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Abstract
Childhood cancer survivors report many health issues related not only to the disease itself but also to post-
treatment complications. Dental problems in these patients are irreversible, as they mostly concern the 
permanent dentition. This systematic review and meta-analysis is aimed at determining the prevalence 
of hypodontia in cancer survivors. The research strategy was implemented using multiple databases, such 
as PubMed®, Scopus, Web of Science, and Embase. The literature search was performed on February 21, 
2023. A  total of  576 articles were screened. Of those, 72 full-text articles were assessed for eligibility, 
and 31 articles were ultimately selected for inclusion in the meta-analysis. The prevalence of  tooth 
agenesis in pediatric cancer patients was found to be 22% (random effects model; 95% confidence 
interval (CI): 14–25%, p < 0.001). Pooled analyses of 15 unadjusted relative risk estimates demonstrated 
a  significantly higher prevalence of  tooth agenesis in cancer patients compared to healthy individuals 
(unadjusted odds ratio (OR): 3.12; 95% CI: 2.01–4.83; p < 0.00001). Factors reported in the literature as 
contributing to the incidence of hypodontia include younger age at diagnosis, the utilization of multiple 
cytostatic drugs, high-dose radiotherapy (RTX), hematopoietic stem cell transplantation (HSCT), and the 
presence of other dental abnormalities. Patients who underwent cancer therapy during childhood are 
more prone to hypodontia.
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Introduction
Childhood cancer survivors suffer from many health 

problems related not only to the disease itself but also 
to post-treatment complications. These include cardio-
metabolic diseases,1 chronic kidney impairments2,3 and 
endocrine disorders.4 It is estimated that around 10% 
of  children who survive cancer will experience hearing 
loss within several years following the disease.5 

The curative cancer therapy in children may affect most 
of  the growing and developing tissues, including those 
of the head and face, such as the teeth. Long-term com
plications, including hypodontia, microdontia, impaired 
development of  the tooth roots, or demineralization 
of  enamel, may not pose a  direct threat to the patient’s 
life. However, they may adversely affect their health and 
aesthetics in the future.6,7 Cancer survivors may also suffer 
from delayed or accelerated dental development,8,9 which, 
in turn, influences the development of the jaws and dental 
occlusion. The cancer patients were more likely to report 
at least 1 dental health problem after controlling for 
socioeconomic factors, age at last follow-up and diagnosis, 
other treatment exposures, and access to dental services. 
Consequently, long-term orthodontic or prosthodontic 
treatment could be necessary.7,10

The formation of deciduous teeth begins at 4 months 
of  pregnancy, while the first signs of  mineralization 
of the first permanent tooth become apparent at the time 
of childbirth.11 The cancer treatment can be initiated dur-
ing the first months or years of the child’s life, when the 
most active mineralization of  permanent tooth buds 
occurs.12 Therefore, the majority of  dental complications 
become evident later in life of  patients with permanent 
dentition. It has been proven that both chemotherapy 
(CT) and radiotherapy (RTX) may cause direct or indi
rect irreversible changes in developing tooth buds. 
Radiotherapy may directly interfere with the mitotic activity 
of odontoblasts in developmental patients, resulting in the 
formation of “osteodentin” rather than the normal dentin 
and indirectly affecting the process of enamel formation, 
leading to severe demineralization.6 Cytostatics were also 
proven to disrupt the metabolic processes and cell cycle 
of ameloblasts and odontoblasts, thus directly influencing 
the processes of amelogenesis and dentinogenesis.8,11

Chemotherapeutic drugs applied in cancer therapy, 
namely vincristine, doxorubicin, cyclophosphamide, 

or  actinomycin D, exert particularly harmful effects on 
tooth buds.12 Some cytotoxic antibiotics administered to 
cancer patients may present relative risks of hypodontia.13 
There is evidence demonstrating a relationship between 
RTX and dental damage, indicating that the dose of RTX 
correlates with the severity of  changes.14 Other studies 
indicate a  relationship between mutations of  certain genes 
and the occurrence of cancer and tooth agenesis.15 

Hypodontia, defined as a  lower-than-normal number 
of  permanent teeth, results from a  complete devastation 
of tooth buds and is one of the most severe and frequent 
complications among dental abnormalities experienced by 
childhood cancer survivors.6,13,16 Therefore, the aim of the 
study was to systematically review the literature to deter
mine the prevalence of  hypodontia in pediatric cancer 
patients and to compare it with the prevalence of the condi
tion in healthy individuals. The null hypothesis stated that 
the prevalence of tooth agenesis would be comparable in 
childhood cancer survivors and healthy individuals.

Material and methods
The present systematic review and meta-analysis was 

conducted according to the PRISMA (Preferred Reporting 
Items of Systematic Reviews and Meta-Analyses) guide-
lines in order to follow a uniform and transparent meth-
odology.17 The study was registered with PROSPERO 
(registration No. CRD42022308068). The following 
PICOS (Population, Intervention, Comparison, Outcome, 
and Study design) framework was employed: Population 
– pediatric patients; Intervention – cancer patients; 
Comparison – healthy patients; Outcome – prevalence 
of hypodontia. The research question was: “What is the 
prevalence of hypodontia in pediatric cancer patients?”

Literature search 

The systemic research strategy was implemented 
using multiple databases, namely PubMed®, Scopus, Web 
of  Science, and Embase. The literature search was per-
formed on February 21, 2023. The search strategy used in 
PubMed® and adapted in other database searches is pre-
sented in Table 1. After the search, all articles were imported 
into the Mendeley Desktop v. 1.17.11 software (Glyph & Cog, 
LLC, Petaluma, USA) to eliminate duplicates.

Highlights

	• Childhood cancer treatment is linked to a higher incidence of tooth agenesis.
	• Children undergoing cancer treatment typically exhibit at least 2 dental disorders.
	• The severity of dental abnormalities is primarily influenced by the child’s age, cancer type and the specific treatment 

protocol used.
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Study selection 

The articles were imported into the Rayyan online tool,18 

and the titles and abstracts were initially screened to iden-
tify studies that potentially met the following eligibility 
criteria: human experimental studies (cross-sectional and 
longitudinal, retrospective, and prospective) investigating 
the prevalence and patterns of tooth agenesis in pediatric 
patients with cancer; studies with at least 3 subjects with 
dental anomalies per group. Only manuscripts published 
in the English language were considered. Case series, case 
reports, pilot studies, and reviews were excluded from 
the analysis. The full texts of the articles were reviewed, 
and a systematic methodology was employed to label all 
the relevant information for the exclusion or inclusion of 
individual papers. The decision process was performed by 
2 independent reviewers (PP and MLS). In the case of dis-
agreement between the authors, the final decision was 
made through consultation with a third reviewer (CECS), 
a senior experienced researcher.

