenc-
es when analyzing the general complications (cardiac, urinary,
neuropsychiatric, thromboembolic events, and decubitus ulcers).
Fang et al.,? that subdivided the sample into five subgroups accord-
ing to age, observed that complications following TKA increased
progressively with aging. Our results are aligned with Tay et al.,®
which found that aging increases comorbidities and consequently
decrease physical capacity. Thus, as an elderly patient has a smaller
physiological reserve, surgical aggression is enhanced.

Falls from standing height are the main factor of hospital readmission
within the first 90 days.'® We had two cases of periprosthetic fracture
from falling from standing height during the first postoperative year.
The elderly commonly presents loss of muscle mass and bone
quality, as well as altered balance, enhancing the risk of fractures.
Driesman et al.' showed that joint replacement, whether in the hip
or knee, reduces the risk of falls —in the elderly, the major cause
of osteoporotic fractures and clinical depreciation. Thus, debating
on the risk-benefit of total knee arthroplasty in octogenarians is
up-to-date and of collective interest.

Rubin et al.2° concluded that no evidence states that elderly patients
with comorbidities are associated with increased complications. This
literature review article shows that this line of research is open for further
studies and that the subject still comprises numerous controversies.

CONCLUSION

Complications following TKI are age-group related, and their inci-
dence is significantly higher within octogenarians.

AUTHOR’S CONTRIBUTIONS: Each author contributed individually and significantly to the development of this article. GGAS: data collection and drafting of
the article; RSCR: data collection and drafting of the article; RSPA: statistical analysis, surgery performance, article organization and final text review; JMB: article
review and intellectual concept; RSMC: data collection and project elaboration; EBS: intellectual concept, assistance in project elaboration, and final text review.

REFERENCES

1. Diduch DR, Insall JN, Scott WN, Scuderi GR, Font-Rodriguez D. Total knee
replacement in young, active patients: long-term follow-up and functional
outcome. J Bone Joint Surg Am. 1997;79(4):575-82.

2. Gomes M, Ramacciotti E. Profilaxia da doenga tromboembdlica no paciente
idoso. Colégio Brasileiro de Cirurgides. Programa de Auto-Avaliagdo em Cirurgia.
2002;(2):2.

3. Leme LEG, Sitta MC, Toledo M, Henriques SS. Cirurgia ortopédica em idosos:
aspectos clinicos. Rev Bras Ortop. 2011;46(3):238-46.

4. Morrey BF, Adams RA, lIstrup DM, Bryan RS. Complications and mortality
associated with bilateral or unilateral total knee arthroplasty. J Bone Joint Surg
Am. 1987;69(4):484-8.

5. Ayers DC, Dennis DA, Johanson NA, Pellegrini VD Jr. Instructional course
lectures, The American Academy of Orthopaedic Surgeons —common compli-
cations of total knee arthroplasty. J Bone Joint Surg Am. 1997;79(2):278-311.

6. Pugely AJ, Martin CT, Gao Y, Mendoza-Lattes S, Callaghan JJ. Differences in
short-term complications between spinal and general anesthesia for primary
total knee arthroplasty. J Bone Joint Surg Am. 2013;95(3):193-9.

7. Kennedy JW, Johnston L, Cochrane L, Boscainos PJ. Total knee arthroplasty in
the elderly: does age affect pain, function or complications? Clin Orthop Relat
Res. 2013;471(6):1964-9.

<< SUMARIO

8. Fang M, Noiseux N, Linson E, Cram P. The effect of advancing age on total
joint replacement outcomes. Geriatr Orthop Surg Rehabil. 2015;6(3):173-9.

9. TayKS, Cher EWL, Zhang K, Tan SB, Howe TS, Koh JSB. Comorbidities have
a greater impact than age alone in the outcomes of octogenarian total knee
arthroplasty. J Arthroplasty. 2017;32(11):3373-8.

10. van den Belt L, van Essen P, Heesterbeek PJ, Defoort KC. Predictive factors of
length of hospital stay after primary total knee arthroplasty. Knee Surg Sports
Traumatol Arthrosc. 2015;23(6):1856-62.

. Parry MC, Smith AJ, Blom AW. Early death following primary total knee arthro-
plasty. J Bone Joint Surg Am. 2011;93(10):948-53.

12. Seo JG, Moon YW, Cho BC, Kim SC, Ko YH, Jang SP, et al. Is total knee
arthroplasty a viable treatment option in octogenarians with advanced osteo-
arthritis? Knee Surg Relat Res. 2015;27(4):221-7.

13. Stroh DA, Delanois R, Naziri O, Johnson A, Mont M. Total knee arthroplasty in
patients over 80 years of age. J Knee Surg. 2011;24(4):279-83.

14. Austin DC, Torchia MT, Moschetti WE, Jevsevar DS, Keeney BJ. Patient outco-
mes after total knee arthroplasty in patients older than 80 years. J Arthroplasty.
2018;33(11):3465-73.

15. Kreder HJ, Berry GK, McMurtry IA, Halman SI. Arthroplasty in the octogenarian:
quantifying the risks. J Arthroplasty. 2005;20(3):289-93.

-
—

Acta Ortop Bras. 2020;28(4):177-81



16. Kodaira S, Kikuchi T, Hakozaki M, Konno S. Total knee arthroplasty in Japanese 19.Driesman A, Paoli AR, Wiznia DH, Oh C, Mahure SA, Long WJ, et al.

patients 80 years or older. Clin Interv Aging. 2019:14:681-8. Total joint arthroplasty is associated with a decreased risk of traumatic

17. Biau D, Mullins MM, Judet T, Piriou P. Is anyone too old for a total knee repla- falls: an analysis of 499,094 cases. J Am Acad Orthop Surg [Internet].
cement? Clin Orthop Relat Res. 2006;(448):180-4. 2019 Dec 6 [accessed on 2020 Apr 22]:[about 9 p.]. Available from:

18. Pitter FT, Jergensen CC, Lindberg-Larsen M, Kehlet H, Lundbeck Foundation https://journals.lww.com/jaaos/Abstract/9000/Total_Joint_Arthroplasty_Is_As-
Center for Fast-track Hip and Knee Replacement Collaborative Group. Pos- sociated_With_a.99227.aspx.
toperative morbidity and discharge destinations after fast-track hip and knee  20. Rubin LE, Blood TD, Defillo-Draiby JC. Total Hip and Knee Arthroplasty in
arthroplasty in patients older than 85 years. Anesth Analg. 2016;122(6):1807-15. Patients Older Than Age 80 Years. J Am Acad Orthop Surg. 2016;24(10):683-90.

Acta Ortop Bras. 2020;28(4):177-81 181

<< SUMARIO



DOI: http://dx.doi.org/10.1590/1413-785220202804233122

ORIGINAL ARTICLE

COMPARISON OF BICONDYLAR TIBIAL PLATEAU FRACTURES
WITH DOUBLE OR SINGLE LATERAL LOCKED PLATE

COMPARACAO DE FRATURAS DO PLANALTO TIBIAL BICONDILAR
COM DUPLA PLACA OU PLACA BLOQUEADA LATERAL UNICA

MATHEUS MANOLO AROUCA!

DENNIS BARBOSA! ©, JORGE DOS SANTOS SILVA'

, GUILHERME HENRIQUE RICARDO DA COSTA'
, Kobl EDSON KoJimA!

, MARCOS CAMARGO LEONHARDT! ©,

1. Universidade de Sao Paulo, Medical School, Institute of Orthopedics and Traumatology, Sao Paulo, SP, Brazil.

182

ABSTRACT

Objective: To compare postoperative radiographic outcomes
of Schatzker type V and VI tibial plateau fractures treated with
double-plate or single lateral locked plate. Methods: Sixty-three
patients operated from December 2011 to February 2016 were
selected, 47 from the double-plate group and 16 from the single
lateral locked plate group. Minimum follow-up for all patients was
6 months. Fracture reduction evaluation was based on radiographic
parameters: joint reduction, sagittal alignment, coronal alignment,
and condylar width. Results: Radiographic evaluation showed
no statistical difference in the immediate or late postoperative
periods. Conclusion: Despite the reduced sample, this study is
aligned with current results published in the medical literature.
The severity of Schatzker type V and VI tibial plateau fractures
can be minimized by the correct indication for the implant regard-
ing fracture morphology. Level of Evidence lll, Retrospective
comparative study.

Keywords: Tibial Fractures. Fracture Fixation, Internal. Orthopedic
Fixation Devices.

RESUMO

Objetivo: Comparar desfechos radiograficos pos-operatorios de
fraturas do planalto tibial Schatzker V e VI tratados com dupla placa
ou placa bloqueada tnica lateral. Métodos: Foram selecionados 63
pacientes operados no periodo de dezembro de 2011 a fevereiro de
2016, sendo 47 do grupo dupla placa e 16 do grupo placa bloqueada
lateral Unica. Todos 0s pacientes tiveram seguimento minimo de
seis meses. A avaliagédo da reducdo das fraturas foi baseada nos
parémetros radiograficos: reducgéo articular, alinhamento sagital,
alinhamento coronal e largura condilar. Resultados: A avaliacao
radiografica ndo demonstrou diferenga estatistica no pés-operatorio
imediato nem no tardio. Conclusdo: Apesar da amostra reduzida,
0 estudo vai ao encontro dos resultados mais atuais publicados
na literatura médica. A gravidade das fraturas do planalto tibial
Shatzker V e VI pode ser minimizada com a correta indicagéo do
implante segundo a morfologia da fratura. Nivel de Evidéncia Ill,
Estudo retrospectivo comparativo.

Descritores: Fraturas da Tibia. Fixacéo Interna de Fraturas.
Dispositivos de Fixagédo Ortopédica.

Citation: Arouca MM, Costa GHR, Leonhardt MC, Barbosa D; Silva JS, Kojima KE. Comparison of bicondylar tibial plateau fractures with double or
single lateral locked plate. Acta Ortop Bras. [online]. 2020;28(4):182-5. Available from URL: http://www.scielo.br/aob.

INTRODUCTION

Tibial plateau fractures account for 1 to 2% of all fractures and
approximately 8% of fractures in the elderly, according to data from
international literature. They have a bimodal distribution, affecting
elderly over 60 years old in a mild pattern, due to falls at the same
level, and young adults in more severe patterns, involving traffic
trauma or fall from great-heights.! The management of high-energy
tibial plateau fractures, characterized by joint comminution, meta-di-
aphyseal disjunction and soft tissue injury,? remains challenging.
Fractures that involve the two plateaus, medial and lateral, are called
bicondylar. According to the most frequently used classification
system, these lesions are framed as Schatzker V and VI; or Type
C as per the AO/OTA CLASSIFICATION (Arbeitsgemeinschaft fur
Osteosynthesefragen / Orthopaedic Trauma Association).3

Bicondylar tibial plateau fractures are treated with techniques that
stabilize both the medial and lateral columns, to reconstruct the
articular surface and prevent varus collapse resulting from medial
column failure. Initially, surgical procedures were performed by a
single anterior incision. Both the medial and lateral plates were
inserted by this route. However, double-route technique with tibial
fixation spread out, using the medial and lateral support plates
with conventional implants. For presenting less complications, this
technique was established as the gold standard.* Yet, the incidence
of soft tissue-related complications is still meaningful.

