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ACTA ORTOPÉDICA BRASILEIRA
INSTRUCTIONS TO AUTHORS

(Reviewed January 2016)

Recommendations for articles submitted to Acta Ortopédica Brasileira

Type of 
Article Abstract Number of words References Figures Tables Maximum number 

of authors allowed

Original Structured, up to 
200 words

2.500
Excluding abstract, references, 

tables and figures
20 10 6 6 

Update /
Review*

Non-structured, 
up to 200 words

4.000
Excluding abstract, references, 

tables and figures
60 3 2 2

Editorial* No abstract 500 0 0 0 1

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

The journal Acta Ortopédica Brasileira, official organ of the Department of Orthopedics and Trauma-
tology, Faculdade de Medicina da Universidade de Sâo 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 Portuguese 
and English printed and online versions. Acta is distributed to orthopedists and leading educational 
and research institutions in Brazil. The publication follows entirely the international standard of the 
International Committee of Medical Journal Editors (ICMJE) - Vancouver Convention - and its uni-
form 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 state-
ments 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.

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.nlm.nih.gov/
mesh/meshhome.html 
INTRODUCTION: The introduction of the article shall present the matter and purpose of the study, 
including citations without, however, making an extensive review of the matter.
MATERIALS AND METHODS: This section should describe the experiments (quantitatively and 
qualitatively) and procedures in sufficient detail to allow other researchers to reproduce the results or 
provide continuity to the study.
When reporting experiments on humans or animals, authors should indicate whether the procedures 
followed the rules of the Ethics Committee on Human Trials of the institution in which the survey was 
conducted, and whether the procedures are in accordance with the 1995 Helsinki Declaration and 
the Ethics in Experimentation Animals, respectively. Authors should include a statement indicating 
that the protocol was approved by the Institutional Ethics Committee (affiliate institution of at least 
one of the authors), with its identification number. It should also include whether a Free and Informed 
Consent Term was signed by all participants.
Authors should precisely identify all drugs and chemicals used, including generic names, dosages 
and administration. Patients’ names, initials, or hospital records should not be included. References 
regarding statistical procedures should be included.
RESULTS: Results should be present in logical sequence in the text, using tables and illustrations. 
Do not repeat in the text all the data in the tables and/or illustrations, but emphasize or summarize 
only the most relevant findings.
DISCUSSION: Emphasize new and important aspects of the study and the conclusions that derive 
from it, in the context of the best evidence available. Do not repeat in detail data or other information 
mentioned elsewhere in the manuscript, as in the Introduction or Results. For experimental studies 
it is recommended to start the discussion by briefly summarizing the main findings, then explore 
possible mechanisms or explanations for these findings, compare and contrast the results with other 
relevant studies, state the limitations of the study and explore the implications of these results for 
future research and for clinical practice.
Link the conclusions with the goals of the study, but avoid statements and conclusions that are not 
supported by the data, in particular the distinction between clinical and statistical relevance. Avoid 
making statements on economic benefits and costs, unless the manuscript includes data and ap-
propriate economic analysis. Avoid priority claim (“this is the first study of ...”) or refer to work that 
has not yet been completed.
CONCLUSION: The conclusion should be clear and concise, establishing a link between the conclu-
sion and the study objectives. Avoiding conclusions not based on data from the study in question is 
recommended, as well as avoiding suggest that studies with larger samples are needed to confirm 
the results of the work in question.
ACKNOWLEDGEMENTS
When applicable, briefly acknowledge the people who have contributed intellectually or technically to 
the study, but whose contribution does not justify co-authorship. The author must ensure that people 
agree to have their names and institutions disclosed. Financial support for the research and fellow-
ships should be acknowledged in this section (funding agency and project number).
AUTHORS IDENTIFICATION: The ORCID (Open Researcher and Contributor ID, http://orcid.org/) 
of each author should be informed in the authors’ statement of contribution, according to the model 
below.
STATEMENT OF AUTHORS’ CONTRIBUTION: The declaration of authors’ contribution should be 
included at the end of the article, using minimum criteria for authorship, including:
•	 Substantial contribution in the work conception or design, or acquisition, analysis or interpretation 

of data to the study;
•	 Writing the article or critically reviewing its intellectual content;
•	 Approval of the final version of the manuscript to be submitted for publication;
•	 Agree to be responsible for all aspects of the work, to ensure that any matters regarding the 

completeness or accuracy of any of its parts are properly investigated and resolved;
All articles should include a description of the authors’ contribution, as follows: 
“Each individual author contributed individually and significantly to the development of this work. 
MJ (0000-0000-0000-0000)*: wrote and reviewed the and performed the surgeries; CPV (0000-
0002-3904-2836)*: performed the surgeries, analyzed the data analysis and wrote the articles; JVC 
(0000-0003-3910-714x (0000-0000-0000-0000)*: performed statistical analysis, participated at the 
surgeries and reviewed the article; OMA (0000-0000-0000-0000)*: analyzed the slides and reviewed 
the article; MASP (0000-0000-0000-0000)*: drafted and reviewed the article and contributed to the 
intellectual concept of the study; ACA (0000-0001-6891-5935)*: performed the surgeries, wrote the 
article, performed statistical analysis and contributed to the intellectual concept of the study and the 
entire research project. *ORCID (Open Researcher and Contributor ID).”
REFERENCES: Original articles may include up to about 20 references, restricted to the essential 
bibliography to the article’s content. Number the references consecutively in the order in which they 
are first mentioned in the text, using superscript Arabic numerals in the following format: (e.g., Reduc-
tion of terminal plate functions.1).
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 (1,5,7). Where there are 3 or more 
sequential citations, use a numeric range (4-9). 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. 2nd 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. 4th 
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). 

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 (Système International, SI), 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/faqs/
clinical-trials-registration/]. 
CONFLICT OF INTERESTS: As recommended by the ICMJE and resolution of the Brazilian Fed-
eral Council of Medicine nº 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 (no abbreviations) and their affiliation (hierarchical units should be 

presented in descending order, for example, university, college/institute and department. 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);



For further information please contact Atha Comunicação e Editora, Rua Machado Bittencourt 
190, 4° floor. Vila Mariana, 04044-000 São 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. 

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. Proposição de um conjunto de metadados para descrição de 
arquivos fotográficos 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 
dpi resolution) and present title and caption. In all cases, the files must have .tif or .jpg extensions. 
Files with extension .xls, .xlsx (Excel), .eps or .psd to curve illustrations (graphics, drawings and 
diagrams) shall also be accepted. Figures include all illustrations such as photographs, drawings, 
maps, graphs, etc. Black and white figures will be freely reproduced, but the editor reserves the right 
to set a reasonable limit on their number or charge the author the expense resulting from excesses. 
Color photos will be charged to the author.

Please note that it is the authors’ responsibility to obtain permission from the copyright holder to 
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.

Levels of Evidence for Primary Research Questiona

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

Types of study

Level
Therapeutic Studies 
Investigating the Results of 
Treatment

Prognostic Studies - 
Investigating the Effect of a 
Patient Characteristic on the 
Outcome of Disease

Diagnostic Studies - 
Investigating a Diagnostic Test

Economic and Decision 
Analyses - Developing an 
Economic or Decision Model

I

High quality randomized trial with 
statistically significant difference 
or no statistically significant 
difference but narrow confidence 
intervals

High quality prospective studyd 
(all patients were enrolled at the 
same point in their disease with 
≥80% of enrolled patients)

Testing of previously developed 
diagnostic criteria on consecutive 
patients (with universally applied 
reference ‘‘gold’’ standard)

Sensible costs and alternatives; 
values obtained from many 
studies; with multiway sensitivity 
analyses

Systematic reviewb of LeveI RCTs
(and study results were 
homogenousc)

Systematic reviewb of Level I 
studies

Systematic reviewb of Level I 
studies

Systematic reviewb of Level I 
studies

II

Lesser quality RCT (eg, < 80% 
followup, no blinding, or improper 
randomization)

Retrospectivef study

Development of diagnostic 
criteria on consecutive patients 
(with universally applied reference 
‘‘gold’’ standard)

Sensible costs and alternatives; 
values obtained from limited 
studies; with multiway sensitivity 
analyses

Prospectived comparative studye Untreated controls from an RCT Systematic reviewb of Level II 
studies

Systematic reviewb of Level II 
studies

Systematic reviewb of Level II 
studies or Level I studies with 
inconsis tent results

Lesser quality prospective study 
(eg, patients enrolled at different 
points in their disease or <80% 
followup)

Systematic reviewb of Level II 
studies

III

Case control studyg Case control studyg
Study of non consecutive patients; 
without consistently applied 
reference ‘‘gold’’ standard

Analyses based on limited 
alternatives and costs; and poor 
estimates

Retrospectivef comparative studye Systematic reviewb of Level III 
studies

Systematic reviewb of Level III 
studies

Systematic reviewb of Level III 
studies Case-control study

Poor reference standard

IV Case seriesh Case series Analyses with no sensitivity 
analyses

V Expert opinion Expert opinion Expert opinion Expert opinion

a A complete assessment of quality of individual studies requires critical appraisal of all aspects of the study design.
b A combination of results from two or more prior studies.
c Studies provided consistent results.
d Study was started before the first patient enrolled.
e 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.
f The study was started after the first patient enrolled.
g 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.
h Patients treated one way with no comparison group of patients treated in another way.
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ABSTRACT

Objective: To evaluate the accuracy and the effect of drill guide 
template for pedicle screw placement in severe scoliosis. Method: 
Eight patients with rigid scoliosis were enrolled, five males and 
three females, ranging from nine to 23 years old. A three-di-
mensional CT scan of the spine was performed and saved as 
a DICOM file type. The multi-level template was designed by 
Mimics software and manufactured according to the part of 
the most severe deformity. The drill template was placed on the 
corresponding vertebral surface. Pedicle screws were carefully 
inserted across the trajectory of the template. Postoperatively, 
the positions of the pedicle screws were evaluated by CT scan 
and graded for validation. Results: No spinal cord injury or nerve 
damage occurred. All patients had satisfactory outcomes. The 
abnormalities and the measures observed during operation 
were the same as those found in the preoperative period. The 
position of the pedicle screws was accurate, according to the 
postoperative X-ray and CT scan. The rate of scoliosis correction 
was 60%. Compared with controls, surgery time, blood loss 
and radiation were significantly lower. Conclusion: With the 
application of multi-level template, the placement of pedicle 
screws shows high accuracy in scoliosis with shorter surgical 
time, less blood loss and less radiation exposure. Level of 
Evidence III, Retrospective Comparative Study.

Keywords: Scoliosis. Pedicle screws. Surgery, computer-assisted/
methods. Imaging, three-dimensional. Prosthesis design. Printing, 
three-dimensional.

RESUMO

Objetivo: Avaliar a precisão e o efeito da matriz de guia de broca 
para colocação de parafuso pedicular em escoliose grave. Método: 
Oito pacientes com escoliose rígida foram selecionados, sendo 
cinco homens e três mulheres na faixa etária de nove a 23 anos. Foi 
realizada TC tridimensional da coluna, gravada no formato DICOM. 
A matriz multinível foi desenhada pelo software Mimics e fabricada 
de acordo com a parte da deformidade mais grave. A matriz da 
broca foi colocada na superfície vertebral correspondente. Os 
parafusos pediculares foram cuidadosamente inseridos ao longo da 
trajetória da matriz. No pós-operatório, as posições dos parafusos 
pediculares foram avaliadas por TC e classificadas para validação. 
Resultados: Não ocorreu nenhuma lesão da medula espinhal nem 
lesão de nervos. Todos os pacientes tiveram desfechos satisfatórios. 
As anormalidades e as medidas observadas durante a operação 
foram as mesmas encontradas no pré-operatório. A posição dos 
parafusos pediculares foi precisa, de acordo com a radiografia e 
a TC pós-operatórias. A taxa de correção de escoliose foi de 60%. 
Em comparação com os controles, o tempo de cirurgia, a perda de 
sangue e a radiação foram significantemente menores. Conclusão: 
Com a aplicação da matriz multinível, a colocação dos parafusos 
pediculares mostra alta precisão na escoliose, com menor tempo 
cirúrgico, menos perda de sangue e menor exposição à radiação. 
Nível de Evidência III, Estudo Retrospectivo Comparativo.

Descritores: Escoliose. Parafusos pediculares. Cirurgia assistida 
por computador/métodos. Imagem tridimensional. Desenho de 
prótese. Impressão tridimensional.

INTRODUCTION

Computer-aided rapid prototyping (RP) using Mimics medical 
imaging software can be simulated in a computer-based operation 
using an operational design and planning scheme which displays 
the results of the procedure. This method also permits rapid input 
on a digital machine which can copy the real structure for an entity 

model and allow the surgeon to simulate and evaluate intraoperative 
references and guides for positioning and navigation prior to the 
procedure. Rapid prototyping has been widely applied in the medical 
field in China and abroad in recent years; this technology is used 
in the fields of complex fractures, spine and extremity deformities, 
joint replacement, plastic surgery, cranial and facial tumors, nasal 
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reconstruction, dental implants and prosthesis engineering,1-6 as 
well as for planning procedures in clinical medicine. Biological 
manufacturing provides a more effective solution and means of 
production. The aim of this study is to investigate the use of a RP 
technique to construct a pedicle drill template as well as to assess 
and evaluate the outcomes.

MATERIALS AND METHODS 

This study was approved by the institutional review board of Bei-
jing Ditan Hospital at Capital Medical University under number 
1501/2009. Written informed consent was obtained from all patients 
prior to enrollment in the study. From June 2006 to October 2009, 
8 patients (5 males and 3 females) with scoliosis were evaluated; 
the participants ranged in age from 9 to 23 (average age: 18). Five 
subjects had congenital scoliosis and 3 had idiopathic scoliosis; 4 
patients underwent a repeat operation. Preoperatively, the average 
Cobb angle was 91° (70°~125°), and the average kyphosis Cobb 
angle was 65° (45°~95°). The preoperative Frankel scores were 
as follows: 1 case with C, 1 case with D, and 6 cases with E, 
including 1 case with bladder sphincter dysfunction. Five cases 
had serious thoracolumbar back pain. During the preoperative 
period, the patients underwent plain film X-rays, MRI scans, and 
three-dimensional reconstruction of spiral CT. All patients had 
different degrees of spina bifida, butterfly vertebra, congenital 
fusion of the ribs, spinal bone ridge, posterior fusion, and severe 
vertebral rotation. At the same time, 8 severe scoliosis patients 
who did not undergo spinal modeling were selected at random to 
comprise the control group.
Preoperatively, all the patients underwent full spine enhanced CT 
scanning with a 1 mm slice thickness. We collected the original CT 
data and used a DICOM format input computer and Mimics 6.3 
software (Materialise N.V., Haasrode, Belgium) for three-dimen-
sional reconstruction of the digital display as well as to measure 
the spinal data. We used the CT data to perform the operation, 
reconstruct the surgical region, define placement, diameter, and 
depth direction of the pedicle screws using the software design 
of the virtual pin tract, avoid neurovascular organs, and ensure 
that the pedicle screws designed prior to the procedure were in 
the pedicle to avoid breaking through the bone. (Figure 1) We 
identified the best screw trajectory and location based on the RP 
spine pedicle screw placement in the real model. We also made 
the drill guide template, designed the surgical plan, simulated the 
procedure in models, and ensured that pedicle screw placement 
was more intuitive and accurate. We also attached the three-di-
mensional reconstruction of the vertebral model template to the 
back of the vertebrae and rotated the model in each direction, 
observing the positioning guide hole and the accuracy of pedicle 
placement. (Figure 2)
The rapid prototyping guide template was managed by low tem-
perature plasma sterilizer. All patients received general anesthesia 
prior to surgery to correct the posterior deformity utilizing the pedicle 
screw fixation technique, intraoperative findings, and preoperative 
three-dimensional reconstruction. The RP model showed that the 
results were consistent and that the navigation template and defor-
mity were a close fit. The preoperative design permitted successful 
correction of the deformity via placement of pedicle screws, and 
intraoperative fluoroscopy showed that the pedicle implant was 
well-positioned and that the template fit well. (Figure 3) There were 
5 cases of complete vertebral osteotomy and 3 cases of simple 
internal fixation. Excision of the ribs and vertebrae and bone allograft 
were routinely performed. Four cases involved autologous blood 
transfusion. Surgical time, volume of blood lost, and fluoroscopy 
frequency data were recorded.

Figure 1. Placement, diameter, and depth direction of the pedicle screw defined 
using Mimics software with the three-dimensional reconstruction data.

Figure 2. Attaching the pedicle drill navigation template to the back of the vertebrae 
and rotating the model in each direction to observe the positioning guide hole 
and accuracy of pedicle placement.

Figure 3. The intraoperative view was the same as the three-dimensional recons-
truction and rapid prototyping model. The navigation template and deformity were 
a close fit. Needle passage using the navigation template was correct and safe.
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RESULTS

All 8 patients underwent digital reconstruction of the skeleton, which 
allowed us to observe a case of severe congenital scoliosis from any 
direction by constructing a spinal model. This model in turn allowed 
us to measure the extent of the deformity, understand the range and 
shape of the spina bifida, and to understand the scope and shape 
divided by intraspinal osseous lesions as well as the relationship 
between the spinal cord and the configuration of the spinal canal. 
A RP spine model design for surgery was created for all cases. The 
intraoperative findings and preoperative 3D reconstruction results 
were completely consistent. Eight patients were scheduled for the 
procedure; in these cases, we could clearly identify the anatomical 
structure of the spinal deformity and pedicle screw positioning was 
adequate. All cases healed well without wound infection, spinal 
cord injury, cerebrospinal fluid leakage, or complications such 
as pneumothorax, and the patients obtained good postoperative 
results. Additionally, the findings from the surgical procedure and the 
preoperative three-dimensional reconstruction of the digital model 
for abnormal findings and measurement results were completely 
consistent. Postoperative X-ray and CT demonstrated that adequate 
positioning of the pedicle screws. The scoliosis correction rate was 
60%, and the average surgical time was 186 min. Average blood 
loss was 460 ml, and C-arm fluoroscopy was used 4 times. Using 
guide navigation in the patient group, the average surgical time 
was 225 minutes, average blood loss was 550 ml, and fluoroscopy 
was used approximately 30 times.

DISCUSSION

Modern computer technology allowed the development of a digital 
model of the human skeleton and RP technology in the late twentieth 
century, providing new technologies for use in clinical medicine. 
Human CT scan data are processed with a computer to create 
three-dimensional digital images of structures in the human body, in-
cluding lesion sites, and DICOM data are acquired using a computer. 
This technique also uses CAD, Mimics 6.3, and 3D View 3.5 software 
for three-dimensional reconstruction and measurement display. The 
laser stacking method has been used for RP in plastic surgery.1-6 

The field of orthopedics has seen revolutionary developments, and 
this methodology is currently used in orthopedic reconstructions. 
Additionally, this positioning technology has been widely applied 
in more invasive orthopedics operations to improve accuracy.2,6-8 
As the difficulty of these operations has increased, doctors no 
longer depend on the patient’s medical history alone; instead, 
images are required for the surgeon to determine the surgical plan. 
Consequently, surgeons should be able to use surgical planning 
software, establish a three-dimensional anatomical model of the 
target site, and design the procedure on the computer screen in 
order to achieve the best surgical plan. These skills will be required 
of clinicians in the twenty-first century.6

The anatomy of the spine is very complex, and the complex mor-
phologic structure of scoliosis has several associated variations, 
including kyphosis, vertebral rotation, wedge, spondylolisthesis 
deformities, spinal deformities, severe thoracic spinal deforma-
tion with a small, irregular vertebral arch root, and deformation 
of the spinal cord, nerve root, adjacent lung, esophagus, aorta, 
inferior vena cava, and other important organs and large vessels. 
Consequently, congenital scoliosis with pedicle screw placement 
has presented a challenge to surgeons for some time, particularly 
in patients with spina bifida, butterfly vertebrae, and congenital 
posterior fusion. Such patients are treated with an anterior approach, 
but the posterior or anterior and posterior approach for correction 
can encounter many difficulties. Accurate understanding of the 
specific malformations well in advance of surgical planning and 

the procedure itself is essential.2 However, it can be difficult to fully 
and clearly view the deformities in specific circumstances due to 
scoliosis, vertebral rotation, and overlapping morphological variation 
in images, even with the use of conventional X-ray plain films, CT, or 
two-dimensional MRI tomography. Even with preoperative three-di-
mensional reconstruction, it can be difficult to acquire a visible and 
tangible three-dimensional view and spine model. However, RP of 
the spine uses a human skeleton as the reconstruction of the spine. 
It is the same size as the patient’s bones but does not present 
any trauma when used for surgical planning and simulation and 
the procedure. In cases of severe spine deformity, the spinal and 
morphology and anatomical landmarks can undergo tremendous 
changes and be difficult to recognize. Scoliosis can substantially 
alter the vertebral morphology, and judging the screw entrance 
point can be a major challenge in clinical work. The navigation 
guide plate was recently developed based on the digital spine 
model in pedicle screw placement, and may present a solution for 
this challenge.3,4,9,10 Preoperatively, computerized surgical plans 
have been used to select the correct screw entry point and suitable 
pedicle screws. Additionally, the RP spine model has been used 
to produce the pedicle navigation guide and to avoid surgical 
errors, save time, reduce the use of intraoperative fluoroscopy, 
and alleviate patient pain.
The free hand technique is still the most commonly used clinical 
placement method, intraoperative C-arm fluoroscopy, and comput-
er-aided navigation. The acts technique is still the most commonly 
used clinical placement method.3,4,11 Generally, when the surgeon 
has sufficient experience in spinal surgery, the spinal deformity is 
not serious and the anatomic landmarks are clearly defined, the 
accuracy of freehand pedicle screw placement can be assured 
using a pedicle probe. Some studies have reported that the rate of 
pedicular cortical perforation ranges from 6.2% to 72.4%; rates of 
neural, vascular and visceral injuries as well as other complications 
range from 0% to 0.9%.12-17 Intraoperative C-arm fluoroscopic X-ray 
can increase the accuracy of pedicle screw placement, but extended 
surgical time, increased intraoperative fluoroscopy, and repeated 
adjustment of pedicle screw placement direction can also cause 
screw loosening or failure. Complex vertebral malformations make 
it difficult to place the screw in the correct position; blind placement 
can cause injuries to the spinal cord, nerves, blood vessels, and 
adjacent viscera. Computer-assisted navigation technology can 
be used to increase the accuracy of pedicle screw placement. 
However, complex vertebral malformations make it difficult to place 
screws in the correct position, and the procedure is complicated, 
time-consuming and laborious. Additionally, navigation devices 
are expensive, accuracy is low, there is a high learning curve, and 
there are other shortcomings; furthermore, they have not been 
used in Chinese hospitals.
As pedicle screw fixation technology has developed and matured, 
these techniques have been widely used in the treatment of adult 
spinal trauma and degeneration, orthopedic surgery, and tumor 
resection.1-6 Severe vertebral rotation may be present in these 
cases, or patients may require multiple operations, and surgeons 
often have doubts about how to replace the pedicle screw be-
cause the allowable deviation range is small, especially in the 
thoracic spine, and risk increases. In the past, these surgeries 
relied on the surgeon’s experience and repeated C-arm X-rays 
to adjust the position of the pedicle screw; this procedure largely 
depends on the surgeon’s experience and luck. If all goes well, 
the screw can be inserted smoothly, but in some cases a loose 
screw may need repeated adjustments, may not be placed, or 
may cause injury. In severe cases, mistakes can cause disability 
or death, and the risk is high. Spinal surgeons are paying greater 
attention to the accuracy of thoracic pedicle screw placement 
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and safety.11-15 To improve accuracy of pedicle screw placement, 
we used RP technology to making a drill guide template for 
pedicle navigation, which made placement of pedicle screw as 
a safe and feasible method for congenital scoliosis. Reverse 
engineering and RP technology15 were the keys of design. We 
used reverse engineering software to extract the lamina surface 
from the posterior vertebral anatomy, then established optimal 
pedicle screws trajectory. The drill guide templates were designed 
according to these data, so that its placement can be consistent 
with the posterior vertebral. And RP technology can produce the 
dill guide template for personalized individuals. In the operation, 
template and corresponding thoracic posterior bony structure 
fit well. Made position and channels along the drill of template 
can be ensure each screw placed correctly. The fluoroscopy and 
postoperative CT confirmed adequate pedicle screw placement.
The template was made to fit the bone closely according to the 
anatomical structure, allowing more stable fixation; in theory, greater 
contact between the template and bone provides greater stability. 
However, it is important that the template not be too large or it 
may reduce the motion of the intervertebral spinal segment. In our 
experience, it is best to not manipulate more than two segments of 
the vertebral plate and facet joint. A 3-5 centimeter guide sleeve is 
advisable; if the sleeve is too short, accuracy will also be affected. 
During the procedure, the spinous process, laminectomy, and facet 
joint are fully exposed so that the guide plate and corresponding 
segment of the spinal bone can fit fully. Next, the cannula is used to 
open, drill, sound, and remove the guide; detection of the pedicle 
bone is complete at this time, permitting evaluation of tapping and 
the pedicle screw. Additionally, the navigation template for screw 
preparation (preferably using a drill or drills) can reduce shaking 
with the borehole. This allows the screw channel to be prepared 
as exactly as possible according to the direction of the guiding 
channel, and the surgeon can strive to follow the template design 

of the navigation positioning. To reduce error and increase the 
precision of the guide, a CT scan is best in patients prone to spinal 
operation bed frame defects because CT is closer to the patient’s 
intraoperative position and is as far as possible from postural 
changes that may influence the guide’s accuracy. To ensure that 
the operation is not in danger of failing, pedicle screw placement 
is completed with the assistance of a C-arm X-ray check.
In short, RP guide navigation technology can quickly produce the 
desired prototype without requiring substantial experience with 
the procedure, and can also simulate the surgical process and 
possible problems, allowing prior consideration of remediative and 
preventive measures. The use of an operation navigation guide 
plate in severe scoliosis procedures improves safety, shortens 
surgical time, reduces surgical trauma, and reduces bleeding as 
well as intraoperative fluoroscopy. It is safe, accurate, and minimally 
invasive.3,4,15 In addition to ensuring speed and accuracy (and in 
turn, reducing patient suffering and postoperative complications), 
this method can relieve the economic burden on patients and 
produce positive economic and social benefits.