Data extraction 

The relevant data from the included studies was 
extracted independently by 2 authors (PP and MLS) using 
a  Microsoft Excel spreadsheet (Microsoft Corporation, 
Redmond, USA). In instances where information was 
incomplete or unclear, the authors of the included reports 
were contacted via e-mail for clarification. The following 
data was recorded for each included report: study design 
and sample size; age of participants during examination; 
age at diagnosis; cancer type; length of  therapy; preva-
lence of hypodontia in cancer patients; and other dental 
anomalies. 

Risk of bias 

The risk of bias for all the included clinical trials was 
assessed by 2 independent reviewers (PP and MLS), and 
discrepancies were resolved by discussion and in consul-
tation with a third reviewer (CECS). All included studies 
were evaluated using specific tools for each experimental 
design: the ROBINS-I (Risk Of Bias In Non-randomized 
Studies – of  Interventions) for non-randomized clini-
cal trials; the Newcastle–Ottawa Scale (NOS) for cohort 
studies; and the Joanna Briggs Institute (JBI) critical 
appraisal tool for cross-sectional and case–control studies.17

Statistical analysis 

The data regarding the prevalence of  tooth agenesis 
was pooled, and the risk difference with a 95% confidence 
interval (CI) was used as the effect size. Subsequently, the 
inverse variance method was selected to calculate the pooled 
effect. When data from the control patients was available, 
information regarding the prevalence of  tooth agenesis in 
both cancer and non-cancer patients was used to gener
ate unadjusted odds ratios (ORs) and 95% CIs of the tooth 
agenesis for the cancer vs. non-cancer group. The hetero
geneity (I2) index and Cochran’s Q test were used to examine 
the heterogeneity between the studies. For the Cochran’s 
Q test, the p-value was significant at <0.05. All analyses 
were performed using the MedCalc® statistical software, 
v. 20.027 (MedCalc Software Ltd, Ostend, Belgium).

Results

Literature search 

The literature search yielded a  total of  917 records 
(Fig. 1). After removing duplicates, 576 articles were 
screened, resulting in the exclusion of 504 papers based 
on the eligibility criteria. A  total of  72 full-text articles 
were assessed for eligibility. Of these, 39 were not selected 
for the qualitative analysis. Nine of them did not present 
complete data, 7 were based on studies conducted exclu-
sively on adults, 6 were case reports, 4 were published 
in a  language other than English, 4 did not provide the 
full text, 3 were performed on non-cancer patients only, 
2 evaluated data on third molars only, 2 were reviews, one 
of the studies included patients who did not complete the 
treatment, and 1 was a pilot study. A total of 33 studies 
were included in the qualitative analysis. However, 
2 additional articles were excluded: one due to missing data; 
and the second one because it employed the same sample 
as another article. Finally, 31 studies were included in the 
single-arm meta-analysis.3,6,8,9,16,19–45 Only 14 studies pre-
sented data for a control group and were included in the 
proportion meta-analysis.6,12,19–22,29–34,36,44,45

The characteristics of the included articles are summa
rized in Table 2. Several types of  clinical studies were 
included, such as cross-sectional, cohort and case–control 
studies. In the investigated groups, the number of cancer 
patients ranged from 10 to 9,308. The subjects suffered 

Table 1. Search strategy

Search No. Keywords

1
cancer patients OR pediatric cancer survivors OR pediatric stem cell transplantation OR blood transplantation OR marrow transplantation OR 

radiotherapy adverse effects OR chemotherapy adverse effect OR cervico-facial irradiation OR colorectal polyposis OR cancer

2 dental agenesis OR tooth agenesis OR hypodontia OR oligodontia OR anodontia

3 #1 and #2

The 3 searches were implemented across all databases (PubMed®, Scopus, Web of Science, and Embase).
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Table 2. Characteristics of the included studies

Study Type of study Cancer patients, n Cancer patients with 
hypodontia, n (%) Age at examination Age at cancer diagnosis Cancer type Follow-up period Therapy 

received Other dental anomalies evaluated

Alpaslan et al.19 
1999 cross-sectional 30 15 (50.0) 4–15 years ND non-Hodgkin lymphoma (17); Hodgkin lymphoma (13) 17 months  

(3–58 months) CT enamel discoloration; hypoplasia; 
unerupted teeth; premature apexification

Atif et al.20 
2022 cross-sectional 120 6 (5.0) >12 years <8 years

acute lymphocytic leukemia (54); Hodgkin lymphoma (24); retinoblastoma (10); 
sarcomas (4); acute myeloid leukemia (9); medulloblastoma (1); Langerhans cell 

histiocytosis (2); PNET (3); non-Hodgkin lymphoma (13)
ND CT developmental defects of enamel

Bica et al.8 
2017 cohort 36 12 (33.3) 10–12 years 1–6 years (n = 20);  

7–12 years (n = 16) ALL ND CT tooth eruption disorders (71%); 
hypoplasia (17%)

Çetiner et al.21 
2019 cohort 53/31 who underwent 

dental examination 21 (39.6) 10 years ±4 months ND Hodgkin lymphoma (10); non-Hodgkin lymphoma (36); neuroblastoma (2); Wilms 
tumor (1); retinoblastoma (2); RMS (1); nasopharyngeal carcinoma (1)

1–5 years  
(M: 2 years ±4 months) CT enamel discoloration; enamel hypoplasia; 

unerupted teeth

Cubukcu et al.45 
2012 case–control 37 6 (16.2) ND 2.7 ±0.6 years

non-Hodgkin lymphoma (8); Wilms tumor (8); soft tissue sarcoma (4); medulloblastoma (3); 
optic glioma (1); neuroblastoma (4); Hodgkin lymphoma (3); retinoblastoma (2); Langerhans 

cell histiocytosis (2); other (hepatoblastoma and germ cell tumor) (2)

