VOLUME 70 | ISSUE 2 | APRIL - JUNE 2019 ISSN 2241-4347

ORTHOPAEDICA ET
TRAUMATOLOGICA
HELLENICA

BASIC SCIENCE

B Chronic Congenital Hyperphosphatasia (Juvenile Paget’s Disease)
- A Review

ORIGINAL PAPER

B The role of skin grafts in the treatment of hand syndactyly in childhood

MINI REVIEW

B The importance of bearing surfaces in hip replacement

MINI REVIEW

B Spinal deformity in children

CASE REPORT
B Bizarre parosteal osteochondromatous proliferation (Nora’s lesion)
affecting the distal end of femur: a case report and review of the

literature

HELLENIC ASSOCIATION
OF ORTHOPAEDIC SURGERY
AND TRAUMATOLOGY




ORTHOPAEDICA ET TRAUMATOLOGICA HELLENICA

HAOST EXECUTIVE BOARD

President

Past President
President Elect
Vice President
Secretary General
Treasurer
Deputy Secretary

Council Members

Panayiotis J. Papagelopoulos
Stamatios A. Papadakis
Athanasios Th. Kostakos
Theodoros P. Kormas

Olga D. Savvidou
Konstantinos Th. Kateros

Alexandros A. Eleftheropoulos

Odysseas A. Paxinos

Panayiotis D. Megaloikonomos

CHOS EXECUTIVE COMMITTEE

President
Vice President Ex Officio

Vice President

Secretary
Member
Residents Delegate

Aristides B. Zoubos
Athanasios Th. Kostakos
Nikolaos G. Markeas

Pavlos Christogeorgos
Anastasios Mourikis

Dimitrios Z. Tzefronis

PRESIDENTS OF HAOST SECTIONS

Reconstructive Surgery:
Oncology:

Foot & Ankle:

Spine:

Shoulder & Elbow:
Research:

Infections:

Trauma:

Paediatric Orthopaedics:
Primary Health Care:
Sport Injuries:

Vasileios Bitounis

Ioannis Papakostas
Alexandros Eleftheropoulos
Sotiris Papastefanou
Emmanuel Fandrides

Marios Likissas

Konstantinos Malizos
Geogrios Gouvas
Charalampos Konstantoulakis
Pavlos Christogeorgos

Dimitrios Tsoukas

HELLENIC ASSOCIATION Published by: ZITA MEDICAL MANAGEMENT S.A.
OF ORTHOPAEDIC SURGERY Omirou 29, Peta Saronikou, Attica, Greece, 190 01,

E-mail: info@zita-management.gr



ORTHOPAEDICA ET TRAUMATOLOGICA HELLENICA

EDITOR IN CHIEF

Nikolaos Papaioannou

ASSISTANT EDITORS
Theodoros Grivas
Nikolaos Markeas

Stamatios Papadakis
Ioannis Triantafyllopoulos

EDITORIAL BOARD

Dimitrios-Sergios Evaggelopoulos
Dimitrios Economopoulos
Efstathios Chronopoulos
Konstantinos Kateros
Kalliopi Lampropoulou-Adamidou
Andreas Mavrogenis

SCIENTIFIC COMMITTEE AND REVIEWERS

Georgios Babis
Athanasios Badekas
Alexia Balanika
Christos Baltas
Hippocrates Chatzokos
Anastasios Christodoulou
Konstantinos Demetzos
Ioannis Dionysiotis
Ismini-Niki Dontas
Eleni Douni

Panayiotis Efstathiou
Ioannis Feroussis
Antonis Galanos
Ioannis Gliatis

Michael Hantes
Anastasios Kanellopoulos
Theofilos Karachalios
Aikaterini Katsalira
Konstantinos Kazakos
Georgios Kontakis
Theodoros Kormas
Anastasios Korobilias
Dimitrios Korres

Irene Lambrinoudaki

Khaldi Lubna

Georgios Machairas
Evaggelos Magnisalis
Konstantinos Malizos
Panayiotis Megas
Dionysios Mouzakis
Pantelis Nikolaou

Elias Panayiotopoulos
Georgios Panayiotakopoulos
Andreas Panagopoulos
Panayiotis Papaggelopoulos
Apostolos Papalois
Georgios Papanikolaou
Athanasios Papavassiliou
Georgios Petsatodis
Spyridon Pnevmatikos
Georgios Sapkas

Symeon Tournis
Georgios Trovas
Eleftherios Tsiridis
Minos Tyllianakis

Eleni Vavouraki
Theodoros Xenakis



INSTRUCTIONS
TO AUTHORS

1. Scope

“ Acta Orthopaedica Et Traumatologica” is the official
journal of the Hellenic Association of Orthopaedic
Surgery and Traumatology, first published in 1948.
This revived edition of Acta Orthopaedica Et Trau-
matologica, published in English, aspires to promote
scientific knowledge in Orthopaedics and Traumatol-
ogy worldwide. It is a peer-reviewed Journal, aim-
ing at raising the profile of current evidence-based
Orthopaedic practice and at improving the scientif-
ic multidisciplinary dialogue. Acta Orthopaedic Et
Traumatologica Hellenica presents clinically perti-
nent, original research and timely review articles. It
is open to International authors and readers and of-
fers a compact forum of communication to Orthopae-
dic Surgeons and related science specialists.

2. Language
English is the official language of the journal. All sub-
mitted manuscripts should be written in English.

3. How to submit a paper
All submissions for peer-review should be performed
online through the journal.

The Editorial office and the Editor-in-chief will per-
form the initial assessment of the manuscript and if
the manuscript is suitable for the journal and the sub-
mission is complete, it will be sent to the relative re-
viewers. The reviewing process that is followed is
double blinded. During on-line submission, authors
can enter the name/s of non-preferred reviewers.

The time allocated for reviewers to assess the man-

uscript and submit their recommendation is three
weeks. The Editor-in-chief makes the final decision
for publication. The Editorial office will communi-
cate the reviewer’s comments and the decision to the
authors.

4. Manuscript originality and copyright
The submitted manuscript should be original,
should not contain previously published material
and should not be under consideration for publica-
tion in another journal. The submission needs to be
approved by all co-authors and in case of original
research a ‘guarantor’ of the study is required. As
‘guarantor’ may be considered a senior author that is
deemed to take overall responsibility for all aspects
of the study (ethics, originality, consent, data han-
dling, and all aspects of Good Medical Practice). The
‘guarantor’ of the study does not necessarily need
to be the corresponding author. The journal will not
hold legal responsibility should there be any claim
for compensation.

All authors need to sign the copyright transfer form
(link) and must have made substantial contributions
as established by the ICMJE (http:/ / www .icmje.org).

5. Conflict of interest disclosure
Each author needs to disclose any type of financial
interest that is related to the study and might create
a potential conflict. Funding of the study needs to be
disclosed.

If there is no conflict of interest, this should be
stated in the manuscript before the Reference sec-

ACTA ORTHOPAEDICA ET TRAUMATOLOGICA HELLENICA



INSTRUCTIONS TO AUTHORS

tion as follows: “The authors declared no conflicts stract of 200 words, 3-5 keywords, text of no more
than 6,000 words, figures (up to eight figures), a

maximum of six tables, a maximum of a hundred

of interest”.

references and a maximum of three authors are re-
quired for review articles.
1 Basic Science. Basic science manuscripts could be

6. Research ethics and compliance

The journal follows the guidelines of the Internation-
al Committee of Medical Journal Editors (www.icm-
je.org). For all original articles a statement in the text
of approval from the local ethics committee, a state-
ment that research was performed according to the

either original or review articles on recent research
achievements. Authors should follow the corre-
sponding insturctions according to the type of man-
ethical standards as described by the Declaration of uscript (original or review).

M Monographs. Highly detailed and thoroughly doc-

umented studies or reviews written about a limited

Helsinki and a statement that informed consent for
participation in the study was obtained from all sub-
jects, are required. In case of study with animals the
following statement needs to be added in the text:
“All applicable international, national, and/ or in-

area of a subject or field of inquiry. Monographies
will be published on special issues.
m Pictorial Essays: The purpose of pictorial essays is
stitutional guidelines for the care and use of animals to provide a teaching message through high qual-
ity images. A brief text is required to accompany

figures. An unstructured abstract of 200 words, 3-5

were followed”.

7. Permissions and plagiarism
For the use of any figures already published else-
where the authors are required to obtain written per-

keywords, text of no more than 6,000 words, a max-
imum of 15 figures, a maxi-mum of 6 tables, a max-
imum of a 100 references and a maximum of 4 au-
mission from the copyright owner(s) and to submit
the evidence in the submission process. Plagiarism
will not be accepted in any case. Dedicated software

thors are required for pictorial essays.
i Case Reports: Reports on new or very rare clini-
cal cases on Orthopaedics, Orthopaedic Patholog-
will be used on this purpose; manuscripts with pla-
giarism will be returned to the corresponding author
without consideration for peer review.

yand Trauma, new diagnostic criteria, new thera-
peutic methods with proven result. Maximum 1,500
words, 10 references and 6 figures. Abstract up to
100 words.

8. Types of manuscript i Letters to the editor: Communication to the edi-
The journal accepts the following types of articles: tor is welcomed and will be published if they offer

m Original articles: The paper needs to offer new pertinent and/ or constructive comment on arti-

knowledge on Orthopaedics ant Traumatology. The
conclusions need to be sound and supported by sta-
tistical analysis. When the accuracy of a diagnostic
test is assessed, following the Standards for Report-
ing of Diagnostic Accuracy (STARD) flow diagram
(http:/ /www. stard-statement. org) is suggested. A
structured abstract of 250 words, 3-5 keywords, text
up to 4,500 words, figures (up to four figures or eight
figure parts), a maximum of six tables, a maximum of
fifty references and a maximum of seven authors are
required for original articles.

cles published in the Acta Orthopaedica Et Trau-
matologica Hellenica. Letters are published at the
discretion of the Editorial team and should be re-
ceived within three months after on-line publi-
cation of an article. Following acceptance, letters
will be sent to authors for response. Letter com-
munications should include text of no more than
500 words, up to 2 figures and 10 references, with-
out any abstract or keywords and a maximum of
3 authors.

 Review Articles: The journal may accept system- 9. Manuscript organization
A manuscript must contain the following parts for

submission:

atic reviews, meta-analyses, literature reviews and
historical reviews of a subject. An unstructured ab-

ACTA ORTHOPAEDICA ET TRAUMATOLOGICA HELLENICA



1 Cover letter: Each manuscript needs to be accompa-
nied by a cover letter signed by the corresponding
author on behalf of the rest of the authors stating

that the article is not under consideration in anoth-
er journal. In case of article resubmission a point-
by-point answer to the reviewer’s comments needs
to be submitted with the cover letter.

1 Title page: It includes the title of the manuscript, the
names, affiliations and e-mail addresses of all au-
thors and the affiliation, address, e-mail address,
telephone and fax number of the corresponding au-
thor. The name and affiliation of the ‘guarantor” of
the study needs to be included in the title page for
original articles.

W Blinded manuscript: Blinded title page including
only the title of the manuscript with no affiliation.

B Abstract: An abstract presenting the most important
results and conclusions is required for all papers
except for Letters to the Editor. For Original Arti-
cles the abstract needs to be structured as follows:
Purpose, Material and Methods, Results, Conclu-
sions. For Reviews and Pictorial Essays, a 1-para-
graph unstructured abstract is required.

W Keywords: Below the abstract, 3 to 5 keywords are
required. Keywords need to be selected from the
Medical Subject Headings (MeSH) database of the
National Library of Medicine.

1 Text structure: the text of the Original Articles needs
to be organized as follows: Introduction, Materials
and Methods, Results and Discussion. Review Ar-
ticles, and Pictorial Essays require Introduction and
Discussion sections only.

W Fonts: The suggested font is double spaced Times
New Roman (12 pt).

B Abbreviations: Abbreviations should be used as min-
imum as possible. When used, they should be de-
fined the first time they are used, followed by the
acronym or abbreviation in parenthesis.

