Orthopedics

Baishideng Publishing Group Inc



p World Journal of
Orthopedics

Contents Monthly Volume 12 Number 3 March 18, 2021

94

OPINION REVIEW
COVID-19 and its effects upon orthopaedic surgery: The Trinidad and Tobago experience

Mencia MM, Goalan R

102

119

129

MINIREVIEWS

Slacklining: An explanatory multi-dimensional model considering classical mechanics, biopsychosocial
health and time

Gabel CP, Guy B, Mokhtarinia HR, Melloh M

Dual antibiotic loaded bone cement in patients at high infection risks in arthroplasty: Rationale of use for
prophylaxis and scientific evidence

Berberich CE, Josse J, Laurent F, Ferry T

Advantages of preoperative planning using computed tomography scan for treatment of malleolar ankle
fractures

Tarallo L, Micheloni GM, Mazzi M, Rebeccato A, Novi M, Catani F

140

152

ORIGINAL ARTICLE

Retrospective Study

Proximal tibial osteotomy for genu varum: Radiological evaluation of deformity correction with a plate vs
external fixator

Ghasemi SA, Zhang DT, Fragomen A, Rozbruch SR

Prospective Study

Pain and function deteriorate in patients awaiting total joint arthroplasty that has been postponed due to
the COVID-19 pandemic

Pietrzak JRT, Maharaj Z, Erasmus M, Sikhauli N, Cakic JN, Mokete L

169

SCIENTOMETRICS

Bibliometric analysis of research on the effects of human immunodeficiency virus in orthopaedic and
trauma surgery

Brennan C, Laubscher M, Maqungo S, Graham SM

Jaishideng®

WJO | https://www.wjgnet.com 1 March 18,2021 | Volume12 | Issue3



World Journal of Orthopedics

Contents

Monthly Volume 12 Number 3 March 18, 2021

ABOUT COVER

Florian Michael Baumann, MD, Associate Professor, Surgeon, Department of Trauma Surgery, Regensburg
University Medical Center, Regensburg 93042, Germany. florian.baumann@ukr.de

AIMS AND SCOPE

The primary aim of World Journal of Orthopedics (W]JO, World ] Orthop) is to provide scholars and readers from
various fields of orthopedics with a platform to publish high-quality basic and clinical research articles and
communicate their research findings online.

WJO mainly publishes articles reporting research results and findings obtained in the field of orthopedics and
covering a wide range of topics including arthroscopy, bone trauma, bone tumors, hand and foot surgery, joint
surgery, orthopedic trauma, osteoarthropathy, osteoporosis, pediatric orthopedics, spinal diseases, spine surgery,
and sports medicine.

INDEXING/ABSTRACTING

The WJO is now abstracted and indexed in PubMed, PubMed Central, Emerging Sources Citation Index (Web of
Science), Scopus, China National Knowledge Infrastructure (CNKI), China Science and Technology Journal
Database (CSTJ), and Superstar Journals Database. The W]O's CiteScore for 2019 is 3.2 and Scopus CiteScore rank
2019: Orthopedics and Sports Medicine is 77/261.

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: Yan-Xia Xing, Production Department Director: Xiang 1.i; Editorial Office Director: Jin-Iei Wang.

NAME OF JOURNAL INSTRUCTIONS TO AUTHORS

World Journal of Orthopedics https:/ /www.wignet.com/bpg/gerinfo/204

ISSN GUIDELINES FOR ETHICS DOCUMENTS
ISSN 2218-5836 (online) https:/ /www.wjgnet.com/bpg/Gerlnfo/287
LAUNCH DATE GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH
November 18, 2010 https:/ /www.wijgnet.com/bpg/gerinfo/240
FREQUENCY PUBLICATION ETHICS

Monthly https:/ /www.wjgnet.com/bpg/Gerlnfo/288
EDITORS-IN-CHIEF PUBLICATION MISCONDUCT