CONCLUSION

The RP pedicle drill template is a new method for precise insertion 
of pedicle screws in operations. This method is highly accurate and 
safe in scoliosis spinal procedures. Utilizing the pedicle drill template 
navigation procedure is simple, and does not require extensive 
specific experience on the part of the surgeon. This method can 
shorten surgical time and reduce blood loss, and the surgeon’s 
exposure to radiation can be reduced or avoided with this technique.
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ABSTRACT

Objectives: To determine whether the macroindentation test can 
be applied to quantitatively assess bone regeneration. Methods: 
A 3.2 mm diameter transverse monocortical defect was created 
on the medial aspect of both proximal metaphyses of the tibia 
of male Unib-WH rats. For the macroindentation tests, we used 
5.00 mm diameter indenters with a 3.2 mm tip. Defect testing 
was performed 1 to 12 weeks following the surgical procedures 
to compare the hardness of the newly developed tissue over the 
12-week study period. Additional histological, morphological and 
physical/chemical data were obtained by optical and electronic 
microscopy, Raman, and energy dispersive x-ray spectrometry 
(EDS). Results: The mean indentation forces increased in a 
time-dependent manner from 4 to 12 weeks (p<0.001). Tests 
performed with the 5.0 mm diameter tip were not able to measure 
the indentation forces in the first week after the procedure. 
Moreover, in the second postoperative week indentation forces 
and the newly formed tissue within the spinal canal were greater 
than those measured in the fourth and eighth weeks. Conclu-
sions: The macroindentation test can be used to quantitatively 
assess bone regeneration in experimental studies. The choice 
of indenter tip diameter should consider the study design. Level 
of Evidence II, Diagnostic Studies.

Keywords: Bone regeneration. Hardness tests. Animal 
experimentation.

RESUMO

Objetivos: Determinar se o teste de macroendentação pode ser aplica-
do para avaliar quantitativamente a regeneração óssea. Métodos: Foi 
criado um defeito monocortical transversal com 3,2 mm de diâmetro na 
face medial de ambas as metáfises proximais da tíbia de ratos Wistar 
machos. Para os testes de macroendentação, empregou-se endentador 
com ponta de 3,2 mm e 5,0 mm de diâmetro. O teste dos defeitos foi 
realizado em 1 a 12 semanas depois dos procedimentos cirúrgicos, 
de modo que a dureza do tecido recém-formado foi comparada no 
período de 12 semanas do estudo. Os dados histológicos, morfo-
lógicos e físico-químicos adicionais foram obtidos por microscopia 
óptica e eletrônica, espectrometria Raman e EDS (espectrometria com 
dispersão de energia). Resultados: As forças médias de endentação 
aumentaram de modo dependente do tempo de 4 a 12 semanas
(p < 0,001). Os testes realizados com a ponta de 5 mm de diâmetro não 
foram capazes de medir as forças de endentação na primeira semana 
depois do procedimento. Além disso, na segunda semana, as forças 
de endentação e o tecido recém-formado no interior do canal medular 
foram superiores aos da quarta e oitava semanas. Conclusões: O teste 
de macroendentação pode ser utilizado em estudos experimentais para 
avaliar quantitativamente a regeneração óssea. A escolha do diâmetro 
da ponta do endentador deve considerar o desenho do estudo. Nível 
de Evidência II, Estudos Diagnósticos.

Descritores: Regeneração óssea. Testes de dureza. Experimen-
tação animal.

INTRODUCTION

In 5–10% of fractures, bone healing takes longer than expected 
and bone consolidation is not achieved.1 This fact highlights the 
importance of developing novel therapeutic, clinical or surgical 
strategies to accelerate bone healing and avoid nonunion. Conse-
quently, biomechanical tests to quantitatively assess bone repair 
are important tools to evaluate the efficiency of these strategies. 
Many biomechanical tests are used in animal models to evaluate 

implant performance, bone repair, and the quality of the newly 
formed bone, such as tensile, bending and torsion tests.2-7 
The indentation test is used in mechanical engineering to determine 
the hardness of a material to deformation, and this test can also be 
used to quantify the hardness of newly developed tissue on bone 
surfaces. As the hardness of this new tissue gradually equals the 
hardness of intact bone, bone repair is likely to be successful. Micro 
and nanoindentation tests are commonly used for this purpose, but 
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few studies can be found in the literature on the macroindentation 
test.8-11 To determine the efficacy of the macroindentation test in 
quantitatively assessing bone repair, we examined the 12-week 
follow-up of histological, morphological, and biomechanical findings 
in newly developed tissue in the tibias of rats which were subjected 
to monocortical perforation.

MATERIALS AND METHODS

Because of the lack of knowledge about the statistical distribution of 
results which would be obtained in the tests, samples were initially 
chosen from four animals for each indentation test group and two 
animals for the histology/EDS/ERS/Raman groups. Preliminary 
processing of the results showed that some sample sizes needed 
to be increased, resulting in the use of one hundred and two male 
Unib: WH rats (Rattus novergicus albinus, Rodentia mammalia), 
10(±2) weeks old, with a body mass of 350(±20) g. The animals 
were obtained from the Centro Multidisciplinar para Investigação 
Biológica na Área de Ciência em Animais de Laboratório (CEMIB) 
of the Universidade de Campinas (UNICAMP). All procedures were 
approved by the institutional review board (record 2497-1). The 
animals were randomly allocated in groups as described in Table 1.
Following trichotomy and antisepsis of both hindlimbs, 88 ani-
mals were anesthetized via intravenous tail injection of ketamine
(70 mg/kg) and xylazine (5 mg/kg), and placed in a supine position 
on a surgical stand. Using an anterior longitudinal knee approach, 
the proximal anteromedial metaphysis of both tibias was exposed 
and a 3.2-mm transverse monocortical defect was created with a 
low-speed (130 rpm) electrical hand drilling machine. A 1.5-mm 
length stop device avoided over-penetration and perforation of 
the opposite cortical surface. Next, the skin was sutured with 3.0 
nylon line. The animals were maintained in a plastic cage with wood 
shaving bedding, food pellets, and water at 25°C with 12h:12h light-
dark cycles. They received Paracetamol solution (25 mg/kg) during 
the first 48 postoperative hours for analgesia. Full weight-bearing 
on the hindlimbs was immediately permitted. After a period of 1, 
2, 4, 8, and 12 weeks, the animals were euthanized with a sodium 
pentobarbital overdose, and their tibias were harvested for biome-
chanical, histological, and morphological examination. Fourteen 
animals were not subjected to the surgical procedure and served 
as a control group. (Table 1)
The tibias were carefully placed on a molded bed made of plaster 
of Paris to maintain the surface of the defect parallel to the ground. 
The macroindentation test was performed using a EMIC universal 
testing machine. The indenter, which was attached to a 100 N load 
cell, was centered on the defect axis and positioned just above the 
surface of the newly formed tissue. Next, the indenter was lowered 
to a depth of 0.6 mm (t = 0.6 mm) at a speed of 0.1 mm/s. The 
tests were performed using either a 3.2-mm diameter or a 5.0-mm 
diameter spherical Brinell indenter. Curves for applied load vs. 
indenter penetration depth were plotted using test data which were 
continuously registered by the test machine software (TESC 3.04). 
The applied force for t = 0.5 mm (F0.5) of each curve was determined. 

Two-way analysis of variance (ANOVA) was used to compare the 
mean values of F0.5 between groups. Pairwise comparison was 
performed using the Scheffe test, and a significance level of 5% 
(α = 0.05) was considered.
The pair of tibias from 29 animals (a total of 58 tibias) was assigned 
to histological analysis. (Table 1) Samples were fixed (using 10% 
buffered formalin), decalcified (using tetrasodium EDTA), and stained 
with hematoxylin and eosin (HE) for optic microscopic examination 
(using a Leica DMLB device). Next, the microscopic images were 
captured (using a Leica DC 300 F device) and analyzed using 
IMAGE-PRO PLUS 4.5 software. Newly developed tissues were 
classified as granulation tissue, cartilaginous bone, newly formed 
bone, and bone.
The samples were then dehydrated (from 70% to 100% alcohol), 
embedded in polyester resin, and cut with a precision sectioning 
diamond saw (Bühler Isomet). The samples were excited with an 
argon laser (λ = 514.5 nm wavelength, ~6 mW), and their spectra 
were acquired using a Raman microscope (inVia model, Renishaw).
Scanning electron microscopy (SEM) was performed to study the 
topography of the newly developed tissue surface. Additionally, 
energy dispersive X-ray spectroscopy (EDS) (using a Zeiss 
EVO LS15 model coupled with an EDS system) was used to 
determine the chemical composition of the newly developed 
tissue within the defect.

RESULTS

Of the total 118 tibias (pairs of tibias from 59 animals), 4 were 
discarded due to fractures, and consequently 114 tibias under-
went macroindentation testing. Indentation force increased in a 
time-dependent manner for both 3.2-mm and 5.0-mm diameter 
indenters. (Figures 1 and 2, and Table 2)
Nevertheless, data from samples taken from the 1-week follow-up 
could not be obtained with the 5.0-mm diameter indenter. Because 
the newly developed tissue was fragile, the indenter easily penetrated 
into the defect and reached its margins, invalidating the test.
Histological examination revealed progressive primary bone re-
generation within the monocortical tibial defect. At the 1-week 
follow-up we observed high-cellularity connective tissue composed 
predominantly of undifferentiated, spindle-shaped mesenchymal 
cells within the medullary canal. The initial stage of bone formation 
was also observed at the margins of the defect, where multiple 
ossification centers composed of osteoid (secreted by osteoblasts) 
and initial trabecular formation could be seen one week after tibial 
perforation. (Figure 3)

Table 1. Allocation of the animals according to test groups.

Test
Follow-up time (weeks)

Total
Control 1 2 4 8 12

Indentation
3.2 mm indenter 4 5 7 6 4 4 30
5.0 mm indenter 4 3 7 6 4 5 29

Histology
Transverse sections 2 2 3 3 2 2 14
Longitudinal sections 2 3 3 3 2 2 15

EDS/ERS/Raman - 2 2 3 3 2 2 14
Total 102

Figure 1. Penetration force achieved at 0.5 mm of a 3.2 mm indenter as a function 
of follow-up time.
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Two weeks after surgery, the defect site was filled with woven 
bone. Intense osteoblastic activity and dense connective tissue 
were observed within the intertrabecular space of the medullary 
canal. (Figure 3)
Four weeks after the procedure, a uniform pattern of osteogenesis 
could already be seen. Furthermore, the granulation tissue was 
completely resorbed, the woven bone was differentiated into cortical 
bone, and the medullary canal was remodeled. (Figure 3)
At 8 and 12 weeks post-procedure, the osteocytes reorganized 
into Haversian systems and complete remodeling of cortical and 
medullary bones was achieved. (Figure 3)
Raman spectra obtained from the surface of the cortical bone 
and medullary canal defects showed time-dependent decreases 
in phosphate apatite, amide III, and hydrocarbon (CH) side chain 
elements. (Figures 4 and 5)
Images obtained with SEM are shown in Figures 6 to 10. In distinct 
areas of each sample, 4 to 6 points (center and margins of the defect 
and the medullary canal) were chosen to examine the chemical 
composition and mineral phase components using EDS. Table 3 
indicates the proportion of calcium content at each point according 
to follow-up period.

DISCUSSION

Micro or nanoindentation tests are commonly used for mechanical 
evaluation of bone,8-11 but macroindentation testing is not com-
mon.12 This study describes a macroindentation test developed 
from the Brinell hardness test. Advantages of the Brinell hardness 
test include the fact that it can be performed using equipment 
which is easy to handle and its singular status as the only test 
used and accepted for materials with heterogeneous structural 
composition (such as bone).13

Instead of using the original method, we adapted the Brinell hardness 
test because it is difficult to determine the imprinted diameter on the 
bone, and it because a low magnitude force F would be required 

to avoid harming the newly formed and fragile tissue. Moreover, 
this force F would not allow the indenter to penetrate sufficiently, 
and would not yield reliable results.14

A 3.2 mm monocortical defect was chosen because it behaves like 
a bone fracture, which heals by primary intention when anatomically 
reduced and internally fixed.15,16 Furthermore, two diameters of 
indenter tips were evaluated (3.2 mm and 5.0 mm). Each indenter 
penetrated no more than 0.6 mm into the newly formed tissue. By 
penetrating 0.6 mm, the 3.2-mm diameter indenter produced an 
indentation with a diameter of 2.5 mm, and the 5.0-mm diameter 

Table 2. Scheffe contrast between pairs of follow-up time means according 
to indenter diameter (α = 0.05, critical value = 2.519).

Indenter diameter (mm) Follow-up times (weeks) FS Significant?

3.2
4 – 8 2.27 No
4 – 12 3.80 Yes
8 – 12 1.42 No

5.0
4 – 8 3.74 Yes

4 – 12 5.14 Yes
8 – 12 1.07 No

Figure 2. Penetration force achieved at 0.5 mm of a 5.0 mm indenter as a function 
of follow-up time.
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Figure 4. Raman spectra of the center of bone healing (cortical region of the 
defect). The bands indicate phosphate apatite (~960 cm-1), amide III (1200-1300 
cm-1), and CH side chains (1450-1470 cm-1).
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Figure 3. Transverse (A , D, G, J and M) and longitudinal sections (B, C, E, F, 
H, I, K, L, N and O) of the bone defect area after 1, 2, 4, 8 and 12 weeks (arrow: 
original-defect bone interface), with granulation tissue (GT), newly formed bone 
(NF), tissue in the cortical bone (CO) and medullar canal (MO), and osteocytes 
arranged concentrically around the central (Haversian) canals (lower arrowhead). 
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Figure 5. Raman spectra of the center of bone healing (medullar region). The 
bands indicate a) phosphate apatite (~960 cm-1), amide III (1200-1300 cm-1), 
and CH side chains (1450-1470 cm-1).
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Figure 9. Longitudinal section of the defect at 8 weeks post-procedure.

1

2

3 4

Figure 10. Longitudinal section of the defect at 12 weeks post-procedure.
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indenter produced an indentation with a 3.2 mm diameter. Since 
the 5.0-mm diameter indenter covered a larger indentation area, it 
was more sensitive to positioning errors than the 3.2-mm diameter 
indenter. Table 2 confirms our expectation that from 4 to 12 weeks 
postoperatively the 5.0-mm diameter indenter applied greater force 
than the 3.2-mm diameter indenter. Since bone maturation occurs 
from margin to center, and the 5.0-mm diameter indenter reaches 
an area closer to the margin (i.e. resulting in greater strength at the 
margin than at the center of the defect), we expected the 5.0-mm 
diameter indenter to require greater force to penetrate 0.5 mm.
Also as expected, for most results F0.5 increased in a time-dependent 
manner. Surprisingly, samples obtained 2 weeks after the proce-
dure revealed higher mean values than samples obtained 4 and 8 
weeks later. (Figures 1 and 2) To explain those conflicting results, 
histological analyses were performed, and massive formation of 
tissue was seen within the medullary canal 2 weeks post-procedure. 
Furthermore, newly formed tissue remodeled at postoperative weeks 
4 and 8. This leads us to hypothesize that one and two weeks after 
the procedure, massive tissue formation occurred in the medullary 
cavity and exerted a mass effect that resisted penetration by the 
indenter and consequently abnormally increased indentation force 
at 2 weeks post-procedure.
Because of its ability to effectively evaluate the presence of mineral 
(apatite phosphate) and organic components of bone’s extracellular 
matrix (CH side chains and amide III), Raman spectroscopy is 
commonly used for structural assessment of bone healing and to 
provide information about the metabolic status of bone cells.17-20 

Here we found at the one- and two-week follow-ups that the band 
intensities of the cortical region spectra corresponded to the main 
collagen bands (i.e., amide III and CH side chains), while from the 
fourth to twelfth postoperative weeks, the band intensities of cortical 
region spectra corresponded to inorganic bone components (i.e., 
apatite phosphate); this indicated that mineralization of the newly 
formed tissue occurred between the second and fourth weeks after 
the procedure. Additionally, at 1 and 2 weeks following surgery, 
band intensities of medullary region spectra corresponded to 
apatite phosphate, while from the fourth to twelfth weeks after the 
procedure, the band intensities of the medullary region spectra 
did not correspond to apatite phosphate. These results are in 
accordance with biomechanical and histological findings, which 
showed time-dependent progressive increased indentation force 
and distinct healing processes observed in cortical and medullary 
bones, respectively, from 4 to 12 weeks post-procedure.
We also observed that the amount of collagen increased from 
center to the periphery of the defect. This finding was not a surprise 

Table 3. Calcium content obtained by EDS in different points of the 
samples according to follow-up time.

Follow-up (weeks)

Point 1 2 4 8 12

1 3.07 25.10 28.81 32,28 32.55
2 19.47 29.88 7.19 6.81 7.63
3 18.45 26.81 28.26 - -
4 23.04 32.13 5.41 - -
5 32.03 34.86 30.41 28.90 33.54
6 32.73 22.35 26.29 33.81 30.08

since membranous bone ossification normally occurs from the 
periphery to the center of the defect. Four weeks post-procedure, 
the medullary canal was completely healed and exhibited a normal 
appearance, and the cortical bone was thicker and well formed.
In addition to chemical evaluation of bone repair, EDS of the defect 
site was performed. One week following surgery, the cortical region 
of the defect exhibited very low calcium content (3.07%) and no 
phosphorus; i.e., bone did not develop in that region. From the 
second postoperative week onward, the calcium content of the 
medullary canal decreased dramatically, reaching values from 5% 
to 8% after four weeks post-procedure. These results confirm the 
Raman spectroscopy findings. Our results also suggest that at the 
second postoperative week, a mass effect produced by isles of 
newly formed bone (composed mainly of hydroxyapatite) increased 
tissue resistance against indentation, while the cortical region of 
the defect was filled with immature bone (composed primarily 
of collagen). Subsequently, the newly formed tissue underwent 
progressive remodeling, so that four weeks after the procedure, the 
medullary canal was completely remodeled. As a result, the mass 
effect ceased and did not alter the hardness of the cortical bone, 
thereby permitting the indenter to penetrate with lower applied force.
Because the findings of this study indicate that macroindentation 
testing is adequate for biomechanical study of bone regeneration from 
four weeks post-procedure onward, two-way ANOVA and Scheffe tests 
were only applied to the results from this period (i.e., 4, 8, and 12 weeks 
post-procedure). Accordingly, macroindentation testing registered 
increased resistance in a time-dependent manner (p < 0.001).
The proposed model is more sensitive between four and eight 
weeks post-procedure. At eight weeks, the hardness of the defect 
was almost similar to the hardness of the control, but at 12 weeks, 
hardness of the defect was greater than that of the control. The 
Scheffe test showed a significant difference for the 5.0-mm diameter 
indenter between weeks 4 and 8 and between weeks 4 and 12. 
The 5.0-mm diameter indenter could detect bone maturation at 
8 weeks post-procedure, but not from 8 to 12 weeks, most likely 
because there was complete cortical differentiation. Since the 
3.2-mm diameter indenter could detect mechanical resistance in 
the newly developed tissue earlier than 5.0-mm diameter indenter, 
the 3.2-mm diameter indenter proved to be more adequate for 
macroindentation testing.
Bone repair from transverse monocortical defects occurs via in-
tramembranous ossification. In contrast, bone repair from complete 
fractures occurs via endochondral ossification. Therefore, research 
on novel therapeutic methods for stimulating bone regeneration 
cannot be limited to the effect of intramembranous ossification. 
We believe that macroindentation testing should be used as a 
screening tool to identify therapeutic methods with the greatest 
potential to stimulate bone repair. Consequently, only therapeutic 
methods that exhibit positive results in macroindentation testing 
are worth testing in more complex experiment models such as 
osteotomy and osteosynthesis.

