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Abstract
According to the classification of the World Health Organization (WHO), the most common childhood ma-
lignant neoplasms include leukemia, lymphomas, and neoplasms of the central nervous system (CNS) and 
the sympathetic nervous system. Cancer diseases themselves as well as their treatment carry a high risk 
of both early and distant effects.

The most common dentition disorders resulting from the radiotherapy of the head area and chemotherapy 
in patients up to the age of 6 years include root agenesis, V-shaped roots, microdontia, hypoplasia of the 
maxilla and the jawbone, hypodontia, and enamel hypoplasia and hypomineralization.

Patients undergoing oncological treatment at the age of <6 years should receive adequate and long-term 
monitoring due to the possible distant effects of the underlying disease and its treatment. The radiotherapy 
of the head and neck region performed on a growing patient significantly worsens the patient’s prognosis 
and results in a number of irreversible complications.

Planning appropriate orthodontic treatment in such patients contributes to increased comfort later in the 
patients’ lives. Oncology patients do not require special orthodontic procedures; however, the high risk 
of  complications does encourage the planning of  orthodontic treatment with the least burden. Dental 
care for a  young patient with a  history of  oncological disease requires the interdisciplinary cooperation 
of a pedodontist, orthodontist, prosthetist, and dental surgeon.
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Clinical cases
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Introduction
The World Health Organization (WHO) and the Interna-

tional Classification of Childhood Cancer (ICCC) state that 
the most common childhood neoplastic diseases include leu-
kemia, Hodgkin’s lymphomas, non-Hodgkin’s lymphomas, 
central nervous system (CNS) tumors, and tumors of  the 
sympathetic nervous system. Childhood tumors are rare, af-
fecting 1 in 600 children during the first 15 years of life.1 Early 
diagnosis and effective therapy of an oncological disease pro-
vides the patients with a chance for long-term survival.2

The main methods of treatment used in pediatric oncol-
ogy include surgery, irradiation and chemotherapy. The use 
of combined treatment, conducted according to the latest 
standards of  cancer treatment, increases the chances for 
treatment success and improves the survival rates during 
the developmental period after the oncological disease.3 
Both radiotherapy and chemotherapy demonstrate a num-
ber of side effects, causing damage to soft tissues and to the 
respiratory, cardiovascular, skeletal, and hormonal systems.4 
The destructive effect on the teeth at the developmental 
stage is also well-known. The complications of  oncologi-
cal therapy include tooth agenesis, root underdevelopment, 
V-shaped roots, microdontia, hypodontia, and tooth erup-
tion disorders. These complications have a significant ad-
verse effect on the patient’s quality of  life after treatment, 
and their severity often correlates with the intensity of the-
rapy and the developmental stage of the patient.5–8

Tooth development is a  long-term process which can 
be subject to internal and external factors. Amelogenesis 
and dentinogenesis may be disturbed by radiation when 
a beam is directed at the oral cavity or its surroundings. 
The teeth that are positioned along the radiation beam 
receive 45% of the administered dose.9 However, radiation 
directed at distant areas of the body does not have a sig-
nificant effect on the development of the teeth. Accord-
ing to Dahllöf et al., the radiation dosage which induces 
histological changes in the developing permanent tooth 
bud is 10 Gy.10 High doses of radiation result in the death 
of ameloblasts and odontoblasts, regardless of their stage 
in the cell cycle. The development of dental tissues is sup-
pressed, therefore the partially formed teeth, due to root 
agenesis, remain in the bone.11

The effects of  direct irradiation of  bones, soft tissues 
and blood vessels are dose-dependent and are most 
prominent in fast-growing patients (children under 6 
years of age and children during puberty). Impaired blood 
supply to these areas may lead to osteoradionecrosis, but 
this disorder is rare in juvenile patients.12

Irradiation of CNS may inhibit the hypothalamic–pitu-
itary function, resulting in reduced production of growth 
hormone and thyroid-stimulating hormone. Conse-
quently, this may adversely affect odontogenesis and cra-
niofacial development, causing asymmetrical facial bone 
growth, for example. Growth disorders and symptoms 
of premature puberty have also been observed.13,14

The short-term side effects of  chemotherapy include 
cytotoxicity, bone marrow suppression, increased suscep-
tibility to infection, xerostomia symptoms, more cario-
genic bacteria in the oral cavity, and increased suscepti-
bility to periodontal diseases and fungal infections.15 The 
long-term complications of  chemotherapy, reported in 
the literature, include missing tooth buds, microdontia, 
tooth crown hypoplasia, deficient enamel mineralization, 
and disturbed formation of  the tooth root.15–17 Chemo-
therapy-induced dental anomalies occur when the patient 
is treated before the age of 6 years. The degree of damage 
to the teeth and bones depends on the patient’s age, and 
the type and duration of chemotherapy.