Massimiliano Leigheb https:/ /www.wijgnet.com/bpg/gerinfo/208
EDITORIAL BOARD MEMBERS ARTICLE PROCESSING CHARGE

http:/ /www.wjgnet.com/2218-5836/ editorialboard.htm https:/ /www.wjgnet.com/bpg/gerinfo/242
PUBLICATION DATE STEPS FOR SUBMITTING MANUSCRIPTS
March 18, 2021 https:/ /www.wignet.com/bpg/Getlnfo/239
COPYRIGHT ONLINE SUBMISSION

© 2021 Baishideng Publishing Group Inc https:/ /www.f6publishing.com

© 2021 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

E-mail: bpgoffice@wijgnet.com https://www.wjgnet.com

JBaishideng®

WJO | https://www.wjgnet.com I March 18,2021 | Volume12 | Issue3


https://www.wjgnet.com/bpg/gerinfo/204
https://www.wjgnet.com/bpg/GerInfo/287
https://www.wjgnet.com/bpg/gerinfo/240
https://www.wjgnet.com/bpg/GerInfo/288
https://www.wjgnet.com/bpg/gerinfo/208
http://www.wjgnet.com/2218-5836/editorialboard.htm
https://www.wjgnet.com/bpg/gerinfo/242
https://www.wjgnet.com/bpg/GerInfo/239
https://www.f6publishing.com
mailto:bpgoffice@wjgnet.com
https://www.wjgnet.com

Y

Submit a Manuscript: https:/ /www.f6publishing.com

DOI: 10.5312/wjo.v12.i3.129

World Journal of
Orthopedics

World | Orthop 2021 March 18; 12(3): 129-139

ISSN 2218-5836 (online)

MINIREVIEWS

Advantages of preoperative planning using computed tomography
scan for treatment of malleolar ankle fractures

Luigi Tarallo, Gian Mario Micheloni, Michele Mazzi, Arturo Rebeccato, Michele Novi, Fabio Catani

ORCID number: Luigi Tarallo 0000-
0002-7999-8154; Gian Mario
Micheloni 0000-0003-4733-1838;
Michele Mazzi 0000-0002-4283-
3479; Arturo Rebeccato 0000-0001-
7403-368X; Michele Novi 0000-0003-
4867-463X; Fabio Catani 0000-0002-
1078-7666.

Author contributions: All authors
contributed equally to conception
and design of the study,
acquisition of data, analysis and
interpretation of data, drafting the
article and final approval of the
version of the article.

Conflict-of-interest statement: The
authors have no conflicts of
interest to declare.

Open-Access: This article is an
open-access article that was
selected by an in-house editor and
fully peer-reviewed by external
reviewers. It is distributed in
accordance with the Creative
Commons Attribution
NonCommercial (CC BY-NC 4.0)
license, which permits others to
distribute, remix, adapt, build
upon this work non-commercially,
and license their derivative works
on different terms, provided the
original work is properly cited and
the use is non-commercial. See: htt
p:/ /creativecommons.org/ License
s/by-nc/4.0/

Manuscript source: Invited

Jaishideng®

WJO | https://www.wjgnet.com

Luigi Tarallo, Gian Mario Micheloni, Michele Novi, Fabio Catani, Dipartimento di Scienze Mediche
e Chirurgiche Materno-Infantili e dell’Adulto, University of Modena and Reggio Emilia,
Modena 41121, Italy

Michele Mazzi, Arturo Rebeccato, Dipartimento di Chirurgia, AULSS8 Berica-Ospedale San
Bortolo-Vicenza, Vicenza 36100, Italy

Corresponding author: Luigi Tarallo, MD, Professor, Dipartimento di Scienze Mediche e
Chirurgiche Materno-Infantili e dell'Adulto, University of Modena and Reggio Emilia, Largo
del Pozzo 71, Modena 41121, Italy. luigi.tarallo@unimore.it

