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Abstract

Nowadays, cancer in children is increasingly common. Thanks to effective treatment, survival rates are continually
rising. However, the applied chemotherapy, radiotherapy, or combined treatment leaves a number of side effects.
There are disturbances in growth, including within the bones of the craniofacial complex, as well as developmental
anomalies in dentition. Among these, the most frequently observed are defects in the structure of tooth roots,
tooth agenesis and microdontia. These disorders cause aesthetic and occlusal problems, therefore there is a need
to modify the orthodontic treatment plan for patients after cancer therapy. The higher risk of caries in these patients
(due to xerostomia and enamel hypoplasia) complicates or even makes it impossible to achieve the intended results
of orthodontic treatment. We analysed the available literature in Scopus, PubMed and Google Scholar databases
from the years 2010-2022 to understand the challenges orthodontists face when treating patients who experienced
cancer in childhood.
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Introduction

Nowadays, an increasing number of children are
diagnosed with cancer, most commonly leukaemia,
central nervous system (CNS) tumours and lymphomas
[1-3]. Treatment includes radiotherapy, chemother-
apy, surgical methods, bone marrow transplanta-
tion or their combinations [3-8]. Thanks to advances
in medicine, the survival rate of patients with child-
hood cancers increased to about 80% [3-4, 6, 9], hence
patients who underwent such treatment in childhood
are increasingly met in orthodontic clinics [1, 5, 7,
10-11]. It is estimated that currently 1/900 young
adults have successfully undergone oncological treat-
ment in childhood [1, 3]. Oncological therapies cause
a series of adverse effects and orthodontists must be
aware of the impact of the therapeutic procedures ap-
plied on the craniofacial complex and the oral cavity
tissues, including the bite and dentition. Orthodontic
treatment of these patients presents real challenges
not only for the patient and the orthodontist, but also
the patient’s family [11-12]. Neill et al. demonstrated
that 85% of orthodontists did not acquire knowledge
on treating children post-cancer treatment during
their specialty training and such cases are usually han-
dled by older, more experienced orthodontists [6].
Therefore, regardless of work experience it is crucial

for every orthodontist to continually update their
knowledge to competently treat such patients [12].
The purpose of this review is to discuss the challeng-
es faced by orthodontists working with patients who
have undergone oncological treatment in childhood,
with particular emphasis on the limitations of possible
orthodontic procedures.

Material and methods

Electronic databases PubMed, Scopus and Google
Scholar were searched using the keywords “can-
cer”, “carcinoma”, “orthodontic treatment”, yield-
ing 17 (Scopus), 182 (PubMed) and 15900 (Google
Scholar) results (see Figure 1). The search results
were limited to English and Polish language only,
which resulted in 15 (Scopus), 179 (PubMed) and
11700 (Google Scholar) items. The results were fur-
ther narrowed down to publication years 2010-2022,
which reduced the number of records to 13 (Scopus),
162 (PubMed) and 11400 (Google Scholar). Articles
on adult patients, epidemiology and duplicates were
excluded, and a total of 26 articles were selected.
Their content was analysed and finally 21 articles that
matched the topic and contained valuable information
were included in the review (see Table 1).

Figure 1. Panoramic radiograph of a 9-year-old girl treated for acute lymphoblastic leukaemia from the age of 15 months with
subsequent 2 years of radiotherapy, chemotherapy, immunotherapy and antibiotic therapy, along with allogenic hematopoietic
stem cell transplantation and two administrations of mesenchymal stem cells. Visible root shortening of all permanent first molar
teeth, V-shaped roots of teeth 16 and 26, narrow roots of teeth 22, 36 and 46, absence of tooth buds 15, 25, 35 and 37, residual bud
of tooth 47, microdontic buds of teeth 17, 14, 24, 27, 34 and 44 with disturbed mineralization (irregular crown outlines).



Table 1. List of included articles
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References ‘ Year of publish ‘ Country
1. | Mitus-Kenig et al. [4] 2015 Poland
2. | Boyeretal. [12] 2017 France
3. | Mitus-Kenig et al. [1] 2020 Poland
4. | Michalak et al. [5] 2019 Poland
5. | Radej et al. [2] 2013 Poland
6. | Mishra [13] 2017 India
7. | Neill et al. [6] 2015 USA
8. | Deshpande et al. [7] 2020 India, USA
9. | Radej et al. [10] 2013 Poland
10. | Ritwik [9] 2018 USA
11. | Hassan et al. [20] 2020 India
12. | Ritwik et al. [16] 2020 USA
13. | Dental Management of Pediatric Patients [19] 2018 USA
14. | Krasuska-Stawinska et al. [17] 2016 Poland
15. | Mitus-Kenig et al. [8] 2021 Poland
16. | Mitus-Kenig et al. [3] 2020 Poland
17. | Hernandez et al. [21] 2019 France
18. | Kim et al. [31] 2019 Korea
19. | Nemeth et al. [25] 2013 Hungary
20. | Carrillo et al. [11] 2014 Brazil
21. | Halperson et al. [15] 2022 Israel

Results and discussion

The reviewed articles did not include any statisti-
cal data, therefore analysis of factors such as sample
size variations, potential biases or effect sizes was
not possible. For this reason we were able to conduct
a narrative review only. Articles included in this study
were rated according to the Scale for the Assessment
of Narrative Review Articles (SANRA) (Table 2) [13].