Recently, the use of anatomical lateral locked plates has been an
advance for the treatment of bicondylar tibial plateau fractures.
Single lateral incision improves soft tissue preservation, reduces
surgical time, and favors the outcomes.®>® However, the literature
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both corroborates and contradicts this perspective.®'?> Among
others, tibial fixation using lateral locked plate causes the highest
rates of loss of reduction, vicious consolidation and complaints
related to the synthesis material.®'%'? Furthermore, other studies
showed no significant difference of infectious character between
the surgical methods, nor in surgical and hospitalization periods.®
Thus, this study aims to demonstrate that the single lateral locked
plate should be considered in the osteosynthesis of Schatzker type
V and VI tibial plateau fractures.

MATERIALS AND METHODS

The study identified and evaluated, in a retrospective and non-ran-
domized way, adults with Schatzker type V and VI tibial plateau
fractures submitted to internal fixation using double or lateral single
locked plate in the proximal region of the tibia. In total, 89 patients
operated from December 2011 to February 2016 were selected.
This study was approved by the Ethics Committee, registered in
Plataforma Brasil, under the CAAE No: 75439717.4.0000.0068.
The study included patients with Schatzker type V and VI tibial
plateau fracture at any age, who agreed to participate in the study
by signing the informed consent form.

Exclusion criteria were: the presence of other fractures or associated
neurovascular injuries, bilateral tibial plateau fracture, fracture pro-
gression over 30 days, pathological fractures, fractures with no clinical
indication for the procedure, lack of adequate radiographic documen-
tation for evaluation, and refusal to sign the informed consent form.
After applying the inclusion and exclusion criteria, 63 patients
were selected.

Patients’ medical records were evaluated to collect demographic
data and mechanism of injury, and determine time and type of
fracture, type of internal fixation and associated lesions.
Minimum follow-up for all patients was 6 months. Anteroposterior
radiographs and affected knee profile were performed in the im-
mediate postoperative period and after 6 months. To evaluate the
quality of fracture reduction, four radiographic parameters were
used: joint reduction, sagittal alignment, coronal alignment and
condylar width. Secondary loss of reduction was characterized
as 5°change in the medial proximal tibial angle and/or slope in the
immediate postoperative period and 6 months later.

Parameters were considered satisfactory only if: joint reduction
presented a gap or interval of < 2 mm,"®'* coronal alignment had
a medial proximal tibial angle of 87 + 5°'415 sagittal alignment
had 9° + 5°'¢ posterior angle of the proximal tibia,® and 0 to 5 mm
condylar width' (Figure 1).

Figure 1. Radiographic measurements.

A: coronal alignment of medial proximal tibial (Slope); B: sagittal
alignment of proximal tibial; C: condylar width.
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Fixation using double or single lateral locked plate was not ran-
domized. Single lateral locked plate was chosen for indication
criteria in the literature: the presence of large and non-marginal
medial fragment, medial condyle in bone-contact, lack of fractures
in the coronal plane, lack of osteoporosis, and lateral locked
plaque availability.6-8

Single lateral locked plate osteosynthesis is a surgical technique with
anterolateral approach. The incision is based over Gerdy's tubercle,
once joint capsule is inserted and ipsilateral meniscus is superiorly
folded through its suture, exposing the articular surface. The tibialis
anterior muscle and neurovascular bundle are moved aside and
protected for surgical follow-up. The double-plate technique is a
posteromedial approach parallel to the posteromedial border of
the proximal tibia at least 5 cm distal from the anterolateral incision.
The interval between semimembranosus muscles and the medial
head of the gastrocnemius was identified. After moved aside from
its structures, pes anserinus (goosefoot) was disinserted and then
moved aside from the gastrocnemius. If needed, semimembranosus
could have been disinserted to expose the posteromedial tibial
plateau. Smaller fragments were temporarily stabilized with Kirschner
wires, and joint sags greater than 2 mm were anatomically reduced
using fluoroscopy. If needed, autologous cancellous bone graft was
used. Final assembly used medial/lateral support plate.
Statistical analysis was performed using Stata 13.0 (StataCorp.
2013. Stata Statistical Software: Release 13. College Station,
TX: StataCorp LP). Descriptive statistics for quantitative parameters
was performed by calculating mean, standard deviation, mean
standard error, median, minimum and maximum values, and sam-
ple sizes. Chi-square test was used to compare two distributions
of qualitative samples. To compare two groups of quantitative
distributions, Student’s t test (parametric) was used for samples
that may approach normal distribution, whereas Mann-Whitney U
test (nonparametric) was used for those that may not. The results
were considered statistically significant when p < 0.05.

RESULTS

From December 2011 to February 2016, 89 patients underwent
surgical treatment for tibial plateau fracture. Of these, fifteen patients
were excluded for lacking adequate radiographic documentation,
ten for undergoing another osteosynthesis, and one for presenting
complications that lead to amputation. From the 63 remaining,
47 were inserted in the double-plate group and 16 in the single
lateral locked plate osteosynthesis group.

Table 1 show patient’s demographic characteristics according to
group. Fractures were classified as types V and VI, according to
the Schatzker classification system, by identifying the mechanisms
of injury and whether lesions were closed or exposed.

Table 1. Patient’s demographic data according to group.

Double-plate Single lateral
Parameter group (N = 47) plate group P-value
(N=16)
Age (years) 42.4 (+13.70) 46.5 (£17.45) 0.340

Double-plate group showed a greater balance regarding the num-
ber of patients classified with Schatzker V or VI (44.7 and 55.3%,
respectively) than single lateral plate group (18.75% Schatzker V
and 81.25% Schatzker VI), with a p = 0.08.

Patients were also categorized according to mechanism of injury
(Table 2), withp = 0.22, and fracture exposure (Table 3), withp = 0.57.
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Table 2. Mechanisms of injury.

. Double-plate Single lateral plate
Mechanism group (Np= 47) gsr’oup (N= 1p6)

Motorcycle 25 (53%) 7 (43.75%)
Motor vehicle 1(2.1%) 0 (0%)
Fall at same level 5(10.6%) 0 (0%)
Run over 3 (6.4%) 4 (25%)
Crush 1(2.1%) 0 (0%)

Fall from height 10 (21.3%) 3 (18.75%)

Blunt trauma 4 (4.25%) 1 (6.25%)

Bicycle 0 (0%) 1(6.25%)

Table 3. Exposure of fractures

Exposed Double-plate Single lateral plate
group (N =47) group (N = 16)
Yes 8 (17.0%) 3 (18.75%)
No 39 (83%) 13 (81.25%)

In the immediate postoperative period (Table 4), double-plate group
had a higher number of patients with joint step-off (29.8%) than the
single lateral plate group (6.25%), but without statistical significance
(p = 0.088). Whereas 59.55% of patients in the double-plate group
evolved with joint degeneration in the late postoperative follow-up
(Table 5), 31.25% of single lateral plate group did, without statistical
significance (p= 0.275).

Table 4. Patient’s radiographic data according to group in the immediate
postoperative period.

Double-plate Single lateral plate
Parameter group (N =47) group (N = 16) P-value
N ! Yes: 14 (29.8%) 1(6.25%)

Immediate joint step-off No: 33% (70.2) 15 (93.75%) 0.088
Immediate coronal 88.7 (+ 2.48) 89.2 (+ 2.64) 0.545
Immediate sagittal 7.2 (£4.10) 7,0 +2.94 0.850

. Yes: 8 (17%) 1 (6.25%)
Immediate enlargement No: 39 (83%) 15 (93.75%) 0.275

Table 5. Patient’s radiographic data according to group in the late post-

operative period.

Double-plate Single lateral plate
Parameter group (N = 47) group (N = 16) P-value
. _ Yes: 28 (59.55%) 5 (31.25%)

Latejoint step-off |\ 49 (40.45%) 11 (68.75%) 0.080
Late coronal 88.8 (+ 3.55) 89.2 (+ 2.46) 0.630
Late sagittal 7.6 (+4.46) 6.6 (+4.18) 0.410

Yes: 11 (23.9%) 1(6.25%)
Late enlargement Not: 35 (76.1%) 15 (93.75%) 0123

Immediate enlargement was more frequent within the double-plate
group (17%) than within the single lateral plate group (6.25%), al-
though without statistical significance, as well as late enlargement
(p = 0.123), and angular measurements inimmediate and late coronal
and sagittal sections. The double-plate group had a 1.3° immediate
varus and a 1.2° late varus. Tibial slope in the sagittal plane was 7.2°
immediate and 7.6° late. The single lateral plate group presented a
varus of 0.8° for both immediate and late. Tibial slope in the sagittal
plane was 7.0° immediate and 6.6° late.
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DISCUSSION

Fixation with double-plate of Schatzker type V and VI fractures is
a gold standard procedure.* However, the use of lateral locked
plates is gradually spreading and gaining some indications
within the literature. Yao et al.® and Weaver et al.® have reached
satisfactory results by using it in the presence of tibial condyles
in bone-contact, simple trait fractures in the sagittal plane with
large and non-marginal medial fragment, and lack of osteopo-
rosis. Furthermore, Yoo et al."” reports the inability of the single
lateral locked plate to fix posteromedial fragments, requiring the
support of an additional medial plate."” Citak et al."® has also
obtained good results in the absence of posteromedial fragments,
33% of the cases in their series. Jiang et al." have published a
randomized trial of bicondylar tibial plateau fractures, concluding
that, despite the greater misalignment found within this group,
single lateral plates are an option. Moreover, other studies®®'0
showed better radiographic results, less bleeding, and soft tissue
devitalization. Finally, Chang et al.'® concluded in a meta-analysis
with 559 patients that single lateral locked plate takes less surgical
and bonding time, less skin necrosis and higher rate of loss of
reduction; other complications and radiographic results showed
no statistically significant difference. These studies reproducibility
has not yet been widely documented.

There was no randomization in our study. The surgical technique
was indicated based on the most favorable procedure to the fracture,
considering already published knowledge: presence of large and
non-marginal medial fragment, medial condyle in bone-contact,
lack of fractures in the coronal plane, lack of osteoporosis, and
lateral locked plaque availability.5-8

The analyzed radiographic variables (coronal and sagittal align-
ments, condylar enlargement and joint reduction) showed statis-
tically significant difference between the immediate postoperative
period and after six months of follow-up, and the absolute results
were satisfactory. Yao et al.®” obtained the same results using
lateral plate for large and non-comminuted medial fragments.
These results corroborate lateral locked plate indications.8818
The single lateral locked group showed a greater late varus collapse
in studies that, unlike the aforementioned, were randomized.'®"!
However, the joint step-off should be considered a common
denominator for both groups studied. Double-plate group had 14
patients (29.5%) that evolved with loss of anatomical reduction of
the joint six months after surgery whereas lateral locked plaque
group had four (25%). This could be justified by the instability
caused by joint incongruity with physiological load alterations.
Manidakis et al.?® report 27.3% residual varus in the 20-month
follow-up. Neogi et al.'® and Jiang et al." report a greater poor
alignment by single lateral locked plate, which is not confirmed
in this study.

