
World Journal of
Orthopedics

ISSN 2218-5836 (online)

World J Orthop  2022 November 18; 13(11): 949-1037

Published by Baishideng Publishing Group Inc



WJO https://www.wjgnet.com I November 18, 2022 Volume 13 Issue 11

World Journal of 

OrthopedicsW J O
Contents Monthly Volume 13 Number 11 November 18, 2022

EDITORIAL

Genetics of congenital anomalies of the hand949

Kyriazis Z, Kollia P, Grivea I, Sotiriou S, Dailiana ZH

REVIEW

Changes in trends of orthopedic services due to the COVID-19 pandemic: A review955

Obamiro E, Trivedi R, Ahmed N

ORIGINAL ARTICLE

Basic Study

Role of the posterior deep deltoid ligament in ankle fracture stability: A biomechanical cadaver study969

McCormack DJ, Solan M, Aziz S, Faroug R, Kirmani S, Wright G, Mangwani J

Anatomic relationship of extensor indicis propius and extensor digitorum communis: Implications for 
tendon transfer

978

Zhou J, Frey C, Segovia N, Yao J

Retrospective Cohort Study

Can immediate postoperative radiographs predict outcomes in pediatric clubfoot?986

Leeprakobboon D

Retrospective Study

Septic arthritis of the hand: From etiopathogenesis to surgical treatment993

Lipatov KV, Asatryan A, Melkonyan G, Kazantcev AD, Solov’eva EI, Gorbacheva IV, Vorotyntsev AS, Emelyanov AY

Observational Study

Patient preference for trigger finger treatment1006

Blough C, Najdawi J, Kuschner S

SYSTEMATIC REVIEWS

Viral infections in orthopedics: A systematic review and classification proposal1015

Sidiropoulos K, Christofilos SI, Tsikopoulos K, Kitridis D, Drago L, Meroni G, Romanò CL, Kavarthapu V

Patient-reported dissatisfaction following second side in staged bilateral total knee arthroplasty: A 
systematic review

1029

Gruenberger E, Bae AS, Kelly T, Ponce BA, McGrory J



WJO https://www.wjgnet.com II November 18, 2022 Volume 13 Issue 11

World Journal of Orthopedics
Contents

Monthly Volume 13 Number 11 November 18, 2022

ABOUT COVER

Editorial Board Member of World Journal of Orthopedics, Konstantinos Tsikopoulos, MD, MSc, Senior Researcher, 
Department of Orthopaedic, Harrogate and District Foundation Trust, Harrogate HG2 7SX, United Kingdom. 
kostastsikop@gmail.com

AIMS AND SCOPE

The primary aim of World Journal of Orthopedics (WJO, World J 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

WJO is now abstracted and indexed in PubMed, PubMed Central, Emerging Sources Citation Index (Web of 
Science), Scopus, Reference Citation Analysis, China National Knowledge Infrastructure, China Science and 
Technology Journal Database, and Superstar Journals Database. The 2022 edition of Journal Citation Reports® cites 
the 2021 Journal Citation Indicator (JCI) for WJO as 0.62. The WJO’s CiteScore for 2021 is 2.4 and Scopus CiteScore 
rank 2021: Orthopedics and Sports Medicine is 139/284. 

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: Ying-Yi Yuan; Production Department Director: Xiang Li; Editorial Office Director: Jin-Lei Wang.

NAME OF JOURNAL INSTRUCTIONS TO AUTHORS

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

ISSN GUIDELINES FOR ETHICS DOCUMENTS

ISSN 2218-5836 (online) https://www.wjgnet.com/bpg/GerInfo/287

LAUNCH DATE GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH

November 18, 2010 https://www.wjgnet.com/bpg/gerinfo/240

FREQUENCY PUBLICATION ETHICS

Monthly https://www.wjgnet.com/bpg/GerInfo/288

EDITORS-IN-CHIEF PUBLICATION MISCONDUCT

Massimiliano Leigheb https://www.wjgnet.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

November 18, 2022 https://www.wjgnet.com/bpg/GerInfo/239

COPYRIGHT ONLINE SUBMISSION

© 2022 Baishideng Publishing Group Inc https://www.f6publishing.com

© 2022 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

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

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


WJO https://www.wjgnet.com 949 November 18, 2022 Volume 13 Issue 11

World Journal of 

OrthopedicsW J O
Submit a Manuscript: https://www.f6publishing.com World J Orthop 2022 November 18; 13(11): 949-954

DOI: 10.5312/wjo.v13.i11.949 ISSN 2218-5836 (online)

EDITORIAL

Genetics of congenital anomalies of the hand

Zisis Kyriazis, Panagoula Kollia, Ioanna Grivea, Sotirios Sotiriou, Zoe H Dailiana

Specialty type: Orthopedics

Provenance and peer review: 
Invited article; Externally peer 
reviewed.

