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Loeys-Dietz Syndrome (LDS) is a rare connective tissue disorder with an autosomal dominant pattern
of inheritance, linked to heterozygous mutations in six genes from the transforming growth factor beta
receptor complex. The classical syndrome characteristics include aortic aneurisms with generalized arterial
tortuosity, hypertelorism and cleft palate or bifid/ broad uvula. LDS is also associated with a wide range
of skeletal, craniofacial, cutaneous and ocular abnormalities, as well as allergic, atopic and inflammatory
diseases. Common oral findings include high arched and/or narrow palate, enamel defects and class 11
skeletal malocclusion. Dental management of patients with LDS is complex and includes approaches to
prevent medical complications, as well as considerations for safe delivery of dental care. The purpose of this
report, reviews the literature related to LDS oral manifestations as well as to describe the comprehensive
dental management of an adolescent patient with LDS and discuss the challenges that dental practitioners
may face when providing treatment for these patients.
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LDS is a newly described syndrome and the literature reviewing its oral manifestations is limited.

Patients are reported to have lower oral health-related quality of life as a result of tooth sensitivity and

malocclusions.

Dental management is compounded by the complexity of medical factors that should be taken into

consideration for the safe delivery of care.

The presented case is an example of the challenges that dental practitioners may face when providing

treatment for LDS patients.
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INTRODUCTION
oeys-Dietz Syndrome (LDS) is a rare connective tissue
disorder with an unknown prevalence and no established
race or sex predilection. LDS is an autosomal dominant
disorder, with approximately 75% of the cases being de novo muta-
tions, whereas 25% are familial.* The diagnosis is established by
molecular genetic testing and/ or characteristic clinical findings in
the proband and/or family members.* In the late 1980’s, the medical
literature described a few cases of patients with marfanoid-like
features and familial aortic dissecting aneurysms of unexplained
etiology.>® About 20 years later, the geneticists Bart Loeys and Harry
Dietz discovered that mutations in genes from the transforming
growth factor beta (TGFp) receptor complex were responsible for a
cluster of symptoms, including arterial tortuosity/ aneurysm, hyper-
telorism, and bifid uvula/cleft palate.? This classical phenotype
triad is now referred to LDS,?> whose medical management guide-
lines were established only in 2014.3
The TGFp signaling pathway has an essential role in regulation of
tissue homeostasis, cell proliferation, migration, and differentiation
during embryonic development.” LDS is caused by pathological
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alterations of the complex relationship between the TGF-§ family
of signaling mediators and the extracellular matrix in connec-
tive tissues.® Later it was discovered that gene mutations against
decapentaplegic homolog 3 (SMAD?3) gene and the TGFp 2 ligand
gene in the mothers were also associated with LDS phenotypes.’

The most recent classification of LDS includes six types with
respect to implicating gene.> LDS type 2 is the most common
(55%—-60% of the cases), while LDS type 1 is described as the
most severe form.>* While the different subtypes may vary in
their prominent features, it is now recognized that LDS diagnosis
is a continuum in which affected individuals may have a range of
combinations of clinical signs (Table)."* LDS is also associated with
a wide range of skeletal, craniofacial, cutaneous and ocular abnor-
malities, as well as allergic, atopic and inflammatory diseases.>?
While the severity of systemic manifestations can be variable,
most LDS patients are affected by considerable morbidity with the
cardiovascular complications, posing the main risk of mortality.?
Learning disability is most often associated with craniosynostosis
and/ or hydrocephalus.'?

Since this is a newly defined syndrome, there is a limited liter-
ature describing oral findings and dental treatment considerations
in this patient population. Medical reports first indicated that LDS
patients frequently complain of tooth sensitivity, allegedly a sign
of dental hard tissue anomalies.'® The craniofacial malforma-
tions associated with the syndrome has been implicated with the
development of orthodontic malocclusions.! Presently, the dental
literature comprises of only two research trials, both conducted
at the at the National Institutes of Health, Clinical Center by the
same group of investigators.!®!" Jani et al.'’ evaluated the oral and
dental anomalies in a cohort of 40 LDS patients (age range 2.4-57.4
years) recruited prospectively from August 2015 to January 2018.
The authors found that the most common features were presence
of a high arched and/or narrow palate, enamel defects and class
II skeletal malocclusion, while less commonly patients presented
with a bifid or broad uvula or submucous cleft, deep bite, dental
crowding and abnormal eruption pattern with a delay in the erup-
tion of the permanent teeth.'” Additionally, the enamel defects were
classified according to disease type and the it was determined that
the most severe structural deterioration was seen in LDS type 2 with