Adverse effects

The adverse effects of oncological therapies con-
ducted in childhood are caused by the cancer itself, the
applied treatment (including immunosuppressive ther-
apy), the supportive care or their combinations [5-6].
The severity and extent of adverse effects depend on
the patient’s age (and thus their stage of development),
psychological state, tumour-related factors (location,
stage and extent at the time of detection), treatment
(type, intensity and duration), as well as genetically con-
ditioned sensitivity [4, 10, 14]. Systemic complications
can be immediate or distant and influence the overall
growth and development of children, including their

hormonal, cardiovascular, respiratory, nervous, skele-
tal and reproductive systems [4, 15]. The development
of the cranium, cervical vertebrae and the entire oral
cavity (including teeth and jaws) is also altered [6, 9].
Overall, the younger the patient then the risk of ad-
verse effects within the craniofacial bones is greater,
particularly in children treated for cancer before the
age of 5 [1, 8, 10]. This increases the risk of altered
odontogenesis, which is also affected by exposure
to higher doses of chemotherapeutic agents and radi-
ation [1, 11]. Greater susceptibility to adverse effects
were found in females [10] and during puberty [5, 10].
Childhood cancers usually respond well to chemother-
apy due to the rapid growth of tumour tissue, how-
ever these drugs are not selective and also destroy
healthy cells [12, 16]. Additionally, multi-drug chemo-
therapy + radiotherapy complicate the assessment of
the individual agent’s influence on the dental pulp and
stages of odontogenesis [8, 14-15, 17]. Radiotherapy
to the (CNS) results in a reduction in growth hormone
and TSH secretion, leading to pituitary and thyroid
function disorders [5, 10]. Roman et al. observed
that chemotherapy was the only oncologic treat-
ment method that disrupted children’s growth and
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caused growth hormone deficiency both during and
after treatment [18]. Concurrent malnutrition during
treatment and additional steroid therapy also impede
a child’s growth [7]. All of this leads to changes in the
onset of puberty and growth delay in the patient. Re-
duced growth may also be due to early puberty and
shortening the duration of the growth spurt [10].

The most significant consequence of radiotherapy
is hypovascularization and cytotoxic effects on growth
plate chondrocytes [11-12]. Reduced blood supply to
the bones leads to osteoradionecrosis, which is rare
in childhood [5]. Chemotherapy interferes with bone
development, leading to decreased mineral density,
which may persist throughout life [2, 10-11]. In ad-
dition, it damages the bone remodelling system with
a predominance of osteoclast action contributes to
increased bone resorption and pathological fractu-

res [11-12]. Radiotherapy to the head and neck area
(e.g. during treatment of CNS tumours) during child-
hood results in various deformities of the craniofacial
region (e.g. reduced cranial base), bone and soft tissue
hypoplasia (including maxillary hypoplasia) and facial
asymmetry [10-11]. Significant reduction in the height
of alveolar bone in the anterior and lateral segments
has been observed after combined chemo-radiothera-
py in children, as well as shortening of all linear meas-
urements in cephalometric analysis [10]. Individuals
who have undergone full-body irradiation before bone
marrow transplantation are particularly susceptible to
growth delay in the temporomandibular joints lead-
ing to disorders, e.g. the condylar processes assuming
a pathological anterior position [10]. Trismus and tem-
poromandibular joint pain may also occur, affecting
nutrition and oral hygiene [7].

Table 2. Articles included in this study rated according to the Scale for the Assessment of Narrative Review Articles (SANRA);

0 - low standard; 2 - high standard.

Author [Reference number]

formulation of questions
Description of the literature
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Scientific reasoning
Appropriate presentation of
data
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Statement of concrete aims or

1. | Mitus-Kenig et al. [4] 2 2 2 2 2 1 11
2. | Boyer et al. [12] 2 1 1 1 1 2 8
3. | Mitus-Kenig et al. [1] 2 2 2 2 2 2 12
4. | Michalak et al. [5] 2 1 1 2 2 2 10
5. | Radej et al. [2] 2 2 0 2 2 2 10
6. | Mishra [11] 2 2 0 1 1 1 7
7. | Neill et al. [6] 2 2 2 2 2 2 12
8. | Deshpande et al. [7] 2 2 0 1 2 1 8
9. |Radej et al. [10] 2 2 2 2 2 1 11
10. | Ritwik [9] 2 2 1 2 1 2 10
11. | Hassan et al. [20] 2 0 0 2 1 1 6
12. | Ritwik et al. [16] 2 2 1 2 2 2 11
13. | Dental Management of Pediatric Patients [19] 2 2 1 2 2 2 11
14. | Krasuska-Stawinska et al. [17] 2 2 2 2 2 2 12
15. | Mitus-Kenig et al. [8] 2 2 2 2 2 2 12
16. | Mitus-Kenig et al. [3] 2 2 2 2 2 2 12
17. | Hernandez et al. [21] 2 1 0 1 1 2 7
18. [Kim et al. [31] 2 2 2 2 2 2 12
19. | Nemeth et al. [25] 2 2 2 2 2 2 12
20. | Carrillo et al. [14] 2 1 0 2 2 2 9
21. | Halperson et al. [15] 2 2 2 2 2 2 12