Peer-review model: Single blind

Peer-review report’s scientific 
quality classification
Grade A (Excellent): 0 
Grade B (Very good): B 
Grade C (Good): C 
Grade D (Fair): 0 
Grade E (Poor): 0

P-Reviewer: Chisthi MM, India; 
Kotlyarov S, Russia

Received: August 29, 2022 
Peer-review started: August 29, 
2022 
First decision: September 26, 2022 
Revised: October 9, 2022 
Accepted: October 14, 2022 
Article in press: October 14, 2022 
Published online: November 18, 
2022

Zisis Kyriazis, Zoe H Dailiana, Department of Orthopaedic Surgery, Faculty of Medicine, School 
of Health Sciences, University of Thessaly, Larissa 41500, Greece

Panagoula Kollia, Department of Genetics and Biotechnology, Faculty of Biology, National and 
Kapodistrian University of Athens, Athens 10679, Greece

Ioanna Grivea, Department of Paediatrics, Faculty of Medicine, School of Health Sciences, 
University of Thessaly, Larissa 41500, Greece

Sotirios Sotiriou, Laboratory of Histology and Embryology, Faculty of Medicine, School of 
Health Sciences, University of Thessaly, Larissa 41500, Greece

Corresponding author: Zoe H Dailiana, MD, PhD, Professor, Surgeon, Department of 
Orthopaedic Surgery, Faculty of Medicine, School of Health Sciences, University of Thessaly, 
No. 3 Panepistimiou Street, Biopolis, Larissa 41500, Greece. dailiana@med.uth.gr

Abstract
Congenital anomalies of the hand are malformations occurring during the 
development of the human limb, and present as isolated disorders or as a part of a 
syndrome. During the last years, molecular analysis techniques have offered 
increasing knowledge about the molecular basis of hand malformations. 
Disturbances in the signaling pathways during the development of the upper limb 
result in malformations of the upper extremity. At present, several genes have 
been identified as responsible for hand anomalies and other have been recognized 
as suspect genes related to them. Different and new high throughput methods 
have been introduced for the identification of the gene mutations. In the current 
editorial, we summarize concisely the current molecular status of isolated hand 
genetic disorders and the recent progress in molecular genetics, including the 
genes related to the disorder. This progress improves the knowledge of these 
disorders and has implications on genetic counselling and prenatal diagnosis.
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Core Tip: The genetic basis of hand disorders is elucidated by the expansion of knowledge and introduction 
of molecular analysis techniques which contribute to the identification of new genes responsible for them. 
New genes and mutations are being isolated and correlated with the disorder based on the advances in 
sequencing technology, such as next generation sequencing and genetic consultation, and future 
therapeutic developments are enhanced. There appears to be a gap in the literature concerning the 
knowledge about the genetic basis of all hand disorders. The current molecular status of them is discussed 
and a summary of different genes, already identified or suspected to be related with them, is presented.

Citation: Kyriazis Z, Kollia P, Grivea I, Sotiriou S, Dailiana ZH. Genetics of congenital anomalies of the hand. 
World J Orthop 2022; 13(11): 949-954
URL: https://www.wjgnet.com/2218-5836/full/v13/i11/949.htm
DOI: https://dx.doi.org/10.5312/wjo.v13.i11.949

INTRODUCTION
Congenital anomalies of the hand very often have an autosomal dominant pattern of inheritance and 
most of them have a monogenic genetic basis with variable penetrance[1]. They are related with a 
disturbance of the normal procedure of the development of the limb, with diverse aetiology and 
variable clinical features, and their proposed classification system has changed throughout the years, 
incorporating a rather molecular than anatomic scope of the phenotypes[2]. Initially, the Swanson 
Classification of congenital anomalies of the hand, including nine categories of malformations, was used 
by the International Federation of Societies for Surgery of the Hand Committee on Congenital Condi-
tions, as it was considered effective according to the knowledge at the time. Later on, as the awareness 
of pathogenetic routes and molecular basis of limb formation expanded, the object modeling technique 
classification was presented, dividing hand anomalies into four groups: Malformations (which include 
the majority of the disorders), deformations, dysplasias, and syndromes[3].

