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CASE STUDY

Tricho-Dento-Osseous Syndrome: A Report of a Familial
Cluster and a Literature Review

N. Karvelas, I. Kranias, D. Veroutis, E. A. Stylianaki, S. Sakellariou, and I. Ntanasis-Stathopoulos

ABSTRACT

Tricho-dento-osseous syndrome (TDO), is a very rare, autosomal dominant
genetic disorder, commonly characterized by curly hair at infancy, severe
enamel hypomineralization and hypoplasia with taurodontism teeth, bone
defects and other deformities. Other phenotypic features include flat
fingernails and altered craniofacial morphology. A genetic linkage has been
identified on chromosome 17921 in the DLX3 gene. Treatment plan of TDO
is to prevent problems such as sensitivity and dental attrition of the
hypoplastic structure of the tooth, to promote the esthetics and encourage
self-confidence of the patient. In this case report, we present a family with
the proband father, and the two children siblings affected by the TDO
syndrome. We describe clinical and radiological features, along with dental
characteristics and genetic background. Management of TDO syndrome
necessitates a multidisciplinary approach, appropriate documentation, and
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I. INTRODUCTION

Tricho-dento-osseous (TDO) syndrome is a rare,
autosomal dominant genetic disorder, also known as a form
of ectodermal dysplasia and first described in 1972 by
Lichtenstein et al. [1]. Robinson et al. [2] had already
reported a case of hereditary hypoplasia of the enamel
associated with a characteristic structure of the hair without
bone implication. TDO is outlined by hair defects, dental
defects, bone changes, nail defects, craniofacial defects, and
other reported abnormalities, and may be apparent at birth
due to curly hair that is present in all affected newborns [3],
[4]. More specifically, the hair defects include kinky, curly,
wavy hair, the dental defects include yellow-brown teeth,
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severe  attrition of the enamel, enamel with
hypocalcification/hypomaturation,  enamel  hypoplasia,
taurodontism in primary and permanent teeth, dental
abscesses, the bone defects include sclerosis, the nail defects
include splitting of the superficial area of the nails, the
craniofacial defects include frontal bossing, square jaw,
mandibular prognathism, maxillary retrusion,
dolichocephaly. Additional abnormalities may be also
present such as impacted teeth, clinodactyly and skin lesions
[3], [4]. This syndrome is very rare, and a limited number of
cases have been presented in the literature. Here, we present
a case study of TDO syndrome with a familial link including
3 members of the same family.
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Il. CASE PRESENTATION

A. Casel

A 20-year-old male patient, the son of the family was
referred at our clinic for an orthodontic treatment. Panoramic
and lateral cephalometry radiographs were obtained as a part
for orthodontic examination. Medical, dental, and social
history were collected. His past medical history was
unremarkable. The patient presented yellowish-brown teeth
and the panoramic radiography showed severe enamel
attrition on the central incisors, lateral incisors, and canines
both in the maxilla and mandible arch (Fig. 1). The intraoral
examination of the patient indicated hypoplastic teeth, lack of
the enamel and dentin exposure to the oral environment, as
sequence of the dentin friction (Fig. 1). Also, crowding and
an ectopic canine were noted. Blood tests were within normal
ranges. Extraoral characteristics as bones, hair and nails were
normal (Fig. 1C).

B 4
Fig. 1. A) Intraoral view of the son demonstrates yellowish-brown teeth,
enamel attrition and dentin exposure. B) Panoramic view of the son shows
severe enamel attrition on the anterior segment. C) The son expresses
normal extraoral characteristics.

B. Case 2

The 22-year-old sister of the family expressed identical
dental clinical findings. Intraoral examination demonstrated
yellowish-brown teeth, severe discoloration and enamel
attrition (Fig. 2). She complained about increased tendency
of teeth fracture. As a result, she had already two dental
implants due to loss of first permanent lower molars. Her
bones, hairs and nails were normal.

Fig. 2. A-B) The sister presents normal extraoral characteristics and
yellowish-brown teeth with enamel attrition intraorally. C) The proband
demonstrate total lack of hair (alopecia).
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C. Case3
The 56-year-old father was subsequently involved in our
clinical evaluation. The clinical examination revealed

alopecia, flat fingernails and microsomia (Fig. 2 C). The
patient was diagnosed with completely edentulous (totally
anodontia) having lost all his teeth for 20 years ago, reporting
exactly the same hypoplastic teeth with enamel attrition and
the same discoloration similar with his children. The patient
reported that the nails have a tendency to break or peel.
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Fig. 3. Pedigree of the fam illy with TDO syndrome.

A pedigree family was designed for genetic evaluation.
The father, the son, and the sister of the family present with
clinical characteristics highly suggestive of TDO syndrome.
The mother has normal hair without any dental defects on the
remaining teeth. The pedigree family exhibits that
grandparents of the proband including his mother indicate
normal characteristics (Fig. 3). Interrogating the family, we
affirm that the father is the proband who first presented and
expressed the clinical characteristics of the genetic disease.
He presented “de novo” (anew) genotype and phenotype
mutation. However, the genetic analysis was performed in the
coding region of the gene DLX3 by polymerase chain
reaction (PCR). There is no detection of potentially
pathogenic variant or pathogenic mutation in the coding
region of the gene DLX3.