Despite these documented threats of temporary or per-
manent side effects, cancer treatment must be applied as 
a  life-saving or necessary procedure for the patient. Mo-
dern methods of  cancer treatment significantly increase 
the survival rates, which means that an  increasing num-
ber of children are referred for orthodontic treatment af-
ter their cancer treatment.18,19 The appropriate diagnosis 
of abnormalities, both systemic and local, helps in planning 
the proper treatment of any complications, including orth-
odontic ones, in oncological patients.20 The management 
of patients affected by the complications in the masticatory 
system resulting from chemotherapy and radiotherapy is 
not significantly different from routine orthodontic proce-
dures, yet it must take into account any existing disorders.

Case presentation

Case 1

At the age of 2 years, Patient B.D. was diagnosed with 
embryonal rhabdomyosarcoma, which was present in the 
nasal part of  the throat, the paranasal sinuses, and par-
tially in the orbits and the middle cranial fossa.

Due to the extent of the tumor, the patient was at first 
treated with chemotherapy, followed by surgical treat-
ment, involving a partial removal of the neoplastic lesion. 
Subsequently, the chemotherapy continued along with the 
irradiation of the tumor-affected area, the sphenoidal si-
nus and the nasopharynx at a dose of up to 5.4 cGy/week. 
The treatment was completed in 2015.

The patient reported to the Department of Orthodon-
tics at the Medical University of Warsaw (Poland) at the 
age of 8, 3 years after the end of cancer treatment (Table 1, 
Fig. 1–4).

Treatment with an  orthodontic block appliance was 
planned at the first stage based on a clinical examination, 
and the analysis of  diagnostic models and radiological 
scans. The construction bite was done at a 3-millimeter 
gap between the front teeth. The patient used the block 
appliance for 3 h during the day and overnight in order to 
relieve the front teeth and to increase the range of man-
dible abduction (Fig. 5).



Dent Med Probl. 2019;56(2):209–215 211

The patient’s guardian was informed about the high 
risk of  losing the permanent teeth with aplastic roots 
and the possibility of  future prosthetic treatment. At 
follow-up, after 6 months of  treatment with an  orth-
odontic appliance, the range of  mandible abduction 
had improved to 33 mm.

Fig. 1. Extraoral photo of patient B.D.

Fig. 2. Profile photo of patient B.D.

Fig. 3. Intraoral photo of patient B.D.

Fig. 4. Panoramic X-ray of patient B.D. at the age of 7

Fig. 5. Block appliance of patient B.D.

Table 1. Examination of the patient, Case 1

Case 1

Examination of the patient

Extraoral Intraoral

• asymmetry of the middle and lower face  
(eye socket, mouth corners and palpebral fissures)

• hypoplasia of the maxilla and the mandible
• shortened lower face

• reduction of mandibular abduction to 25 mm
• pink, moist mucous membrane
• marginal gingivitis
• present teeth: 21, 22, 26, 31, 32, 36, 41, 42, 46, 63, 73, and 83
• tooth 21 with pathological mobility (3rd degree)
• significant demineralization of the enamel (white and dark spots)

Radiological status at the age of 7 (2 years after the completion of cancer therapy)

• a lack of buds for teeth 15, 25, 45, 35, 37, and 47
• a complete lack of roots for teeth 11, 12, 21, 22, 23, 13, 14, 24, 16, 26, and 46 (the apical foramen closed – inhibition of development)
• delayed tooth root development diagnosed in relation to teeth 41, 42, 31, 32, 33, 43, 34, 44, and 36 with the apical foramen open
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Case 2

Patient J.G. was diagnosed with stage 4 Burkitt’s lym-
phoma at the age of 4 years. Burkitt’s lymphoma is a non-
Hodgkin’s lymphoma originating from B lymphocytes. 
The patient had neoplastic lesions in the abdominal 
cavity, which had additionally infiltrated the cranio-
facial bones and the thyroid gland. The cancer treat-
ment included 10  months of  chemotherapy (Table  2,  
Fig. 6–9).