CONCLUSION

Macroindentation testing of rat tibia defects is suitable for quantitative 
assessment of bone repair through evaluating the newly developed 
tissue hardness from 4 to 8 weeks following surgery. Chemical and 
histological examination corroborated the biomechanical results.
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ABSTRACT

Objective: The objective of this study is to investigate the effect of 
passive smoking during pregnancy and associated with swimming 
on bone area growth, bone mineral density (BMD), and bone 
mineral content (BMC). Methods: The offspring was grouped by 
control matrices (G1) and passive smokers (G2). The offspring 
was regrouped in eight subgroups, with exposure to smoking
(2x/day) and physical exercise (1 session/day), respecting the 
group of matrices in: sedentary control (G1CS and G2CS), swim-
ming control (G1CN and G2CN), sedentary passive smoker (G1FS 
and G2FS), and passive smoker swimmer (G1FN and G2FN). 
The area, BMD and BMC were measured by the tibia and femur 
and analyzed by densitometer. The results were analyzed by 
One-Way ANOVA test with Tukey post-test, with a significance 
level of 5%. Results: In the tibia BMC study, a better rate was ob-
served in G2CN group when compared to G1CS, G1CN and G1FN
(p ≤ 0.023). When assessing BMD in the femur, a higher density 
ratio was observed in G1FS group when compared to G2CS, 
G2CN, G2FS and G2FN (p<0.008). In the tibia study, the animals 
of the G1FS group had higher rates when compared to G2CS 
and G2FN groups (p≤0.007). Conclusions: The model of male 
offspring exposed to passive smoking during fetal development 
showed a strong decrease in the analyzed parameters. Level 
of Evidence I, Randomized High Quality Clinical Trial With 
or Without Statistically Significant Difference, But Narrow 
Confidence Intervals.

Keywords: Exercise. Tobacco smoke pollution. Rats, Wistar/growth 
& development. Lactation. Birth weight.

RESUMO

Objetivo: O objetivo desse estudo é investigar o efeito do tabagismo 
passivo durante a prenhez e associado à natação no crescimento 
de área óssea, densidade mineral óssea (DMO) e conteúdo mineral 
ósseo (CMO). Métodos: Os filhotes foram gerados por matrizes 
controle (G1) e tabagistas (G2). Os filhotes foram reagrupados em 
oito subgrupos, com exposição ao tabagismo (2x/dia) e realização 
de exercício físico (1 sessão/dia), respeitando o grupo de matrizes 
em: controle sedentário (G1CS e G2CS), controle natação (G1CN 
e G2CN), tabagista passivo sedentário (G1FS e G2FS) e tabagista 
passivo natação (G1FN e G2FN). A área, a DMO e o CMO foram 
aferidos pela tíbia e pelo fêmur e analisados pelo densitômetro. Os 
resultados foram analisados pelo teste de ANOVA One-Way, com 
pós-teste de Tukey, com nível de significância de 5%. Resultados: No 
estudo do CMO da tíbia, foi observada taxa melhor no grupo G2CN 
quando comparada aos filhotes dos grupos G1CS, G1CN e G1FN
(p ≤ 0,023). Na averiguação da DMO no fêmur, foi observada maior 
taxa de densidade no grupo G1FS quando confrontado aos grupos 
G2CS, G2CN, G2FS e G2FN (p ≤ 0,008). Já no estudo da tíbia, os 
animais do grupo G1FS apresentaram maiores taxas quando compa-
rados aos grupos G2CS e G2FN (p≤0,007). Conclusões: O modelo 
de filhotes machos expostos ao tabagismo passivo durante o de-
senvolvimento fetal apresentou uma forte diminuição dos parâmetros 
analisados. Nível de Evidência I, Estudo Clínico Randomizado 
de Alta Qualidade Com ou Sem Diferença Estatisticamente 
Significante, Mas Com Intervalos de Confiança Estreitos.

Descritores: Exercício. Poluição por fumaça de tabaco. Ratos 
Wistar/crescimento & desenvolvimento. Lactação. Peso ao nascer.

INTRODUCTION

Exercise is known to have an important role in bone development.1 
There is also a known association between physical exercise and 
reduced bone resorption and bone formation, and exercise is 

consequently a strategy to reduce bone fragility and fracture risk, 
which are very common in childhood.¹ Notable among clinical 
indicators of bone health are bone mineral content (BMC) and 
bone mineral density (BMD).2 Weight-bearing physical activity is 
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reported to encourage increases in BMC and BMD, but there is no 
consensus about non-weight-bearing exercise such as swimming.2

In contrast to the benefits of physical exercise, the effects of 
nicotine (a component of cigarettes) are indicated as a factor in 
bone tissue deterioration,3 and appear to be associated with the 
dose-response mechanism.4

Finally, human and rat skeletons are known to exhibit similar re-
sponses to mechanical and hormonal influences as well as the 
effects of other agents.2 This study consequently hypothesizes 
that passive smoking could negatively impact rat growth from 
gestation to adulthood, and that its influence could be minimized 
by physical exercise.
In this way we intend to evaluate bone formation during passive 
exposure to cigarette smoke during gestation and in asso-
ciation with physical exercise during growth by measuring 
BMC and BMD.

METHODS

This study used the technical experimental procedure approved 
by the institutional review board of the Faculdade de Ciências e 
Tecnologia da Universidade Estadual Paulista “Julio de Mesquita 
Filho”, UNESP, Campus de Presidente Prudente under process 
06/2011, and followed the ethical principles for animal experimen-
tation adopted by the Sociedade Brasileira de Ciência em Animais 
de Laboratório (SBCAL).
Initially 15 animals were used, 11 virgin female and 4 male
(72 days old) Wistar rats (Rattus novergicus, var. Albino, Rodentia, 
Mammalia). They were kept in individual cages at an average tem-
perature of 22 ± 2°C, humidity of 50 ± 10%, 12-hour light/dark cycle 
(7 am-7 pm), and had free access to water and standard rat chow.
The rats were divided into two groups: G1 (control group, n=5) 
and G2 (group exposed to cigarette smoke, n=6). The exposure 
protocol began on the 72nd day of life for the breeding females 
and ended when lactation ended.
At the 90th day of the life, a vaginal swab was performed on the 
female rats to verify the phase of the estrous cycle; if estrus was 
observed, the female rats were placed in individual cages with a 
male rat, where they stayed for one night for copulation. The next 
morning, pregnancy was diagnosed by the presence of sperm in 
the vaginal smear, which characterized day zero of the pregnancy.5

The male rat pups were kept with the mothers until the end of 
lactation, on their 21st day of life, and were subsequently divided 
into subgroups according to their parentage.
The rats were randomly divided into groups that were subjected to 
a maximum of two protocols (protocols for exposure to smoking 
and physical exercise): G1FN (n=14) and G2FN (n=15) (exercise 
group exposed to cigarette smoke); G1FS (n=10) and G2FS (n=09) 
(sedentary group exposed to cigarette smoke); G1CN (n=11) and 
G2CN (n=10) (exercise group, control); and G1CS (n=08) and 
G2CS (n=10) (sedentary group, control).
The protocol for adaptation to water started during the pups’ fifth 
week of life, and in the sixth week they began the protocol for 
physical exercise and exposure to cigarette smoke.
There were two separate study periods during which the rats were 
exposed to cigarette smoke. The first period occurred when the 
female rats reached 72 days of life, and the second on the same 
day as the sixth swimming session for the rat pups.
The cigarette smoke exposure protocol was divided into two stages:
-	 Adaptation stage: the first five days of exposure to cigarette smoke 

for group G1 in the smoke chamber at a temperature of 23±1°C6 
for 10 minutes, once a day, with 250 ppm (parts per million) of 
CO (carbon monoxide) measured using a specific gas sensor 
(ToxiPro device, Biosystems, Prairieville, United States); and

-	 Experimental stage: this stage began at the breeding females’ 
72nd day of life and ended at the end of lactation for the G2 
group, and from the 6th session until the 21st day of lactation 
for the pups, with a session lasting 30 minutes, twice a day 
(morning and afternoon), five days per week, with 350 ppm CO 
per exposure.7

For better assimilation to the consumption of chronic smokers, 
the experimental dose totaled an average of two cigarettes/day/
animal.5 The animals in the G1 group inhaled compressed air with 
the same time and frequency characteristics as the animals which 
were exposed to smoke.
For this protocol two hermetically sealed chambers were used: 
one for the control groups, which only inhaled compressed air, 
and a second box for the groups exposed to cigarette smoke. The 
smoke inhalation chamber was divided into two compartments: 
one in which lit cigarettes were placed, and another which held a 
cage with six animals, adapted from the inhalation model described 
by Cendon et al.8

Commercially acquired cigarettes were used, containing tobac-
co blends, sugars, cigarette paper, plant extracts, and flavoring 
agents, which for each lit cigarette produced: 9.3 ± 0.93 mg/cig tar,
0.78 ± 0.078 mg/cig nicotine, and 8.0 ± 1.2 mg/cig carbon mon-
oxide, as stated on the product packaging.
The swimming program began during the fifth week of life for 
the male offspring. As described by Volpato et al.,9 we used a 
tank containing water at 30°C and a depth of 40 cm so that the 
pups could not reach the bottom of the tank with their tails, thus 
stimulating swimming.
The program was divided into two phases:
-	 adaptation to exercise: this comprised the five exercise sessions, 

with a progressive increase of 10 minutes’ duration per day, starting 
with 20 minutes and lasting 60 minutes by the fifth session;

-	 exercise: from the sixth session, which lasted 60 minutes, to the 
30th session, without additional extension of the training time.10 

The exercise sessions took place every evening without interruption 
five days per week¹¹ for 30 sessions, and in the case of the G1FN 
and G2FN groups, after exposure to the smoke protocol. The 
sedentary animals were submitted to the same conditions as 
the swimming program, but in 10 cm of water for 15 minutes; this 
replicated the same stress resulting from exposure to water, but 
without the stimulus to swim.
During lactation (day 1, day 7, day 14, and day 21 of life) weight 
and nose-to-anus length were measured.
A digital electronic scale (Marte, model ASF11, Brazil) with a max-
imum capacity of 500g and minimum of 0.002g was used. Nose-
to-anus length was measured using a millimeter ruler.

Bone mineral density and bone mineral content

Forty-eight hours after the 30th training session, the offspring were 
euthanized with xylazine (40 mg/kg, IP) and ketamine (40 mg/kg, IP). 
After anesthesia was confirmed, approximately 1 ml of KCl 10% 
was injected into the left ventricle until cardiac arrest occurred in 
diastole. After death resulting from cardiac arrest in diastole was 
confirmed, the offspring underwent a surgical procedure to extract 
the femur and tibia of the right hind limb.
Bone mineral density and bone mineral content were measured 
using a densitometer (DPX-Alpha model, Lunar Corporation, Mad-
ison, USA) equipped with software for small animals.4

Statistical analysis

The weight, length, BMD and BMC, and bone area of the femur 
and tibia were obtained from the offspring. A descriptive analysis 
was conducted, including means and standard deviation. Analysis 
of variance (one-way ANOVA) and Tukey’s post-test were used to 
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analyze BMC, BMD, and bone area. The results followed normal 
distribution (according to the Shapiro-Wilk test with 5% significance) 
and the groups were independent. All the analyses used Statistical 
Analysis System software (SAS).

RESULTS

When the offspring were born, values for the parameter weight were not 
greater in the pups in the control group (G1) compared to the offspring 
of the breeding females exposed to tobacco smoke (G2) (p=0.890). 
This difference was not seen for the parameter body length (p=0.079).
Growth occurred in an unequal manner in the two groups of pups 
during lactation. During the entire lactation period, the body weights 
for pups in the G1 group were greater than the values for the off-
spring of the breeding females exposed to smoke (7, 14, and 21 
days - p<0.001). No statistically significant difference was seen 
in body length at birth, with greater values for the offspring of the 
breeding females in group G1 compared to the offspring in group 
G2 (7 days – p=0.001, 14 and 21 days - p<0.001). (Table 1)
The areas of the tibia and femur bones did not show a statistically 
significant difference according to ANOVA (p=0.058 and p=0.700, 
respectively). (Table 2)
In the bone density study, no statistically significant difference 
was seen (p=0.366) between the study groups for the parameter 
bone mineral content for the femur. However, in the study this same 
parameter for the tibia showed lesser values for the G2CN group 
compared to the offspring in the G1CS (p=0.014), G1CN (p=0.023), 
and G1FN groups (p=0.008). (Table 3)
When bone mineral density was analyzed, a difference was seen 
in the levels for the two bones which were studied. Measurement 
of bone mineral density in the femur showed greater density values 
for the G1FS group compared with the G2CS (p=0.004), G2CN 
(p<0.001), G2FS (p=0.008), and G2FN (p<0.001) groups. For the 
tibia, the animals in the G1FS group showed higher values compared 
to the G2CS (p=0.003) and G2FN (p=0.007) groups. (Table 4)

DISCUSSION

After birth, the offspring of the breeding females exposed to passive 
cigarette smoke remained at lower weights, and over time the 
difference between this group and the offspring of the breeding 
females in the control group widened; this phenomenon may be 
explained by the low levels of prolactin which have been found in 
women who are active smokers during pregnancy and the post-natal 
period.12,13 Another study analyzed breastfeeding duration and 
found shorter periods of breastfeeding in children whose fathers 
were smokers.13,14

Similar to the findings of Gao et al.15 and Ino et al.16, in this study 
we also observed that the groups exposed to cigarette smoke 
continued to show lesser measurements in comparison with the 
control group. 
Lower BMD and BMC values were found in the offspring of breeding 
females exposed to cigarette smoke in comparisons with the 
offspring of the control rats. Gao et al.4 found similar results after 
4 months of exposure to tobacco smoke. The literature shows 
that metabolic acidosis may negatively impact bone metabolism.2 
In this study, the animals were exposed to passive smoking, 
which produces respiratory acidosis;6 this may suggest that the 
changes seen in BMD and BMC may be connected to the effects 
of smoke exposure.
It has already been shown that gestation and the neonatal period 
have a greater influence on individual growth and health,16 and 
this present study confirmed that maternal exposure to passive 
cigarette smoke was a determining factor in reduced values for 
bone mineral density and content. 
According to Gao et al.,4 smoking suppresses the bone formation 
and increases bone reabsorption. 
Exposure during growth led to significant differences in animal 
weight and length. The study by Gao et al.15 found a statistically 

Table 1. Mean and standard deviation for weight and body length of 
offspring during lactation.

G1 G2 P
Body weight

Birth 6.67 ± 0.84 6.65 ± 0.67 0.890
7 days 12.50 ± 0.87 10.85 ± 1.69 <0.001
14 days 27.34 ± 4.60 21.87 ± 1.71 <0.001
21 days 34.13 ± 1.74 29.57 ± 2.55 <0.001

Body length
Birth 5.20 ± 0.24 5.06 ± 0.35 0.079

7 days 6.46 ± 0.37 6.10 ± 0.45 <0.001
14 days 8.67 ± 0.79 7.76 ± 0.56 <0.001
21 days 10.43 ± 0.35 9.36 ± 0.71 <0.001

G1: breeding females, control group and G2: breeding females exposed to cigarette smoke.

Table 2. Mean and standard deviation of bone area.
G1CS G1CN G1FS G1FN

Area
Femur 1.34 ± 0.27 1.41 ± 0.17 1.31 ± 0.22 1.38 ± 0.22
Tibia 1.1658 ± 0.21 1.15 ± 0.19 0.93 ± 0.16 1.13 ± 0.18

G2CS G2CN G2FS G2FN

Area
Femur 1.31 ± 0.14 1.43 ± 0.21 1.28 ± 0.09 1.53 ± 0.20
Tibia 1.00 ± 0.10 0.91 ± 0.10 1.01 ± 0.13 1.00 ± 0.11

G1CS: offspring of breeding female control group, sedentary control; G1CN: offspring of breeding 
female control group, exercise control group; G1FS: offspring of breeding female control group, 
exposed to cigarette smoke and sedentary; G1FN: offspring of breeding female control group, 
exposed to cigarette smoke and exercise; G2CS: offspring of breeding females exposed to 
cigarette smoke, sedentary control group; G2CN: offspring of breeding females exposed to 
cigarette smoke, exercise control group; G2FS: offspring of breeding females exposed to cigarette 
smoke, exposed to cigarette smoke and sedentary; G2FN: offspring of breeding females exposed 
to cigarette smoke, exposed to cigarette smoke and exercise.

Table 3. Mean and standard deviation of bone mineral content.
G1CS G1CN G1FS G1FN

BMC
Femur 0.28 ± 0.05 0.29 ± 0.04 0.29 ± 0.05 0.29 ± 0.04

Tibia 0.20 ± 0.03 a 0.19 ± 0.03 b 0.17 ± 0.02 0.19 ± 0.03 c

G2CS G2CN G2FS G2FN

BMC
Femur 0.26 ± 0.03 0.28 ± 0.04 0.26 ± 0.02 0.30 ± 0.04

Tibia 0.16 ± 0.02 0.15 ± 0.02 0.16 ± 0.02 0.16 ± 0.02
G1CS: offspring of breeding female control group, sedentary control; G1CN: offspring of breeding 
female control group, exercise control group; G1FS: offspring of breeding female control group, 
exposed to cigarette smoke and sedentary; G1FN: offspring of breeding female control group, 
exposed to cigarette smoke and exercise; G2CS: offspring of breeding females exposed to cigarette 
smoke, sedentary control group; G2CN: offspring of breeding females exposed to cigarette smoke, 
exercise control group; G2FS: offspring of breeding females exposed to cigarette smoke, exposed 
to cigarette smoke and sedentary; G2FN: offspring of breeding females exposed to cigarette 
smoke, exposed to cigarette smoke and exercise. Letters indicate statistical difference between: 
a = G1CS vs. G2CN (p=0.014), b = G1CN vs. G2CN (p=0.023), c = G1CN vs. G2CN (p=0.008).

Table 4. Mean and standard deviation of bone mineral density.

G1CS G1CN G1FS G1FN

BMD
Femur 0.21 ± 0.01 0.20 ± 0.01 0.22 ± 0.02 a, b, c, d 0.21 ± 0.01

Tibia 0.17 ± 0.01 0.17 ± 0.02 0.18 ± 0.02 a, d 0.17 ± 0.01

G2CS G2CN G2FS G2FN

BMD
Femur 0.20 ± 0.01 0.19 ± 0.01 0.20 ± 0.01 0.19 ± 0.01

Tibia 0.16 ± 0.01 0.16 ± 0.01 0.16 ± 0.01 0.16 ± 0.01
G1CS: offspring of breeding female control group, sedentary control; G1CN: offspring of breeding 
female control group, exercise control group; G1FS: offspring of breeding female control group, 
exposed to cigarette smoke and sedentary; G1FN: offspring of breeding female control group, 
exposed to cigarette smoke and exercise; G2CS: offspring of breeding females exposed to 
cigarette smoke, sedentary control group; G2CN: offspring of breeding females exposed to 
cigarette smoke, exercise control group; G2FS: offspring of breeding females exposed to cigarette 
smoke, exposed to cigarette smoke and sedentary; G2FN: offspring of breeding females exposed 
to cigarette smoke, exposed to cigarette smoke and exercise. Letters indicate statistical difference 
between: a = G1FS vs. G2CS, b = G1FS vs. G2CN, b = G1FS vs. G2FS, b = G1FS vs. G2FN.
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significant difference only after 4 months of exposure; the rats 
which were exposed for 2 or 3 months did not exhibit differences 
in the bone parameters studied.4

With regard to the exercise variable, no alterations were seen that 
could be attributed to exercise; this lack of response is likely due 
to the protocol period (30 sessions). According to Iwamoto et al.,17 
osteopenic rats did not show a statistically significant difference in 
the parameter BMD in 4 or 8 weeks of exercise; a difference was 
only seen after 12 weeks.
Another fact that can be considered is that bone maturation only 
occurs after the 8th month of life in rats,4 indicating a future possibility 

to investigate growth after the 8th month to assess the extent of the 
effect passive chronic smoking associated with swimming exercise 
has on a larger group of animals.

CONCLUSION
In summary, in this study the model of male rats exposed to passive 
smoking during fetal development exhibited a marked decrease in 
weight and length. Swimming exercise did not exhibit a significant 
impact on the parameters analyzed in this study.
In the bone tissue, maternal exposure to passive smoking was a 
determining factor for changes in the BMD and BMC of the offspring.
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ABSTRACT

Objective: To evaluate the use of infiltration of periarticular an-
algesic agents intraoperatively in total knee arthroplasty (TKA), 
with regard to benefits, reduction of pain, opioid consumption, 
improvement of range of motion and early ambulation. Meth-
ods: To analyze the benefits of periarticular drug infiltration, the 
patients submitted to TKA were evaluated, being separated into 
two groups. One group received the local periarticular infiltration 
protocol containing 0.5% bupivacaine (400mg/20ml), 1/1000 
epinephrine (0.3ml), triamcinolone hexacetonide (20mg/1ml), 
clonidine (150mcg/1ml) and 20 ml of saline (0.9% SS) and, the 
other group underwent conventional intravenous analgesia. The 
results were compared and the variables analyzed were age, sex, 
BMI, comorbidities, postoperative complications, pain, functional 
capacity, range of motion, transfusion and rescue opioids for 
analgesia. Results: The mean age of the patients was 68 years 
and most were female and presented involvement of the left knee. 
Postoperatively, patients who had received periarticular infiltra-
tion showed improvement of pain as well as functional capacity. 
Conclusion: The analysis of data obtained demonstrated that the 
periarticular infiltration of analgesic agents is significantly effective 
for pain control and functional recovery. Level of Evidence II, 
Prospective Comparative Study.

Keywords: Analgesia. Arthroplasty. Knee. Seepage.

RESUMO

Objetivo: Avaliar a realização da infiltração de solução de agentes anal-
gésicos periarticulares no intraoperatório da artroplastia total do joelho 
(ATJ), no que tange aos seus benefícios, redução da dor, consumo de 
opioides, melhora do arco de movimento e deambulação precoce. Mé-
todos: Para avaliar os benefícios da infiltração de agentes periarticulares, 
foram analisados pacientes submetidos à ATJ, sendo separados em dois 
grupos. Um grupo recebeu o protocolo de infiltração periarticular local, 
contendo solução de bupivacaína a 0,5% (400 mg /20 ml), epinefrina 
1/1000 (0,3 ml), hexacetonido de triancinolona (20 mg/1 ml), clonidina (150 
mcg/1 ml) e 20 ml de solução salina (SF a 0,9%) e outro grupo recebeu 
analgesia endovenosa convencional. Os resultados foram compara-
dos e as variáveis analisadas foram idade, sexo, IMC, comorbidades, 
complicações pós-cirúrgicas, dor, capacidade funcional, amplitude de 
movimento, transfusão e resgate de opioides para analgesia. Resultados: 
Dos pacientes analisados a média de idade foi de 68 anos e a maioria 
era do sexo feminino e com acometimento do joelho esquerdo. No 
pós-operatório os pacientes que haviam recebido infiltração periarticular 
apresentaram melhora da dor, bem como da capacidade funcional. 
Conclusão: A análise dos dados obtidos demonstrou que a infiltração 
periarticular de agentes analgésicos é significativamente eficaz para o 
controle da dor e recuperação funcional. Nível de Evidência II, Estudo 
Prospectivo Comparativo.