>5 years  
(M: 6.7 ±1.5 years) CT and RTX ND

Estilo et al.23 
2003 cohort 10 4 (40.0) 10 years ±4 months 4.5 years (10 months–19.5 years) RMS of the neck 12.2 years CT and RTX

enamel defects; bony hypoplasia/facial 
asymmetry; trismus; velopharyngeal 

insufficiency; radiographically 
underdeveloped mandible; tooth agenesis; 

root agenesis; root stunting/tapering; 
arrested/incomplete root development

Flandin et al.24 
2006 cohort 32 (TBI + CT);  

30 (CT only)
TBI + CT: 1 (3.1);  

CT: 19 (63.3)
TBI + CT: 181 (130–240) months;  

CT: 198 (147–247) months 
TBI + CT: M: 37 months; 

CT: M: 37 months neuroblastoma TBI + CT: 157 months 
CT: 145 months

CT, RTX of the 
head or neck, TBI ND

Hölttä et al.43 
2005 cross-sectional 52

16 (31) patients without third 
molars;  

77% (<3 years), 40% (3–5 years), 
and 0% (>5 years)

11.7 (4.7–25.7) years 10 years at the time of SCT neuroblastoma; ALL; AML; chronic myeloid leukemia; myelodysplastic syndrome; 
severe aplastic anemia; RMS, yolk sac tumor 7.4 (1.0–20.6) years CT, RTX of the 

head or neck, TBI ND

Immonen et al.25 
2021 cross-sectional 178 1.4–3.8% ND 5.0 (2.5–16.8) years ALL 6.3 (3.0–11.6) years CT, RTX of the 

head or neck, TBI ND

Jodłowska et al.26 
2019

non-randomized 
clinical trial 37 5 (13.5) <18 years 3 years and 2 months (range: 4 

months–8 years and 6 months) solid tumor (29); leukemia (8) 24–36 months CT and RTX ND

Kang et al.3 
2018 cross-sectional 196 40 (20.4) 14.9 (4.6–33.9) years 4/7 years (0–16.4 years) ALL (71); AML (7); lymphoma (23); brain tumor (22); sarcoma (18); abdomen (37); 

others (18) 6.9 (2.1–22.5) years CT and RTX enamel hypoplasia

Kaste et al.27 
1995 cross-sectional 22 11 (50.0) ND 5 years and 1 month RMS of the head or neck 9 years and 5 months  

(5–16 years) CT and RTX severe facial deformity; severe 
malocclusion; extensive caries

Kaste et al.28 
1998 cross-sectional 52 9 (17.3) ND 1.5 years (range: 3 days–7.2 years;  

M: 1.9 years) neuroblastoma 5.0 (1.9–19.3) years  
(M: 6.4 years) CT and RTX enamel hypoplasia (17%);  

excessive caries (29%)

Kaste et al.44 
2009 cross-sectional 8,522 698 (8.2) ND 6.0 (0–20) years

leukemia (2,910 (34.2%)); CNS tumor (1,076 (12.6%)); Hodgkin lymphoma (1,086 (12.7%)); 
non-Hodgkin lymphoma (628 (7.4%)); Wilms tumor (794 (9.3%)); neuroblastoma (575 (6.8%)); 

soft tissue sarcoma (750 (8.8%)); bone cancer (702 (8.2%))
22.0 (15–34) years CT and RTX enamel hypoplasia; gingivitis; xerostomia

Kılınç et al.29 
2019 case–control 93 21 (22.6) 9.54 ±1.25 years  

(range: 8–13 years) 9 months–7 years
lymphoproliferative tumors; leukemia; lymphoma; Langerhans cell histiocytosis; solid 

tumors; neuroblastoma; renal tumor; soft tissue sarcoma; germ cell tumor; hepatic 
tumor; CNS tumor; retinoblastoma

5–8 years CT and RTX enamel defects (22 (23.7%))

Krasuska-Sławińska et al.30 
2016

non-randomized 
clinical trial 60 16 (26.7) 11.81 ±3.87 years 5.9 ±4.0 years

Burkitt’s lymphoma (15.0%); nephroblastoma (13.0%); neuroblastoma (10.0%);  
histiocytosis (8.3%); RMS (6.7%); Ewing sarcoma (6.7%); medulloblastoma (5.0%);  

neurofibromatosis type I (5.0%); others (30.3%) 
4.9 ±3.4 years CT root resorption (36 (60.0%));  

enamel defects (53 (88.3%))

Lauritano and Petruzzi31 
2012

non-randomized 
clinical trial 52 7 (13.5) 8–15 years <15 months ALL (39); AML (13) 60 ±24 months CT and RTX enamel hypoplasia (9 (17.3%))

Lopes et al.32 
2006 cross-sectional 137 8 (5.8) 0–6; 6–12 years 5 years and 6 months leukemia/lymphoma (61%); solid tumors (39%) 3–58 months  

(M: 17 months) CT and RTX
microdontia (10 (7%)); taurodontism 

(19 (14%)); macrodontia (7 (5%)); blunted 
root (2 (2%)); tapered root (5 (4%))

Nemeth et al.33 
2013

non-randomized  
clinical trial 38 4 (10.5) without third molars;  

18 (47.4) with third molars 12.2 ±0.5 years 31 months–6 years;  
M: 4.29 ±1.71 years ND 6.9 ±2 years CT, RTX of the 

head or neck, TBI
macrodontia (2–2.6%);  

unerupted teeth (6–15.8%)

Oğuz et al.34 
2004

non-randomized 
clinical trial 36 16 (44.4) 10.0 (4.2–17.6) years 7.1 years (range: 3.2–15 years) non-Hodgkin lymphoma 2.6 (1–6.2) years CT

enamel discoloration (24 (66.7%)); enamel 
defects (20 (55.6%)); unerupted teeth 

(7 (19.4%)); premature apexification (2 (5.6%))

