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1  |  INTRODUCTION

Neurodevelopmental disorders (NDDs) are a group of 
neurologic conditions that include intellectual disability 
(ID), autism spectrum disorder (ASD), attention- deficit/
hyperactivity disorder (ADHD), communication disor-
ders, and other conditions that affect brain development.1 
This definition encompasses many distinct diagnoses, and 

some associated medical features overlap, yet some are 
unique. With the ability to genetically stratify NDDs, we 
can refine clinical care based on the unique features as-
sociated with each genetic condition.2

One of the healthcare challenges for children with 
NDDs is an ~40% likelihood of oral health problems3 in-
cluding a higher prevalence of caries, gingivitis, and ex-
tractions.4 Difficulty maintaining proper oral care has 
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Abstract
Background: Children with neurodevelopmental disorders (NDDs) often have 
poor oral health and dental abnormalities. An increasing number of genes have 
been associated with neurodevelopmental conditions affecting the oral cavity, 
but the specific dental features associated with many genes remain unknown.
Aim: To report the types and frequencies of dental manifestations in children 
with neurodevelopmental conditions of known genetic cause.
Design: A 30- question survey assesing ectodermal and dental features was ad-
ministered through Simons Searchlight, with which formed a recontactable co-
hort of individuals with genetic NDDs often associated with autism spectrum 
disorder (ASD).
Results: Data were collected from a largely paediatric population with 620 af-
fected individuals across 39 genetic conditions and 145 unaffected siblings with-
out NDDs for comparison. Drooling, difficulty accessing dental care, late primary 
teeth eruption, abnormal primary and permanent teeth formation, misshapen 
nails, and hair loss were more frequent in individuals with NDDs. Additionally, 
we evidenced an association between three new pathogenic gene variant/oral 
manifestation pairs: CSNK2A1/unusual primary teeth, DYRK1A/late primary 
teeth eruption, and PPP2R5D/sialorrhea.
Conclusion: Our results demonstrate that genetic NDDs caused by mutations in 
CSNK2A1, DYRK1A, and PP2R5D are associated with unique dental manifesta-
tions, and knowledge of these features can be helpful to personalize dental care.
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been attributed to behavioral challenges including brush-
ing requiring significant assistance, oral sensory sensitiv-
ity, self- injurious behavior leading to trauma, and lack of 
cooperation during dental visits.5,6 Iatrogenic xerostomia 
and gingival hyperplasia due to the use of antidepressants, 
anxiolytics, and anticonvulsants can also make proper 
dental care more difficult for children with NDDs. The 
mechanism of action of decreased salivary flow includes 
anticholinergic medications, whereas it is hypothesized 
that the destruction of metalloproteinases by medications 
is responsible for gingival hyperplasia.7,8

Other observed dental abnormalities such as ectopic 
eruptions, shape and positional anomalies, hypodontia, and 
anterior open bites9 suggest a developmental disruption 
driven by genetic factors. NDDs are highly heterogeneous, 
and the greater accessibility of genomic tools such as exome/
genome sequencing and large genetic studies have identi-
fied hundreds of genes associated with NDDs. A number of 
these genes converge on common developmental pathways 
important for the normal development of dentition such as 
Sonic hedgehog (Shh) or Wnt signaling.10 Although dental 
defects have been described as diagnostic markers for a few 
specific conditions, such as tooth enamel defect for muta-
tions in CTBP111 or taurodontia in KBG syndrome,12 most 
studies examining the oral cavity in children with NDDs 
have not specified the underlying genetic causes.13

Our knowledge of the distinct dental features related to 
NDD genes, therefore, remains incomplete. The primary 
purpose of this study was to use parent- reported informa-
tion to systematically collect, describe, and compare the 
oral manifestations in individuals with genetic NDDs as-
sociated with autism and ID.

2  |  MATERIALS AND METHODS

This cross- sectional noninterventional study was con-
ducted via an online questionnaire administered to par-
ents of individuals enrolled in Simons Searchlight. It was 
approved by the Institutional Review Board of Columbia 
University (IRB- AAAF3927). Inclusion criteria for the 
probands include diagnosis of a pathogenic or likely path-
ogenic variant in one of the Simons Searchlight genes/
copy number variants. Exclusion criteria for the affected 
group were having a dual diagnosis for two or more neu-
rodevelopmental conditions and, for analysis, rare neu-
rogenetic conditions with only one patient in the group 
to protect participant privacy since they could be identi-
fiable. All genetic diagnoses of the neurodevelopmental 
conditions were reviewed by a laboratory geneticist and a 
genetic counselor. Most monogenic variants in probands 
were de novo and therefore not expected to be present 
in an unaffected sibling. Therefore, inclusion criteria for 

unaffected siblings did not usually include genetic testing 
for monogenic conditions. Unaffected siblings, however, 
were tested in the case of copy number variants. The on-
line survey was developed in collaboration with a paedi-
atric dentist (SC) from the College of Dental Medicine at 
Columbia University and a clinical geneticist (WKC) from 
the Vagelos College of Physicians and Surgeons at Colum-
bia University. The choice of anomalies and characteristics 
included in the survey was based upon all issues reported 
in discussions with parents across 39 genetic conditions.