Descritores: Analgesia. Artroplastia. Joelho. Infiltração.

INTRODUCTION

Many surgical procedures performed in orthopedics involve an 
extremely complex pain mechanism, and a number of studies have 
demonstrated that further study is needed on the topic of controlling 
perioperative pain to achieve more effective pain control.1–4

We know that surgical patients who receive appropriate analgesia 
are more adherent to postoperative rehabilitation programs. One 
of the main goals of postoperative analgesia is improvement in 

functional results and early return to routine activities, improving 
patient quality of life.5 
The growing number of total knee arthroplasties and increased life 
expectancy reinforce the need for early rehabilitation to completely 
restore function in the operated joint and improve pain with the 
fewest complications.6,7 In order to solve this problem, a number 
of studies are carried out each year to find a viable solution that 
will improve postoperative pain in patients.3,4,8
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Our objective was to assess postoperative improvement after total 
knee arthroplasty by comparing the use of multimodal periarticu-
lar infiltration with analgesic agents with conventional analgesia. 
More specifically, the objective of this study was to compare the 
postoperative analgesia obtained through periarticular infiltration 
of a solution containing 0.5% bupivacaine (400mg/20ml), 1/1000 
epinephrine (0.3ml), triamcinolone hexacetonide (20mg/1ml), clon-
idine (150mcg/1ml), and 20ml of 0.9% saline solution with the use 
of intravenous analgesia utilizing opiates and painkillers (tramadol 
100mg and dipyrone 1g) according to the assessment of opioid 
analgesic consumption, function (using the WOMAC scale), and 
evaluation of pain (using the VAS scale).

METHODS
To evaluate the results, we conducted a prospective and compar-
ative study from March 2008 to December 2014. We selected 59 
patients with a diagnosis of primary osteoarthritis of the knee who 
underwent elective surgeries for TKA, and separated them into two 
groups using permuted block randomization.9 
The study began after approval by the institutional review board, and 
was registered under process number CAAE 38426214.5.0000.5032. 
All patients signed an informed consent form before being included 
in the study.
Participants were male and female patients aged 60 to 80 years, with 
grade 3 or above according to the Kellgren and Lawrence classifi-
cation,10 indicated for TKA with no bone defects requiring additional 
grafts or implants, and did not have pronounced angular deformities.
We excluded patients with psychiatric disorders, dependence on 
alcohol or illegal drugs, allergies to morphine, dipyrone or any local 
anesthetic, previous infection in the knee or other joints, systemic 
inflammatory diseases, congenital deformities or neurological 
disorders, and arthroplasty revision.
The variables evaluated were: age, sex, body mass index (BMI), 
post-surgical complications, pain level evaluated by the analog 
pain scale (VAS), ability to ambulate, time to begin walking, range 
of motion, and the need for transfusion and oral and intravenous 
rescue opioid analgesia.
The patients who underwent TKA were divided into two groups: 
Group 1 (29 individuals) received spinal anesthesia as well as the 
trans-operative analgesia protocol using infiltration of multimodal 
periarticular analgesic drugs. Group 2 (30 subjects) received only 
conventional intravenous analgesia using opiates and painkillers 
(tramadol 100mg and dipyrone 1g) and morphine sulfate (4mg 
every 2 hours) as required by the patient, which was similar in both 
groups. The drugs used in the spinal anesthesia were the same 
for all patients according to the anesthesia team protocol, namely 
0.5% isobaric bupivacaine (5mg) and morphine hydrochloride 
(0.1mg), and were administered by the same anesthesia team. All 
patients who required medications outside the anesthesia team 
protocol for TKA were excluded from the study.
All patients received the same pre-emptive analgesia containing 
dipyrone (1g every 6 hours), tramadol (100mg every 8 hours), and 
pregabalin (75mg every 12 hours). The patients were oriented on 
the use of medications 24 hours prior to the surgery, and the drugs 
were maintained during hospitalization.
The medications used for intraoperative analgesia by the individuals 
in Group 1 are listed in Table 1.
The drugs used for periarticular infiltration were based on the 
studies by Ranawat.11

The medications used in the postoperative period for both groups 
were: dipyrone (1g IV every 6 hours), tramadol (100mg orally every 
8 hours) as needed, and morphine sulfate (4mg every 2 hours) as 
requested for persisting pain above 7 on the visual analog scale (VAS). 
Extra rescue doses of opioids were recorded (usage and frequency).

Pain intensity was evaluated in three periods: prior to surgery, 24 
hours after the procedure, and 48 hours after the procedure.
A pneumatic tourniquet at 100 mmHg above systolic blood pressure 
was used to control bleeding during the surgical procedure in all 
cases. A suction drain was used for 24 hours. After cementing and 
placement of the implants, periarticular infiltration was conducted 
using the drugs listed in Table 1.
Before placement of the polyethylene component, periarticular 
infiltration was performed in the following order: posterior capsule, 
posterior-lateral and posterior-medial structures, patellar ligament 
and quadriceps tendon, synovia, capsule, pes anserinus, perioste-
um, iliotibial band, and tibial and fibular collateral ligaments at their 
origins. Rehabilitation began on the first day after surgery and the 
protocol was identical in both groups. Assessment began 6 hours 
after the end of the procedure.
The quantitative variables were presented as means and their standard 
deviations, medians, and interquartile ranges. Categorical variables 
were represented using frequencies and percentages. Numerical 
variables were compared between groups using Student’s T test for 
variables that assumed normal distribution and the Mann-Whitney U 
test for variables with non-normal distribution. Proportions were com-
pared using the chi-squared test or Fisher’s test (when necessary), 
and ANOVA was conducted on repeated measurements consider-
ing the VAS score at three points in time (pre-procedure, 24 hours 
post-procedure, and 48 hours post-procedure) between the groups 
(with or without periarticular infiltration), analyzing the clinically signifi-
cant variables and/or those which exhibited significant differences or 
trends in univariate analysis: preoperative WOMAC and opioid rescue 
dose at 48 hours. The analyses were conducted using IBM Statistical 
Package for the Social Sciences software version 20.0 (SPSS, Chi-
cago, IL, USA) and the R programming language and environment
(R Core Team, 2014).

RESULTS

A total of 59 patients were selected, 36 (61%) females and 23 (39%) 
males. Mean patient age was 68, (65.0–75.0) and mean patient 
BMI was 27.0 (65.0–75.0).
Table 2 presents the clinical data for the patients studied. Of the 
total, 30 patients (50.8%) were affected in the right knee and 29 
(49%) in the left knee. Identified comorbidities are shown in Table 2.
Table 3 presents the clinical data related to the surgery. Lower scores 
on the Visual Analog Scale for pain were seen in patients in Group 
A (3.7–3.9) 24h post-procedure as well as 48h post-procedure, 
respectively; group B presented higher values on the pain scale 
(5.3 at 24h post-procedure and 4.8 at 48h post-procedure). The  
partial load (with aids) was evaluated by examining the standing 
patient supported by a walker while exercising with the assistance 
of the physical therapist. In this test, higher mean scores were seen 
at 24 and 48h (10.3 and 11.0%) in the patients in group A and at 
24h and 48 hours post-procedure (10 and 12%) in the patients in 
group B. The WOMAC assessment of functional capacity showed 
no statistically significant difference between the two groups in 
the postoperative period of 3 month. Clinical complications are 
presented in Table 3.

Table 1. Multimodal drugs used for periarticular knee infiltration.

Bupivacaine 0.5% 400 mg/20ml

Epinephrine 1/1000 1/1000 (0.3ml) 300 Mcg

Triamcinolone hexacetonide 20mg/1ml

Clonidine 150mcg/1ml

Saline solution (0.9%) 20ml
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Table 4 shows the VAS pain values in the group that did not receive 
infiltration, measured prior to the procedure, at 24h post-procedure, 
and at 48h post-procedure. These values were considerably higher, 
especially after the surgery, when compared to the group that 
received periarticular injection of the painkillers. After the surgery, 
at 24h and 48h post-procedure the values were significantly lower 
in the periarticular injection group (3.7 ± 0.2; 3.7 ± 0.2).
Figure 1 contains data relating to analysis of the Visual Analog 
Scale for pain over time and between the groups. In both groups, 
a continuous decrease was seen in the postoperative periods 
at 24h and 48h, and was more pronounced in the group that 
underwent the procedure. The VAS scale demonstrates sta-
tistically significant values at the different points in time which 
were analyzed. 

Table 2. Clinical data for patients undergoing TKA from 2008 to 2014.

Characteristic Total (n = 59)
Without infiltration 

(n = 30)
Periarticular 

injection (n = 29)

Side  affected 

Right 30.0 (50.8) 16.0 (53.3) 14.0 (48.3)

Left 29.0 (49.0) 14.0 (46.7) 15.0 (51.7)

Comorbidities

High blood pressure 
(HBP)

30.0 (50.8) 13.0 (43.3) 17.0 (58.6)

Diabetes mellitus 10.0 (16.9) 3.0 (10.0) 7.0 (24.1)

Dyslipidemia 5.0 (8.5) 2.0 (6.7) 3.0 (10.3)

Controlled Chronic 
Kidney Disease

2.0 (3.4) 1.0 (3.3) 1.0 (3.4)

Previous Stroke 2.0 (3.4) 2.0 (6.7) 0.0 (0.0)

Gastroesophageal 
Reflux Disease

1.0 (1.7) 1.0 (1.6) 0.0 (0.0)

All data are presented as n (%).

Table 4. Estimated means according to the ANCOVA model.

Visual analog pain scale
Without infiltration 

(n = 30)
Periarticular injection 

(n = 29)

(Mean ± Standard deviation)

Preoperative 7,8 ± 0,1 (7,5 – 8,1) 8,1 ± 0,2 (7,7 – 8,4)

24h Postoperative 5,3 ± 0,2 (4,9 – 5,7) 3,7 ± 0,2 (3,3 – 4,1)

48h Postoperative 4,8 ± 0,2 (4,3 – 5,3) 3,7 ± 0,2 (3,3 – 4,3)
Notes: a - Controlling for preoperative WOMAC and rescue opioid in 48 hours; All values ​​are 
presented as mean ± standard deviation (95% confidence interval). MPA = Multimodal 
Periarticular Analgesia.

Table 3. Data relating to surgery for groups of patients undergoing TKA 
from 2008 to 2014.

Visual analog
Pain scale Total (n = 59)

Without 
infiltration

(n = 30)

Periarticular 
injection
(n = 29)

p value

(Mean ± Standard 
deviation)

Preoperative 7.9 ± 0.8 7.7 ± 0.6 8.1 ± 0.9 0.065

24h Postoperative 4.5 ± 1.2 5.3 ± 0.9 3.7 ± 0.9 < 0.001

48h Postoperative 4.3 ± 1.2 4.8 ± 1.1 3.9 ± 1.2 0.004

Functional Capacity 

WOMAC
(Mean ± Standard 

deviation)

Preoperative 28.6 ± 7.1 26.0 ± 5.2 31.2 ± 7.9 0.004

Postoperative (3 months) 47.3 ± 7.0 47.1 ± 6.6 47.4 ± 7.5 0.865

Rescue opioid 

24h 150.0
(100.0 - 300.0)

200
(100.0 - 300.0)

150.0
(100.0 - 200.0) 0.123

48h 100
(50.0 - 150.0)

150
(100.0 - 200.0) 50 (0.0 - 100.0) < 0.001

Complications

Nausea 9.0 (15.3) 6.0 (20.0) 3.0 (10.3) 0.472

Vomiting 5.0 (8.5) 4.0 (13.3) 1.0 (3.4) 0.353

Headache 4.0 (6.8) 4.0 (13.3) 0.0 (0.0) 0.112

Incontinence 2.0 (3.4) 0.0 (0.0) 2.0 (6.9) 0.237

Range  of  motion

Preoperative (medians, 
extension - flexion) 0 - 120 0 - 120 0 - 120

Postoperative (medians, 
extension - flexion) 0 - 100 0 - 100 0 - 110

a - Student's t test; b - Chi-squared test; c - Mann-Whitney U test; d - Fisher's exact test.

DISCUSSION

The results of this prospective randomized clinical study showed 
significant pain reduction as assessed by the VAS with statistically 
significant data, especially in the first 24 hours post-procedure, 
showing the benefit of periarticular anesthetic infiltration in pain 
reduction in the immediate postoperative period up to 48 hours 
post-procedure. Pain relief and functional recovery after surgery 
using the protocol described presented excellent security for pain 
control and functional recovery.
Superior pain relief provided by infiltration of analgesics for pain 
control over exclusively intravenous analgesia was demonstrated in 
a systematic review conducted by Jiang et al.6 Twenty-one studies 
were included in this analysis; lack of standardization in the protocols 
for periarticular injection with multimodal drugs with regard to dose 
and application site was considered the most significant limitation 
of this meta-analysis.

Figure 1. Mean values for VAS pre and postoperative estimated from ANCOVA 
of repeated measurements from patients who underwent TKA at the Clínica 
Ortopédica e Traumatológica in Salvador, Bahia from 2008 to 2014.
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Vendittoli et al.12 demonstrated that the use of periarticular infiltration 
with multimodal drugs could result in less pain, improved functional 
recovery, and patient satisfaction. However, Koh et al.13 observed that pain 
reduction was significant in the immediate postoperative period, with no 
improvement in functional results or patient satisfaction after 48 hours.
Currently, multimodal management of perioperative pain has been 
the most common means of reducing the incidence of persistent 
postoperative pain. It should be noted that intra-articular analgesia 
has a fleeting effect and is not a substitute for other therapies after 
hospital discharge.1,3,13,14.
Nevertheless, intra-articular intraoperative injection of multimodal 
analgesics has shown significant results in enhancing the analge-
sic effect without increased complications resulting from the use of 
oral or intravenous opioids. This control may significantly reduce 
the need to use opioids, and may improve patient satisfaction 
without apparent risks in the period following TKA surgery.15 The 
greatest benefit demonstrated in this study as well as others found in 
the literature is reduced consumption of opioid medications such as 
tramadol and morphine sulfate. These drugs are frequently required 
in patients undergoing TKA because of the pain experienced by a 
large proportion of patients during this period.
Pharmaceutical synergy produces more effective analgesia by 
addressing pain through all its mechanisms. Epinephrine prolongs 

the action of local agents by decreasing absorption via vaso-
constriction through its α-adrenergic effects. It can also reduce 
bleeding and postoperative hematoma. Morphine has central, 
regional, and local effects via its effect on opioid receptors. Local 
administration yields reduces the frequency of typical opioid side 
effects (for example, sedation, nausea, and respiratory depres-
sion) which occur through the opioid receptors. Clonidine works 
through its α2-adrenergic actions. This strengthens the action 
of local anesthetics and opioids through synergistic effects. By 
suppressing these physiological responses to surgery, pain and 
functional recovery are improved.15-18.

Limitations of this study include the sample in comparison with 
multi-center studies, and the focus on a specific and homogenous 
population. Further studies should be conducted in order to 
compare the analgesic drugs, defining the best protocol.

CONCLUSION

Use of periarticular infiltration in total knee arthroplasty reduces 
pain and improves functional capacity in the 48-hour period imme-
diately following surgery when compared to oral and intravenous 
analgesia alone. We did not observe an increase in the incidence 
of side effects when the multimodal drug protocol was used on 
periarticular infiltration.
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ABSTRACT

Objective: To present an experience with negative-pressure wound 
therapy (NPWT) in the treatment of surgical wounds in patients 
treated for infections after total knee arthroplasty (TKA) with or 
without dehiscence and prophylaxis in wounds considered at 
risk of healing problems. Methods: We prospectively evaluated 
patients with TKA infection with or without surgical wound dehis-
cence and patients with risk factors for infection or surgical wound 
complications treated with Pico® device for NPWT in addition to 
standard treatment of infection or dehiscence in our institution. 
We considered as an initial favorable outcome the resolution of 
the infectious process and the closure of the surgical wound 
dehiscences in the treated cases and the good progression of 
the wound without complicating events in the prophylactic cases. 
Results: We evaluated 10 patients who used Pico® in our service. 
All patients had a favorable outcome according to established 
criteria. No complications were identified regarding the use of 
the NPWT device. The mean follow-up of the patients after the 
use of the device was 10.5 months. Conclusion: The NPWT can 
be safely used in wound infections and complications following 
TKA with promising results. Long-term randomized prospective 
studies should be conducted to prove its effectiveness. Level of 
Evidence IV, Case Series.

Keywords: Negative-pressure wound therapy. Arthroplasty, re-
placement, knee. Surgical wound dehiscence. Infection.

RESUMO

Objetivo: Apresentar uma experiência com a terapia com pressão negativa 
(TPN) no tratamento das feridas cirúrgicas de pacientes tratados por 
infecções em artroplastias totais do joelho (ATJ) associadas ou não 
à deiscência e como profilaxia nas feridas consideradas em risco de 
problemas de cicatrização. Métodos: Foram avaliados prospectivamente 
pacientes que apresentavam infecção de ATJ associada ou não à deis-
cência de ferida operatória e pacientes com fatores de riscos de infecção 
ou complicações de ferida cirúrgica tratados com dispositivo PICO® para 
TPN além do tratamento padrão da infecção ou deiscência em nossa 
instituição. Consideramos como desfecho favorável inicial a resolução 
do processo de infecção e o fechamento das deiscências de ferida 
operatória nos casos de tratamento e a boa evolução da ferida operatória, 
sem eventos complicadores, nos casos profiláticos. Resultados: Foram 
avaliados 10 pacientes que usaram PICO® em nosso serviço. Todos os 
pacientes apresentaram desfecho favorável de acordo com os critérios 
estabelecidos. Não foram identificadas quaisquer complicações com 
relação ao uso do dispositivo de TPN. A média de seguimento dos 
pacientes após o uso do dispositivo foi de 10 meses e meio. Conclusão: A 
TPN pode ser usada em complicações de ferida e infecção depois de ATJ 
de maneira segura e com resultados promissores. Estudos prospectivos 
randomizados prolongados devem ser realizados para comprovar sua 
eficácia. Nível de Evidência IV, Série de Casos.

Descritores: Tratamento de ferimentos com pressão negativa. 
Artroplastia do joelho. Deiscência da ferida operatória. Infecção.

INTRODUCTION

Total knee arthroplasty (TKA) is an increasingly common surgery. It is 
estimated that in 2030 nearly 3.5 million TKA procedures will be per-
formed in the United States.1 As the number of arthroplasties increases, 
the number of complications resulting from this procedure also rises, 
including surgical wound complications and infection.2 Known risk 
factors for skin complications and infection after TKA include diabetes, 
obesity, poor nutrition, smoking, and especially prior surgeries.2,3

Among the measures recommended in the literature to reduce the 
risk of infection after TKA are the use of prophylactic antibiotics before 
the incision is made, removing hair with an electric surgical clipper 
and not a razor, appropriate antisepsis of the hands and forearms, 
strictly sterile technique, skin preparation with alcohol solution, control 
of comorbidities such as diabetes and malnutrition in the perioperative 
period, maintenance of normothermia during the procedure, and 
appropriate surgical technique which respects the dissection planes.4
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Once infection is diagnosed, treatment ranges from antibiotics to 
surgical procedures to clean the wound and remove the surgical 
implants.5 Typically, treatments are long and involve losses in quality of 
life and function for patients as well as high costs for health services.6,7

One treatment modality for post-arthroplasty wounds that is be-
coming more widely known in the orthopedic literature is negative 
pressure wound therapy (NPWT).8,9 Although its use is well es-
tablished in other areas of medicine and orthopedics, particularly 
in cases of trauma and open fractures, its usage in the field of 
arthroplasty is not yet well-defined.8-11 
The few studies on these devices in cases of primary arthroplasty 
do not allow definitive conclusions to be drawn about their use, and 
despite a theoretical benefit demonstrated by one recent review, no 
prospective studies clearly demonstrate their benefits.8,9 Among the 
possible promising uses for NPWT in arthroplasty are applications 
in patients at high risk for wound complications, patients with estab-
lished wound complications, patients with dehiscence or prolonged 
secretions, and patients with infections. Consequently, more studies 
are required to investigate each of these clinical situations.
The objective of this present study is to show our experience with 
NPWT in treating surgical wounds in patients with infections after 
TKA, associated with or independent of dehiscence, and also as a 
prophylaxis in wounds considered to be at risk for healing problems.

METHODS

Two profiles of patients treated in our service were evaluated: pa-
tients who presented TKA infection associated with or independent 
of surgical wound dehiscence, and patients with risk factors for 
infection or complications of the surgical wound. The study was 
approved by the institutional ethics board under process number 
1247, and all patients in the study signed a consent form.
In the cases of infection, from the time of diagnosis the patients 
were treated according to the protocol for arthroplasty infection at 
our institution, which involves antibiotic therapy associated with 
surgical cleaning and debridement and optional removal of the 
implant. After the usual treatment, a NPWT device was placed on 
the wound as an additional measure.
In at-risk patients, the device was immediately installed after the 
surgical procedure while the patient was still in the surgical suite. 
The use of this device did not hinder patient participation in the 
standard rehabilitation they would have received if they did not use 
the device, since range of motion and gait were stimulated, except 
when treatment was contraindicated.
In this study we used a portable single-use PICO device (Smith & 
Nephew) that applies continuous negative pressure of 80 mmHg.12 
(Figure 1) After seven days (the working life of the device), we 
examined the wound and determined whether installation of a new 
device was necessary. This procedure was repeated every seven 
days when the device reached the end of its functional life. The 
total therapy time for each patient was quantified.
We considered resolution of the infection process and closure 
of dehiscenses in the surgical wound as favorable outcomes in 
the cases of treatment, and good progress of the surgical wound 
without complications when this therapy was used prophylactically.

RESULTS

We assessed 10 patients in our service who used the PICO device. 
NPWT was indicated in six of these cases for infection, in two cases 
for infection associated with dehiscence, and two cases in patients 
at risk. Patient data are summarized in Table 1. Four patients used 
the device for 14 days (two sessions) and six patients used it for 
seven days (one session). Mean patient use time was 9.8 days. No 
patient required NPWT for more than 14 days.

As for outcomes, all patients had favorable outcomes according to 
the criteria: the two patients who received NPWT as a prophylaxis 
demonstrated healing of the surgical wound without complications, 
the two cases of dehiscence associated with infection demonstrated 
closure of the wound and control of the infectious process without 
the need for surgical intervention, and the six patients who underwent 
surgery to treat infection showed clinical improvement in infection 
and good healing. (Figures 2, 3, and 4).
We did not identify any complications related to the NPWT device. 
Average patient follow-up time after the use of the device was 10.5 
months, ranging from 3 to 14 months. The patient who received 
three months of follow-up died from causes unrelated to the knee 
surgery three months after initial treatment, and the wound situation 
was resolved at that time.

DISCUSSION

The main finding of this study is that NPWT can be used safely to treat 
post-TKA wound complications and infection without complications and 
without impeding patient rehabilitation, with promising initial results.
The active mechanisms of NPWT described in the literature which 
are potentially significant in the use of this therapy in arthroplasty 
include removal of fluid and reduction of edema, dead space, 
and soluble inflammatory molecules,13 mechanical stabilization, 
reduction of tension on the wound,14 and increased blood flow 
and angiogenesis.15

Table 1. Summary of assessed patient data.