Cancer treatment damages epithelial cells, lead-
ing to the thinning of the mucous membrane oral
of the oral cavity which becomes very sensitive to,
even the slightest, leading to easy irritation, injury
and inflammation, resulting in painful ulcers and ero-
sions [8, 12]. Cancer therapy reduces the regenera-
tive abilities of the mucous membrane shows and its
adverse effects are exacerbated by the presence of
dental caries, dental plaque and other irritating fac-
tors (e.g. dental fillings or orthodontic brackets) [12].
Infections within the oral cavity are more likely to
occur [5, 12]. Salivary glands produce in lesser quan-
tity and poorer quality saliva (increased density and
viscosity), resulting in xerostomia which may persist
after completion of therapy and impede chewing and
speaking [7-9, 12, 16, 19]. All these factors affect the
pH of saliva, dental plaque formation, the composi-
tion of the mucosal microflora and the willingness
and quality of maintaining oral hygiene [8, 12]. The
guantity of cariogenic bacteria (particularly Strepto-
coccus mutans) increases along with susceptibility to
periodontal diseases and opportunistic fungal, bac-
terial and viral infections [5, 7, 9, 16, 20]. The pro-
gression of these infections may be atypical due to
accompanying neutropenia [9, 16, 20]. Acute oral
complications typically arise 5-7 days after the start
of chemotherapy, corresponding to changes in the
blood count parameters [9].

Long-term adverse effects of cancer treatment
also include abnormalities in dental development,
manifested by changes in both crowns and roots [5].
Table 3 contains a summary of adverse effects of can-
cer treatment. Their degree can vary from mild to
severe and there is a strong correlation between the
dosage and type of cancer treatment, its duration,
the patient’s age, dental development stage and the
frequency and severity of developmental tooth abnor-
malities [5, 9, 15-17, 19, 21]. The risk of disruptions
during odontogenesis increases in children < 5 years
of age and with increasing doses of radiation or chem-
otherapeutic agents [2, 6, 8]. The use of additional
medications (e.g. antibiotics, immunosuppressants)
also plays a role [21].

Combined radiochemotherapy or radiation target-
ed at the head and neck area appears to increase the
risk of dental anomalies [15]. Developmental tooth
defects result from the direct action of chemothera-
peutics on odontoblasts, which also delays the devel-
opment of Hertwig’s epithelial root sheath, as well as
indirectly through the influence of early chemother-
apy complications such as vomiting and mucosal in-
flammation [17]. Amelogenesis and dentinogenesis
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may be disrupted during radiotherapy when the ra-
diation beam is directed at the oral cavity or its im-
mediate surroundings, but it has little impact on tooth
formation when targeting distant body parts [5]. Radi-
otherapy affects cells during their mitotic division, dis-
rupting enamel and dentin formation, whereas at very
high doses it also damages non-proliferating cells [11].

The first signs of dental developmental disorders
can be expected after 1-2 years of cancer treatment
and they are visible on X-ray images [15] (Figure 2).
Cancer treatment leads to changes in the shape, size
of crowns and roots, degree of mineralization, enam-
el and dentin structure with frequent dental aplasia,
therefore [1, 4, 6, 11, 15] hypodontia, microdontia,
enamel hypoplasia and developmental root defects
are typically observed [1, 4, 6, 11, 15]. Staining, discol-
oration and grooves on tooth crowns are often pres-
ent [7, 10]. The tooth eruption process is also affected
(often due to root development issues), leading to
occlusal disturbances [2, 15]. Delays in primary tooth
shedding and in permanent tooth replacement are
frequent outcomes [3, 6-8].

All the above-mentioned adverse effects predis-
pose to worsened aesthetics, function, dental mis-
alignments and contribute to the development of
malocclusions, which are mostly of skeletal aetiology
[3, 6, 8-9, 15-16]. Crowding is observed, resulting from
a lack of space in the dental arch as a consequence
of maxillary hypoplasia [4, 10]. Malocclusions include
crossbites, open bites, class Il malocclusions and
asymmetries [4, 7]. It’s important to note that hypo-
dontia also leads to malocclusion by inhibiting facial
skeletal growth [7]. Presence of microdontic teeth and
reduced numbers of tooth buds result in unwanted in-
terdental spaces and tooth displacements, leading to
changes in tooth alignment and malocclusion devel-
opment [1, 4].

In general, the systemic adverse effects of oncolog-
ic treatment occur in approximately 50% of patients
[1-2, 4]. Dahloff and Huggare found that 93% of pa-
tients experienced at least 1 adverse effect, with an
average of 3.7 adverse effects per person [22]. On the
other hand, Geenen et al. stated that it affects nearly
75% of individuals [23]. Ritwik et al. emphasized that
up to 60% of children treated for cancer suffer from
infertility, heart failure and secondary tumours in the
future [16]. Patients described by Radej et al. experi-
enced stunted growth and thyroid dysfunction as com-
plications of their oncologic treatment [2]. As adverse
effects are most common after radiotherapy [10],
the current standards recommend minimizing its
use in favour of chemotherapy and surgery [10, 12].
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Figure 2. Panoramic radiograph of a 12-year-old girl treated for a malignant eye tumour with chemotherapy from 5 weeks of age
to 6 months of age. Visible V-shaped roots of teeth 16 and 26, reduced conical crowns of teeth 32 and 42 and root shortening of
the lower incisors.

Inflammation of oral mucosa (mucositis) after radi-
otherapy, chemotherapy and bone marrow transplan-
tation affects up to 80%, 40% and 75% of paediatric
patients, respectively [9]. It is noteworthy that mu-
cositis is perceived by patients as the most painful
complication of oncological treatment [16, 20].