Abstract

Malleolar ankle fractures have been classified using plain radiographs, and there
is no consensus regarding the role of computed tomography (CT) scans in
preoperative planning. We analyzed critical aspects, such as limits of standard
radiographs, types of injury, classification methods and cost/benefit evaluations.
CT scans allow a 3D analysis of the fracture to be obtained and consequently
assess the indication for surgical procedure, surgical access and the type of
fixation devices required. This exam is useful for detecting lesions that may go
unnoticed on radiographs and will help surgeons to clarify the pathoanatomy of
ankle fractures. According to Arbeitsgemeinschaft fur Osteosynthesefragen/
Orthopaedic Trauma Association (AO/OTA) classification, CT scan is
recommended in medial malleolar fractures with vertical rim, type 44B fractures
with posterior malleolar involvement and all type 44C fractures (according to
AO/OTA). Also Tillaux-Chaput fractures (43-B1 according to AO/OTA),
malleolar fractures in the presence of distal tibial fractures (43 according to
AO/OTA) and distal tibia fractures in adolescents should be studied with CT
scans.

Key Words: Computed tomography scan; Malleolar fractures; Planning; Trauma; Imaging
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Core Tip: Computed tomography scan is recommended in medial malleolar fractures
with vertical rim, type 44B fractures [according to Arbeitsgemeinschaft fur

129 March 18,2021 | Volume12 | Issue3 |


https://www.f6publishing.com
https://dx.doi.org/10.5312/wjo.v12.i3.129
http://orcid.org/0000-0002-7999-8154
http://orcid.org/0000-0002-7999-8154
http://orcid.org/0000-0002-7999-8154
http://orcid.org/0000-0003-4733-1838
http://orcid.org/0000-0003-4733-1838
http://orcid.org/0000-0002-4283-3479
http://orcid.org/0000-0002-4283-3479
http://orcid.org/0000-0001-7403-368X
http://orcid.org/0000-0001-7403-368X
http://orcid.org/0000-0001-7403-368X
http://orcid.org/0000-0003-4867-463X
http://orcid.org/0000-0003-4867-463X
http://orcid.org/0000-0003-4867-463X
http://orcid.org/0000-0002-1078-7666
http://orcid.org/0000-0002-1078-7666
http://orcid.org/0000-0002-1078-7666
http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
mailto:luigi.tarallo@unimore.it

Tarallo L et al. CT scans for malleolar ankle fractures

manuscript
Specialty type: Orthopedics
Country/Territory of origin: Italy

Peer-review report’s scientific
quality classification

Grade A (Excellent): 0

Grade B (Very good): 0
Grade C (Good): C

Grade D (Fair): 0

Grade E (Poor): 0

Received: December 21, 2020
Peer-review started: December 21,
2020

First decision: January 7, 2021
Revised: January 7, 2021
Accepted: January 28, 2021
Article in press: January 28, 2021
Published online: March 18, 2021

P-Reviewer: Zaman MU
S-Editor: Fan JR
L-Editor: Filipodia
P-Editor: Xing YX

Jaishideng®

WJO | https://www.wjgnet.com 130

Osteosynthesefragen/Orthopaedic Trauma Association (AO/OTA) classification] with
posterior malleolar involvement. All type 44C fractures (according to AO/OTA),
Tillaux-Chaput fractures (43-B1 according to AO/OTA), malleolar fractures in the
presence of distal tibial fractures (43 according to AO/OTA) and distal tibia fractures
in adolescents should be studied with computed tomography scans.

Citation: Tarallo L, Micheloni GM, Mazzi M, Rebeccato A, Novi M, Catani F. Advantages of
preoperative planning using computed tomography scan for treatment of malleolar ankle
fractures. World J Orthop 2021; 12(3): 129-139
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INTRODUCTION

Ankle fractures represent 10.2% of all fractures!! and are the most common fractures of
the lower extremity after proximal femur fractures?”. The incidence number is
approximately 1000 out of 1000000 people per year!”! with higher rates reported in the
European literature*.. Single malleolar fractures are the most frequent followed by
bimalleolar fractures (25% of ankle fractures) and trimalleolar fractures (5%-10%).

Isolated posterior malleolar fractures are rare’! because they are usually associated
with other bone or ligament injuries”. Ankle syndesmosis injury occurs in 10%-13% of
cases, and 20% of cases require surgical treatment®’l. Malleolar fractures, in some
cases, are associated with tibial pilon injuries!'*"’l.

