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Abstract

Cleidocranial dysplasia (CCD) is an uncommon but well-known genetic skeletal
condition. Several hundred affected persons are members of a large extended family in
the Cape Town Mixed Ancestry community of South Africa. The clinical manifestations
are often innocuous, but hyperdontia and other developmental abnormalities of the
teeth are a major feature and may require special dental management.

Over the past 40 years, the authors have encountered more than 100 affected persons
in Cape Town. Emphasis has been on dental management, but medical, genetic, and
social problems have also been addressed. In this article, we have reviewed the
manifestations of the disorder in the light of our own experience, and performed a
literature search with emphasis on the various approaches to dental management and
treatment options in CCD. Advances in the understanding of the biomolecular
pathogenesis of CCD are outlined and the international and local history of the disorder
is documented.

The purpose of this article was to review the dental manifestations and management of
cleidocranial dysplasia (CCD) [OMIM 119600]. The history, genetic background, and
general manifestations of CCD are also outlined and an overview is presented.

The disorder is a genetic skeletal dysplasia in which hypoplasia of the clavicles and deficient
ossification of the anterior fontanelle are the major features. Affected persons have a
characteristic facial appearance with a bulky forehead, hypertelorism, and midfacial
hypoplasia.! General health is usually good and the intellect is unimpaired.2 The adverse
general health effects of CCD are usually not very severe or debilitating and there is no
associated impairment in cognitive or intellectual functioning in affected persons.2

A variety of dental problems may occur in CCD. In particular, supernumerary teeth
(hyperdontia) in the primary and secondary dentition may lead to dental crowding and
malocclusion. Retention of the deciduous teeth may exacerbate this situation. For these
reasons, dental management is a significant aspect of the health care of affected persons.
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Cleidocranial dysplasia is inherited as an autosomal dominant trait, with generation-to-
generation transmission. Owing to the founder effect, the condition is comparatively
common in the mixed ancestry community of Cape Town, South Africa.3 This group has
genetic endowment from San and Xhoi Xhoi populations, with input from indigenous
African, Indonesian, East Indian, and European sources. Numerous members of an
extended family and a founder effect were initially documented by Jackson in 19513.

Whereas the worldwide prevalence of CCD is generally regarded as being about 1 per
million, in this Cape Town community, the minimum prevalence is 100 per million.

In view of the special importance of CCD in this country, we have reviewed the history of
the disorder and described and depicted the clinical and radiological manifestations. To alert
clinicians, special emphasis has been given to hyperdontia and to the dental complications
and their management.

Historical review

The early history of CCD goes back to prehistorical times, by virtue of a possible
example of CCD in a Neanderthal skull, which was documented by Greig in 1933.4 Greig
was a Scottish surgeon who became curator of the Museum of the Royal College of
Surgeons of Edinburgh. In Greek mythology, the ugly hero Thersites was described by
Homer as being able to oppose his shoulders in front of his chest.5 Another example of a
more objective case from ancient Greece is represented by a skeleton of a woman who
lived in the Pylos region. Her absent clavicles and stunted stature were thought to be
suggestive of CCD.6 A skeleton of an affected male who died of tuberculosis in 1809,
which is displayed in the Museum of Pathological Anatomy, Vienna,?8 shows the classical
manifestations of CCD. The earliest recognizable report of CCD in the medical literature has
been attributed to Meckel in 1760.9 At the time of publication, Johann Frederick Meckel
the Elder was professor of anatomy and surgical obstetrics at the University of Halle.
Five years after Meckel’s article, in 1765, Martin® documented “natural displacement of
the clavicle” in the French literature. The combination of clavicular and cranial defects was
recognized by Scheuthauer (1871).1t The Parisian physicians Marie and Sainton (1897)2
documented an affected father and son, and in the following year they published a second
article entitled “On hereditary cleidocranial dysostosis,” thereby formally naming the
disorder.'3 In 1908, Hultcrantz!4 reviewed 68 cases and published a detailed account of the
anatomical changes. Case reports accumulated, including a description of an extensive
affected family in Cape Town.3 Extensive minor skeletal involvement was emphasized by
Jensen,’s and the name of the disorder was changed to “cleidocranial dysplasia.” By the
millennium, the determinant gene had been mapped to the chromosomal locus 6p21.16
The gene termed RUNX2 (runt-related transcription factor 2) has been sequenced and
considerable intragenic heterogeneity has been recognized.'” It has been shown that the
gene product is involved in the control of osteoblastic differentiation and chondrocyte
mutation during endochondral ossification.8
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Cleidiocranial dysplasia in South Africa

