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“Examining the link between tooth agenesis 
and papillary thyroid cancer: is there a risk 
factor?” Observational study
Željana Matošić1, Luka Šimunović2*  , Tomislav Jukić3,4, Roko Granić3 and Senka Meštrović5 

Abstract 

Background Mutations in one or multiple genes can lead to hypodontia and its characteristic features. Numerous 
studies have shown a strong genetic influence on the occurrence of hypodontia, and identified several genes, includ-
ing AXIN2, EDA, FGF3, FGFR2, FGFR10, WNT10A, MSX1, and PAX9, that are directly associated with dental agenesis 
and carcinogenesis. The objective of this study was to investigate the occurrence and pattern of tooth agenesis, 
microdontia, and palatally displaced canine (PDC) in women diagnosed with papillary thyroid cancer (PTC), compared 
to a control group of women without any malignancy or thyroid disease.

Materials and methods This case–control study was carried at the Department of Orthodontics, School of Dental 
Medicine University of Zagreb, and Department of Oncology and Nuclear Medicine Sestre Milosrdnice University 
Hospital Centre. The study involved a clinical examination and evaluation of dental status, panoramic X-ray analysis, 
and assessment of medical and family history of 116 female patients aged 20–40 with PTC, as well as 424 females 
in the control group who were of similar age.

Results The prevalence of hypodontia, microdontia, and PDC was statistically higher in women with PTC than in the 
control group. The prevalence rate of hypodontia was 11.3% in the experimental group and 3.5% in the control group. 
The experimental group showed a higher occurrence of missing upper lateral incisors, lower left central incisors, 
and all the third molars (except the upper left) compared to the control group. Women with PTC showed the preva-
lence of PDC significantly higher than the control group (3.5%, 0.7%, p = 0.002). The probability of hypodontia as a clin-
ical finding increases 2.6 times, and microdontia occurs 7.7 times more frequently in women with PTC.

Conclusion Our study suggests a possible link between odontogenesis and PTC. The absence of permanent teeth 
may increase the likelihood of PTC in women. Leveraging the age-7 orthopantomogram to identify women at high 
risk for PTC within a critical early detection window could significantly improve oral health outcomes and PTC progno-
sis through proactive interventions.

Keywords Hypodontia, Tooth agenesis, Microdontia, Palatally displaced canine, Carcinogenesis, Papillary thyroid 
cancer
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Background
Tooth agenesis can be caused by a range of different 
genetic and phenotypic factors. When defective genes 
interact with each other or act independently, they can 
lead to a specific phenotype and result in hypodontia. 
In recent decades, significant research has been con-
ducted to identify the specific gene loci responsible 
for the most common developmental abnormalities in 
humans [1].

Advanced molecular genetic techniques like gene map-
ping have revealed links between specific gene muta-
tions and tooth agenesis. Evidence points to hypodontia, 
microdontia, and palatally displaced canine (PDC) exhib-
iting significant and intimate genetic association. These 
congenital abnormalities are linked to multiple mutations 
in genes associated with transcription factors and growth 
factors that play a role in dental development [2–8].

A growing body of evidence suggests significant genetic 
influence on the prevalence of hypodontia including 
AXIN2, EDA, FGF3, FGFR2, FGFR10, WNT10A, MSX1, 
and PAX9, association with dental agenesis and the 
development of cancer [9–15].

An area of research of particular significance examines 
the connection between the development of cancer and 
the absence of teeth.

Bond et  al. conducted a study on DNA samples from 
ovarian cancer patients to determine if there was a 
genetic connection between ovarian cancers and hypo-
dontia. They identified several genes (AXIN2, MSX1, 
PAX9, WNT10A, EDA, BARX, and BRCA1) that may 
play a role in both hypodontia and cancer development. 
The research by Bond and colleagues demonstrated 
that only half of the patients with both conditions had 
a shared genetic cause, which significantly reduced the 
previously estimated risk of ovarian cancer in females 
with asymptomatic hypodontia [16].

Two investigations conducted by Fekonja et  al. and 
Chalothorn et  al. have found a statistically significant 
increase in the occurrence of congenital tooth agenesis 
in female patients with ovarian cancer, as compared to a 
control group of individuals without a diagnosis of malig-
nancy [17, 18].

Williams et  al. conducted a genome-wide association 
study and found a correlation between genes linked to 
colorectal cancer and genes associated with tooth agen-
esis [19]. Lammi et al. [20] identified the molecular con-
nection between colorectal cancer and a mutation in 
the AXIN2 gene. Kuchler et  al. demonstrated the rela-
tionship between the genes AXIN2, FGF3, FGFR10, and 
FGFR2 and tooth agenesis. They also reported breast 
and prostate cancer as the most prevalent types of can-
cer in their study group [21]. In 2016, Yin et al. [22] con-
ducted research indicating that hypodontia can serve as a 

predictive factor for the development of colorectal, lung, 
breast, and ovarian cancer.

Multiple studies indicate that the canonical Wnt signal-
ing pathway and the AXIN2 gene, which acts as a critical 
negative regulator to preserve the stability of β-catenin, 
are significant factors in cell growth, cancer develop-
ment, tumor progression, and tooth formation [23–25].

The severe form of nonsyndromic hypodontia is often 
associated with symptoms commonly found in diseases 
that affect ectodermal tissues, such as issues with sweat 
glands, reduced saliva production, and inadequate hair 
or nail growth. In addition, this severe hypodontia is fre-
quently observed in more than 120 distinct syndromes, 
most frequently in X-linked ectodermal dysplasia and 
less so in the autosomal recessive and dominant forms of 
hypohidrotic ectodermal dysplasia. Syndromic hypodon-
tia is seen in patients with specific syndromes like Down, 
Ehlers-Danlos (Type VII), Rieger (Type I), and Witkop 
syndrome. Therefore, before creating a treatment plan, it 
is essential to rule out any related medical conditions and 
seek appropriate medical consultation [26].

Thyroid cancer is the most prevalent malignant dis-
ease of the women’s hormone system with a significantly 
increasing incidence and one of the fastest growing in the 
USA compared to other cancers in the last 20 years. Pap-
illary thyroid cancer (PTC) accounts for 85% of all thy-
roid cancers [27, 28].

Liu et al. indicated that the AXIN2 polymorphism has a 
significant relationship with PTC [29].

Lv and Xue’s findings suggest proteins that cause rapid 
progression of PTC by inhibiting Wnt/-catenin and acti-
vating Axin2 [30].

A review of available literature reveals a lack of 
research on the potential association between hypodon-
tia and PTC.

