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A B S T R A C T

Introduction: Dental abnormalities are relatively frequent among late complications of anticancer treatment 
received by patients at a young age. Available statistical reports are based on different research methods providing 
various results. 
Objectives: The purpose of the study was to assess the prevalence of agenesis and reduction in crown size in 
cancer survivors and healthy subjects with special attention to the age at which treatment was begun and therapy 
duration related to the developmental stage of the affected teeth.
Material and methods: Cancer survivors and their healthy peers were examined clinically and radiographically 
towards an existence of hypodontia and changes in the dental crown size.
Results: Cancer survivors had abnormalities examined in the prevalence of 62.16% and total number of 100 
teeth disturbed. Significantly lower prevalence (13.51%) and smaller number of teeth affected (10) were disclosed 
in the control group. After the affected teeth were divided into developmental groups, the mean age at the time  
of anticancer therapy varied noticeably and corresponded with expected time of early tooth development. Anal-
ysis revealed that 80% of survivors with hypodontia, 91.67% with microdontia, and 100% with teeth reduced in 
size received the therapy at the expected early development.
Conclusions: The findings of the study showed a strong correlation between the age at the therapy and the expect-
ed time of odontogenesis of teeth affected in almost 98% of cases.
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INTRODUCTION

More than 70% of children with cancer survive the dis-
ease and, in majority of cases, require long-term observa-
tion because of  the  therapy-induced adverse effects  [6]. 
Among late complications of anticancer treatment such 
as heart and hormonal disorders, neuro- and nephro-
toxicity, growth impairment, and secondary cancers,  

dental abnormalities are relatively frequent  [5, 8, 16].  
The more information there is about the possibility and 
mechanisms of  odontogenesis impairment, the  earlier 
the radiological examination and orthodontic decisions 
are undertaken. 

For at least three decades, statistical reports and ex-
perimental studies on animals have been performed to 
establish the prevalence and the kind of dental sequelae 

O R I G I N A L  PA P E R © 2019 Polish Dental Association

Address for correspondence: Anna Jodłowska, PhD, Department  
of Pediatric Dentistry, Medical University of Silesia, Katowice, Pl. Traugutta 2, 
41-800 Zabrze, Poland, e-mail: wega25@poczta.onet.pl

Received: 13.06.2019 • Accepted: 25.07.2019 • Published: 08.08.2019
OFFICIAL JOURNAL OF THE POLISH DENTAL ASSOCIATION ORGAN POLSKIEGO TOWARZYSTWA STOMATOLOGICZNEGO

Vol. 71

Bimonthly ISSN 0011-4553Vol. 71    Issue 3    May-June    2018    p. 249-314

2018
3

The relationship between temporomandibular disorder and work stress in type C private hospital nurses
Fadhilah Nur Amalina, Ira Tanti, David Maxwell

The relationship between interleukin-18 level in smokers and chronic periodontitis: radiographic overview 
of posterior mandibular teeth

F.X. Andi Wiyanto, Sri Lelyati C. Masulili, Elza Ibrahim Auerkari, Fatimah Maria Tadjoedin

Antifungal effectivity of virgin coconut oil mousse against Candida albicans biofilm in children 
with early childhood caries

Monica Monica, Eva Fauziah, Sarworini Bagio Budiardjo, Margaretha Suharsini, Heriandi Sutadi, Ike Siti Indiarti, 
Mochamad Fahlevi Rizal

In vitro efficacy of garlic extract against Candida albicans biofilms from children with early childhood caries 
Mochamad Rizal, Sarworini Budiardjo, Vidya Tjokrosetio, Eva Fauziah, Ike Indiarti, Heriandi Sutadi, Margaretha Suharsini 

Dental health of five-year-old children in Mazowieckie province as revealed by monitoring of dental health 
and its determinants in 2011 and 2016

Małgorzata Dudek, Iwona Soika, Weronika Jończyk, Anna Turska-Szybka, Dariusz Gozdowski, Dorota Olczak-Kowalczyk

The use of polymerase chain reaction in patients with periodontal disease before prosthetic treatment
Katarzyna Taraszkiewicz-Sulik, Gabriela Pękała, Łukasz Magnuszewski, Maria Gołębiewska

Cognitive functioning and myofascial pain in masticatory organ dysfunction
Ewa Ferendiuk, Józef Gierowski, Małgorzata Pihut, Joanna Biegańska-Banaś

Orthodontic and surgical treatment of a patient with an impacted upper central incisor with dilacerations 
– systematic review of the literature with the presentation of a case

Magdalena Rudnik, Bartłomiej Loster

Comparison of five deep caries management methods and their use in contemporary dentistry
Lidia Postek-Stefańska, Alicja Leś-Smolarczyk, Anna Jodłowska

The C-shaped second mandibular molar and intentional replantation
Elżbieta Bołtacz-Rzepkowska, Agnieszka Żęcin, Michał Łęski



