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Abstract

Overview: The intersection of orthodontic treatment and oncology care presents unique clinical challenges, as
cancer therapies particularly chemotherapy and radiotherapy often compromise vascularization, impair bone
remodeling, and damage oral mucosa. These effects can significantly hinder conventional tooth movement
protocols and increase the risk of complications such as osteoradionecrosis and persistent mucosal ulceration. In
anarrative review context, understanding these pathophysiological changes is essential for designing orthodontic
interventions that balance efficacy with patient safety. Emphasis is placed on the optimal timing of appliance
placement relative to cancer therapy cycles, modification of biomechanical force levels, and coordination
with oncologists and oral medicine specialists. By synthesizing existing evidence and clinical experience, the
review identifies key decision points where interdisciplinary collaboration is most critical. Findings: Clinical
observations indicate that initiating orthodontic movement during or immediately after cancer therapy often leads
to prolonged treatment times, attributable to slowed bone turnover and compromised periodontal ligament activity.
To mitigate these delays, practitioners have successfully employed lighter continuous forces often reducing force
magnitude by 30—50% and extended activation intervals from the typical 4-6 weeks to 8—10 weeks in irradiated
sites. Moreover, mucositis and xerostomia remain prevalent soft-tissue complications; proactive management
with topical agents, salivary stimulants, and rigorous oral hygiene protocols can substantially reduce treatment
interruptions. Importantly, once acute oncologic treatments are completed, patients frequently report enhanced
masticatory efficiency, improved esthetics, and significant psychosocial benefits, underscoring the value of
orthodontic rehabilitation in survivorship care. Conclusion: With careful customization of force application,
strategic scheduling of appliance adjustments, and close interdisciplinary communication, orthodontic treatment
can be both safe and beneficial for oncology patients. Dental teams should develop individualized protocols
that account for each patient’s cancer type, treatment history, and oral health status. Future research must focus
on prospective studies to refine timing recommendations, quantify optimal force parameters, and establish
standardized follow-up regimens to further improve outcomes in this vulnerable population.
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Introduction

Advances in cancer therapy have dramatically
improved survival rates, especially in childhood
malignancies. In modern pediatric oncology, overall
survival now approaches 80%, meaning a growing
population of former cancer patients is reaching
adolescence and adulthood in remission. It is estimated