To date, several loci and disease-causing genes, including all four categories of hand disorders, have 
been identified in humans, and correlated to specific phenotypes.

Since these phenotype manifestations are indicators that the fetus or the newborn may suffer from a 
syndrome, the ability to identify the potential syndromes associated with these anomalies, is important 
for the clinician. Additionally, it is important to distinguish between syndromic and non-syndromic 
cases for reasons of genetic counselling. Therefore, we present a concise summary of the main genes that 
are responsible for the disorders, whose etiology is mainly based on known genetic and not external 
factors, and lead to hand disorder phenotypes when mutated.

POLYDACTYLY
Preaxial/Radial polydactyly
Preaxial polydactyly is a malformation described by an extra digit on the radial side of the hand with an 
incidence as high as 1 in 3000 births. It follows an autosomal dominant inheritance model with reduced 
penetrance[4]. Thumb polydactyly has been further subdivided into six subtypes by Wassel according 
to the level of (metacarpal, proximal, or distal phalange) and the extent of duplication (partial and 
complete)[5,6]. Next generation sequencing (NGS) analysis in a patient with Wassel III polydactyly 
identified three gene mutations as follows: (1) Substitution c.1639 G>T in RPGRIP1 gene; (2) Insertion of 
adenine in TMEM216 gene; and (3) A>G nucleotide substitution (c.490) in FBN1 gene. In a patient with 
Wassel IV duplication, the following mutations were identified: (1) Adenine duplicated in exon 45 of 
CEP290 gene; (2) Two substitutions in RPGRIP1 gene, c.1639 G>T and c.685 G>A; (3) Adenine insertion 
in TMEM216 gene, c.432-11 432-10 insA; (4) Substitution G>C c.8249 in MEGF8 gene; and (5) Substi-
tution T>A c.548 in CEP164 gene. These mutations are suspected to be involved in the formation of 
thumb duplication phenotype[7]. Another suspected way of development of preaxial polydactyly is the 
overexpression of HES1 gene. The produced protein is considered to intervene in SHH/GLI signaling 
axis and results in the manifestation of preaxial polydactyly[8]. The disease gene locus with 
triphalangeal thumb was identified in chromosome 7q36[9]. Point mutations (105C>G, 305A>T, 323T>C, 
404G>A, 295T>C, 4909C>T, 297G>A, 334T>G, 402C>T, and 545G>A) have been identified, and a 
739A>G transition near the 5-end of the zone of polarizing activity regulatory sequence (ZRS) and a 
621C>G mutation in the ZRS of the LMBR1 gene have also been mapped[10,11]. Two more novel 
mutations (ZRS131A>T and ZRS474C>G) correlated with preaxial polydactyly were identified in a 
recent study of a Chinese family[12]. No mutations have been identified for index finger polydactyly, 
which is inherited with an autosomal dominant trait[13].

https://www.wjgnet.com/2218-5836/full/v13/i11/949.htm
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Postaxial polydactyly
Postaxial polydactyly presents with extra digits on the ulnar side of the hands. Mutations in genes 
ZNF141, GLI3, IQCE, GLI1, FAM92A1, KIAA0825, and DACH1 have been isolated and their involvement 
in this manifestation is identified[14].

Responsible gene loci have been mapped to 7pl5-q11.23, 13q21-q32, 19p13.2-p13.1, 7q21-q34, and 
13q13.3- 13q21.2 regions using genome-wide scan[15]. Subsequently, two heterozygous mutations, 
p.A765PfsX14 and p.R539TfsX12 in GLI3 gene, and P.T474I mutation in the ZNF141 gene have been 
identified using exome sequencing[16-18]. Recently, a new suspected mutation in GLI1 gene (c.1133 
C>T) was isolated in an Indian family with the disorder and a mutation in KIAA0825 gene has been 
isolated and suspected, although the role of the protein encoded by this gene in limb formation is still 
unclear[19,20].

Central polydactyly and complex types of polydactyly
Central polydactyly phenotype is characterized by duplication of the 2nd, 3rd, or 4th digit[21]. No disease 
causing locus or gene responsible for central polydactyly has been identified. Mirror image polydactyly 
is characterized by mirror-image duplication of fingers and toes[22]. A mutation of the MIPOL1 gene at 
14q13 and two heterozygous deletions including the PITX1 gene were identified[23].