W Acknowledgements, sponsorships and grants: Ac-
knowledgements need to be placed at the end of
the manuscript before ‘References’ section. Any
grant received or sponsorship from pharmaceuti-
cal companies, biomedical device manufacturers or
other corporations whose products or services have
been used needs to be included in the Conflicts of

Interest Form and also mentioned in acknowledge-
ments section.

B Measurement Units: All measurements should be
mentioned in international units (SI). The full stop
should be used as a decimal (i.e. 3.5 cm). Spac-
es should be added around the plus/minus sym-
bol (i.e. 13.6 + 1.2). There should not be any spaces
around range indicators (i.e. 15-20) or equality/in-
equality symbols (i.e. =0.37, p<0.005).

10. Figures and Tables
All figures and tables need to be cited in text consec-
utively in the order in which they appear in text into
brackets and in Arabic numbers: i.e. (Fig. 1) and (Ta-
ble 1). Figure parts need to be identified with lower
case letters, i.e (Fig. 1a).

Figures need to be of high quality. Vector graphics,
scanned line drawings and line drawings need to be
in bitmap format and should have a minimum resolu-
tion of 1,200 dpi. Halftones (photographs, drawings
or paintings) need to be in TIFF or JPEG format, up
to 174 mm wide and up to 234 mm high and in mini-
mum resolution of 300 dpi.

Patient anonymity should be ensured. All identify-
ing data (name, identification numbers, initials) must
be removed from text, images and tables. If it is man-
datory for a patient’s face to be included in the manu-
script, the eyes should be sufficiently masked. If there
is a possibility that a patient may be identified from a
photograph or relevant legend and text, the patient’s
written consent should be submitted.

A figure caption and a table caption need to be add-
ed in the figure and table section respectively for each
figure and table.

Tables should appear at the end of the main docu-
ment, numbered in Arabic numerals, each on a dif-
ferent page. Each table should have a title describ-
ing its content. Abbreviations appearing in the table
need to be explained in a footnote. All table columns
must have a subhead that describes the type of data
included in the column.

11. References
The accuracy of references is the responsibility of the
authors.

ACTA ORTHOPAEDICA ET TRAUMATOLOGICA HELLENICA



INSTRUCTIONS TO AUTHORS

References need to be cited in the text in the order
in which they appear. The numbering needs to be in
Arabic numbers and placed in the respective areas of
text into square brackets i.e [1].

References that have not been published at the
point of submission need to cited with the respective
DOI (digital object identifier) number given for on-
line first articles.

All authors (surnames and initials of first name)
should be listed when they are three or fewer. If au-
thors are more than three, the first three authors
should be listed, then ‘et al.” needs to follow the name
of the third author.

When a book chapter is cited, the authors and ti-
tle of the chapter, editors, book title, edition, city and
country, publisher, year and specific chapter pages
should be mentioned.

For Online Document, the following should be
mentioned: authors (if any), title of page, name of in-
stitution or owner of Web site; URL; dates of publi-
cation, update, and access.

Reference examples:

M Journal article:

Trianafyllopoulos IK, Lampropoulou-Adamidou K,
Schizas NP, et al. Surgical treatment of acute type V
acromioclavicular joint dislocations in professional
athletes: An anatomic ligament reconstruction with
synthetic implant augmentation. | Shoulder Elbow
Surg 2017; doi: 10.1016/j.jse.2017.05.032 Epub 2017
Jul 21.

or

Papaioannou NA, Triantafyllopoulos IK, Khaldi L,
et al. Effect of calcitonin in early and late stages of
experimentally induced osteoarthritis. A histomor-
phometric study. Osteoarthritis Cartilage 2007; 15(4):
386-95.

1 Book chapters:

Triantafyllopoulos IK, Papaioannou NA. The Effect
of Pharmacological Agents on the Bone-Implant In-
terface. In: Karachalios Th. (ed). Bone-Implant Inter-
face in Orthopaedic Surgery. Springer - Verlag, Lon-
don 2014, pp 221-237.

# Online document:

National Institute for Health and Care Excellence.
Fractures (Complex): Assessment and Management.
Available via www.nice.org.uk/guidance/ng37.
Published Feb 2016. Updated Sept 2017. Accessed
January 2014.

12. Review of manuscripts

Acceptance of manuscripts for publication is de-
cided by the Editor, based on the results of peer
review. Authors need to make proof corrections
within 72 hours upon pdf supplied, check the in-
tegrity of the text, accept any grammar or spelling
changes and check if all the Tables and Figures are
included and properly numbered. Once the publi-
cation is online, no further changes can be made.
Further changes can only be published in form of
Erratum.

ACTA ORTHOPAEDICA ET TRAUMATOLOGICA HELLENICA



Apnote Ty Zita

VA AMOYEIWOEL TNV ELKOVA
& TI¢ MWANOELC 00

; ﬁ: DIGITAL
i s MANAGEMENT

H Zita Digital Management &ival 1o It Tpurpa Tou OpiAov Zita. O1 e€e18IkeUEVEC UTINPETCIEG TNG OTOXEVOUV OTNV TIA PN alomoinon

Twv Social Media kai Tou Digital Marketing, onpavtikd epyaleia yia T Sla@ruon Kot Tnv mpoBoAr emyelprioewy aAA KAl EUOVWE-

VWV gmayyeipatiwv. H moAuxpovn, mavw amo 36 xpdévia, Spaotnelotnta g Zita o€ OAo To GACUA TG EMKOIVWVIAGS Kal Tou marketing,

TO EUTTELPO Kall EEIBIKEVEVO TIPOCWTTIKO, N TioTomoinon pe 1SO 9001 kat ISO 14001, kaBwg kat n S1Bvrig mapouacia Tou opilou Kal

oTIG 5 nneipoug, kaBiotouv tnv Zita Digital Management tov mAéov a&lomoTto ouvepydn, yla KABE opyaviopd Kal emayyeApaTio mou
arno@aoiCel va aflomolroel 1o NAeKTPoviko marketing yia Tnv mpooAr Kat avamtuén Tng MXEipnong Tou.

Mapnmotikéc Ekotpareieg Bl Google Ads
Awayeipion Social Media B Website Design & Development

Aagnpion Social Media B Aqyn kat Ene€epyacia Bivreo & S i ‘ !

Google Adwords Ouwroypagiac yia Atadikrvakn Xpion
Content Marketing On-site/page text optimization

Aqo gl e Exnmaidcuon Irehexav Evaipwn} Tavtomna

Social Media Graphic Design
SEO E-mail Marketing

Emkowvwviote padi pac yia éva evhuepwtiko pavrefou, Oa oag KooTioel... Timota

www.2|tad|g|talmanagement.com

AAsEavaoc Npipm¢
1° xAp. Nawaviag - Mapxonomoq, T.0. 155, 190 02, Halayta, Attikr, TpA: +30 211 100 1786,
Oag: +30 210 6642116, E-mail: a.priftis@zita-management.com




ORTHOPAEDICA ET TRAUMATOLOGICA HELLENICA

CONTENTS

BASIC SCIENCE

Chronic Congenital Hyperphosphatasia (Juvenile Paget’s Disease) - A Review
Stefanopoulos Dimitrios, Catsouli Aikaterini 32-42

ORIGINAL PAPER

The role of skin grafts in the treatment of hand syndactyly in childhood
Nikolaos G. Markeas, Dimitrios Begkas, Panagiotis Touzopoulos, Leonardos Benakis 43-51

MINI REVIEW

The importance of bearing surfaces in hip replacement
D. Economopoulos, I. Vlamis, E. Chronopoulos, I.K. Triantafyllopoulos 52-56

MINI REVIEW

Spinal deformity in children
Sekouris N, Paspati 1, Fligger I, Flouda L 57-64

CASE REPORT

Bizarre parosteal osteochondromatous proliferation (Nora’s lesion) affecting the distal end of femur:
a case report and review of the literature
Nikolaos P. Kotsakis, Efstathios Zogakis, Antonios Asimakopoulos, loannis K. Triantafyllopoulos 65-70

ACTA ORTHOPAEDICA ET TRAUMATOLOGICA HELLENICA



BASIC SCIENCE

Chronic Congenital Hyperphosphatasia
(Juvenile Paget’s Disease) - A Review

Stefanopoulos Dimitrios, MD, MSc!, Catsouli Aikaterini, MD, MSc?

'Endocrinologist Laboratory for Research of the Musculoskeletal System “Th. Garofalidis”, KAT Hospital, National
and Kapodistrian University of Athens, School of Medicine, Athens, Greece
?Orthopaedic Surgeon, 1st Health District, Health Center Alexandras Avenue, 119, Ampelokipoi 11475, & General
Children’s Hospital of Athens Panagioti &Aglaias Kyriakou, Thivon & Levadias 3, Goudi 11527

ABSTRACT

Chronic Congenital Hyperphosphatasia (or «Juvenile Paget’s Disease”) is an exceptionally rare bone disease,

which registers currently just over fifty cases in worldwide literature. It is an inherited skeletal disorder,
with very early onset, extremely high bone turnover and bone mineralization disorders that affects the
whole skeleton. This review examines the published case reports to date and focuses on the pathogenesis,
clinical features, epidemiology, diagnosis and therapeutic approaches of the disease.

KEY WORDS: Hyperphosphatasia, Juvenile, Paget, Pathogenesis, Treatment

1. Introduction

The term «hyperphosphatasia» or «hyperphos-
phatemia» describes the elevation in both alkaline
phosphatase (ALP) serum levels and enzyme activi-
ty beyond normal levels. Hyperphosphatasia applies
to many normal and pathological conditions such as
skeletal growth, pregnancy, liver and bile duct dis-
eases, endocrine diseases like acromegaly and hy-
perparathyroism, bone fractures and metabolic bone
diseases such as Paget disease, osteomalacia, bone
tumors, osteogenesis imperfecta, fibrous dysplasia
and, of course, chronic congenital hyperphosphatasia
(CCH). [1,2] Obviously, CCH receives its name from
the above-mentioned laboratory finding that is due

CORRESPONDING
AUTHOR,

GUARANTOR

Fax: +302294050727

to the extremely high rate of bone turnover affect-
ing both bone formation and resorption. Bakwin and
Eiger first presented the disease as a separate clinical
entity in 1956. Since then CCH has been described
with numerous names like “juvenile Paget’s dis-

Vi

ease”, “chronic (or congenital, or familial) idiopath-
ic hyperphosphatasia”, “familial osteoectasia with
macrocephaly”, “inherited hyperphosphatasia” and
“skeletal dysplasia with hyperphosphatemia.” [3-5].
Clinically, it concerns a generalized skeletal disorder
that appears in the first two years of life and leads to
the disruption of normal bone growth and matura-
tion, with consequently severe and time-developing

bone deformities, increased vertebral and long bones

Stefanopoulos Dimitrios, MD, MSc

Endocrinologist Laboratory for Research of the Musculoskeletal System “Th.
Garofalidis”, KAT Hospital, National and Kapodistrian University of Athens,
School of Medicine, Athens, Greece, Email: dsteph@endo.gr, Tel: +306979779215,
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fracture liability, as well as the onset of related compli-
cations from other systems.

2. Methods

In order to carry out this research, we reviewed
the international literature from 1956 to 2019 via
the PubMed database. As keywords, we used the
terms: Hyperphosphatasia AND Juvenile Paget
AND Chronic Hyperphosphatasia AND Idiopathic

Hyperphosphatasia =~ AND  Clinical  features,
Epidemiology, Etiology, Pathogenesis, Diagnosis,
Management, Treatment, Bisphosphonates,

Denosumab, Prognosis. We focused on eighteen case
report articles, twenty interventional trials and thir-
teen older reviews pertaining to the clinical features,
epidemiology, pathogenesis, diagnosis and treatment
of CCH.