Table: Clinical Manifestations of LDS.

incomplete penetrance and variable expression.'® The second study
was completed by the same research group using the same patient
cohort."" Nguyen et al."" assessed the influence of oral manifesta-
tions on the oral health-related quality of life (OHRQoL) in LDS
patients. The authors reported that tooth hypersensitivity, temporo-
mandibular joint abnormalities, and accretion of four-or-more oral
manifestations had significant influence on worse OHRQoL."

The purposes of this report are to describe the comprehensive
dental management of an adolescent patient with LDS and discuss
the challenges that dental practitioners may face when providing
treatment for these patients.

Case report

A 14-year-old white male presented to the pediatric dental clinic
at the College of Dentistry, University of Illinois for complete oral
rehabilitation due to his medical and dental complexity. The chief
complaint was a pronounced tooth sensitivity, permitting food and
drink consumption only at room temperature. The patient perceived
this symptom as markedly negative to his everyday quality of life.
The dental history included routine regular oral exams and dental
prophylaxis with a primary dental provider as well as a referral to
a specialist orthodontist. However, the patient’s mother desired a
more comprehensive dental management for him and decided to
seek care at our clinic.

The patient had a full-term birth without pre- or perinatal
complications. His extensive medical background was concomitant
with LDS type 2, which was established via genetic testing. His
associated medical conditions were inherent of the syndrome and
included aortic root dilation, arterial tortuosity, dysrhythmia, bifid
uvula, hypertelorism, exotropia, joint hypermobility, osteoporosis/
osteopenia, clubbed feet, easy bruising, asthma, tension migraine,
a soft cleft palate and low iron levels. He did not have cranioverte-
bral instability nor any known drug allergies; however, allergies to
shellfish, eggs, pollen, and animal dander were reported. The patient
had multiple past surgeries, including aortic valve/root replacement,
retinal neovascularization, and repairs of a hernia, exotropia, and
soft cleft palate. His cardiovascular drug therapy comprised of a
daily anticoagulant (warfarin 3 mg once a day) and angiotensin II
receptor antagonist (irbesartan 150 mg twice a day). For asthma
management, he was taking a steroid (beclomethasone diproprionate

Systemic Involvement

Clinical Features

Dilation or dissection of aorta and other arteries (cerebral, thoracic, abdominal), arterial aneurysms

Pectus excavatum or pectus carinatum, scoliosis, joint laxity or contracture (typically involving fingers),

arachnodactyly, talipes equinovarus, cervical spine malformation/instability, club feet, osteoarthritis,

Soft and velvety skin, translucent skin with easily visible underlying veins, easy bruising, dystrophic

Vascular and tortuosity.
Skeletal
osteoporosis/-osteopenia.
Craniofacial Hypertelorism, bifid uvula, cleft palate, craniosynostosis.
Cutaneous i .
scars, milia (prominently on the face).
Allergic/

Inflammatory Disease matory bowel disease.

Food/seasonal allergies, asthma, chronic sinusitis, eczema, eosinophilic esophagitis/gastritis, inflam-

Ocular Blue or dusky sclerae.
Spontaneous rupture of the spleen and bowel, and uterine rupture during pregnancy.
Other Neuro-radiologic findings are dural ectasia and Arnold-Chiari type | malformation, which may be

relatively rare.
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HFA 40 mcg two puffs twice a day) and two bronchodilators (leval-
buterol tartrate 45 mcg one to two puffs every four to six hours and
albuterol 90 mcg one to two puffs every four hours as needed). He
also took iron, mineral and vitamin supplements daily. For osteopo-
rosis treatment he received intravenous bisphosphonate (zoledronic
acid) infusions every three months. A daily anti-convulsant (dival-
proex sodium 250 mg at nighttime) and a barbiturate (butalbital
acetaminophen 162.5 mg as needed) were prescribed for migraine
therapy. An interdisciplinary healthcare team closely followed the
patient and regular imaging examination was required for ongoing
screening of potential cardiac and skeletal complications.