The Arbeitsgemeinschaft fur Osteosynthesefragen/Orthopaedic Trauma
Association (AO/OTA) fracture and dislocation classification is one of the most used
classifications. Malleolar segments are categorized as 44 and are based on the direction
of the fracture lines and of the fracture degree of comminution (A-C)". This
classification is based on standard plain radiographs, although often this diagnostic
assessment can underestimate the nature, extent and severity of the injury because of
the complex three-dimensional anatomy of the joint!""l.

Compute tomography (CT) scan is used in some cases in order to obtain a 3D
analysis of the fracture and to consequently assess the indication for the surgical
procedure, surgical access and type of fixation devices required. The anatomical
reduction of fractures demonstrated higher functionality and improved long-term
outcomes!'’l.

However, approximately one-third of patients aged 10-21 years with bimalleolar
and trimalleolar fractures presented clinical signs of post-traumatic arthritis, and more
than 97% showed pathological radiological findings!"”"*l. Possible causes are due to
minor inconsistencies, axial malalignment and syndesmosis instability. This study
aims to identify the cases in which a CT scan is recommended in order to avoid or
reduce the risk of long-term complications.

CRITICAL ASPECTS

Plain radiographs

Radiological assessment, usually performed in the emergency room, presents
noncanonical projections because of patient pain or the presence of immobilization
devices?”'. Furthermore, it is subject to the variable accuracy of the action and the
scarce penetration of the radiations. Therefore, it is difficult to determine if the
diagnostic assessment is adequate to perform a surgical fixation procedure with
satisfying results. CT scan study does not replace an adequate plain radiograph study.
Instead, it can provide precious information regarding the assessment of the fracture
lines pattern and the number of fragments.

High-energy injuries

CT is fundamental to determine if surgical treatment is required due to the increase of
the energy of the injury, which consequently increases the possibility of associated
dislocations as well as complex injuries secondary to rotation flexion. Kumar ef all"‘!
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reported that in ankle fracture cases the increase of malleolar involvement and the
increase of the severity of the injury led to a different type of treatment strategy (that is
surgical procedure) after CT scan study was performed. Hence, the presence of occult
fractures and complex fracture lines is more likely in such injuries. The severity of the
fracture is predictive of the increased risk of intra-articular abnormality™*, and in
such cases preoperative CT scan assessment could identify additional lesions and
mobile bodies requiring surgical treatment. The global change of the management plan
rate was 23.2%, which was comparable with another retrospective study®.

Classification methods

The most used classifications in the literature are AO/OTA, Weber or Lauge-Hansen
classifications and are all based on standard plain radiographs. Clinical studies report
that such classifications are not correlated with the fracture mechanism>! and are not
predictive of the sequence of bone and ligament injuries like CT, magnetic resonance

imaging and surgical exploration are***!.

Cost/benefit analysis

Currently, CT scan studies represent the standard of care for all lower extremity joint
fractures, especially acetabular fractures), femoral head fractures”, distal femur
fractures™, tibial plateau fractures®), tibial pilon fracturest), talar fractures,
calcaneal fractures!™, metatarsal fractures”! and tarsometatarsal fractures!. Therefore,
the CT scan study is by definition higher and larger than radiological analysis,
although it is not assumed that it is required in all types of malleolar fracturest’.

CT requires higher costs, timing and exposure to radiation. Medical facilities are
unfortunately more sensitive to cost and timing containment due to the constant
increase of the demand for services; for this reason, it is essential to determine when a
CT scan assessment is required. Radiation exposure is a sensitive aspect, particularly
in pediatric patients. It was reported that the actual dose of an ankle CT scan study
(0.07 mSv) was low and equivalent to a plain radiograph with anterior-posterior
planes of the chest!™.. This value is ten times lower than the required dose of a CT scan
study of the chest, abdomen and pelvis. It could be further reduced by limiting the
exposed body segment or using a cone-beam CT scan and other protocols without the
risk of losing essential information!™*.