Radiotherapy of the craniofacial structure leads
to bone growth changes. It is noteworthy that the
mandible was reported 4 times more sensitive to
radiation compared to the maxilla [10]. There is
a particular risk for the development of craniofacial
disorders, (e.g. underdeveloped mandible), particu-
larly with simultaneous chemo-radiotherapy. Sonis
et al. noted greater retrognathism of the mandible
in children irradiated under the age of 5 [24]. Radio-
therapy in this age group often results in up to 14.72
times more frequent microdontia and root growth in-
hibition than in patients treated without it, although
this risk decreases between the ages of 5-9 and
above 10 [6]. Halperson et al. reported that tooth
malformations were more common in patients treat-
ed at the age of 6 and younger (56%) compared to
those treated between the ages of 6-12 (44%) [15].
The most significant growth occurs under the age of
5 and the adverse effects of chemo and radiotherapy
are most apparent during adolescence [11]. Cepha-
lometric measurements have shown a decrease ex-
ceeding 5% in the distance between sella-pogonion,
sella-nasion and articulare-pogonion points. The
most significant impairment in growth concerns the

maxillary alveolar bone — its height decreased even
by 50% [10].

Caries

Nemeth et al. address the issue of dental caries
after cancer treatment. Researchers found that its
prevalence is as high as 81.6%, which is 4.6% high-
er compared to healthy individuals [25]. Notably,
post-radiation caries is extensive, has a rapid onset
and aggressive progression [15]. The intensity of car-
ies development can also be influenced by changes in
oral microflora and a sweeter, claggy diet to compen-
sate for feeding difficulties during cancer treatment
[15, 25]. Treatment with chemotherapy only often re-
sults in fewer teeth affected by caries, missing teeth
and fillings compared to individuals subjected to any
amount of radiotherapy [15].

Oncological treatment and odontogenesis

Proc et al. demonstrated that dental abnormalities
occur more frequently in cancer survivors (62%) com-
paredto healthy individuals (13%) [26]. Halperson et al.
reported that tooth anomalies after exclusive chemo-
therapy occurred in 43% of individuals and in 60%
after radiotherapy in the head and neck region [15].
Teeth present in the irradiated field receive 45% of the
applied dose [5]. According to Dahloff et al., a 10 Gy
dose is the radiation dose that induces cell changes in
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Table 3. Summary of the adverse effects of cancer treatment

Factor type ‘ Affected area ‘ Ailment
1. Reproductive system e Reduced fertility and infertility [5, 10, 12, 14]
e Premature [5, 7_] or delayed puberty [2]
2. Hormonal system : acggts;fat:ltﬁ;r:)aigfs%of;?e puberty growth spurt [1, 4]
e Hypothyroidism [2]

e Neuropathic pain [7, 18]
3. Nervous system e Alterations in hot/cold sensation [7, 18]
e Intellectual disability [10]

e Pulmonary fibrosis and dysfunction [7, 13]

4. Respiratory system e Frequent infections [7, 13]

e Heart failure [5, 12, 14]
5. Cardiovascular system e Arrhythmias [7]
e Cardiomyopathies [7]

Systemic factors e Bone atrophy [13]

6. Skeletal system e Osteoradionecrosis [13]
e Pathological fractures [13]

e Cataract [7]

7. Ophthalmological problems « Blindness [10]

Malnutrition [1, 3]
Loss of appetite [13]
Nausea [13]

Weight loss [13]

8. Gastrointestinal disorders

Short stature [2]
9. Growth e Muscle growth and development disorders [7]
e Other growth disorders [5, 7]

e Hearing disorders [7, 10]

10.Others e Secondary cancers [10, 14, 18]
e Soft tissue and bone damage [2, 5, 10, 13]
e Disorders, inhibition and asymmetries in craniofacial
growth [1-2, 4-5, 7, 10, 12]
e Reduction in mandible and maxilla length [10, 18] -
retrognathism [2]
e Changes in growth rotation of mandible and
maxilla [2]
11. Craniofacial e Reduction in height of alveolar processes [1-2, 4, 18]
e Osteoradionecrosis [5, 10, 12]
e Reduction in anteroposterior and vertical dimensions
of face [2, 18]
e Reduction in length of cranial base [2, 10, 13]
e Decreased mandible angle value [2]
e Temporomandibular joint disorders and trismus [1,
Local factors 4, 9-10, 12]

e Taste disorders [1, 3, 7, 10, 12-13]

e Increased sensitivity to hot/cold sensations [7]
Salivary gland dysfunction and

xerostomia [4 ,7-10, 12-14, 18]

Dysphagia [7, 13]

Reduced chewing and speaking capability [7]
Neurotoxicity [12, 18]

Neuropathic pain [18]

Graft-versus-host disease [12]

Periodontal diseases [7, 12, 10]

Caries (increased risk of and exacerbation) [1, 3,
8-10, 13-14]

e Poor oral hygiene [8]

12.Oral cavity
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Factor type ‘ Affected area ‘

13. Mucosal membrane

Ailment

Mucositis and bleeding [1, 3-4, 10, 12-13]

Ulcers of oral mucosa and throat [1, 4, 8, 12-13]
Secondary infections (bacterial, viral, fungal) [4, 10, 12]
Decreased resistance to irritants and damaging
factors [4]

Mucosal atrophy [4]