The objective of our study is to investigate the following 
issues affecting women diagnosed with PTC: (1) the prev-
alence of tooth agenesis, (2) the quantity of missing teeth, 
(3) the specific teeth that are most frequently absent, (4) 
whether tooth agenesis manifests unilaterally or bilater-
ally, (5) whether tooth agenesis is more prevalent in the 
maxilla or mandible, (6) the correlation between micro-
dontia and hypodontia, and (7) the association between 
PDC and hypodontia.

Methods
Study design and sample
This case–control study was carried out at the Depart-
ment of Orthodontics, School of Dental Medicine Uni-
versity of Zagreb, and Department of Oncology and 
Nuclear Medicine Sestre Milosrdnice University Hos-
pital Centre. The approval was gained by both insti-
tutions Ethics Research Committee of the School of 
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Dental Medicine University of Zagreb (IRB number: 
05-PA-30-IV-1/2022) and the Ethics Research Commit-
tee of the Sestre Milosrdnice University Hospital Centre 
(IRB number: 251-29-1 J-21-01-12).

Sample size calculation
The necessary sample size was calculated to be 98, an 
odds ratio of 4, a power of 0.8, and a statistical signifi-
cance level of alpha less than 0.05.

Study sample
The experimental group consisted of female patients of 
the Department of Oncology and Nuclear Medicine, 
Referral Center of the Ministry of Health for Thyroid Dis-
eases, Sestre Milosrdnice University Hospital Center who 
were diagnosed with PTC aged 20 to 40.

Exclusion factors for the test group were: (1) the diag-
nosis of another malignant disease, (2) craniofacial and 
other syndromes connected with orofacial structures, (3) 
clefts, (4) the presence of prosthetic replacements and (5) 
inability to determine the reason for tooth loss.

Informed consent
All participants have provided the Informed Consent. 
The research was conducted following all valid and 
applicable guidelines whose goal is to ensure the proper 
implementation of procedures and the safety of persons 
participating in the research, including Basic Good Clini-
cal Practices, the Declaration of Helsinki, Act on Health 
Care of the Republic of Croatia (Official Gazette 100/18) 
and the Act on the protection of the rights of patients of 
the Republic of Croatia (Official Gazette 169/04, 37/08).

Criteria
The inclusion criteria for the control group were:

(1) Age 20–40, (2) presence of panoramic radiograph 
regardless of the recording date. (3) Thyroid ultrasound 
with no detected nodules, or other abnormalities.

Exclusion criteria were (1) diagnosed malignant, auto-
immune, or endocrine disease, (2) craniofacial syn-
dromes, (3) clefts, (4) a history of childhood irradiation 
or chemotherapy, (5) a positive family history of any 
malignant or autoimmune disease, (6) the presence of 
prosthetic replacements and (7) inability to determine 
the reason for tooth loss.

The study comprised of clinical examination and evalu-
ation of patient dental status, panoramic X-ray analysis, 
medical history, and family medical history (Fig. 1).

Data collection and variables
The research utilized the following data:

The dental examination and panoramic X-ray revealed:

(1) Hypodontia of permanent teeth including third 
molars,

(2) Microdontia of permanent teeth,
(3) Impaction of upper canines.

A peg-shaped tooth was diagnosed when the incisal 
mesiodistal width at the crown is smaller than that of the 
cervical width [31]. The study employed the FDI World 
Dental Federation notation as its naming convention 
[32].

Statistical analysis
We analyzed data using the Statistica program (TIBCO® 
Statistica™ version 14.0.0.15.). We assessed data distribu-
tion normality using Shapiro–Wilk and asymmetry tests. 
The difference in the prevalence of hypodontia between 
the examined and control groups was determined by the 
chi-square test. When the application of the approxima-
tion method was inadequate, Fisher’s exact test was used 
for categorical data. We perform a binary logistic regres-
sion analysis to determine the impact of nonsyndromic 
tooth agenesis, microdontia, and PDC on PTC. Phi and 
Cramer V were used for the determination of the asso-
ciation between microdontia of upper lateral incisors and 
hypodontia and PDC. We use the Phi coefficient for ana-
lyzing the association between two binary variables in a 
2 × 2 contingency table, where it ranges from − 1 to + 1 
indicating the strength and direction of the association. 
Cramer’s V is appropriate for categorical variables with 
more than two levels in larger contingency tables, provid-
ing a value between 0 and 1 to indicate the strength of 
association regardless of table size. A p value of 0.05 or 
less was considered statistically significant.

Results
The study included 116 females who had been diagnosed 
with PTC (the experimental group) and 424 females in 
the control group, all aged between 20 and 40 years. The 
median age of participants in the experimental group was 
30, with an interquartile range (IQR) of 26–36, while in 
the control group, the median age was 31, with an IQR 
of 24–35. The prevalence of no syndromic tooth agene-
sis in both groups is presented in Table 1. The difference 
between the two groups was found to be statistically sig-
nificant (p < 0.001).

The experimental group had a significantly larger per-
centage of hypodontia, including and excluding 3rd 
molars, compared to the control group. The details of the 
hypodontia pattern are found in Table 2 and Fig. 2. Addi-
tionally, Table 3 displays the distribution of microdontia 
and PDC.

In the experimental group, the upper lateral incisors 
were the most impacted teeth, followed by the lower 
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2nd premolars and lower left incisors. In contrast, the 
control group primarily experienced impacts on their 
2nd premolars.

The occurrence of missing teeth was more common 
in the lower jaw (mandible) with a frequency of 55.55%, 
compared to the upper jaw (maxilla) with a frequency 
of 44.44% in the overall count. In the experimental 
group, bilateral absence of teeth was more frequently 
observed than in the control group for upper lat-
eral incisors (3.5% vs. 0.5%, p = 0.006) and lower third 
molars (14.8% vs. 8%, p = 0.028) (Table 4).

Statistically significant variations were observed 
between groups in terms of the presence of additional 
dental abnormalities, microdontia, and tooth impaction.

The experimental group displayed higher values for 
both microdontia and PDC, indicating a significant asso-
ciation between microdontia of upper lateral incisors and 
hypodontia and PDC (Table  5). We conducted a binary 
logistic regression analysis to determine the impact of 
hypodontia and microdontia (with or without M3) as 
well as PDC on the likelihood of participants having PTC 
(Table  6). The model accounted for 12.4% (Nagelkerke 
R2) of the variance and accurately classified 80.3% of the 
sample. Among the five predictor variables, only hypo-
dontia (p < 0.001) and microdontia (p = 0.003) were statis-
tically significant at 5% level. Hypodontia increased the 
probability of being in the PTC group by 2.6 times, while 
microdontia increased it by 7.7 times (with a wide confi-
dence interval).

