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A B S T R A C T

Introduction: Although the developmental model of permanent tooth is considered to be similar to the better 
understood formation of deciduous tooth, the duration of subsequent stages differs significantly, and it is difficult 
to determine. Various sources report that agenesis is a result of genetic abnormality or a developmental distur-
bance caused in initiation stage. However, it seems that complete damage to the germ, sometimes referred to as 
“aplasia”, can occur during the entire early odontogenesis. Detailed antineoplastic treatment records and dental 
disturbances in children as a result of chemotherapy administration show the possibility to recognize not well-
known early tooth development. 
Objectives: An attempt to discover some unexplained facts about early tooth development based on the cases 
of chemotherapy-induced agenesis. 
Material and methods: Thirty-eight cancer survivors presented for a check-up visit in the Pediatric Clinic 
fulfilled the study criteria. Clinical control and panoramic radiograph were performed to identify the develop-
mental abnormalities of hard tissues. Medical records were also analyzed to distinguish the age and duration 
of the cytotoxic treatment. Thirty-one survivors showed long-term dental effects of therapy. Five participants had 
13 teeth missing. 
Results: In the case of survivors with a lack of 6 teeth, germ-toxic drug administration was applied just before 
appositional growth. Individuals with 3 teeth missing started the therapy before or at the beginning of expected 
initiation stage. One patient with four second premolars missing was treated outside the early odontogenesis age 
period. 
Conclusions: Detailed analysis revealed hypothesis that the total toxic damage to the dental developing tissues 
is likely to occur even at the most advanced stadium of early development. A longer duration of early odonto-
genesis is also possible. The duration of particular stages in tooth formation can be revised based on the dental 
examination of cancer survivors.
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INTRODUCTION

Research interests on tooth development are mainly 
focused on the  aspect of  protein secretion, subsequent 
mineralization, and regulatory mechanisms in late odon-

togenesis, and are based on animal model [1, 2]. Early 
stages of  tooth formation are also investigated on rats 
or mice, by analyzing signaling molecules and genes ex-
pression in reciprocal interactions between epithelial 
and mesenchymal tissues [3]. Therefore, the duration of 
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particular developmental stages in permanent dentition 
is difficult to determine. Although the  developmental 
model of permanent tooth is considered to be similar to 
the better understood formation of deciduous tooth, the 
duration of  subsequent stages differs significantly. Once 
the dental lamina is formed, the initiation of tooth devel-
opment can occur due to interactions between epithelial 
and underlying mesenchymal tissue. The ectoderm thick-
ens and then stimulates the  surrounding neural crest- 
derived mesenchyme to condensate around the  epithe-
lial bud (bud stage), after which, morphogenesis starts. 
The growing epithelium forms a cup-shaped structure re-
sulting in enamel organ and dental papilla formation (cup 
stage). After intensive cellular proliferation, the epithelial 
part of  the germ starts to resemble a bell-shaped struc-
ture (early bell stage). This is followed by morpho- and 
histodifferentiation, and the tooth crown reaches its final 
shape (late or advanced bell stage). This stage is completed 
by beginning of enamel and dentin apposition. Therefore, 
the bell stage is the most varied stage, with developmental 
cells changing from undifferentiated to the most special-
ized cells. During the late bell stage, the size of the tooth 
crown is also determined and subsequently, as a  result 
of simultaneously proceeding amelo- and dentinogenesis, 
the crown formation starts [3-5]. 

As a result of secretion of different signaling mol-
ecules, cell interactions during tooth development 
are possible to occur. Transforming growth factor β 
(TGF-β), fibroblast growth factor (FGF), and Hedge-
hog and Wnt families, regulate interactions between 
ectodermal and mesenchymal cells during the  ini-
tiation, morphogenesis, and cell differentiation in 
a  tooth germ. Independently of  the  signaling activity 
of numerous molecules, inhibitory factors and gene ex-
pression also take part in early and advanced odonto-
genesis [3-5]. However, the tooth formation can be dis-
turbed via another pathway, not only through chemical 
substance suppression or gene mutations. For instance, 
cytotoxic drugs interfere with cell cycle, leading to 
the  death of  germinative elements or malfunction 
of  more mature tissue components. There are many 
experimental animal studies reporting dental damage 
after vincristine, cyclophosphamide, or actinomycin 
D administration [6-8]. It is widely documented that 
agenesis, microdontia, taurodontism, disturbed root 
development or enamel opacities, and hypoplasia are 
diagnosed in children treated with multi-agent ther-
apy [9-15]. The  reported prevalence of  hypodontia is 
estimated to be 7-77%, depending on inclusion criteria 
[10, 13, 14, 16-18]. Excluding the lack of third molars, 
which affects 20-35% of people, agenesis is reported in 
1.6-9.6% of healthy population [19-21]. 