that about 1 in 900 young adults is a survivor of childhood
cancer [1]. Consequently, orthodontists are increasingly
encountering patients with a history of chemotherapy,
radiotherapy, or hematopoietic transplant. These
post-oncology patients represent a special cohort in which
routine orthodontic treatment can be challenging. Up to
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half of cancer survivors exhibit long-term oral and
craniofacial sequelae from their treatment, necessitating
an individualized and often modified approach to
orthodontic care [2-6]. Cancer therapies including
multi-agent chemotherapy and head/neck radiotherapy
can induce profound changes in oral health, affecting both
hard and soft tissues. Chemotherapy often interrupts the
development of dental and skeletal structures in children
and may cause direct toxic effects in adults, while
radiotherapy to the head and neck region produces
well-documented oral complications. For example, head/
neck radiation frequently leads to severe mucositis,
salivary gland dysfunction, altered taste, malnutrition, and
a high incidence of radiation-induced dental caries
[3, 6-11]. Pediatric cancer patients who receive chemo- or
radiotherapy during critical growth periods can develop
a host of dental and craniofacial abnormalities. These
include stunted facial bone growth, reduced size of the
maxillary and mandibular alveolar processes, and
temporomandibular joint disturbances, as well as direct
dental damage such as tooth agenesis (hypodontia or
oligodontia), microdontia, enamel hypoplasia, premature
apical closure, and root shortening or resorption [12-18].
Such developmental disruptions often result in complex
malocclusions or tooth eruption problems that would not
typically be seen in healthy peers. Adult oncology patients
can likewise experience lasting oral complications:
chemotherapy-related mucosal injury and
immunosuppression heighten the risk of periodontal
infection and oral ulcerations, and certain targeted
therapies (e.g. bisphosphonates or anti-angiogenic drugs)
predispose patients to medication-related osteonecrosis
ofthe jaw [19, 20]. Chronic xerostomia (dry mouth) from
salivary gland damage is another common sequela of head/
neck radiation, leading to rampant caries and periodontal
disease if not aggressively managed. Together, these
therapy-induced changes in the oral environment pose
unique challenges for any planned orthodontic intervention
[21-23]. Given the high prevalence of treatment-related
dental and skeletal issues, cancer survivors often present
with malocclusions or occlusal abnormalities that demand
orthodontic evaluation [4]. However, the traditional
orthodontic treatment pathways cannot be simply applied
to this group without adjustments. Altered craniofacial
growth patterns and fragile oral health conditions may
limit the extent of achievable tooth movement or require
a more cautious pace of treatment [6]. In many cases, an
ideal occlusal result might need to be balanced against the
patient’s medical constraints, accepting a compromise
outcome that prioritizes health and stability [5]. The need
for interdisciplinary care in this context is paramount.
Orthodontic treatment for oncology patients should be
planned in close collaboration with the oncology team,
oral surgeons, prosthodontists, and general dentists as
part of a coordinated survivorship care plan [24, 25].
By sharing information about the patient’s oncologic
status, remission stability, and any ongoing medical
therapies, the team can time orthodontic procedures for
when the patient is best able to tolerate them. Elective
orthodontic treatment is generally deferred until active
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cancer therapy is completed and the patient has been
disease-free for an adequate interval [4, 26]. For instance,
guidelines from the American Academy of Pediatric
Dentistry (AAPD) suggest waiting at least two years after
completion of cancer therapy (with no evidence of
recurrence) before initiating comprehensive orthodontics
[27]. This precaution allows time for immune recovery
and ensures that any latent complications (such as risk of
relapse or graft-versus-host disease in transplant patients)
have stabilized. Moreover, orthodontic care should only
commence once the patient is off immunosuppressive
medications to reduce infection risk, such interdisciplinary
planning and timing considerations are critical to minimize
medical complications and to safeguard the patient’s
overall health during orthodontic care [3, 5-6]. Even under
optimal circumstances, the biomechanics of tooth
movement in post-oncology patients require special
consideration. Orthodontic tooth movement relies on the
coordinated remodeling of alveolar bone and periodontal
ligament in response to applied forces. Cancer treatments
can disrupt this remodeling equilibrium. Studies have
noted that survivors of cancer often have reduced bone
density in the jaws and alterations in normal bone
metabolism as a direct consequence of their prior therapy
[28,29]. Chemotherapeutic agents, for example, may exert
cytotoxic effects on osteoblasts/osteoclasts or alter
hormonal pathways, while radiation causes hypovascular,
hypocellular bone changes; both scenarios can diminish
the bone’s intrinsic resistance to tooth movement [28].
In clinical terms, teeth in a survivor patient might move
more readily through alveolar bone than expected, due to
a lower bone density or compromised bone quality
post-therapy [30]. This has a dual implication: on one