Discussion
Agenesis of permanent teeth has shown a major 
increase over the twentieth century, however the 
observed time span is too short and too limited for such 
a statement [33, 34]. Another study, analyzing tooth 

Fig. 1 Flow diagram of subject selection

Table 1 Prevalence of hypodontia, microdontia, and PDC, in the 
experimental (E) and the control (C) group

E (%) C (%) p-value

Hypodontia 38.26 18.63  < .001

Hypodontia without 3rd molars 11.30 3.54 0.002

Microdontia 10.40 0.90  < .001

Microdontia without 3rd molars 7 0.90  < .001

Palatally displaced canines 3.50 0.70 0.002
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agenesis trends from 2001 to 2021, indicated that the 
USA is a leader in tooth agenesis research. The study, 
which reviewed 2287 journal articles, pointed out that 
multidisciplinary management is the preferred treat-
ment for dental agenesis. Research on gene mutations 
related to tooth agenesis continues to be a significant 

area of interest, with a potential future research direc-
tion being the exploration of the relationship between 
tooth agenesis and cancer [35]. Genetic studies have 
demonstrated that some malignant diseases such as 
colorectal cancer, lung or breast cancer suggest a direct 
connection between carcinogenesis and tooth agen-
esis [17–20, 36, 37]. Recent studies have highlighted a 
potential connection between tooth agenesis and car-
cinogenesis, suggesting a shared genetic basis between 
these conditions. The genes involved in odontogenesis, 
the process of tooth development, have been found 
in tumor tissues or cells, indicating an overlap in the 
genetic pathways of both processes. These include 
genes such as PAX9, MSX1, AXIN2, EDA, EDAR, 
WNT10A, and others involved in WNT signaling [37]. 
This genetic interconnection suggests that tooth agen-
esis could be an early marker for cancer predisposition, 
as variants in these genes might serve as early indica-
tors or therapeutic targets for cancer [36, 37]. Addi-
tionally, studies have shown a correlation between the 
genetic determinants of nonsyndromic tooth agenesis 

Fig. 2 Distribution of hypodontia in the experimental (purple) and the control group (green)

Table 3 Prevalence of microdontia and PDC in the experimental 
(E) and the control (C) group

Bold text signifies statistical significance

E (%) C (%) p value

Microdontia 12 4.3 0.7 0.015
Microdontia 22 5.2 0.5 < .001
Microdontia 15 1.7 0.0 0.063

Microdontia 25 1.7 0.0 0.063

Microdontia 18 2.6 0.0 0.009
Microdontia 28 2.6 0.0 0.009
PDC 13 0.9 0.2 0.322

PDC 23 3.5 0.7 0.02
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and the development of neoplasms in adulthood [38]. 
This emerging research direction not only contributes 
to a deeper understanding of the development of dental 
anomalies and cancer but also opens new avenues for 
early diagnosis and treatment strategies, emphasizing 
the significance of genetic research in both fields [36, 
39].

The transcription factor, muscle segment homeobox 1 
(MSX1) is crucial in the process of abnormal prolif-
eration and tumorigenesis because it controls both the 
activation and suppression of other genes [40–42].

MSX1 encodes critical genes that control a vari-
ety of morphogenetic processes, including such as 
the development of teeth, and bones, and the growth 
and proliferation of various cell types [43–47]. As a 
transcription factor, MSX1 is involved in multiple 

epithelial-mesenchymal interactions during vertebrate 
embryogenesis and demonstrates pleiotropic effects 
across several tissues [48]. In humans, MSX1 variations 
are associated with dental anomalies like tooth agenesis 
and orofacial clefting, as well as other conditions like 
nail dysplasia [48]. Notably, the location of mutations 
within the MSX1 gene influences the resulting phe-
notypes. Variants affecting the homeodomain (HD) of 
MSX1 typically cause tooth agenesis, with or without 
additional phenotypes. In contrast, mutations outside 
the HD are mostly linked with non-syndromic orofacial 
clefts (nsOFC) [48].

MSX1’s role in abnormal cell proliferation and tumo-
rigenesis is also significant [49, 50]. Epigenetic silencing 
of MSX1 through DNA methylation can lead to different 
phenotypes or even increase the risk for tumor growth 
[50]. This implies a complex interplay between genetic 
and epigenetic factors in the manifestation of MSX1-
related conditions.

In recent literature the influence of MSX1 in tooth 
agenesis is controversial.

Vastardis et al. propose that MSX1 is a crucial gene for 
the regular growth of teeth. Their study indicated that 
a mutation in the MSX1 gene causes hypodontia [51]. 
Research by Mostowska et al. [52] also supports the idea 
of the significant role of MSX1 in hypodontia. Their find-
ings showed for the first time that the MSX1 gene’s novel 
cT671C mutation may be the etiological variant signifi-
cantly involved in familial cases of hypodontia that only 
affect the second premolars and third molars. The find-
ings of our study support the Vastardis and Mostowska 
statement as we identified a weak positive but significant 
association between agenesis of the first upper right pre-
molar and the third upper left molar.

However, some researchers have found no connec-
tion between MSX1 gene mutation, and tooth agenesis 
[53–55].

Table 4 Distribution of hypodontia according to presence unilateral (UniLat) and bilateral (BiLat) hypodontia in the maxillary and 
mandibular arch

Bold text signifies statistical significance

Hypodontia E C p value Hypodontia E C p value

UniLat 12 – – UniLat 31 2.60% 0% 0.001
UniLat 22 – – UniLat 41 0% 0.20% 0.602

UniLat 15 0.9% 0.9% 0.942 UniLat 35 0.90% 0.70% 0.858

UniLat 25 0.9% 0.2% 0.322 UniLat 45 0.90% 0.50% 0.611

UniLat 18 13.0% 2.4% 0.001 UniLat 38 5.20% 2.10% 0.074

UniLat 28 0.9% 1.7% 0.535 UniLat 48 3.50% 2.10% 0.401

BiLat 12–22 3.50% 0.50% 0.006 BiLat 31–41 – –

BiLat 15–25 0% 0.20% 0.602 BiLat 35–45 1.70% 0.50% 0.16

BiLat 18–28 4.30% 7.80% 0.202 BiLat 38–48 14.80% 8% 0.028

Table 5 Significant association (p < 0.001) presented as Phi 
coefficient between microdontia of upper lateral incisors and 
hypodontia and PDC

Hypodontia 31 Hypodontia 25 PDC 13 PDC 23

Microdontia 12 0.197 – 0.244 0.121

Microdontia 22 0.197 0.197 0.244 0.12

Table 6 Possible risk factors for PTC

Bold text signifies statistical significance

*M3, third molar; CI, confidence interval

B Lower and upper CI p value

Hypodontia 2.613 1.567–4.357 < .001
Hypodontia excluding M3 1.542 0.633–3.753 .340

Microdontia 7.724 2.012–29.657 .003
Microdontia excluding M3 2.654 0.534–13.186 .233

Palatally displaced canines 3.5 0.635–19.289 .150
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The findings of our study indicate a potential con-
nection between the two phenotypes, odontogenesis, 
and PTC. The incidence of permanent tooth agenesis in 
females ranges from 6 to 10% excluding third molars and 
it is 1.37 times higher than in males [21, 56].