Cheilitis angular [9, 18]

Local factors 14. Anomalies of teeth

Inhibition/delay in tooth development [1, 4, 11]
Changes in shape and size of teeth crowns [2, 12, 18]
Microdontia [1-6, 8-9, 11-14, 16, 18]

Macrodontia [11]

Reduced number of tooth buds (hypodontia,
oligodontia) [1, 3-8, 10-13]

Complete absence of tooth buds (anodontia), tooth
agenesis [1-2, 4, 9-10, 14-15, 18]

Supernumerary teeth [11, 16]

Persistent primary teeth [3, 7-8, 12]

Taurodontism and enlarged pulp chambers [10-11,
15-16]

Odontomas [16]

Hypomineralization of hard tooth tissues, enamel
hypoplasia [1-4, 6, 8-9, 11-14, 16, 18]

Enamel discoloration [6-8, 10-11]

Inhibited development and shortening/narrowing of
roots [1-6, 8, 10-13, 18]

Complete absence of roots [5, 10]

Premature closure of apical foramina [1-2, 4, 6, 8,
10-13, 18]

V-shaped roots [1-2, 4, 10-11, 13,]

Root resorption [1, 4, 16]

Increased tooth mobility [1, 4, 10]

Disruption in tooth eruption [2, 5, 12] including
delayed eruption [10] and presence of impacted
teeth [11-12]

15. Occlusion

Crowding [4, 10]

Crossbites [4, 7, 10]

Open bites [4, 7, 10]

Class II malocclusions (primarily of skeletal
origin) [2, 4, 7]

Asymmetries [4, 7]

Misalignment of teeth [3, 6, 8, 11-12]
Incorrect overbite and overjet [7]

developing permanent teeth [27]. Higher doses lead to
the death of ameloblasts and odontoblasts, inhibiting
further tooth tissue development and partially formed
teeth remain in the bone due to root agenesis [5].
Nishimura et al. and Cubukcu et al. did not find any
correlation between conventional chemotherapy dura-
tion and odontogenic disturbances [28-29]. Although
no clear difference in the risk of dental abnormalities
based on the child’s gender was observed, microdontia
was more common in females, while caries was more
prevalent in males [15]. Neill et al. reported that in-
dividuals treated with chemotherapy had 2.93 times
fewer dental complications than those treated with
combined therapy [6]. In contrast, treatment with

radiotherapy or a combination of therapeutic methods
yielded 5.07 times higher risk of root growth inhibition
or microdontia. Researchers found that 72% of pae-
diatric patients experienced > 1 complication related
to the stomatognathic system, while only 28% had no
such complications. The most common complications
were misalignment of teeth, root growth inhibition
and changes in their development [6]. Halperson et al.
stated that dental anomalies occurred in 46% of indi-
viduals after cancer therapy [15]. Vincristine is mainly
responsible for these complications, although Halper-
son et al. did not find any specific chemotherapeutic
agent to be more associated with dental abnormalities
than others [15, 17].



According to Krasuska-Stawinska et al., 46.7% of
patients after cancer treatment presented more than
one developmental dental defect, most commonly
shortening of roots (affecting 60% of patients), main-
ly in the permanent first molars (21.6%), followed by
incisors and premolars (15% each), less frequently
second molars (10%) [17]. The occurrence of these
defects was not influenced by early chemotherapy
complications, but by the age at the beginning of
therapy and the administered doses. Tooth agenesis
affected 26.67% of patients, while microdontia affect-
ed 21.67% [17]. Similarly, Cubukcu et al. noted a more
frequent presence of developmental root deformities
in 86.4% of patients previously treated for cancer [29].
Michalak et al. observed root problems, e.g. absence
of roots, arrest of root development and abnormal
shape of the newly formed permanent tooth roots
(narrow and V-shaped) [5]. Radej et al. also highlight-
ed the presence of shortened roots, their V-shape and
inhibition of further development [2].

Enamel

Krasuska-Stawinska et al. noticed a positive correla-
tion between enamel defects in permanent teeth, the
age at the beginning of chemotherapy and its dura-
tion [17]. Enamel defects occur significantly more
often in children after cancer treatment, including
enamel hypoplasia and areas of opacities, affecting
76.7% of children. Vomiting post-chemotherapy was
linked to enamel opacities, whereas mucositis was as-
sociated with enamel hypoplasia [17].

Microdontia

Krasuska-Stawinska et al. observed tooth size
changes in up to 8 teeth of each paediatric patients
after cancer treatment [17]. The number of affect-
ed teeth increased with the chemotherapy dose and
duration, as well as the occurrence of vomiting and
mucositis during treatment [17]. Microdontia of pre-
molars and permanent second molars was most com-
mon. Other authors have highlighted that microdontia
affects 19% of incisors and 45% of permanent second
molars [1, 4]. Microdontia and tooth agenesis follow-
ing chemotherapy before the age of 4 affected 66.7%
of individuals, reaching 100% in high-dose cases [17].
Halperson et al. observed that when children began
cancer treatment at age 6 or younger, they often ex-
perienced microdontia (33%), while those starting
treatment later (between 6 and 12 years) had more
hypocalcification or enamel hypoplasia (23%) [15].
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Radej et al. also noted microdontia of second premo-
lars and second molars in their patients after cancer
treatment [2].