hand, orthodontic treatment could potentially be faster or
require lighter forces to achieve movement, but on the
other hand, it raises concerns about stability and safety.
A softer or less robust bone foundation may predispose
to excessive tooth mobility, and there is an elevated
concern for root resorption or even tooth loss if standard
force levels are applied indiscriminately [30, 31]. Indeed,
clinical reports have documented higher incidences of
orthodontically induced root resorption in cancer
survivors, especially when treatment extends beyond
12—18 months [28]. Long treatment duration in a survivor
with vulnerable roots and bone can magnify damage, so
keeping the active orthodontic phase as efficient as
possible is advised [6]. To mitigate these risks, experts
advocate several therapeutic modifications in orthodontic
mechanics for oncology patients. Use of gentler forces,
applied via low-friction or flexible appliances, is
recommended to minimize stress on the teeth and
supporting structures [3]. Treatment plans should be
simplified — for example, limiting the number of teeth
moved simultaneously or avoiding complex tooth
extractions and movements, particularly in the mandible
which has a higher risk of osteonecrosis in previously
irradiated cases. Shorter treatment objectives (aiming to
improve the most critical aspects of occlusion within a
reduced timeframe) are favored over lengthy
comprehensive corrections, to achieve functional benefits
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before any complications arise [10, 32]. Additionally,
certain appliance choices may be influenced by the
patient’s medical needs; for instance, use of non-metallic
braces or clear aligners can be considered if frequent MRI
or radiographic monitoring is required, to prevent imaging
artifacts and allow ongoing surveillance of the patient’s
health [26]. Through such tailored biomechanical
strategies, orthodontists can exert the necessary tooth-
moving forces while respecting the altered biology of
post-oncologic tissues [6]. Ultimately, the incorporation
of orthodontics into the care of cancer survivors is driven
by the goal of improving long-term quality of life and
oral function for these patients. Surviving cancer often
comes at the cost of enduring health issues, and
malocclusion or dental deformities can significantly affect
a survivor’s self-esteem, nutrition, and oral health-related
quality of life. There is a growing recognition that
addressing these secondary problems is an important part
of survivorship. Orthodontic intervention when performed
prudently offers tangible benefits in this regard.
By correcting disfiguring dental misalignments, reopening
spaces for prosthetic teeth in cases of hypodontia, or
improving masticatory function, orthodontic care can
enhance a patient’s oral health, appearance, and comfort,
all of which are integral to their overall well-being.
Emerging evidence supports the positive impact of such
treatments: cancer survivors who undergo orthodontics
report significant improvements in oral health-related
quality of life after treatment, with scores that become
comparable to those of healthy individuals [3, 33]. In one
prospective study, the quality-of-life metrics worsened
transiently during active orthodontic therapy (as is often
the case due to appliance discomfort), but improved
markedly by the completion of treatment, ultimately
equaling the improvements seen in orthodontic patients
without a cancer history [33]. Importantly, when
appropriate precautions are taken, the clinical outcomes
of orthodontic treatment in survivors can be on par with
outcomes in non-cancer patients. Several analyses have
shown that post-treatment occlusal results, dental
alignment, and patient satisfaction in well-managed
cancer survivor cases are equivalent to those of matched
control patients [6]. This suggests that cancer survivors,
despite their unique challenges, can achieve a functional
and aesthetic dentition and maintain it in the retention
phase, provided their treatment is handled with the
necessary expertise and care. Orthodontic rehabilitation,
therefore, plays a relevant role in comprehensive cancer
care — not during the acute life-saving phase, but as part
of the extended recovery and quality-of-life improvement
phase that follows [1]. Orthodontic management of
oncology patients epitomizes the need for interdisciplinary,
patient-centered care. The orthodontist must navigate a
landscape shaped by prior cancer therapy — altered
biology, higher risks, and sometimes competing medical
priorities — all while striving to improve the patient’s oral
function and psychosocial outlook. The therapeutic
complexities range from timing treatment around
chemotherapy and radiotherapy schedules to modifying
force application due to changes in bone remodeling
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dynamics. Despite these complexities, the pursuit of
orthodontic care in cancer survivors is justified by the
significant benefits in oral health and quality of life that
can be realized. This narrative review will examine the
clinical evidence on orthodontic interventions in cancer
patients, highlighting the unique risks and complications
involved, and will discuss strategies for safe, effective
treatment planning. Emphasis is placed on the critical
importance of a multidisciplinary approach and the role
of orthodontics in the broader context of survivorship,
ultimately aiming to guide clinicians in improving
outcomes for this vulnerable yet increasingly prevalent
patient population (Figure 1).