In our study, there was a significant increase in the 
prevalence rate of hypodontia 11.3% (excluding M3) in 
female patients with PTC over the prevalence obtained 
in the control group (3.5%). Our experimental group 
showed a significantly higher prevalence of dental agen-
esis of upper lateral incisors, lower left central inci-
sors, and all the third molars except the upper left over 
the prevalence of mentioned teeth in the control group 
(Table 2). Also, we reported a significantly higher preva-
lence of bilateral agenesis of maxillary second incisors in 
the experimental than in the control group. The unilateral 
absence of the maxillary second incisor was not found. 
Lupinetti’s study suggested the unilaterally absent lateral 
incisors are less frequent than the bilaterally absent ones. 
In addition, 62.5% of patients with maxillary second inci-
sor agenesis had a tooth that was a peg on the opposite 
side [57].

Our study reports that hypodontia as a clinical finding 
in these subjects increases the probability 2.6 times that 
the subject has a PTC in comparison to healthy control.

These results support previous similar studies of hypo-
dontia as a risk marker in women with cancer but are the 
first ones connecting PTC and hypodontia. Chalothorn 
et  al. found a statistically significant difference in the 
prevalence of hypodontia in patients with ovarian cancer 
(20%) compared to a healthy control group (3%) [18]. A 
direct association between the occurrence of cancer and 
hypodontia was reported by Fekonja et  al. They discov-
ered a prevalence of tooth agenesis of 19.2% in female 
patients with ovarian cancer compared to 6.7% in females 
in the control group [17].

The majority of prior epidemiologic research on hypo-
dontia has purposely excluded third molars due to the 
difficulty of putting together a properly aged sample for 
taking accurate third molar data. In his study, Peck sug-
gested third molar status may offer helpful proof for 
improved comprehension of phenotypic patterns and 
specific genetic processes [58]. Henriksson et  al. sug-
gest that from the Middle Ages to the present, there has 
been no increase in the prevalence of third molar agen-
esis [59]. The findings of the mentioned studies encour-
aged us to include third-molar data in our research. 
Prevalence of third molar agenesis in women with PTC 
was found 38.3% compared to 18.6% in the control group 
which supports our idea of the importance of including 
third molar agenesis data in the study.

The PDC seems to be an anomaly in development 
with genetic causes but precise etiology is not known 

up to date [60–63]. In the literature, Pax9 polymor-
phism is the most often mentioned as a responsible fac-
tor for palatal impaction of upper canines [64–71]. Devi 
et  al. [68], in particular, aimed to evaluate the asso-
ciation between PAX9 polymorphisms and palatally 
impacted canines. In this study, single nucleotide poly-
morphisms (SNPs) rs12532 of MSX1 and rs2073247 of 
PAX9 were genotyped in a sample of fifty individuals 
with palatally impacted maxillary canines and fifty age 
and gender-matched controls. The study found a statis-
tically significant association between these SNPs and 
palatal impaction of maxillary canines. Specifically, the 
presence of the AG/CT genotypes of these genes in an 
individual was linked to a significantly increased risk 
for palatal impaction. These findings suggest a posi-
tive association between rs12532 and rs2073247 poly-
morphisms of MSX1 and PAX9 genes and the palatal 
impaction of maxillary canines, pointing toward a 
genetic basis for this dental anomaly.

Despite previous research indicating that dominant 
major genes are responsible for the etiology of PDC, 
the involvement of additional minor genes, as well as 
possible environmental or epigenetic influences on 
gene transcription, could modify the phenotype [60, 66, 
72–76].

Studies have found that dental abnormalities like hypo-
dontia and impaction of maxillary canines are caused 
by specific genetic mechanisms [58, 60, 74, 77]. Pirinen 
et al. reported that individuals with PDC have a 4.5 times 
higher prevalence of dental agenesis compared to the 
general population [61].

Our research indicates that PDC (palatally displaced 
canine) was significantly more prevalent in women with 
PTC (papillary thyroid carcinoma) compared to the con-
trol group (3.5% vs 0.7%). Lagana et  al. [78] proposed 
that the only condition directly linked to a displaced 
maxillary canine is the absence of maxillary lateral inci-
sors. Our findings demonstrate a moderate correlation 
between impaction of the upper canines and microdon-
tia (abnormally small size) of the mentioned teeth. Spe-
cifically, impaction of the upper left canine is associated 
with agenesis (absence) of the upper left and right lateral 
incisors (Phi = 0.14).

Sacerdoti and Baccetti [79] found that missing upper 
lateral incisors were significantly associated with unilat-
eral PDC, while missing third molars were significantly 
associated with bilateral PDC. However, they did not 
find any association between missing upper lateral inci-
sors and missing third molars. The difference in sample 
sizes between studies may explain this discrepancy. Our 
research reveals a significant difference in the prevalence 
of small upper lateral incisors in women with PTC com-
pared to women without cancer (4.3% vs 0.7%; 5.2% vs 
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0.5%). To our knowledge, no previous study has investi-
gated the link between small teeth and cancer.

This investigation revealed a robust correlation 
between microdontia of the upper lateral incisor and 
agenesis of the lower left incisor, as well as microdontia 
of the upper lateral incisor and PDC. These findings pro-
vide evidence in favor of Pecks’ notion of three geneti-
cally coexisting dental defects, as proposed in reference 
[58].