Journal of Stomatology * http://www.jstoma.com96

Anna Jodłowska, Grażyna Sobol-Milejska, Lidia Postek-Stefańska

in cancer survivors. Most of the authors used the Defect 
Index (DeI) established by Hölttä in 1978 to describe 
dental abnormalities after antineoplastic treatment  [4, 
10, 14]. Not all the research participants fulfil the crite-
ria of honest evaluation, especially with regard to a long-
enough follow-up time after a harmful therapy. In nu-
merous reported cases, the development of dental roots 
was not yet sufficient to assume an  R/C ratio suitable 
for DeI assessment. Additionally, root size variability is 
common in the healthy population, and a comparison 
to the  rest of  the  fully developed dentition is a  better 
choice. Moreover, DeI was also based on the evaluation 
of only microdontal “exceptionally small tooth” [4, 10]. 
Reduction in size and microdontia, coexisting within 
the same group of  teeth, are both evidence of  the det-
rimental impact of  anticancer therapy (Figure 1). Not 
taking into account this alteration can lead to underes-
timated results, as was suggested in the  literature [10]. 
All the features should be determined after the particu-
lar parts of a tooth are completely developed with con-
sideration of  the  possibility of  post-treatment impact 
on tooth formation. In the literature, there is a paucity 
of results based on the detailed analysis of particular ab-
normalities related to the expected developmental stage 
of particular teeth and comparable assessment of the ex-
act time of the harmful treatment [21]. A separate prob-
lem is the inclusion of third molars into the study, which 
is sometimes practiced [22]. Possible lack or small size 
of  these teeth, as a  result of  the  evolutional processes, 
makes a reliable analysis difficult. Many researchers ex-
clude this group of teeth from the study. Similar prob-
lems may concern the  lateral incisors or the  second 
premolars because abnormalities in the  development 
of these teeth are also relatively frequent in the healthy 
population.

Moreover, the  detrimental effect on dental tissues, 
varying in accordance with the treatment time, if anal-
ysed in detail, creates the possibility of finding out more 
about the tooth germ formation. 

OBJECTIVES

The study aimed to assess the  prevalence of  agen-
esis and reduction in crown size in cancer survivors 
and control subjects, and to determine the relationship 
between the  occurrence of  dental abnormalities and 
the time of the start of treatment and its duration against 
the developmental stage of the particular tooth affected. 

MATERIAL AND METHODS

The research was approved by the  Ethical Com-
mittee of  the Medical University on February 25, 2013 
and on November 29, 2016 (KNW/0022/KB1/15/I/13, 
KNW/0022/KB1/15/II/16). According to study assump-
tions, the experimental group comprised cancer survi-
vors aged 6-18 years, who met the  following inclusion 
criteria: antineoplastic treatment completed before  
10 years of patient’s age and minimum two years prior to 
dental examination. The patients from the control group 
were randomly chosen from healthy children admitting 
to the Outpatient Developmental Age Clinic for a reg-
ular check-up or dental treatment. It was strictly con-
trolled that the patients were at the same chronological 
age as those from the experimental group.

EXPERIMENTAL GROUP

Cancer survivors who received anticancer treat-
ment in Upper Silesian Child Health Centre as children 
continue their appointments at the  Oncological Out-
patient Clinic until they are 18 years old. The patients 
who fulfilled the  inclusion criteria were invited for re-
search according to an examination protocol approved 
by the Bioethics Commission. Thirty-seven cancer sur-
vivors were admitted to the Outpatient Developmental 
Age Clinic of  the  Academic Centre of  Dentistry after 
their guardians gave written consent for participation 
in the study. There were 21 girls (56.76%) and 16 boys 
(43.24%). The chronological age of patients at the time 
of dental examination was between 6 years and 17 years 
and 3 months, with an average of 9 years and 8 months. 
Twenty-eight patients had been treated for solid tumour, 
eight subjects for leukaemia, and in the  last case Hod-
gkin lymphoma. All cancer survivors received chemo-
therapy. Twenty-six of them required surgical treatment 
and 12 required radiotherapy, with head irradiation in 
four cases. The  dental investigation took place from  
24 to 36 months after chemotherapy completion.

CONTROL GROUP

Children, who had been the patients of the Outpa-
tient Developmental Age Clinic of the Academic Centre 
of Dentistry, after obtaining consent from their parents, 

FIGURE 1. Panoramic radiograph in an 8-year-old male 
patient. Microdontal maxillary first premolars and man-
dibular first premolars reduced in size can be seen. Age 
at diagnosis: 15 months
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were included in the  study. Thirty-seven healthy sub-
jects took part in the investigation: 20 girls (54.05%) and  
17 boys (45.95%). They had non-contributory medical 
history and complying age criteria. The  chronological 
age of patients qualified for the control group was be-
tween 6 years and 1 month and 17 years and 3 months, 
with an average of 9 years and 5 months. 