Patient
Indication for 

NPWT
Comorbidities

Days NPWT 
used

Follow-up after 
use (months)

1 Infection RA, HBP, DM 14 14

2 Infection HBP 7 14

3
Prophylactic in 
at-risk patient

HBP, DM, Obesity 7 13

4 Infection DM, Obesity 7 12

5 Infection HBP, DM 7 11

6 Infection HBP, DM 7 10

7
Infection + 
dehiscence

HBP, DM 14 10

8 Infection Gout 14 9

9
Infection + 
dehiscence

RA 14 9

10
Prophylactic in 
at-risk patient

HBP, DM, Chagas 7 3 (death)

Figure 1. The PICO negative pressure dressing (A) and after application in a patient 
undergoing surgical cleaning of left knee after arthroplasty (B).

A B
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The potential to control wound complications is significant since 
this is associated with a great increase in the risk of infection. Patel 
et al.16 estimated that each day of persistent drainage represents a 
42% increase in the chance of infection, and Saleh et al.17 calculated 
that after the fifth day of secretion, this chance increases 12.7-fold. 
In a series of 109 cases of hip arthroplasty with persistent post-op-
eratory secretion, Hansen et al.18 found that 76% resolved without 
surgery after negative pressure therapy used for an average of two 
days (range: 1–10 days). In another series of hip arthroplasties, 
Pachowsky et al.19 observed less seroma in ultrasound in patients 
who received NPWT. There is no direct relationship between the 
amount of secretion and post-operatory infection, but patients with 
prolonged drainage of secretions from the wound (5 or more days 
post-procedure) have a higher risk of infection.17 The decrease in 
seroma may have been a protective factor for these patients. It is 

important to note that NPWT should not delay surgical treatment of 
wound complications or the surgical site in arthroplasties, since as 
shown by Jaberi et al.,20 delayed surgery in the case of secreting 
wounds leads to an increased risk of failure for treatments involving 
surgical debridement and irrigation.
In a non-randomized retrospective study, Cooper et al.21 compared 
the use of NPWT with the use of antibiotic dressings in revision 
arthroplasties of the knee and hip and found fewer wound com-
plications (6.7% versus 26.9%) and fewer instances of infection 
in the surgical site (3.3% versus 18.5%) with the use of negative 
pressure therapy.
As for the use of NPWT as an adjunct to treatment of infections 
in arthroplasty, only small case series have been published,22-24 
showing encouraging results similar to those of this present study.
One randomized study using NPWT in knee arthroplasty had to 
be halted due to the formation of blisters on the skin surrounding 
the wound.25 Because of this complication, changes were made to 
avoid blister formation, and this technology was incorporated into the 
new devices. The PICO NPWT system consists of a multiple-layer 
silicone dressing designed to avoid the formation of blisters or 
maceration of the wound.26 In our series, we did not observe any 
complications directly related to NPWT, similar to the other studies 
which used the same updated device.26,27 
Current contraindications to the use of NPWT include exposed vessels 
or nerves and unexplored fistulas. Patients with an increased risk of 
bleeding or who are using anticoagulants should be carefully monitored if 
they use the device. Circumferential bandages should also be avoided.9

Another benefit of the type of therapy used in this study is the 
possibility of outpatient treatment. Once the dressing is placed, the 
patient does not require daily dressing changes and the unit can be 
easily transported. Payne et al.28 studied the use of these devices 
in a wide variety of infections and skin lesions and found a potential 

Figure 2. Patient with PICO NPWT dressing on right knee. Note that the dressing 
does not interfere in range of motion activities during the postoperative period.

Figure 3. Clinical progress of surgical wound in patient treated with PICO NPWT 
dressing after dehiscence associated with infection. Photos show initial moment 
(A) when treatment was indicated and progress at 7 (B), 14 (C), 21 days (D), and 
3 months (E). The patient used the dressing for 14 days.

Figure 4. Clinical progress of surgical wound in patient treated with PICO NPWT 
dressing after dehiscence associated with infection. Photos show initial moment 
(A) when treatment was indicated and progress at 7 (B), 14 (C), 21 (D), and 30 
days (E). The patient used the dressing for 14 days.
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cost reduction since patients do not require hospitalization. Dal-Paz 
et al.6 found a significant increase in the costs of treating infections 
after knee arthroplasty in a tertiary hospital, so that investments in 
patient safety can bring significant savings to the health system. 
Matsumoto et al.27 concluded that prophylactic NPWT in high-risk 
patients was reasonable, considering the high costs of treatments 
resulting from wound complications in arthroplasties.
Although NPWT is widely used in other areas of medicine and is 
related to improved healing and limb preservation in the treatment 
of open fractures, it has not yet been proven for use in arthroplasty 
surgery.9 A pilot study conducted by Gillespie et al.29 in primary 
hip arthroplasties suggested that a randomized trial with 900 pa-
tients would be required to detect differences in the incidence of 
complications such as infection, due to the low absolute risk of this 
complication. Several prospective studies and randomized trials 
are currently underway to test the efficacy of this therapy.
Despite the small number of cases, the initial results presented in 
this study are promising. In treating infections, NPWT should be 
used as an additional tool for patient treatment, and in no way should 
substitute the gold standard treatments such as antibiotic therapy, 
surgical treatments, and removal of the implants if necessary.5 
Our series presented two incidents of dehiscence: one was more 

superficial and the patient maintained the implant, and the other 
was deeper since the patient had a cement spacer. Both were 
successfully treated without the need for a surgical approach. 
These patients were treated with NPWT for 14 days, since only one 
dressing was not sufficient. The use of an additional, new dressing 
should be expected in such high-complexity cases.
Considering eventual recidivism, although these patients were 
not followed for a long time we focused on healing and skin com-
plications and followed the usual protocols recommended in the 
literature for treating prosthesis infections, but these cases continue 
to be monitored for a longer follow-up period in relation to relapse.
Limitations of this study include the small number of patients and 
short follow-up time, as well as the heterogeneous sample and 
the absence of a control group. Nevertheless, we believe that the 
study is important to demonstrate the possible complications and 
indications of this therapy.

CONCLUSION

NPWT can be used safely to treat wound complications and 
infections after knee arthroplasty, with promising results. Long-
term prospective randomized studies are still required to prove 
its effectiveness.
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ABSTRACT

Objective: To verify the incidence and characterize morpholog-
ically the anterolateral ligament of the knee (ALL) in cadaveric 
samples of the collection of the Laboratory of Anatomy of the 
Department of Morphology of the Universidade Federal do Espírito 
Santo. Methods: Dissections and cross sections were performed 
for mesoscopic analysis of the anterolateral region of 15 knees 
preserved in 4% formalin solution in order to identify the ALL. 
Results: After dissection of the skin and subcutaneous tissue 
of the knee anterolateral region, it was possible to identify the 
iliotibial tract (ITT), the patellar ligament and the femoral biceps 
tendon. The ITT was removed from the Gerdy tubercle and the 
following structures were visualized: knee joint capsule, fibular 
collateral ligament and popliteal tendon. However, the ALL was 
not identified in any of the samples. Conclusions: The ALL could 
not be identified in any of the specimens studied, either through 
dissection or mesoscopic analysis. Level of Evidence III, Di-
agnosis Studies – Investigation of an Exam for Diagnosis.

Keywords: Knee. Ligaments, articular. Joint instability. Cadaver.

RESUMO

Objetivo: Verificar a incidência e possivelmente caracterizar morfo-
logicamente o ligamento anterolateral do joelho (LAL) em amostras 
cadavéricas do acervo do Laboratório de Anatomia do Departamento 
de Morfologia da Universidade Federal do Espírito Santo. Métodos: 
Foram realizadas dissecações e secções transversais para análise 
mesoscópica da região anterolateral de 15 joelhos conservados em 
solução de formalina a 4% a fim de identificar o LAL. Resultados: Após 
a dissecação da pele e da tela subcutânea da região anterolateral dos 
joelhos foi possível identificar o trato iliotibial (TIT), o ligamento patelar 
e o tendão do músculo bíceps femoral. Após a desinserção do TIT 
no tubérculo de Gerdy as seguintes estruturas foram visualizadas: 
cápsula articular do joelho, o ligamento colateral fibular e o tendão do 
músculo poplíteo. Entretanto, o LAL não foi identificado em nenhuma 
das amostras. Conclusões: O LAL não pôde ser identificado em 
nenhum dos espécimes estudados, seja através da dissecação ou 
da análise mesoscópica. Nível de Evidência III, Estudos Diag-
nósticos - Investigação de um Exame para Diagnóstico.

Descritores: Joelho. Ligamentos articulares. Instabilidade articular. Cadáver.

INTRODUCTION
In 1879, Segond1 described an avulsion fracture of the proximal 
anterolateral tibial region and mentioned the existence of a fibrous 
and resistant band that becomes taut by medial rotation. The term 
"Segond fracture" consequently describes an avulsion fracture of this 
region. After this description was made, some studies demonstrated 
the presence of a ligamentous structure between the lateral condyle 
of the femur and the anterolateral tibial region.2-11 In 2007, Vieira et 
al.8 introduced the term anterolateral ligament (ALL) of the knee to 
describe the ligament that originates in the lateral condyle of the femur 
anterior to the fibular collateral ligament (FCL) which has an oblique 
path in the anteroinferior direction with insertion in the proximal tibia 
between Gerdy’s tubercle and the head of the fibula.

As a result of injury to the anterior cruciate ligament (ACL), many 
patients present anterolateral knee instability even after ligament 
reconstruction surgery.12 Considering that the ALL is not normally 
approched in reconstruction surgeries, it may be involved in de-
stabilization of the knee after injury.1,13 This led to a broad scientific 
search to confirm and characterize the ALL.
Consequently, proper anatomical description of the ALL are ex-
tremely important in the clinical approach to knee ligament injuries, 
since the ALL seems to be involved in anterolateral stabilization 
and in limiting rotational movements of the knee.
Therefore, the objective of this study was to verify the incidence of 
the ALL in formalin-embedded cadavers, and after identification 
describe its characteristics and anatomical relationships.
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MATERIALS AND METHODS
This research was submitted to Plataforma Brasil and approved 
(Opinion 1,316,575). We studied 15 knees (8 right and 7 left) routinely 
fixed in 4% formalin solution to the human anatomy collection at the 
Department of Morphology at the Centro de Ciências em Saúde 
(CCS) at the Universidade Federal do Espírito Santo (UFES). With 
regard to the morphological characteristics of this collection, the 
average age in this sample was 50 years and the specimens were 
taken from male individuals. Only knees containing all cutaneous 
and fascial strata were included in the study; in other words, only 
those that had skin, subcutaneous tissues, and deep fasciae in-
tact were selected. Specimens which had undergone any type of 
previous dissection, had malformations, scarring, or any sign of 
injury were not included in the sample.
Dissection was performed carefully from the anatomical position 
and followed the methodology of Claes et al.10 First, skin and subcu-
taneous tissue were dissected from the medial to the lateral region 
of the knee in order to identify the iliotibial tract (ITT), the patellar 
ligament, and the tendon of the biceps femoris muscle (Figures 1A 
and B). The ITT was sectioned 5 cm from the lateral epicondyle of 
the femur and detached from Gerdy’s tubercle in order to permit 
identification of the joint capsule, the FCL, and the popliteus muscle 
tendon. (Figure 1C) At this point of the dissection we expected to 
be able to identify the ALL, but this structure was not seen in the 
first 3 samples, contrary to the results found in the literature.10,14 

With this in mind, the remain specimens (n=12) were dissected to 
expose the ITT, the patellar ligament, and the tendon of the biceps 
femoris muscle (Figures 2A and B). Next, an anatomical block of the 
anterolateral region of the knee was extracted via cross sections of 
approximately 7 cm at the level of Gerdy’s tubercle and the lateral 
epicondyle of the femur, and sagittal sections of approximately
7 cm at the level of the lateral edge of the patella and the posterior 
edge of the femoral condyle and the fibula head (Figure 2C). This 
block was carefully removed and underwent micro-dissection 
and analysis in a stereomicroscope (Stemi2000C and AxioVision 
image analysis software, Zeiss, Germany - Laboratory of Applied 
Morpology - LEMA). A cross section was performed along the 
articular line of the knee to permit micro-dissection, identification, 
and isolation of the anterolateral structures such as the synovial 
membrane, the joint capsule, and the fibrous bands which form 
the ligaments in the region in order to identify the ALL.

RESULTS

This methodology allowed easy identification of the skin, subcuta-
neous tissue, ITT, patellar ligament, tendon of the biceps femoris 
muscle, FCL and its relation to the tendon of the popliteus muscle, 
the joint capsule, and the lateral meniscus (Figures 3A-D); however, 
in none of the samples we were able to isolate the ALL as a distinct 
fibrous band.

DISCUSSION

Although the first description of the ALL of the knee was made by 
Segond1 in 1879, recent studies have given to this structure inter-
national prominence in the field of anatomy and surgery. In this 
context, it is important to highlight that all these investigations used 

Figure 1. Photographs of the anterolateral region of the knees, right antimere. (A) 
Note the strata in the anterolateral region of the knee: skin folded back to the side, 
subcutaneous tissue folded back and marked by the yellow line, the iliotibial/fascia 
lata tract, partially folded back and marked by the red line. (B) Note that the skin 
and the subcutaneous tissue were folded back to demonstrate the iliotibial/fascia 
lata tract, patella, patellar ligament, and lateral retinaculum and crural fascia; (C) 
dissection of the iliotibial tract and the knee joint capsule: (*) detached Gerdy’s 
tubercle; (**) iliotibial tract and articular capsule of the knee, folded back; (-) fibular 
collateral ligament; (+) tendon of the biceps femoris muscle.

Figure 2. Photographs of the anterolateral region of the knees, right antimere. (A) 
Demarcation of the area of the block to be removed; (B) Sectioning of the block; 
(C) Careful removal of the block for mesoscopic study.
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identical: while Claes et al.10 showed a chordoid and cylindrical 
structure, Daggett et al.23 showed the ALL flat or laminar with less 
precise form. This may suggest an artifact of the dissection with 
consequent bilamination of the ITT, since the authors themselves 
stated that the ITT should be carefully dissected considering that 
the ALL is closely inserted into its deep surface.23

The study conducted by Shea et al.20  also featured contradictions 
between the results and the discussion; these authors identified 
the ALL in only 1 of the 8 specimens studied (specimen age:  3 
and 4 months, 1, 2, 3, 8, and 10 years), even though they used the 
same dissection process which was applied in this study and by 
the other authors.10,23 As an argument, Shea et al.20 stated that this 
result arises from the possibility that the ALL is a ligament which 
develops during growth and therefore would only be present in older 
specimens, which would explain the absence of the ligament in the 
samples studied. However, their data show that the one specimen 
in which it was possible to identify the ALL was only 1 year of age.
The hypothesis that the ALL might actually be a thickening of the 
joint capsule and not necessarily a ligament24 would explain the 
discrepant results derived from studies involving this ligament. In 
fact, the data obtained so far are not sufficient to morphologically 
characterize the ALL as a ligament. Corroborating this idea as 
well as our results, Capo et al.19 was unable to identify the ALL in 
any of the cadaver samples they studied using ultrasound. What 
these authors observed was a structure located in the anterolateral 
region of the knee that was suggested as a thickening of the ITT 
or even a fascia, and although the specimens were subsequently 
dissected, the absence of the ALL was confirmed.
Considering that dissection did not allow us to identify the ALL in 
the present study, we used mesoscopy, a methodology which has 
not yet been explored in the literature. It is important to highlight 
that micro-dissection using mesoscopy, after creating a transverse 
section along the joint, presented the intact strata of the anterolateral 
region of the knee, completely eliminating the bias of bilaminating the 
fascial strata or the ITT at the time of dissection. Again, according 
to the results obtained by the dissection the ALL was not identified. 
One limitation of our study may be the use of a restricted sample 
compared with previous studies,10,15,16 although several current 
studies have used fewer specimens.11,19,20,23 
The methodology applied in this present study allowed us to assert 
that it was not possible to identify the ALL of the knee as an isolated 
structure with specific anatomical features (like other ligaments in 
the region), as has been indicated in research in this area.10,14,15 
Therefore, the results we obtained along with the methodology we 
employed characterize the original nature of our research.
In conclusion, we reaffirm that the primary and possible explanation 
for our conflicting results are the artifact of dissection with con-
sequent bilamination of the structures of the anterolateral region: 
namely the ITT, the lateral retinaculum of the knee, or the knee joint 
capsule. Consequently, the structure known as the ALL would not 
necessarily be an individualized ligament but rather part of another 
structure of the knee which in the cross section does not resemble 
the anatomical characteristics of the other ligaments of the region.

CONCLUSION
It was no possible to indentify the ALL of the knee as an individualized 
ligament in formalin-embedded cadavers. This result does not conclude 
the discussion, but suggests the need for future research using larger 
samples that effectively represent a population.

Figure 3. Mesoscopic-level photographs of the anterolateral region of 4 knees, 
right antimere (A-D). Scale bar 2mm. (*) Lateral meniscus, (**) fibular collateral 
ligament, (***) popliteus muscle tendon. (+) Indicates the presumed region of 
the anterolateral ligament of the knee, namely the region between the joint cap-
sule and the lateral retinaculum. Note that there is no structure compatible with 
a ligament, although this region comparatively presents a denser constitution in 
A and C, and is more lax in B and D. Medial to the region indicated by the (+) is 
the synovial membrane, and laterally the iliotibial tract.

(in whole or in part) samples from fresh cadavers10,14-16 or studied 
living individuals through images such as magnetic resonance.15,17,18 
However, there is no consensus among the results of these studies on 
the anatomical characteristics of the ALL:10,16,19,20 while some studies 
verified the presence of the ALL in most of the samples,10,15,16 others 
did not identify this ligament in even half of the specimens,21,22 and 
one study show no ALL in their samples.19 Furthermore, contradictory 
results exist within the same investigation: Vincent et al.9 identified 
the ALL of the knee as a capsular structure in individuals during 
arthroscopic knee surgery, while in its cadaver sample this ligament 
was found to be intracapsular. Moreover, there is no consensus 
about the precise location, form, and fixation of the ALL, unlike other 
ligaments in this region.
We were motivated by these contradictory results, and initially we 
adopted the dissection method which was used in other studies.10,23 
Even though the same method of Claes et al.10 and Daggett et al.23 
was adopted, we were not able to identify the ALL in any of our 
specimens, in contrast with the findings by these authors. In the 
latter study, the authors dissected and carefully folded back the ITT 
in order to avoid interference with the attachment of the ALL, since 
this ligament is presumably adhered to the ITT. Next, Daggett et al.23 
were able to identify the ALL as originating in the lateral epicondyle 
of the femur and inserting between Gerdy’s tubercle and the fibular 
head. However, these authors obtained better visualization of this 
anatomy after sectioning the knee capsule, where it was seen that 
the ligament originates posterior to the lateral epicondyle and also 
inserts into the lateral meniscus, in addition to the insertions which 
have already been described. Again, although we used the same 
careful dissection technique, it was not possible to verify the ALL. 
It should be noted, however, that when analyzing the images ob-
tained by Claes et al.10 and Daggett et al.23 using similar dissection 
techniques, the structures referred to as the ALL of the knee are not 
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ABSTRACT

Objective: To obtain information on the incidence and nature of sports 
injuries at a Brazilian university. Method: Data from 396 student 
amateur athletes (61% male) playing 15 different sports during the 
2013 season were retrospectively evaluated. Subjects completed the 
National Collegiate Athletic Association Injury Surveillance System 
questionnaire at the conclusion of the 2013 sports season. Injuries 
that resulted in at least one day of time lost were included. Exposure 
was defined as one student amateur athlete participating in one 
practice or game and is expressed as an athlete-exposure (A-E). 
Results: Injury rates were significantly greater in games (13.13 injuries 
per 1000 A-Es, 95% CI = 10.3–15) than in practices (4.47 injuries per 
1000 A-Es, 95% CI = 3.9–5.1). The mechanisms that accounted for 
the most injuries in games and practices were player contact (52.9%) 
and non-contact (54.5%), respectively. Ankle ligament sprains were 
the most common injury (18.2% of all reported injuries). A relatively 
high incidence of anterior cruciate ligament injury was also observed 
(0.16 injuries per 1000 A-Es). Conclusion: Brazilian student amateur 
athletes are at great risk of sustaining non-contact injuries such as 
ankle sprains and anterior cruciate ligament injuries. Level III of 
Evidence, Study of non consecutive patients; without consis-
tently applied reference ‘‘gold’’ standard.

Keywords: Athletic injuries. Epidemiology. Ankle. Anterior cru-
ciate ligament.

RESUMO

Objetivo: Obter a incidência e as características das lesões esportivas em 
atletas de uma universidade do Brasil. Métodos: Os dados de 396 atletas 
amadores universitários (61% homens) de 15 modalidades, referentes ao 
ano de 2013, foram avaliados retrospectivamente. Os atletas responderam 
o questionário ISS (Injury Surveillance System) adotado pela NCAA (National 
Collegiate Athletic Association) no final da temporada esportiva de 2013. 
Foram incluídas as lesões que resultaram em pelo menos um dia de 
afastamento. A exposição foi definida como um atleta amador universitário 
participando de um treino ou jogo e foi expressa como uma exposição-atleta 
(E-A). Resultados: As taxas de lesões em jogos (13,13 lesões por 1000 
E-A, 95% IC = 10,3 - 15) foram significantemente maiores do que em 
treinos (4,47 lesões por 1000 E-A, 95% IC = 3,9 - 5,1). Os mecanismos 
envolvidos na maioria das lesões em jogos e em treinos foram contato 
com outro jogador (52,9%) e sem contato (54,5%), respectivamente. A 
torção de tornozelo foi a lesão mais comum (18,2% entre todas as lesões). 
Observou-se alta incidência de lesões do ligamento cruzado anterior 
do joelho (0,16 lesões por 1000 E-A). Conclusão: Os atletas amadores 
universitários brasileiros têm maior risco de sofrer lesões sem contato, 
como torção de tornozelo e lesão do ligamento cruzado anterior. Nível de 
Evidência III, Estudo de pacientes não consecutivos; sem padrão 
de referência “ouro” aplicado uniformemente.

Descritores: Traumatismos em atletas. Epidemiologia. Tornozelo. 
Ligamento cruzado anterior.