Interest in CCD in South Africa was engendered by W.P.U. Jackson, a senior physician at
Groote Schuur Hospital, Cape Town. His classic article, published in 1951, has received
wide international recognition.3 In his own words:

“This story started when a small Cape Malay (Cape Mixed Ancestry community) boy of
seven years was kicked in the face by a horse. He was admitted to Groote Schuur
Hospital, Cape Town, and it was noticed that the vertex of his skull was largely missing
and that he had gross frontal bossing with a deep median furrow. The outer ends of
his clavicles were defective, and other abnormalities were shown by X- rays. From him
we have managed to trace the whole family back to the first member to arrive in
South Africa. We managed to trace 356 of his descendents of the progenitor, of whom at
least 70 were have been affected with osteo-dental dysplasia (now known as
cleidocranial dysplasia).”

Jackson went on to state that this individual was a sailor from a polygamous community
in China who settled in Somerset West, Cape Province in 1896 and married several local
women. Offspring with CCD were born in 4 of these unions and their numerous affected
descendents are still aware of their family links. The kindred claim that their progenitor was
from Java, Indonesia, rather than China, as suggested by Jackson.

In 1988, a research team from the Medical Research Council of South Africa Unit for
Heritable Disorders of the Skeleton in the Department of Human Genetics, Medical
School, University of Cape Town, were able to contact the affected family and undertook
clinical, radiographic, and genealogical appraisal of 64 affected individuals at the Groote
Schuur and Red Cross Memorial Hospitals. Collaboration with the Faculty of Dentistry,
University of the Western Cape was established and detailed dental examinations were
undertaken by Emeritus Professor J. Staz of the Faculty of Dentistry, University of the
Western Cape. His findings were promulgated at the 21st International Congress of the
South African Division of the International Association for Dental Research,9 and
documented in the following year.2c Interest in CCD continued, and in 1993, an appraisal
of skeletons in the Museum of Pathological Anatomy, Vienna, facilitated publication and
depiction of a skeleton of an affected individual.® In 1995, researchers in Europe and the
United States suggested that the CCD gene was situated in the chromosomal region 6p21.
Genetic linkage investigations were then undertaken in the Department of Human Genetics,
involving 38 members of a branch of the Cape Town family who had been identified in
the earlier investigation. The investigation revealed that the determinant gene in this
family mapped to the previously recognized same chromosomal locus 6p21.2t Other than
the extended family in the Cape, the only report of CCD in South Africa concerns a girl,
aged 15 years, of indigenous African stock, who was investigated at the Oral Health
Dental Centre, Medunsa.22 She was the only member of her family known to be affected
and presumably represents a new mutation for the determinant gene.
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Clinical manifestations

General features

The major manifestations of CCD are clavicular hypoplasia (Figs. 1 and 2), delayed fusion
of cranial sutures, and dental abnormalities. The defective clavicles permit undue mobility
of the shoulders, which can often be approximated anteriorly (Fig. 3). Patency of the
anterior fontanelle (Fig. 4) can produce a bulky configuration or a depression in the
midline of the upper forehead. Hypertelorism and a pointed jaw are other features that
contribute to a characteristic facial appearance.

Fig. 3. Anterior apposition of shoulders in facilitated by
bilateral clavicular hypoplasia.

F\

Fig. 1. Cleidocranial dysplasia; characteristic appearance.
The forehead is bulky with a central depression, the eyes are
widely spaced and the jaw is pointed. The clavicle is mal-
formed (arrow).

Fig. 2. Radiographically, clavicular hypoplasia and abnormal ] ] ] ]
morphology are evident (arrows). Fig. 4. Anlero—poslerlor skull radiograph showing patency of
the anterior fontanelle (arrow).
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The number of teeth may be excessive (hyperdontia), and lead to dental crowding and
malalignment.23 Skeletal abnormalities may also occur, including slight stature, short
terminal phalanges, spinal malalignment, genu valgus (knock knees), and pes planus24 (flat
feet). Affected persons may experience recurrent infections of the upper respiratory tract
owing to maldevelopment of the sinuses, with a potential for hearing loss consequent upon
chronic otitis media.25 Despite these problems, CCD is very variable and often
comparatively mild; apart from dental complications, affected persons usually have little
disability.