DENTAL EXAMINATION AND MEDICAL HISTORY ANALYSIS

All the  children accepted for the  study underwent 
dental examination with special attention to the  exis-
tence of  dental abnormalities concerning hypodontia 
and changes in the size of the dental crown. If the anom-
aly was clinically observed, a  photo image was taken.  
After conventional dental control, panoramic radio-
graphs were obtained and assessment of  the  degree 
of tooth buds’ development and the presence of dental 
anomalies was done. Panoramic radiographs were an-
alysed by two examiners especially for agenesis, micro-
dontia, and reduction in size that was not microdon-
tia. The comparable assessment within the same group 
of teeth and determination of the type of dentition were 
also conducted. 

The medical history of cancer survivors and healthy 
controls was collected from medical records. An analy-
sis of medical records of oncological patients in terms 
of age at diagnosis, kind of disease, treatment duration, 
and therapy administered was conducted. 

STATISTICAL ANALYSIS

The statistical analysis was carried out using Statis-
tica Version 13.3 statistical analysis software. The  val-
ues were presented as number (N, n), percentage (%), 
and months. Continuous variables were described as 
the  mean, standard deviation (SD), minimum, and 
maximum. The χ2 test was applied, and the level of sig-
nificance was determined. Yates’ χ2 test was additionally 
done when required. In order to compare two different 
means within the same study sample, the non-paramet-
ric Mann-Whitney U test was also used. 

RESULTS

Among 37 members of  the  experimental group,  
23 (62.16%) cancer survivors had abnormalities exam-
ined in the total number of 100 teeth. Thirteen teeth were 
missing, 32 teeth were recognised as microdontal, and 
55 were reduced in size. In the group of 37 control sub-
jects, five (13.51%) patients had changes observed: agen-
esis of eight tooth germs and two teeth reduced in crown 
size. Two patients had one second premolar missing each, 
the third had agenesis of two lateral incisors, the fourth 
had agenesis of  four third molars, and the  last one had TA
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two lateral incisors reduced in size. The number of patients 
with particular injuries in two groups differed significantly 
in terms of microdontia and reduction in size (Table 1). 

The distribution of  cancer survivors according to 
the  age of  exposure and type of  dental abnormality is 
shown in Table 2. There were 21 patients treated with 
chemotherapy before they finished three years versus 16 
participants treated at an older age. The number of sur-
vivors in the two age groups differed significantly when 
it came to reduction in size counted separately, and mi-
crodontia and reduction in size summarised. In the case 
of the remaining analysed features, the authors also not-
ed a higher number of younger survivors affected com-
pared to the  older group, but the  differences were not 
significant (Table 2). 

The analysis of cancer survivors’ medical history re-
vealed that they started their antineoplastic treatment at 
the mean age of 3 years and 2 months (from the youngest 
aged 4 months to the oldest aged 8 years and 6 months). 
The  duration of  the  anticancer therapy was 2 months 
minimum and 108 months maximum, with an  aver-
age of  17.5 months. Based on the  fact that formation 

of the third molars is significantly delayed compared to 
the rest of dentition, the cancer survivors were divided 
into three groups: a group with lateral incisors, premo-
lars and second molars changed, a group with abnormal 
third molars, and a  group with no tooth abnormali-
ties. The mean age at the time of antineoplastic therapy 
varied noticeably and corresponded with the  expected 
time of early tooth development, respectively, for each 
distinct group, whereas the  patients with undisturbed 
dentition were treated from the  mean age of  48.14 to  
62.14 months, after the  expected time of  crown size 
determination of incisors, canines, premolars, and mo-
lars, and before the crowns of third molars were formed  
(Tables 3 and 4). Similar correlation is also seen in 
the  majority of  cases when the  comparison of  the  pa-
tient’s age at diagnosis and the  expected time of  early 
odontogenesis of abnormal teeth is conducted separate-
ly for each dental group. The age at the start of the ther-
apy, in survivors with second premolars missing and 
lateral incisors reduced in size, exceptionally overlapped 
the late developmental period when the size of tooth is 
usually determined (Table 4). 