The dental examination revealed extraoral facial features consis-
tent with those typical of the syndrome, including hypertelorism
and mild facial asymmetry. Intraorally, the patient presented with
generalized marginal gingivitis, thick and fibrous attached gingiva
and scattered petechiae on the mucosa of the posterior hard and soft
palate (Figure 1). He had heavy plaque accumulation on all teeth
and substantial calculus deposits on the mandibular incisors. His
dental development was delayed according to his age chronology.
Four deciduous teeth were over-retained (maxillary left primary
canine, mandibular right, mandibular left and maxillary right second
primary molars, with the latter showing signs of ankylosis). While
free from any carious lesions, the dental hard structures demonstrated

a generalized developmental defect, affecting both dentitions in a
similar manner. The tooth enamel was present only in the cervical
third of the crowns of all erupted teeth, with clinical crowns mostly
consisting of exposed dentin. Occlusion evaluation showed class
II division 1 malocclusion, with moderate overcrowding in both
arches, increased overjet of six mm and anterior open bite of two
mm. He also had a high-vaulted palate.

The radiographic assessment showed congenitally missing
maxillary left, mandibular right and mandibular left second premo-
lars as well as potential impaction of the maxillary canines (Figure 2).
The forming second and third permanent molars demonstrated
enamel structure of appropriate radiopacity covering the entire
crowns. In contrast, the developing maxillary right canine seemed
to lack cuspal enamel. Superimposition of the images of the maxil-
lary right canine and first premolar made it difficult to assess the
presence and quality of their enamel structure.

In order to preserve the teeth from further loss of enamel and to
alleviate the pronounced tooth sensitivity, the comprehensive dental
management plan included direct full coronal coverage restorations
for all erupted teeth. In view of the complex medical history, the
extensive need of restorative care and the potential inability to fully
anesthetize him for dental work, his mother consented for complete
oral rehabilitation under general anesthesia (GA).

Figure 1. Intraoral photographs of the patient, including maxillary occlusal (A), mandibular occlusal (B), right lateral (C), frontal (D)
and left lateral (E) views. Soft tissue findings include generalized marginal gingivitis, thick and fibrous attached gingiva and
scattered petechiae on the mucosa of the posterior hard and soft palate. While free from any carious lesions, the dental
hard structures demonstrate a generalized developmental defect (consistent with enamel hypomineralization and post
eruptive enamel breakdown), affecting both dentitions in a similar manner. Heavy plaque accumulation on all teeth and
substantial calculus deposits on the mandibular incisors are also evident.
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Several consultations were obtained from the patient’s medical
team prior to GA. The cardiologist recommended antibiotic prophy-
laxis and a warfarin drug holiday beginning five days before the
surgery date and restarting the day after. With respect to the bisphos-
phonate therapy, his endocrinologist did not advise for any regimen
alteration as the risk of osteonecrosis of the jaw was perceived as
minimal despite the planned extraction of all primary teeth requested
by his orthodontist for malocclusion management.

The endocrinologist did not recommend a change in his steroid
dosage prior to dental treatment.

The dental treatment under GA was uneventful and included
provision of prefabricated stainless steel crowns for the molars,
open face stainless steel crowns for the erupted premolars and direct
resin composite crowns for the incisors. Partially erupted teeth
were restored with direct composite resin veneer on the accessible
surfaces (e.g., the mandibular right first premolar). The patient
received 2 g ampicillin intravenously approximately 30 minutes
prior to dental procedures started in the operating room.