Owosho et al.35 
2016 cross-sectional 13 7 (53.8) ND 5 years (range: 19  

months–13 years) RMS 9 (1–13) years CT
facial asymmetry and jaw hypoplasia; 

trismus and hyposalivation/xerostomia; 
enamel malformation

Pedersen et al.22 
2012 cohort 150 14 (9.3) 12–18 years 1–7 years

lymphomas and other reticuloendothelial neoplasms; CNS, intracranial and intraspinal 
neoplasms; sympathetic nervous system tumors; retinoblastoma; renal and hepatic 

neoplasms; bone and soft tissue sarcoma; gonadal neoplasms
ND CT ND

Proc et al.6 
2016 case–control 61 19 (31.1) 5–18 years (56–213 months) 1–196 months ALL; ANLL; B-cell non-Hodgkin lymphoma; PNET; germinal tumor; brain tumor; 

hepatoblastoma; neuroblastoma; RMS; Wilms tumor
4.9 years  

(58.9 ±4.3 months) CT and RTX ND

Quispe et al.36 
2019 case–control 111 11 (9.9) M: 160.1 months <192 months; M: 83.2 months various M: 18.3 months CT, RTX of the 

head or neck, TBI various but not significant

Ruyssinck et al.37 
2019 case–control 42 51.3% ND <12 years

primitive neuroectodermal tumor (1); ALL (9); AML (2); juvenile myelomonocytic leukemia 
(2); neutropenia (severe, congenital) (1); neuroblastoma (9); Wilms tumor/nephroblastoma 

(2); anaplastic large cell lymphoma (1); juvenile metachromatic leukodystrophia (1); X-linked 
adrenoleukodystrophy (2); myelodysplastic syndrome (4); secondary myelodysplastic 
syndrome (1); chronic myeloid leukemia (2); aplastic anemia (2); thalassemia major (1); 

hemophagocytic lymphohistiocytosis (1); Burkitt’s lymphoma (1)

>1 year  
(M: 7 years) CT and TBI ND

Shum et al.38 
2020 case–control 59 9 (15.3) 14–16 years; M: 14.9 ±0.80 years <10 years; M: 4.1 ±2.9 years various ND CT and RTX ND

Singh et al.39 
2021 case–control 29 3 (10.3) 37.3 (24.2–219.5) months 2.9 (0.8–14) years neuroblastoma ND CT hypocalcification of enamel; trismus

Sonis et al.40 
1990 case–control 97 5 (5.2) 8 year and 1 month–16 years and 

2 months <10 years ALL 5 years CT and RTX enamel hypoplasia

Stolze et al.16 
2021 cross-sectional 154 21 (14.3) 32.4 (16.8–56.6) months 5.2 (0.3–16.1) years hematological malignancy (111); brain tumor (7); solid tumor (36) 25.2 (15.9–48.8) months CT, RTX of the 

head or neck, TBI
peg-shaped teeth; hypomineralization; 

persistent deciduous teeth

Tanaka et al.41 
2017 cross-sectional 56 9 (16.1) 13.9 (4.6–32.7) years 1.9 (0.0–13.7) years 

ALL (30 (53.6%)); AML (11 (19.6%)); juvenile myelomonocytic leukemia (1 (1.8%)); 
malignant lymphoma (4 (7.1%)); neuroblastoma (4 (7.1%)); Wilms tumor (2 (3.6%)); 

hepatoblastoma (1 (1.8%)); Langerhans cell histiocytosis (1 (1.8%));  
retinoblastoma (1 (1.8%)); germinoma (1 (1.8%))

3 years from the 
completion of cancer 

treatment or 5 years from 
the time of the diagnosis

CT enamel defects/hypoplasia (6 (10.7%))

Welbury et al.42 
1984 cross-sectional 64 12 (18.8) 3–20 years ND leukemia (37); solid tumor (27) ND CT hypoplastic teeth (36%)

ALL – acute lymphoblastic leukemia; ANLL – acute non-lymphoblastic leukemia; AML – acute myeloid leukemia; CNS – central nervous system; CT – chemotherapy;  
HSCT – hematopoietic stem cell transplantation; M – mean; ND – no data; PNET – primitive neuroectodermal tumor; RMS – rhabdomyosarcoma; RTX – radiotherapy;  
SCT – stem cell transplantation; TBI – total body irradiation.
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Table 2. Characteristics of the included studies

Study Type of study Cancer patients, n Cancer patients with 
hypodontia, n (%) Age at examination Age at cancer diagnosis Cancer type Follow-up period Therapy 

received Other dental anomalies evaluated

Alpaslan et al.19 
1999 cross-sectional 30 15 (50.0) 4–15 years ND non-Hodgkin lymphoma (17); Hodgkin lymphoma (13) 17 months  

(3–58 months) CT enamel discoloration; hypoplasia; 
unerupted teeth; premature apexification

Atif et al.20 
2022 cross-sectional 120 6 (5.0) >12 years <8 years

acute lymphocytic leukemia (54); Hodgkin lymphoma (24); retinoblastoma (10); 
sarcomas (4); acute myeloid leukemia (9); medulloblastoma (1); Langerhans cell 

histiocytosis (2); PNET (3); non-Hodgkin lymphoma (13)
ND CT developmental defects of enamel

Bica et al.8 
2017 cohort 36 12 (33.3) 10–12 years 1–6 years (n = 20);  

7–12 years (n = 16) ALL ND CT tooth eruption disorders (71%); 
hypoplasia (17%)

Çetiner et al.21 
2019 cohort 53/31 who underwent 

dental examination 21 (39.6) 10 years ±4 months ND Hodgkin lymphoma (10); non-Hodgkin lymphoma (36); neuroblastoma (2); Wilms 
tumor (1); retinoblastoma (2); RMS (1); nasopharyngeal carcinoma (1)

1–5 years  
(M: 2 years ±4 months) CT enamel discoloration; enamel hypoplasia; 

unerupted teeth

Cubukcu et al.45 
2012 case–control 37 6 (16.2) ND 2.7 ±0.6 years

non-Hodgkin lymphoma (8); Wilms tumor (8); soft tissue sarcoma (4); medulloblastoma (3); 
optic glioma (1); neuroblastoma (4); Hodgkin lymphoma (3); retinoblastoma (2); Langerhans 

cell histiocytosis (2); other (hepatoblastoma and germ cell tumor) (2)