Some sources report that anodontia is a  result 
of genetic abnormality or a developmental disturbance 
caused by environmental factor in the  initiation stage. 
When endocrine, toxic, or hereditary agent appears 
during a succeeding bud stage, microdontia or macro-

dontia can occur. An impairment at a later cup stage can 
induce germ division, leading to germination, germs 
fusion, extra cusps, or dens invaginatus. Complete dam-
age to the germ is also not expected when it comes to 
appositional tooth development [20, 22, 23]. Agenesis is 
a term describing missing tooth and it is usually consid-
ered as a  congenital process: a  tooth failed to develop 
[24, 25]. However, it seems that a complete damage to 
the germ during the entire early odontogenesis is pos-
sible. This phenomenon is sometimes called “aplasia”. In 
order to verify whether the  lack of  the  tooth is due to 
germ damage or it is planned genetic disturbance, more 
data about the  duration of  particular developmental 
stages are necessary. The  duration of  permanent tooth 
developmental stages susceptible to impairment is not 
well-known for evident reasons. The second need is to 
determine the exact time of possible harmful factor im-
pact, which is usually difficult. 

Anti-cancer treatment is an  accurately recorded 
therapeutic procedure with detailed drug administra-
tion. Dental abnormalities are the  long-term sequelae 
of such a therapy, if received at the developmental age. 
A  thorough comparative research on the  age during 
antineoplastic treatment and the  resultant dental dis-
turbances can contribute to understand the  unknown 
details on tooth development. 

OBJECTIVES 

The study aimed to discover various unexplained 
facts about early tooth development based on the cases 
of chemotherapy-induced hypodontia. 

MATERIAL AND METHODS 

Thirty-eight cancer survivors presented for a check-
up visit in the Pediatric Clinic were invited to undergo 
dental examination. They fulfilled the following inclusion 
criteria: age between 5 years and 18 years, anti-cancer 
therapy before the  age of  10, and at least 2 years after 
treatment completion. A  total of  30 individuals had 
a solid tumor, and the remaining 8 patients were diag-
nosed with leukemia. All of them received chemother-
apy. Four patients were treated with head radiotherapy 
and 27 participants required surgery. They reported 
to our outpatient dental clinic, on average, 5 years and  
2 months after completing their anti-cancer therapy 
(minimum 2 years and 2 months – maximum 10 years 
and 11 months). The patients’ legal guardians gave their 
written consent for their participation in the study. Since 
the examination was targeted at developmental abnor-
malities of hard tissues, clinical examination and pan-
oramic radiograph were performed. Thirty-one survi-
vors presented with long-term dental effects of therapy. 
Table 1 presents the study findings completed up till now. 
Young age of some participants did not allow for a final 
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assessment of potential disturbances, especially in terms 
of root formation. Based on panoramic radiographs, two 
independent examiners selected patients with missing 
teeth. Then, their medical history was analyzed, with 
special attention paid to the age and duration of cyto-
toxic treatment. The data obtained were compared with 
historical details concerning early permanent teeth for-
mation presented in the literature [26]. An attempt was 
made to perform a thorough analysis of some develop-
mental aspects in human odontogenesis. 