3. Epidemiology

CCH can be classified as an exceptionally rare meta-
bolic bone disease of childhood that currently regis-
ters only 56 cases worldwide. The first clinical mani-
festations occur a few months after birth. The disease
itself seems to have no preference for gender or race/
ethnicity. Moreover, despite the lack of an established
geographical distribution, a significant number of pa-
tients have been reported in Puerto Rico child popu-
lation as well as the Balkan, including Greece. Even
more, the disease shows an increased frequency in
societies where marriage between close relatives is
widespread. [6,7]

4. Pathophysiology

4.1. The role of Osteoprotegerin:

The inherited deficiency of osteoprotegerin activ-
ity is essentially the basis of CCH pathophysiology.
Osteoprotegerin (OPG) represents a soluble glycopro-
tein that belongs to the Tumor Necrosis Factor (TINF)
Receptor superfamily and is secreted by osteoblasts
and osteogenic stromal cells. It carries out its action
by forming homodimeric complexes, which act as de-
activating receptors of Receptor Activator of Nuclear
factor kappa-B Ligand (RANKL), an action that has
regulatory effect in bone remodeling, thus protecting
bones from excess bone resorption. Another signifi-

cant and parallel action of OPG is the vascular protec-
tion against intense calcification. [1,2,4,8-10] The hu-
man gene that encodes OPG is known as TNFRSF11B,
it is located on the long arm of chromosome 8 at posi-
tion 8q24a and consists of five exons and four introns.
Numerous cytokines and hormonal factors regulate
the gene expression in osteoblastic line cells, either en-
hancing (interleukin-1p, TNFa, vitamin-D) or inhibit-
ing (glucocorticoids, prostaglandin-E2) protein secre-
tion. [11] There is experimental and clinical proof that
the reduced or absent activity of OPG is responsible
for the development of high-turnover osteoporosis, as
well as of calcifications of the tunica media of large
elastic arteries. [10]

In CCH, due to the reduced - or absent - OPG action,
high concentrations of active RANKL remain in circu-
lation and bone tissue, resulting in an uninterrupted
RANKL-RANK interaction. This phenomenon accel-
erates immensely bone resorption, which leads to a
secondary increase of bone formation. Because of the
high rate of bone turnover the membranous bone for-
mation becomes impaired and the bone matrix fails to
develop in normal hard and compact haversian bone,
producing a generalized skeletal disorder. [4,6,12,13]
The result is the excessive production of immature
cortical and cancellous bone, which is responsible
for bone thickening in the skull and other parts of the
skeleton. [6,12] Moreover, bone resorption is relatively
higher than formation, which leads in failure of com-
plete osteolytic lesions recovery, resulting in gradual
thinning of the bone trabeculae and cancellous bone
weakening. The intertrabecular space also enlarges
over time and gets filled with loose connective tissue
and adipocytes. Although the mineralization rate of
the osteoid remains normal, excessive production
of newly formed bone results in the development of
multiple under-mineralized bone areas. [6,13,14] The
abnormal bone resulting from these procedures is
called “woven-bone”, is characterized by significant-
ly lower quality and strength than healthy bone and
resembles to affected bone lesion in Paget’s disease.
[6,7,12,14]

4.2. Heredity
CCH is the first hereditary human disease described

ACTA ORTHOPAEDICA ET TRAUMATOLOGICA HELLENICA
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as a result of OPG gene mutations and appears to be
transmitted mostly with the autosomal recessive in-
heritance pattern. However, models of autosomal
dominant heredity have also been proposed from
time to time, and any correlation with sex-related he-
redity has been excluded. [6,15] Genetically speaking,
the responsible impaired gene is TNFRSF11B and ap-
proximately 60% of CCH phenotype positive cases
are patients with homozygous inactivating gene mu-
tations. The mutations affect the four cysteine-rich ex-
tracellular domains (I-IV) of OPG molecule, which are
encoded by exons 2 and 3 and represent critical areas
for ligand binding and consequently, protein activity.
[4,7,16-18] The mutations detected so far in the ge-
nome of CCH patients show variety such as missense
mutations, frameshift mutation, base insertion and
deletion, or even entire TNFRSF11B gene deletion.
[4,7,17] The clinical manifestations and phenotype is
relevant to the type of mutation. Thus, in cases of a
simple addition or deletion of a few bases, the serum
levels of OPG remain practically normal, once the
production of the mutated protein is normal but the
protein has reduced binding activity. The mutations
generating amino-acid addition or deletion at the
carboxyl-terminal end of the molecule are correlated
with the mildest phenotypes of the disease. Missense
mutations that do not affect cysteine sequences related
to ligand-binding areas of OPG demonstrate medium
severity phenotypes. Finally, total gene TNFRSF11B
deletion - a state at which OPG levels are undetectable
and protein activity absent - corresponds to the most
severe phenotype of the disease. [4,5,7,16,18-20]

All the above information explains adequately
the clinical manifestations of CCH in most cases.
However, there is a small but significant percentage of
the patients - less than 40% with milder clinical image
- in which no mutation nor TNFRSF11B gene deletion
can be detected and the underlining cause remains
undefined. [4,7,17] The existence of those CCH case
reports suggests that the etiopathogenesis of CCH is
more complicated and has not yet been fully elucidat-
ed. Nonetheless, some authors support the possibili-
ty of misclassification due to clinical similarities with
other conditions such as polyostotic fibrous dysplasia
or familial expansile osteolysis. [7,16,19]

5. Clinical Image

5.1. Clinical manifestations:

CCH is a serious clinical entity that affects the entire
skeleton. The severe bone lesions are time-aggravat-
ing and occur mostly during skeletal growth and until
skeletal maturation. The impaired bone quality affects
negatively the human functionality and therefore the
quality of life of the patients.

5.1.1. Skeletal deformities:
The dominant clinical manifestations of CCH are
bone anomalies and deformities. They are bilater-
al, symmetrical and progressive and always present
throughout the skeleton. All the long bones, including
the finger and toe phalanges, develop cortical thicken-
ing with the diaphysis being the most affected area of
the bone. The consequence is intense diaphyseal de-
formities that lead to shorter than normal bone length.
The reduced bone strength in addition to the insuf-
ficient mineralization produce the characteristic dia-
physeal anterolateral bowing. Coxa vara and acetab-
ular protrusion are two other frequent complications
of CCH. [6,21] The skull is another bone complex that
develops overgrowing lesions, specifically the diploe
which appears sclerotic and enlarged. The develop-
ment of macrocephaly with hypertelorism although
disease characteristic is not always present and usu-
ally is observed in children of older age. Very rarely
coexists aplasia or dysplasia of the paranasal cavities,
mostly the maxillary, the frontal and the sphenoid si-
nuses. [6,20] As far as the dentition is concerned, adult
teeth appear normal, however they delay significant-
ly to erupt. Regarding the primary dentition, there is
frequent premature loss of deciduous teeth. [12,22,23]
Spinal deformities contribute often and severely to the
clinical picture, through the development of osteope-
nia or osteoporosis, vertebral subsidence, or even ky-
phosis and/ or scoliosis. The chest wall and the pelvis
also demonstrate dysplastic lesions deformities, with
major representative the pectus carinatum. [24,25]
Due to the presence of severe bone deformities, the
patient’s growth rate gets impaired resulting in low
stature below the 3rd percentile position on the cor-
responding growth charts to gender and height. Bone
pain, headache and increased spontaneous fracture
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risk represent concomitant manifestations and com-
plication of CCH. Fractures are usually multiple and
most often complicate children with less severe phe-
notypes. This incident can be explained by those pa-
tients ability to be more active and have better mobili-
ty and therefore to have increased likelihood to suffer
falls and injuries. [7,15] As far as walking ability, the
impairment of the gait shows variety being relevant to
the severity of the disease. The children usually delay
to conquer walking and they have an ungainly gait.
Sometimes walking is not obtained at all or obtained
over a short period of time and then lost. In other,
milder, cases the ability to walk may remain intact.
[23-25]

5.1.2. Neurological and sensory complications:

On the ground of CCH, nerve foraminal stenoses with
consequential neurological and sensory disorders are
a common occurrence deteriorating with aging. The
stenoses develop as a result of the overproduction
of the pathological bone near the cranial foramina,
gradually filling the foraminal space entrapping the
passing nerves and causing from nerve compression
up to nerve paralysis. All the cranial nerves may be
affected through the same mechanism, but the coch-
lear and optical are predominately the nerves that are
implicated. [21] Thus, the patients often exhibit bilat-
eral hearing loss, typically established before puberty,
which is due to cochlear nerve impairment. Especially
for hearing loss, other causes apart from inner ear
bone stenosis have been mentioned occasionally, such
us the congenital auditorial ossicle absence, eardrum
thickening and extra bone masses in the middle ear
derived from bone overgrowth. [20-22,26]

Severe visual disorders also start to appear around
the end of puberty and have already been described in
twelve of the fifty-six patients that have been reported
worldwide with CCH. The most harmful condition is
the progressive blindness due to optical nerve atro-
phy. Clinical findings from the eyes that occur with
increased incidence in CCH include the gradually
progressive retinitis pigmentosa, visual field restric-
tion, central vision black spots, choroidal neovascu-
larization, macular degeneration and angioid streaks.
The last ones are recognized as ruptures of a thick-

ened and calcified Bruch’s membrane and represent
the most common pathological finding from the eye
in patients. [6,21,23,27] The exact formation pathway
is yet to be determined. However, it is speculated that
in the absence of normal OPG activity there is a pre-
disposition for calcification of the elastin-rich elastic
layer of the Bruch’s membrane. [27]

5.1.3. Vascular complications:

One of the most compounding factors concerning the
prognosis of patients with CCH is the increased in-
cidence of concomitant vascular disorders, the most
common of which are arterial hypertension and elas-
tic pseudoxanthoma. Worth mentioning is a CCH
case of an 18year old teenager with concomitant se-
vere angiopathy that passed away succumbing to an
extensive stroke. [6] Arterial hypertension has been re-
ported in a relatively large number of patients. Elastic
pseudoxanthoma, on the other hand, is one of the less
frequent complications of the disease and is rather
observed in older patients. It regards progressive, ag-
gravating calcification of tissues rich in elastin, such
as the middle and inner layer of elastic blood vessels.
Coronary heart disease and renal artery occlusion are
two of the primary consequences resulting from this
specific pathological process. [23] Considering the
mechanism, it is mentioned that the smooth muscle
fibers and the endothelial cells of the arteries secrete
RANKL in both the atherosclerotic plaque and blood
circulation. Therefore, it is most likely that due to the
inadequate action of OPG in CCH, the negative effects
of RANKL on the blood vessels can not be sufficiently
controlled. [28,29]

5.1.4. Other complications:

Beyond the above mentioned major clinical mani-
festations, the patients with CCH often experience
low-threshold fatigue and progressively worsening
muscle weakness, accompanied by muscle limb at-
rophy, sometimes to such an extent that the affected
persons can not even sit down. Atrophy and painful
swelling of periostotic soft tissues generally coexist.
Additionally, the disease has also been linked to a
relatively high incidence of nephrolithiasis. [12,21,24]
Finally, the majority of the authors support the state-
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ment that the age of puberty’s onset and mental status
remain in normal range. Only exception to the last is
the reduced learning capacity that the patients with
neurosensory loss of hearing demonstrate, a condition
though that falls in to frame of hearing disability and
impaired aural comprehension. [6,7,14,23]

5.2. Time of clinical onset of CCH:

Generally, the onset of the disease and the time of di-
agnosis shift to earlier age as more severe becomes the
mutation of OPG gene. The patients appear healthy
at birth, but further on, they gradually develop the
skeletal deformities mentioned above. At first, they
always develop the long bone lesions as the primary
disease manifestation and later on the concomitant
disorders that regard child development and growth.
Most commonly, the disease appears between 3 and
18 months of age but the diagnosis is put around tod-
dlerhood until early preschool age, a time when the
signs and symptoms have become clearly obvious.
Rarely, in the mildest cases, the disease can be diag-
nosed in late childhood. [7,12]

5.3. Severity of the disease:

The severity of clinical manifestations of CCH vary
significantly from patient to patient and is relevant
to the degree that the genetic lesion affects the activ-
ity of OPG. In most cases the clinical image is severe,
leading to serious bone lesions and complications. In
general, the clinical phenotypes of the patients can be
grossly classified as follows: [7,30]

* Severe: The bone deformities begin to be recog-
nized during the first 18 months of life, while the child
fails to conquer walking ability. Even if the patient
manages sometime to walk, this happens markedly
late and eventually gets lost during the early child-
hood.