Radiographically, Wormian bones may be evident in the cranial sutures (Fig. 5).26
hypoplastic or absent; these anomalies are usually bilateral but not symmetric. Other
skeletal abnormalities include a wide pubic symphysis, dysplastic scapulae, coxa vara, and
a variety of vertebral anomalies. These changes are variable and frequently clinically
insignificant.

Fig. 5. Skull radiograph showing very marked persistence of
Wormian bones in the cranial sutures (arrow).
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Fig. 6. Hyperdontia: pantamogram of an affected male show-
ing multiple supernumerary teeth (arrows).

Hyperdontia in CCD

Hyperdontia is the major dental feature of CCD27 (Fig. 6). This developmental abnormality
can involve either, or both the primary and secondary dentition. In CCD, hyperdontia leads
to dental impaction, overcrowding, and malocclusion, while midfacial hypoplasia can
exacerbate these problems.

Articulation and mastication may be compromised, and the cosmetic appearance of the
dentition may be unsightly. Excess teeth may be normal or misshapen and situated in
front, behind, or within the normal upper and lower rows of teeth. The supernumerary
teeth may be arranged uniformly as a double row or placed chaotically on the jaws. If
they occur between the maxillary incisors, they are termed mesiodens; these represent
between 45% and 68% of all supernumerary teeth. Isolated supernumerary teeth in the
zygomatic regions are termed “premolar teeth.” Morphologically, these teeth may be fully
formed, bifi or represented by small tuberosities on the maxillary alveolar ridges.

Embryologically, hyperdontia is the consequence of hyperactivity of the fetal dental lumina,
which leads to the formation of additional tooth germs. Histologically, the cementum layer
of the roots of the unerupted teeth is absent.28.29 Paramolar or bifid teeth result from
division of the tooth germs and represent a form of hyperdontia that differs from that
present in CCD.

Other dental abnormalitiesin CCD

In addition to hyperdontia, other dental abnormalities in CCD include delayed eruption and
retention of the primary and secondary dentition.23.26.:30 The crowns of the teeth sometimes
appear abnormal, the enamel may be hypoplastic, and dentigerous cysts and taurodontia
are frequent findings.3* In the younger age group, spacing of the lower incisors,
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supernumerary tooth buds, and parallel-sided rami are consistent manifestations.
Radiographic manifestations in children include rounded gonion angles, kyphotic sphenoid
bones, and Wormian bones in the cranial sutures.26

Differential diagnosis of cleidocranial dysplasia and hyperdontia

As CCD is an autosomal dominant trait, recognition of occurrence of the disorder in family
members is important in the diagnostic process. The presence of clavicular hypoplasia is
strongly suggestive of CCD, but this anomaly can also occur as an isolated nonsyndromic
entity, which is usually unilateral. Complete absence of both clavicles is a manifestation of
the Yunisaron syndrome (OMIM 216340). In this rare genetic disorder, intellectual
dysfunction and anomalies of the hands and feet are associated with malformations in
other systems.32

Defective cranial ossification leading to patency of the anterior fontanelle and Wormian
bones in the sutures is an important feature of CCD. Similar manifestations occur in
osteogenesis imperfecta (frequent fractures), pycnodysostosis (skeletal density), and
congenital hypothyroidism (disturbed thyroid metabolism).

Hyperdontia is frequently the presenting feature in CCD, and awareness of this
diagnostic possibility is important in dental practice. Apart from CCD, supernumerary
teeth may be sporadic or familial.33 The familial form is inherited as an isolated autosomal
dominant trait, with reduced penetrance and variable phenotypic expression. Hyperdontia
may also be a component of specific genetic syndromes, including the Gardner syndrome
(OMIM 175100) (familial polyposis of the colon and osteomata), Hallerman-Streiff syndrome
(OMIM 234100) (narrow face, hypotrichosis, microphthalmia), and the orofaciodigital
syndrome type I (OMIM 311200). In these conditions, the hyperdontia is overshadowed by
other nondental syndromic manifestations that can have a significant impact on normal
development and health. In these circumstances, diagnostic precision facilitates
appropriate medical management and meaningful genetic counseling. Equally, in special
demographic circumstances, such as the high frequency of CCD in Cape Town, the presence
of hyperdontia raises a strong possibility that the affected person has CCD.