INTRODUCTION

Since 1982, The American National Collegiate Athletic Association 
(NCAA) has supported an Injury Surveillance System (ISS), which 
collects injury and exposure data from 16 sports.1 Over time, the 
data collected from ISS turned to be one of the most important 
source of knowledge in the sports medicine field.
One of the most serious sports injuries, anterior cruciate ligament 
(ACL) tear, had its mechanism and gender distribution elucidated 
by ISS by a 5 year study with basketball and soccer players from 
NCAA as subjects.2 In addition to orthopedics and sports medical 

areas, other ones were supported by data from ISS. The prevalence 
of sudden cardiac death3 and the effects of sports related con-
cussions in collegiate athletes,4 both topics of increasing interest 
in the literature, were addressed by ISS and published in journals 
of great impact. 
Data regarding sports injuries have resulted in numerous successful 
injury prevention initiatives, including new models of football helmets 
to protect players from concussions5 and equilibrium exercises to 
prevent ankle sprains in volleyball and basketball players.6 This is in 
agreement with the 4 step injury prevention model proposed by van 
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Mechelen et al.,7 in which we: (1) identify the problem, (2) establish 
etiology and mechanisms, (3) develop, evaluate, and implement 
interventions, and (4) reevaluate the effect via continued surveillance.
Sports injuries preventive measures have improved across the years. 
The "American Academy of Orthopaedic Surgeons" (AAOS) and the 
"American College of Sports Medicine" (ACSM) currently support 
neuromuscular training in girls who play soccer to help reduce 
the rate of ACL injury.8 Besides, recently, evidence of the efficacy 
of such programs in male soccer players have also been found.9 
The purpose of this study is to get information on the incidence and 
on the nature of injuries student athletes get in sports practicing at a 
Brazilian University. In the future, this study may allow adoption of injury 
prevention strategies similar to those implemented by the NCAA’s ISS.1

METHODS 

The study participants were 427 student amateur athletes who were 
official graduating students from either the Medical School or from 
The Physical Education School of the same Brazilian university 
who were practicing at least one of the 15 sport modalities offered 
by these schools in 2013. Athletes who were not official graduating 
students were excluded (e.g., athletes who had already graduated).
An appropriate institutional review board approved the project 
(CAPPesq 513.548 – 22/01/2014) and each participant provided 
written informed consent prior to participation. The study is in accor-
dance with the Helsinki Declaration of 1975, which was revised in 1983.
Data composed of exposures and injuries regarding the 2013 
season were collected retrospectively by the adoption of NCAA’s 
ISS questionnaire.1 The athletes answered the questionnaire after 
the last practice or game of the 2013 season. (Appendix 1) 
A reportable injury had to meet the following criteria: (1) injury 
occurred as a result of participation in a university practice or game 
in 2013 and (2) injury resulted in restriction of the student-athlete ś 
participation or performance for one or more days beyond the day 
of injury.1 An exposure was defined as one athlete participating in 
one practice or one game (athlete-exposure, A-E).1 
Quantitative data concerning exposure in games was obtained by 
summing up the number of athletes who took part in each game in 
2013. The quantitative data concerning exposure in practicing was 
obtained by multiplying the total number of student athletes by the 
number of practicing sessions in 2013, and afterwards, subtracting 
the number of absences from the result of the multiplication. Both 
game and practicing exposure data were calculated, separately, for 
each type of sport. The calculations were based on the ISS exposure 
report.1 All the information necessary to obtain the exposure data 
was provided by the athletes by answering a questionnaire.
A retrospective analysis was carried out after injury and exposure 
data compilation. Outcomes included game and practice injury rates 
(both overall and by sport), injury mechanism (non-contact, other 
contact, player contact and unknown), the distribution of injuries 
by body part (head and neck, upper extremity, trunk and back, 
lower extremity and other system), and the rates of select injuries 
(ankle ligament sprains and anterior cruciate ligament) by sport.
Injury rates were expressed as the number of injuries per 1000 A-Es,10 
with a confidence interval of 95%. Data regarding injury mechanism and 
the distribution of injuries by body part were determined by percentages.

RESULTS

Sample characteristics 

Among the 427 student athletes included in the study, 396 (92.8%) 
answer the questionnaire and so participated as subjects. Among 
those subjects, 241 (60.9%) were men and 155 (39.1%) were women, 
with an overall mean age of 24.15 (±5.63) years old. Table 1 shows 

the distribution of athletes across 15 sports modalities. Most sports, 
including indoor soccer, handball, volleyball, basketball, athletics, 
swimming, table tennis, karate and tennis have both men ś and 
women ś teams. Rugby, judo and water polo include only men ś 
teams, while softball is composed of only a women ś team.

Injuries Rates
Among the 396 subjects who answered the questionnaire, 228 
(57.6%) suffered at least one injury. Among those who suffered 
at least one injury, 68% (156) suffered just one injury, 23% (52) 
suffered two injuries, 8% (17) suffered three injuries and 1% (3) 
suffered four injuries. Altogether, in 2013, 59,491 exposures and 
323 injuries were totaled.
Across all sports, the game injury rate (13.13 per 1000 A-Es, 95% 
CI = 10.3 – 15) was 2.93 times higher than the practice injury rate 
(4.47 per 1000 A-Es, 95% CI = 3.9 - 5). These rates equate to one 
injury every four games and one injury every 10 practices for a 
team of 20 participants. 
Overall practice and game injury mechanisms are shown in Figure 1. 
The mechanism that accounted for the majority of injuries in games 
was player contact (52.9%) and in practice was non-contact (54.5%).

Table 1. Number and percentage of athletes by sport.

Sports Number and percentage of athletes

Indoor Soccer 73 (18.4%)

Handball 69 (17.4%)

Volleyball 59 (14.8%)

Basketball 56 (14.1%)

Soccer 45 (11.3%)

Rugby 31 (7.8%)

Athletics 30 (7.5%)

Softball 23 (5.8%)

Water Polo 21 (5.3%)

Swimming 20 (5%)

Baseball 16 (4%)

Judo 13 (3.2%)

Table Tennis 10 (2.5%)

Karate 10 (2.5%)

Tennis 6 (1.5%)
Note: The sum of percentages is more than 100% due to the fact that 22.7% of student-athletes 
played two modalities.

Figure 1. Distribution (percentages) of injuries by injury mechanism for practice 
and games for 15 sports in 2013. Player contact = contact with another compe-
titor; Other contact = contact with playing surface, apparatus, ball or with other 
in environment (e. g., wall, fence, spectators); No contact = no apparent contact 
(rotation about planted foot) or no apparent contact (other).
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The overall distribution of injuries by body part is shown in Figure 2. 
In both practices and games, more than 50% of all reported injuries 
were in the lower extremity. The ankle (18.2%) and knee (11.2%) 
accounted for the most injuries. 
Game and practice injury rates by sport are shown in Figure 3A-B. 
For games, rugby had the highest rate of injury (42.42 per 1000 A-Es) 
and athletics had the lowest (3.97 per 1000 A-Es). For practice, judo 
had the highest rate of injury (13.47 per 1000 A-Es) and swimming 
had the lowest (0.81 per 1000 A-Es). Swimming, tennis and karate 
presented injuries only in practice, while table tennis did not present 
any practice or game injuries.

Rates of Select Injuries (Ankle Ligament Sprains and Anterior 
Cruciate Ligament Injuries) by Sport 
Table 2 and 3 show the frequency, distribution and rates of select 
injuries (ankle ligament sprains and ACL injuries, respectively). Ankle 

ligament sprains were reported 59 times. These injuries accounted 
for approximately one quarter of all injuries in soccer, volleyball and 
indoor soccer. Soccer (2.33 per 1000 A-Es) and volleyball (2.11 
per 1000 A-Es) had the highest rates of ankle ligament sprains.
Regarding ACL injuries, 10 injuries were reported. Basketball (0.45 
per 1000 A-Es) and handball (0.38 per 1000 A-Es) had the highest 
rates. (Table 3) 

Figure 2. Distribution (percentages) of injuries by body part for games and 
practices for 15 sports in 2013.

Table 2. Frequency, distribution, and rates of ankle sprains in games 
and practice combined in 2013.

Ankle ligament 
sprains

Frequency
Percentage of 

all injuries

Injury rate per 
1000 athlete-
exposures

95% Confidence 
interval

Soccer 11 26.8 2.33 0.9 - 3.7

Volleyball 9 25.0 2.11 0.7 - 3.5

Rugby 6 19.3 1.98 0.4 - 3.6

Judo 2 14.2 1.86 -0.8 - 4.5

Indoor Soccer 11 22.9 1.37 0.5 - 2.2

Basketball 9 21.9 1.35 0.5 - 2.3

Handball 9 16.9 1.14 0.4 - 1.9

Softball 1 9.0 0.26 -0.3 - 0.8

Athletics 1 5.0 0.16 -0.2 - 0.5

Total ankle 
ligament injuries

59 18.2* 0.99* 0.99 - 1.0*

These data include all sports, not just sports that presented ankle ligament sprains.

Table 3. Frequency, distribution, and rates of anterior cruciate ligament 
injuries in games and practice combined in 2013.

Anterior cruciate 
ligament injuries

Frequency
Percentage of 

all injuries

Injury rate per 
1000 athlete-
exposures

95% 
Confidence 

interval

Basketball 3 7.3 0.45 -0.007 - 0.97

Handball 3 5.6 0.38 -0.06 - 0.82

Indoor Soccer 2 4.1 0.24 -0.1 - 0.6

Soccer 1 2.4 0.21 - 0.21 - 0.64

Athletics 1 5.0 0.16 -0.17 - 0.51

Total anterior 
cruciate ligament 

injuries
10 3.1* 0.16* 0.16 - 0.17*

* These data include all sports, not just sports that presented anterior cruciate ligament injuries.

DISCUSSION

Currently, university sports in Brazil are nonprofessional. In contrast 
to the United States of America collegiate model, few universities 
provide players with scholarships, and most students have never 
previously been engaged in any competitive sport. Despite the 
amateur nature of Brazilian university sports, the game injury rate 
(13.13 injuries per 1000 A-Es, 95% IC = 10.3 – 15 or one injury every 
four games for a team of 20 participants) and the practice injury rate 
(4.47 injuries per 1000 A-Es, 95% IC = 3.9 - 5.1 or one injury every 
10 practices for a team of 20 participants) of this population were 
very similar to the NCAÁ s game injury rate (13.8 injuries per 1000 
A-Es, 95% CI = 13.7 - 13.9) and practice injury rate (4.0 injuries per 
1000 A-Es, 95% CI = 3.9 - 4.0) (10), respectively. In addition, this 
study found the game injury rate to be three times higher than the 
practice injury rate. Again, this trend is very similar to the NCAA, 
which found 3.5 times more injuries in games than in practice 10
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Given the physicality, especially in games, of some NCAA sports 
that do not exist in Brazil, such as football and hockey, and the 
intense level of competition throughout the NCAA, we excepted to 
see a lower game per practice injury rate in Brazilian than in NCAA 
collegiate athletics. This is what was observed when comparing 
National Basketball Association (NBA) players with others from 
the Spanish Professional Basketball League, a less competitive 
basketball league. Factors such as longer games, less time of ball 
possession, and the dominance of man to man marking may be 
responsible for game injury rates in the NBA being twice as high 
as practice injury rates, compared to the Spanish Professional 
Basketball League in which the game injury rate is about one third 
of the practice injury rate.11

Data from the NCAA10 and the present study also support higher 
game injury rates compared to practice injury rates when examining 
just the sports played in both the USA and Brazil, such as soccer, 
volleyball, basketball, baseball and softball.
Although overall game, practice, and game per practice injury 
rates in this study were similar to those of the NCAA, the injury 
mechanism distribution was different between populations. While 
player contact is the major mechanism involved in game injuries in 
both this study (53%) and the NCAA (58%),10 most practice injuries 
in this study were non-contact (54%). This is in contrast to NCAA, 
where player contact is also the major mechanism of practice 
injuries (42%). In addition, non-contact injuries account for almost 
double the number of game injuries in this study (33%) compared 
to the NCAA (17%).10

One reason for the difference in injury mechanism distribution 
between this study and NCAA is the higher intensity and physicality 
of NCAA sports, games and practices. Furthermore, this study 
included individual sports such as swimming, athletics, tennis 
and table tennis, where an injury caused by player contact is rare. 
However, other aspects must be involved in the injury mechanism 
difference because many athletes in this study (83%) played contact 
sports, such as rugby, soccer and basketball. (Table 1)
Another important aspect behind the observed injury mechanism 
differences may be that student athletes from Braziĺ s universities 
are generally much less physically trained than NCAA athletes. 
This may make them more prone to non-contact injuries, similar 
to the non-contact anterior cruciate ligament sprain predisposition 
of athletes who have worse neuromuscular control.12 
Given most injuries among NCAA athletes occur from player contact, 
preventative measures from ISS have largely focused on rules and 
policies that promote more secure contact between players, such 
as the no spearing and no clipping rules instituted in football.10 In 
order for effective injury prevention strategies to be implemented at 
Braziĺ s universities, one must consider that our needs are different 
from the NCAA, as advocated by van Mechelen et al.7

In this study, almost all sports had higher rates of injury in games 
than in practice. Rugby, the sport with the most contact between 
players, had the greatest difference: 6.72 times more injury in games 
(42.42 injuries per 1000 A-Es) than in practice (6.31 injuries per 
1000 A-Es). Water polo had the lower difference: 1.05 times more 
injury in games (5.05 injuries per 1000 A-Es) than in practice (4.84 
injuries per 1000 A-Es), followed by athletics, which had 1.19 times 
more injury in games (3.97 injuries per 1000 A-Es) than in practice 
(3.31 injuries per 1000 A-Es).
Judo was the only sport in which the opposite trend was observed: 
1.46 times more injury in practice (13.47 injuries per 1000 A-Es) 
than in games (9.17 injuries per 1000 A-Es). Although higher 
game per practice injury rates in water polo and judo may be 
expected due to the large amounts of player contact, this was 
not observed. In water polo, the intense contact between players 
happens inside the water, which may lessen the injury risk. In judo, 

the higher incidence of injury in practice compared to games 
may be due to the time duration of each event. One practice 
session, which typically lasts around two hours, and one fight in 
a competition, which typically lasts around seven minutes, were 
both considered 1 A-E. 
Similar to the NCAA, our study found the lower limbs to be the most 
prevalent location for injury, accounting for 68% of injuries in games 
and 58.4% of injuries in practice (versus 54% in both practice and 
games in the NCAA).10 The lower limbs have also been found to be the 
most affected body part in various sports, such as rugby,13,14 football,15 
soccer,16,17 basketball11 and volleyball,18 as well as in overuse injuries.19 
This study found ankle ligament sprains and knee injuries to be most 
prominent, accounting for 18% and 11% of injuries, respectively. In 
the NCAA, ankle sprain is also the most common injury (15% of all 
injuries).10 In addition, other studies have found ankle sprain to be 
the most common injury in volleyball20 and basketball.11

A much smaller percentage of head and neck injuries were found 
in this study compared with the NCAA. These injuries account for 
12.8% of game injuries and 9.8% of practice injuries in the NCAA10 
but only accounted for 2.6% and 4.6% of injuries in this study, 
respectively. This is most likely due the NCAA’s inclusion of football 
and hockey athletes, which have relatively high concussion rates. 
These sports were not played among our study population, and 
are not common in Brazil.
In this study, the ACL injury rate (0.16 injuries per 1000 A-Es,
95% CI = 0.16 - 0.17) and the ankle ligament sprain rate (0.99 
injuries per 1000 A-Es, 95% CI = 0.99 - 1.0) were both statistically 
higher than in the NCAA (ACL injury rate of 0.15 injuries per 1000 
A-Es, 95% CI = 0.14 - 0.15 and ankle ligament sprains rate of 0.83 
per 1000 A-Es, 95% CI = 0.82 - 0.84).10 As non-contact injuries 
were most common in this study, and given the high incidence of 
non-contact ACL21 and ankle sprain18 injuries, it is easy to understand 
their increased occurrence. The School of Medicine and the School 
of Physical Education and Sports in this study also had a higher 
ACL injury rate (2.5% per person per year) than amateur athletes 
(0.03 - 1.62% per person per year) and a similar rate to professional 
athletes (0.15% - 3.67% per person per year),22 reinforcing a recent 
retrospective study that indicated ACL injury as one of the most 
common injuries in the same School of Medicine evaluated by the 
present study in the last 20 years.23

There are several examples of successful lower limbs injury preven-
tion programs. A prospective controlled trial with more than 1100 
women volleyball athletes showed a lower incidence of ankle sprain 
injuries in the intervention group, who performed proprioceptive 
exercises, compared with the control group (risk difference of 
0.4 / playing 1000 hours, 95% CI = 0.1 - 0.7).20 In Santa Monica, 
California, more than 2900 female soccer players between the ages 
of 14 and 18 years substituted proprioceptive and neuromuscular 
exercises, focused on correct jumping and landing technique, in 
the place of a traditional warm up. An 88% decreasing ACL injuries 
was observed.24 These findings motivated American Academy of 
Orthopaedic Surgeons (AAOS) and the American College of Sports 
Medicine (ACSM) to support neuromuscular training programs in 
female soccer players to help prevent ACL injuries.8

Summarizing, Brazilian university athletes are at great risk of sus-
taining non-contact injuries, such as ankle sprain and ACL injuries. 
Future injury prevention programs should focus on these types of 
injuries in order to be effective.

Study limitation

Considering that this is a retrospective study, it may be susceptible 
to memory bias, which means that a subject may have listed just 
the injuries that he was able to remember. In contrast to the NCAA, 
the questionnaire was answered by the participants on their own, 

Acta Ortop Bras. 2017;25(2):93-8



97

AUTHORS’ CONTRIBUTIONS: Each author contributed individually and significantly to the development of the manuscript. AMA (0000-0002-5230-3711)* 
and TLF (0000-0002-6665-3608)* were the main contributors in the drafting of the manuscript. AMA and IMM (0000-0001-6629-9277)* performed data ac-
quisition and interpretation for the work. IMM and AP (0000-0002-8499-7493)* evaluated the data from the statistical analysis. AMA, IMM, TLF, AP and AJH 
(0000-0001-8645-3956)* conducted a critical review of the study's intellectual content. AJH and AP conducted the final review and approval of the manuscript 
version. *ORCID (Open Researcher and Contributor ID).

not by a team certified athletic trainer or physician. Finally, although 
the time of an athlete-exposure across most of sports (mainly 
collective sports) was almost the same (around two hours), it was 
not uniform among all athletes, especially considering competitions 
in individual sports like swimming or athletics.

CONCLUSION

Brazilian university athletes are at great risk of sustaining non-con-
tact injuries, such as ankle sprain and ACL injuries. Future injury 
prevention programs should focus on these types of injuries in 
order to be effective.
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INJURY DEFINITION: A reportable injury is defined as one that:
1. Occurs as a result of participation in an organized university practice or contest; and
2. Results in any restriction of the athleté s participation or performance for one or more 
days beyond the day of injury.

1. Name:........................................................................................................................
2. Phone number:........................................................................................................
3a. Course:      (1) (  ) FMUSP         (2) (  ) EEFE
4. Year:..............
5. Gender:    (1) male    (2) female
6. Height: .................................
7. Weight:.............................................
8. Sport:
(1) soccer    (2) rugby    (3) baseball    (4) softball    (5) athletics
(6) swimming    (7) water polo    (8) tennis    (9) table tennis       (10) judo
(11)karate   (12)volleyball    (13)handball    (14)indoor soccer    (15)basketball

9. Exposure data:
9a. Number of practices per week in 2013:.............................................................
9b. Number of games per month in 2013:...............................................................
9c. 2013 season start date:........................................................................................
9d.2013 season end date:..........................................................................................
9e. Vacation days in the middle of 2013 season:....................................................
9f. Missed practices in 2013:......................................................................................

10. Playing position:.....................................................................................................

11. Dominant body side: (1) right   (2) left

12. How many injuries did you suffer in 2013:..........................................................

INJURY N°1 

1. Sport of injury n°1:....................................................................................................

2. Month of injury n°1:
(1)jan      (2 )feb       (3)mar     (4)apr      (5)may       (6)jun
(7)jul       (8)aug      (9)sep      (10)oct    (11)nov       (12)dez

3. Injury n°1 occurred during:
(1) Preseason (before first regular-season match)
(2) Regular season
(3) Postseason (after final regular-season match)
(99) other:

4. Injury n°1 occurred in:
(1) Practice
(2) Game

5. Injury n°1 occurred during:     
(1) game or practice first half
2) game or practice second half

6. This injury n°1 is a:
(1) New injury
(2) Recurrence of injury from this season
(3) Recurrence of injury from previous season (this sport)
(4) Complication of previous injury (this sport)
(5) Recurrence of other-sport injury
(6) Recurrence of nonsport injury
(7) Complication of other-sport injury

7. Principal body part injured in injury n°1:

Appendix I: 2013 Individual INJURY and EXPOSURE Questionnaire.

8. Body side injured: (1) right     (2) left

9. KNEE INJURY (answer only if response in question 7 was 24):
(1) collateral ligament
(2) anterior cruciate ligament
(3) posterior cruciate ligament
(4) torn cartilage (meniscus)
(5) patella and or patella tendon
(6) other tendon
(99) other:

10. This injury involved:
(1) contact with another competitor
(2) no apparent contact (other)
(3) contact with apparatus∕ball
(4) contact with other in environment (e.g.,wall, fence, spectators)
(5) no apparent contact (rotation about planted foot)
(6) contact with playing surface
(99) other:

11. Primary type of injury n°1 (circle one):

(1) head (10) shoulder (19) thumb (28) toe (s)

(2) face (11) clavicle (20) pelvis or hips (29) stomach

(3) teeth (12) scapula (21) groin (30) spleen

(4) neck (13) upper arm (22) buttocks (31) kidney

(5) upper back (14) forearm (23) upper leg (32) external genitália

(6) ribs (15) elbow (24) knee (33) coccyx

(7) sternum (16) wrist (25) lower leg (34) breast

(8) lower back (17) hand (26) ankle (99) other:

(9) abdomem (18) finger(s) (27) foot

(1) contusion (16) concussion
(2) laceration (17) heatstroke
(3) bursitis (18) hemorrhage
(4) tendinitis (19) infection
(5) ligament sprain (incomplete tear) (20) avulsion (tooth)
(6) ligament sprain (complete tear) (21) nerve injury
(7) muscle-tendon strain (incomplete tear) (22) blisters 
(8) muscle-tendon strain (complete tear) (23) hernia 
(9) osseous edema (24) foreign object in body orifice
(10) torn cartilage (25) internal injury (nonhemorrhage)
(11) AC separation (26) infection
(12) dislocation (partial) (27) periostitis
(13) dislocation (complete) (28) inguinal hernia
(14) fracture (99) other:
(15) stress fracture

12. Did this injury require surgery?
(1) Yes, in-season
(2) Yes, postseason
(3) No

13. Describe the joint surgery?
(1) Arthrotomy
(2) Diagnostic arthroscopy
(3) Operative arthroscopy
(4) no joint surgery:
(99) other:

14. Injury assessment (best assessment procedure):
(1) clinical exam by athletic trainer
(2) clinical exam by physician
(3) X-ray
(4) MRI
(5) other image technique
(6) surgery
(7) blood work lab test
(99) other:

15. Type of surface?
(1) wood
(2) natural grass
(3) synthetic grass
(4 ) cement
(5 )rubber
(7) water
(99) other:

16. How many days did this injury keep student-athlete from participating 
in the sport:.........................................................................................................................

Additional comments (optional):.....................................................................................