CONCLUSION

Despite the reduced sample, this study is aligned with current results
published in the medical literature. The severity of Schatzker type
V and VI tibial plateau fractures can be minimized by the correct
indication for the implant. In this context, the use of the single
lateral locked plate is a good option in the presence of large and
non-marginal medial fragment, medial condyle in bone-contact,
lack of fractures in the coronal plane and lack of osteoporosis,
whereas the double-plate is still the gold standard for the restoration
of cases of complex fragmentation.

Further studies with greater sample, randomization and follow-up
periods are needed to confirm this hypothesis.
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ABSTRACT

Objective: To investigate, through magnetic resonance imaging, the
occurrence of fatty degeneration of the trapezius in adult patients
undergoing nerve transfer procedure, using the spinal accessory
nerve. Methods: A total of 13 patients meeting the criteria of unilateral
brachial plexus injury and more than one year of postoperative care
after nerve transfer surgery underwent an MRI scan of the trapezius.
A T1-weighted 3D sequence was used, with the IDEAL technique
using 8.0 mm cut thickness, 8.0 mm cut spacing, TR of 100 ms,
TE of 3.45 ms, flip angle of 10 degrees, 20 cuts, on the sagittal
plane. The images of the upper, transverse and lower parts of the
trapezius muscle were then classified according to the degree of
fatty degeneration, compared with the contralateral side, using the
Goutallier score. Results: For the upper trapezius there was a change
of the degeneration state in 23% (p = 0.083), for the transverse
section there was a change in 84.6% (p = 0.003), for the lower one
there was a change in 92.3% (p = 0.002). Conclusion: The upper
trapezius did not undergo significant degeneration after transfer.
The lower and transverse trapezius suffered fatty degeneration in
most patients, indicating severe functional impairment. Level of
Evidence IV, Case series.

Keywords: Accessory Nerve. Nerve Transfer. Muscle, Skeletal/
Innervation. Magnetic Resonance Imaging.

RESUMO

Objetivo: Através de imagens de ressonancia magnética, investigar
a ocorréncia de degeneragdo gordurosa no musculo trapézio em
pacientes adultos submetidos a procedimento de transferéncia de
nervo envolvendo o nervo espinal acessoério. Métodos: 13 pacientes
com lesao do plexo braquial unilateral e mais de um ano de cirurgia
de transferéncia de nervo utilizando o nervo espinal acessério
foram submetidos a exame de ressonéncia magnética do musculo
trapézio. Foi obtida uma sequéncia 3D ponderada em T1, com a
técnica IDEAL, espessura de corte de 8,0 mm, espagamento entre
os cortes de 8,0 mm, TR de 100 ms, TE de 3,45 ms, flip angle de
10 graus e 20 cortes, no plano sagital. As imagens das por¢ées
superior, transversa e inferior do musculo trapézio foram classificadas
de acordo com o grau de degeneragdo gordurosa e comparadas
com o lado contralateral, utilizando o score de Goutallier. Resultados:
Para o trapézio superior houve mudanca no estado de degeneragao
em 23% (p = 0,083), para o trapézio transverso houve mudanga
em 84,6% (p = 0,003), e para o trapézio inferior houve mudanga
em 92,3% (p = 0,002). Concluséo: O trapézio superior nao sofreu
degeneracéo significativa apés transferéncia. Os trapézios infe-
riores e médios sofreram degeneragéo gordurosa na maioria dos
pacientes, indicando comprometimento funcional severo. Nivel de
Evidéncia IV, Série de casos.

Descritores: Nervo Acessorio. Transferéncia de Nervo. Musculo
Esquelético/lnervagéo. Imagem por Ressonancia Magneética.

Citation: Yamauti LS, Simé&o DT, Rodrigues JC, Kimura LK, Mattar R Jr. Analysis of fatty degeneration of the trapezius muscle after use of accessory
nerve. Acta Ortop Bras. [online]. 2020;28(4):186-9. Available from URL: http://www.scielo.br/aob.

INTRODUCTION

The accessory spinal nerve originates from cranial and spinal nerve
roots in the posterior cranial fossa and innervates the sternocleido-
mastoid and the trapezius. After providing innervation to the sterno-
cleidomastoid, the nerve descends obliquely into the posterior triangle
of the neck. It branches (two to three branches in most cases) in the

upper portion, before entering the trapezius. Intramuscularly, the nerve
follows an oblique caudal course toward the middle and lower portion
of the trapezius, branching to the muscle throughout its course.!

The accessory spinal nerve is often sacrificed and used in sur-
geries to repair brachial plexus lesions.? Brachial plexus injury
is usually caused by high-energy trauma, mainly involving the
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traction mechanism, causing partial or total ruptures of nerve
roots in the cervical spine and leading to severe dysfunction of
the affected upper limb.®

The accessory spinal nerve is used in nerve transfers in the repair
of high brachial plexus lesions and also as a motor nerve in
free muscle flaps, usually with the aim of regaining shoulder
and elbow function.*% This is due to the fact that the accessory
spinal nerve is purely motor and close to the brachial plexus in
the suprascapular region.®

It is possible to preserve function of the upper trapezius in nerve
transfers, when the accessory spinal nerve is sectioned distal to
the point of branching in the upper portion.!

The literature shows that partial or even total function of the trapezius
can be maintained after injury to the accessory spinal nerve, since
the trapezius also receives direct innervation of cervical roots.""®
Therefore, there is still no understanding of how the trapezius
evolves, especially its transverse and inferior portions, after the
use of the accessory spinal nerve in nerve transfers.

The aim of this study is to investigate, through magnetic resonance
imaging, the occurrence of fatty degeneration of the trapezius
(upper, transverse and inferior portions) compared to the contra-
lateral side, in patients submitted to the nerve transfer procedure
using the accessory spinal nerve.

MATERIALS AND METHODS

Study design

Thirteen adult patients with total or partial traumatic injury of the
brachial plexus, with preserved trapezius and submitted to sacrifices
and uses of the accessory spinal nerve, more than one year after
surgery, underwent magnetic resonance imaging of the trapezius
muscle after signing the informed consent form.

Patients with indication for muscle transfers were prioritized for
gaining external rotation of the shoulder and requiring detailed
evaluation of trapezius trophism.

Positioning and acquisition of images

Allimages were obtained in a device with a magnetic field of 1.5 T
(HDXT, General Eletric, Milwaukke, USA).

To acquire the images, the patients were positioned in horizontal
supine position, with the cervical-thoracic transition located in the
isocenter of the equipment using a 16-channel cardiac coil (General
Eletric, Milwaukke, USA). Initially, a tri-planar locator image was
obtained with the echo gradient technique, echo time (ET) of 5 ms
and repetition time (TR) of 15 ms. Next, a 3D sequence weighted in
T1 was obtained, with the IDEAL technique (iterative decomposition
of water and fat, with echo asymmetry) using cutting thickness of
8.0 mm, spacing between the cuts of 8.0 mm, TR of 100 ms, ET
of 3.45 ms, flip angle (FA) of 10 degrees, 20 cuts, oriented in the
sagittal plane, favoring both the trapezius on the same side of the
accessory nerve sacrificed, and the contralateral side without the
lesion, using as reference its muscular origin in the spine and its
distal insertion in the clavicle and spine of the scapula.

Image analysis

As a method to evaluate the evolution of the trapezius, for each
patient, we used the classification of Goutallier et al.'® modified by
Fuchs et al." for magnetic resonance imaging on the side where
there was brachial plexus injury and on the side where there was
no lesion, as control.
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Classification consists of five stages ranging from Stage 0 (normal
muscle) to Stage 4 (more fat than muscle). The classification is
described in Table 1.

Table 1. Description of the classification of Goutallier et al.'® modified
by Fuchs et al.""

Stage 0 | Il [} v
Completely Mu§cle !mportgnt fatty Muscleand | More
- with infiltration, but )
Description | normal, no . fatinequal | fatthan
some fat | there is more
fat bands. amounts. | muscle.
bands. | muscle than fat.

The magnetic resonance images of the trapezius of the patients
were evaluated by two observers, working independently and
classified according to Goutallier et al.'® Side images were classified
with brachial plexus injury/sacrifice of the accessory spinal nerve
and the uninjured side. Then a consensus was established after
a meeting with the two observers, reanalyzing the images, and
reaching a single classification for cases that were initially classified
in different stages by them.

Statistical analysis method

The data, the characteristics of patients and the Goutallier classifica-
tion of the control (non-operated) side as well as the operated side
were stored in an Excel spreadsheet® for Mac and later imported
into the SPSS25 software® for MAC.

Categorical data were described by their frequency and their re-
spective proportion and the continuous data by the mean and its
respective standard deviation.

To verify whether there was a change in the Goutallier score between
the sides of the 13 individuals analyzed, an inferential analysis was
performed, using the nonparametric test for paired measurements,
Wilcoxon Signed-Rank test. It was accepted as a statistically sig-
nificant difference when the p value < 0.05.

The study was approved by the Ethics Committee of the Institution
under number 1188 IOT Protocol and the Free and Informed Consent
Form was signed by all participants.

RESULTS

Of the 13 study participants, 12 were male and one female, repre-
senting a percentage of 92.3% male and 7.7% female.

The mean age was 40.62 + 10.67 years.

Nine patients (69.2%) presented high partial brachial plexus
injury and four patients (30.8%) presented complete brachial
plexus injury.

The mean time between brachial plexus injury and surgery with the
use of accessory spinal nerve was 10.85 = 10.22 months.

The mean time of postoperative care in procedures that used the
accessory spinal nerve was 73.23 = 46.26 months.

Eleven patients (84.5%) underwent an accessory spinal nerve
transfer to the suprascapular nerve and two patients underwent a
free functional muscle transfer procedure with the gracilis muscle,
using the accessory spinal nerve as the motor nerve.

Fatty degeneration of the trapezius was evaluated in the three
portions of the muscle individually (upper trapezius, transverse
trapezius and inferior trapezius) and on both sides, with the control
being the side whose accessory spinal nerve was not sacrificed.
The results of fatty degeneration according to the classification of
Goutallier et al.'® modified by Fuchs et al."" are shown in Table 2.
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Table 2. Results of the analysis of fatty degeneration of the trapezius
according to the classification of Goutallier et al.'® modified by Fuchs et al."