Pathophysiological Considerations

Cancer therapies profoundly affect the oral and
maxillofacial tissues, creating unique challenges for
orthodontic intervention [5]. Chemotherapy targets rapidly
dividing cells and thus also damages normal oral tissues
with high cellular turnover [33, 34]. The oral mucosa
often becomes thin and friable during chemotherapy,
predisposing patients to mucositis — painful ulcerations
and erosions of the mucous membranes [35]. Orthodontic
appliances (e.g., brackets and wires) can exacerbate this
by causing micro-trauma to the already compromised
epithelium, potentially worsening mucositis and
increasing infection risk [36]. Chemotherapy-induced
neutropenia and immunosuppression further heighten the
risk of opportunistic oral infections (bacterial, fungal, or
viral) and can delay healing of any orthodontically induced
lesions. In addition, certain chemotherapeutic agents and
adjunctive medications (such as corticosteroids used in
oncology protocols) disrupt bone remodeling and calcium
homeostasis [5, 37]. This can temporarily reduce the
rate of orthodontic tooth movement and may contribute
to a negative bone balance (increased osteoclastic
activity). In pediatric patients, cytotoxic treatment
during developmental years can injure developing tooth
buds and surrounding bone; this has been associated
with enamel hypoplasia, crown/root malformations,
and even agenesis of some teeth, depending on the age
and treatment intensity. Thus, the pathophysiological
impact of chemotherapy spans from soft tissue toxicity
to altered hard tissue physiology, all of which must be
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considered before and during orthodontic care [5, 38].
Radiation therapy, particularly to the head and neck
region, introduces another set of pathophysiological
concerns [39]. Radiotherapy causes direct damage
to salivary glands, bone, and the microvasculature
within irradiated fields. A common consequence is
xerostomia (salivary gland hypofunction), which leads
to thick saliva, altered oral pH, and a shift in the oral
microbiome [39]. The resultant dry mouth and ecological
changes dramatically increase the risk of dental caries
and periodontal disease over time. Moreover, radiation
impairs the blood supply to osseous structures by causing
endarteritis and fibrosis of blood vessels, leading to
hypovascular, hypoxic, and hypocellular bone tissue [40].
In an orthodontic context, this means tooth movement
in previously irradiated jaw segments can be slower
and less predictable due to reduced bone remodeling
capacity [41]. Perhaps the most critical issue is the risk of
osteoradionecrosis (ORN) in adult patients who received
high-dose radiation to the jaws —any invasive procedures
or even chronic minor trauma could precipitate bone
necrosis in these patients [42, 43]. While orthodontic
forces are generally less invasive than surgery, prolonged
or heavy force application in an irradiated mandible or
maxilla might contribute to localized tissue breakdown,
so extreme caution and gentle mechanics are warranted
[41]. In growing children, craniofacial radiation can arrest
growth in the field of exposure; for example, irradiation of
the jaws or cranial base may lead to micrognathia, midface
deficiency, or asymmetry as the child matures [40]. Teeth
that were developing during radiation may exhibit stunted
root formation or root dilaceration, resulting in short,
slender roots that are more prone to resorption under
orthodontic forces. These pathophysiological sequelae
of radiotherapy necessitate that orthodontists carefully
evaluate a cancer patient’s radiation history and its dosage/
distribution before planning tooth movement [40, 43].
Beyond chemotherapy and radiation, systemic aspects of
malignancy and its treatment also influence orthodontic
considerations in both pediatric and adult patients. For
instance, patients undergoing hematopoietic stem cell
transplantation can develop chronic graft-versus-host
disease (cGVHD) affecting the oral tissues, which presents
as persistent mucosal inflammation, lichenoid lesions, and
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salivary gland dysfunction [4, 41]. Such changes can make
the oral environment continuously fragile, complicating
any orthodontic appliance therapy [44]. Additionally,
oncology patients often experience nutritional deficiencies
or systemic illnesses that may impair wound healing and
tissue turnover in general, subtly affecting periodontal
response to orthodontic force [45, 46]. Pediatric oncology
patients pose a special concern regarding growth: cancer
treatment during growth years can lead to disproportionate
facial growth or premature closure of growth plates in
the jaw, resulting in malocclusions or jaw discrepancies
that would not have occurred otherwise. For example,
chemotherapy and especially head/neck radiation in a
young child can cause underdevelopment of the maxilla
or mandible, contributing to posterior crossbites or Class
[I/111 skeletal patterns that complicate future orthodontic
correction [47]. In contrast, adult cancer patients may not
face growth issues but could have other compounding
factors such as pre-existing periodontal disease or
restorations that require attention. An adult survivor
might present with reduced periodontal support as a result
of past therapy or age, making tooth movements riskier
due to potential tooth stability issues [47]. Furthermore,
certain cancer medications used more commonly in adults
— such as antiresorptive agents (e.g., bisphosphonates
or RANK-L inhibitors for metastatic bone disease) —
can significantly affect orthodontics by slowing tooth
movement and raising the risk of medication-related
osteonecrosis of the jaw (MRONYJ) if extractions or
invasive procedures are needed [41, 44, 48]. In summary,
the pathophysiological milieu in oncology patients is often
altered by the disease and its treatment: oral tissues may
be less resilient, teeth and bone may respond differently
to forces, and normal growth or healing patterns may
be disrupted. These considerations form the biological
backdrop against which any orthodontic intervention must
be planned, highlighting the need for a tailored approach
in this population [3, 49], as shown in Table 1.