* Moderate: Skeletal deformities occur later, ap-
proximately two years after birth, and the child be-
gins walking at normal age. However, bone lesions
are progressively aggravated, causing a steadily low-
er stature below the 3rd percentile position on growth
charts according to gender and age.

* Mild: The bone lesions begin after the second year
of life. Patients pertain a satisfying mobility, while

their stature remains within normal limits.

The severity of clinical manifestations is further in-
fluenced by two separate parameters, regardless of
phenotype: The first is the age, as bone deformities
develop gradually and affect mostly patients in pu-
berty and adolescence or older ages. The second factor
is the anti-osteoclastic therapy administered to CCH
individuals, as the successful application of treatment
can greatly influence the progression of CCH and its
final clinical image. [7]

6. Imaging assessment
The usually severe clinical presentation of CCH, with
the extended skull, body and limb deformities, pre-
dicts the findings from the imaging assessment of the
patients. It is essential to make the remark that the ra-
diological image of the patients with mild or moder-
ate phenotypes of CCH is in basically better that those
with severe disease forms. Only exception to that are
the pathological fractures that occur most frequently
to more ambulatory patients. [6,7,31]

(a) Simple X-rays. In the severe cases of the disease
- especially when macrocephaly is present - the bones
of the skull appear thickened and enlarged. The diplo-
ic space is distended and the mastoid processes loose
their natural pneumatic appearance. These lesions
develop symmetrically and progress over time. [12]
The paranasal sinuses are often hypoplastic (or rarely
aplastic), while the “cotton wool” appearance of the
skull - representing multiple localized spots due to the
coexistence of osteopyknotic and osteolytic lesions - is
very common. [6,24] The rest of the bones show pre-
dominately osteopenia combined with osteosclerotic
areas. Trabecular bone has a rough and irregular ap-
pearance, while cortical bone is quite thick, although
there are areas extremely thin like “paper”. The spine
usually consists of biconvex vertebrae with reduced
height. The intervertebral spaces are increased and
the whole backbone receives deformities like scoliosis,
kyphosis and lordosis. [32,33] The long bone lesions
regard mainly the excessive diaphyseal widening in
comparison to the normal appearing epiphyses, the
development of bowing, the marked cortical thicken-
ing of the femur-medial cortex and the occurrence of
multiple fractures. Transverse lines through the area
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of the diaphysis are quite often and represent loca-
tions of vascular micro-infarctions. Acetabular protru-
sion and coxa vara are two more common radiological
findings. [7,12,23,25,31,33] The ribs, the scapula and
clavicle share similar deformities, having enlarged di-
mensions with the presence of areas of increased and
decreased bone density. [6,12,25,31]

(b) Cross-sectional imaging assessment. Evaluation
via computed tomography (CT) or magnetic reso-
nance imaging (MRI) is more adequate to diagnose le-
sions that cause nerve compression or other complica-
tions due to the overwhelming bone growth. Typical
example is the cranial or spinal foraminal narrowing,
causing nerve entrapment and the consequent senso-
ry and neural deficits. [21]

(c) Bone Scintigraphy. In CCH patients bone scan is
not considered to be an essential examination to per-
form. Only two cases in the past were submitted to
bone scan, which produced diffused and increased
uptake of the radioactive agent throughout the entire
skeleton. [21]

7. Laboratory findings

Beyond the clinical and imaging particularities of
CCH, an important and critical role in diagnosing the
disease has the laboratory evaluation, which reflects
the markedly increased bone turnover of the patients.
Thus, the serum levels of ALP (total and bone frac-
tion), measure five to ten time above the upper lim-
its of normal ranges, a finding that is caused by the
increased osteoblastic activity. That extend of ALP
elevation is a main element and rule in the disease.
[21,24,25] However, scarcely though, in sporadic CCH
cases with mild phenotype, ALP levels have been
observed to be just above the higher limits or with-
in the normal ranges of the enzyme. Nonetheless, a
correlation between the severity of the clinical phe-
notype and the degree of elevation of serum ALP has
not been established. [6,7] Apart from ALP, other en-
zymes are also traced in pathologically elevated con-
centrations in serum (such as acid phosphatase and
leukine aminopeptidase) [21,22,34] as well as type-I
collagen degradation products that are determined
in urine [such as amino-terminal collagen crosslinks
(NTX), carboxyl-terminal collagen crosslinks (CTX)

and proline], due to the overactivity of the osteoclasts.
[13,24] Regarding the blood concentrations of calci-
um, phosphorus and magnesium, they remain always
within normal range of values. Serum levels of uric
acid can be within normal values, or slightly elevated
probably due to the cellular overactivity. Finally, hy-
percalciuria or/and hyperuricosuria are mentioned
relatively frequently, although there were some cas-
es with 24hour urinary calcium concentrations below
normal. [7,24,34]

8. Anatomical pathology data

The histological findings reflect the disturbed bone
turnover that characterizes the disease. Typically,
there is marked increase in the number and size of
the osteoclasts as well as the osteoblasts, but in a less-
er degree. Even though the activated osteoclasts en-
large they never reach the typical form of the gigantic
multinuclear cells that are met in Paget’s disease in
adults. [6,7,14,32] Finally, both cortical and cancel-
lous bone are gradually transformed into a matrix of
rough, thickened, immature and weak bone (woven
bone), the main characteristics of which are the thin
trabeculae, the presence of soft connective tissue and
adipocytes filling the distended intertrabecular space
and the impaired mineralization of osteoid. As a re-
sult, the normal haversian systems disappear, fibrosis
develops and in the end the affected osseous tissue
receives a completely unruly and chaotic structure.
[6,13,22,24,35] Thus, the cement lines of the cortical
bone are distinct and irregularly distributed, the ar-
chitecture of the thin trabeculae of the cancellous bone
is completely disorganized and surrounded by thick
bands of osteoid, while the periosteum shows focal
thickening and increase count in cells. [7,13,32]

9. Differential Diagnosis

9.1. Adult Paget’s Disease of Bone (PDB)

CCH as a disease bears significant resemblance to
PBD, hence the term “juvenile Paget’s disease” that
had been predominately used in world literature.
Nowadays, it has been established that the two dis-
eases are two separate, individual clinical entities. [8]
The similarities between them regard mainly to the in-
creased rate of bone turnover, the increased bone fra-
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gility and bowing of long bones of limbs, the intense
bone pain, the significant elevation in bone fraction
of serum ALP and, mostly, the positive response of
both diseases to antiosteoclastic treatment. [7,18,22]
Nevertheless, the existing differences are greater and
rather more than the similarities. Thus, CCH is diag-
nosed in infants, toddlers and children while PDB in
individuals older than 25 years. Moreover, the bone
lesions in the first are generalized and symmetrical,
in contradiction with PDB that are more localized and
lack symmetry. Macrocephaly, short stature, sensory
and vascular disorders as well as dental deficits do not
develop in PDB. Finally, the osteosarcoma develop-
ment has never been reported in CCH, in opposition
to PDB. [7,8,12] Histologically, the trabecular bone
volume appears diminished in CCH and increased
in PDB, while the characteristic gigantic multinucle-
ar osteoclasts are present exclusively in PDB. [8,35,36]
Lastly, down to the level of pathogenesis, in PDB there
are genetic factors which involve mutations that affect
proteins RANK and p62, in addition to environmental
influence such as viral infections. On the other hand,
CCH is related to an inheritable lack or insufficient ac-
tion of the OPG protein due to gene TNFRSF11B mal-
function. [7,8,18]

9.2. Diseases that are caused by mutations in the
TNFRSF11A gene.

The TNFRSF11A gene is located at chromosomal
position 18q22.1 and is responsible for the encoding
of factor RANK. The diseases that are caused by ac-
tivating mutations of that particular gene are quite
rare, transmitted on to next generations by autosomal
dominant inheritance and resemble significantly with
the clinical image of CCH, since they also involve the
biological pathway of OPG/RANK/RANK, leading
in a similar manner to over-activation of osteoclasts.
Familial expansile osteolysis, Early-onset Paget’s dis-
ease and Expansile skeletal hyperphosphatasia are the
three known to date genetic disorders that form the
specific group of diseases. [8,19,29,37,38]

9.3. Other relevant pathological conditions
There are some pathological conditions of the skel-
eton that are very alike CCH and have to be in-

cluded in the differential diagnosis process. These
are Rickets, IBMPFD (Inclusion-Body Myopathy,
PDB,
Engelmann’s disease, Polyostotic fibrous dyspla-
sia within the McCune-Albright syndrome, type-I
Osteogenesis imperfecta, Van Buchem disease,

Frontotemporal = Dementia)  syndrome,

Sclerosteosis, Hyperphosphatasia with mental retar-
dation syndrome, Marbry syndrome, Pyle’s disease,
Pseudorheumatoied and Spondyloepiphysial dys-
plasia, Kashin-Beck disease and Transient benign
Hyperphosphatasemia. [6,33,34,36-41]

10. Therapeutic Approach

The rare nature of CCH has been an obstacle in acquir-
ing randomized controlled studies, even nowadays,
investigating the therapeutic approach of the patients.
The first patients in the 1960’s received as treatment
sodium fluoride, a medication that, although reduced
significantly serum ALP values, did not practically
improve the clinical image nor did reduce fracture
incidence. [32,42] During the following decades, suc-
cessful treatments were proven to be calcitonin and
mainly bisphosphonate agents, which directly act on
osteoclasts reducing their excessive activity. As a re-
sult, administration of these medications improved
laboratory findings and imaging and ameliorate over-
all the clinical condition of the patients. [7,17,30,43]

Calcitonin treatment was used up until late 1990's
in longtime intramuscular, subcutaneous or intrana-
sal administration protocols. At the daily dose of 100
IU calcitonin achieved a 50% reduction of serum ALP
levels and a significant pain-relieving effect. It also
decelerated disease progression, reduced the number
of fractures and improved the quality of patients’ life.
It's mechanism of action led to a reduction in bone
resorption in favor of normal bone formation and to
better mineralization, quality and density of bones.
[13,14,22,24,42]

Bisphosphonates (BPNs) were firstly introduced
in CCH treatment in 1992 by Spindler et al. [44]
and continue to be until today the current choice of
treatment, since they have proven to be more effec-
tive than calcitonin, are generally well tolerated and
have a satisfactory safety level even during longtime
treatment periods. The prompt administration of in-
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tensified treatment regimens with intravenously (IV)
administered bisphosphonates appears to produce
the most impressive results, strongly suppressing the
rate of bone turnover and therefore preventing the oc-
currence of bone deformities as much as neurological
and sensory complications. [7,17,43] Of all the previ-
ously tested protocols, cyclic IV administration of pa-
midronate appears to be superior. There is evidence
supporting its ability to reduce up to 90% serum ALP,
restore to normal values the biochemical bone turn-
over markers, significantly increase bone density,
therefore improving in whole the skeleton and even-
tually promoting child growth. [7,17,43] Adequately
good outcome had IV ibandronate in high doses. [30]
Zolendronic acid administration has been tried in
very few CCH patients but didn’t yield good enough
results. Elaborating, even though the patients demon-
strated significant clinical improvement, serum ALP
levels had a lesser reduction in comparison to other IV
bisphosphonates. Moreover, the possibility of serious
hypocalcaemia after administration was much great-
er. [43] Regarding the oral administration of BPNSs, it is
mainly reserved for older children due to better com-
pliance. Etidronate and alendronate have been used
in CCH and have yielded positive results regarding
clinical condition, histological image and laborato-
ry profile, with a significant drop in serum ALP and
urinary hydroxyproline levels. [21,24,36] As a general
observation, in CCH no BPN restores the rate of bone
remodeling to normal when administered in conven-
tional dosage and this goal can be obtained in most
cases only through higher doses. However, due to the
lack of relevant studies, specific therapeutic regimens
have not yet been defined. [30]