TABLE 2. Distribution of cancer survivors treated with chemotherapy according to the age of exposure

Type of abnormality Survivors with age of exposure < 3 years
n (%)

Survivors with age of exposure > 3 years
n (%) p-value 

Total 21 (100.00) 16 (100.00) 0.8144

Agenesis 3 (14.29) 2 (12.50) 0.7429

Microdontia 9 (42.86) 3 (18.75) 0.2311

Reduction in size 14 (66.67) 2 (12.50) 0.0300*

Agenesis + microdontia or reduction in size 2 (9.52) 1 (6.25) 0.8053

Microdontia + reduction in size 17 (80.95) 4 (25.00) 0.0021*

Microdontia + reduction in size in 1 survivor 6 (28.57) 1 (6.25) 0.1957
*Significant (p < 0.05)

TABLE 3. Age at chemotherapy in survivors with or without dental abnormalities in relation to the age at develop-
mental periods

Age at start of treatment 
(months)

Age at treatment 
completion 

(months)

Chemotherapy duration 
(months)

Expected age at start 
of mineralisation

(months) 

Min Max Mean ± SD Min Max Mean ± SD Min Max Mean ± SD

Survivors with lateral 
incisors, premolars, and 
second molars affected
(n = 20)

4 53 23.05 ± 11.61 18 62 38.10 ± 14.56 3 28 15.15 ± 7.31 10-36

Survivors with third 
molars affected
(n = 3)

84 102 90.00 ± 10.39 101 192 141.33 ± 46.37 17 108 51.33 ± 49.44 84-120

Survivors without any 
tooth abnormalities
(n = 14)

6 96 48.14 ± 22.15 27 101 62.14 ± 21.79 2 32 13.71 ± 9.72 36-84
Developmental pause

n – number of survivors, SD – standard deviation, Min – minimum age, Max – maximum age
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The results presented in Tables 5, 6, and 7 are based 
on the  observation contained in Table 3 and 4 that 
the majority of patients with abnormal teeth were treated 
during the early developmental period of impaired teeth. 
The number of abnormal teeth with the supposable treat-
ment background is 92 (92%) of  the  total 100 changed 
teeth (100%) in all survivors accepted to the  study. It 
means that 2.49 abnormal teeth for each of the 37 (100%) 
survivors. As a  result of  exclusion of  the  patients with-
out abnormalities or with anomalies supposedly not be-
ing post-treatment effects, the number of survivors with 
changes that probably originated in antineoplastic treat-
ment decreases to 21 subjects (56.76%). In 21 patients 
with 94 abnormal teeth, 92 teeth with chemotherapy 
background gives a  higher prevalence of  97.87% of  ab-

normal teeth and almost two-times higher number (4.38) 
of impaired teeth per patient (Table 5).

Careful analysis related to the  kind of  abnormal-
ity revealed that 80% of  patients with missing teeth, 
91.67% with microdontia, and 100% with teeth reduced 
in size received the antineoplastic therapy at the expect-
ed time of  injured tooth development. Consequently, 
the  chemotherapy background could be attributed to 
69.23% of missing teeth, 93.75% cases of microdontia, 
and 89.10% of teeth with reduction in size. The number 
of  abnormal teeth per patient after exclusion of  cases 
without therapy origin increased only in terms of micro-
dontia. This is in contrast to other analysed disturbanc-
es in which the number of  teeth per patient decreased 
(Table 6).

TABLE 5. Distribution of teeth supposedly injured during chemotherapy in relation to total number of teeth affected

Number 
of survivors

n 
(%)

Teeth 
affected

n
(%)

Teeth 
affected per 

patient
n

Teeth with injury 
supposedly induced by 

chemotherapy
n 

(%)

Teeth with injury 
supposedly induced 

by chemotherapy per 
patient

n

Survivors examined I 37
(100.00)

100
(100.00) 2.70 92

(92.00) 2.49

Survivors affected II 23
(62.16)

100
(100.00) 4.34 92

(92.00) 4.00

Survivors affected with abnormalities 
of chemotherapy background III 21

(56.76)
94

(100.00) 4.76 92
(97.87) 4.38

p-value II vs. III
0.8128

II vs. III
0.0382*

I vs. II
0.0448*

II vs. III 0.9506
I vs. III

0.0382*

I vs. III
0.1275

I vs. III
0.0173*

*Significant (p < 0.05)

TABLE 6. Distribution of cancer survivors and teeth affected in relation to the type of abnormality 

I II III IV V VI VII VIII

Type 
of abnormality

Patients 
affected

n
(%)

Teeth 
affected 
in total

n
(%)

Teeth 
affected 

per patient
n

Patients 
with teeth 
supposedly 

injured during 
chemotherapy

n
(%)

Teeth 
affected 
in total

n

Teeth 
affected 

per 
patient

n

Teeth with injury 
supposedly 
induced by 

chemotherapy
n 

(%)

Teeth affected 
per patient

n

Agenesis 5
(100.00)

13
(100.00) 2.60 4

(80.00) 9 2.25 9
(69.23) 2.25

Microdontia 12
(100.00)

32
(100.00) 2.67 11

(91.67) 30 2.72 30
(93.75) 2.72

Reduction in size 16
(100.00)

55
(100.00) 3.44 16

(100.00) 55 3.44 49
(89.10) 3.06

Differences measured: 

I vs. IV: not significant (agenesis p = 0.7604; microdontia p = 0.8647), p < 0.05.

II vs. VII: not significant (agenesis p = 0.4977; microdontia p = 0.8784; reduction in size p = 0.4791), p < 0.05. 