The online questionnaire consisted of 30 questions 
covering ectodermal (dental, hair, and nail) abnormalities. 
An initial pilot study was conducted with parents in Si-
mons Searchlight who took the survey and provided feed-
back to improve question clarity. The survey (Table  S1) 
was modified to clarify ambiguities. Early eruption of the 
first tooth was defined as <5 months for primary dentition 
and <5 years for permanent dentition. Delayed eruption 
of the first tooth was defined as >12 months for primary 
dentition and >8 years for permanent dentition.14

The responses were analyzed as a whole across all con-
ditions and then for each genetic condition separately. 
Frequencies were compared across conditions and with 
the comparison populations. Significance was determined 
by Fisher's exact test when the 2 × 2 contingency table con-
tained an expected frequency <5 and by the chi- squared 
test for all other calculations. Statistical significance was 
set at a p- value <.05. Risk ratios were also calculated.

For each question, parents had the opportunity to re-
spond with not applicable, not sure, or to leave it blank. 
These responses were tallied per trait. Additionally, the 
question regarding the development of second molars was 
limited to individuals who were at least 13 years old, the 
age at which second molars should have developed. These 
limitations ensured respondents were age- appropriate for 
each question.

Why this paper is important to paediatric 
dentists

• This study highlighted previously unknown as-
sociations between genetic NDDs and dental 
manifestations.

• This study evidenced parent- based information 
in the form of a survey as an effective way for 
clinicians and researchers to gather informa-
tion about dental presentations for children 
with genetic conditions.

• It showed that genetic testing allows for more 
personalized dental care in children with neu-
rodevelopmental conditions.
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3  |  RESULTS

Responses were collected for a largely paediatric popula-
tion of 620 individuals (526 children and 94 adults) across 
39 genetic NDDs (Table S2). In addition, 145 siblings (144 
children and 1 adult) across all conditions without an 
NDD served as a pooled comparison group. As the siblings 
come from the same families as the affected children, we 
expect a similar race/ethnicity and socioeconomic back-
ground. The survey was sent to parents of 2295 affected 
individuals with a response rate of 27% and 584 unaffected 
siblings with a response rate of 24.8%.

In the cohort of affected individuals, the average age 
was 11.4 years with a standard deviation of 11.0. The 
male:female ratio was 1.1:1. In the unaffected sibling com-
parison group, the average age was 8.2 years with a stan-
dard deviation of 4.7. The male:female sex ratio was 1.4:1 
(Table 1). In order to account for the younger age profile 
of the sibling population, the comparison did not assess 
features that are highly age- dependent or manifest only 
in an older population. Specifically, the features that were 
excluded were the number of permanent teeth extracted 
and cavities in the permanent dentition.

There were 226 children who did not have any adult 
teeth and were therefore excluded from all calculations 
discussing permanent dentition: early or late eruption 
of adult teeth, abnormal permanent teeth, and the failed 
eruption of permanent teeth.

The frequency of each dental abnormality in all NDD 
individuals and in the 145 unaffected siblings is shown 
in Table 2. Drooling, difficulty accessing dental care, late 
primary teeth eruption, and abnormal primary and per-
manent teeth formation were significantly more frequent 
in the NDD group. Dry mouth, cleft palate, untreated 
cavities, failed eruption, fused teeth, delayed permanent 
eruption, primary extractions, early primary eruption, and 
primary cavities were not found significantly more in indi-
viduals with NDDs.

Extraoral ectodermal features present in all individu-
als with NDDs compared with the 145 unaffected siblings 
are shown in Table 2. Misshapen nails and hair loss were 
significantly more frequent in the individuals with NDDs, 
whereas abnormally thin or thick hair was not.