The study had several limitations, including a small 
sample size of women with PTC and dental anoma-
lies, and the use of panoramic radiography as the main 
diagnostic method. Increasing the sample size would 
be advantageous in obtaining a more accurate estimate 
of the prevalence and patterns of tooth agenesis in this 
population, resulting in a narrower confidence inter-
val. Additionally, the study was observational in nature, 
which means it could only identify associations and not 
establish causality. Conducting more studies with larger 
sample sizes, as well as incorporating familial and genetic 
analyses, would be essential in furthering our under-
standing of this topic. Regarding the Phi coefficients 
discussed earlier, there is no universally fixed threshold 
for clinical significance for Phi coefficients. Values above 
0.5 are often considered strong associations and may be 
of clinical relevance, especially when they have practical 
implications for decision-making or patient care. How-
ever, the context of the study, field-specific standards, 
and the impact on patient outcomes should always be 
taken into account when determining clinical signifi-
cance. Moreover, while radiographic examinations, such 
as panoramic radiographs, are valuable tools for assessing 
tooth size and morphology, they provide a two-dimen-
sional representation of a three-dimensional structure. 
This limitation can result in potential inaccuracies in 
measurements and may not capture subtle variations in 
tooth size accurately. Additionally, radiographic assess-
ments do not always account for the functional or clinical 
significance of microdontia, which can vary among indi-
viduals. Therefore, the diagnosis of microdontia based 
solely on radiographic findings should be complemented 
by clinical evaluation (such as conducted in this research) 
to ensure a comprehensive understanding of the condi-
tion and its potential impact on oral health and function.

Conclusion
The results of this study provide evidence for a potential 
association between tooth agenesis and the occurrence 
of PTC. The absence of permanent teeth may serve as 
an early indication of the potential onset of PTC, as it 
increases the likelihood by a factor of 2.6. Given that the 
recommended age for the initial orthopantomographic 

X-ray is 7 years, it could be straightforward to identify 
females who are at a heightened risk of developing PTC.

Abbreviations
PDC  Palatally displaced canine
PTC  Papillary thyroid cancer

Acknowledgements
Not applicable.

Author contributions
ZM: Conceptualization and design of the current paper, data collection, data 
interpretation, drafting the article. LS: Data analysis and interpretation, draft-
ing the article. TJ: Supervision of the study, data collection, management of 
thyroid ultrasound. RG: Data collection, management of thyroid ultrasound. 
SM: Mentoring of the study, revision the manuscript. All authors read and 
approved the final manuscript.

Funding
No funding was obtained for this study.

Availability of data and materials
The datasets used and/or analyzed during the current study are available 
fromthe corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
The approval was gained by both institutions Ethics Research Committee of 
the School of Dental Medicine University of Zagreb (IRB number: 05-PA-
30-IV-1/2022) and the Ethics Research Committee of the Sestre Milosrdnice 
University Hospital Centre (IRB number: 251-29-1 J-21-01-12). All participants 
signed written consent.

Consent for publication
All participants have signed written consent for publication and enrollment in 
the study. All personal information were anonymously collected.

Competing interests
None from the authors have any competing or financial interest.

Author details
1 School of Dental Medicine, University of Zagreb, Zagreb, Croatia. 2 Depart-
ment of Orthodontics, School of Dental Medicine, University of Zagreb, 
Zagreb, Croatia. 3 Department of Oncology and Nuclear Medicine, Sestre 
Milosrdnice University Hospital Center, 10000 Zagreb, Croatia. 4 School of Med-
icine, University of Zagreb, 10000 Zagreb, Croatia. 5 Department of Orthodon-
tics, School of Dental Medicine, University of Zagreb, Zagreb, Croatia. 

Received: 31 May 2023   Accepted: 14 January 2024

References
 1. Chhabra N, Goswami M, Chhabra A. Genetic basis of dental agenesis–

molecular genetics patterning clinical dentistry. Med Oral Patol Oral Cir 
Bucal. 2014;19(2):e112–9.

 2. Jeong KH, Kim D, Song YM, Sung J, Kim YH. Epidemiology and genetics 
of hypodontia and microdontia: a study of twin families. Angle Orthod. 
2015;85(6):980–5.

 3. Lyngstadaas SP, Nordbo H, Gedde-Dahl T Jr, Thrane PS. On the genetics 
of hypodontia and microdontia: synergism or allelism of major genes in a 
family with six affected members. J Med Genet. 1996;33(2):137–42.

 4. Herrmann S, Küchler EC, Reis CLB, Paddenberg E, Zbidat N, Mattos NHR, 
Schröder A, Proff P, Kirschneck C. Association of third molar agenesis and 



Page 10 of 11Matošić et al. Progress in Orthodontics           (2024) 25:12 

microdontia with genetic polymorphisms in vitamin-D-related genes. 
Ann Anat. 2022;244:151972.

 5. Peck S, Peck L, Kataja M. Concomitant occurrence of canine malposition 
and tooth agenesis: evidence of orofacial genetic fields. Am J Orthod 
Dentofacial Orthop. 2002;122(6):657–60.

 6. Sajnani AK, King NM. Dental anomalies associated with buccally- and pal-
atally-impacted maxillary canines. J Investig Clin Dent. 2014;5(3):208–13.

 7. Neela PK, Atteeri A, Mamillapalli PK, Sesham VM, Keesara S, Chandra J, 
Monica U, Mohan V. Genetics of dentofacial and orthodontic abnormali-
ties. Glob Med Genet. 2020;7(4):95–100.

 8. Laganà G, Venza N, Borzabadi-Farahani A, Fabi F, Danesi C, Cozza P. Dental 
anomalies: prevalence and associations between them in a large sample 
of non-orthodontic subjects, a cross-sectional study. BMC Oral Health. 
2017;17(1):62. https:// doi. org/ 10. 1186/ s12903- 017- 0352-y.

 9. Kapadia H, Frazier-Bowers S, Ogawa T, D’Souza RN. Molecular charac-
terization of a novel PAX9 missense mutation causing posterior tooth 
agenesis. Eur J Hum Genet. 2006;14(4):403–9.

 10. Frazier-Bowers SA, Guo DC, Cavender A, Xue L, Evans B, King T, et al. A 
novel mutation in human PAX9 causes molar oligodontia. J Dent Res. 
2002;81(2):129–33.

 11. Suda N, Ogawa T, Kojima T, Saito C, Moriyama K. Non-syndromic oligo-
dontia with a novel mutation of PAX9. J Dent Res. 2011;90(3):382–6.

 12. Klein ML, Nieminen P, Lammi L, Niebuhr E, Kreiborg S. Novel muta-
tion of the initiation codon of PAX9 causes oligodontia. J Dent Res. 
2005;84(1):43–7.