III vs. VIII: not significant (agenesis p = 0.8726; microdontia p = 0.8452; reduction in size p = 0.8570), p < 0.05.
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Analysis related to the  particular group of  injured 
teeth showed that 50% of  lateral incisors, 100% of  first 
premolars, 77.78% of second premolars, 93.55% of second 
molars, and 100% of  third molars might have been in-
jured at the time of antineoplastic treatment. A thorough 
analysis revealed that the  above-indicated differences 
concerned the agenesis of second premolars, microdon-
tia of second molars, and reduction in crown size of lat-
eral incisors (Table 7).

DISCUSSION

DeI or Modified Dental Defect Index (MDDI) was 
often used in previous studies, and it gave some infor-
mation about the  degree of  damage to dental develop-
ment [4, 10, 11, 14]. However, the latency period was not 
always appropriate to show all of the post-treatment dis-
turbances. Moreover, the value of DeI is strongly age de-
pendent, both at diagnosis and at dental examination. To 
establish the changes in the tooth size, the development 
of half of the crown height is sufficient. When it comes 
to root disturbances, full development of the whole den-
tition is needed during dental investigation. In the liter-
ature there is research undertaken one year after therapy 
completion  [14]. Gawade et al.  [7, 11] suggest a  mini-

mum two-year follow-up after finishing the  anticancer 
treatment. Cubukcu et al. [4] also used DeI to determine 
the total injury to permanent teeth, but they controlled 
the  subjects in remission at least for five years. Usually 
the range of the examination age in the study group does 
not allow us to measure the values related to all of the de-
velopmental anomalies that could happen in permanent 
teeth. There is a need to prolong the observation or lim-
it the evaluation to a  few well-known factors and their 
reciprocal relationship. Different toxic agents and their 
various doses used in the therapy, and different duration 
of  the  anticancer treatment in combination with vari-
ous dental ages, make the comparative assessment more 
complicated and prone to misinterpretation. Therefore, 
different results of DeI values can be found in the liter-
ature. Cubukcu et al. [4] noted DeI variation from 0 to 
49 (mean 10.8 ± 11.2), Krasuska-Sławińska et al. [14] – 
12.48 ± 13.16, Hölttä et al. [10] – 4-34 (mean 15.3 ± 9.3), 
and Wilberg et al.  [24] – 13.7. The inclusion criteria in 
the current study allowed for reliable assessment of exa-
mined abnormalities, and the tooth agenesis was estimat-
ed after the expected time of germ mineralisation.

Microdontia is classified as the  presence of  half-
sized or smaller tooth crown. Microdontia, in its pre-
cise meaning, is most often a subject of assessment of its 
prevalence  [9-11, 21]. However, sometimes the  infor-

TABLE 7. Distribution of affected teeth according to the type of anomaly in all survivors and in survivors treated 
during odontogenesis of abnormal teeth  

Group of teeth 
affected

Teeth 
affected

n (%)

Teeth 
supposedly 

injured during 
chemotherapy

n (%)

Teeth with agenesis
n (%)

Teeth with microdontia
n (%)

Teeth reduced in size
n (%)

In total
Supposedly 

injured during 
chemotherapy

In total
Supposedly 

injured during 
chemotherapy

In total
Supposedly 

injured during 
chemotherapy

Lateral incisors 12
(100.00)

6
(50.00) 2 2 0 0 10

(100.00)
4

(40.00)

p-value 0.0184* 0.0146 *

First premolars 30
(100.00)

30
(100.00) 1 1 14 14 15 15

p-value

Second premolars 18
(100.00)

14
(77.78)

5
(100.00)

1
(20.00) 4 4 9 9

p-value 0.1116 0.0528

Second molars 31
(100.00)

29
(93.55) 3 3 12

(100.00)
10

(83.33) 16 16

p-value 0.4722 0.4601

Third molars 9
(100.00)

9
(100.00) 2 2 2 2 5 5

p-value

Total 100
(100.00)

88
(88.00)

13
(100.00)

9
(69.23)

32
(100.00)

30
(93.75)

55
(100.00)