Clinical Evidence and Observations

Despite the above challenges, clinical evidence
suggests that orthodontic intervention in oncology
patients is feasible and can yield benefits, provided
treatment is properly managed. Over the past decades,

Table 1. Pathophysiological Considerations and Orthodontic Implications in Oncology Patients

Pathophysiological Aspect Effects Orthodontic Implications References
Chemotherapy Mucosal damage (mucositis); Exacerbation of appliance-induced trauma; delayed [5, 33-38]
neutropenia and immunosuppression lesion healing; increased infection risk
Radiotherapy (Head & Neck) Xerostomia; hypovascular, hypoxic, Slower, less predictable tooth movement; risk of [39-43]
hypocellular bone osteoradionecrosis if forces are heavy or prolonged
Hematopoietic Stem Cell Transplant Chronic mucosal inflammation; Continuously fragile oral tissues; challenges with [4, 41, 44]
(cGVHD) lichenoid lesions; salivary gland appliance placement and retention
dysfunction
Anti-resorptive Medications Inhibited bone remodeling; risk of Very slow tooth movement; avoidance of extractions [41, 44, 48]
(bisphosphonates, RANK-L inhibitors) medication-related osteonecrosis of the or other invasive procedures
jaw (MRONJ)
Systemic Factors Nutritional deficiencies; Reduced periodontal response; necessity for lighter, [45-46]
(Nutrition & Healing) impaired wound healing more controlled force application
Pediatric Growth Effects Injury to developing tooth buds; Root malformations; risk of root resorption; complex [5, 47]