 13. Nieminen P, Arte S, Tanner D, Paulin L, Alaluusua S, Thesleff I, et al. Identifi-
cation of a nonsense mutation in the PAX9 gene in molar oligodontia. Eur 
J Hum Genet. 2001;9(10):743–6.

 14. Bergendal B, Klar J, Stecksén-Blicks C, Norderyd J, Dahl N. Isolated oligo-
dontia associated with mutations in EDARADD, AXIN2, MSX1, and PAX9 
genes. Am J Med Genet. 2011;155A(7):1616–22.

 15. Mitsui SN, Yasue A, Masuda K, Watanabe K, Horiuchi S, Imoto I, et al. 
Novel PAX9 mutations cause non-syndromic tooth agenesis. J Dent Res. 
2014;93:245.

 16. Bonds J, Pollan-White S, Xiang L, Mues G, D’Souza R. Is there a link 
between ovarian cancer and tooth agenesis? Eur J Med Genet. 
2014;57(5):235–9.

 17. Fekonja A, Čretnik A, Takač I. Hypodontia prevalence and pattern in 
women with epithelial ovarian cancer. Angle Orthod. 2014;84(5):810–4.

 18. Chalothorn LA, Beeman CS, Ebersole JL, Kluemper GT, Hicks EP, 
Kryscio RJ, DeSimone CP, Modesitt SC. Hypodontia as a risk marker for 
epithelial ovarian cancer: a case-controlled study. J Am Dent Assoc. 
2008;139(2):163–9.

 19. Williams MA, Biguetti C, Romero-Bustillos M, Maheshwari K, Dinckan N, 
Cavalla F, et al. Colorectal cancer-associated genes are associated with 
tooth agenesis and may have a role in tooth development. Sci Rep. 
2018;8(1):2979.

 20. Lammi L, Arte S, Somer M, Jarvinen H, Lahermo P, Thesleff I, et al. Muta-
tions in AXIN2 cause familial tooth agenesis and predispose to colorectal 
cancer. Am J Hum Genet. 2004;74(5):1043–50.

 21. Küchler EC, Lips A, Tannure PN, Ho B, Costa MC, Granjeiro JM, et al. Tooth 
agenesis association with self-reported family history of cancer. J Dent 
Res. 2013;92(2):149–55.

 22. Yin W, Bian Z. Hypodontia, a prospective predictive marker for tumor? 
Oral Dis. 2016;22(4):265–73.

 23. Li X, Li Y, Liu G, Wu W. New insights of the correlation between AXIN2 
polymorphism and cancer risk and susceptibility: evidence from 72 stud-
ies. BMC Cancer. 2021;21(1):353.

 24. Wu Z, Sun Y, Tang S, Liu C, Zhu S, Wei L, Xu H. AXIN2 rs2240308 polymor-
phism contributes to increased cancer risk: evidence based on a meta-
analysis. Cancer Cell Int. 2015;4(15):68.

 25. Miletich I, Sharpe PT. Normal and abnormal dental development. Hum 
Mol Genet. 2003 Apr 1;12 Spec No 1:R69–73.

 26. Borzabadi-Farahani A. Orthodontic considerations in restorative manage-
ment of hypodontia patients with endosseous implants. J Oral Implantol. 
2012;38(6):779–91. https:// doi. org/ 10. 1563/ AAID- JOI-D- 11- 00022.

 27. Lloyd R, Osamura R, Kloppel G, Rosai J. WHO classification of tumours of 
endocrine organs. 4th ed. Lyon: International Agency for Research on 
Cancer; 2017. Clark OH. Thyroid cancer and lymph node metastases. J 
Surg Oncol. 2011;103:615–8.

 28. Bai Y, Kakudo K, Jung CK. Updates in the pathologic classification of thy-
roid neoplasms: a review of the world health organization classification. 
Endocrinol Metab. 2020;35(4):696–715.

 29. Liu X, Li S, Lin X, Yan K, Zhao L, Yu Q, Liu X. AXIN2 is associated with papil-
lary thyroid carcinoma. Iran Red Crescent Med J. 2016;18(2):e20960.

 30. Lv P, Xue Y. ETS like-1 protein ELK1-induced lncRNA LINC01638 
accelerates the progression of papillary thyroid cancer by regulat-
ing Axin2 through Wnt/β-catenin signaling pathway. Bioengineered. 
2021;12(1):3873–85.

 31. Kim JH, Choi NK, Kim SM. A retrospective study of association between 
peg-shaped maxillary lateral incisors and dental anomalies. J Clin Pediatr 
Dent. 2017;41(2):150–3. https:// doi. org/ 10. 17796/ 1053- 4628- 41.2. 150.

 32. ISO 3950:2016 Dentistry: designation system for teeth and areas of the 
oral cavity

 33. Mattheeuws N, Dermaut L, Martens G. Has hypodontia increased in 
Caucasians during the 20th century? A meta-analysis. Eur J Orthod. 
2004;26(1):99–103.

 34. Severin E, Gabriel Moldoveanu G, Moldoveanu A. Failure of tooth devel-
opment: prevalence, genetic causes and clinical features [Internet]. Hum 
Tooth Dev Dent Defect Compos Genet Impl. 2022. https:// doi. org/ 10. 
5772/ intec hopen. 99419.

 35. Xie B, Han Y, Wen X. Global trends and hotspots in research on tooth 
agenesis: a 20-year bibliometric analysis. Cureus. 2023;15(10):e46961. 
https:// doi. org/ 10. 7759/ cureus. 46961. PMID: 38021 739; PMCID: PMC10 
640767.

 36. Medina MCG, Bastos RTDRM, Mecenas P, Pinheiro JJV, Normando 
D. Association between tooth agenesis and cancer: a systematic 
review. J Appl Oral Sci. 2021;29:20200955. https:// doi. org/ 10. 1590/ 
1678- 7757- 2020- 0955.

 37. Bonczek O, Krejci P, Izakovicova-Holla L, Cernochova P, Kiss I, Vojtesek B. 
Tooth agenesis: What do we know and is there a connection to cancer? 
Clin Genet. 2021;99(4):493–502. https:// doi. org/ 10. 1111/ cge. 13892.

 38. Ritwik P, Patterson KK. Diagnosis of tooth agenesis in childhood and risk 
for neoplasms in adulthood. Ochsner J. 2018;18(4):345–50. https:// doi. 
org/ 10. 31486/ toj. 18. 0060.