Survey responses were then analyzed separately for 
each of the 39 genetic conditions. Full results including 
counts and frequencies can be found in Table  S2. The 
criterion for statistical significance was p < .05 when 
compared with the unaffected sibling cohort and with 
the cohort of individuals with other NDDs (Table 3). Of 
the 39 genes examined, four genes presented significant 
findings. Early primary tooth eruption was found to be 
associated with pathogenic variants in ADNP, a previ-
ously known finding. Additionally, pathologic variations 

in CSNKA1, DYRK1A, and PPP2R5D were associated with 
previously undescribed dental manifestations. A signifi-
cantly higher frequency of dental anomalies was found in 
the primary dentition of children with CSNK2A1- related 
NDD. Dental malformations parents described included 
long incisors, cracked teeth, missing enamel, small teeth, 
and fused teeth (Table  4). Additionally, pathogenic vari-
ants in DYRK1A were associated with late primary teeth 
eruption and pathogenic variants in PPP2R5D were asso-
ciated with sialorrhea.

4  |  DISCUSSION

Individuals with genetic NDDs are vulnerable to develop-
ing a range of dental conditions due to a combination of 
genetic and behavioral patterns.4 Emphasis on oral hy-
giene is especially important for this population because 
many children with an ID or profound ASD remain non-
verbal or minimally verbal and cannot easily communi-
cate symptoms of oral pain.15 Compounded with difficulty 
in cooperation due to increased anxiety about dental vis-
its and hypersensitivity to sensory stimuli, many children 
with NDDs experience delays in diagnosing caries and 
other dental problems.16

The results of the survey reinforced known dental 
manifestations and characterized new gene- specific den-
tal associations. Comparing all individuals with NDDs 
as a single cohort with the unaffected sibling compari-
son group highlights a significantly higher frequency of 

T A B L E  1  Age distribution and sex of individuals with 
neurodevelopmental disorders (NDDs) and siblings comparison 
group.

Number and 
percentage 
of affected 
individuals with 
NDDs

Number and 
percentage of 
unaffected siblings 
in comparison 
group

Age (years)

0– 3 85 (13.7%) 29 (20%)

3– 6 148 (23.9%) 24 (16.6%)

6– 9 108 (17.4%) 24 (16.6%)

9– 12 77 (12.4%) 34 (23.4%)

12– 15 72 (11.6%) 18 (12.4%)

15– 18 36 (5.8%) 15 (10.3%)

18– 21 13 (2.1%) 0 (0.0%)

21– 24 3/145 (2.1%) 0 (0.0%)

24+ 0/26 (0.0%) 1 (0.7%)

Sex

Male 325 (52.4%) 85 (58.6%)

Female 295 (47.6%) 60 (42.4%)
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drooling, difficulty accessing dental care, late primary 
teeth eruption, and abnormal growth of primary and per-
manent teeth. Lack of access to dental services has been 
well- documented for individuals with NDD and ID. Con-
tributing factors include insufficient staff training and 
lack of equipment for alternative treatment plans involv-
ing general anesthesia.4,17 Despite reported difficulties 
accessing services, our study did not find an increased 
number of untreated cavities in this population of chil-
dren with NDDs. Additionally, previous studies have in-
dicated that individuals with NDDs related to ASD may 
present increased rates of dental caries,18 but this was not 
a significant finding in our study. Nonstatistically signifi-
cant findings may be the result of some gene groups hav-
ing small numbers of individuals and the signal being lost 
when pooled with the whole group of NDDs.

Many of the more frequent dental features are develop-
mental in nature and likely due to the pleiotropic effects 
of the genes on the brain and other organs. Sialorrhea is 
common and has been associated with apraxia and hypo-
tonia in children with NDDs.19 The association of NDDs 
with abnormal primary and permanent dentition has 

been described in case reports but was not characterized 
across genetic conditions.20 Late primary tooth eruption 
has not been previously described to be associated with 
neurodevelopmental conditions. Many individuals with 
NDDs have feeding and GI issues as part of their underly-
ing condition, and dietary adjustments are numerous and 
complex to address these issues. The level of detail in the 
diet questions was inadequate to allow for analysis with 
dental outcomes.

Nonoral ectodermal features that were significantly 
more frequent include misshapen nails and hair loss. De-
velopmentally, the brain, teeth, and nails are all derived 
from the ectoderm and are regulated by many of the same 
signaling pathways such as the Wnt, bone morphogenic 
protein (BMP), or fibroblast growth factor (FGF) path-
ways.21 Case reports have highlighted the presence of 
neurodevelopmental delay along with teeth, hair, and nail 
abnormalities in the same individual.22

Characterizing specific NDDs based on the underlying 
genetic cause allowed us to highlight several findings. We 
replicated previously known dental abnormalities associ-
ated with pathogenic variants in ADNP, confirming the 

T A B L E  2  Dental and ectodermal findings in individuals with neurodevelopmental disorders (NDDs) vs. sibling comparison group.