I1l. DISCUSSION

The challenging diagnosis of TDO in dentistry is
determined by the appropriate recognition of the severe
hypoplasia of the enamel, as well as the need for
differentiation from amelogenesis imperfecta with
taurodontism. This can be especially challenging based on
clinical and radiographic criteria exclusively [14]. Therefore,
further histologic, and genetic investigations are required for
establishing the diagnosis and formulating the optimal
management of the patients.

As far as the genetic background is concerned, the TDO is
transmitted as a highly penetrant autosomal dominant trait
[12]. The syndrome is depicted to a locus on chromosome
17921, where the distal-less homeobox gene incorporate the
DLX3 and DLX7 gene respectively. Molecular scanning
displays a 4 bp (base-pair) deletion mutation of DLX3
(c.571_574delGGGG). This deletion creates a frameshift
mutation and, as a result, a truncated protein is unable to form
a dimer and bind to the promoter of enamel matrix protein
genes (Amelx, Enam, Klk4, and Odam) [11], [13]-[15].

DL X3 (Distal-Less Homeobox 3) is a protein coding gene
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which is expressed both during embryonic development in
neural crest cells and the placenta, as well as in differentiated
tissues such as hair matrix cells, dental epithelium,
odontoblast. The levels of DLX3 gene expression are context-
dependent and vary among terminally differentiated
ameloblasts, odontoblasts, osteoblasts, chondroblasts and
chondrocytes. It functions, thus, as a key-regulator of
osteogenesis, mainly through Wnt/p-catenin signaling. In
addition to this, DLX3 mutations result in an increase of the
mineral density of the bone that in turn leads to endochondral
ossification [10], [11], [14], [16]-[18]. Interestingly, the
characteristic phenotype of TDO syndrome affecting teeth,
hair and bone coincides with the tissues expressing DLX3.
Furthermore, Price et al. described that TDO has a greater
phenotypic heterogeneity and that is the result of both
environmental factors and other genetic modifiers [8], [11].

Wright et al. discovered a new mutation in the DLX3 gene
with the same two base pair deletion (c561_562delCT) where
all affected subjects had reduced enamel thickness and less
severe taurodontism compared with the 4 bp deletion
mutation. Also, DEXA evaluations indicated a slightly
increased bone density but without exposing sclerotic bone
defects. The authors concluded that this new mutation
represents an impaired phenotype of TDO [16]. According to
Shapiro et al. TDO has three subtypes, TDO I, TDO Il and
TDO |ll, that share common characteristics and are
differentiated by specific variations in dental presentation [4].

Regarding the dental defects in TDO syndrome, the
primary and permanent teeth are yellowish-brown in color
and exhibit a generalized attrition, displaying as enamel
calcification defects or enamel hypomaturation defects
together with enamel hypoplasia [1], [2], [7], [14]. The
enamel is thin and defined to be approximately 1/4 to 1/8 of
the thickness of the normal enamel. In the 90% of the cases,
the pulp chamber is very wide and pulp horns extend to the
enamel-dentin junction, which often results in pulp necrosis
and periapical abscesses [7], [9], [14]. Moreover, a partial
agenesis is observed in the TDO syndrome, along with late
eruption and taurodontism of the molars, which is a
developmental condition where the body of the tooth is
elongated at the expense of the root leading to large pulp
chamber [20]. TDO dental findings are similar to
amelogenesis imperfecta, an enamel anomaly which is a
genetically distinct condition as defined and described by
Prince et al. [19].

In addition to the above, TDO is associated with bone
cortical sclerosis, most frequently recorded at the base of the
skull, the mastoids, and the transitional zones in the long
bones; a condition predisposing for bone fractures [14].
Nevertheless, bone density and thickness are not considered
as pathognomonic criteria of TDO syndrome [12]. Also,
kinky, curly, and wavy hair have been described as hair
defects and may be a unique feature differentiating TDO from
the hypomaturation-type of amelogenesis imperfecta [3], [5].
Nevertheless, it has to be noted that 55% of TDO individuals
have straighten hair throughout childhood [21]. In addition,
splitting of the superficial area of the nails and toenails can
be suggestive of TDO. Other deficiencies can be impacted
teeth, clinodactyly and skin lesions. Craniofacial deformities
can develop as frontal bossing, square jaw, mandibular
prognathism, maxillary retrusion and a dolichocephalic type
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of face [5]. Furthermore, the most updated study including
the largest sample of patients confirmed that the position of
the maxilla is more retrusive in comparison with the cranial
base in TDO affected individuals [14].

IV. CONCLUSIONS

The clinical and radiographical manifestations observed in
the two siblings and the father correspond well to a familial
cluster of the TDO syndrome. Management of TDO
syndrome necessitates a multidisciplinary approach,
appropriate documentation, and long-term follow up. A more
in-depth molecular analysis might reveal the underlying
genetic spectrum of this complex and multifaceted disease.
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