RESULTS 

The mean age at cancer diagnosis was 3 years and 
2 months (range, 4 months – 8 years and 6 months). 
Clinical and radiological examinations revealed hy-
podontia in 5 of 38 (13.16%) cancer survivors included 
in the study. All of them received chemotherapy and no 
head radiotherapy was administered. Five individuals 
had 13 teeth missing: 2 lateral incisors, 1 first premolar, 
5 second premolars, 3 second molars, and 2 third mo-
lars. Three of  them had teeth with other dental abnor-
malities, such as microdontia, reduced crown size, and 

root stunting. Study results and details on teeth devel-
opment are shown in Table 2. Only one survivor with 
4 second premolars missing was treated outside early 
odontogenesis age period. In this patient, one-year late 
teeth eruption was reported. Three survivors with a lack 
of  6 teeth received toxic drugs just before apposition-
al growth of hard dental tissues. Other 2 patients with  
3 teeth missing started their therapy before or at the be-
ginning of the expected initiation of odontogenesis. De-
tailed analysis revealed a hypothesis that the total toxic 
damage to the  developing dental tissues was likely to 
occur even at the most advanced stage of early develop-
ment. The second hypothesis was that a longer duration 
of early odontogenesis could also be possible. 

DISCUSSION 

Exposure to chemotherapy can temporarily result 
in an impairment of  immature tissues. Once a chemo-
therapy cycle is completed, tooth development is usually 
continued. Post-treatment hypodontia is a symptom in-
dicating total tissue damage. Chemotherapeutic agents 
are targeted at rapidly dividing cancer cells. The  less 

TABLE 1. The prevalence of dental anomalies in the study group 

Dental anomalies Number of patients with disturbed teeth, n (%) Number of teeth affected 

Dental anomalies in total 25 (65.79) 231 

Agenesis or aplasia 5 (13.16) 13 

Microdontia 12 (31.58) 32 

Tooth reduction in size 18 (47.37) 60 

Root disturbances 5 (13.16) 31 

Enamel anomalies 5 (13.16) 62 

Taurodontism 6 (15.79) 16 

Other 4 (10.53) 17 

TABLE 2. Characteristics of the hypodontia group

Patient (age at 
examination in 
years), Figure 

Teeth 
missing 

Development 
beginning  

(age in months) 

Mineralization 
beginning  

(age in 
months) 

Age at 
start of 

treatment 
(months) 

Age at 
treatment 

completion 
(months) 

Treatment 
duration 
(months) 

Other possible long-
term effects 

J.M. (8.5), Figure 1 12, 22 5-5.25, in utero 3-4 (10-12) 9 18 9 55, 54, 64, 65, 75, 74, 84, 
85, 16, 26, 36, 46  

– taurodontia
37 8.5-9 30-36 9 18 9 

S.D. (7.5), Figure 4 37, 47 8.5-9 30-36 28 38 10 17, 27 – microdontia 

K.R. (13), Figure 3 24 0 18-24 24 45 21 12, 22, 14, 44, 17, 27  
– reduction in size 