Due to the low risk of  complications, good overall 
health and the lack of other contraindications, it was pos-
sible to start orthodontic treatment earlier than after the 
normally required 2-year period since the completion 
of  the oncological therapy. The first stage of  treatment 
consisted in the preparation of child prostheses in order 
to restore the biting and chewing functions, to improve 

esthetics and to enable better pronunciation. The alveolar 
process of the maxilla and the alveolar part of the man-
dible showed signs of  significant atrophy, resulting in 
unfavorable conditions for prosthetics. The patient’s co-
operation was limited, which made it difficult to perform 
clinical procedures (Fig. 10–12).

Fig. 7. Profile photo of patient J.G.

Fig. 8. Intraoral photo of patient J.G.

Table 2. Examination of the patient, Case 2

Case 2

Examination of the patient

Extraoral Intraoral

• preserved facial symmetry
• sunken subnasal region
• shortened lower face

• extensive dental deficiencies (present teeth: 72, 73, 82, and 83)
• small spots of enamel demineralization
• significant atrophy of the alveolar process of the maxilla and the alveolar 

part of the mandible
• normal mucous membrane

Radiological status at the age of 6 (2 years after the completion of cancer therapy)

• a lack of buds in the case of permanent teeth 45 and 15
• delayed development of the roots of the permanent teeth (narrow, V-shaped roots)
• teeth 46 and 36 in Demirjian’s developmental stage F
• buds of teeth 17, 27, 37, and 47 in Demirjian’s stage C show signs of enamel formation on the chewing surface, small amounts of dentin are visible
• teeth 41, 42, 31, and 32 demonstrate Demirjian’s stage F – roots of an inverted funnel shape, with the apical foramen open
• teeth 43, 33, 34, 34, 25, 24, 45, and 14 show the beginning of root formation, corresponding to Demirjian’s stage D

Fig. 6. Extraoral photo of patient J.G.
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Fig. 9. Panoramic X-ray of patient J.G. at the age of 6

Fig. 10. Intraoral photo of the condition of the maxilla and the madible of 
patient J.G.

Fig. 11. Intraoral photo of the maxilla of patient J.G.

Fig. 12. Patient J.G. with the appliance after 6 months of use. Lack of 
proper stability of the appliance

After 6 months of  treatment, the lower appliance 
showed poor stability due to the growth of the patient and 
the eruption of the molars. At follow-up at the age of 7, 
the eruption of teeth 46, 36 and 26 had begun, with mi-
nor signs of disturbed enamel mineralization in the form 
of small white spots.

Discussion
When planning orthodontic treatment of a patient with 

a history of a neoplastic disease, it is important to work 
with their oncologist. The patient’s health status and 
prognosis should be considered in their therapy.

The following factors of an increased risk of complica-
tions are mentioned in the literature: cancer diagnosis 
at the age of <8 years, radiotherapy of the entire body or 
of the head and neck (with a dose of over 2.4 cGy), a dia-
gnosis of a solid tumor (located in the craniofacial region, 
in particular), hypothyroidism, hypopituitarism, <2 years 
passed since the end of  chemotherapy or radiotherapy, 
stem cell transplantation, abnormal development of  the 
tooth root, and gingival hypertrophy after treatment with 
drugs such as cyclosporin A.21,22 In the literature, there 
can be found recommendations to start orthodontic treat-
ment at least 2  years after cancer therapy has finished, 
when the patient’s oncological disease is in a state of per-
manent remission. The recommended withdrawal period 
was maintained when treating the patients presented 
herein. When performing extractions due to orthodontic 
indications, the 24-month waiting period should be ob-
served because of the increased risk of osteonecrosis af-
ter completing radiotherapy. Oncological patients whose 
treatment consisted only of surgical procedures, without 
irradiation or chemotherapy, have no indications to post-
pone the commencement of orthodontic treatment.23

Comparing the first patient, who underwent chemo-
therapy and radiotherapy, with the other one, who was 
subjected only to chemotherapy treatment, it can be 
concluded that radiotherapy directed at the craniofacial 
region at a  developmental age significantly worsens the 
prognosis. It inhibits or significantly delays the deve-
lopment of  the permanent teeth buds, disrupts the de-
velopment of the craniofacial bone – which may lead to 
an unsightly asymmetry of the face – and it additionally 
contributes to disrupted enamel mineralization.