Post-operatively, the patient reported significant reduction
of tooth sensitivity and considerable quality of life improvement,
particularly with being able to eat ice cream and hot food for first
time (Figure 3). Twelve months after the dental rehabilitation, all
restorations remained intact, oral hygiene had improved substan-
tially, the gingival tissues regained normal health and the patient
has started successfully fixed orthodontic therapy (Figure 4). The
composite resin veneers of the open-faced stainless-steel crowns
provide facial surfaces for bonding of orthodontic brackets as well
as improved esthetics. Any chipping or loss of structure of the
composite resin crowns can be easily restored by directly adding
more material. These restorations are inexpensive, easy to place
and repair, and offer adequate esthetics. Both the patient and his
mother were very pleased with the treatment outcome. Future
considerations include regular recall visits, provision of full coronal
coverage restorations for any newly erupted teeth, and a periodontal
management of his gingival overgrowth.

Figure 2. Panoramic radiograph of the patient at the initial examination. The maxillary left, mandibular right and mandibular
left second premolars are congenitally missing. The forming second and third permanent molars demonstrate enamel
structure of appropriate radiopacity covering the entire crowns. In contrast, the developing maxillary right canine seem to

lack cuspal enamel.

Figure 3. One-month postoperative intraoral photographs of the patient including frontal (A), maxillary occlusal (B), mandibular
occlusal (C) views. The dental treatment included extraction of all remaining primary teeth, provision of prefabricated
stainless steel crowns for the permanent molars, open face stainless steel crowns for the erupted premolars and direct
resin composite crowns for the incisors. Partially erupted teeth were restored with direct composite resin veneer on the

accessible surfaces (e.g., the mandibular right first premolar).
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Figure 4. One-year postoperative intraoral photographs of frontal (A) and maxillary occlusal (B) views as well as a view of the
repaired bifid uvula (D). All restorations remain intact, oral hygiene was improved, and a fixed orthodontic therapy was
started successfully. The composite resin veneers of the open-faced stainless steel crowns provide facial surfaces for

bonding of orthodontic brackets as well as improved esthetics.

— 3 = v_

DISCUSSION

The medical management of LDS comprises of pharmacolog-

ical and surgical approaches that treat syndrome manifestations and
prevent secondary complications.!** Cardiovascular features, such
as dilation, dissection, aneurysms and/ or tortuosity of the aorta and
other arteries are treated with early and aggressive surgical interven-
tions.'* Angiotensin receptor blockers and beta-adrenergic receptor
blockers are indicated to reduce hemodynamic stress and patients
with cervical spine instability are managed with surgical fixation to
prevent spinal cord damage.'? Other skeletal features, such as bone
overgrowth, clubfeet, ligamentous laxity, scoliosis and pectus exca-
vatum may require orthopedic correction.? Bisphosphonate therapy
is administered for osteoporosis management, with cleft palate and
craniosynostosis being managed by a craniofacial team.? Standard
medical treatment is typically instigated for allergic/ inflammatory
diseases associated with LDS. Hernia repairs in this population
have a high tendency for recurrence and a supporting mesh should
be considered to minimize that risk.* Ocular refraction and visual
correction are necessary in young patients at risk for amblyopia.'?
The dental management of patients with LDS is complex in
order to prevent medical complications. A thorough review of the
medical history and consultation with patient’s medical team are of
paramount importance. The cardiovascular anomalies may require
antibiotic prophylaxis prior to invasive dental procedures to prevent
infective endocarditis, as our patient received. Patients using anti-
coagulant medications can present with increased risk of bleeding.
Although the patient’s cardiologist stopped his medication for a few
days prior to the GA appointment, there is strong scientific evidence
that dental surgery is safe for these patients and stopping the antico-
agulant regimen, even for a short period of time, increases the risk of
an embolic event that can be debilitating or even fatal.”? Mandibular
block injections are not contraindicated and post-operative bleeding
can be easily contained with local hemostatic measures, even with
an International Normalized Ration even higher than 3.5.2 1t is
important for the dental practitioner to discuss this information with
the medical team as they may not be up-to-date with contemporary
standard of dental care. Our patient also presented easy bruising,
which could have been due a side effect of medications he was
taking, such as warfarin, divalproex and butalbital acetaminophen.
Since LDS is associated with cervical spine instability,> a
flexion/ extension radiograph of the neck may be advised prior to
dental care intubation for dental patients requiring GA. However,
the neck radiograph is controversial because it can be deemed

The Journal of Clinical Pediatric Dentistry ~ Volume 45, Number 3/2021

inconclusive. Thus it is important to take precautions to avoid
extremes of head position during dental treatment, including during
GA intubation, for all patients who are at risk for atlanto-axial
instability.!*!* Use of protective stabilization or any type of phys-
ical restraint is discouraged for uncooperative patients due to the
danger of spinal cord compression or other serious complications,
including paralysis.