Goutallier
Classification 0 1 2 3 4 | pvalue
Upper trapezius 13
Contoa ) | oo | O | 0| 0 0 2083
Upper trapezius 10 3 0 0 0
(Operated) n (%) | (76.9%) | (23.1%)
Transversal trapezius 13 0 0 0 0
(Control) n (%) (100%) 0.003
Transversal trapezius 2 3 0 4 4
(Operated) n (%) | (15.4%) | (23%) (30.8%) | (30.8%)
Lower trapezius 13
Conton | oo | O | 0| @ 0 2002
Lower trapezius 1 1 1 2 8
(Operated) n (%) (7.7%) | (7.7%) | (7.7%) | (15.4%) | (61.5%)

Upper trapezius

Of the 13 participants recruited for the study, when comparing the
control side with the operated side, the Goutallier score showed that
there was a change in the state of fatty muscle degeneration in 23%
of the individuals, from stage 0to stage 1 (Figure 1). This observed
modification was not statistically significant, with p = 0.083.

Figure 1. Axial cut image of the upper trapezius with injury to the right
side of the image, rated as Goutallier score 1.

Transversal trapezius

Of the 13 participants recruited for the study, when comparing the
control side with the operated side, the Goutallier score showed
that there was a change in the state of fatty muscle degeneration
in 84.6% of the individuals, from stage 0 to stage 1 (Figure 1).
With 23% for stage 1 and 61.6% for stage 3 (Figure 2) or 4. This ob-
served modification was not statistically significant, with p = 0.0083.

Figure 2. Axial cut image of the transversal trapezius with injury to the
right side of the image, rated as Goutallier score 3.

<< SUMARIO

Lower trapezius

Of the 13 participants recruited for the study, when comparing the
control side with the operated side, the Goutallier score showed
that there was a change in the state of fatty muscle degeneration
in 92.3% of the individuals, from stage 0 to stage 1 (Figure 1).
With 76.9% representing stage 3 or 4 (Figure 3A-B). This observed
modification was statistically significant, with p = 0.002.

Figure 3. (A) Sagittal cut of the lower trapezius muscle rated Goutallier
score 4. (B) Image of the control/contralateral side, without brachial
plexus lesion/accessory spinal nerve sacrifice

DISCUSSION

In traumatic brachial plexus injuries, there is a prevalence of involve-
ment in males (about 89%), with an age range between 14 and 63
years and an average of 29 years.® In the present study, 92.5% were
male aged between 29 and 64 years and mean 40.62 = 10.67 years.
The mean time between brachial plexus injury and surgery with the
use of accessory spinal nerve was 10.85 + 10.22 months. The time
was longer (over one year) in both cases in which the accessory
spinal nerve was used as a motor nerve for free muscle transfer
(gracilis muscle to brachial biceps muscle).

For nerve transfer procedures it is established that the maximum
acceptable time is up to one year of brachial plexus injury.?

The 11 cases that underwent an accessory spinal nerve transfer
procedure to the suprascapular nerve were operated less than one
year after brachial plexus injury, as the literature suggests.

The minimum evaluation time established of one year after surgery
is due to evidence that, after one year of nerve injury, irreversible
loss of motor neural plaques occurs due to degeneration and
fibrosis.'? As the aim of this study is to evaluate fatty degeneration,
we consider that after one year of sacrifice of the accessory spinal
nerve, the areas innervated by it have already suffered degeneration,
remaining only nerve stimuli by the direct cervical branches.
Magnetic resonance imaging was chosen as it was capable of
identifying and quantifying, in a noninvasive way, the morphology
and muscular physiology. It is an examination already used in other
studies to evaluate the appearance of the denervated muscle,
which presents as characteristic the fatty degeneration.'®"® There
is no previous study using magnetic resonance imaging to as-
sess fatty degeneration of the trapezius after use or injury of the
accessory spinal nerve.

The classification of Goutallier et al.'® was originally developed for
chronic ruptures of the rotator cuff tendons. Muscle tissue, after
chronic rupture of the tendon, is known to atrophy and retract,
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and there’s replacement of tissue by fat due to disuse. Subacute
and chronic lesions of motor nerves are also known to evolve with
atrophy and fatty replacement after nerve stimulation ceases, as
demonstrated in studies of the evolution of the denervated muscle
through magnetic resonance imaging.”® Although the pattern of
tissue alterations in chronic lesions of the rotator cuff tendons
and denervation are proven to be different,'® there is no validated
classification for muscular alterations on magnetic resonance
imaging after chronic injury of motor nerves.

There are several anatomical studies in the literature that evaluate
trapezius innervation. Although they prove the relationship between
the cervical roots and the trapezius, the results are very inconsistent.
The point at which most studies converge is that direct innervations
from cervical roots to the trapezius usually come from spinal nerves
C3 and C4, but they cannot prove whether the transverse and lower
portions of the muscle remain functional after a complete section
of the accessory spinal nerve.

In the study by Soo et al.,2 in 29 of the 32 dissections performed,
one or more connections were found between the roots of C2 and
C3 with the accessory spinal nerve that were proximal in relation to
the level of accessory section in nerve transfers. In Dailana et al.'
these connections were found in only five of the 20 dissections.
In the most recent study by Tubbs et al.” with dissection of 15 cadavers
and using both sides, there was involverment of cervical roots in all
cases. These motor fibers ran either independently or made connec-
tions to the accessory spinal nerve. Usually the fibers that originated
from the roots of C2-C3 joined with the accessory spinal nerve before
penetrating the muscle. The fibers resulting from the roots of C3 or C4
ran independently in the muscle.” Kim et al.” performed dissection of 24
patients with head and neck cancer, followed by electrical stimulation
of the roots of C2, C3 and C4. C2 stimulation was responsive in the
upper and transverse trapezius at 4 and 8%, respectively. C3 and C4
obtained non-constant responses, but the C4 nerve was the one that
transmitted the most response in the muscle, compared to the other
roots.!” Pu et al.® conducted a study with electroneuromyography
applied intraoperatively of the dissection of 34 necks. After complete
sectioning of the accessory spinal nerve, stimulation of the C2 produced
contractions in the entire muscle in one case and in the transverse and

inferior portions in two cases. Contributions of C3 and C4 produced
contractions in the upper and transverse portions in some patients
but in none of the cases in the lower portion. It was found that, in most
cases, C2 innervates the trapezium through communication with the
accessory nerve and C3 and C4 innervate the muscle independently.
In addition, it was found that the main innervation of the lower portion
is the accessory spinal nerve.®

In the results of this study, the upper trapezius was little or not
affected at all by the sacrifice of the accessory spinal nerve, and
only 23.1% presented mild alterations in relation to the contralateral
side. This corroborates Tubbs et al.” and Dailiana et al.,' because
the upper trapezius can be preserved if the accessory spinal nerve
is sectioned distal to the point where there was branching in the
upper trapezius, a technique we routinely adopt in our service.
The transverse and lower portions of the trapezius were classified
as Goutallier stage 3 or 4, in 61.6% and 76.9% of the operated sides,
respectively. Goutallier et al.'® identified that lesions of stages 3 and 4
correlate with severe functional impairment. Therefore, despite
occurring in the minority of cases, these portions of the muscle
may eventually remain functional and capable of being used in
other procedures for the treatment of brachial plexus lesions, such
as lower trapezius transfer to external rotators.

This study has some limitations as it has a small number of patients.
Brachial plexus injury is a rare lesion, and the inclusion criteria used
did not allow for a very large number of patients.

In addition, the Goutallier classification was not designed for de-
nervations but for chronic injuries in the rotator cuff tendon. In the
absence of a validated classification in the literature to assess fatty
degeneration after denerving a muscle, we believe that this adaptation
allows us to reliably evaluate fatty degeneration resulting directly from
denervation, as we compare it with the healthy contralateral muscle.

CONCLUSION

The upper trapezius does not undergo significant fatty degeneration
after surgeries to repair brachial plexus lesions using the accessory
spinal nerve. On the other hand, the middle and lower portions
suffered significant fatty degeneration in most patients, indicating
severe functional impairment after use of the accessory spinal nerve.
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ABSTRACT

Objective: To compare the mechanical properties of the supraspinatus
tendon in different age groups using Supersonic Shearwave Imaging
(SSI) elastography. Methods: We evaluated 38 healthy individuals of
both genders, 20 being in the range of 20 to 35 years and 18 being
over 60 years. The shear modulus of the supraspinatus tendon was
measured by SSI elastography, always on the right side. Means
between age groups were compared and statistically analyzed
using the Shapiro-Wilk normality test followed by the student’s t-test
and were established as a statistically significant value of p < 0.05.
Results: A statistically significant difference was observed when
the mean values of the shear modulus of the supraspinatus tendon
of young adults (23.98 + 9.94 KpA) were compared with those of
older adults (17.92 = 6.17 KpA). Conclusion: We found a difference
between the means of the shear modulus measured by the SSI
elastography, showing a significant decrease of the shear modulus
with the chronological age progression. Level of Evidence lll,
Diagnostic Studies - Investigating a Diagnostic Test.

Keywords: Rotator Cuff. Shear Strength. Aging. Elasticity Imaging
Technigues. Diagnostic Imaging.

RESUMO

Objetivo: Comparar as propriedades mecénicas do tendao supraespi-
nal em diferentes grupos etarios, utilizando a elastografia Supersonic
Shearwave Imaging (SSl). Métodos: Foram avaliados 38 individuos
saudaveis de ambos os sexos, sendo 20 na faixa de 20 a 35 anos e
18acima dos 60 anos de idade. Foi aferido o médulo de cisalhamento
do tendao supraespinal por elastografia SSI, sempre do lado direito.
As médias entre os grupos etarios foram comparadas e analisadas
estatisticamente, sendo utilizado o teste de normalidade Shapiro-Wilk
seguido do student t-test e estabelecido como valor de significan-
cia estatistica um p < 0,05. Resultados: Foi evidenciada diferenga
estatisticamente significativa quando comparadas as médias do
modulo de cisalhamento do tenddo supraespinal dos adultos jovens
(23,98 = 9,94 KpA) com a dos idosos (17,92 = 6,17 KpA). Concluséo:
Houve diiferenga entre as médias do médulo de cisalhamento medido
pela elastografia com SSI, demonstrando diminuic&o significativa do
maédulo de cisalhamento com a progresséo da idade cronoldgica.
Nivel de Evidéncia lll, Estudos diagnésticos — Investigagao de
um exame para diagnéstico.

Descritores: Manguito Rotador. Resisténcia ao Cisalhamento. Envelhec-
imento. Técnicas de Imagem por Elasticidade. Diagnostico por Imagem.

Citation: Fontenelle CRC, Schiefer M, Mannarino P, Lacerda IB, Machado FJT, Farias RGS, Oliveira VB, Oliveira LF. Elastographic analysis of the su-
praspinatus tendon in different age groups. Acta Ortop Bras. [online]. 2020;28(4):190-4. Available from URL: http://www.scielo.br/aob.