Due to the possible consequences of  cancer therapy 
– increased susceptibility to infections, reduced immuni-
ty and a tendency for mucous membrane atrophy, not to 
mention xerostomia – appliances with the lowest possible 
irritation of  the mucous membrane should be selected 
in case of  such complications. When salivary secretion 
is disturbed, the risk of  caries development is addition-
ally increased; thus, more frequent fluoridation and more 
frequent oral hygiene check-ups are recommended.24 In 
the cases of  the patients presented herein, there was no 
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disturbance of  salivary secretion or damage to the oral 
mucosa. The tolerance of both the block appliance used 
to treat the first patient and of the prosthetic plates in the 
other patient was very good.

It is important to assess the rate of growth in the pa-
tient and to consider administering growth hormone 
to normalize the pattern of craniofacial bone growth.25 
Craniofacial bone development disorders can be ob-
served in the first patient, in whom the location of the 
tumor itself influenced the deformations. The tumor 
infiltrating the basal area of the skull, the effects of sur-
gical tumor resection and radiation therapy directed at 
the craniofacial region all contributed to the asymmetry 
of the eye sockets, reduction in the length of the face and 
inhibited development of  the mandible. On the other 
hand, the collapse of the subnasal area and the shorten-
ing of the lower face in the second patient were mainly 
due to the premature loss of the deciduous teeth, atro-
phy of the alveolar process of the maxilla and the alveo-
lar part of  the mandible, and reduced height of  occlu-
sion. However, skeletal changes occurring as the patient 
grew cannot be ruled out.

Symptoms of temporomandibular joint dysfunction are 
observed in patients undergoing the combination therapy 
of chemotherapy and radiotherapy of the entire body. Pa-
tient B.D. in this study suffered from lock-jaw, which sub-
sided with the use of a relieving appliance. The reduced 
extent of the mandibular abduction caused difficulties in 
obtaining impressions and adjusting the orthodontic ap-
pliance.

Oncological patients do not require special orthodon-
tic procedures, yet the high risk of complications encour-
age the planning of orthodontic treatment with the least 
burden. It is recommended to use low force in order to 
minimize the risk of root resorption (since the roots have 
already been shortened as a result of radiotherapy), to ac-
cept the compromised results of simple mechanical treat-
ment, and to complete orthodontic treatment earlier than 
usual or to treat only the upper dentition.26,27

Orthodontic treatment must include a risk assessment 
regarding the loss of  the teeth with significantly short-
ened roots. There are no contraindications to implanta-
tion in patients with a medical history of a neoplastic dis-
ease, but due to the continued growth of a minor patient, 
it must be postponed. Patients should have any missing 
teeth replaced with prostheses and plate prostheses un-
til fixed, implant-based prosthetic restorations can be 
provided.28–30 The example of  patient J.G. illustrates the 
problems which may appear in oncological patients with 
extensive tooth deficiencies. The loss of the alveolar pro-
cesses in the maxilla and the alveolar region of the mandi-
ble resulted in unfavorable cconditions for the prosthetic 
base. Initially, the stabilization of  the complete superior 
prosthesis and partial inferior prosthesis was obtained, al-
lowing the patient to use prostheses, but not at mealtimes 
– the patient was unable to adapt to eating with prostheses.  

Unfortunately, there was a  rapid loss of  the initial pros-
thesis stabilization due to the patient’s growth and to the 
progressive eruption of the permanent teeth.

As cooperation with the patient is limited and he is re-
luctant to undergo clinical procedures, it is difficult to pre-
pare new prosthetic restorations at the intervals of seve-
ral months, though the patient does regularly report to 
follow-up appointments for the tooth eruption to be ob-
served. The eruption of the first permanent molars should 
improve the stabilization of subsequent prostheses.

Conclusions
Based on the analysis of  the available publications, it 

can be concluded that among patients who were subject-
ed to oncological treatment before they reached the age 
of 6 years, the following complications of the masticatory 
system are most commonly observed: hypodontia, abnor-
mal structure of  the tooth roots, enamel abnormalities, 
premature loss of  the permanent teeth, xerostomia, and 
gingivitis. Radiotherapy and chemotherapy are indepen-
dent risk factors for adverse dental and facial bone effects. 
Patients undergoing oncological treatment at the age 
of <6 years should receive adequate and long-term moni-
toring, owing to the possibility of  distant effects of  the 
underlying disease and its treatment. Radiotherapy of the 
head and neck region administered to a growing patient 
can significantly worsen their prognosis and may result in 
a number of irreversible complications.
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