45 7.25-8 24-30 24 45 21 35 – root stunting;  
11 teeth – DDE 

W.M. (9.5) 15, 25, 35, 45 7.25-8 24-30 41 53 12 

C.A. (11.5), Figure 2 18, 28 42-48 84-120 29 42 13 15, 25, 35, 45, 27, 37, 47 
– microdontia 
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a cell is differentiated, the greater probability of its death. 
Epithelial and mesenchymal tissues present an increased 
mitotic activity during early odontogenesis, and thereby 
they are more susceptible to cell cycle disturbance and 
subsequent apoptosis. Maturation of  enamel and den-
tin producing cells occurs at the  advanced bell stage. 
These cells change from presecretory preameloblasts 
and preodontoblasts to non-dividing secreting amelo- 
and odontoblasts [4, 22, 27]. As demonstrated in many 
experimental studies, preodontoblasts were strongly af-
fected by high-dose cytotoxic drug administration, but 
the effect was temporary, followed by rapid cells regen-
eration. These new pulp-derived odontoblasts produced 
regular dentin as opposed to disturbed and highly dif-
ferentiated odontoblasts with impaired dentin matrix 
secretion [6, 28]. By contrast, amelo- and odontoblasts 
are resistant to impairment due to their maturity, even 
though they can exhibit chemotherapy-induced changes 
in secretory activity. It has been demonstrated in polar-
ized light microscopy that intravenously administered 
chemotherapy resulted in the  presence of  incremental 
lines in the dentine of deciduous molars. These spaces 
of disturbed matrix secretion corresponded with partic-
ular drugs cycles [25, 29]. When it comes to undifferen-
tiated tissues, death due to cessation of  cell division is 
more probable. In a previous author’s report on a patient 
who had all of the first premolars peg-shaped, histologi-
cal findings revealed a decreased number of dentin pro-
ducing cells after chemotherapy, which was initiated at 
the age of 12 months. The cytotoxic therapy overlapped 
with an  early odontogenesis of  these teeth, supposed-
ly during early bell stage. The  fact that chemotherapy 
was administered just before mineralization indicates 
a  relatively short duration of  the  bell stage, especial-
ly that the  second premolars, which developed nearly  
8 months later, were left undisturbed. This could sug-
gest that the  tooth germ is resistant to environmental 
impairment during the very early development. The pa-
tient started his therapy approximately 4 months after 
the expected initiation of the formation of second pre-
molars. The  12-month treatment strongly overlapped 
with the entire period of expected early odontogenesis 
of well-developed second premolars [30]. Consequently, 
the size and shape of  a  tooth would have to be deter-
mined in a short time of  the final period of bell stage. 
These two features of tooth formation are believed to be 
initially dependent on the presence of primary enamel 
knot created at the bud stage, and secondary or tertiary 
(in case of molar tooth germs) enamel knots appearing 
within the late cup and early bell stages [5, 21]. Enamel 
knot is the signaling center of non-dividing cells, which 
is believed to control proliferation of  epithelial germ 
cells from the  bud to bell stage. The  non-dividing cells 
can be considered as highly specialized, and therefore 
resistant to toxic impairment. Secondary enamel knot 
(SEK) determines cusp pattern of  tooth. Final matura-
tion of  odontoblasts starts from the  tips of  cusps after 

FIGURE 1. Panoramic radiograph of patient J.M. (Table 2). 
Missing teeth: 12, 22, 37 

FIGURE 2. Panoramic radiograph of patient C.A. (Table 2). 
Missing teeth: 18, 28

FIGURE 3. Panoramic radiograph of patient K.R. (Table 2). 
Missing teeth: 24, 45

FIGURE 4. Panoramic radiograph of patient S.D. (Table 2). 
Missing teeth: 37, 47

SEK cells secrete appropriate signaling substances [5].  
It seems that the  impairment of  signaling activity of 
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enamel knot’s cells may be correlated with arrested differ-
entiation of odontoblasts, and subsequently damage den-
tin matrix secretion and cessation of enamel formation. 
This could be the possible mechanism of the total tissue 
damage at the advanced bell period. 

Only one investigated patient had no lateral incisors, 
second premolars, or third molars missing. These teeth 
are characterized as relatively frequently missing teeth 
in general population [21, 22]. But even third molars, 
sometimes considered to be excluded from the study re-
ports, are found to be more frequently missing teeth in 
cancer survivors compared to healthy subjects [16, 24]. 
Depending on the age at the start of treatment, all of these 
groups of teeth are also exposed to the risk of cytotoxic 
damage. However, in the present report, some of  these 
anomalies were probably not side effects of  therapies.  
Patient with maxillary lateral incisors missing had agene-
sis of the same deciduous teeth. However, the lack of these 
teeth may be due to treatment as all of  the  deciduous 
molars were taurodontal. Even though permanent first 
molars were also taurodontal, this was an individual de-
velopmental feature of the study participant rather than 
post-treatment pathology, considering the  time of cyto-
toxic therapy (Figure 1). Similarly, a girl with the lack of 
4 second premolars began the therapy at least 11 months 
after the  onset of  mineralization. However, the  fact 
of one-year late eruption in this girl could have been a cir-
cumstance indicating treatment impact. Another patient 
(Figure 2) presented with missing maxillary third mo-
lars, all of the second premolars, and three second molars 
microdontal, in whom the  therapy was administered at 
the expected time of early odontogenesis of all teeth re-
duced in size. The  therapeutic etiology of  microdontia 
in this survivor is undeniable. Similar case was present-
ed in another study, where the  therapy started shortly 
before mineralization. However, when it comes to third 
molars missing, it seems that the formation of maxillary 
molars could precede the development of mandibular an-
tagonists and therefore, these teeth could fail to develop.  
Or else, according to the  above assumption regarding 
first period of early odontogenesis relatively resistant to 
total tissue damage, the mandibular molars could develop 
earlier than their maxillary counterparts and earlier than 
commonly accepted. 