Another promising therapeutic approach is the
administration of Denosumab, a monoclonal anti-
body targeting the RANKL ligand and inhibiting its
binding to receptor RANK. To date only three CCH
patients have received Denosumab treatment in var-
ious schemes, with very good response to bone pain
control and bone metabolism markers improvement.
[45-47] One of the side effects that must be taken into
consideration is the risk of post administration hypoc-
alcaemia in the context of hungry-bone syndrome.
Furthermore, the drug influence on CCH complica-

tions and the safety profile during long time admin-
istration are yet to be identified. In any case, it is also
noteworthy that bone resorption inhibitors must be a
treatment for life in CCH patients, as any drug dis-
continuation is always followed by significant reacti-
vation of the disease. [47]

The administration of recombinant OPG could po-
tentially be a satisfactory “replacement treatment” in
CCH, however it is not yet used in clinical practice.
Experimental administration of the drug, firstly in
OPG knock-out mice and secondly in two patients
with CCH, resulted in complete suppression of high
bone resorption rate, milder reduction of bone forma-
tion, increase in cortical bone mass, improvement of
radiological imaging and reversal of a large part of the
bone pathology of the disease. [17,48] Mild transient
symptoms of hypocalcaemia in combination with sec-
ondary hyperparathyroidism were also in this case
the most important adverse effects. [17,48] It is impor-
tant to note that due to the mutational nature of the
disease, with concomitant OPG gene defect or even
absence, it is theoretically possible for patients to de-
velop antibodies against recombinant OPG and then
neutralize it. [4,17]

11. Natural History and Prognosis

The high rate of bone remodeling that characterizes
CCH continues to fluctuate at abnormal levels for
many years after birth, leading to constantly progres-
sive and deteriorating lesions. Therefore, if the disease
is not treated timely and adequately, it has a rapid
progress in time, with the development of marked
bone lesions and complications. The whole progres-
sion of CCH often leads to severe disability and short-
ening of life expectancy to such an extent that the dis-
ease can become fatal in the young adult life or even
childhood. [7,12,20,36] The leading causes of death in
CCH are the severe constrictive lung disease and the
accompanying infections of the respiratory system.
[27] Other causes of premature death include vascu-
lar incidents in older ages and visual disorders, due to
which the possibility of serious injuries and fractures
increases significantly. [4,7,14] In general, the clinical
course and, therefore, the prognosis of CCH depend
completely on the severity of each phenotype, the age
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of disease onset and the type of treatment intervention
to be followed in each patient. [24]

12. Conclusions

CCH is an exceptionally rare inherited clinical entity
that deranges bone metabolism and becomes appar-
ent in infancy and early childhood. The disease pre-
sents with variable phenotypes of different severity
and demonstrates an excessively high rate of bone
turnover throughout the skeleton, resulting in the
replacement of normal osseous tissue by patholog-
ical, insufficiently mineralized and reduced strength
bone. That functional and histological upheaval is
the reason for the serious, generalized and progres-
sive bone deformities, the excessive increase in frac-
ture frequency and the development of severe phys-
ical and neurological disabilities that influence in a
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The role of skin grafts in the treatment

of hand syndactyly in childhood

Nikolaos G. Markeas, Dimitrios Begkas, Panagiotis Touzopoulos, Leonardos Benakis

2nd Department of Orthopaedics, Athens Children’s Hospital “P. & A. Kyriakou”

ABSTRACT

Syndactyly of the hand is a frequent congenital anomaly with remarkable diversity. Medical community
has been concerned about its treatment since the 19th century and many skin graft repair techniques have
been proposed. There is, however, a strong reflection on their value. Between 2007 and 2016, 38 cases of
hand syndactyly were treated in our clinic, in 25 children with an average age of 2.4 years. Twelve of these
deformities were unilateral and 13 were bilateral. All cases were surgically repaired. Finger separation was
done at the 3rd interdigital web space in 24 hands and at the 4th interdigital web space in 14 hands. In thirty-
two cases syndactyly was simple and in 6 complex, while in 26 cases syndactyly was complete and in 12
incomplete. After finger separation, a free skin graft from the flexor surface of the wrist joint was used to
cover the skin defects of one complex and 12 simple deformities. The abdominal area was preferred as a skin
graft donor area in 14 simple and 5 complex deformity cases. In 6 cases of simple incomplete syndactyly, free
skin graft repair was not required. In the follow-up which ranged from 6 months to 4 years, the results were
generally considered satisfactory and all hands had excellent functionality. However, in 4 patients (15.8%), a
slight extension of the newly formed interdigital web creep was noted, regardless of the graft donor area and
the result was considered fair. In 4 hands (10.5%), where superficial inflammation of soft tissue developed,
the end result was good. In conclusion, full thickness skin grafts are considered necessary to cover finger
separation defects. The selection of the donor area is left to the surgeon’s wish, as no significant correlation
has been found with the final functional and cosmetic result. However, the use of a future technique where
the use of skin grafts will not be required is under consideration.

Keywords: syndactyly; skin grafts; surgical plan

Introduction a syndrome, such as those of Poland or Apert [1-4].
Hand syndactyly is one of the most common congen-  Syndactyly exhibits great diversity, whereas the phe-
ital deformities. Medical community has been con-  notype may involve one or both of the hands, or even
cerned about its treatment since the 19th century. It  the lower extremities. It may also be symmetrical or
may appear as an individual condition or as part of = asymmetric, simple, complex or complicated, com-
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Simple, Complete

Simple, Incomplete

Complex Complicated

Fig. 1: Types of hand syndactyly, depending on the size (incomplete, complete) and the participation or not of bony

structures (simple, complex, complicated)

plete or incomplete (Figure 1) [5, 6].

Most cases are inherited in an autosomal dominant
pattern, although cases of autosomal or X-linked re-
cessive inheritance have rarely been observed [7].
Despite the great progress in understanding the clin-
ical and molecular identity of this deformity, little is
known about its true pathogenesis [8]. Thus, the re-
search interest in syndactyly for the coming years is
obviously great.

The purpose of surgical treatment is to separate the
joined fingers and ensure the skin flaps. From the ear-
ly 19th century to date, there has been great progress.
Since the beginning of the 20th century, the simple
straight incision of the fingers with simultaneous mo-
bilization of the local flaps was quickly replaced by
the use of free skin grafts. In recent decades, using the
zig-zag method and creating triangular flaps, along
with wider use of grafts, many of the problems of the
first period have finally found their solution [9, 10].

Creating of a sufficient size and correct shape flap
for the formation of the interdigital web creep, can
have a prominent role in obtaining two independent
and functional fingers. This should not cause stiffness,
bending or rotational deformities. Various techniques
have been developed for this purpose [11]. However,
for optimal cosmetic and functional results, in addi-
tion to familiarizing with the correct surgical tech-
nique, it is necessary to select the appropriate graft to
cover skin defects [12].

The graft may be taken from the proximal or a re-
mote body region, with the prospect of being direct-
ly incorporated with the skin of the recipient region,

without forming shrinkage scars and impeding the
functionality of the hand. The ulnar side of the wrist
offers the best graft [13]. Other areas that have the po-
tential to give an optimal full thickness graft are the
femoroinguinal area [14-16], the forearm, the inner
surface of the arm or the anterior surface of the thigh
[14], and the foreskin in infants who are subjected to
circumcision at the same time [17].

However, there is a tendency on the part of re-
searchers to avoid using grafts, making sure to save
as much skin as possible from the already existing [18-
26]. Sometimes they resort to the use of an external
device for soft tissue dilation before the programmed
separation of the fingers [27, 28]. In cases of syndacty-
ly that accompanies polydactyly, the excess skin from
the supernumerary finger that is going to be exclud-
ed, is sufficient to cover any defect [29]. Full thickness
free skin grafts are preferred, as compared to the split
thickness skin grafts, as they are responsible for 7.5%
of failures compared to 60% of failures respectively
[30].

On the following lines, we review our ten-year clin-
ical experience, looking for ways to better repair these
deformities, especially the most difficult ones, and
discuss the prospect of improving our technique.

Patients and Methods

Between January 2007 and December 2016, thir-
ty-eight hand syndactyly cases in 25 children (14 boys
and 11 girls) with an average age of 2.4 years (ranging
from 9 months to 7 years) underwent surgical treat-
ment in our department. Twelve unilateral (6 right
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Fig. 2: A 1-year-old female infant
with a simple-incomplete syndactyly
at the 3rd in-terdigital web space of
the left hand (patient 8).

Fig. 3: A 2.5-year-old male toddler with a simple-complete syndactyly at the 4th inter-digital web space of the left hand
(patient 19). a) Preoperative clinical picture b) A hand x-ray where the presence of a deltoid middle phalange of the

small finger is indicated (arrow).

and 6 left hands) and 13 bilateral deformities were
repaired. Finger separation was done at the 3rd inter-
digital web space in 24 hands (Figure 2) and at the 4th
interdigital web space in 14 hands (Figure 3). From
our study were excluded children who suffered from
Apert syndrome and syndactyly cases in patients
with polydactyly. Thirty-two deformities were simple
and 6 complex. Twenty-six of them were complete
and 12 incomplete (Table 1). After finger separation, a
free skin graft from the flexor surface of the wrist joint
was used to cover the skin defects of one complex and
12 simple deformities (13 complete syndactyly cases).

The abdominal area was preferred as a skin graft do-
nor area in the case of 14 simple and 5 complex de-
formities (13 complete and 6 incomplete syndactyly
cases). In 6 cases of simple incomplete syndactyly, free
skin graft repair was not required.

Surgical technique

Under general anesthesia and the application of a
pneumatic tourniquet, the hand is properly cleaned
with an antiseptic solution and the skin incisions are
designed, both on the dorsal and palmar surface. Res-
ervation of sufficient dorsal skin flap is of great impor-
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1 Syears/M Abdomen  Simple Incomplete  Bilateral/3rd & months

2 1lyear/F Wrist Simple Complete Left/3rd 24 months  Web creep Fair

3 0.9vyears/F Wrist Simple Complete Right/3rd 36 months Nil Good
4 Gyears/M Abdomen  Simple Incomplete  Bilateral/3rd & months il Good
& 2vyears/M Wrist Complex  Complete Right/3rd 4% months il Good
&  4vyears/M Abdomen  Simple Complete Left/3rd 36 months Mil Good
7 15yearsfF Abdomen  Simple Complete Rightfard 24 months  Web creep Fair

8 1yearfF Abdomen  Simple Incomplete  Bilateral/3rd & months il Good
9 15yearsfM Wrist Simple Complete Left/dth 4% months Infection Good
10 25vyears/M Abdomen Complex  Complete  Bilateral/dth 12 months Nil Good
11 1yearfF Wrist Simple Complete Right/3rd 36 months Wil Good
12 0.9 years(F No graft Simple incomplete  Bilateral/dth 24 months Web creep Fair

13 7 years/M Abdomen Simple Complete Bilateral/3rd 9 months Nil Good
14 1vyear/F Wrist Simple Complete  Bilateral/3rd 48 months Infection Good
15 1year/F No graft Simple Incomplete  Bilateral/4th 12 months il Good
16 L5 vyears/F Wrist Simple Complete Left/4th & months il Good
17 2 years/M Abdomen  Simple Complete  Bilateral/dth 48 months Mil Good
18 3 years/M Abdomen Complex  Complete  Bilateral/3rd 48 months il Good
19 2.5 years/M Wrist Simple Complete  Bilateralfdth 9 months il Good
20 L5vyears/F Mo graft Simple Incomplete Left/3rd 48 months il Good
21 1vyear/F Wrist Simple Complete  Bilateral/3rd & months il Good
22 A45years/M Abdomen Complex  Complete Left/3ard 24 months il Good
23 2 yearsfM Abdomen  Simple Complete  Bilateralf3rd 12 months  Web creep Fair

24 L.5years/M Wrist Simple Complete Right/dth 4% months Wil Good
25 35vyears/M  Nograft Simple Incomplete Right/dth 9 months Infection Good

Table 1 Patients’ data of the study

tance in creating the interdigital web creep. Zig-zag
incisions are used in order to form triangular flaps
and cover the adjacent surfaces of separated fingers
(Figure 4). During finger separation, great care is also
taken to ensure the integrity of the neurovascular
bundles. Magnifying surgical loupes are required for
this reason. In complex deformity cases, thin metal os-
teotomes are used to separate the bones.