ADVANTAGES OF CT ANALYSIS

The advantages of using CT in the preoperative planning of malleolar fractures are:
more accurate planning to determine the conservative/surgical approach and the type
of fixation device required (and this is the major advantage because of the long-term
results in spite of the surgical treatment!”'")); the identification of unknown lesions in
order to obtain a more accurate prognosis, including the detection of tibial pilon
fractures; and more diffuse use of CT in the preoperative planning could clarify some
unresolved biomechanical aspects regarding the relationship between the mechanism
of injury and the pattern of fracture.

The most used classification, among the studies regarding the use of CT in the
preoperative planning is the Danis Weber-AO classification, limited only to the three
main categories: infrasyndesmotic (44-A according to AO/OTA classification),
transsyndesmotic (44-B according to AO/OTA classification) and suprasyndesmotic
(44-C according to AO/OTA classification). However, there is no absolute consensus
among the authors”'**l. This classification is attractive for clinicians because it is
simple. The disadvantage of this system is that it does not incorporate a staging system
to allow the degree of injuries falling only under one heading in terms of severity!*’l.

In our opinion this system is extremely simple and does not allow the
differentiation of significant varieties within each group. Therefore, we reassessed the
published system in order to determine a more detailed algorithm specifically
referring to the Danis Weber subclassifications.

In our revision of the literature, the Lauge-Hansen classification was useful and
significant in the evaluation of the importance of CT in the preoperative planning.
The classification is based on the rise of the mechanic forces, and there is a direct
correlation between the increase of the energy of the injury and the usefulness of the
preoperative CT study®.
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Infrasyndesmotic fractures (44-A according to AO/OTA classification)

Isolated lateral malleolar fractures [type 44-A1; Lauge-Hansen supination adduction
(SA) stage I] and isolated medial malleolar fractures (type 44-A2.1/2; Lauge-Hansen
SA stage II) are largely caused by injuries with no associated lesions. The use of CT is
not recommended in this type of case. In a retrospective study™ of 100 patients, no
significant changes were noted regarding the treatment option (only 1 patient out of 24
cases of infrasyndesmotic fractures) following a CT scan study compared to the plain
radiograph analysis.

The vertical medial malleolar fracture (Lauge-Hansen SA stage II) represents a
particular condition because a medial tibial pilon injury can occur in the case of
persistent energy of injury in adduction!*?. This type of lesion was described in 61%
of SA stage II in the retrospective study conducted on 120 patients by Alluri et all*’l. In
such cases, CT is recommended because the ideal treatment should provide the
specific approach with elevation and bone grafting to significantly improve the
prognosist*l. In our opinion, the angulation of the line of fracture increases or
decreases the suspected rate of tibial pilon injuries.

The above described subjects regarding the study of medial malleolus can be
applied to bimalleolar fractures type 44-A2.3 (Lauge-Hansen stage II). In fracture type
44-A3 with a medial malleolus involvement associated with part of the posterior
malleolus, a CT scan study is always recommended.

The importance of the preoperative CT scan study in the case of posterior malleolus
fractures is documented by numerous publications in the literature. In fact,
classifications based on CT scan studies have been proposed!***I. CT images allow
the identification of impacted fracture fragments not visualized with conventional
plain radiographs and with possible changes to the preoperative planning.

Black et al” and Magid et all'? demonstrated that the use of CT scan study varies
between 24.0% and 38.7% of the treatment planning compared to simple plain
radiographs in cases of trimalleolar fracture*l. Donohoe ef al**! and Palmanovich
et al"! reported that CT scan images increased the diagnostic accuracy and the
intraobserver and interobserver agreement compared to conventional
radiographs!**’l. Furthermore, Evers et al*" showed that in 25.1% of cases (430/1710),
the planning was revised after CT scan study was performed with an increase of
surgical indications and fixation device techniquel™.

Transsyndesmotic fractures (44-B according to AO/OTA classification)
In transsyndesmotic fractures of isolated fibular fractures (type 44-B1 and B2) or
bimalleolar fractures, the preoperative CT scan study does not significantly change the
surgical treatment option!"”!l. This could be related to the fact that the standard
radiographs are sufficient to adequately detect this type of fracture.