Hypodontia

According to Halperson et al. hypodontia is the
most serious developmental disorder of dentition af-
ter cancer treatment, impacting dental arch symmetry,
function and aesthetics [15]. Krasuska-Stawinska et al.
indicated that the number of missing teeth increases
with the chemotherapy dose and treatment duration,
mainly affecting premolars (75% of children), second
molars (25%) and lower incisors (12.5%) [17]. Micha-
lak et al. found missing tooth buds of upper and lower
second premolars and lower second molars in their
studies as an adverse effect of cancer treatment [5].
Radej et al. observed mainly the absence of lower
second molar buds in their patients after cancer treat-
ment [2]. A cross-sectional study involving children
after radiotherapy in Lyon (France), showed that 83%
of them microdontic teeth and premature closure of
root apical foramen, whereas facial asymmetries and
delayed growth affected 74% [30].

Mental well-being

Hernandez et al. point out that odontogenic dis-
orders also have psychological aspects. Dental ab-
normalities and malocclusion in children after cancer
treatment represent vare stigmas that remind them of
traumatic experiences and can impair the quality of
life in adulthood [21]. All authors agree that compli-
cations after childhood cancer treatment significantly
impact the potential for orthodontic treatment later
in life. Yet, such patients require orthodontic treat-
ment, which can help boost their self-confidence and
enhance their overall self-esteem. Mitus-Kenig et al.
demonstrated a positive impact of orthodontic treat-
ment on the quality of life in patients with a cancer
history, where the treatment duration had no signifi-
cant effect [3].

Orthodontic treatment

First of all, a comprehensive orthodontic diagno-
sis is necessary, recognizing all tooth abnormalities
alongside a full health evaluation and a review of
the patient’s medical history [2, 6-7, 31]. Finding out
the cancer diagnosis date and the end date of on-
cological therapy, along with obtaining written con-
sent from the oncologist, is imperative to commence
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orthodontic treatment [7, 10]. Whenever possible,
prior test results should be utilized to minimize addi-
tional radiation exposure to the patient [4]. The ortho-
dontist must comprehend the underlying disease and
assess the risk of complications resulting from cancer
treatment [2, 11] Risk factors for orthodontic treat-
ment complications in patients with a cancer history
are presented in Table 4 [2, 5, 10].

When formulating an individual orthodontic treat-
ment plan, it is necessary to consider the complica-
tions arising from radiotherapy and chemotherapy, the
patient’s overall health and medical prognosis [2, 4-5,
7, 10-11]. The outcome of the treatment of malocclu-
sion is influenced by the degree of craniofacial growth
disorders and the level of dental development follow-
ing oncological treatment [2]. The orthodontist must
anticipate various difficulties during the treatment
and assess the options and accept possible compro-
mises in the treatment results [4-5, 11]. Sometimes, it
is necessary to develop an alternative treatment plan
in case of failure due to shortened growth spurt and
slowed growth of the child [2]. If any doubts arise, the
orthodontist should contact the oncologist [2, 10, 12].
The reduction in the range of jaw opening, which ac-
companies temporomandibular joint dysfunctions
after chemotherapy, presents an additional difficulty
while making dental impressions and attaching the or-
thodontic appliance [5].

Orthodontic treatment must be not only deferred
until the completion of the full cycle of anti-cancer
therapy, but it is also recommended to postpone it
by at least 24 months after the end of oncological

treatment if no symptoms of cancer are present
during this time [1-2, 4-5, 10-11]. This is related to
bone metabolism disturbances caused by oncological
treatment and the risk of cancer recurrence, which is
reported in 2.6% - 12.1% of patients [4, 12]. An ad-
ditional condition is the cessation of immunosup-
pressive treatment [1-2]. A shorter deferment period
lasting a few months post-oncological therapy may
be considered in patients treated with chemotherapy
only [12]. In cases of exclusively surgical treatment,
immediate commencement of orthodontic treatment
is permissible without a 24-month latency period,
provided the tumour has been completely excised and
the lymph nodes are normal [2, 5, 10].

Treatment method and type of orthodontic ap-
pliance should be chosen carefully. The orthodontic
forces should be low, (20 to 150 g/tooth) and the me-
chanics used as simple as possible to reduce the risk of
root resorption [1-2, 4-5, 7-11, 19]. Points of force ap-
plication must be carefully considered, anchorage and
methods of affixing of the appliance must be closely
monitored [2, 7]. Additionally, it is advisable to short-
en the duration of orthodontic treatment as much as
possible and finish earlier than usual [1-3, 5, 8-11, 19].
Due to the increased risk of osteoradionecrosis, tooth
extraction (if required) should be postponed until
2 years after the completion of cancer therapy and
performed atraumatically with precise wound man-
agement [2, 5, 10-11]. Oncological patients often have
short, narrow roots that are particularly susceptible to
resorption during movement [11-12]. This increases
demands on anchorage and limits possible orthodontic

Table 4. Summary of the risk factors for orthodontic treatment complications in patients with a cancer history [2, 5, 10]