49
(89.09)

p-value 0.3814 0.3937 0.7994 0.5562
*Significant (p < 0.05)
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mation on the degree of crown damage is not indicated 
in the  study or is described as tooth size smaller than 
average  [1, 17, 18, 22]. The  reduction in crown size is 
very common if microdontia of  another one or two 
teeth that originated in the same developmental period 
is recognised. It obviously indicates that all the  alter-
ations are caused by the same simultaneously occurring 
environmental factor. In such a  situation, even small 
crown abnormality indicates a  toxic impact of  anti-
cancer treatment. Therefore, the authors of the current 
study conducted a comparable assessment of tooth size 
within the same class of  teeth following determination 
of  the  anomaly. When it comes to lateral incisors and 
third molars, some researchers do not take into account 
the disturbances concerning these teeth because of their 
higher prevalence in a  healthy population  [11, 12]. In 
fact, hypodontia of at least one of the third molars was 
noted in 35% and microdontia of lateral incisors in 1.7% 
of the general population [9, 12]. What is more, for com-
parative prevalence assessment in healthy and treated 
subjects, the inclusion of these teeth seems to be neces-
sary. Hölttä et al. [9] diagnosed high prevalence of 52% 
of stem cells recipients with abnormal third molars. Cu-
bukcu et al. [4] involved lateral incisors into the study, 
but recommended caution in drawing conclusions. Usu-
ally, all of the teeth mineralised after birth are included 
in investigation [1, 9, 20]. By paying special attention to 
patient’s age during the  antineoplastic treatment, one 
can predict the possible reason for the anomaly. 

Table 1 shows the  significant difference in preva-
lence of  dental disturbances without taking into ac-
count the age factor. 62.16% of survivors versus 13.51% 
of  healthy patients had abnormalities (Yates’ χ2 test: 
p  =  0.00004, p  <  0.05). Prior study has shown revised 
disturbances in patients after stem cell transplantation 
with a  prevalence of  51% and 69%, respectively, with 
third molars excluded and included [9]. Other research-
ers revealed 55.6% and 62.29% of patients with at least 
one abnormality  [11, 22]. The  results are comparable. 
In the experimental group microdontia was recognised 
with a  prevalence of  32.43%, and reduction in size – 
43.24%. In total, both abnormalities were diagnosed in 
56.75% of survivors. When the reduction in size is con-
sidered as a result of cytotoxic damage, the prevalence 
concerning to smaller teeth appears to be higher than 
noted in the  literature. In one study 26.7% and 13.3% 
of patients treated for leukaemia had upper and lower 
teeth affected, respectively, and patients suffering from 
solid tumours had upper and lower teeth damaged 
in a  prevalence of  16.2% and 2.7%, respectively  [17].  
In other research 19.3% of survivors versus 0% of con-
trols had diagnosed premolars and molars disturbed [21]. 
The  prevalence of  3%, 5.2%, 13.5%, 18%, 28%, 30.6%, 
36.06%, and 38% was also noted [1, 4, 11, 12, 18, 20, 22, 
24]. Hölttä et al.  [10] divided all the patients into TBI 
and non-TBI group and detected relatively high preva-
lence of 80% and 85.7% with abnormalities, respectively. 

Current analysis revealed no microdontia and a relative-
ly small number of teeth reduced in size in the control 
group in comparison with cancer survivors – 2 versus 
55. A significantly more frequent anomaly in the healthy 
population was tooth agenesis (χ2 test: p  =  0.0253, 
p < 0.05) as opposed to alterations after chemotherapy 
– smaller teeth were significantly more frequent com-
pared to agenesis (χ2 test: p = 0.000001, p < 0.05). Miss-
ing teeth made up 13% of all disturbed germs in survi-
vors versus 80% in the control group. Despite the small 
number of healthy participants in the current study, it 
is obvious that hypodontia is the most frequent abnor-
mality in the general population. However, agenesis in 
the prevalence of 13.51% of treated patients was higher 
in comparison with healthy controls, at 10.81%. Similar-
ly to the observations of Avsar et al. [1], the difference 
was not significant. Pedersen et al. [21] noted hypodon-
tia in 9.3% of  survivors and 4.1% in a  control group. 
Previous studies have shown agenesis in 5%, 7%, 16.2%, 
17%, 19.8%, 20.4%, 31%, 31.14%, and 44% of the entire 
group of cancer survivors [1, 4, 9, 11, 12, 18, 20, 22, 24]. 
The  wide variation of  values was probably caused by 
different contributing factors with a  predominant role 
of the variety of inclusion criteria.

Young age at diagnosis of  cancer is usually raised 
as the most important risk factor for late adverse den-
tal effects of antineoplastic treatment. Microdontia and 
hypodontia were recognised with a prevalence of 31.6% 
and 10.5%, respectively, in children receiving che-
motherapy before they were three years old, and with 
a prevalence of 6.8% and 6.8%, respectively, in the group 
of older participants [21]. Maguire et al. [17] found mi-
crodontia in 38% of survivors who had treatment at or 
earlier than three years of age. Kang et al. [11] revealed 
that the  prevalence of  tooth agenesis and microdontia 
decreases with the  patient’s age at the  time of  therapy. 
The authors of the current research noted a prevalence 
of 42.86% regarding microdontia and 66.67% relating to 
teeth reduced in size in survivors receiving chemother-
apy before they were three years old. When analysing 
all of  the  smaller teeth, the prevalence of  the anomaly 
increased significantly to 80.95% of the younger group 
versus 25% in the children exposed after they were three 
years old (p = 0.0021, p < 0.05). All of the types of dental 
abnormalities in younger participants listed in Table 2 
exist in higher numbers in comparison with older sub-
jects. The  lack of  significant differences resulted from 
changes concerning third molars developing at a  later 
age. All of the abnormal third molars found in the study 
might have been injured during chemotherapy (Tables 
3 and 4). The authors agree with the opinion that young 
age at diagnosis remains the most prevalent risk factor 
for abnormal tooth development. These results are sim-
ilar to those found in another study in which the micro-
dontia was estimated with a prevalence of 75% in indi-
viduals aged less than 3.0, 60% for patients between 3.1 
and 5.0 years of age, and 13% for the group older than  
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5 years [9]. In contrast, some investigators found no sig-
nificant relationship between the tooth impairment and 
age of therapy administration. The wide age group, small 
cohort, and lack of analysis dependent on the treatment 
age have been suggested as the reasons for the results ob-
served [1, 20, 22].