This assumption cannot be applied to transsyndesmotic fracture of posterior
malleolar fracture (type 44-B3). In this case the study of posterior malleolus, as in
fractures type 44-A3, cannot be based only on plain radiographs (Figures 1-3).

Suprasyndesmotic fractures (44-C according to AO/OTA classification)

In suprasyndesmotic fractures, despite the degree of fracture (C1, C2, C3 Lauge-
Hansen PER stage 1-4), CT is always recommended. This study allows the evaluation
of the syndesmosis and the possible involvement of the Tillaux-Chaput fragment™>*1,
Plain radiographs are not sufficient for syndesmosis evaluation because of the extreme
variability among the individuals*], whereas axial CT scan images allow a correct
diagnosis as well as a determination of the best direction of the transsyndesmotic
screw placement.

Tillaux-Chaput fractures (43-B1 according to AO/OTA classification) and malleolar
fractures in the presence of distal tibial fractures (43 according to AO/OTA

classification)
Conventional plain radiographs did not detect the Tillaux-Chaput fragment, which is
more frequently present in fractures type B and C according to AO/OTA classification,
in the studies conducted by Black et al”! and Kumar ef al"’l. This suggests an absolute
advantage of the use of CT in fractures involving the anterior tibial tubercle!*! or in
suspected cases considering the above-mentioned posterior malleolus fractures. The
fixation of the anterolateral fragments re-establishes the anterior incisure and provides
the stability of the anterior syndesmosis™ (Figures 4 and 5).

The presence of occult fractures of the medial malleolus in fractures of the distal
shaft of the tibia are described by some authors™". In the study by Jung et al®"}, 89% of
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Figure 2 Computed tomography scans of the coronal plane and sagittal plane allow detection for the best screws direction. A: Coronal

plane; B: Sagittal plane.
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patients with distal tibia spiral fracture (type 43 according to AO/OTA) associated
with malleolar fracture underwent surgical fixation. The importance of the
preoperative identification derives from the risk of intraoperative decomposition
during a surgical procedure of nailing with a consequent increase of surgical
difficulties and duration of surgical treatment.

CT is additionally recommended in distal fracture of the leg because the line of
fracture (even closed fracture) involves the epiphyseal/malleolar regions.

Malleolar ankle fractures in adolescents

The preoperative CT scan study represents the gold standard in malleolar ankle
fractures in adolescents. Plain radiographs tend to underestimate this type of fracture.
It is noted that consolidating fractures of the distal tibia present some features because
the ossification of the growing cartilage is medial-lateral and posterolateral. This
implies extraordinarily complex patterns of fractures (i.e. triplane fractures) and only
with axial, sagittal and coronal planes is it possible to obtain adequate treatment
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Figure 3 Postoperative X-rays in the anteroposterior and lateral view. Fractures treated with plate and screw fixation. A: Anteroposterior view; B: Lateral
view.

Figure 4 Suprasyndesmotic fracture (44-C2). A: Anteroposterior; B: Lateral view.

planning!"*! (Figures 6-8).

CONCLUSION

The aim of malleolar fracture treatment is the anatomical reduction of the articular
surfaces and of the syndesmosis. The use of CT in the preoperative planning could
improve the clinical outcomes and reduce the risk of intraoperative difficulty and
surgical duration in vertical medial malleolar fractures, in fractures type 44B with
posterior malleolus involvement and in fractures type 44C. A CT scan study is
mandatory in cases of Tillaux-Chaput fracture, malleolar fractures associated with the
distal third of the leg and in adolescent patients. Additional large-scale clinical studies
with cost/benefit analysis are required to confirm this hypothesis.
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Figure 6 Ankle fracture in adolescent. A: Anteroposterior view; B: Lateral view.
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Figure 7 Computed tomography scan shows a triplane fracture. A: Coronal plane; B: Axial plane; C: Sagittal plane.

Figure 8 Postoperative X-rays in the anteroposterior view. Fractures treated with screws.
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