SPLIT-HAND MALFORMATION
Split-hand malformation may occur as an isolated trait or accompanied with other defects. It manifests 
as a clinically heterogeneous disorder characterized by absent central digital rays, which result in 
median clefts of the hand. Responsible mutations map to chromosome 7q21.3-q22.1, chromosome Xq26, 
and chromosome 10q25[24]. LBX1, BTRC, POLL, FBXW4, and BTRC gene mutations are reported as 
responsible for the disease[25]. Recent molecular studies have expanded the list of suspected gene 
mutations. A TP63 gene translocation and FGFR1, BHLHA9, LRP6, UBA2, and WNT10B gene mutations 
have been recently identified[26-30].

RADIAL RAY DEFECTS
Radial ray defects occur as an isolated malformation or syndromic. They are characterized by partial or 
complete absence of radial ray structures. Radial defects comprise a large group of diseases. They are 
associated with TBX3 gene, coding for a T-box transcriptional factor. TBX3 is widely expressed in a 
variety of tissues including forelimbs and hindlimbs, epithelium of the mammary gland, the genital 
tubercle, and the uterus[31].

DEFECTS IN DORSO-VENTRAL PATTERNING
This disorder category involves nail-patella syndrome, which is autosomal dominant and is expressed 
with defects affecting the nails, skeleton, kidneys, and eyes. Loss of function mutations in the LMXlB 
gene lead to the syndrome[32,33]. LMXlB is involved in determination of dorso-ventral patterning of the 
limb. A mutation of WIF1 gene has been isolated as a potential novel cause of the phenotype[34].

BRACHYDACTYLY
Brachydactyly phenotype may present as an isolated defect or in association with other malformations 
and refers to disproportionately short fingers and toes. Isolated brachydactylies usually occur as 
autosomal dominant traits and show a high degree of phenotypic variability. A locus on chromosome 
5p13.3-p13.2 and the Indian hedgehog gene on chromosome 2q35-36 are involved in Type A1 
brachydacty[35]. A mutation in the human bone morphogenetic protein receptor 1B gene (BMPR1B) on 
chromosome 4q can cause Type A2 brachydactyly. Mutations in growth/differentiation factor-5 gene (
GDF5) alter the receptor binding affinities and can also cause symphalangism. No gene or locus for 
Type A3 brachydactyly has been identified. Type B Brachydactyly phenotype involves isolated 
mutations in the receptor kinase-like orphan receptor 2 gene (ROR2) on 9q22[36]. Type C Brachydactyly 
phenotype is considered to be caused by mutations in GDF5[37].
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SYNDACTYLY 
Syndactyly is characterized by the fusion of soft and/or bony tissue of the fingers of the hand and is the 
most common congenital malformation of the hand in North America and Europe. Syndactyly can occur 
as an isolated malformation or as part of a syndrome. HOXD13, FBLN1, GJA1, LMBR1, LRP4, GREM, 
FGF16, and BHLHA9 genes are incriminated for the disorder, when mutated[38]. Syndactyly type I 
presents as fusion between the middle and ring fingers. It is an autosomal dominant malformation and 
the most common type of syndactyly. Mutations in human chromosome 2q34-q36 have been isolated. 
Syndactyly type II is a dominantly inherited malformation. Its phenotype contains soft tissue syndactyly 
between the middle and ring fingers and sometimes clinodactyly or camptodactyly of the little finger. 
HOXDl3 gene mutations are involved in this disorder[39]. Syndactyly type III affects the ring and little 
fingers with the middle phalanx of the little finger being absent or rudimentary. Mutations in Connexin 
43 are involved in this type of syndactyly. Syndactyly type IV manifests as syndactyly of all fingers, and 
syndactyly type V as metacarpal synostosis. The genetic background of the last two types is not yet 
investigated[40].

CONCLUSION
Genetic hand disorders and their genetic heterogeneity and allelic heterogeneity between families 
indicate more complex mechanisms besides simple Mendelian inheritance. These mechanisms include 
underlying genetic, epigenetic, and environmental factors[41]. With the advent of NGS technology, 
including exome sequencing and whole-genome sequencing, new mutations causing hand malform-
ations are isolated and the molecular pathogenesis is exposed. Systematic bioinformatics analysis of the 
responsible genes, using high-throughput sequencing, is a valuable tool in establishing the precise 
genotype–phenotype correlations of hand genetic disorders. Diagnosis is still largely postbirth, although 
prenatal diagnosis via molecular and genetic methodologies exists. The expansion of our knowledge 
related to the mutations leading to different phenotypes, with the use of next generation sequencing 
analysis, will contribute to prenatal diagnosis, prediction of operative treatment strategy, and potential 
future applications in gene therapy.
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