>5 years  
(M: 6.7 ±1.5 years) CT and RTX ND

Estilo et al.23 
2003 cohort 10 4 (40.0) 10 years ±4 months 4.5 years (10 months–19.5 years) RMS of the neck 12.2 years CT and RTX

enamel defects; bony hypoplasia/facial 
asymmetry; trismus; velopharyngeal 

insufficiency; radiographically 
underdeveloped mandible; tooth agenesis; 

root agenesis; root stunting/tapering; 
arrested/incomplete root development

Flandin et al.24 
2006 cohort 32 (TBI + CT);  

30 (CT only)
TBI + CT: 1 (3.1);  

CT: 19 (63.3)
TBI + CT: 181 (130–240) months;  

CT: 198 (147–247) months 
TBI + CT: M: 37 months; 

CT: M: 37 months neuroblastoma TBI + CT: 157 months 
CT: 145 months

CT, RTX of the 
head or neck, TBI ND

Hölttä et al.43 
2005 cross-sectional 52

16 (31) patients without third 
molars;  

77% (<3 years), 40% (3–5 years), 
and 0% (>5 years)

11.7 (4.7–25.7) years 10 years at the time of SCT neuroblastoma; ALL; AML; chronic myeloid leukemia; myelodysplastic syndrome; 
severe aplastic anemia; RMS, yolk sac tumor 7.4 (1.0–20.6) years CT, RTX of the 

head or neck, TBI ND

Immonen et al.25 
2021 cross-sectional 178 1.4–3.8% ND 5.0 (2.5–16.8) years ALL 6.3 (3.0–11.6) years CT, RTX of the 

head or neck, TBI ND

Jodłowska et al.26 
2019

non-randomized 
clinical trial 37 5 (13.5) <18 years 3 years and 2 months (range: 4 

months–8 years and 6 months) solid tumor (29); leukemia (8) 24–36 months CT and RTX ND

Kang et al.3 
2018 cross-sectional 196 40 (20.4) 14.9 (4.6–33.9) years 4/7 years (0–16.4 years) ALL (71); AML (7); lymphoma (23); brain tumor (22); sarcoma (18); abdomen (37); 

others (18) 6.9 (2.1–22.5) years CT and RTX enamel hypoplasia

Kaste et al.27 
1995 cross-sectional 22 11 (50.0) ND 5 years and 1 month RMS of the head or neck 9 years and 5 months  

(5–16 years) CT and RTX severe facial deformity; severe 
malocclusion; extensive caries

Kaste et al.28 
1998 cross-sectional 52 9 (17.3) ND 1.5 years (range: 3 days–7.2 years;  

M: 1.9 years) neuroblastoma 5.0 (1.9–19.3) years  
(M: 6.4 years) CT and RTX enamel hypoplasia (17%);  

excessive caries (29%)

Kaste et al.44 
2009 cross-sectional 8,522 698 (8.2) ND 6.0 (0–20) years

leukemia (2,910 (34.2%)); CNS tumor (1,076 (12.6%)); Hodgkin lymphoma (1,086 (12.7%)); 
non-Hodgkin lymphoma (628 (7.4%)); Wilms tumor (794 (9.3%)); neuroblastoma (575 (6.8%)); 

soft tissue sarcoma (750 (8.8%)); bone cancer (702 (8.2%))
22.0 (15–34) years CT and RTX enamel hypoplasia; gingivitis; xerostomia

Kılınç et al.29 
2019 case–control 93 21 (22.6) 9.54 ±1.25 years  

(range: 8–13 years) 9 months–7 years
lymphoproliferative tumors; leukemia; lymphoma; Langerhans cell histiocytosis; solid 

tumors; neuroblastoma; renal tumor; soft tissue sarcoma; germ cell tumor; hepatic 
tumor; CNS tumor; retinoblastoma

5–8 years CT and RTX enamel defects (22 (23.7%))

Krasuska-Sławińska et al.30 
2016

non-randomized 
clinical trial 60 16 (26.7) 11.81 ±3.87 years 5.9 ±4.0 years

Burkitt’s lymphoma (15.0%); nephroblastoma (13.0%); neuroblastoma (10.0%);  
histiocytosis (8.3%); RMS (6.7%); Ewing sarcoma (6.7%); medulloblastoma (5.0%);  

neurofibromatosis type I (5.0%); others (30.3%) 
4.9 ±3.4 years CT root resorption (36 (60.0%));  

enamel defects (53 (88.3%))

Lauritano and Petruzzi31 
2012

non-randomized 
clinical trial 52 7 (13.5) 8–15 years <15 months ALL (39); AML (13) 60 ±24 months CT and RTX enamel hypoplasia (9 (17.3%))

Lopes et al.32 
2006 cross-sectional 137 8 (5.8) 0–6; 6–12 years 5 years and 6 months leukemia/lymphoma (61%); solid tumors (39%) 3–58 months  

(M: 17 months) CT and RTX
microdontia (10 (7%)); taurodontism 

(19 (14%)); macrodontia (7 (5%)); blunted 
root (2 (2%)); tapered root (5 (4%))

Nemeth et al.33 
2013

non-randomized  
clinical trial 38 4 (10.5) without third molars;  

18 (47.4) with third molars 12.2 ±0.5 years 31 months–6 years;  
M: 4.29 ±1.71 years ND 6.9 ±2 years CT, RTX of the 

head or neck, TBI
macrodontia (2–2.6%);  

unerupted teeth (6–15.8%)

Oğuz et al.34 
2004

non-randomized 
clinical trial 36 16 (44.4) 10.0 (4.2–17.6) years 7.1 years (range: 3.2–15 years) non-Hodgkin lymphoma 2.6 (1–6.2) years CT

enamel discoloration (24 (66.7%)); enamel 
defects (20 (55.6%)); unerupted teeth 

(7 (19.4%)); premature apexification (2 (5.6%))