enamel hypoplasia; altered jaw growth

treatment planning due to skeletal discrepancies
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improvements in cancer survival (especially in childhood
cancers) have resulted in a growing cohort of patients who
seek orthodontic care during or after cancer treatment.
Consequently, a number of studies — including case reports,
retrospective analyses, and a few systematic reviews —
have documented outcomes of orthodontic treatment in
both pediatric and adult cancer patient groups [3, 6, 8].
Overall, these studies indicate that cancer survivors can
achieve orthodontic results comparable to those of healthy
individuals in terms of dental alignment and occlusal
improvement [6]. In particular, patient-reported outcomes
like aesthetic satisfaction and oral health-related quality
of life after orthodontic treatment show no significant
differences between cancer survivors and matched
controls without a cancer history. These observations are
encouraging, as they suggest that a history of malignancy,
in itself, does not preclude successful orthodontic
correction of malocclusions [1]. However, the clinical
evidence also underscores important differences and
considerations. For example, a recent systematic review
focusing on childhood cancer survivors noted that while
acceptable orthodontic outcomes were attainable, the
orthodontic treatment approach and duration were often
altered compared to typical protocols [6]. Some cohorts
of survivors had shorter overall treatment times and
somewhat compromised final occlusal outcomes, possibly
reflecting a more conservative treatment philosophy
adopted by clinicians [8]. In the same review, common
orthodontic complications reported in survivors included
root resorption beyond what is normally expected and
episodes of oral mucositis coinciding with treatment
[6]. Notably, one study cited in the review found no
instances of significant root resorption in survivors whose
orthodontic treatment was completed within 12 months,
whereas longer treatments were associated with increased
resorption rates, suggesting that limiting treatment duration
may mitigate this particular risk. Reduced stability of
orthodontic results during the retention phase has also been
observed in some cancer survivor groups [50]. This could
be due to altered bone turnover or growth changes post-
therapy — for instance, a child who had intensive therapy
might experience an abnormal eruption pattern or growth
spurt later that destabilizes the corrected alignment. As a
result, some authors recommend prolonged or more robust
retention strategies for survivors, such as fixed retainers
or long-term use of removable retainers, to counteract
any latent instability [6]. The influence of active cancer
therapy on orthodontic outcomes has also been explored.
A meta-analysis examining orthodontic treatment
success in patients undergoing chemotherapy (often in
hematological malignancies) found that approximately
60% of pediatric patients on active chemo were able to
achieve ideal or near-ideal orthodontic results [5]. This
indicates that even during ongoing cancer treatment,
partial orthodontic intervention (usually limited or
palliative orthodontics) can be effective in selected
cases. Nevertheless, the same analysis reported that
chemotherapy was associated with reduced treatment
efficiency for certain types of tooth movement and
malocclusion correction, meaning that tooth movement
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could be slower or less pronounced under cytotoxic
therapy conditions [4]. Orthodontic tooth movement relies
on a delicate balance of bone resorption and formation;
chemotherapy’s impact on cellular turnover likely explains
this reduced efficacy. Radiation therapy, according to
clinical reports, tends to have a more pronounced effect
on hard tissues: patients who had received head/neck
radiotherapy show a higher incidence of treatment-related
root resorption and developmental dental anomalies
(such as microdontia or hypoplastic teeth) when later
undergoing orthodontics, compared to those who only
had chemotherapy [10]. These radiation-associated
dental changes require the orthodontist to be vigilant; for
instance, short, blunted roots from childhood radiation can
shorten further with orthodontic stress, and microdontia
might necessitate restorative work (bonded buildups
or prosthetic crowns) in conjunction with orthodontics
to achieve proper esthetics and function [2]. Clinical
observations in the literature also highlight the importance
of timing and interdisciplinary coordination (addressed
in the next section). Case reports have described both
pediatric and adult scenarios to illustrate optimal
management. For instance, in a published case series of
adolescent leukemia survivors who began orthodontic
treatment approximately 2—3 years post-chemotherapy,
all patients were able to complete treatment successfully
without any interruptions for medical reasons, and none
developed severe complications beyond mild mucosal
irritation [8]. These cases emphasized meticulous oral
hygiene and close communication with the oncologists
regarding the patients’ immune status. In contrast, there are
reports of patients who attempted orthodontic treatment
too soon during marrow transplant recovery or during
active chemotherapy and experienced severe mucositis
or candidiasis flares, leading to premature removal of
appliances. Such outcomes reinforce the consensus
that elective orthodontics should be postponed until the
patient’s systemic health is robust enough [3]. In adult
oncology patients, the literature often focuses on those
treated for head and neck cancers. While comprehensive
orthodontic treatment in older adults is less common,
orthodontics may be employed as part of rehabilitation
— for example, to reposition teeth prior to prosthetic
obturation of a maxillary resection, or to align teeth for
better function after mandibular segmental surgery. These
reports note that tooth movement in irradiated or surgically
altered bone is achievable but can be significantly
prolonged and requires lighter forces and longer pauses
between activations [51]. They also document unique
challenges such as trismus (from radiation fibrosis)
limiting the ability to place and adjust appliances, or scar
tissue from surgery altering the path of tooth movement
[10]. Despite these difficulties, positive outcomes like
improved chewing function or prosthesis fit have been
reported, demonstrating the valuable role orthodontics
can play in the multidisciplinary care of cancer survivors
[10]. Finally, several studies and reviews point out that
cancer survivors often present with atypical orthodontic
problems as sequelae of their disease or treatment. For
example, children who received chemotherapy at a young
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age may present in adolescence with missing incisors
or molars (due to extraction of carious teeth during
treatment or agenesis), arrested root development, or a
class II malocclusion resulting from radiation-induced
mandibular growth attenuation [52]. Addressing these
issues orthodontically often requires creative solutions and
often cannot rely on standard protocols alone. Similarly,
adults who had childhood cancer might show significant
enamel dysplasia and increased caries experience,
requiring that orthodontic treatment be coordinated with
restorative dentistry to restore teeth before or during tooth
movement [2]. The evidence base for all these scenarios
is still developing; long-term studies are relatively few.
Nonetheless, the accumulating clinical observations affirm
that with proper precautions, orthodontic intervention
can be part of comprehensive care for oncology patients.
The key is recognizing the modifications needed and the
potential for increased complexity, as documented by the
cases and research to date [26].