Condition evaluated
Frequency in individuals 
with NDDs

Frequency in unaffected 
sibling comparison group p- Values

Risk ratio (confidence 
interval)

Sialorrhea 201/619 (32.5%) 6/145 (4.1%) <.0001 7.8 (3.6– 17.3)

Dental care difficulty 123/614 (20.0%) 6/145 (4.1%) <.0001 5.2 (2.4– 11.6)

Abnormal primary teeth 52/612 (8.5%) 3/144 (3.2%) .016 4.1 (1.3– 12.9)

Late primary eruptionb 40/497 (8.0%) 2/122 (1.6%) .027 4.9 (1.2– 20.0)

Abnormal adult teeth 46/394 (11.7%) 3/93 (2.1%) .027 3.6 (1.2– 11.4)

Dry mouth 25/619 (4.0%) 1/145 (.7%) .082 5.9 (0.8– 42.9)

Cleft palate 18/614 (2.9%) 0/145 (0.0%) .13 8.8 (0.5– 144.9)

Untreated cavity 31/612 (5.1%) 3/145 (2.1%) .13 2.4 (0.8– 7.9)

Failed eruption 17/156 (10.9%) 0/26 (0.0%) .21 6.0 (0.4– 97.2)

Fused teeth 13/578 (2.2%) 1/143 (.7%) .26 3.2 (0.4– 24.6)

Primary teeth extracted 149/573 (26.0%) 35/140 (25.0%) .81 1.0 (0.8– 1.4)

Late permanent eruptiond 14/307 (4.6%) 3/76 (3.9%) .82 1.2 (0.3– 3.9)

Early permanent 
eruptionc

26/307 (8.5%) 7/76 (9.2%) .84 0.9 (0.4– 2.0)

Early primary eruptiona 83/497 (16.7%) 24/122 (19.7%) .43 0.8 (0.6– 1.3)

Primary cavities 167/613 (27.2%) 45/145 (31.0%) .35 0.9 (0.7– 1.2)

Misshapen nails 103/577 (17.9%) 4/144 (2.78%) .0002 6.4 (2.4– 17.2)

Hair loss 62/596 (10.4%) 2/144 (1.4%) .005 7.5 (1.9– 30.3)

Thick hair 124/615 (20.2%) 19/144 (13.2%) .06 1.5 (1.0– 2.4)

Thin hair 35/615 (5.7%) 3/144 (2.1%) .09 2.7 (0.9– 8.8)
aEarly primary tooth eruption defined as the first tooth erupting before 5 months of age.
bLate primary tooth eruption defined as the first tooth erupting after 12 months of age.
cEarly permanent tooth eruption defined as the first tooth erupting before 5 years of age.
dLate permanent tooth eruption defined as the first tooth erupting after 8 years of age.
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reliability of the parent- provided information to character-
ize oral features in children with NDDs. Early eruption of 
the primary dentition was previously described in 81% of 
patients with ANDP- related NDD (n = 54),23 and we found 
early primary eruption in 66% of our cohort. Our findings 
confirm the relevance of early primary tooth eruption as a 
clinical marker for ADNP mutations.

We also described three previously unreported asso-
ciations between genetic conditions and dental features: 
CSNK2A1 and unusual primary teeth, DYRK1A and late 
primary tooth eruption, and PPP2R5D and drooling.

Pathogenic variants in CSNK2A1 are associated with 
Okur– Chung neurodevelopmental syndrome. We found 
that these patients had a high frequency of abnormal pri-
mary dentition (42.9%) that has not been described pre-
viously (Table  4). In these six children, a range of teeth 
malformations were described, and no findings were re-
current. Further focused evaluations may help identify 
specific patterns of developmental dental defects. Given 
the frequency and variability of many of these malfor-
mations, close follow- up with paediatric dentists may be 
warranted to monitor for defects as the permanent den-
tition erupts. CSNK2A1 encodes for the α subunit of the 
Casein kinase II (CK2) protein, which is involved in two 
major developmental pathways associated with tooth 
formation: Wnt signaling and NF- κB signaling. CK2 pro-
motes the Wnt/β- catenin signal transduction pathway by 
phosphorylating β- catenin and the transcription factor 
TCF/LEF.24 Knockout of the Wnt/β- catenin pathway has 
been shown to inhibit multiple stages of tooth morpho-
genesis in animal models.25 Disruption of this pathway 
results in downregulation of bone morphogenetic protein 
4 (BMP4) activity, which is required for the proper devel-
opment of both molars and incisors.26 The resulting den-
tal defects include misshapen tooth buds25 and defective 
enamel.27 CK2 has also been shown to activate the induc-
ible transcription factor NF- κB through phosphorylation 
of its inhibitor, IκB.28 Previous animal model studies have 
demonstrated that the downstream signaling pathway 
associated with NF- κB affects early tooth development.29 
Disruptions of this signaling cascade in rat dental epithe-
lial stem cells lead to abnormal tooth morphology such as 
an abnormal number of cusps.30