Geneticbackground of oral manifestations in CCD

Although CCD is comparatively uncommon, it has a wide geographic distribution. This
situation can be explained by the benign nature of the disorder and the ongoing random
occurrence of new mutations in the determinant gene. In this scenario, there is little
biological pressure against autosomal dominant transmission from generation to
generation and a chance mutation or a founder effect can be perpetuated in a particular
population. This situation is exemplified by the large extended CCD family in Cape Town, in
which numerous persons are affected.3

The molecular defect in CCD is situated at the chromosomal locus of 6p21® and the
causative gene in the South African family is located at this site.2! The determinant gene,
RUNX2 codes for a core-binding transcription factor protein (CBFA1), which is involved in
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the differentiation of osteoblasts and bone formation.t1728 RUNX2 plays an important
role in the epithelial-mesenchymal interactions that control progressive  tooth
morphogenesis and histodifferentiation of the epithelial enamel organ.

The supernumerary teeth in CCD may result from the lack of inhibition or incomplete
resorption of tooth bud formation. Supernumerary teeth may also result from the presence
of remnants of dental laminae following dental extraction. These epithelial cell rests are
usually resorbed during the normal tooth morphogenesis.34

Experimental studies have revealed that mice lacking the RUNX2 gene fail to develop bone
and tooth structure, whereas mice with mutant RUNX2 genes show arrested tooth
development.35 The most common site of RUNX2 gene expression during odontogenesis is
the papillary mesenchyme; levels are highest before the development of the tooth crown
but taper after completion of crown formation.3¢ In mice, the RUNX2 gene is also expressed
in the mesenchyme of the dental follicle and periodontal ligament before tooth eruption. A
lack of both alleles of the RUNX2 gene results in absence of osteoblastic differentiation,
whereas haplo-insufficiency of RUNX2 in mice impairs the differentiation and recruitment
of osteoclasts together with reduction in the capacity of periodontal ligament cells to
induce active osteoclastic differentiation. These processes could, in part, account for
delayed tooth eruption patterns in humans with CCD.37-39

Bone is formed by 2 processes, namely, endochondral and intramembranous osteogenesis,
both of which require the presence of the RUNX2 protein. The formation and
development of both the cranium and clavicles occur by intramembranous ossification
Although the clavicles are the fi embryonic bones to ossify, the maturation process is
slow. In mice, clavicular defects result from the disruption of intramembranous bone
formation during embryogenesis. Low levels of functional RUNX2 protein are implicated
as the causative agent. Although this process begins during early embryonic development,
the effects are evident in adult mice. The mouse model offers a reasonable explanation
of the clavicle and cranial abnormalities occurring in CCD in humans. It also suggests
that the levels of normal RUNX2 proteins are critical for the successful
intramembranous ossification during embryogenesis.

There is considerable intragenic heterogeneity in CCD, and numerous different
mutations have been identifi within the RUNX2 gene.4%4! Evidence has been advanced
for genotype-phenotype correlation,42 including dental abnormalities.43 In a series of 24
Japanese persons with CCD, it was found that small stature and the number of
supernumerary teeth werepositively correlated.44 Disparity in hyperdontia in affected
siblings has been documented.45

In a further study of affected persons in Japan, mutational analysis revealed that a wide
range of supernumerary teeth can occur in the presence of identical RUNX2
mutations.4¢ These authors suggested that hyperdontia in CCD might be regulated by
environmental influence together with epigenetic factors and copy number variation.
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Table 1. Cleidocranial dysplasia: orodental anomalies and management options

Anomaly Management option Rationale Reference
Retained deciduous teeth Remaoval Assist eruption of permanent teeth 49.50,51.64
Supernumerary teeth Removal Assist eruption of permanent teeth 49.50,51.56.64
Permanent teeth abnormalities Removal Construction of removable full/partial 54,58,60.61.64.66
dentures (not indicated in childhood)
Retention Abutments for fixed appliances (not 63,65
indicated in childhood)
Unerupted teeth Surgical exposure Support for overdenture 50,51,55
Orthodontic eruption Function and esthetics and alignment 4748, 51,52
Implants Support overdenture 53,64
Guide impacted teeth into occlusion 51,59,62
Surgical translocation and/or Function and esthetics 47,48,52,57.62
autotransplantation
Malocclusion Fixed or removable orthodontic appliances Function and esthetics 47,4958
Palatal vault narrow-high Expansion with removable orthopedic Reduce crowding 64
arched appliance

Dental management in CCD
The options for dental management of craniofacial abnormalities in CCD are summarized
in Table I.