Owosho et al.35 
2016 cross-sectional 13 7 (53.8) ND 5 years (range: 19  

months–13 years) RMS 9 (1–13) years CT
facial asymmetry and jaw hypoplasia; 

trismus and hyposalivation/xerostomia; 
enamel malformation

Pedersen et al.22 
2012 cohort 150 14 (9.3) 12–18 years 1–7 years

lymphomas and other reticuloendothelial neoplasms; CNS, intracranial and intraspinal 
neoplasms; sympathetic nervous system tumors; retinoblastoma; renal and hepatic 

neoplasms; bone and soft tissue sarcoma; gonadal neoplasms
ND CT ND

Proc et al.6 
2016 case–control 61 19 (31.1) 5–18 years (56–213 months) 1–196 months ALL; ANLL; B-cell non-Hodgkin lymphoma; PNET; germinal tumor; brain tumor; 

hepatoblastoma; neuroblastoma; RMS; Wilms tumor
4.9 years  

(58.9 ±4.3 months) CT and RTX ND

Quispe et al.36 
2019 case–control 111 11 (9.9) M: 160.1 months <192 months; M: 83.2 months various M: 18.3 months CT, RTX of the 

head or neck, TBI various but not significant

Ruyssinck et al.37 
2019 case–control 42 51.3% ND <12 years

primitive neuroectodermal tumor (1); ALL (9); AML (2); juvenile myelomonocytic leukemia 
(2); neutropenia (severe, congenital) (1); neuroblastoma (9); Wilms tumor/nephroblastoma 

(2); anaplastic large cell lymphoma (1); juvenile metachromatic leukodystrophia (1); X-linked 
adrenoleukodystrophy (2); myelodysplastic syndrome (4); secondary myelodysplastic 
syndrome (1); chronic myeloid leukemia (2); aplastic anemia (2); thalassemia major (1); 

hemophagocytic lymphohistiocytosis (1); Burkitt’s lymphoma (1)

>1 year  
(M: 7 years) CT and TBI ND

Shum et al.38 
2020 case–control 59 9 (15.3) 14–16 years; M: 14.9 ±0.80 years <10 years; M: 4.1 ±2.9 years various ND CT and RTX ND

Singh et al.39 
2021 case–control 29 3 (10.3) 37.3 (24.2–219.5) months 2.9 (0.8–14) years neuroblastoma ND CT hypocalcification of enamel; trismus

Sonis et al.40 
1990 case–control 97 5 (5.2) 8 year and 1 month–16 years and 

2 months <10 years ALL 5 years CT and RTX enamel hypoplasia

Stolze et al.16 
2021 cross-sectional 154 21 (14.3) 32.4 (16.8–56.6) months 5.2 (0.3–16.1) years hematological malignancy (111); brain tumor (7); solid tumor (36) 25.2 (15.9–48.8) months CT, RTX of the 

head or neck, TBI
peg-shaped teeth; hypomineralization; 

persistent deciduous teeth

Tanaka et al.41 
2017 cross-sectional 56 9 (16.1) 13.9 (4.6–32.7) years 1.9 (0.0–13.7) years 

ALL (30 (53.6%)); AML (11 (19.6%)); juvenile myelomonocytic leukemia (1 (1.8%)); 
malignant lymphoma (4 (7.1%)); neuroblastoma (4 (7.1%)); Wilms tumor (2 (3.6%)); 

hepatoblastoma (1 (1.8%)); Langerhans cell histiocytosis (1 (1.8%));  
retinoblastoma (1 (1.8%)); germinoma (1 (1.8%))

3 years from the 
completion of cancer 

treatment or 5 years from 
the time of the diagnosis

CT enamel defects/hypoplasia (6 (10.7%))

Welbury et al.42 
1984 cross-sectional 64 12 (18.8) 3–20 years ND leukemia (37); solid tumor (27) ND CT hypoplastic teeth (36%)

ALL – acute lymphoblastic leukemia; ANLL – acute non-lymphoblastic leukemia; AML – acute myeloid leukemia; CNS – central nervous system; CT – chemotherapy;  
HSCT – hematopoietic stem cell transplantation; M – mean; ND – no data; PNET – primitive neuroectodermal tumor; RMS – rhabdomyosarcoma; RTX – radiotherapy;  
SCT – stem cell transplantation; TBI – total body irradiation.
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from various forms of  cancer, including solid tumors, 
leukemias and lymphomas. They were most often treated 
with CT alone; however, some patients also received RTX 
(including head and neck RTX), total body irradiation 
(TBI) and hematopoietic stem cell transplantation 
(HSCT). At the time of diagnosis, the majority of patients 
were under 10 years of  age, with the youngest subject 
being 1 month old.

Various teeth were affected by agenesis. Most often 
missing teeth were second premolars, second molars 
and lower incisors.6,8,16,19,21,22,28,30,35–37,43 Risk factors 
associated with a  higher incidence of  agenesis in cancer 
survivors were: younger age at diagnosis or treatment 
(1–7 years)3,8,16,19,20,23,27,29,32,34–37,40,43,44,46–48;  use of multiple 
(>4) classes of chemotherapeutic agents, particularly alkyl
ating agents in high doses, and prolonged duration of 
therapy3,16,30,37,38; use of heavy metal compounds in CT2; RTX 
dosage greater than or equal to 2,200 cGy32,44; head and neck 
radiation therapy (RTX)23,35,40; history of HSCT3,37,38,43; and 
the presence of other dental anomalies.16

Risk of bias 

For cross-sectional studies, the average quality score 
ranged between 4 and 6 (Table 3). The criteria that 
exhibited the highest failure rate pertained to the iden
tification of  confounding factors. For cohort studies, 
the quality score ranged between 4 and 6 (Table 4). 

Table 3. Assessment of the quality of studies using the Joanna Briggs Institute (JBI) critical appraisal tool for cross-sectional studies

Study Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Score

Alpaslan et al.19 
1999

N Y U Y N N Y Y 4

Atif et al.20 
2022

Y Y Y Y N N Y Y 6

Hölttä et al.43 
2005

Y Y Y Y N N Y Y 6

Immonen et al.25 
2021

Y Y U Y U N Y Y 5

Kang et al.3 
2018

U U Y Y N N Y Y 4

Kaste et al.27 
1995

Y Y Y Y N N Y N 5

Kaste et al.28 
1998

Y Y Y Y N N Y N 5

Kaste et al.44 
2009

Y Y Y Y N N Y Y 6

Lopes et al.32 
2006

Y Y Y Y N N Y Y 6

Owosho et al.35 
2016

N Y Y Y N N Y N 4

Stolze et al.16 
2021

Y Y Y Y N N Y Y 6

Tanaka et al.41 
2017

Y Y Y Y N N Y Y 6

Welbury et al.42 
1984

N Y Y Y N N Y N 4

Y – yes; N – no; U – unclear. 