This questionnaire is a version of Injury Surveillance System from NCAA (Dick, R., Agel, J., and Marshall, S.W. (2007). National collegiate athletic association injury surveillance system commentaries: 
Introduction and methods. Journal of Athletic Training 42, 173-182.). With permission of Brian Hainline, MD. NCAA Chief Medical Officer.
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ABSTRACT

Objective: To analyze whether association between bone fragility 
and risk of fracture depends on the trauma level. Method: All par-
ticipants along with their mothers underwent DXA scan and body 
measurements. The subjects answered a self-report questionnaire 
about their physical activities and the precipitating causes. The 
questionnaire results were associated with DXA performed at 
the baseline visit. Results: A total 374 children with available DXA 
scan and complete follow-up of 5 years were included in the final 
analysis. Of the 374 children, 53 (14.2%) had one fracture, and 
11 (20.7%) had more than one fracture. Based on the modified 
Landin classification, the trauma level was determined. Of the 53 
(14.2%) children who had one fracture, 39 (73.6%) were classified, 
namely 19 (48.7%) with mild trauma, 16 (41%) with moderate 
trauma and four (10.2%) with severe trauma. Trauma level could 
not be assigned to 14 (26.4%) children due to limited information. 
Children without fractures had significantly higher values in all 
bone parameters compared to those with fractures caused by 
mild trauma. Conclusion: Subjects with mild trauma fractures had 
an inversely proportional ratio between bone fragility parameters 
and fracture risk compared with subjects without fractures. Level 
of Evidence IV, Case Series.

Keywords: Fractures, bone/epidemiology. Bone density/physiology. 
Child. Risk factors.

RESUMO

Objetivo: Analisar se a associação entre fragilidade óssea e risco de 
fratura depende do nível de trauma. Método: Todos os participantes, 
juntamente com suas mães, foram submetidos à DEXA e medições 
corporais. Os participantes responderam um questionário de autorrelato 
sobre atividades físicas e descrição de como o trauma ocorreu. Os 
resultados do questionário foram associados à DEXA realizada na 
primeira visita do estudo. Resultados: Um total de 374 crianças com 
DEXA disponível e acompanhamento completo de 5 anos foi incluído 
na análise final. Das 374 crianças, 53 (14,2%) tiveram uma fratura e 11 
(20,7%) tiveram mais de uma fratura. Com base na classificação de 
Landin modificada, foi determinado o nível de trauma. Das 53 (14,2%) 
crianças que tiveram uma fratura, 39 (73,6%) foram classificadas, sendo 
19 (48,7%) com trauma leve, 16 (41%) com trauma moderado e quatro 
(10,2%) com trauma grave. O nível de trauma não pôde ser atribuído a 
14 (26,4%) crianças, devido a informações limitadas. As crianças sem 
fraturas apresentaram valores significantemente mais altos em todos 
os parâmetros ósseos, em comparação com os que tinham fraturas 
causadas por trauma leve. Conclusão: Os indivíduos com fraturas por 
trauma leve apresentaram relação inversamente proporcional entre 
os parâmetros fragilidade óssea e o risco de fratura em comparação 
com indivíduos sem fratura. Nível de Evidência IV, Série de Casos.

Descritores: Fraturas ósseas/epidemiologia. Densidade óssea/
fisiologia. Criança. Fatores de risco.

INTRODUCTION

A bone fracture is defined as damage in the continuity of bone. 
Analysis of data from many studies has shown that fractures com-
prise 10-25% of childhood trauma.1 Despite this high prevalence, 
healthcare professionals and public health programs tend to focus 
on the adult population. Epidemiological studies have shown that 
the incidence of fractures during childhood is somewhat similar to 
the incidence of fractures in the elderly population.2,3

It is a well-established fact that low bone mineral density and a 
previous history of fracture are the strongest risk factors for future 

fractures.4,5 However, it is assumed the relationship between the 
history of fracture and risk of future fracture is strongest for fractures 
that occur as a consequence of low trauma, such as falls from an 
upright position.6 During evaluation of risk factors for osteoporosis 
and other bone diseases, history of childhood fractures is generally 
ignored on the assumption that childhood fractures are primarily 
caused by high trauma.7-9 Bone fragility that might cause both 
high and low trauma fractures is itself not considered a risk for 
future fractures.10 However, there is emerging evidence that child-
hood fractures are associated with underlying skeletal fragility.11,12 
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A meta-analysis of case control studies by Clark et al.13 showed 
an inverse relationship between bone mineral density and risk of 
fracture during childhood. These findings are also supported by 
other observational studies.14,15 The Avon Longitudinal Study of 
Parents and Children (ALSPAC) observed an inverse association 
between volumetric bone mineral density (vBMD) and fracture 
risk.14 The overall results of these studies indicated that childhood 
fractures are associated with underlying skeletal fragility. 
Landin16 derived a classification system defining different levels of 
trauma in children based on the events that preceded injuries or 
fractures in his study population. The three main components of his 
classification system were height of fall, type of activity, and any device 
that may have resulted in the fall; these components were used to 
categorize trauma into three different levels (slight, moderate, and 
severe trauma, respectively). Using a modified version of Landin’s 
classification system,10 we conducted a prospective cross-sectional 
study to examine whether association between bone fragility and 
fracture risk depends on the level of trauma preceding injury. Landin’s 
modified trauma levels used in the current study are as follows: low 
trauma includes falling and landing on the ground (<0.5 m) or a resilient 
surface (0.5-3 m), falling from a bed/sofa/cot, injuries sustained during 
play on the playground or low-impact sports such as gymnastics, 
judo, etc. Moderate trauma injuries include falling and landing on a 
non-resilient surface (0.5-3m), falling from a bicycle, skateboard, swing, 
slide, rollerblades, or bunkbed. High/severe trauma includes falling 
from >3 m, traffic accidents, and being hit by a heavy moving object.

METHODS

A total of 457 healthy children (mean 10.1 years of age) visiting Shan-
dong Jining No.1 People’s Hospital were included in the current study. 
This study was approved by the ethics committee of Shandong Jining 
No.1 People's Hospital  (approval number : ZK242403). The majority 
(64.7%) were female. Children with malnutrition, chronic diseases, or 
any history of bone disease or mal-absorption were excluded. We 
also excluded children who took medications regularly or who had 
been prescribed calcium and vitamin D supplements. The study was 
approved by the institutional review board. All participating children 
gave verbal consent, while the guardians signed a term of free and 
informed consent. All participating children were invited to come 
to the clinic accompanied by their mothers to undergo DXA scan-
ning and further measurement of height, weight, body mass index
(BMI, kg/m2), and collection of other basic demographic data. Based 
on the recommendations from the International Society for Clinical 
Densitometry (ISCD), instead of full-body DXA scans we used the 
total body less head (TBLH) bone area (BA) and TBLH bone mineral 
content (BMC) in the current study.17 In children, TBLH is recommend-
ed for its accuracy and precise results. We also opted not to use 
the full-body DXA scan because the head is not receptive to stimuli
(such as exercise).18 Height was measured with subject standing straight 
with feet flat on the ground and heels touching the back plate of the 
measuring instrument. Height was measured to the last millimeter (mm) 
while weight was measured to the nearest 50 g. Measurement of TBLH 
BA and TBLH BMC was taken with a Lunar Prodigy DXA device. The 
precision of the DXA scan was expressed in terms of coefficient of 
variation (CV), i.e. 0.8%. The CV value is based on 150 repeated scans. 
After measurement of the physical parameters, the subjects took 
a self-reported questionnaire inquiring about their participation in 
physical activities such as dancing, running, swimming, aerobics, 
etc. and the amount of time they engaged in such activities per 
week. Puberty was assessed using the Tanners and Whitehouse 
classification of breast development and pubic hair19 through draw-
ings. Parental race, educational qualification, and social status were 
noted by a researcher on a self-reported questionnaire.
To collect information on fracture incidence and description of 
events surrounding the injury, subjects were given a self-reported 

questionnaire at their each yearly follow-up visit for a 5-year period. 
These results were then linked with the subjects’ DXA scan, which 
was performed during their first visit when the study began. Subjects 
who reported a fracture were then asked to fill out another ques-
tionnaire collecting information about the nature of the injury and 
preceding circumstances. Finally, in order to confirm fracture, the 
subjects’ parents were asked to provide the X-ray report, if this was 
available. When the X-ray report was not available, “not confirmed 
fracture” was used as an outcome. Additional data was collected 
using a modified version of Landin’s classification. 
The demographic data were presented as mean and frequencies 
when appropriate. The two-tailed Student’s t-test was used to find 
significant differences between children with and without fractures. 
In order to determine bone variables in children who had fractures 
and those without fractures, we ran a linear regression model, using 
both unadjusted and adjusted models (age, sex, race, economic 
status). All statistical analysis was done using SPSS (Statistical 
Package for Social Sciences) software version 20.

RESULTS

Of the 457 healthy children initially recruited for the study, 383 children 
completed the 5 year follow-up. Of the 383 DXA scans, 9 scans could 
not be interpreted, yielding a total of 374 available scans of the children 
with complete follow-up who were included in the study (Figure 1). The 
demographic and clinical profiles of the children who had fractures 
and did not have fractures are shown in Table 1. Of the total population 
of 374 followed for 5 years, 53 (14.2%) sustained at least one fracture, 
and of this group 11 (20.7%) experienced more than one fracture. Using 
the modified Landin trauma classification, we assigned a trauma level 
in 39 (73.6%) of the 53 children who reported a fracture: 19 cases of 
slight trauma (48.7 %), 16 cases of moderate trauma (41%), and 4 
cases of severe trauma (10.2%). Trauma level could not be assigned 
in 14 cases (26.4%) due to limited information from both parents and 
children regarding the incidents preceding the fractures. 

Initial
Recruitment

N=457

Completed 5 year 
follow up
N=383

With interpretable 
DXA scan

N=374

Experienced at least 
one fracture

N=53

Trauma level
assigned

N=39

Final study
population

Without fractures
N=321

With fractures
N=53

Figure 1. Methodological flowchart of study.
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Of the 53 (14.2%) children who experienced a fracture, the majority 
of the fractures were reported to be in the forearm, with 25 cases 
(47%), while the least-reported fracture site was the humerus, with 
1 case (2%). Other reported fracture sites were the elbow, with 9 
cases (17%), the tibia and fibula with 6 cases (11.3%), the fingers 
with 4 cases (7.5%), the toe with 3 cases (6%), the clavicle with 3 
cases (5.6%), and the thumb with 2 cases (4%) (Figure 2).
Without adjusting for variables, we compared demographic data 
as well as different bone parameters in children with fractures and 
those without fractures. (Table 1) Based on this analysis, except for 
BMI and weekly level of physical activity there was no significant 
difference in the demographic variables of the study subjects. As 
for bone parameter variables, subjects who did not experience 
fractures had a statistically significant increase in humeral volumetric 
density (cm3) while no difference was seen in the other parameters
(TBLH BMC, TBLH BA, TBLH BMD). To pursue more detailed analysis, 
we further subdivided the children with fractures according to trauma 
level. Because the number of cases with fracture caused by severe 
trauma were so low, for this analysis we combined fractures with 
moderate and severe levels of trauma and compared them with 
fractures caused by low trauma level and no fractures. (Table 2) 
Children without fractures had statistically significant higher values 
for all bone parameters compared to children who experienced 
fractures caused by slight trauma. However, only humeral vBMD 

Table 1. Demographic profile of study subjects.

Variable
Subjects without 

fracture
(N=321)

Subjects with 
fracture
(N=53)

p-value

Age (years) 10.2 ± 0.4 10.2 ± 0.3 0.347
Male sex 158 (49.2%) 28 (52.8%) 0.251

Height (cm) 138.2 ± 6.3 138.6 ± 5.9 0.614
Weight (kg) 35.4 ± 6.4 36.0 ± 8.3 0.315
BMI (kg/m2) 17.1 ± 2.4 17.9 ± 3.9 0.041

Socioeconomic status
Low 109 (33.9%) 17 (32.0%)

0.06
Moderate to high 212 (66.1%) 36 (68%)

Parental education
School 87 (27.2%) 15 (28.3%)

0.328College 135 (42.0%) 22 (41.5%)
University 99 (30.8%) 16 (30.1%)

Tanner staging
1 161 (50.1%) 27 (50.9%)

0.1582 146 (45.4%) 23 (43.3%)
>3 14 (4.3%) 3  (5.6%)

Weekly physical activity
<3 times 167 (52%) 19 (35.9%)

0.024
>3 times 154 (48%) 34 (64.1%)

and TBLH bone size relative to body size was lower in children with 
fractures caused by high levels of trauma, while statistically significant 
decreases were not seen in other parameters. We also performed an 
adjusted analysis (age, sex) and found a similar reduction in humeral 
vBMD in all the children who experienced fractures compared with 
those without fractures. Finally, subjects with low trauma fractures 
weighed less (approximately 7%) and subsequently had lower BMIs 
than their counterparts who experienced high or moderate trauma 
fractures. Moreover, subjects with low trauma fractures also had 
lower BMD, BA AND TBLH BMC values than those subjects who 
had high or moderate trauma fractures.

DISCUSSION

To the best of our knowledge, this is the first prospective study 
following Chinese children over a long follow-up period (5 years) 
that evaluates the relationship between future fracture risk and 
underlying skeletal fragility and whether this relationship is influenced 
by trauma level. The incidence of fracture in our study cohort was 
14.2%, which is comparable to previously conducted studies. Clark 
et al. followed 7725 children in a community over a span of 2 years 
and found an overall fracture incidence rate of 8.9%.10

Our findings showed that overall fracture risk is greater in boys 
and low trauma fractures are more common in children. Increased 
fracture risk in boys has been reported in many previously conducted 
studies and is attributed to their behavior and restless nature.20,21 
Regardless of the trauma level preceding fracture, children with 
fracture had reduced bone parameters such as humeral vBMD, 
TBLH bone size relative to body size, and TBLH vBMD. These 
findings are consistent with other prospective and case controlled 
studies which showed similar results in children belonging to different 
age groups.10,15,22

Our main focus in this paper was to observe the association between 
skeletal fragility and fracture risk and trauma level. We found that 
subjects with low trauma fractures had an inverse relationship 
between bone fragility parameters (TBLH vBMD, humeral vBMD, 
TBLH bone size relative to body size) and fracture risk compared 
with subjects who did not have fractures. Interestingly, with the 
exception of TBLH vBMD, other bone fragility parameters (humeral 
vBMD, TBLH bone size relative to body size) were also inversely 
related to fracture risk in children with moderate to severe trauma 
before fracture. Although more skeletal fragility is observed in 
subjects with low trauma, we conclude that skeletal fragility in early 
life is related to future fracture risk even at high trauma levels.In 
contrast, we have observed that among subjects with fractures the 
bone parameters such as TBLH BMC and TBLH vBMD are reduced 
compared to those subjects without fractures. This discrepancy in 
results can be explained by the fact that majority of fractures in our 
study affected the upper limb. Compared to the whole body, upper 
limb fractures are weakly related to skeletal fragility parameters. 
We unexpectedly found weight differences among subjects with 
low and high trauma levels. Subjects with high trauma fractures 
had more fat and lean mass and consequently higher BMIs than 
children with low trauma fractures. Contrary to the observation that 
obese adults are at less risk for osteoporosis,23,24 increased weight 
is a risk factor for fractures in children.11,25 It has been proposed that 
overweight children have low bone area for their weight, placing 
them at high risk for fracture.26,27 Our results showed that subjects 
with high trauma fractures had higher TBLH and BMC values than 
subjects with low trauma fractures. On the other hand, bone size 
relative to body size was reduced in both high trauma and low 
trauma fractures, suggesting that higher values for bone parameters
(TBLH BA and BMC) in overweight children cannot compensate for 
their increased body weight. Lastly, despite trauma level, fracture 
risk in childhood was associated with level of physical activity in our 
study cohort. Subjects with active or rigorous participation in physical Figure 2. Types of fractures reported.

Humerus 2% Thumb 4%
Clavicle 4%

Toe 6%

Fingers 7%

Forearm 47%

Elbow 17%

Tibia and Fibula 11%
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Table 2. Difference in bone parameters of subjects without fractures and subjects with fractures categorized by trauma level.

Bone parameter
Subjects without 

fracture
N=321

Subjects with fracture
N=53

p-value *
Subjects with low 
trauma fractures

N=19
p-value #

Subjects with high 
trauma fractures

N=20
p-value ^

TBLH BMC (g) 889 ± 187 881 ± 175 0.416 845 ± 156 0.002 901 ± 179 0.425
TBLH BA (cm2) 1132 ± 163 1129 ± 149 0.384 1101 ± 135 0.014 1147 ± 158 0.342

TBLH BMD (g/cm2) 0.775 ± 0.053 0.771 ± 0.051 0.058 0.759 ± 0.051 0.004 0.774 ± 0.054 0.572
Humeral vol. density 0.489 ± 0.05 0.473 ± 0.05 <0.001 0.471 ± 0.05 <0.001 0.469 ± 0.05 0.003

*p-value: for difference between children without fractures and children with fractures. #p-value: for difference between children without fractures and children with low trauma fractures. ^p-value: for 
difference between children without fractures and children with high trauma fractures. All statistically significant values (p-value >0.05) are shown in bold. BMC: bone mineral content, BA: bone area, 
BMD: bone mineral density, TBLH: total body less head.

activities reported more fractures. These findings are consistent with 
previously reported studies.28,29 MA and Jones conducted population 
based case control studies to evaluate the risk of upper limb fractures 
and physical activity and found similar results.28

The main limitation associated with the current study is self-cat-
egorization of trauma level and self-reported responses by the 
participants in different questionnaires. Since questionnaires were 
not given to participants immediately after the fracture occurred but 
rather some time later during the scheduled follow-up meeting, recall 
bias cannot be ignored. Moreover, trauma level was not assigned 
in all participants and not all reported fractures were confirmed 
by X-ray reports. Despite these limitations, the current study is 
strengthened by its prospective nature and long follow-up period. 
Moreover, the DXA scans were done at the beginning of the study 

before the fractures occurred, assuring that the scan results were 
not be influenced by the fracture. Lastly, the drop-out rate in our 
study was quite low, permitting generalized results. 

CONCLUSION

The current study conclusively confirms the proposed hypothesis 
that regardless of trauma level preceding the injury, skeletal fra-
gility contributes to fracture risk in children. Further longitudinal 
observational studies are needed to explore whether this risk is 
transient or remains persistent. Furthermore, future studies should 
observe the influence of skeletal fragility on fracture risk in both 
elderly men and women. Because fractures are among the most 
important clinical and public health concerns in both adults and 
children, future studies should target both populations. 
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ABSTRACT

Objective: To prove the accuracy of a customized guide developed 
according to our method. Methods: This customized guide was 
developed from a three-dimensional model of proximal femur 
reconstructed using computed tomography data. Based on the 
new technique, the position of the guide pin insertion was selected 
and adjusted using the reference of the anatomical femoral neck 
axis. The customized guide consists of a hemispheric covering 
designed to fit the posterior part of the femoral neck. The per-
formance of the customized guide was tested in eight patients 
scheduled for total hip arthroplasty. The stability of the customized 
guide was assessed by orthopedic surgeons. An intraoperative 
image intensifier was used to assess the accuracy. Results: The 
customized guide was stabilized with full contact and was fixed 
in place in all patients. The mean angular deviations in relation 
to the what was planned in anteroposterior and lateral hip radio-
graphs were 0.5º ± 1.8º in valgus and 1.0º ± 2.4º in retroversion, 
respectively. Conclusion: From this pilot test, the authors suggest 
that the proposed technique could be applied as a customized 
guide to the positioning device for hip resurfacing arthroplasty 
with acceptable accuracy and user-friendly interface. Level of 
Evidence IV, Cases Series.

Keywords: Arthroplasty, replacement, hip/instrumentation. Femur 
neck. Imaging, three-dimensional. Surgery, computer-assisted. 
Prosthesis design.

RESUMO

Objetivo: Comprovar a precisão de uma guia personalizada desen-
volvida a partir de nosso método. Métodos: Esta guia personalizada 
foi desenvolvida a partir do modelo tridimensional da parte proximal 
do fêmur reconstruída usando dados de tomografia computadorizada. 
Com base na nova técnica, a posição de inserção do pino da guia 
foi selecionada e ajustada usando a referência do eixo anatômico do 
colo do fêmur. A guia personalizada consiste em um revestimento 
hemisférico projetado para encaixar na parte posterior do colo do 
fêmur. O desempenho da guia personalizada foi testado em oito 
pacientes que seriam submetidos à artroplastia total do quadril. A 
estabilidade da guia personalizada foi avaliada por cirurgiões ortope-
distas. Para avaliar a precisão, usou-se um intensificador de imagem 
intraoperatório. Resultados: A guia personalizada foi estabilizada com 
contato total e foi fixada em todos os pacientes. Os desvios angulares 
médios com relação ao planejado nas radiografias anteroposteriores 
e laterais do quadril foram de 0,5º ± 1,8º em valgo e 1,0º ± 2,4º em 
retroversão, respectivamente. Conclusão: A partir deste teste piloto, 
os autores sugerem que a técnica proposta poderia ser aplicada 
como guia personalizada para o dispositivo de posicionamento 
para resurfacing em artroplastia de quadril com aceitável precisão e 
interface amigável. Nível de Evidência IV, Série de Casos.

Descritores: Artroplastia de quadril/instrumentação. Colo do fêmur. 
Imagem tridimensional. Cirurgia assistida por computador. Desenho 
de prótese.

INTRODUCTION

Hip resurfacing arthroplasty (HRA) is an alternative to total hip 
arthroplasty (THA). The advantages of this procedure include 
preservation of the femoral bone stock,1 minimized dislocation 
rate,2 and improved range of motion.3 However, HRA is a techni-
cally demanding procedure and femoral neck fracture has been 
documented as the most common cause of early failure.4 This 
complication is related to varus malposition of the femoral com-
ponent and superior notching of femoral neck.5,6

Accurate positioning of the femoral component has been reported in 
association with successful long-term outcomes.7 Optimal alignment 

traditionally is achieved using manual devices, and accuracy relies largely 
on visual inspection and the surgeon’s experience. Computer assisted 
navigation can increase the accuracy of femoral guide pin insertion 
compared to conventional instrumentation.8,9 Nevertheless, it has 
distinctive disadvantages, including increased surgical time and cost.8

Patient-specific instrumentation for HRA is a novel device fabricated 
using rapid prototyping technology (RP). Computed tomography 
(CT) scanning provides individual 3D geometric anatomy data to 
construct a patient-specific instrument. The instrument is used 
to guide the position of pin insertion to avoid malpositioning of 
the femoral component. The most important reference axis for 
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determining guide pin direction is the femoral neck axis (FNA). In 
clinical practice, determining the true FNA can still be problematic. 
Although several patient-specific guides (PSG) have been proposed 
in the literature and demonstrated utility with good accuracy,10-14 few 
studies state the method for defining true FNA.11,14 To our knowledge, 
the best-known technique was developed by Mahaisavariya et al.,15 
who established a method for geometrical assessment of the proximal 
femur in three dimensions. This method uses CT images combined 
with reverse engineering to obtain the 3D geometry of the proximal 
femur. This technique can be applied to HRA in order to identify the 
true FNA. Consequently, the objectives of this study were to use this 
technique to design a PSG to assist in femoral component positioning 
in HRA, as well as assess the accuracy of this device.