In order to obtain full thickness skin grafts and cov-
er the skin deficits before surgery begins, we select as
donor area either the flexor surface of the wrist joint
or the abdominal area over the femoroinguinal crease.

46

Skin incision is spindle-shaped and during grafting
we take care to remove subcutaneous fat (Figure 5).
We also recommend making the graft discontinuous,
with thin parallel incisions, made with a No.15 scalpel
blade. Suturing of skin flaps and grafts in the recipi-
ent regions is performed according to the principles
of Plastic Surgery using non-absorbable sutures, pref-
erably 4-0 or 5-0 nylon (Figure 6). We do the same for
repairing the donor area.

Bleeding is checked, the pneumatic tourniquet is re-
moved and the hand is covered with gauze dressings.
Then it is immobilized using cotton and elastic band-
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Fig. 5: A full-thickness skin graft from the abdominal area over the femoroinguinal crease. a) A spindle-shaped skin
incision b) Removal of the subcutaneous fat from the graft before it is separated from the donor area.

Fig. 6: Middle finger-ring finger separation in a patient with a simple-complete syndactyly of the left hand (patient
21). a) Triangular flaps and taking of full-thickness graft from the flexor surface of the wrist joint b) Suturing of the
triangular flaps and grafts for covering skin deficits according to the principles of Plastic Surgery.
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Close to normal

Hypopigmented
Mixed
Hyperpigmented

Pliability

Close to normal

w N = O

Supple
Yielding
Firm

Banding

Ui B W N = O

Contracture
Height
Flat

<2 mm

2-5 mm

w N = O

>5mm

Vascularity
Normal
Pink
Red

N = O

3 Purple

Table 2 Vancouver Scar Scale

ages in the shape of a boxing glove. Wound dressings
are changed after 7 and 10 days, while the sutures are
removed after 2 weeks. Complete return of the patient
to normal activities is allowed after 4 weeks.

Fig. 7: Grading of the length of a newly formed interdig-
ital web creep according to the Withey grading system
(2001) on the left hand of the patient 21, six months after
finger separation. On the basis of the above system's cri-

teria, the result was excellent.

0 Soft web, abduction mirrors the
adjacent web or equivalent web
on the other hand

1 Thickening of the web without
advancement

2 1/3 web creep recurrence of
distance from palmar MCP to PIP
joint crease

3 2/3 web creep recurrence of
distance from palmar MCP to PIP
joint crease

4 Web creep recurrence of the full
extent from the palmar MCP
crease to PIP joint crease

Table 3 Grading of web creep modified according to
Withey et al (2001)

Results

During patient follow-up which ranged from 6
months to 4 years, the results were generally consid-
ered satisfactory. According to the clinical criteria of
the Vancouver Scar Scale (Table 2), which takes into
account the possibility of skin pigmentation, the pres-
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ervation of its elasticity, the length of the interdigital
web creep and the vascularity of the separated fin-
gers, no serious changes were found.

According to the Withey modified grading system,
regarding the size of the newly formed interdigital
web creep, four patients were found to have a small
degree of elongation (Figure 7, Table 3). One of them
was a 12-month-old female infant with a simple-com-
plete syndactyly at the third interdigital web space of
left hand. Another patient was an 18-month-old fe-
male infant with a simple-complete syndactyly at the
third interdigital web space of right hand. A third pa-
tient case was about a 9-month-old female infant with
a simple-incomplete syndactyly at the fourth interdig-
ital web space of both hands. In the first case, a free
skin graft from the area of the wrist joint was used,
in the second case the donor area was the abdomen,
while in the third case no skin grafts were needed. Fi-
nally in a 2-year-old boy with a simple-complete syn-
dactyly of his both hands at the third interdigital web
space, where a skin graft from the abdominal area was
used, a slight interdigital web creep elongation was
also observed. In all these cases (15.8%), the results
were found to be fair.

Four hands (10.5%) developed superficial soft tissue
inflammation and were successfully treated with fre-
quent wound changes and antibiotics. In these cases,
the end result was considered good.

Discussion

Our study did not include syndactyly cases accom-
panied by polydactyly due to the need to compare
similar deformities. We also did not include cases be-
longing to syndromes (Apert or Poland) because they
were few in number and could not be statistically
evaluated. In this study were included cases of incom-
plete or complete, simple or complex syndactyly. Pa-
tients with complicated syndactyly were transferred
to a special center where they could be treated by a
medical team of Plastic Surgery.

The average age of our patients was 2.4 years, while
all of them were older than 9 months old. For the re-
construction of simple syndactyly, patients aged over
6 months old are preferred, although many authors
prefer ages over 18 months old [31]. We believe that

choosing the right timing is of vital importance be-
cause it prejudges the good result. In Greek reality,
it is common for parents to put pressure on doctors
for early reconstruction of the deformity, if possible
in the first few weeks after birth. Such cases must be
handled wisely.

We have established our technique for the past 15
years and we are very satisfied with the results. How-
ever, we would gladly accept any new technique that
could facilitate finger separation or avoid the use of
skin grafts. We consider the careful removal of fat
from the graft as important as its discontinuous mod-
ification with thin parallel incisions. We prefer the use
of nylon sutures because they are monofilament and
leave smaller scars, although general anesthesia is
often required in order to be removed. After comple-
tion of skin suturing, we release the tourniquet band.
If we detect poor blood flow, we cut the sutures that
are considered responsible. In cases of synonychia, we
proceed to a detailed separation of the distal phalan-
ges, making sure to cover the created skin deficit by
graft, according to the literature guidelines [32].

In order to select a full thickness skin graft instead
of a split thickness, we did not have the slightest hesi-
tation, as we are convinced that the chances of failure
of the technique are more with the second option [30].
A split thickness skin graft was not used in any of the
study patients. Regarding the color of graft, we did
not notice any problems, although grafts from the ul-
nar surface of the wrist are considered the safest [33].

The goals of the proper management of syndacty-
ly are: a) to create an interdigital web creep without
shrinking, bending or rotational deformities of the
separated fingers and b) to cover skin deficits with the
appropriate grafts. Some authors consider the second
goal to be of prime importance [34]. However, com-
plications of inability to achieve the first goal are not
uncommon [35].

In childhood syndactyly cases, techniques that give
excellent results to adults, such as the use of bilobed
flaps from the dorsal surface, as described by Sahin
et al. [36], have not yet been used. However, we must
bear in mind that the right choice of the donor area
may limit the possibility of other complications. The
inguinal region is selected to refer to a region away
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from the mons pubis in order to avoid unacceptable
hair growth [14]. The inner surface of the arm has
been almost abandoned because it is implicated in
the formation of an ugly scar in the donor area. In the
literature, there are many articles suggesting different
donor areas for skin grafts [13,33] and others with are-
as to be avoided [37-39]. In an attempt to replace flaps
with the V-Y technique that is quite popular in finger
separation [21,40], Aydin and Ozden [18] suggest a
pedicle vascular flap to create a secure interdigital
web creep.

The short patient follow-up (6 months to 4 years) is
perhaps the weak point of our work, but we intend to
reassess these cases along with the registration of new
patients after a reasonable period of time. Dao et al.
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ABSTRACT

Hip replacement is a successful operation. The increase of life expectancy increased also the number of patients

with hip arthritis. It also highlighted the need to produce implants that would last longer. This mini review

article provides information about the important role of bearing surfaces in the longevity of hip replacements

as well as their evolution over time.

Keywords: hip replacement; bearings; longevity; ceramics; polyethylene; vitamin E

Introduction
More than a century has passed since 1891, when Dr
Themistocles Gliick performed the first total hip re-
placement [1]. Innovation and research generated
by the growing need of arthritic patients to maintain
a good quality of life, led to the introduction of the
first modern, low friction, total hip replacement by Sir
John Charnley [2]. His pioneering work laid the foun-
dation to an industry expected to be worth 9.1 billion
dollars by 2024 [3]. Numerous types of fixations, var-
ious prosthesis shapes and different bearing surfaces
have been introduced since then. Their overall results
were good enough to make total hip replacement one
of the most popular and successful operations in or-
thopaedic surgery.

However, apart from good functional outcome and
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pain alleviation, component survival has also been a
concern. The increase in life expectancy increased also
the number of people suffering from arthritis. In addi-
tion, it highlighted the need for implants that would
last long enough and prevent younger patients from
having revision surgery.

Numerous studies demonstrated that the survival of
hip arthroplasty implants was inversely proportional
to the size and number of static and dynamic loads
they bear. Longevity could therefore vary according
to patient body weight, age and lifestyle [4,5,6]. More-
over, implant wear is related to the material and size
of the load bearing surfaces [7,8].

Aseptic loosening is the primary cause for hip revi-
sion. This devastating complication is resulting from a
particle disease caused by femoral head movement on
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the acetabular liner [9]. Tribology was used to inves-
tigate the reasons causing osteolysis. The latter is the
science that studies the behavior of various materials
that are in relative motion. It is considered fundamen-
tal for the study of prostheses survival and the devel-
opment of new bearings.

The bearing surfaces used in modern hip replace-
ments are either ceramic on ceramic (CoC), metal on
polyethylene (MoP) or ceramic on polyethylene (CoP).

CoC bearings exhibit increased hardness and scratch
resistance. These features warrant optimal lubrication
thus lowering friction and consequently preventing
debris accumulation. Furthermore, CoC allow the use
of larger femoral heads irrespective of the thickness
of the acetabular liner. Thus, greater femoral head-
neck ratio and increased jump distance are achieved
that offer better range of motion and improved sta-
bility [10]. Hernigou et al found an additional reason
for CoC’s lower dislocation rate. He observed that the
capsule in COC bearings was thicker, thus providing
greater stability than the elastic tissue seen when pol-
yethylene cups are used. He therefore attributed the
lower dislocation rate to a different joint capsule his-
tology. [11].

The major weaknesses of CoC bearings are their
brittleness, high cost and the production of annoying
squeaking sounds. Brittleness of alumina ceramics
was a big concern when CoC were first used. That is-
sue was addressed with the introduction of strontium
oxide platelets and zirconium particles. Consequent-
ly, the incidence of fractures dropped significantly
from 0.021% to 0.003% [12]. However, their relatively
high cost and squeaking sound issues have yet to be
addressed.

MoP was first introduced by Sir John Charnley
in 1961. Ultra high molecular weight polyethylene
(UHMWPE) is a material with chemical inertness,
low antigenicity and low friction coefficient. These
advantages made it the most popular bearing in hip
arthroplasty. However, despite the good post-opera-
tive outcome, the wear rate of UHMWDPE was consid-
erably high. The articulation between the metal head
and UHMWPE produced significant amount of wear
particles that induced an inflammatory response.
Consequently, osteolysis and loosening occured that

ultimately increased the need for revision surgery.

The development of highly cross-linked poly-
ethylene (XLPE) offered solutions to the problems
caused by UHMWPE and played an important role
in retaining the popularity of MoP [13,14,15]. XLPE is
the outcome of a process responsible for altering the
molecular structure of polyethylene, thus making it
more durable to adhesive and abrasive wear. Some
studies even suggested that it decreased wear in vitro
by 92%[16]. These properties instigated a remarkable
decrease of linear penetration and volumetric wear,
even though the former is also affected by the size of
the femoral head. The incidence of osteolysis and im-
plant loosening decreased by 69.4% at 15 years after
primary hip replacement [14]. Moreover, XPLE de-
creased the revision rates of Mol to an extent that they
are now comparable with other modern bearings [13].

MoP continue to be the most commonly used bear-
ings in hip arthroplasty, however they are not any-
more the most common in young patients. Next gen-
eration XLPE may have offered peace of mind to ar-
throplasty surgeons, however CoC exhibit lower rates
for revision, osteolysis, aseptic loosening and disloca-
tion [17,18,19,20]. The superiority of CoC is indisputa-
ble but the issues of squeaking and brittleness are still
preventing surgeons from using it. In fact, over the
last 7 years arthroplasty surgeons exhibit a steadily
increasing preference for CoP bearings, especially in
younger patients [13].