Risk factors

Complications

Time 1. Cancer diagnosed before the age of 8
2. Time up to 2 years since the end of cancer therapy
1. Solid tumour at diagnosis
Cancer 2. Cancer location particularly within the craniofacial region or the central
nervous system
1. Whole-body or head and neck radiotherapy
2. Radiation > 2400 cGy
Past oncological treatment 3. Allogenic stem cell transplantation
9 4. Prolonged immunosuppressive therapy (administered due to graft-versus-
-host disease)
5. Chemotherapy with bisulphan/cyclophosphamide
1. Hypopituitarism
. . 2. Hypothyroidism
Systemic complications 3. Graft-versus-host disease
4. Relapse of the primary disease
1. Anomalies of tooth roots
Local complications 2. Microdontia
P 3. Tooth agenesis
4. Gingival overgrowth (after cyclosporine A)




movements [9-10]. Routine X-ray radiographs are nec-
essary every 12-18 months to detect any changes in
the tooth crown-to-root length ratio [10]. Additionally,
Levander et al. recommend performing a panoramic
radiograph after the first 6 months of active orthodon-
tic treatment [32]. Observations suggest that rootless
teeth can function in the oral cavity for some time
(in most cases correctly), despite increased mobili-
ty [10]. Mitus-Kenig highlight the need for a pause in
orthodontic treatment when signs of root resorption
are observed [4]. There is no need to remove braces
and it is recommended to use passive arch wires for
2-3 months [4]. Levander et al. have shown that thanks
to a routine 2-3 month break in active orthodontic
treatment and the use of passive arch wires after the
first 6 months of treatment, the risk of advanced root
resorption can be significantly reduced [32].

It is advisable to use protective orthodontic waxes
and silicones along with appliances that irritate the
mucous membrane as little as possible due to the pa-
tients’ reduced resistance to infections, decreased sa-
liva secretion and increased sensitivity [2, 4-5, 10-11].
Nickel-containing steel brackets should be avoided
due to the possibility of increased generation of free
radicals that lead to cytotoxicity [7, 11]. If possible, it
is better to choose aligners or ceramic brackets, which
also cause significantly fewer artifacts in imaging tests
[4, 10]. Before such tests, removable elements of the
appliance should be removed and the quality of adhe-
sion of the remaining elements should be checked [4].

Patient should maintain perfect oral hygiene to limit
the development of caries in the course of the already
reduced saliva production [4-5, 7, 11]. Severe xeros-
tomia may constitute a contraindication to undertak-
ing orthodontic treatment [7]. It is good to eliminate
elastic ligatures in favour of metal ones and repeat hy-
giene instructions [4, 12]. A paedodontist (paediatric
dentist) should also concurrently supervise such a pa-
tient and implement an individual fluoride prophylaxis
plan [4-5, 7,9, 11].

Radiotherapy of the head and neck region in
a growing patient significantly worsens the progno-
sis of orthodontic treatment [5]. Due to shortened
puberty and inhibited mandible growth, orthodontic
treatment is suggested only in the upper dental arch,
which additionally accelerates the orthodontic thera-
py [1, 4-5]. Treatment of Class Il malocclusions is ex-
ceptionally challenging and modification of growth
may be ineffective or not even possible [4, 10-11].
During functional orthodontic treatment, growth
hormone therapy may be necessary to normalize the
patient’s craniofacial growth [2, 5]. After completing
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growth hormone therapy, good effects of functional
treatment can no longer be expected [2].

Michalak et al. [5] remind of the potential need
for prosthetic reconstruction in patients after can-
cer treatment, which may be due to the high risk of
tooth loss with aplastic roots or the absence of per-
manent tooth buds. Paediatric dentures used in such
cases restore the ability to chew and improve speech
and general facial aesthetics. However, prosthesizing
conditions may often be unfavourable due to under-
development of alveolar bone. After growth cessa-
tion, dental implants can be placed [5]. Additionally,
Deshpande et al. recommend the use of removable
dentures whenever deemed important [7]. Regular
check-ups are necessary as they can be a source of po-
tential mucosal irritations. Proper hygiene of both oral
cavity dentures must be maintained [7].

Hernandez et al. point out contraindications to or-
thodontic treatment in case of underdeveloped, too
short permanent tooth roots due to a strong risk of
their resorption [21]. It is necessary to monitor the
eruption of such teeth, assess their mobility and try
to keep the present primary teeth in the oral cavity
as long as possible. In the case of failure, prosthetic
treatment should be applied [21]. Radej et al. note
that in the case of shortened, V-shaped roots of low-
er incisors, their intrusion is ill-advised, therefore, an
orthodontic appliance cannot be used to level a deep-
ened Spee’s curve [2]. Additionally, in the case of
chronic gingivitis and decreased teeth mineralization,
it is necessary to refrain from using fixed appliances. If
there is a need for distalization of teeth example (e.g.
to recreate space in the arch for canines), extractions
should be chosen as a simpler treatment method [2].
In the case of treatment with removable appliances,
they should be frequently checked, sharp areas should
be smoothed and adjusted to current occlusal condi-
tions to minimize the risk of mucosal irritation [2, 7].
Patients should frequently disinfect them by soaking
in disinfectant solutions to limit microbial growth and
the possibility of infections [19].