Distinct statistical values can be determined when 
the  age at cytotoxic treatment is compared to expect-
ed time of  mineralisation of  particular teeth changed. 
The  third molars start to mineralise at a  later age in 
comparison with the remaining teeth. Based on the dif-
ferences in the  developmental period, the  survivors 
were divided into three groups: patients with lateral in-
cisors, premolars, and second molars changed; patients 
with third molars damaged; and participants with-
out any tooth abnormalities (Table 3). On the premise 
that the toxic agent responsible for tooth crown injury 
should affect the germ before the mineralisation starts, 
the mean age at diagnosis in the current study overlaps 
the expected time before apposition of dental tissues. In-
terestingly, the patients who were treated during the “de-
velopmental pause” between the start of mineralisation 
of the tooth groups analysed had no teeth disturbed. De-
pending on the kind of abnormality, a correlation was 
revealed between the patient’s age during treatment and 
the vulnerable period of development in relation to indi-
vidual groups of teeth (Table 4). The patients with almost 
all groups of teeth damaged had had chemotherapy ad-
ministered before the start of tooth germ mineralisation. 
Exceptionally, in the cases of second premolar agenesis 
and reduction in size of lateral incisors, the mean age at 
diagnosis exceeded the onset of dental tissue deposition. 
This suggests another background of abnormalities and 
is in agreement with the fact that the second premolars 
missing, and smaller lateral incisors are relatively often 
diagnosed in the general population. Proc et al. [22] did 
not find a relationship between the agenesis in general 
and patient’s age at the start of therapy. Based on the ob-
servations listed in Table 3 and the first part of Table 4, 
the authors excluded participants having teeth without 
a  supposed chemotherapy background (second part 
of Table 4). The mean age at diagnosis in the survivors 
with second premolar agenesis, microdontal second 
molars, and lateral incisors reduced in size decreased. 
The  results concerning two controversial groups 
of teeth have changed, and the age at diagnosis preced-
ed the mineralisation of mentioned teeth. Some authors 
reported that microdontal teeth were found in patients 
who started their therapy before they were 42 months 
of age. Children aged between 43 and 61 months had no 
abnormalities, and patients treated at the age older than 
61 months presented with disturbed third molars [22].

Prior studies have reported a  correlation between 
the treatment duration and the occurrence of disturbed 
odontogenesis, not found in the current paper (group av-
erage – 17.5 months) (Table 3). Subjects treated for leu-
kaemia are likely to exhibit more severe dental impair-

ment due to longer drug administration [17]. It seems to 
be obvious that the longer the duration of toxic therapy, 
the greater the expected tooth damage. However, the ex-
istence of many additional factors influencing dental de-
velopment such as the kind of treatment protocol, age at 
diagnosis, and supplementary radiotherapy can impair 
reliable assessment. In the  present study, in a  patient 
with diagnosis of  teratoma who received four-month 
chemotherapy, three microdontal first premolars were 
recognised. In contrast, a girl diagnosed with leukaemia 
at the age of six months was treated for 29 months and 
has no dental abnormalities. The two described patients 
had no radiotherapy administered. An additional prob-
lem is the evaluation of the separate influence of chemo-
therapy and radiotherapy administered together. The in-
formation about the area of irradiation is sometimes not 
included in the study. In the analysed group, only four 
patients received head radiotherapy, and three of them 
had only third molars disturbed due to late age of treat-
ment. Owing to the homogeneity of the group, with re-
gard to the kind of treatment, and taking into account 
that consanguineous features were evaluated, the results 
seem to reliable. Hölttä et al. observed no differences 
between groups treated with or without total body irra-
diation [10]. 