CoP bearings combine the properties of ceramics
and next generation XLPE. They are hard-on-soft
bearings linked with considerably lower fracture risk
than CoC. Furthermore, they have not been linked yet
with squeaking sounds [21]. CoP have similar Harris
hip scores, loosening rates and dislocation rates with
CoC [22]. However, due to volumetric polyethylene
wear being dependent to the size of femoral heads,
ceramic heads larger than 36mm are not recommend-
ed [13]. Moreover, they have higher survival rate than
MoP and CoC, even though their wear rate is higher
than CoC [23].

Second generation highly cross-linked polyethyl-
ene use vitamin E as an antioxidant to further reduce
polyethylene oxidization. Since they have been in the
market for less than 10 years, only a small number of
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studies have investigated the survival of these com-
ponents. Apart from preventing polyethylene oxi-
dization, vitamin E diffusion is believed to improve
fatigue strength, reduce the biological activity of wear
debris and lower the risk for infection [24]. A recent
study about the 5-year in vivo experience with vita-
min E diffused XLPE, showed that the latter demon-
strated lower head penetration compared to non-vi-
tamin E diffused liners [25]. Moreover, other studies
demonstrated that second generation XPLE were su-
perior to older polyethylene liners in restraining dam-
age caused after neck and liner impingement [26].

Discussion

MoP remains the most used bearing in hip arthroplas-
ty. But this is because the majority of people having
hip replacement are over 70. In young patients there
is an evident preference towards using ceramic bear-
ing surfaces. Since their issues with brittleness and
squeaking haven’t been solved there was a need for
a third option. The production of XLPE made CoP

bearings a good option for young people that need
implants with greater longevity.

Conclusion

Even though the information coming for vitamin
E diffused polyethylene is promising, more time is
needed to understand if the perfect polyethylene has
been created. However, it is safe to say that with the
application of new materials and the gradual drop of
revision rates we are on the right track for making hip
replacement an even more successful operation.
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ABSTRACT

The treatment of early onset scoliosis is a challenge because of the need to correct the deformity of the spine

without using the traditional systems that require spinal fusion at this age. The conservative treatment of

early onset scoliosis with brace is usually not effective but can help to postpone the surgical treatment at

a time closer to skeletal maturation. The surgical procedure includes systems that do not fuse the spine
but allow for further growth. These systems can be (a) the growing rods, (b) the guided rods and (c)
compressive-based. These systems are a good option for the treatment of childhood scoliosis, but as they

are not «protected» by a bone spine fusion they are subject to ongoing stress and forces. As a result, there is
a higher failure rate of materials compared to the traditional fusion systems.

KEY WORDS: early onset scoliosis; thoracic insufficiency syndrome; growing brace for scoliosis; growing

rods; guided rods; compressive-based system

Introduction

Scoliosis is a three-dimensional deformity of the spine
in which there is a shift of the vertebrae, and abnormal
curves that are mainly at the side of the spine. This
deformity can be observed in children before puber-
ty. In some cases, the scoliosis is progressive, and the
deformation of the rib cage can affect the develop-
ment of pulmonary alveoli. During this period there
is a need to protect the rib cage from deformation and
lessen the effects on the pulmonary parenchyma. On
the other hand, we can’t correct the deformity with
spinal fusion and suspend its development because
that will limit the growth of the rib cage, causing ob-
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structive pulmonary disease. The inability to interfere
in scoliosis developed in young children can lead to
serious scoliosis with serious co-morbid obstructive
pulmonary disease. For all the above reasons these
deformities are a distinct clinical entity termed «early
onset” scoliosis and appears before the age of 10". The
way the scoliosis is going to develop depends on the
etiology (congenital, neuromuscular, syndromic, i.e.
neurofibromatosis, and idiopathic). Some syndromic
scoliosis with congenital anomalies such as asphyxi-
ating thoracic dysplasia (Jeune’s Syndrome) and the
vertebra-rib dysostosis (Jarcho-Levin-Syndrome) will
take a very special and demanding treatment.
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Figure 1. Treatment with a growing brace (A). The initial scoliosis of a girl of 1 years old with left thoracolumbar curve was

33° (B) and after 1 year of bracing that improved at 12° (C).

Thoracic insufficiency syndrome

The goal of the treatment of early scoliosis is to stop
the deterioration of scoliosis into severe deformation
and to prevent the syndrome of thoracic insufficien-
cy? The number of pulmonary alveoli grows rapid-
ly until the age of 2 years, and then continues to in-
crease at a slower rate until the age of 8 years. After
this age the cells increases in size but not in number®.
Therefore, any deformation or reduction in the elas-
ticity of the thoracic cage affects the development of
the respiratory parenchyma and therefore the respira-
tory function. The restriction of the lung parenchyma
causes arterial pulmonary hypertension that leads to
life-threatening diseases, i.e. pulmonary heart, heart
failure*. This pathological condition is called syn-
drome of thoracic insufficiency. It seems that there is a
direct correlation of respiratory function with the level
of the T1-T12 vertebrae, in children who were subject-
ed to spinal fusion due to congenital scoliosis. In these
children a decrease of the pulmonary vital capacity of
50% was observed after spinal fusion. In fact, in chil-
dren younger than 8 years of age who were subjected
to spinal fusion, the vital capacity decreased by 60%.
These studies revealed that the height of T1-T12 must
be greater than 20 cm in order to avoid the syndrome
of thoracic insufficiency®. Therefore, in these ages spi-
nal fusion is prohibitive because it reduces the vital ca-
pacity of the lungs. The spinal fusion, also, decreases

the elasticity of the thoracic cage, which acts negative-
ly on the respiratory function®”. In addition, in chil-
dren of this age, with a great expectancy of growth,
treatment with posterior instrumented spinal fusion
can cause the crankshaft phenomenon. This is a new
rotation deformity that develops after spinal fusion,
due to the growth of the body of the vertebra, which
cannot be restrained by the posterior instrumented
spinal fusion. Last contraindication for spinal fusion
in early scoliosis is the asymmetry of the torso-limb
that can be caused by the spinal fusion.

Treatment

Conservative treatment

The conservative treatment has poor results in terms
of evolution of childhood scoliosis because it can’t stop
the progression of scoliosis. However, it is a useful
tool because a) it can help the patient with hypotonia
stay in the sitting position, b) it can control the second-
ary curves in patients with congenital scoliosis and c)
it saves us some time before deciding upon a more
active intervention'. For the conservative treatment
brace of the spine, thermoplastic seat, back props,
and casts of the spine can be used. In addition, spe-
cial physical therapy programs such as SCHROTH,
SEAS, and SCOLISMART can be helpful. The brace
of the spine can be hard or soft. The hard brace is the
most widely used and documented over time. The
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Figure 2. Procedure of serial casting for early onset scoliosis.

Figure 3. A young girl of 10 years with neurofibromatosis

treated with growing rods.

most common type is the Boston and the Cheneau
brace. Attempts have been made to treat the scolio-
sis with soft braces (i.e. Spinecor, Scolismart), but they
did not prove their effectiveness. The traditional hard
scoliosis braces can have some good results in idio-
pathic scoliosis and in some syndromic scoliosis with
characteristics of idiopathic scoliosis. On the contrary,
the hard brace has poor results in neuromuscular and
congenital scoliosis. A brace for scoliosis, applied to
a child less than 3 years old will need to be changed
every 4 months due to the development of the spine.
In adolescence the brace needs to be changed every

1 %2 years. This increases the costs of bracing during
childhood. For this reason, in our clinic we have de-
signed and used a type Boston or Cheneau growing
brace which consists of two parts. The first part is ap-
plied to the pelvis, and the second part is applied to
the torso and connects with the first part with three
metal plates (Fig. 1). Using these plates, we can in-
crease the brace’s height every 4 months. We can re-
peat this increase in height 2-3 times, in order to keep
the brace for 1 to 1 V2 years. These braces have been
used since 2012 in 4 kids with success. In case that the
scoliosis cannot be controlled by a brace, the next step
is the use of a serial spinal cast. In this case, a plaster
cast is placed to the child under general anesthesia.
The child is placed at a type Cotrel-Dupusett table of
traction and a plaster cast is applied. Special care is
needed not to squeeze the viscera with the cast by cre-
ating windows of relief (Fig. 2). This cast needs to be
changed every 2 months. The complications that can
be observed with conservative treatment are pressure
of the abdominal viscera, reduction in the glomerular
filtration rate, a slight decrease in the volume of the
lungs, tubular thorax, flattening of the lumbar spine
and psycho-social disorders.

Surgical treatinent

When the conservative treatment is unsuccessful sur-
gical treatment is needed. Surgical treatment at this
age includes systems of correction of the spine with-
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Figure 5. A young boy of 3 2 years old with Stickler syndrome treated with MAGEC system (courtesy by Colin Nnadi).
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out spinal fusion. These systems can be divided into
three categories: systems with growing rods, systems
with guided rods and compression-based systems’.
The traditional growing rods belong to the growing
rods of the first category of systems, that need to be
distracted, manually, every 6 months under general
anaesthesia. This system is placed by posterior ap-
proach by pedicle screws at two vertebrae above and
two below the scoliosis. The rods have a mechanism
that allows lengthening (Fig. 3). The fixation of the
rod to the vertebrae, other than screws, can be done
with hooks, sublaminar wires (or straps), or with rib
rings. The most powerful support is achieved with
the pedicle screws. Each support system has its bi-
omechanical peculiarities and it is useful to have
alternative options in case it is not possible to place
pedicle screw or because we need to preserve the
elasticity of the correction system that we use. These
traditional growing rods are the «gold standard» of
surgical treatment of childhood scoliosis. The system
VEPTR (Vertical Expandable Prosthetic Rib) also
belongs to the first category of systems with grow-
ing mechanisms®. This system, basically, is a mech-

Sekouris Net al. Spinal deformity in children

Figure 6. A girl of 8 years old treated with Apifix EOS system.

anism of stretching of the ribs. This system is fixed
to the upper thoracic cage with rib rings and to the
lower part of the scoliosis either with rib rings, pedi-
cle screws or pelvic hooks (Fig. 4). The lengthening
needs to be made manually every 4-6 months under
general anesthesia. This system has limited effec-
tiveness in the correction of scoliosis, but it is a good
choice for patients with rib fusion and a restrictive
chest cage (i.e. Jeune’s Syndrome). In order to avoid
recurrent surgeries in children, a new system, the
MAGEC (Magnetic Expansion Control), has been
designed. This is placed with pedicle screws like the
classic growing rods, but the MAGEC rods have a
magnetic mechanism that allows lengthening with
a remote control at the outpatient department'*!'*?
(Fig. 5). Similarly, the APIFIX-EOS system was de-
signed consisting of a self-growing rod that is placed
in the concave side of the scoliosis by pedicle screws
above and below the curve (Fig. 6)*'%. The lengthen-
ing of this rod is made mechanically with the move-
ment of the torso and with special physical therapy.
Also, a similar system, EURO V2, designed by Lotfi
Miladi, is placed with special sacroiliac screws and
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Figure 7. A girl of 10 years old treated with EUIRO V2
system.

4 hooks at the upper part of scoliosis. The rods have
a mechanism that allows the lengthening following
the growing of the spine (Fig. 7).

In the second category includes the guided rods.
The Luque-Trolley was the first system of this
class and consists of two rods which are fixed in
the spine with sublaminar wires. The wires can
slip on the rod following the growing of the spine.
This system is low cost and used since the 1970s
with satisfactory results. However, the extensive
subperiostal approach that needs to be done to
place it can lead to early spontaneous spinal fu-
sion. Later systems such as the Shilla™®'? and the
Modern Trolley are placed with a minimal ap-
proach. The system of Shilla has special pedicle
screws that slide on the rod, like the sublaminar
wires (Fig. 8), while the Modern Trolley is consists
of pedicle screw with a head from polyester that
are connected to and slip on the rods.