The lack of  remaining one first premolar, one sec-
ond premolar, and three second molars resulted from 
anti-cancer treatment was probably due to the damage 
of another teeth from the same developmental groups. 
A strong correlation between simultaneously occurring 
hypodontia and microdontia in cancer survivors is of-
ten reported [16, 20]. Considering the age at therapy in 
the  investigated patient with right mandibular second 
premolar missing, it appears that the  toxic treatment 
started shortly before mineralization. Other causes 
of the damage due to severely late development of the op-
posite mandibular second premolar in this participant 
were eliminated (Figure 3). The above-described patient 

with the  lack of  2 lateral incisors (Figure 1) has also 
one left mandibular second molar missing, but the an-
ti-cancer drug administration took place before or at 
the beginning of early odontogenesis. The alveolar bone 
crypt in the place of the expected tooth seems to be well- 
defined even after many years. If the observation is cor-
rect, the conclusion is difficult to determine. Germ dam-
age could occur at a  stage, in which SEK determining 
tooth shape and size were well formed. What is interest-
ing, the size of alveolar bone crypt in cases of microdon-
tal teeth is adjusted to their reduced size, but the crypt 
in the place of missing tooth germ in the analyzed sur-
vivor was greater and corresponds to the size of physio-
logically developed future tooth crown. How to explain 
this phenomenon? Treatment duration lasted for only  
9 months. Does the initiation of tooth development oc-
cur earlier than reported in the literature? And how does 
it correspond with the fact that the treatment overlapped 
with the  final period of  expected early tooth develop-
ment in the  next patient with two mandibular second 
molars missing (Figure 4)? This survivor exhibited mi-
crodontia of  two maxillary second molars. It relates to 
an  observation that the  germs of  upper second molars 
could have appeared earlier than their corresponding 
mandibular counterparts, considering that the develop-
ment of particular teeth may be early or late. It could be 
that they appeared to be more resistant to the total dam-
age due to their more advanced development. Based on 
the  last case, it may be concluded that the  maturation 
of dental tissue producing cells occurs earlier than previ-
ously believed. The same observation concerns the study 
participant with the lack of one maxillary first premolar 
and other two first premolars slightly reduced in size, 
who started treatment just before or at the expected be-
ginning of mineralization. Do we know everything about 
tooth formation? Does the  fact that an  abnormality 
sometimes concerns only one tooth of the same develop-
mental group and indicate that there is only a short peri-
od of odontogenesis with an increased risk for the severe 
germ injury? 

The above-described hypotheses should be formulat-
ed carefully. There are significant differences in the du-
ration of development and time of teeth eruption. How-
ever, it is difficult to agree with the opinion that the lack 
of  a  tooth originate from the  initiation stage only, in 
which agenesis can clearly occur. However, if the dam-
age of  a previously formed tissues (so-called “aplasia”) 
is considered, a total damage is possible, probably even 
at the  advanced bell stage. A  cross-check with similar 
observations is needed. Research results are usually 
limited to a comment that chemotherapy can variously 
alter the development of different teeth, depending on 
the  treatment conditions. Wider and thorough analy-
sis of  chemotherapy-induced abnormal dental devel-
opment is required. A  small study cohort is the  main 
constraint in a  reliable interpretation of  the  long-term 
adverse effects of anti-cancer treatment. 
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CONCLUSIONS 

Tooth germ seems to be susceptible to complete cyto-
toxic damage during the entire period of early develop-
ment. Hypodontia results not only from the lack of germ 
formation, but it can be the sequel of total tissue damage 
or cessation of  development of  non-mineralized dental 
structures. The duration of particular developmental stag-
es in tooth formation can be revised based on the results 
of long-term treatment effects in cancer survivors. 
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