The above presented results were estimated without 
taking into account the  age factor and its relationship 
with dental development of particular teeth. Third mo-
lars start to mineralise in children aged seven years. 
The present study demonstrated nine third molars miss-
ing or smaller in three patients treated since they were 
7, 7, and 8.5 years old, respectively. No abnormalities 
concerning third molars were found in survivors treated 
at a  younger age. Following the  exclusion of  survivors 
who had been treated not at the  time of  odontogene-
sis, the number of teeth affected decreased. As a result 
of  the  subsequent exclusion of  abnormalities not cor-
responding with the  treatment time, it appeared that 
in children treated during the sensitive period of tooth 
development, 97.87% of teeth might have had the inju-
ry caused by antineoplastic agents. This makes up 92% 
of the total number of abnormal teeth found in the study 
(Table 5). The authors of the paper agree with the opin-
ion that post-treatment deviations would be expected 
in all of  the  patients who received the  chemotherapy 
during tooth development [22]. The survivors present-
ing undisturbed dentition were mostly treated for can-
cer at an older age, except for two cases with remarkably 
short chemotherapy administration and one patient di-
agnosed with leukaemia at the age of six months. After 
the patients and teeth without supposed chemotherapy 
background were excluded, the  number of  abnormal-
ities with hypothetical chemotherapy origin increased 
significantly from 2.49 per patient in the study to 4.38 
per patient affected. Pedersen et al. [21], who included 
maximally half-sized teeth in the  study, found 88 ab-
normal premolars and second molars in 29 patients, i.e. 
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3.03 teeth per subject. Hölttä et al. [9] reported 4.1 and 
1.1 missing teeth per patient (third molars included), 
respectively, in TBI and non-TBI groups of  paediatric 
stem cell transplantation recipients. The  same study 
demonstrated the teeth missing per patient with mean 
number 4.7, 4.9, and 0.9 in recipients aged maximally 3, 
3.1-5, and more than 5, respectively [9].

The number of teeth affected per patient in relation 
to the  type of  abnormality increased not significantly 
only in the case of microdontia after exclusion of survi-
vors and teeth without therapy background. The authors 
noted the highest prevalence of 93.75% among micro-
dontal teeth with chemotherapy background considered  
(Table 6). Maguire et al. demonstrated 84% of the total 
number of  microdontal teeth in patients with therapy 
administered in the  period of  crown formation  [17]. 
After exclusion of  teeth without therapy aetiology, 
the number of missing teeth and teeth reduced in size 
per patient decreased not significantly. It has already 
been mentioned that tooth agenesis and teeth smaller 
than normal appear in the healthy population.  

Prior study has shown that the  second premolars 
were the  most frequently affected teeth in both survi-
vors and controls – 82.1% and 88.9% of disturbed teeth, 
respectively. The  distribution of  microdontia and hy-
podontia in 150 survivors was 32 and 22 affected sec-
ond premolars, respectively. Thirty-two second molars 
and 29 first premolars were after injured teeth in sur-
vivors versus only two missing second molars in con-
trols [21]. The second premolar was the most common 
missing tooth, and the maxillary second premolar fol-
lowed by maxillary second molar exhibiting microdon-
tia in another study [11]. The next research revealed that 
the most prevalent affected teeth were second premolars 
followed by second molars in relation to both hypodon-
tia and microdontia  [22]. Conversely, in the  current 
study the  largest group of  teeth affected were second 
molars and first premolars. All of  the  first premolars 
and 93.55% of  the  second molars are likely to present 
the treatment background of impairment. A less preva-
lent tooth disturbed is the second premolar, with 77.78% 
of affected teeth probably injured during chemotherapy. 
Following exclusion of abnormalities in patients treated 
beyond the time of the early odontogenesis of analysed 
teeth, it appeared that the number of affected teeth de-
creased with reference to agenesis of the second premo-
lars, microdontia of  second molars, and reduction in 
size of lateral incisors (significant: p = 0.0146, p < 0.05). 
Similar impairment of  these teeth is found in the gen-
eral population. The  remaining abnormalities are rare 
in healthy subjects. The survivors who exhibit these de-
fects were treated during odontogenesis of injured teeth  
(Table 7). 

Children who received antineoplastic therapy, al-
though they survive in increasing prevalence, still re-
main at risk of late adverse effects. Anticancer treatment 
is suggested as the  background for dental anomalies. 

The  number and degree of  dental disturbances seems 
to be dependent on the  stage of  tooth development at 
the start of chemotherapy [15, 17, 18, 22]. Genetic varia-
tion modifying this relationship is still being considered, 
although no evidence substantiates this [3]. The authors 
of the current study found a strong correlation between 
the  age at the  time of  therapy and the  expected time 
of odontogenesis of teeth affected in almost 98% of cas-
es. These observations are in agreement with the state-
ment that up to 90% of  cancer survivors may have 
oral sequelae of  any type  [1]. The  authors agree with 
the opinion that there is a need to monitor patients after 
antineoplastic treatment [13, 19, 23]. It is recommended 
that patients with oncological history are radiologically 
examined no later than at the age of seven years.
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