The third category includes the compression-based
systems: Vertebral Body Stapling® and Vertebra Body
Tethering?. These systems affect the growth of the
spine by hemiepiphysiodesis in a similar way as in
the treatment of varus or valgus knee. The hemiepi-
physiodesis includes the curved part of the scoliosis
in order to stop the growing of the convex side of

Figure 8. A young boy with neurofibromatosis of 6 years
old treated with Shilla system.

the spine and to leaves the concave side free to grow
correcting the scoliosis. The hemiepiphysiodesis of
the vertebrae can be made with buckles (stapling) or
dynamic fusion systems (tethering) which are placed
by anterior approach (open or thoracoscopic). These
systems modify the growing of the vertebra and use
the viscoelastic properties of the intervertebral disc to
correct the scoliosis. Therefore, these systems are used
also for adults.

The materials of all these systems implemented
at children without a spinal fusion undergo con-
tinuous forces because they are not protected by
a spinal fusion. For this reason, these systems are
prone to complications of failure of materials such
as fracture of the rod (15%) and failure of the upper
support (up to 95%)'¢1"18. Breakage of the pin of the
magnetic mechanism has been observed with the
use of the magnetic rod (MAGEC). With the com-
pression systems subcorrection or overcorrection of
scoliosis has been observed, because it is difficult
to calculate the correct age to use these systems.
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Also, breakage of the connective belt between the
screws has been observed with these systems. The
surgical revision of these systems is particularly
difficult due to the anterior approach. Metallosis of
growth-guided systems has been observed due to
friction of materials. Another complication that may
occur is wound infection (6.7%, of which 67% will
need surgical debridement). Other complications
include early spontaneous spinal fusion (that may
occur due to the surgical approach), and junctional
kyphosis (that may occur due to the sagittal imbal-
ance and due to the increased «hardness» of the sta-
bilized part of the instrumented spine). Although
the new systems do not require regular revisions
per semester, they may often need non-scheduled
re-operations but, these are fewer compared to
these needed with the classical system. We always
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need to bear in mind is the psycho-social conse-
quences of the repeated operations to the children.

Conclusion

The treatment of early onset scoliosis is a challenge
because of the need to correct the deformity of the
spine avoiding the spinal fusion with the traditional
systems. The new systems offer new options to treat
children with scoliosis and avoid the spinal fusion.
Still the perfect system has not been invented. Every
spine surgeon has to choose the system he is going
to use to each individual child, and hence choose the
complications he will encounter.
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CASE REPORT

Bizarre parosteal osteochondromatous
proliferation (Nora’s lesion) affecting
the distal end of femur: a case report
and review of the literature
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2nd Department of Orthopaedic Surgery, ’G. Gennimatas’” General Hospital, Athens
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ABSTRACT

Bizarre parosteal osteochondromatous proliferation (BPOP) or else Nora's lesion, as it is commonly known,
was first described by a pathologist named Nora in 1983. Typically this rare disease is occurred in the
small tubular bones of the hands and feet and especially in the proximal and middle phalanges as well
as the metacarpal and the metatarsal bones. Here we present a case of a young female with a distal femur
lesion originally thought to be an exostosis. A 19-year old, Caucasian female was referred to our outpatient
clinic complaining of pain at her right femur. Plain x-rays revealed a 1.25cm, well - delimited, ossified,
rounded mass with edema around it. Computed tomography showed a lesion in contact with the femoral
metadiaphysis and surrounding by a slight thickening of the cortex. This lesion was more compatible with
the presence of an exostosis. Based on the magnetic resonance imaging, the clinical and radiological findings
the lesion seemed to represent BPOP. The isotope bone scan showed nothing pathological in other regions
of the skeleton. The patient was taken to the operating room for resection of her bone lesion. The diagnosis
of BPOP was confirmed by pathologic examination.

KEY WORDS: Bizarre parosteal osteochondromatous proliferation (BPOP); Nora's lesion; Femur

Introduction sion was first published in The American Journal of
Bizarre parosteal osteochondromatous prolifera-  Surgical Pathology and reported 35 cases of BPOP
tion (BPOP) or else Nora's lesion, as it is commonly  of the hands and feet [1]. Since then, over 200 cases
known, was first described by a pathologist named  of Nora's lesion have been presented in the litera-
Nora in 1983 [1]. His paper about this unique le-  ture, very few of which have affected the femur as
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Figure 1: Initial anteroposterior and lateral femur radio-
graphs demonstrating a 1.25cm, well — delimited, ossified,
rounded mass that was arising from the medial cortical as-
pect of the distal third of femoral diaphysis, above the medial
femoral condyle

in the case of our patient.

Typically this rare disease is occurred in the small
tubular bones of the hands and feet and especially
in the proximal and middle phalanges as well as the
metacarpal and the metatarsal bones [1]. But other
more uncommon sites have been described. In 1993,
almost 10 years after Nora, Meneses reported 65 cas-
es of bizarre periosteal osteochondro-matous pro-
liferation [2]. Seventeen out of these cases involved
the long bones. Six lesions involved the ulna, three
the radius and the femur and two the tibia and the
fibula. Even more rare sites that have been reported
in the literature are the mandible, maxilla, sks skull
and the sesamoid bones [2, 3, 4, 5].

Nora’s lesion is occurred to a wide range of age.

Figure 2: CT findings. Coronal and axial images show a
lesion in contact with the medial aspect of the femoral meta-
diaphysis, surrounded by cortex. Around the lesion was rec-
ognized a slight thickening of the cortex
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Luigia Abramovici reported a range from 12 to 63
years with an average age of 30.3 years [6]. Meneses
reported cases from 8 to 73 years old with an av-
erage of 33, 9. [2]. All authors agree that it is more
usual during the third and fourth decade of life.
Our patient was 19 years old when she came to our
outpatient clinic. She experienced pain for the last
six months to the medial aspect of her distal femur.
Before this period she had not felt any pain or made
any test to her femur so we cannot be sure when
this lesion started growing or the rate which it had
been growing

Case presentation

A 19-year-old woman presented to our outpatient
clinic complaining of pain at her right femur. She
could localize it particularly to the medial aspect of
her distal femur. The pain was present almost every
night, with no apparent trigger the last year. The
patient referred that the last six months this could
easily be reproduced with palpation. She denied
any injury at her femur the last years and she had
no history of any prior surgical intervention.

Clinical examination revealed a non-tender and
non-mobile mass at the medial aspect of her distal
femur. It was painful at palpation and her knee had
a full range of active and passive motion.

Standard radiographs showed a 1.25cm, well-de-
limited, ossified, rounded mass that was arising
from the medial cortical aspect of the distal third of
femoral diaphysis, above the medial femoral con-
dyle (Fig. 1). An impression of an edema of the soft
tissue in the area was given.

Computed tomography revealed a clearly visi-
ble lesion in contact with the medial aspect of the
femoral metadiaphysis, surrounded by cortex and
exhibiting a maximum cranial-caudal diameter of
approximately 8mm. Around the lesion was recog-
nized a slight thickening of the cortex (Fig. 2). This
lesion was more compatible with the presence of an
exostosis and it was located medially of the vastus
medialis.

On magnetic resonance imaging (MRI), the mar-
gins of the lesion had a low signal intensity on T1-
weighted images and a high signal intensity on T2-

end of femur: a case report and review of the literature

Figure 3: MRI findings. An axial T1-weighted MRI image
that shows a low signal intensity at the margins of the le-

sion. An axial T2-weighted MRI image that shows a high
signal intensity at the margins of the lesion.

weighted image (Fig.3). Based on the clinical and
radiological findings, the lesion was felt to repre-
sent BPOP.

During the first phase of the isotope bone scans
noted no pathologic concentration of the radiop-
harmaceutical in the examined area. In the second
and third phases there was an increased and well
delimited concentration - fixation of the radiophar-
maceutical in the medial area of the femoral meta-
diaphysis. From the remaining skeleton nothing
pathological was observed (Fig. 4).
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Figure 4: A First phase, B intermediate phase, C delayed phase and D whole-body flash views of the isotope bone scan. No
pathologic concentration of the radiopharmaceutical during the first phase. In the second and third phases, there was an
increased and well — delimited concentration - fixation of the radiopharmaceutical in the medial area of the femoral metadia-

physis. From the remaining skeleton nothing pathological was observed.

The patient underwent an excision of the femoral
mass twelve months after the initial symptoms. The
mass was identified through a medial approach un-
der the medial vastus. The surface of the

the lesion was found to be covered by a cartilage
cap and its interior to be composed of osteoid tissue
in continuity with the cortical bone. The mass was
excised with an osteotome and the abnormal area of
underlying bone was decorticated (Fig. 5).

The gross and the microscopic examination re-
vealed a reactive type of lesion consisting of bone and
a cartilaginous hood on the surface of the bone. The
cartilageous plaque was rich of cells, the chondrocytes
appeared to be enlarged and some of them binucleat-
ed. On the base of the plaque there was an endochon-
dral ossification with blue calcification (stained with
hematoxylin and eosin) at the junction point. Osteoid
had a prominent osteoblastic edge, while the inter-

mediate spaces contained capillaries and loose layer.
Moreover, it was noticed a spindle cell proliferation
between bony trabeculae without atypia. These find-
ings confirmed the diagnosis of BPOP.

Discussion

Bizarre parosteal osteochondromatous prolifera-
tion affects both sexes the same. In all the literature,
we have found no difference between males and fe-
males in any research [2].

Data on symptoms are scarce. Most of the cases
are asymptomatic or there is a pain during palpa-
tion of the lesion [1, 6]. Sometimes the authors cor-
relate the tenderness with a quicker growth of the
lesion [1]. More symptoms are reported and they
depend on the site and the size of the tumor and the
anatomical structures that are near. Varun K. Bhalla
reported a case of a young child with a Nora’s le-
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Figure 5: Postoperative anteroposterior and lateral femur radiographs demonstrating resection of the mass.

sion on his distal femur that caused a popliteal ar-
tery pseudoaneurysm [7]. Beverlie L. Ting reported
a case report of BPOP lesion of the ulna that caused
an erosion of the adjacent radius [8]. Due to the fact
that it is usually asymptomatic, most times it is dis-
covered incidentally. A percentage of patients re-
port prior trauma on the site of the growth but it is
confirmed as a triggering factor by any research [9].

The radiologic findings of BPOP is useful to dif-
ferentiate them from osteochondromas [1]. This be-
nign tumor arises directly from the cortical surface
of the bone and has no communication with the me-
dulla. As a result, it does not disturb the architecture
of the bone [6]. The lesions are usually calcified and
they resemble as a soft-tissue tumor like mass that
is attached to the bony cortex [10, 2]. Nora’s lesion
can be observed in plain radiographs but because of
its soft tissue nature it can be very useful to perform

an MRI test on the patient.

Despite the clinical and radiographic character-
istics of this disease, the diagnosis can only be ob-
tained through a biopsy and a histological examina-
tion. The size is usually from 0.3 to 3cm [1].

The histologic findings are firstly an irregular
maturation of cartilage into bone that produces
chondro-osteoid that has a characteristic blue qual-
ity and it is often called blue bone. Secondly it con-
tains large bizarre binucleated chrondrocyte that
often matures into bone. Lastly, it can be noticed a
spindle cell proliferation between bony trabeculae
without atypia [1, 2, 6].

The common treatment of this disease requires
surgery and it is a complete excision of the lesion. It
has high recurrence rates ranging from weeks post-
operatively to years [2, 6]. Despite this fact and its
sometimes-aggressive outgrowth, it is a benign tu-
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mor. There are no reports of malignant conversion,
metastases or correlated diseases or deaths because
of this disease in the literature [11]. In our patient the
whole mass was excised and the underlying bone
was decorticated. We preferred this method so that
we can reduce the possibility of recurrence. Follow
up was up to two years in our outpatient clinic. No
pain was reported during this period. The patient
had no complications because of the surgery. Two
years after the operation, the patient was contacted
by telephone and no symptoms were mentioned.
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