 39. Liu Y, Yang J, Li X, Chen S, Zhu C, Shi Y, Dang S, Zhang W, Li W. Pan-cancer 
analysis reveals the characteristics and roles of tooth agenesis mutant 
genes. Medicine. 2023;102(50):e36001. https:// doi. org/ 10. 1097/ MD. 00000 
00000 036001.

 40. Yu YY, Pan YS, Zhu ZG. Homeobox genes and their functions on 
development and neoplasm in gastrointestinal tract. Eur J Surg Oncol. 
2007;33(2):129–32. https:// doi. org/ 10. 1016/j. ejso. 2006. 09. 010.

 41. Suzuki M, Tanaka M, Iwase T, Naito Y, Sugimura H, Kino I. Over-expression 
of HOX-8, the human homologue of the mouse Hox-8 homeobox gene, 
in human tumors. Biochem Biophys Res Commun. 1993;194(1):187–93.

 42. Liu C, Huang M, Han C, Li H, Wang J, Huang Y, Chen Y, Zhu J, Fu G, Yu H, 
Lei Z, Chu X. A narrative review of the roles of muscle segment home-
obox transcription factor family in cancer. Ann Transl Med. 2021;9(9):810. 
https:// doi. org/ 10. 21037/ atm- 21- 220.

 43. De Muynck S, Schollen E, Matthijs G, Verdonck A, Devriendt K, 
Carels C. A novel MSX1 mutation in hypodontia. Am J Med Genet A. 
2004;1284(4):401–3.

 44. Bendall AJ, Abate-Shen C. Roles for Msx and Dlx homeoproteins in verte-
brate development. Gene. 2000;247(1–2):17–31.

 45. Davidson D. The function and evolution of Msx genes: pointers and 
paradoxes. Trends Genet. 1995;11(10):405–11.

 46. Lee JM, Qin C, Chai OH, Lan Y, Jiang R, Kwon HE. MSX1 drives tooth 
morphogenesis through controlling Wnt signaling activity. J Dent Res. 
2022;101(7):832–9. https:// doi. org/ 10. 1177/ 00220 34521 10705 83.

 47. Phan M, Conte F, Khandelwal KD, Ockeloen CW, Bartzela T, Kleefstra T, van 
Bokhoven H, Rubini M, Zhou H, Carels CE. Tooth agenesis and orofacial 
clefting: genetic brothers in arms? Hum Genet. 2016;135(12):1299–327. 
https:// doi. org/ 10. 1007/ s00439- 016- 1733-z.

 48. Liang J, Von den Hoff J, Lange J, et al. MSX1 mutations and associated 
disease phenotypes: genotype-phenotype relations. Eur J Hum Genet. 
2016;24:1663–70. https:// doi. org/ 10. 1038/ ejhg. 2016. 78.

 49. Yang Y, Zhu X, Jia X, Hou W, Zhou G, Ma Z, Yu B, Pi Y, Zhang X, Wang J, 
Wang G. Phosphorylation of Msx1 promotes cell proliferation through 
the Fgf9/18-MAPK signaling pathway during embryonic limb develop-
ment. Nucleic Acids Res. 2020;48(20):11452–67. https:// doi. org/ 10. 1093/ 
nar/ gkaa9 05. PMID: 33080 014.

https://doi.org/10.1186/s12903-017-0352-y
https://doi.org/10.1563/AAID-JOI-D-11-00022
https://doi.org/10.17796/1053-4628-41.2.150
https://doi.org/10.5772/intechopen.99419
https://doi.org/10.5772/intechopen.99419
https://doi.org/10.7759/cureus.46961.PMID:38021739;PMCID:PMC10640767
https://doi.org/10.7759/cureus.46961.PMID:38021739;PMCID:PMC10640767
https://doi.org/10.1590/1678-7757-2020-0955
https://doi.org/10.1590/1678-7757-2020-0955
https://doi.org/10.1111/cge.13892
https://doi.org/10.31486/toj.18.0060
https://doi.org/10.31486/toj.18.0060
https://doi.org/10.1097/MD.0000000000036001
https://doi.org/10.1097/MD.0000000000036001
https://doi.org/10.1016/j.ejso.2006.09.010
https://doi.org/10.21037/atm-21-220
https://doi.org/10.1177/00220345211070583
https://doi.org/10.1007/s00439-016-1733-z
https://doi.org/10.1038/ejhg.2016.78
https://doi.org/10.1093/nar/gkaa905.PMID:33080014
https://doi.org/10.1093/nar/gkaa905.PMID:33080014


Page 11 of 11Matošić et al. Progress in Orthodontics           (2024) 25:12  

 50. Horazna M, Janeckova L, Svec J, et al. Msx1 loss suppresses formation of 
the ectopic crypts developed in the Apc-deficient small intestinal epithe-
lium. Sci Rep. 2019;9:1629. https:// doi. org/ 10. 1038/ s41598- 018- 38310-y.

 51. Vastardis H, Karimbux N, Guthua SW, Seidman JG, Seidman CE. A human 
MSX1 homeodomain missense mutation causes selective tooth agenesis. 
Nat Genet. 1996;13(4):417–21.

 52. Mostowska A, Kobielak A, Trzeciak WH. Molecular basis of non-syndromic 
tooth agenesis: mutations of MSX1 and PAX9 reflect their role in pattern-
ing human dentition. Eur J Oral Sci. 2003;111(5):365–70. https:// doi. org/ 
10. 1034/j. 1600- 0722. 2003. 00069.x.

 53. Vieira AR, Meira R, Modesto A, Murray JC. MSX1, PAX9, and TGFA contrib-
ute to tooth agenesis in humans. J Dent Res. 2004;83:723–7.

 54. Nieminen P, Arte S, Pirinen S, Peltonen L, Thesleff I. Gene defect in hypo-
dontia: exclusion of MSX1 and MSX2 as candidate genes. Hum Genet. 
1995;96:305–8.

 55. Scarel RM, Trevilatto PC, Di Hipolito O, Camargo LE, Line SR. Absence 
of mutations in the homeodomain of the MSX1 gene in patients with 
oligodontia. Am J Med Genet. 2000;92:346–9.

 56. Polder BJ, Vant-Hof MA, Van der Linden FPGM, Kuijpers-Jagtman AM. A 
meta-analysis of the prevalence of dental agenesis of permanent teeth. 
Commu Dent Oral Epidemiol. 2004;32(3):217–26.

 57. Lupinetti GM, Li P, Feagin K, et al. Non-syndromic hypodontia of maxillary 
lateral incisors and its association with other dental anomalies. Prog 
Orthod. 2022;23:53.