INTRODUCTION

Rotator cuff injuries, especially supraspinatus muscle tendon
(SP), are among the most prevalent in upper limbs.! Its etiology is
multifactorial, including degenerative, traumatic and inflammatory
causes.? Yamamoto et al." underwent ultrasonography of 1,366
individuals aged between 22 and 87 years (mean age 57.9 years)
and observed a high prevalence of rotator cuff injuries, reaching

20.7%.! In addition to being very prevalent, such injuries may disable
the individuals, because pain intensity can withdrawal they from
sports and work activities.?*

The prevalence of rotator cuff disease increases with age. Sher et al.5
underwent magnetic resonance imaging in asymptomatic individuals
and found rotator cuff injuries in 4% of patients under 40 years
old and in 54% of those aged 60 years or older.® Tempelhof et al.®
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carried out shoulder ultrasonography of 411 asymptomatic volun-
teers and found a global prevalence of rotator cuff injury of 23%.
This study also reported that the prevalence of this injury increased
with age, with 13% of the individuals with 50 years or older, 20% in
the sixth decade and 31% in the seventh decade.®

Although magnetic resonance imaging is the most widespread
imaging method for assessing changes in rotator cuff tendons,
elastrography has been shown to be as effective as the first in diag-
nosis and characterization of these alterations.”® In a wide-ranging
literature review, Washburn et al.® showed that elastography was
used in studies of various structures, including the calcaneus,
patellar, quadriciptal and rotator cuff tendons.®

There are two main modalities of elastography: compression
(EC) and shear (ES). ES provides noninvasive estimation of tissue
mechanical properties. The technique involves a mechanical dis-
turbance in the tissue with an impulse of forces generating a shear
wave, visualizing the displacements of tissue and then estimating
the speed of the local shear wave (LSW), estimating the “flight time”
of this wave. Soft tissue LSW measurements can be interpreted as
an indirect evaluation of the shear modulus.'

When compared to isolated ultrasonography, ES potentially in-
creases the sensitivity and diagnostic accuracy of tendinopathies,
in addition to detecting pathological changes earlier, enabling the
prediction of which tendons are at risk of injury and evaluation of
the recommended treatments."

Objective

This study aims to compare mechanical properties of the supraspi-
natus tendon in two distinct age groups, using the measurement
of the tendon shear modulus by elastography.

MATERIALS AND METHODS

Sample

This study had the ethical guidelines analyzed by the Research
Ethics Committee of the Hospital, with approval recorded by The
Embodied Opinion No.1,674,064 of August 8, 2016. The volunteers
were recruited by convenience sampling and 38 participants were
divided into two groups: one of young adults aged between 20 and
35 years (n = 20) and the other for older adults over 60 years of
age (n = 18). All subjects agreed to participate in the study signing
a free and informed consent form. The groups are clearly distinct
from each other. Studies aforementioned show that the prevalence
of rotator cuff ruptures is low in under 40 years old individuals and
high in those over 60 years of age. This fact was used as criterion
for defining age groups.

Anamnesis and physical examination were performed in the can-
didates, and presenting the right upper limb as dominant was
the inclusion criteria. Patients with current or previous shoulder
symptoms, those with a history of diseases and/or previous shoulder
surgeries, as well as those with known systemic disease were
excluded. Patients with ultrasound evidence of supraspinatus
rupture were also excluded.

Elastog raphy

For the shear modulus collection, the equipment (Figure 1) Aixplorer,
v9 (Supersonic Shearwave Imaging, Aix-in-Provence, France),
with Super Linear Transducer TM SL 10-2, width of 40mm, 256
pizoelectric elements, operating in the ranges of 2 to 10 MHz and
lateral resolution of -6dB: 0.3mm was used. The participants were
placed in the sitting position, with the back of the right hand resting
on the lumbar region, to evidence the supraspintus tendon, with the
left upper limb extended along the body, hips and knees flexed at
90° and feet supported to the ground (Figure 2).'” The volunteers
kept their muscles relaxed throughout the examination.

Acta Ortop Bras. 2020;28(4):190-4

Figure 1. Ultrasound device with elastrography imaging activation mode.
Aixplorer, v9 (Supersonic Shearwave Imaging, Aix-in-Provence, France).
Source: photo archive of the service.

Figure 2. Patient’s exam positioning, sitting, with the back of the right
hand resting on the lumbar region.

An experienced radiologist in the acquisition of musculoskeletal
ultrasound images acquired the images using the transducer
longitudinally to the fibers, adopting minimal compression and gel
for the best acoustic coupling (Figure 3). A total of three images
were acquired to determine the reliability of the method.'? Before
activating the elastography mode, supraspinatus tendon was as-
sessed for its integrity and the best ultrasound image was chosen.
Then elastographic mode was activated, with the elastogram in the
range of 0-800-kPa. A rectangular, mapping area was selected,
demonstrating the tendon boundaries and surrounding structures,
positioned in the central region of the tendon (Figure 4).13
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Figure 3. Transducer positioned longitudinally to supraspinatus fibers.

Figure 4. Elastographic image of the supraspinatus tendon, measured
in kilopascal (kPa).

Image processing was implemented in a MATLAB routine (Math-
works, Massachusetts, USA), to estimate the shear modulus, mea-
sured in kilopascal (kPa). In this routine, a circle was manually traced
in the mapping area, defining the central region of the tendon as
a region of interest. The shear modulus was obtained from each
region of interest in each image.

Statistical analysis

Intraclass correlation coefficient (ICC,,) was applied to evaluate the
measurements reliability performed on the same day. The Shapiro-Wilk
normality test was performed. After confirming the normality of the
shear modulus, Student t-test was performed for independent samples
comparing means of both young and older adults groups, as well as
for the comparison between women and men. All statistical treatment
was performed by the commercial package GraphPad Prism 5.0
(Graphpad software inc., USA) with 5% statistical significance.
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RESULTS

ICC,, estimation indicated reliable measurements (Table 1).
A significant difference was found between the means of the supra-
spinatus tendon shear modulus of youth groups when compared
to the older adults (p = 0.033) (Figure 5). The mean age in the
groups of young and older adult was, respectively, 28.05 and
67.9 years. The group of young individuals was composed of four
women and 16 men, while the older adults group was composed
of 11 women and seven men. There was no significant difference
in shear modulus found in women and men (p = 0.891) (Figure 6).

Table 1. Results of the calculation of the intraclass correlation coefficient
(ICC) performed using a single rater, absolute agreement and two-way
mixed effect model.

95% confidenc
Intraclass 5% confidence F Test
N interval
Measure correlation S -
coefficient | Inferior Limit LI'_'?;’I;” Value | P value
Shear Modulus 0.726 0.452 0.863 3.652 <0.001
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Figure 5. Mean and standard deviation of the shear modulus of older
adults and young individuals (p = 0.033).
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Figure 6. Mean and standard deviation of the shear modulus of women
and men.
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DISCUSSION

This study showed that the supraspinatus tendon shear modulus
varies with advancing age. In fact, younger patients, between
20 and 35 years of age, presented a mean shear modulus of
23.28 = 9.94 kPa, higher than in the group over 60 years of age,
which was 17.92 + 6.17 kPa. Thus, supraspinatus tendon was
shown to have a larger, firmer shear modulus among young
patients, while in older adults the tendon was less rigid. In fact,
with aging, rotator cuff tendons undergo structural changes, such
as loss of fibrillar pattern and microruptures, which decreases
their compressive strength.'* Consequently, the compression
exerted by the transducer will cause greater tissue deformation,
which was measured by the smaller tendon shear modulus in the
group of individuals over 60 years of age. This finding agrees with
previous studies. In a cadaveric study, Klauser et al."® observed
a correlation between histological and sonographic findings
of calcaneus tendons. They observed that the progression of
tendon degeneration was accompanied by the “softening” of the
tendon to elastography. Studies about supraspinatus tendon,
such as ours, also revealed that degenerative tendinopathy is
associated with greater capacity of tendon deformation during
elastographic evaluation.'®"® On the other hand, Baumer et al.?°
evaluated the influence of age on supraspinatus tendon shear
modulus in individuals of different ages and observed that older
individuals had stiffer tendons. However, unlike our study, the
measurement was carried out in the intra-muscular portion of
the tendon, which does not allow the isolated evaluation of the
tendon itself, but also involves the muscle belly itself. In a study
that correlated elastographic results with magnetic resonance
findings, Lee et al.?" also observed greater stiffness in tendons
with tendon disease. However, differently from our study, the
elastographic technique was based on the stretch ratio (strain
ratio), in which the tendon elasticity is measured by taking the
elasticity of another tissue as a reference, which may generate
less accurate results.

A study with cadavers showed that aging can alter biomechanical
properties of the myotendinous unit of the rotator cuff.¢ However,
the identification of these changes in vivo is not yet well established.
Although MRl is the most widely applied method to assess rotator
cuff injuries, it is not able to provide accurate information on the
mechanical properties of tendons. In this context, elastography
can help in the evaluation of such properties. Lee et al.,2'in 2015,
showed that elastographic findings correlate with MRI findings
in patients with rotator cuff tendinosis, but they did not include
patients with tendon rupture. In 2014, Seo et al.,?> compared the
results of elastography with those of MRI and ultrasonography,
finding a good correlation between methods. In 2017, Krepkin et
al.,?® conducted a pilot study comparing MRl images obtained on
T2 with the findings of shear wave elastography, observing good
correlation. In relation to MRI, elastography has some additional
advantages. Besides being also a noninvasive method, it is easy
to perform, relatively inexpensive and it can be carried out with
the patient in a comfortable position, being more easily tolerated

by them. Furthermore, elastography proved to be a reproducible
method in different studies.?%:24

The evaluation of the tendon mechanical properties can bring
important information and practical implications. Extensive rotator
cuff injuries may be irreparable and some prognostic factors are
useful to identify these injuries, among which, patient’s age, size
of the injury, duration of symptoms, acromion-umeral distance
less than seven millimeters, reduction of range of motion, muscle
strength equal to or less than grade 3, intraoperative difficulties;
surgeon’s experience, patient expectation; atrophy and fatty
infiltration of the muscle belly involved. Such factors are not
definitive to determine the possibility and feasibility of repairing
a given lesion, even when associated, as this information does
not directly relate to the elasticity and/or stiffness of the ruptured
tendon. Therefore, the estimation of the shear modulus can add
information in determining the repair condition of a rotator cuff
injury.® Moreover, some patients may present signs of rotator
cuff dysfunction even without having complete injury of one or
more tendons. They are patients whose tendons are inserted,
but already have some degree of atrophy and fatty infiltration of
the muscle belly. These patients may suffer dynamic rise of the
umeral head, with secondary subacromial impact and worsening
of anatomical tendons conditions. In these cases, by evaluating a
mechanical property of the tendon, elastography can also bring
valuable information before a tendon rupture occurs. A possible
clinical application for this situation would be the preference
for reverse to anatomical arthroplasty in a patient with shoul-
der arthrosis and rotator cuff tendons inserted, although very
biomechanically compromised.?®

Although there is still a lack of standardization to adequately evaluate
the reproducibility of the results, elastography is very promising.
Notably, tendons may have different elasticity modules. Therefore,
it would be necessary multiple studies like this, in a larger population,
divided into age groups, so that a value of the shear modulus could
be found for each group and thus quantify and qualify the aging
of the tendon based on its stiffness.