Fig. 1. Flowchart of the selection process
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The  studies under review  failed to complete the inde
pendent blind assessment. Non-randomized clinical 
trials were catalogued as having a  high risk of  bias in 
domains of confounding and selection of participants into 
the study (Table 5). For case–control studies, the quality 
score ranged from 5 to 8. However, all studies failed to 
meet the criteria related to the identification and man-
agement of confounding factors (Table 6).

Meta-analysis 

Figure 2 presents the results of  the single-arm meta-
analysis, which revealed that the prevalence of tooth agen-
esis in pediatric cancer patients was 22% (random effects 
model; 95% CI: 14–25%, p < 0.001). Pooled analyses of 15 
unadjusted relative risk estimates demonstrated a statisti
cally significant 2.94-fold increase in the prevalence 

Table 4. Assessment of the risk of bias using the Newcastle–Ottawa Scale (NOS) for cohort studies

Study

Selection Comparability Outcome

Totalrepresentativeness 
of the exposed 

cohort

selection of the 
non-exposed 

cohort

ascertainment 
of exposure

outcome 
of interest not 
present at the 

start of the study

comparability 
of cohorts on 

the basis of the 
design or analysis

assessment 
of outcome

duration 
of follow-up

adequacy 
of follow-up

Bica et al.8 
2017

1 1 1 1 0 0 0 0 4

Çetiner et al.21 
2019

1 1 1 1 1 0 0 0 5

Estilo et al.23 
2003

1 1 1 1 0 0 1 0 5

Flandin et al.24 
2006

1 1 1 1 0 0 1 1 6

Pedersen et al.22 
2012

1 1 1 1 1 0 0 0 5

Table 5. Assessment of the risk of bias using the ROBINS-I (Risk Of Bias In Non-randomized Studies – of Interventions) tool for non-randomized studies

Study Bias due to 
confounding

Bias in selection 
of participants 
into the study

Bias in 
classification 

of interventions

Bias due to deviations 
from intended 
interventions

Bias due to 
missing data

Bias in 
measurement 
of outcomes

Bias in selection 
of the reported 

result

Jodłowska et al.26 
2019

high high low some concerns low low low

Krasuska-Sławińska et al.30 
2016

high high low high low low low

Lauritano and Petruzzi31 
2012

high high low high low low low

Nemeth et al.33 
2013

high high low high low low low

Oğuz et al.34 
2004

high high low some concerns low low low

Table 6. Assessment of the quality of studies using the Joanna Briggs Institute (JBI) critical appraisal tool for case–control studies

Study Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Overall score

Cubukcu et al.45 
2012

Y Y Y Y Y N N Y Y Y 8

Kılınç et al.29 
2019

Y Y Y Y Y N N Y Y Y 8

Proc et al.6 
2016

Y Y U Y U N N Y Y Y 6

Quispe et al.36 
2019

Y Y Y Y Y N N Y Y Y 8

Ruyssinck et al.37 
2019

Y Y U Y U N N Y Y Y 6

Shum et al.38 
2020

Y Y U Y U N N Y Y Y 6

Singh et al.39 
2021

Y Y U Y U N N Y Y N 5

Sonis et al.40 
1990

Y Y U Y U N N Y N Y 5
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of  tooth agenesis in cancer patients compared to non-
cancer patients (unadjusted OR: 3.12; 95% CI: 2.01–4.83; 
p < 0.00001) (Fig. 3). Dental abnormalities were found to 

be more common among cancer patients than in healthy 
controls in most of  the reviewed studies.6,19,21,30–31,33,44,45 
All the details are provided in Table 2.

Fig. 2. Results of the single-arm meta-analysis presenting the prevalence of tooth agenesis in pediatric cancer patients

The study by Flandin et al. involved 2 types of patients: patients in the first group received radiation therapy, and the second group received chemotherapy.

Fig. 3. Forest plot for the prevalence of tooth agenesis in cancer patients compared to non-cancer patients

CI – confidence interval; df – degrees of freedom.



Dent Med Probl. 2025;62(4):739–750 747

Figure 4 presents an exemplatory panoramic radiograph 
of a 15-year-old male patient diagnosed with neuroblas-
toma at the age of 3. The patient underwent a 21-month 
treatment regimen consisting of  combination therapy, 
which included high-dose and conventional CT, bone 
marrow transplantation and RTX. The patient suffers 
from hypodontia, short roots of teeth and microdontia. 

Discussion
This systematic review was aimed at assessing the prev-

alence of  tooth agenesis in childhood cancer survivors 
and healthy individuals. The findings revealed that the 
occurence of hypodontia was higher in children who had 
undergone cancer treatment compared to their healthy 
peers. The null hypothesis stating that childhood cancer 
survivors and healthy individuals would have the same 
prevalence of tooth agenesis was rejected. The presence 
of  defects depended on various factors, including both 
individual characteristics of the child and the applied treat
ment. According to the peer-reviewed articles, hypodon-
tia was estimated to affect between 1.4% and 66.42% 
of  cancer patients.3,6,8,16,19,20–39,40–46 In the healthy group, 
the prevalence of hypodontia ranged from 0% to 25%.29,34 
The number of missing teeth in the cancer groups ranged 
from 6 to 69.6,19,27,33,35,36,46 It was also found that 15–85% 
of third molars were missing in cancer patients.19,21 

The teeth most frequently affected by agenesis were 
second premolars and second molars. In healthy individ-
uals, the most often missing teeth were lateral incisors. 

The prevalence of  specific groups of  microdontic teeth 
depended on the time of the treatment and the conditions 
of  the most active mineralization.13 A similar trend was 
observed with respect to the prevalence of  hypodontia 
in particular tooth groups; however, the difference was 
not statistically significant. This phenomenon can be 
explained by the observation that, when exposed to particu
larly strong external factors, tooth buds undergo complete 
degradation, irrespective of their development stage.