Delayed primary tooth eruption, which was defined 
as the first primary tooth erupting after 12 months of 
age, was reported in 53.8% of individuals with DYRK1A- 
related NDD. This association has been reported in 
an isolated case report, but its prevalence was not de-
scribed.31 The pathogenesis of delayed primary teeth 
eruption was not linked to hypothyroidism, which is 
associated with DYRK1A in four of 14 (28.6%) individ-
uals.32 Delay in initial teething affects speech produc-
tion; diet due to the inability to chew certain foods is T
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associated with fewer erupted teeth at an older age33 and 
can impact the overall functioning of these children. De-
layed primary tooth eruption could serve as a clinical 
marker for the diagnosis of DYRK1A- related NDD.

This study demonstrated that sialorrhea is associated 
with other genetic NDD conditions when examined as 
a single group. Individuals with PPP2R5D- related NDD, 
however, had a significantly higher frequency of drool-
ing (66%) than those with all other NDDs (31.5%). Our 
data did not indicate that sialorrhea affected the prev-
alence of caries in these individuals. Complications of 
excess salivary flow out of the mouth include perioral 
chapping, dehydration, and social stigmatization.34 
Management strategies for drooling are multidisci-
plinary, including noninvasive prosthetic devices and 
pharmacological methods or invasive modalities such 
as the removal of salivary glands or laser photocoagu-
lation.35 Drooling could be caused by pronounced hy-
potonia and developmental delays in gross motor skills 
associated with PPP2R5D- related NDD. Drooling is also 
associated with neurological conditions such as Parkin-
son's disease, cerebral palsy, or stroke.36 Sialorrhea has 
not been previously reported for PPP2R5D- related NDD, 
and further investigation is warranted to explore the 
specific mechanism behind the association with drool-
ing given that most children are not neurologically se-
verely disabled.

The survey was tailored to be descriptive and pro-
vides an inventory of the features that may be seen in 
a wide variety of specific genetic diagnoses. Therefore, 
limitations of the study include the small and hetero-
geneous sample sizes for many of these rare genetic 
conditions. With small numbers of individuals for some 
conditions, our study may be underpowered to observe a 
statistical significance, especially if features are incom-
pletely penetrant. This limitation may help to explain 
why the other 35 genes we evaluated did not display 
statistical enrichment when compared with both the 
sibling comparison group and the cohort of individuals 

with other NDDs. As more children are identified with 
these conditions, future studies with larger sample sizes 
may be able to demonstrate additional dental associa-
tions. Additional studies are also warranted given the 
overall survey response rate of 26.6%. Another limita-
tion of the study is the age of the affected (mean age 
8.2 years) and unaffected individuals (mean age of 11.4) 
for whom the surveys were completed. As most of the 
participants are children, manifestations at older ages 
are underrepresented and will benefit from longitudinal 
follow- up of this cohort. To address the older age of the 
unaffected siblings, this study did not compare highly 
age- dependent dental features such as the number of 
permanent teeth extracted and cavities in the perma-
nent dentition.

Unmet dental care remains a significant healthcare 
issue for children with NDDs,16 highlighting the need 
for tailored recommendations to improve the monitor-
ing of these individuals. This study leveraged precise 
genotypic characterization of the cohort that includes 
a large number of genetic NDDs to associate previously 
unreported dental manifestations with NDDs, pro-
viding the foundation for future personalized dental 
management.
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Participant Sex Age (years)
Parent description of primary teeth 
abnormality

Individual 1 Male 6.4 Fused teeth

Individual 2 Female 8.5 Fangs (long incisors)

Individual 3 Female 13.6 Abnormal shape; all primary teeth had 
cavities before falling out

Individual 4 Female 13.8 Gum was growing around the primary 
tooth and covering it, tooth 
disintegrating, and cracking

Individual 5 Male 7.8 Enamel missing, deformation of a single 
tooth

Individual 6 Male 5.6 Small teeth; very slow to grow

T A B L E  4  Primary teeth abnormalities 
in individuals with CSNK2A1 variants.
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