PATIENTS AND METHODS

Between May and August 2011 we recruited eight patients scheduled 
for unilateral primary THA to participate in the study. Preoperative 
CT scans of the hip were performed with a 1-mm slice thickness. 
The axial cross-sectional images of the body were formatted into 
Digital Imaging and Communications in Medicine (DICOM) files and 
transferred to National Metal and Materials Technology Center (MTEC, 
National Science and Technology Development Agency, Pathumthani, 
Thailand). Medical imaging processing software (Mimics, Materi-
alise N.V., Belgium) was used to convert the set of DICOM files to a 
three-dimensional image of hip. In the reconstruction process, the 
stack of DICOM files was sequenced in such the way that the relative 
proximal cross-section images were above the distal cross-sectional 
images. This allowed the femoral head to be oriented proximally to 
the femoral shaft. Each image was within the threshold range for 
Hounsfield unit (HU) values to capture bone density. Images of the 
proximal femoral region were separated from other bones using a 
region-by-region growing algorithm.15 The captured boundaries of 
the proximal femoral region were interpolated in a 3D computer aided 
design (CAD) model of the proximal femur, as illustrated in Figure 1.
PSG design can achieve success in HRA because it can precisely 
determine the true FNA. Nevertheless, if the femoral head was severely 
deformed, the mirror image technique from the contralateral side 
was used to calculate this axis. The engineers at MTEC developed a 
technique to derive true FNA as follows: the least square regression 
of ellipse and sphere was performed at the femoral neck region and 
femoral head, respectively. The centers of the ellipse and sphere 
together derived the line using the linear regression technique; this 
derived line was the true FNA. However, since is difficult to determine 
the correct cross-section plane at the femoral neck used for least 
square regression of the ellipse, the iteration of the aforementioned 
least square regression technique was performed until the FNA 
resulting from the current iteration was no more than ± 0.5º different 
from the FNA resulting from the previous iteration.15

The guide pin was planned following the true FNA for 5 cases and 
plus additional overcorrection of 5 degrees valgus for 3 cases.
(Figure 2) The PSG was hemispherical to cover the femoral head, and 
was designed to be placed on the posterior part of the femoral head 
and neck. (Figure 3) In addition, the PSG contained the sleeve to control 
drilling direction, allowing a 3.2-mm diameter guide pin to be inserted 
through it. The primary goal of these devices was to securely fit the 
femoral neck, because of concerns related to the indistinct contours of 
articular cartilage in the CT images. The PSG was fabricated using a RP 
machine developed in our facility using an acrylate resin biocompatible 
for bone contact. The PSG was then polished and cleaned to remove 
residual particles, and sterilized using gamma radiation.
Before PSG was used in surgery, trials were performed in all cases. 
The PSG were tested to assess contact with the physical model of the 
proximal femur, stability of fixture, and contact clearance, as well as 
evaluate the direction of the guide after drilling. These assessments 
were made by the orthopedic surgeons as well as the engineers.
This study was approved by the institutional review board of Siriraj 
Hospital. All preoperative CT scans were done within 4 weeks prior to 
surgery. All surgical procedures were performed by the senior author 
(CK). The patient was placed in a lateral decubitus position, and a 
posterolateral approach of the hip was performed. After dislocation 
of the femoral head, the PSG was wrapped around the posterior part 
of femoral head and neck and locked in a stable snap-fit position. 
(Figure 4) The contact obtained at the neck portion and the stability 
of fixture was graded by the surgeons (full contact/unmovable, partial 
contact/unmovable, and partial contact/movable). A 3.2-mm-diameter 
guide pin was inserted via the pinhole and passed through the 
femoral neck. After removing the PSG, another end of the pin was 
cut at the level of 2 mm above the femoral head. The femoral head 
containing the pin was relocated. Pin alignment was assessed using 

Figure 1. Three-dimensional graphic model of the proximal femur.

Figure 2. Adjusted axis (AA) to the direction of 5º valgus from the true femoral 
neck axis (FNA).

Figure 3. Design of patient-specific guide, (a) posterior and (b) superior view of 
proximal femur.
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the intraoperative image intensifier. For the anteroposterior (AP) view, 
the image intensifier was positioned perpendicular to the hip with 
femoral internal rotation of 15º. Without moving the image intensifier, 
the lateral view was obtained with a hip position of 45º flexion, 45º 
abduction, and 30º external rotation. After radiologic examination, the 
femoral head was dislocated again and the guide pin was removed. 
The remainder of the THA procedure was carried out as usual. No 
intra- or postoperative complications occurred in this series.

Radiographic evaluation
Two blinded assessors were assigned to evaluate the radiographs. 
From the AP view, we modified Muller’s method16 to determine FNA as 
follows: the center of the femoral head was located with a circle. Ref-
erence points for the circle arc were the inferomedial and inferolateral 
border. The point of deepest concavity on the lateral border of femoral 
neck was marked. Another circle arc using the center of femoral head 
as the center was drawn. The points where the circle intersected the 
femoral neck were connected and defined as the transcervical line. 
Another line drawn perpendicular to the transcervical line through 
the center of the femoral head represented the FNA. This method 
was also applied in the lateral view, but used the anteroinferior and 
posteroinferior border to define the femoral head. (Figure 5)
The direction of the guide pin was compared to the FNA in either the 
AP or lateral radiographs. Deviations between these two lines were 
defined as angular deviations; varus, neutral or valgus angulation in 
the AP view and anteversion, neutral or retroversion in the lateral view. 

Statistical analysis  
Statistical analysis in this study was performed using SPSS version 
18.0 software (SPSS Inc., Chicago, IL). Mean ± standard devia-
tion (SD) was used to explain the descriptive statistics. Intraclass 
correlation coefficients (ICC) were used to assess the intra- and 
inter-rater reliability of radiographic measurements. 

RESULTS

The characteristics of the patients and details of the assessed outcome 
are presented in Table 1. Mean patient age was 47.0 ± 12.1 years. The 
majority of the patients were diagnosed with osteonecrosis. The PSG 
was stabilized with full contact and was unmovable in all patients. 
The mean angular deviations from planning in the AP and lateral 
radiographs were 0.5º valgus ± 1.8º and 1.0º retroversion ± 2.4º 
directions, respectively. The ICC for inter-rater reliability was 0.83 and 
0.91, while ICC for intra-rater reliability was 0.91 and 0.96 for angular 
deviation assessment in AP and lateral radiographs, respectively. 

Table 1. Patient characteristics and radiographic outcomes.

Number Sex Age 
(yrs) Side Diagnosis

Anteroposterior 
radiograph

Lateral 
radiograph

Aim Angular 
deviation Aim Angular 

deviation

1 Female 26 Right ON 0º 3º varus 0º 3º 
anteversion

2 Female 52 Left ON 0º 1º valgus 0º 2º 
retroversion

3 Female 38 Right PVNS 0º neutral 0º 4º 
retroversion

4 Female 62 Right OA 0º neutral 0º 3º 
retroversion

5 Female 54 Left OA 0º 3º valgus 0º neutral

6 Female 58 Left DDH 5º valgus 6º valgus 0º 3º 
retroversion

7 Female 48 Right ON 5º valgus 7º valgus 0º neutral

8 Male 38 Right ON 5º valgus 5º valgus 0º 1º 
anteversion

ON = osteonecrosis, PVNS = pigmented villonodular synovitis.  OA = osteoarthritis, DDH = 
developmental dysplasia of the hip.

Figure 4. Intraoperative application of the patient-specific guide.

Figure 5. Radiographic assessment of guide pin position in anteroposterior (left 
side) and lateral (right side) radiographs of the hip; the center of the femoral 
head (C) is located within circle A. Another circle arc (B) was drawn using the 
center of the femoral head (C) as the center. Points a and b, where circle B 
intersects the deepest concave point of the femoral neck, are connected and 
defined as the transcervical line (ab line). The line drawn perpendicular to the 
transcervical line through the center of the femoral head (C) is represented 
as the femoral neck axis (FNA).

DISCUSSION

Various computer aided design and manufacturing technologies 
(CAD/CAM) were employed in this study to obtain the PSG used for 
HRA surgery. Proper selection of HU values in image processing 
along with reverse engineering technologies permit an accurate 
geometric model of the proximal femur to be constructed based on 
CT images. Determination of the true FNA based on the 3D proximal 
femur involves geometric approximation using various least square 
regressions, i.e. fit ellipse, fit sphere, and fit line. Until recently, the 
technologies described in this paper were not available for HRA, and 
FNA for most procedures was determined by the surgeon’s skill, with 
varying results. These results may vary because the anthropometry 
of the Thai proximal femur, especially FNA, presents a wide range 
of values (110º–140º).15 Therefore, the specific instrument for HRA 
presented in this study was reasonable. The PSG we developed is 
meant to facilitate the surgical procedure by precisely determining 
the true FNA and reducing trial and the use of radiography.
Unlike conventional radiographic imagery, three-dimensional CAD 
allows the true FNA to be determined. In order to demonstrate the 
accuracy of FNA determined through the PSG, we assessed the 
position during surgery and the angles measured in the AP and 
lateral views. The results show that the PSG has an acceptable cor-
onal alignment accuracy of ±5º.17 In the sagittal alignment, although 
there was no evidence of acceptable alignment for anteversion, 
little angular deviation was shown from the study. 
True FNA is important for placing the femoral component in HRA. 
Most studies investigating PSG do not mention how to determine 
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FNA;10,12,13,17,18 only one method, the so-called translucent cylinder 
method, appears in the previous literature. A translucent cylinder 
is created and superimposed on the 3D femoral model, and the 
position, orientation, and size of this cylinder are adjusted to identify 
FNA and neck diameter.11,14 Using the translucent cylinder method, 
Kunz et al.11 reported an angular deviation of 1.14º in coronal align-
ment and 4.49º in sagittal alignment. Du et al.14 assessed reports of 
angular deviation after using PSG with translucent cylinder method 
were displayed, and the results concentrated on the stem-shaft 
angle (SSA) difference between PSG and conventional instruments. 
Different PSG designs and surgical approaches have been pro-
posed in the literature. (Table 2) Most authors used the PSG via the 
posterior approach to the hip. Acceptable coronal alignment was 
demonstrated in most studies,10-14,18 except for Olsen et al.,17 who 
reported an angular deviation of 6.4 ± 2.9º in the coronal plane. 
In the sagittal plane, a maximum angular deviation of 4.49º was 
reported using 3D CT navigation assessment.11

In the current study, the authors developed the PSG according to the 
true FNA obtained from CAD in conjunction with various regression 
techniques. Compared to other studies, the PSG we developed can 
be applied with good stability and provides acceptable accuracy 

Table 2. Comparison with previous studies investing the accuracy of patient-specific guides.

Study Published year Subjects Surgical approach of 
the hip Outcome measurement Angular deviation (mean ± SD)

Coronal plane Sagittal plane
Kunz et al.11 2010 45 HRA Anterolateral CT navigation 1.14º 4.49º

Raaijmaakers et al.12 2010 5 THA Anterolateral Optical scan Maximal 2.9º
Zhang et al.13 2011 10 HRA Posterior Image intensifier 1.3 ± 1.0º NA

Audenaert et al.10 2011 5 cadavers Posterior CT 4.05 ± 1.84º
Du et al.14 2013 16 HRA Posterior Plain radiographs NA

Kitada et al.18 2013 12 synthetic femoral models Posterior CT 2.5 ± 2.4º 1.5 ± 2.3º
Olsen et al.17 2009 6 cadavers Direct lateral Posterior Plain radiographs 6.4 ± 2.9º 1.0 ± 0.4º
Current study 8 THA Posterior Image intensifier 0.5 ± 1.8º 1.0 ± 2.4º

SD = standard deviation, HRA = hip resurfacing arthroplasty, THA = total hip arthroplasty.  CT = computed tomography, NA = not applicable.

in guide pin placement for HRA. (Table 2) Nevertheless, there are 
several limitations in this study; first, this study is preliminary and 
was only conducted in a small group of THA patients. Future studies 
should investigate the use of this device in HRA in larger groups. 
Second, PSG was designed only for the posterior approach. During 
surgery, damage to the vessels in the posterior capsule of the hip may 
cause avascular necrosis of the femoral neck, resulting in femoral 
neck fracture.19 Finally, the authors assessed the alignment using an 
image intensifier. Although we try to control the position of hip and 
leg, some imaging error may occur. Intraoperative CT scanning is 
the best option in this situation, but is not available in our institute.  

CONCLUSION 

This study presents the use of CAD/CAM in conjunction with various 
least square regression techniques to determine true FNA and 
develop and fabricate a PSG for femoral component positioning 
in HRA. The initial results from eight patients using CT based PSG 
are encouraging. The shape of the PSG was applied to the femoral 
neck and a secure fit was obtained, and accurate guide pin insertion 
using this device was verified. 
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ABSTRACT

Objective: To evaluate the rate of deviation in the lateral radiograph-
ic incidence in patients with femoral neck fracture classified as 
non-diverted in the anteroposterior view (Garden I and II). Methods: 
Nineteen selected patients with femoral neck fractures classified 
as Garden I and II were retrospectively evaluated, estimating the 
degree of deviation in the lateral view. Results: Fifteen cases (79%) 
presented deviations in lateral view, with a mean of 18.6 degrees 
(±15.5). Conclusion: Most fractures of the femoral neck classified 
as Garden I and II present some degree of posterior deviation 
in the X-ray lateral view. Level of Evidence III, Retrospective 
Comparative Study.

Keywords: Femur neck. Radiography. Classification.

RESUMO

Objetivo: Avaliar a taxa de desvio na incidência radiográfica lateral 
em pacientes com fratura do colo femoral classificadas como não 
desviadas na incidência anteroposterior (Garden I e II). Métodos: 
foram avaliados retrospectivamente 19 pacientes selecionados 
com fraturas do colo do fêmur classificadas como Garden I e II, 
estimando-se o grau de desvio na incidência radiográfica lateral. 
Resultados: Quinze casos (79%) apresentaram desvio no perfil, 
com média de 18,6 (± 15,5). Conclusão: A maioria das fraturas 
do colo femoral classificadas como Garden I e II apresenta algum 
grau de desvio posterior na incidência radiográfica lateral. Nível de 
Evidência III, Estudo Retrospectivo Comparativo.

Descritores: Colo do fêmur. Radiografia. Classificação.

INTRODUCTION

Femoral neck fractures are common in the elderly population, 
accounting for 50% of hip fractures.1 Frequently used classifica-
tions include the Arbeitsgemeinschaft fur Osteosynthesefragen/
Orthopaedic Trauma Association (AO/OTA) scale, the classification 
by Pauwels,2 and the Garden classification. The Garden clas-
sification3 has significant clinical importance since it is frequently 
used in indicating treatment. It divides femoral neck fracture into 
4 grades; types I (incomplete with impaction in valgus) and II 
(complete without displacement) are considered non-displaced, 
and types III (partial displacement) and IV (complete displacement) 
are considered displaced.
Although fractures are typically diagnosed with at least two radio-
graphic views, recent studies question the need to perform profile 
x-ray imaging in proximal femur fracture.4-8 These studies have 
suggested algorithms8 in which lateral radiographs should only 
be requested when the fracture exhibits no displacement in the 
anteroposterior view, which occurs in 18% of femoral neck fractures, 
or when occult fractures are suspected.9

The average failure rate for displaced fractures of the hip in the 
elderly is 42% for internal fixation, 11% for partial arthroplasties, 
and 6% for total arthroplasties.10-12 Other authors, however, indicate 
that surgical outcome is influenced by the dorsal angle,13-15 with 
posterior deviation of 20 degrees or more indicating re-operation.14 

The objectives of this study were to assess the rate of subjects with 
displacement in the lateral radiograph in patients with femoral neck 
fracture classified as not displaced in the anteroposterior view (Garden 
I and II); to measure the displacement in the lateral radiograph; and 
to investigate the association between the presence of displacement 
in the profile view and the occurrence of complications.

METHODS

A retrospective survey was conducted of all femoral neck frac-
tures operated in our department from January 2011 to January 
2014. From these we selected the cases classified as Garden 
type I and II to evaluate the anteroposterior and lateral x-rays. 
The study was approved by the local ethics committee (process 
number: 1.051.880). Cases where the x-rays were inadequate or the 
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radiographic sequence was incomplete were excluded. Participants 
were not excluded because of age or multiple fractures. The flow 
of patients in the study is shown in Figure 1.
Radiography was performed in our institution according to the 
following standards:
Anteroposterior view: patient in supine position on the examination 
table with legs extended in neutral abduction and internal rotation 
of 15 degrees; anteroposterior X-ray was taken of the pelvis with 
the film centered on the pubic symphysis with the X-ray tube 120 
cm from the table.
Profile view (lateral): patient supine, limb to be X-rayed extended 
and the opposite side semiflexed and abducted; hip profile was 
radiographed with the beam angled 45 degrees cranially.16

Demographic data, type of surgical intervention performed and 
outcome, as well as the need for reintervention were recorded. The 
x-rays were classified and measured by an evaluator specifically 
trained for this task. For the profile view, a normal cervico-diaphyseal 
angle of 180° was considered, and any anterior or posterior angula-
tion was regarded as fracture displacement.
Descriptive statistics were compiled for the demographic data and 
clinical outcomes, and the association between the presence of 
displacement and the occurrence of complications was investigated 
using the chi-squared test. A sample was not calculated in advance, 
since the study’s sample was defined by the number of patients who 
received surgery during the defined period. The statistical analysis 
was performed using Stata 13.0 software (StataCorp. 2013. Stata 
Statistical Software: Release 13. College Station, TX: StataCorp LP).

triangle. The mean displacement in the profile view in this sub-group 
was 26°, and the average age was 56.2 years. There were no cases 
of failure in the cases where no displacement was seen in the profile 
view. The association between the presence of displacement in the 
profile view and the occurrence of complications was not statistically 
significant (p = 0.240). 

DISCUSSION

Our study identified posterior displacement in 79% of the patients 
with femoral neck fracture classified as Garden grades I or II. Palm 
et al.14 defined 20 degrees of posterior deviation as an independent 
predictive factor for re-operation in a study that followed patients 
for one year. These authors reported a mean angle of 13 degrees, 
with 23% reoperations. In our study, four patients (26%) required 
re-operation. In the retrospective assessment, two of these patients 
had displacement of more than 20 degrees (35 and 41 degrees), 
while two had displacement of less than 20 degrees (14 and 18 
degrees), confirming the findings of Palm et al.14 
Lapidus et al.17 performed a study similar to Palm et al.,14 with a 
higher number of cases and a five-year follow-up period, and found 
12% reoperations and mean posterior angulation of 12 degrees. 
The authors demonstrated association between the presence of 
posterior displacement and the need for re-operation, but found no 
correlation between the degree of displacement and reoperations.

Table 1. Demographic data.
  N=19

Age 58.4 (± 22.3)
Sex

Male 6 (32%)
Female 13 (68%)

Mechanism

Hit by vehicle 2 (11%)
Motorcycle accident 2 (11%)
Automobile accident 2 (11%)

Spontaneous fracture 2 (11%)
Fall from standing height 11 (56%)

Table 2. Fracture characteristics.
  N = 19

Side

Right 10 (53%)
Left 9 (47%)

Garden classification

Garden I 6 (32%)
Garden II 13 (68%)

Pauwels Classification

Pauwels A 3 (16%)
Pauwels B 10 (53%)
Pauwels C 6 (31%)

AO Classification

31B1 9 (47%)
31B2 10 (53%)
31B3 0

Cervico-diaphyseal angle in the AP view 138.7º (± 16.7)
Displacement in the profile view

No 4 (21%)
Yes 15 (79%)

Displacement angle in the profile view 18.6º (± 15.5)

Figure 1. Flowchart showing study design.

RESULTS

Nineteen patient records were reviewed and included in the study. 
The demographic data for the patients included in the study are 
shown in Table 1. The fracture characteristics are shown in Table 2, 
including Pauwels classification and AO/OTA classification. Fifteen 
of the 19 cases slowed displacement in the profile view (79%), all 
in the posterior direction.
Mean time to surgery was 7.3 days (±5.9). Fixation with three cannu-
lated screws was used in 17 patients (89%), bipolar hemiarthroplasty 
was used in one (5%), and a cephalomedullary rod was used in 
one patient (5%).
Of the patients assessed, four (21%) had complications from the 
procedure and required re-operation. In all of these cases, the 
initial treatment used fixation with cannulated screws in an inverted 
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to January 2014
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Incomplete
radiography
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Some studies recommend not performing lateral x-rays in cases 
of clear displacement, thus reducing patient exposure to radiation 
and costs. Almazedi et al.4 showed that adding a lateral x-ray to 
the anteroposterior view increases the sensitivity of diagnosis for 
displacement fractures from 53% to 91%, and specificity from 88% 
to 91% in proximal femur fractures. Riaz et al.5 confirmed these 
findings in a similar study. Both concluded that profile x-rays were 
effective in differentiating displacement fractures that did not appear 
to be displaced in the anteroposterior view, but they did not alter 
procedure in the cases in which the anteroposterior view showed 
a fracture with displacement.
Considering these findings, performing a lateral x-ray in femoral 
neck fractures that do not show displacement in the anteroposterior 
plane is relevant. Khan et al.18 demonstrated that the presence of 
posterior femoral neck multifragmentation in non-displaced and 
displaced fractures showed no association with complications, 
which occurred in 18% of non-displaced fractures. Parker et al.19 
observed that the results of fixation in non-displaced fractures 
were better than arthroplasty in displaced fractures. However, the 
need for reintervention was greater in non-displaced fractures 
that were treated with fixation (17%). In another study, Paker et 
al.20 identified non-union in 30% of cases of displaced fractures 
treated with internal fixation, compared to 9% in fractures without 
displacement. Conn and Parker13 demonstrated that advanced 
age, associated with posterior angle and the need for walking 

assistance prior to the fracture are indicative of non-union after 
fracture of the proximal femur.
The gender distribution of our series was similar to that of other stud-
ies,4-8,17 but the average age was lower (58 years); this was explained 
by the inclusion of mostly young patients with multiple trauma. Despite 
the significant rate of patients with posterior displacement, fixation 
with cannulated was applied in most cases. Our re-operation rate 
of 21% demonstrates that the surgical method must consider the 
findings from the lateral x-ray. Computed tomography can be used in 
cases where the x-rays are inconclusive. It is important to emphasize 
the lack of a statistically significant association between posterior 
displacement and the re-operation rate, which may represent a false 
negative result due to the limited size of our sample.
This study has a number of limitations. The limited case series 
decreases the power to search for associations between the pres-
ence of displacement and complications. The retrospective design 
predisposes the study to selection bias and limited the registration 
of information, mainly related to patient follow-up.

CONCLUSION

Most of the femoral neck fractures classified as Garden grades I 
and II exhibit some degree of posterior displacement in the lateral 
x-ray. This finding, coupled with the significant rate of synthesis 
material failure in these patients, should be considered in choosing 
the treatment method.
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