Negative points and limitations should be highlighted in this study.
The heterogeneous gender distribution between groups may have
caused some result bias, since, for example, the mean shear
modulus, having been lower in older adults, may have been caused
by the fact that there were more female individuals in this group.
However, the comparison of the shear modulus between men and
women did not show significant difference. Another point would be
the fact that SSI elastography is a method that measures only the
shear modulus in anisotropic tissues, such as tendinous tissue,
not contemplating other mechanical properties of the tendon.
However, there is an intimate relationship between shear modulus
and tissue stiffness, which allows further analysis of this important
biomechanical valence with elastographic data.

CONCLUSION

The modulus of supraspinatus tendon shear was significantly
higher in young people, suggesting deterioration of biomechanical
properties of the tendon in older adults.
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REVIEW ARTICLE

HEMIEPIPHYSIODESIS USING EIGHT-PLATE VERSUS BLOUNT
STAPLE TO CORRECT GENU VALGUM AND GENU VARUM

HEMIEPIFISIODESE COM PLACA EM OITO VERSUS GRAMPO DE
BLOUNT PARA CORRECAO DO GENO VALGO E GENO VARO
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ABSTRACT

Obijective: Our objective is to evaluate whether the use of guided
growth with eight-plates is more effective than the use of Blount
staples for the correction of the idiopathic genu varum or idiopathic
genu valgum. Methods: A systematic review (SR) was carried out
according to the appropriate methodology for randomized clinical
trials (RCTs). We searched seven databases through a previously
defined methodology, and we included RCTs, regardless of language,
period of publication and status of publication. Results:Resulted in
6830 articles retrieved. Of theses, we identified 14 potential eligible
studies. but just one RCT was included for the SR. The included
RCT compares the eight-plate and the Blount staple and showed no
statistically significant difference for the outcomes of time to correct
the deformity, postoperative pain after 24 hours and postoperative
pain after 72 hours. The study is of low or very low level of evidence
to determine the most effective technique. We didn't find a RCT
that compared the correction of the genu varum..Conclusion: Good
quality randomized clinical trials comparing Blount staples versus
eight-plaque must be performed to determine which technique
is superior for coronal plane corrections. Level of Evidence |,
Systematic review of Level RCTs.

Keywords: Child. Adolescent. Genu Varum. Genu Valgum.

RESUMO

Objetivo: Avaliar se o uso do crescimento guiado com placas em oito
é mais eficaz que os grampos de Blount na correcéo do geno varo
idiopatico ou geno valgo idiopatico. Métodos: Foi realizada uma revisao
sistematica (RS), de acordo com a metodologia apropriada para busca
de ensaios clinicos randomizados (ECR). Pesquisamos em sete
bancos de dados por meio de uma metodologia definida anteriormente
e incluimos ECR, independentemente do idioma, periodo ou status
da publicacgo. Resultados: Foram recuperados 6830 artigos. Destes,
14 estudos possivelmente elegiveis foram encontrados, mas apenas
um ECR foi incluido para a RS. O ECR incluido compara placas em
oito e grampos de Blount, ndo mostrando diferenca estatisticamente
significante para os resultados de tempo na correcdo da deformi-
dade, dor pds-operatoria apds 24 horas e dor pés-operatéria apos
72 horas. O estudo é de nivel baixo ou muito baixo de evidéncia para
determinar a técnica mais eficaz. Ndo encontramos um ECR que
comparasse a corregdo do geno varo. Conclusgo: Ensaios clinicos
randomizados de boa qualidade comparando grampos de Blount
com oito placas devem ser realizados para determinar qual técnica
& superior para corregdes do plano coronal. Nivel de Evidéncia I,
Revisao sistematica de ECRC.

Descritores: Crianca. Adolescente. Genu Varum. Genu Valgo.

Citation: Rodrigues NVM, Guarniero R, Villas Boas PJF, Miranda BR, Montenegro NB. Hemiepiphysiodesis using eight-plate versus Blount staple to
correct genu valgum and genu varum. Acta Ortop Bras [online]. 2020;28(4):195-8. Available from URL: http://www.scielo.br/aob.

INTRODUCTION

Frequent complaint at orthopedic departments,' genu varum and
genu valgum are asymptomatic coronal deformities physiologically
present during the child’s growth." If pathological, they need cor-
rection to reduce psychosocial impact caused by symptoms that
may vary from aesthetic discomfort to changes in gait patterns —
which may cause difficulty running, knee pain, poor alignment,

and patellar or ligament instability.? In the long term, this clinical
picture may result in early joint degeneration, especially in genu
varum deformities.?

The most frequent treatment was osteotomy. In 1933, Phemister was
first described the hemiepiphysiodesis surgical procedure:* a surgery
performed at the physeal level that stops growth in the region, which
demands a precise timing calculation, as it is non-reversible. In 1945,
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Haas® proposed slowing physeal growth with metal wires that, after
being broken, would allow its growth to resume. Encouraged by
Haas' studies,® Blount et al.? and Blount’ described using staples
for temporary restriction of longitudinal growth in children’s physis,
which forwent precise timing calculations before procedure.

Over time, less invasive surgical procedures, performed in shorter
time and with lower complication rates, were created for patients with
immature skeleton. The “tension band” by plate and screws, described
by Peter Stevens in 20086, is currently the most used method. Some
authors report lower complication and faster correction rates,>®
whereas others highlight its high cost, which can be up to six times
higher than staples.'®"" Both procedures —the one by Blount et al.,®
Blount” and the one by Stevens et al.® — are considered temporary
methods that gradually correct knee angular deformities.

Although research show that both procedures effectively temporarily
stop limb growth, it does not indicate which would be the preferred
method. Some authors state that the eight-plate better compress
the bone and the epiphyseal cartilage — which avoids extrusion in
small children —and has a lower effect on the longitudinal growth
of the bone. Others prefer using staples in patients without much
remaining growth, as it speeds."?

This review aims to evaluate the efficacy of guided growth with eight-
plates compared with Blount staples to correct idiopathic genu varum or
genu valgum. Primary outcomes are improvement in quality of life; pain
score using visual analog scale (VAS) or other knee related symptoms;
improvement in limb alignment and function; and adverse events.

MATERIALS AND METHODS

Search strategy

We followed Cochrane guidelines, especially PRISMA (Preferred
Reporting ltems for Systematic Reviews and Meta-Analyses).”®
We searched the Cochrane Central Register of Controlled
Trials (CENTRAL), MEDLINE (PubMed), EMBASE (OVID),
LILACS (Latin American and Caribbean Health Sciences Literature),
Web of Science, Scopus, and World Health Organization (WHO)
databases for relevant studies until January 27, 2019. All relevant studies
were identified, regardless of period, publication status and language.
To guarantee all relevant study was included, we used specific search
filters, such as Cochrane Highly Sensitive Search Strategies (HSSS).

Study selection

Retrieved studies were cataloged using EndNote X9.2. Duplicat-
ed studies were evaluated using online platform Rayyan QCRI.
Two reviewers independently and separately analyzed and reviewed
all study titles, abstracts, and keywords. Disagreements were solved
through discussion and, whenever necessary, a third reviewer was
consulted. We included all randomized controlled trials (RCT) that
compared the use of eight-plate with Blount staples to treat idiopathic
genu valgum and genu varum in children of both genders, aged
2-18 years old with open physis. For the purpose of this review,
we excluded studies using other methods or techniques.

Types of outcome measures

Primary outcomes were improvement in quality of life; postoperative
pain score using VAS or other knee related symptoms; improvement
in limb alignment and function; and adverse events (material failure,
reoperation rate, and superficial or deep infection).

Risk of bias assessment in included studies

Two reviewers (NVMR, BRM) independently analyzed the risk of
bias in the included study using the Cochrane Collaboration’s
Risk of Bias tool,'* assessing: random sequence generation; al-
location concealment; blinding; similarity of baseline outcome
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measurements; similarity of baseline characteristics; blinding of
outcome assessment; incomplete reporting; and other sources.
Each of these criteria was explicitly judged by applying low risk
of bias, high risk of bias, or unclear risk of bias (lack of precise
information or uncertainty over potential bias).

Study quality assessment

We evaluated the overall strength of evidence to each result of the
included study using GRADE (Grading of Recommendations As-
sessment, Development and Evaluation),'® analyzing: inconsistency,
imprecision, indirectness, risk of bias, and potential publication
bias. When appropriated, the level of evidence was lowered by
one, two, or three levels— from “high quality” to “moderate quality”,
“low quality”, or “very low quality”.

RESULTS

Study characteristics

We retrieved and cataloged 6830 papers. Of these, 1956 were
duplicates, which left us with 4974 papers. After reading all titles
and abstracts, we selected 14 potentially eligible studies, which
were retrieved and read. Of these, we included only one RCT.'®
The flow diagram of this systematic review is depicted by Figure 1,
as recommended by PRISMA '3

Records identified by
database search

(n = 6830)
|:> Records after duplicates
removal (n = 1956)
Records screened
(n=4874)
V Records excluded
— (n= 4860)

Full-text articles assessed
for eligibility (n = 14)

N

Studies included in
qualitative synthesis
(n=1)

Full-text articles
excluded (n = 13):

Finished clinical trial
protocol (n = 1)
Unfinished clinical
trial protocol (n = 3)
Irrelevant study
design (n=9)

Figure 1. PRISMA flow diagram of the systematic review.

The study included compared both methods relevant in this systematic
review: eight-plate and Blount staples. The study evaluated outcomes,
total time for correction, and postoperative pain score using visual
analog scale (VAS). Itincluded 26 children aged 8-15 with estimated
remaining growth of at least 6 months and bilateral genu valgum of
atleast 7 cm of intermalleolar distance. The study provided outcome
data on treatment time of 20 randomized children: 11 boys and
9 girls. Postoperative pain score was evaluated in only 18 children.

Outcomes: total time for correction and percentage of patients
with other interventions

The study analyzed correction time in days, counting from the sur-
gery date until implants removal. The criterion for other interventions
was intermalleolar distance after implant removal. Treatment time
did not vary significantly between groups (340 = 54 days versus
349 days = 86 days, 95% CI, average difference of 9 days;
P 0.78) (Figure 2).
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Risk of bias legend

(A) Radom sequence generation (selection bias)
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(C) Blinding of participants and personnel (performance bias)
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Figure 2. Comparison between two techniques: eight-plate and Blount staples.

Postoperative pain score — 24 hours, VAS (second outcome)
The study used visual analog scale (VAS) validated for children after
lower-extremity surgery twice a day for 72 hours (charts were answered
by parents). All patients received standardized postoperative pain
treatment. We evaluated pain outcome 24 and 72 hours after surgery.
Only 18 out of 20 children were evaluated by VAS, which resulted in
no significant statistic difference between both groups (p = 0.83).
In the eight-plate group, the average was 0.56 (minimum value 0.17;
maximum value 0.78). In the Blount staples group, the average was
0.54 (minimum value 0.13; maximum value 0.82). However, the
sample is underestimated and authors do not describe how patients
were divided. Data on variability were not published (standard
deviation or confidence interval).