Mitus-Kenig et al. point out, that the results of or-
thodontic treatment in oncological patients do not
significantly differ from healthy individuals [1, 4].
They reported no serious complications of orthodon-
tic treatment and in most cases proper occlusion was
achieved [1, 4]. However, patients after cancer treat-
ment had mucositis and gingivitis while wearing brac-
es more frequently and had root resorption slightly
more often than healthy individuals. They also expe-
rienced a higher discomfort during the first 3 months
of orthodontic treatment [1]. Mitus-Kenig et al. noted
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a significant decline in stability of orthodontic treat-
ment effects among patients post-cancer treatment
over a 3-year retention period compared to a healthy
group [8]. Therefore, they require intensified observa-
tion to maintain the stability of orthodontic treatment
effects and should be warned before starting treat-
ment about the increased risk of relapse. It should
also be considered that the stability of orthodontic
treatment results also depends on factors related to
the periodontal tissues and pressure from soft tissues,
which were not considered in this study [8]. Retention
after orthodontic treatment should be well planned.
The retention using well-fitted appliances that do not
irritate the mucous membrane (to prevent wounds
and ulcers) [11]. The patient must constantly moni-
tor them and maintain precise hygiene in their area.
Retention splints can additionally be disinfected in
a chlorhexidine solution [12].

Summary of guidelines for orthodontic treatment
in patients after childhood cancer treatment is pre-
sented in Table 5.

Recurrence of cancer requires an immediate ces-
sation of active orthodontic treatment and removal
of fixed appliances, including space maintainers and
bands, if cancer therapy may lead to mucositis and
when oral hygiene is not adequate [7, 9-11, 19-21].
Removable appliances can be worn as long as they
do not irritate mucous membrane and the patient
can tolerate them [9, 16, 19-20]. The same approach
should be taken if the patient develops cancer for the

first time during orthodontic treatment [12]. Patients
should be provided with a removable retainer [9-10,
19-20]. Resuming the original orthodontic treatment
can be considered after achieving remission lasting at
least 2 years [9-11, 16, 19].

The American Academy of Pediatric Dentistry re-
minds of the possibility of secondary cancers within the
head and neck area, therefore, for the orthodontist it is
very important to maintain oncological vigilance on the
part of [19]. During orthodontic treatment, the ortho-
dontist should pay attention to health status of the oral
cavity at each check-up visit and, in case of any suspi-
cious lesions, refer for further diagnostics to a specialist
in mucosal diseases and oral surgeons [9, 16, 20].

Orthodontic treatment of individuals who have
survived childhood cancer should be planned on
an individual basis. The tissue response to the same
treatment can vary, consequently various treatment
results can be achieved. Additionally, each patient
will perceive their new bite and the aesthetics of their
teeth differently, just as there are various standards of
beauty around the world. The outcome of orthodon-
tic treatment may also be assessed differently by the
orthodontists themselves. The stability of orthodontic
treatment or the achieved bite is difficult to evalu-
ate, as it requires close cooperation from the patient,
who should attend regular check-ups after completing
treatment with orthodontic appliances. For this rea-
son, retrospective studies often do not include long-
term follow-ups, which is a limitation of this review.

Table 5. Summary of guidelines for orthodontic treatment in patients after childhood cancer treatment

Oncological

treatment

Orthodontic treatment

e Initiation of orthodontic
treatment should be delayed
for at least 24 months after the
completion of radiotherapy.

e Tooth extractions should
be postponed for at least
2 years after the completion of
radiotherapy.

e Orthodontic treatment should
only be performed on the
upper dental arch.

Radiotherapy

e Postponement of the start of
orthodontic treatment for a few

Chemotherapy months after the completion of
chemotherapy.
e No need to postpone the start
S of orthodontic treatment after
urgery

exclusively surgical oncological
treatment.

Starting orthodontic treatment after discontinuation
of immunosuppressive therapy.

Thorough analysis of the patient’s medical history.
Assessment of the current health status.
Comprehensive orthodontic diagnosis and individual
orthodontic treatment plan based on precise
diagnosis of the dentition.

Application of low orthodontic forces ranging from
20 to 150 g/tooth.

Simple mechanics of orthodontic treatment.

Use of non-irritating orthodontic appliances.
Reduction of the duration of orthodontic treatment.
Periodic x-rays of tooth roots during orthodontic
treatment.

Pause and use of passive arch wires for 2-3 months
in the event of root resorption during orthodontic
treatment.

Proper oral hygiene during orthodontic treatment.
Well-planned retention and periodic stability
assessment.




An unfortunate limitation of this review is the fact
that none of the analyzed articles included informa-
tion about new orthodontic techniques. Nowadays,
with the help of intraoral scanners, it is possible to
digitally record teeth and bite. Additionally, access
to cone beam computed tomography (CBCT) scans
enables a precise understanding of the dimensions
and shapes of tooth roots along with the surrounding
bone of the alveolar processes. This allows for the
digital planning of favourable tooth movements and
the installation of appliance components, as well as
the prediction of potential adverse effects of ortho-
dontic treatment. Based on this information, tem-
plates for appliance mounting can be made using
3D printers. Moreover, the use of skeletal anchorage
systems temporary anchorage devices (TADs) or Bol-
lard plates can significantly reduce the negative im-
pact on tooth roots by applying forces directly to the
bone, and more effectively modify growth in cases of
jaw deformities, such as prognathism of mandible or
constricted makxilla, even when there are no devel-
oped permanent tooth buds or when there are com-
promised teeth (e.g. those with shortened roots),
making traditional braces unsuitable. In the future,
it will likely be possible to treat orthodontic patients
even more effectively due to the developments in Al
technology, e.g. assisting orthodontists in the digital
planning of orthodontic treatment, which may lead
to potentially better outcomes with simultaneously
fewer adverse effects.

Cancer treatment during childhood contributes
to the development of a range of dental and skeletal
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ment. There is a need to introduce education about
patients with a cancer history during the course of
undergraduate dental education.
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