The aim of dental management in CCD is to achieve an optimal functional and cosmetic
result by early adulthood.47 A multidisciplinary approach is necessary. Depending on the
type and severity of anomalies present, a team of maxillofacial surgeons, orthodontists,
and prosthodontists may be needed to develop an individualized treatment protocol.
Careful planning of all stages is essential and commitment from the team is vital, as the
treatment may continue over a long period. The commitment of the patient to the treatment
plan is also crucial, as serial extractions of impacted and supernumerary teeth may be
necessary.

Correction of malocclusion may involve surgical repositioning of teeth and the provision of
dental prostheses.®” Surgical procedures are usually uneventful in CCD but atlanto-axial
subluxation with consequent damage to the spinal cord has been documented.®® This
potential hazard during anesthesia warrants preoperative assessment of the status of the
odontoid process by radiological or other appropriate imaging techniques and careful
control of the neck movements during operative procedures. Finally, because of the long
duration of some dental procedures, speech therapy is sometimes required.4® In light of the
foregoing, the dental management of persons with CCD can involve long-term care.

The dental management of CCD has undergone a metamorphosis from a “wait and
observe” approach to more sophisticated and costly methods combining orthodontics and
surgery.48,67-72

The planning of dental treatment goals in CCD varies from individual to individual and

primarily depends on the needs of the patient, the age at diagnosis, and social and economic
circumstances. Nevertheless, the main objectives remain the restoration of craniofacial
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and dental function together with esthetics.49 Although there are numerous options, there is
a general consensus that the best results are obtained if the condition is diagnosed and
treated at an early age.

The most popular orthodontic-surgical regimes are the Toronto-Melbourne, Belfast-
Hamburgh, and Jerusalem approaches (Table II). The Toronto-Melbourne approach is
based on timed, serial extraction of deciduous teeth and depends on the extent to which the
roots of the permanent teeth have developed. During each procedure, which is performed
under general anesthesia, supernumerary teeth are also removed together with the bone
covering the underlying permanent teeth. The rationale is to facilitate the spontaneous
eruption of the unerupted permanent teeth.69.70

The Belfast-Hamburg approach advocates a single surgical procedure under general
anesthesia to extract all retained deciduous and supernumerary teeth. In addition, all
unerupted permanent teeth are exposed and the surgical sites are allowed to heal. After
healing is complete, orthodontic appliances are placed on fully erupted teeth with traction
bands attached to partially erupted teeth so as to promote further eruption of the
latter.5073 The advantage of this procedure is that the patient is exposed to only a single
surgical operation under general anesthesia.

The Jerusalem approach is based on at least 2 surgical interventions, the timing of which is
dependent on the root development of the permanent dentition. During the fi procedure, the
anterior deciduous teeth and supernumerary teeth are extracted and the permanent anterior
teeth are exposed. At the same time, orthodontic brackets and traction elastics are applied and
surgical flaps are closed. During the second component of the Jerusalem approach, which
takes place at approximately 13 years of age, the residual primary teeth are extracted,
unerupted canines and premolars are exposed, and the necessary orthodontic and surgical
processes are completed.
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Table Il. Cleidocranial dysplasia: management approaches

Approach Procedure Reference
Toronto-Melbourne 69,70
Several procedures
Age: 5-6 Anterior primary teeth are extracted
Age: 6-7 Primary incisors are exposed and healing is allowed

Orthodontic brackets are placed on permanent incisors
Posterior primary teeth are extracted

Age: 9-10 Permanent bicuspids are exposed
Surgical removal of supernumerary teeth and healing allowed
Age: 9-12 Placement of orthodontic brackets on permanent canines and bicuspid teeth
Jerusalem 47,48
Age: 10-12 Phase 1:

Anterior primary teeth are extracted
All supernumerary teeth are extracted
Permanent incisors are exposed
Orthodontic attachments are placed on permanent incisors
Surgical flaps are closed completely
Age: 13 and older Phase 2:
Posterior primary teeth are extracted
Unerupted permanent canines and premolars are exposed
Orthodontic attachments are bonded
Surgical flaps are closed completely

Belfast-Hamburg All primary and supernumerary teeth are removed 73,74
Single procedure All impacted teeth are surgically exposed
Age: not specified Surgical packs are placed to prevent healing of bone and soft tissue over teeth

Healing by secondary intention

Orthodontic attachments are placed

Orthodontic appliances placed on fully erupted teeth

Elastic thread is placed between brackets on unerupted teeth and the arch
wires

Bronx Phase 1: 74
Two at most 3 All primary and supernumerary teeth are removed
Procedures Surgical flaps are closed
Age: not specified Phase 2:

Unerupted permanent teeth are exposed

Orthodontic brackets are placed

Surgical flaps are closed and overdenture is placed

Conventional orthodontic appliances are placed
Phase 3:

Leforte osteotomy-orthognathic surgery

Dental implants are placed

The Bronx approach uses 2, and at most 3, surgical interventions.5®3 As in the Toronto-
Melbourne and Jerusalem techniques, deciduous teeth and underlying supernumerary
teeth are removed under general anesthesia and surgical flaps are closed. Unlike the
previously documented techniques, this approach uses the placement of a removable
partial overdenture for esthetic and functional purposes. As with the Toronto-Melbourne
and Jerusalem techniques, the age at which the management commences depends on the
stage of root development of the underlying permanent teeth. If necessary, an intermediate
operation is undertaken so as to expose unerupted teeth and place orthodontic brackets
over fully erupted molars. A transpalatal arch appliance is welded to the brackets and these
are used in conjunction as a base for an artificial dentition. After the natural eruption of the
permanent teeth with sufficient posterior support, orthodontic appliances are used to bring
the teeth into occlusion. Finally, a Leforte I osteotomy-orthognathic procedure is
performed and dental implants are placed.

11
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These procedures are all undertaken over a long period. It is relevant that patient
compliance is essential to a favorable outcome for any of these modalities. In addition, they
each have individual benefits and short- comings.

In South Africa, the dental and orthodontic approach to CCD has several constraints.
Extensive medical expertise is available, but access is limited and costly. Initially, most
persons with dental problems visit primary health care facilities, which are often
understaffed and overcrowded. Medical and dental professionals at these institutions may
not have adequate experience to diagnose conditions such as CCD. Once diagnosed,
however, patients are referred to specialized facilities that are located in the major cities
and often over-booked, making early intervention challenging. Surgical, orthodontic, and
prosthodontic procedures are expensive and, when presented with any of the management
strategies and the projected cost of treatment, many patients decide not to proceed. In these
instances, alternative, more cost-effective strategies can be offered to the patient with CCD.
These options may include removal of non-functional deciduous teeth, erupted
supernumerary teeth that are not in occlusion, or teeth that may eventually cause
complications. Edentulous areas can be managed with removable prostheses. Dentures could
be adjusted and/or replaced as the individual grows or as supernumerary teeth erupt.

The high prevalence of substance abuse in the general population of South Africa,
including individuals affected with CCD, has an influence on dental management at
different levels. For example, a young male patient with classic features of CCD was
recently referred to the Faculty of Dentistry, University of Western Cape, for dental
management. In addition to the orodental manifestations of CCD, he also had poor oral
hygiene and multiple carious teeth. He was initially regarded as having mild
intellectual disability but on further clinical investigation, it emerged that he was a
regular user of methamphetamine (or “tik” as it is termed in South Africa). Individuals
who are regular uses frequently have defective oral hygiene and multiple carious teeth.
His poor oral health status and diminished mental capacity was probably a reflection of
drug abuse and poor socioeconomic status. After extensive dental management
planning, the young man avoided further treatment. This situation often arises in South
Africa and compounds difficulties in the management of complicated orofacial disorders.
In addition to poverty, lack of education, and drug abuse, HIV infection is another
negative factor. Moreover, the cost of private dental treatment is unaffordable by the
average person. These problems reflect the situation in other developing countries, and in
these circumstances, it is evident that the provision of sophisticated facilities needs to be
balanced against the dental needs of the general population.

We are grateful to Greta for her efficient preparation and processing of the manuscript.
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