Postoperative pain score - 72 hours, VAS (second outcome)
Only 18 out of 20 children were evaluated using VAS, which resulted in
no significant statistic difference between both groups (p = 0.66). Inthe
eight-plate group, the average was 0.25 (minimum value 0; maximum
value 0.66). In the Blount staples group, the average was 0.30 (minimum
value 0; maximum value 0.66). This sample is also underestimated,
with no description of how patients were divided. Data on variability
were not published (standard deviation or confidence interval).

Adverse events

The study did not observe adverse events such as implant failure,
infection or physeal injury.

Risk of bias assessment

Table 1 describes the risk of bias assessment and Figure 3 the
authors’ judgement.

Table 1. Risk of bias.

- Authors’ :
Bias judgement Support for judgement
Randomization done by a third
enzrilr':iicr)\nz;e?géﬁ)n:ﬁias) Low risk unaffiliated party, who mixed and
9 randomly numbered the envelopes.
Envelopes were mixed and randomly
Allocation concealment Unclear risk numbered for allocation concealment,
(selection bias) but the study does not specify if the
envelopes were opaque or sealed.
Blinding of participants and High ri Participants and surgeons
. igh risk '
personnel (performance bias) were not blinded.
Blinding of outcome High risk Outcome assessments
assessment (detection bias) 9 were not blinded.
Excluded participants did not alter
Incomplete outcome data Hiah risk proportion between groups, but there
addressed (attrition bias) 9 were not enough participants in
each group to reach the minimum.
. . Study protocol was published and all
St(erlzcg\:t(ienregci);’g?g Unclear risk | outcomes are described in this review.
porting It lacks enough data to interpret VAS.*
Other potential Low risk The study was not financed by private
sources of bias companies during or after completion.
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Quality of evidence

For treatment outcome, we downgraded the level of evidence by
one for risk of bias due to absence of blinding, incomplete follow-up
and lack of analysis of intention-to-treat. We also downgraded the
level of evidence to imprecise because both groups lacked the
estimated sample size.”

For pain outcome, we lowered the level of evidence by two due
to absence of blinding, incomplete follow-up, lack of analysis of
intention-to-treat and selective reporting, as only 18 out of 20 children
were evaluated. Although lacking statistic difference, the authors
do not describe how patients were divided into groups. We also
downgraded the level of evidence to imprecise because the study
was completed using a smaller sample size. We concluded that the
evidence is of low quality, meaning that confidence in effect is limited
or of very low quality. Therefore, confidence in estimated effects
is very limited, with an important level of uncertainty in findings.

Potential revision bias

We tried to reduce revision bias by comprehensive search for trials
and adherence to our protocol (PROSPERO 2018 CRD42018086661).
Even with a comprehensible search strategy, with no linguistic
limitations, we may have missed some studies after checking
the references of relevant papers. We contacted the author of
the included study to retrieve unreported data and he provided
supplementary information. We also contacted authors of unfinished
studies, but received only one answer.

We found no RCT evaluating genu varum correction by eight-
plate or Blount staples, which limited this review. We also need to
address potential publication bias, which threatens the validity of
systematic reviews, especially those that include few and small
clinical trials (Figure 3).

Gottlebsen et al.

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)
Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias

Figure 3. Risk of bias summary: review of authors' judgements about
each risk of bias item for the study of Gottliebsen et al.'®

[&]~[e|e]e]~]e]

DISCUSSION

Although the eight-plate is largely used to correct lower limb de-
formities, this systematic review shows the literature lacks enough
randomized controlled trials with high levels of evidence to help
establish the best technique to correct idiopathic genu valgum
and genu varum.

Even if our systematic review is similar to some studies'®''® on
the similarities between both techniques, we must address some
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limitations. First, its high risk of performance, detection, and attrition
bias. Second, its low level of evidence for treatment time and third,
the very low level of evidence for postoperative pain score 24 and
72 hours after surgery. Other studies'®"” mention the high costs of
the eight-plate; but correction with this method requires less surgical
time'® and is more surgeon-friendly. Radiation exposure®® must
also be considered when choosing an implant technique. Lastly,
some important outcomes were unevaluated: quality of life; adverse
events in all follow-up phases, including after implant removal
for a long-term period; return to normal activities; postoperative
rehabilitation; knee related symptoms; range of movement; ligament
stability; personal satisfaction with physical appearance; surgical
time; radiation exposure during surgery; and total costs of each

procedure. An important exclusion criterion was the presence of
associated deformities, for this might cause result misinterpretation.

CONCLUSION

More high quality RCTs comparing Blount staples and eight-plates
to correct idiopathic genu varum and genu valgum are needed.
We found no RCTs comparing both techniques to treat idiopathic
genu varum in children. Scientific evidence based on randomized
controlled trials is inadequate to decide which method is more efficient
to correct idiopathic genu varum and genu valgum in children. More
high quality RCTs are needed to help choose the best implant in each
case. We suggest that future RCTs follow CONSORT guidelines and
report data on outcomes of patients with adverse events.
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ABSTRACT

Objective: This study aims to review, identify and study the determi-
nations of the main orthopedic aspects in SCI patients. Methods:
A total of 80 articles from PUBMED and three theses (MSc. /DSc.)
were examined. Results: The results refer to the most essential joints.
There is a chronic overload on the shoulder girdle due to the use of the
upper limb as a supporting joint. The elbow presents osteoarthritis,
subclinical, acute and chronic pain, mainly in quadriplegic patients.
In the hand and wrist joints there are cases of paralysis, osteoporosis
and osteoarthritis. Hips are the main weight-bearing joints while sitting
which leads to a substantial degenerative process of this joint. Lastly,
on the knee, feet and ankles, spasticity, contractures, osteoporosis
and deformities can arise. Conclusion: Along with the increase in
cases and research that analyze the alterations that spinal cord-in-
jured individuals suffer, it is necessary to recognize the orthopedic
changes to understand their limits and identify the relevance of the
rehabilitation program to improve the muscle performance. Level
of Evidence Il, Prognostic Studies - Investigating the Effect of
a Patient Characteristic on the Outcome of Disease.

Keywords: Quadriplegia. Spinal Cord Injuries. Chronic Pain.

RESUMO

Objetivo: O objetivo do estudo foi identificar, através de uma revisdo
sistematica, 0s aspectos ortopédicos e suas determinagdes nos
pacientes lesados medulares. Métodos: Foram examinados 80 artigos
na base Pubmed e trés teses de mestrado e doutorado. Resultados:
Os resultados obtidos referem-se as principais articulagdes. No ombro
ha uma sobrecarga crénica na cintura escapular devido ao uso como
articulagcao de suporte. O cotovelo apresenta alteragdes osteocar-
tilaginosas e dores subaguda, aguda e crénica principalmente no
paciente tetraplégico. Nas articulagbes da méao e punho, a leséo leva
a perda da capacidade de compressao por paralisia, osteoporose e
osteoartrite. O quadril constitui a principal articulagéo de sustentagao
de peso quando sentado, ocorrendo um processo degenerativo
importante nesses pacientes. Nos joelhos, pés e tornozelos surgem
espasticidade, contraturas e osteoporose levando a deformidades.
Conclusao: Devido ao aumento de casos e de pesquisas que analisam
as alteragbes que 0s lesados medulares sofrem, se faz necessario o
conhecimento das alteragdes ortopédicas do lesado medular para
compreendermos a sua limitagéo e identificar a relevancia do pro-
grama de reabilitagdo para melhora da performance muscular. Nivel
de Evidéncia Il, Estudos Prognésticos — Investigacao do efeito
de caracteristica de um paciente sobre o desfecho da doenca.

Descritores: Quadriplegia. Traumatismos da Medula Espinal. Dor Crénica.

Citation: Oliveira RC, Freitas LB, Gomes RR, Cliquet A Jr. Orthopedic related comorbidities in spinal cord-injured individuals. Acta Ortop Bras. [online].

2020;28(4):199-203. Available from URL: http://www.scielo.br/aob.

INTRODUCTION

Spinal cord injuries (SCI) cause the loss of motor, sensory and
autonomic functions below the injured level, damaging social,
physical and psychological functions. Trauma is the most com-
mon cause of this condition. In Brazil, it mainly occurs due to car
accidents, gunshot injuries and falls; the most affected group are
males, aged 15 to 40 years. Morbidity characteristics of the disease

further aggravate the patient’s psychological condition,' as they
frequently are younger and have an active lifestyle.

Spinal injuries lead to disuse of the affected limbs, which may
generate spasticity, osteoarthritis, muscle hypotrophy, venous
thrombosis, osteoporosis etc.

The number of cases of such injuries has been increasing, reaching
almost 10,000 new cases per year in Brazil, a very high incidence
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when compared to other countries using WHO standards.
The longer survival of victims of traumatic spinal cord injury is
related to the training of multidisciplinary teams from first care to
restructuring of the patient in society.? Due to this increase in cases,
its study and treatment has been undergoing great technological
and medical advances, with alternatives that improve quality
of life. This study aimed to conduct a systematic review of the
literature of the Laboratory of Biomechanics and Rehabilitation
of the Locomotor Apparatus of the Universidade Estadual de
Campinas (Unicamp) to identify the main orthopedic aspects in
spinal cord injuries. The identification of such aspects in choice
of treatment improves the quality of life of these patients.

MATERIALS AND METHODS

Between October and December 2018, we carried out a systematic
review that included master’s and doctoral theses defended in the
Graduate Program in Surgery at FCM/Unicamp as well as articles
available in the Pubmed databases on quadriplegic and paraplegic
patients of the Spinal Rehabilitation Outpatient Clinic - HC. This
type of review allows the study, evaluation and synthesis of the
evidence already available on the subject. The indexing terms used
were ‘SCI’; ‘pain’; ‘tetraplegic’.

We raised 80 articles and 3 theses. Of these, we selected only
those that contained orthopedic aspects of spinal cord injuries in
their titles and abstracts. The articles and theses selected were
fully read. Inclusion criteria were allusion to the spine, shoulders,
elbows, wrists, hands, hips, knees, ankles and feet of those with
spinal injuries. We excluded those that did not address the causes,
conseqguences and repercussions of a spinal cord injury on the
axial and appendicular skeleton as well as therapeutic proposals
for these impacts.