Moreover, the overall dental development, as expressed 
by dental age, varied in cancer survivors and depended on 
the type of  cancer and the implemented therapy.5 In the 
majority of cases, the dental age of  cancer survivors was 
accelerated, predominantly due to premature closure of root 
apices. The dental age was significantly delayed in patients 
with familial adenomatous polyposis (FAP)-associated 
hepatoblastoma. However, the changes in dental age were 
independent of sex, age, or the duration of treatment.9,49 

Numerous factors can influence the occurrence of 
hypodontia, with the most prevalent one being the age of the 
patient at the time of diagnosis and therapy. The younger 
the age of the child at the time of diagnosis, the earlier the 
stage of tooth development and the greater the risk of more 
serious dental defects. The significant age limit varied in 
different publications, although it was consistently below 
7  years of  age.3,8,16,19,20,23,27,29,32–37,40,43,44,46,47 This is in line 
with the time of the most active development of tooth buds, 
which is considered to be the age between 6 and 8 years.6

The age at diagnosis correlated not only with the frequency 
but also with the severity of dental abnormalities. The 
patients in the youngest group presented with tooth agenesis 

Fig. 4. Panoramic radiograph of a 15-year-old male patient diagnosed with neuroblastoma at the age of 3 years, who suffers from hypodontia, short roots of 
teeth and microdontia
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or microdontia, while those in the oldest group demonstrated 
the most prevalent occurrence of abnormal root develop
ment.6,20,23,26,27,29,34 Additionally, the prevalence of combined 
disturbances was significantly lower in the youngest group 
compared to the other groups.2 The co-occurrence of differ
ent dental defects was frequently observed, as most of the 
cancer survivors suffered from more than one type of 
abnormality.5 Apart from hypodontia, the most frequently 
reported complications were microdontia, root deformation 
with premature apexification, enamel discoloration, and 
unerupted teeth. Patients with rhabdomyosarcoma of  the 
head or neck who underwent treatment, including RTX, 
suffered from oral diseases, i.e., bony hypoplasia/facial 
asymmetry, trismus, velopharyngeal insufficiency, radio-
graphically underdeveloped mandible, severe malocclusion, 
caries, hyposalivation/xerostomia, and gingivitis.23,27,35 On 
the other hand, factors like malocclusion, trauma, severe 
pain stimuli, parafunctional activities, and psychological ele-
ments, including stress, anxiety and depression can lead to 
temporomandibular disorders (TMD).50

It is worth noting that the dose, type and number of 
cytostatic drugs administered were identified as risk fac
tors for hypodontia and other dental defects. The use 
of  more than 4 different chemotherapeutic agents and 
heavy metals has been identified as a significant risk fac-
tor for severe dental disturbances.2 Additionally, chemo-
therapeutic drugs such as vincristine, cyclophosphamide, 
doxorubicin, ifosfamide, etoposide, and cisplatin signifi-
cantly increased the risk of tooth agenesis.5 Interestingly, 
it has been reported that equivalent doses of cyclophos-
phamide above 8,000 mg/m2 are associated with a higher 
number of teeth missing due to agenesis.6 

Total body irradiation is performed in cancer patients 
to suppress the immune system and prevent the rejection 
of bone marrow transplantation (BMT).7 The side effects 
of TBI are most pronounced in terms of height and weight 
delay, while other complications of  TBI include hypo
thyroidism, cataracts and a high incidence of secondary 
tumors.6 However, dental complications, such as tooth 
agenesis, were not found more frequently in the group 
of patients who had undergone TBI treatment.24,43 As for 
patients treated with TBI, agenesis was more frequent in 
individuals receiving busulfan (63.2%) than in those treated 
with other chemotherapeutic agents (37.5%).7 

On the other hand, some studies have documented 
a  significantly higher prevalence of  tooth agenesis in 
children treated with HSCT (similarly to BMT).2 The 
prevalence of agenesis and microdontia affecting at least 
1 permanent tooth in cancer patients who had undergone 
HSCT treatment was much higher when compared to the 
controls. Moreover, 92.3% of children aged ≤3 years old 
at the time of HSCT treatment exhibited tooth agenesis.5 
The condition manifested more prominently in certain 
tooth groups, including first and second premolars in 
the maxilla and mandible, as well as second molars in the 
mandible (all p-values <0.001).6

The relationship between the application of  head 
and neck RTX and the occurrence of  dental changes 
was also investigated.23,35,40 The radiation exposure of 
≥20 Gy to the dentition was significantly associated with 
an  increased risk of  1 or more dental abnormalities.6 
After RTX, the frequency of  dental changes reached 
from 80% up to 100% among children under 5  years 
of age.23,40 

Impaired tooth development constitutes a complication 
that arises subsequent to cancer treatment. Tumor-
induced osteomalacia has been widely described in 
patients ranging in age from 9 months to 90 years, with 
a broad spectrum of tumor types. In adults, the primary 
concern is a  decreased level of  serum phosphate, while 
in children (aged <18 years), it is a  low or improperly 
circulating concentration of  1,25-dihydroxyvitamin D.51 
The 1,25-dihydroxyvitamin D, in turn, belongs to the 
group of  interacting circulating hormones and their key 
receptors that regulate the state of calcium homeostasis.52 

Calcium and phosphate play a key role in the mineralization 
of  teeth and bones. Disturbances in the levels of  these 
minerals during the developmental phase of an organism 
may partially account for the increased occurrence 
of dental defects in childhood cancer survivors. 

Tooth agenesis is more prevalent among cancer survi-
vors in comparison to healthy controls. There are several 
factors related to cancer and its treatment that contribute 
to the occurrence of agenesis. Given the high risk of com-
plications in cancer patients, increased dental attention 
and care are required.

Conclusions
Patients who underwent childhood cancer treatment 

may experience dental complications more frequently 
compared to the general population. The dissemination 
of knowledge on this subject among clinicians is neces-
sary to ensure the provision of specialized dental care to 
such patients, thereby facilitating their recovery and 
enhancing their quality of life.

Trial registration 

The study was registered with PROSPERO (registration 
No. CRD42022308068).

Ethics approval and consent to participate 

Not applicable.

Data availability 

The datasets generated and/or analyzed during the cur-
rent study are available from the corresponding author on 
reasonable request.
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