 58. Peck S, Peck L, Kataja M. Prevalence of tooth agenesis and peg-shaped 
maxillary lateral incisor associated with palatally displaced canine (PDC) 
anomaly. Am J Orthod Dentofacial Orthop. 1996;110(4):441–3.

 59. HeuckHenriksson C, Andersson ME, Møystad A. Hypodontia and reten-
tion of third molars in Norwegian medieval skeletons: dental radiography 
in osteoarchaeology. Acta Odontol Scand. 2019;77(4):310–4.

 60. Peck S, Peck L, Kataja M. The palatally displaced canine as a dental 
anomaly of genetic origin. Angle Orthod. 1994;64(4):249–56.

 61. Pirinen S, Arte S, Apajalahti S. Palatal displacement of canine is 
genetic and related to congenital absence of teeth. J Dent Res. 
1996;75(10):1742–6.

 62. Becker A, Chaushu S. Etiology of maxillary canine impaction: a review. Am 
J Orthod Dentofac Orthop. 2015;148(4):557–67. https:// doi. org/ 10. 1016/j. 
ajodo. 2015. 06. 013.

 63. Peter E. Genetic causes vs guidance theory for palatal displacement of 
canines. Am J Orthod Dentofacial Orthop. 2016;149(6):782–3. https:// doi. 
org/ 10. 1016/j. ajodo. 2016. 03. 014.

 64. Vitria EE, Tofani I, Kusdhany L, Bachtiar EW. Genotyping analysis of the 
Pax9 Gene in patients with maxillary canine impaction. F1000Res. 
2019;5(8):254.

 65. Das P, Stockton DW, Bauer C, et al. Haploinsufficiency of PAX9 is 
associated with autosomal dominant hypodontia. Hum Genet. 
2002;110(4):371–6. https:// doi. org/ 10. 1007/ s00439- 002- 0699-1.

 66. Pereira TV, Salzano FM, Mostowska A, et al. Natural selection and 
molecular evolution in primate PAX9 gene, a major determinant of tooth 
development. Proc Natl Acad Sci USA. 2006;103(15):5676–81. https:// doi. 
org/ 10. 1073/ pnas. 05095 62103.

 67. Bartolo A, Calleja N, McDonald F, et al. Dental anomalies in first-degree 
relatives of transposed canine probands. Int J Oral Sci. 2015;7:169–73.

 68. Devi MSA, Padmanabhan S. Role of polymorphisms of MSX1 and PAX9 
genes in palatal impaction of maxillary canines. J Orthod. 2019;46(1):14–
9. https:// doi. org/ 10. 1177/ 14653 12518 820537.

 69. Intarak N, Tongchairati K, Termteerapornpimol K, Chantarangsu S, Porn-
taveetus T. Tooth agenesis patterns and variants in PAX9: A systematic 
review. Jpn Dent Sci Rev. 2023;59:129–37. https:// doi. org/ 10. 1016/j. jdsr. 
2023. 04. 001.

 70. Fauzi NH, Ardini YD, Zainuddin Z, Lestari W. A review on non-syndromic 
tooth agenesis associated with PAX9 mutations. Jpn Dent Sci Rev. 
2018;54(1):30–6. https:// doi. org/ 10. 1016/j. jdsr. 2017. 08. 001.

 71. Wong SW, Han D, Zhang H, Liu Y, Zhang X, Miao MZ, Wang Y, Zhao N, 
Zeng L, Bai B, Wang YX, Liu H, Frazier-Bowers SA, Feng H. Nine novel PAX9 
mutations and a distinct tooth agenesis genotype-phenotype. J Dent 
Res. 2018;97(2):155–62. https:// doi. org/ 10. 1177/ 00220 34517 729322.

 72. Papadopoulos MA, Chatzoudi M, Kaklamanos EG. Prevalence of tooth 
transposition: a meta-analysis. Angle Orthod. 2010;80(2):275–85.

 73. Peck L, Peck S, Attia Y. Maxillary canine-first premolar transposi-
tion, associated dental anomalies and genetic basis. Angle Orthod. 
1993;63(2):99–109.

 74. Becker A, Smith P, Behar R. The incidence of anomalous maxillary 
lateral incisors in relation to palatally-displaced cuspids. Angle Orthod. 
1981;51:24–9.

 75. Rutledge M, Hartsfield JK. Genetic factors in the etiology of palatally 
displaced canines. Semin Orthodontics. 2010;16:165–71.

 76. Litsas G, Acar A. A review of early displaced maxillary canines: etiology, 
diagnosis and interceptive treatment. Open Dent J. 2011;16(5):39–47. 
https:// doi. org/ 10. 2174/ 18742 10601 10501 0039.

 77. Peck S, Peck L, Kataja M. Sense and nonsense regarding palatal canines. 
Angle Orthod. 1995;65:99–102.

 78. Laganà G, Venza N, Lione R, Chiaramonte C, Danesi C, Cozza P. Associa-
tions between tooth agenesis and displaced maxillary canines: a cross-
sectional radiographic study. Prog Orthod. 2018;19(1):23.

 79. Sacerdoti R, Baccetti T. Dentoskeletal features associated with unilateral 
or bilateral palatal displacement of maxillary canines. Angle Orthod. 
2004;74(6):725–32.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1038/s41598-018-38310-y
https://doi.org/10.1034/j.1600-0722.2003.00069.x
https://doi.org/10.1034/j.1600-0722.2003.00069.x
https://doi.org/10.1016/j.ajodo.2015.06.013
https://doi.org/10.1016/j.ajodo.2015.06.013
https://doi.org/10.1016/j.ajodo.2016.03.014
https://doi.org/10.1016/j.ajodo.2016.03.014
https://doi.org/10.1007/s00439-002-0699-1
https://doi.org/10.1073/pnas.0509562103
https://doi.org/10.1073/pnas.0509562103
https://doi.org/10.1177/1465312518820537
https://doi.org/10.1016/j.jdsr.2023.04.001
https://doi.org/10.1016/j.jdsr.2023.04.001
https://doi.org/10.1016/j.jdsr.2017.08.001
https://doi.org/10.1177/0022034517729322
https://doi.org/10.2174/1874210601105010039

	“Examining the link between tooth agenesis and papillary thyroid cancer: is there a risk factor?” Observational study
	Abstract 
	Background 
	Materials and methods 
	Results 
	Conclusion 

	Background
	Methods
	Study design and sample
	Sample size calculation
	Study sample
	Informed consent
	Criteria
	Data collection and variables
	Statistical analysis

	Results
	Discussion
	Conclusion
	Acknowledgements
	References