RESULTS

Shoulder

Spinal cord injury patients are strictly dependent on their upper
limbs to perform daily activities. Whether for wheelchair propul-
sion, body support or weight transfer. These patients use their
upper limbs as supporting joints; as such, this daily requirement
causes a chronic overload on the shoulder girdle, aggravated by
the muscular weakness due to spinal injury itself, high body-mass
index, prolonged injury time, and injury level.®

The main complaint of these patients is shoulder pain, whose
etiology is multifactorial. The most affected structures are the
supraspinatus tendon, bursae and the acromioclavicular joint
(Figure 1).2 Main pathologies of the shoulder include bursitis, rotator
cuff rupture, tendinopathies, anterior instability, osteoarthrosis,
osteonecrosis and osteoporosis of the acromioclavicular joint.*
Tendinopathies and decreased acromioclavicular space are caused
by mechanisms that have not yet been explained of change in
blood supply in these areas.*

There is a distinction regarding the etiology of pain in the shoulders
of patients with spinal injuries. Among the recently injured, pain is
possibly related to the attempt of mobilization of the upper limbs
unfit to their conditioning. Complaints in patients with longer injury
time are usually related to overload of the osteoarticular system of
the shoulder girdle.5

Pain may be present in subclinical, acute and chronic forms. All of
them can be evidenced by radiography, a low-cost and efficient
noninvasive method. If necessary, magnetic resonance imaging
(MRI) can be performed to complement analysis.>® Detection of
lesions in early stages is essential for good prognosis of the upper
limbs in patients with spinal injuries. On the other hand, shoulder
strengthening, and stabilization of the scapula are important
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as preventive factors for major injuries. Sport is a very effective
therapeutic proposal in developed scenarios.®

Figure 1. T2 sagittal section of the left shoulder. (1) Peritendinous
hypersignal in the supraspinatus and liquid in the subacromial and
subdeltoid bursa; (2) Infraspinatus ligament. X-ray of the left shoulder.
Hypersignal of the rotator cuff, between the insertion of the supraspina-
tus; (3) and subscapular ligaments; (4) ACJ space: distance between
the medial tip of the acromion and the lateral edge of the clavicle;
(5) Acromio-umeral space.>®

Elbow

The elbow is arelevant joint as it is responsible for the movement
of the forearm and hand. Patients with spinal injuries with clinical
and physical alterations in this joint become totally dependent
on third parties.”

The prevalence of pain and injury to the elbows is reported in 5% to
16% of the literature. Many factors are capable of triggering elbow
pain, among them ulnar mononeuropathy by nerve compression
resulting in cubital tunnel syndrome — prevalent in 22%-45% of
spinal cord injuries — osteoarthritis, lateral epicondylitis and olec-
ranon bursitis.® The etiology of pain in these cases is described
as a compilation of inflammatory, degenerative and hypertrophied
processes resulting from the manifestation of the organism to
protect against joint injuries by increasing its load.

Overload during transfers and in wheelchair use is the cause of
the main clinical and anatomical changes, similarly to the shoulder.
In one of the reviewed studies, we found that alterations commonly
present as decreased active range of motion (ROM) and muscle
and osteocartilaginous alterations (Figure 2b and 2c¢).
Quadriplegic patients have a significant loss of control and motor
strength, besides presenting a lower range of motion than paraple-
gics.” A study shows that muscle function (dynamometry) of elbow
extensors is better correlated with functional tests than elbow flexors.
Thus, we can affirm that there is a predominance of independence
of elbow extension. However, the extensor muscles of the forearm
still have less strength than the flexors, especially in patients with
high quadriplegic (C5-C6) (Figure 2a).°
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Figure 2. a: Strength measurements of the flexor and extensor mus-
cles of the right upper limb in quadriplegic patients with high and low
lesion; b: Presence of changes in the articular surface of the left elbow;
c¢: Joint destruction and presence of free bodies (see red arrow).”?

Hand and wrist

Hands are essential elements in planning, coordinating and ex-
ecuting daily activities with objects. After spinal cord injury there
are ruptures and reorganizations of neuronal circuits in cervical
vertebrae that lead to impairment of the upper extremities.'® That is,
the connection between the supraspinal centers and the muscles is
lost, leading to paralysis of the upper limb and loss of movement,
which results in the loss of independence. Lesions between C1-C4
result in loss of complete motor function of the upper limbs, while
in C5 there is loss of function from the elbow to the distal end and
in C6 only paralysis of the hands."

In most cases, the patient has a certain degree of muscle strength
that allows the positioning of the hand in space through shoulder
and arm movements, but the hand grip function is compromised.
Neuromuscular Electrical Stimulation (NMES) acts on the paralyzed
muscles of the spinal cord injury and promotes rapid muscle fatigue,
favoring joint movements and preventing joint stiffness.' This
procedure can be used as a rehabilitation tool, enabling the return of
movements such as holding and releasing objects. This can provide
the return of the individual’s activities and their independence.
A research was carried out that evaluated the capacity of NMES
with surface electrodes and concluded that it is possible to under-
stand the muscles affected by fixed stimulation of an open circuit,
in addition to demonstrating positive feedback from patients when
exercising simple activities."

Hips

In paraplegic or quadriplegic patients with spinal injuries, the hip
is the main weight-bearing joint since these patients begin to use
the wheelchair as the main mean of accommodation and locomo-
tion. Therefore, the mechanical requirement, due to the axial load,
is immense. At the same time, patients face the immobility inherent
to the sitting position, which determines marked disuse of this joint,
accelerating the degeneration and hindering rehabilitation.
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Osteoarticular alterations observed are heterotopic ossification,
which is the most prevalent, narrowing of the hip joint space, ectopic
calcifications and morphological changes in the femoral head
and acetabulum.

An effective and low-cost method to monitor the wear on hips of
a patient with spinal injuries is X-ray imaging.*'®

Early detection of symptoms can help a good prognosis and im-
prove the quality of life of these patients in their daily activities and
rehabilitation processes. For this reason, radiological monitoring of
the hips of people who have suffered spinal injuries is suggested.*

Knee

In about 70% of spinal cord injuries there is a motor disorder due
to involvement of the upper motor neuron, known as spasticity.
Increased muscle tonus, stretch reflex and resistance to passive
movement are debilitating consequences that worsen the quality
of life of patients.'® In contrast, spasticity delays atrophy when com-
pared to other muscle groups.'” Unfortunately, spastic symptoms
are not adequately treated and diagnosed in the population with
spinal cord injury, since they are diverse and their etiology uncertain.
Knowledge of spastic alterations was approached in a study with
patients with spinal injuries in order to evaluate how much the
Pendular Test is influenced by posture, concluding that positions
in which the rectus femoral muscle is more relaxed there is less
spasticity. Meanwhile, supine and semi-supine postures increase
blood pressure and pain in patients with injury above T6 (autonomic
dysreflexia)."” Another related study was prepared to evaluate the
effect of neuromuscular electrical stimulation on spasticity in patients
with spinal cord injury and concluded that it is effective by reducing
spasticity, but with short duration. Figure 3a — before NMES, there
are disorganized movements and less wave amplitude, explained
by the absence of muscle control. While, in Figure 3b — after NMES,
we can observe more coordinated movements and larger ampli-
tudes, defined as decreased spasticity. The long-term effects of
neuromuscular electrical stimulation have not been evaluated.
Considering the increase in life expectancy of patients with spinal
injuries simultaneous to the advance of technological developments
in therapy, researchers investigated whether the locomotor training
program, capable of promoting gait, causes moderate and severe
knee injuries. Since there are no complaints of pain in this joint in spinal
cord injuries due to lack of sensitivity, it is necessary to use imaging
tests to know probable changes. In this study, magnetic resonance
imaging was the examination of choice. The authors concluded that
patients undergoing training should be monitored in order to prevent
future injuries. And that despite presenting abnormalities in MRI
(Figure 3c and 3d), there was not enough pathological information
to support the interruption of the training program.*
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Figure 3. a: Graph representing the variation in degrees of spasticity
in the pendular test before the NMES; b: Similar graph in ‘a’, but after
NMES; c: MRI scan with contusion of the medial bone (red circle);
d: MRI points to medial meniscus injury with internal decrease.!”'8
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Foot and ankle

The ankle is a joint formed by the distal articular surface of the tibia
and foot. The heel bone is articulated with the foot and tarsal bones
and its contact with the ground constitutes the posterior support of
the foot. The tarsal bone is articulated anterior to the fourth and fifth
metatarsals. The five metatarsal bones connect the tarsal bones to
the phalanges, located distally. The articulation between the bases
of the proximal phalanges and the metatarsal heads brings static
and dynamic stability, along with muscular balance of the foot.'®
The ankle is a fundamental joint for gait. Gait is the displacement
of the body from one place to another. The foot also participates,
since the friction between it and the ground modifies acceleration
and deceleration, affecting gait.

There are few studies describing the changes in the feet and ankle
of spinal injury patients. Spasticities, contractures and osteoporosis
arise due to spinal cord injury and disuse of the limbs, which can
lead to deformities.

The feet and ankles of spinal injury patients still have normal ana-
tomical aspects, although there are alterations (Figure 4a and 4b).
These are a consequence of the absence of tactile, proprioceptive
and pain sensitivity. An example are overload ulcers, Charcot arthrop-
athy (consequent of repetitive microtraumas), the accentuation of
deformities due to muscle imbalances and fractures due to low bone
density. The latter, known as osteoporosis, occurs due to the absence
of mechanical stress and neurological and hormonal alterations.
In the feet, mainly, this hinders the possibility of returning to walking.

Wider angle Narrower
A Normalangle  ithtendency ~ @ngle with
(degrees) to the following ~tendency to
deformities:  the following
deformities:
Hallux valgus 15 Hallux valgus Hallux varus
Foot joints 9 Metatarsus Metatarsus
varus valgus
Anteroposterior Kite angle 30 Adduction Abduction
Calcanean angle 30 Cavus/supine  Plane/prone
Lateral Kite angle 30 Cavus Plane
Moreau-Costa-Bertani’s angle 4a-4 Cavus/supine  Plane/prone
Tibiocalcaneal angle 90 Calcaneous foot Equine

Figure 4. A: deformities found in the feet and their relationship of angles with deviations; B: Bilateral flat feet.'?

The use of NMES as a treatment allows patients to remain in an
orthostatic position and thus perform movements, helping to keep
the feet and ankles of spinal injuries planted and in an appropri-
ate position for walking, which may lead to the reacquisition of
autonomous gait."?

DISCUSSION

Due to the high medical and technological development, the life
of these patients has changed profoundly in recent decades."
However, sequelae after spinal injuries bring several comorbidities
that influence lifestyle.

Therefore, the understanding of the orthopedic aspects of each
patient is fundamental for adaptation within the training and re-
habilitation of the locomotor system. In this review, most of the
anatomical and functional characteristics, as well as their alterations,
were presented in order to discuss the relationship of the structure

with the condition of the patient and all the main repercussions of
a spinal cord injury.

Many pertinent aspects about the main structures of these con-
ditions have not yet been fully explored, such as limb disuse of
a quadriplegic or paraplegic patient and the mechanism of this
impairment, as well as the most effective diagnostic methods and
therapeutic proposals with lower associated cost. Considering that
spinal cord injury is a delicate clinical condition and its traumatic
expression is a public health problem in Brazil, greater scientific
production on this subject is essential.

CONCLUSION

The correct and early diagnosis of possible malfunctions and
subsequent intervention, whether with Neuromuscular Electrical
Stimulation, physical therapy exercises and the practice of physical
activity, are essential for the good prognosis of the patient.
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