Asthmatic patients should achieve well-controlled disease level
prior routine dentistry to prevent potential precipitation of asthmatic
attack in a dental situation. Individuals affected with LDS are likely
be on long-term oral or intravenous bisphosphonate therapy, as our
patient was. There is a well-documented risk of osteonecrosis of
the jaws (ONJ) in adult patients who have taken or are currently
taking bisphosphonates after invasive dental procedures that may
result in bone trauma, exposure or an open wound (e.g., extractions,
implant placement and other surgical interventions, including peri-
odontal therapy).'® Dental care for these patients should be carried
out according to medication-related ONJ (MRONJ) prevention and
management protocols and in close collaboration with their physi-
cians."” Fortunately, to date there are no reported cases MRONJ
in children, possibly due to the relatively small wounds following
extraction of primary teeth, the vascularity of young jaw bones and
the lower doses given to children compared to adults.'® Given that
bisphosphonates decrease bone turnover, orthodontic treatment may
become compromised.'” As the drug may stay in the body for many
years after discontinuing its use,'>'” it is extremely important to
remind patients (or parents, in case of pediatric patients) to inform
their dental providers that they used bisphosphonates, which will
put them at long-term risk for ONJ.

Craniofacial features of LDS include dolichocephaly, a tall
broad forehead, frontal bossing, a high anterior hairline, hypoplastic
supraorbital margins, prominent maxillary central incisors and
tendency for open-mouth.'® These extraoral characteristics were also
observed in our patient and were consistent with the orthodontic
diagnosis of class II division 1 malocclusion with increased overjet
and open bite.

There is a limited knowledge of oral characteristics of the
syndrome. Our literature review identified only one available study
describing LDS oro-dental manifestations, which has shown results
from a small sample of forty participants with a wide age varia-
tion.!” Our patient had a generalized defect of the enamel structure,
affecting both dentitions, consistent with the clinical presentation
of enamel hypomineralization. It led to hypersensitivity and a
decreased oral health-related quality of life, findings confirmed by
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Nguyen et al."! The tooth sensitivity was also detrimental to effec-
tive oral hygiene practices, which resulted to substantial plaque
and calculus accumulation. Furthermore, the tooth sensitivity was
a barrier for the patient to undergo a comprehensive course of chair-
side dentistry as quadrant local anesthesia could not eliminate the
discomfort to the rest of the teeth.

The patient’s enamel structure appeared to be developmentally
lacking or lost soon after tooth eruption, particularly in the incisal/
cuspal third of the crowns. Generally, dental enamel development
can be affected by long lasting adverse factors in the microenviron-
ment of the teeth, by mutations in the genes responsible for normal
enamel formation or by metabolic changes, characteristic for some
inherited conditions.'”!'® While phenotypically the enamel defect
appeared similar to amelogenesis imperfecta, the known genetic
make-up of the latter differs from the genes implicated in LDS.!"'8
Since LDS is a multi-system connective tissue disorder, the etiology
of the generalized tooth structure defect may be related to error in
the formation of dentin or in the establishing the effective enamel
dentin junction.

Future research is needed to confirm if developmental hard tissue
anomalies are indeed a part of the syndrome and to catalogue any
other oral and dental manifestations. Our literature search did not
identify prior publications discussing dental management consid-
erations of LDS patients and this case report is an illustration of
the complex multidisciplinary approach required to prevent medical
complications, as well as treatment decisions for safe delivery of
dental care.

CONCLUSIONS

LDS is a newly described syndrome and the literature reviewing
its oral manifestations is limited. Patients are reported to have lower
oral health-related quality of life as a result of tooth sensitivity
and malocclusions. Dental management is compounded by the
complexity of medical factors that should be taken into consider-
ation for the safe delivery of care. The presented case is an example
of the challenges that dental practitioners may face when providing
treatment for LDS patients.
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