Treatment Planning and Interdisciplinary Management

Successful orthodontic treatment in oncology patients
hinges on meticulous planning and close collaboration
among healthcare providers. Given the medical complexity
of these patients, an interdisciplinary approach is essential
from the outset [25]. Orthodontists must coordinate with
oncologists, pediatricians, oral surgeons, general dentists,
and often other specialists to ensure that timing, treatment
choices, and monitoring are all optimized for the patient’s
health [46]. What follows are key considerations and
strategies in planning orthodontic care for both pediatric
and adult oncology patients [4, 25]:

* Timing of Intervention: Elective orthodontic
treatment is generally deferred until cancer therapy is
completed and the patient is medically stable [4, 7].
Initiating orthodontics during active chemotherapy
or radiotherapy is usually contraindicated due to high
complication rates [53]. In pediatric cases, experts often
recommend waiting at least 1-2 years after completion
of therapy (and achieving disease-free remission) before
commencing orthodontic work [7-8]. This delay allows
recovery of the immune system and salivary function,
and it ensures the immediate risk of cancer relapse has
passed, reducing the likelihood that orthodontic treatment
will be interrupted or complicated by emergent medical
issues. During this waiting period, only essential dental
procedures (such as extractions of highly infected teeth or
placement of space maintainers) are performed, whereas
definitive orthodontic appliances are placed later at a safer
time [3, 26, 53].

* Pre-Treatment Dental Assessment: Before beginning
orthodontics, a comprehensive dental evaluation is critical
to address any existing issues and to document baseline
conditions [3]. All patients should receive a thorough
exam with radiographs to identify cavities, periodontal
concerns, or latent infections; any necessary restorative
work or extractions should ideally be completed prior to
orthodontic appliance placement [8]. This is particularly
important for oncology patients because active orthodontic
appliances can hinder certain dental treatments and any
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oral infection during cancer therapy can be life-threatening
[5]. In survivors of childhood cancer, the pre-treatment
assessment should also include evaluation of dental
developmental anomalies caused by past therapy — for
instance, checking for missing teeth, root malformations,
or enamel defects that are common in this population [4].
These findings will influence the treatment plan (e.g., a
missing second premolar might mean the orthodontist will
close space or plan for an implant with spacing, whereas
short roots might dictate very light force application).
Baseline records of periodontal health and tooth vitality
are also advisable, as past radiation or chemotherapy
might have caused subclinical changes in the periodontal
ligament or pulp that could affect how teeth respond to
movement [6, 26].

» Orthodontic Appliance Selection and Mechanics:
Oncology patients benefit from a customized appliance
strategy aimed at minimizing risk [4]. Using lighter
forces and longer intervals between adjustments is widely
recommended to mitigate the risk of root resorption and
allow ample time for tissue recovery [6]. For example,
rather than the routine 4-week adjustment cycle, an
orthodontist might see a cancer survivor every 6—8
weeks to give the periodontal ligament more time to
rebuild between activations [8]. Appliance choice is also
important: brackets with smooth, rounded contours or
fully bonded appliances (without sharp hooks) can reduce
mucosal irritation in a patient prone to ulceration [5].
Some clinicians prefer using clear aligner therapy (when
suitable for the case) in oncology patients, as aligners can
be removed to facilitate excellent oral hygiene and tend to
cause less soft-tissue trauma compared to braces [54, 55].
If fixed appliances are used, adjuncts like custom archwire
covers, wax, or silicone guards over brackets can protect
the mucosa during episodes of mucositis. It is also prudent
to simplify the treatment objectives and mechanics — for
instance, limiting treatment to alignment of anterior teeth
or improvement of primary occlusal issues first, rather than
a comprehensive long-term plan, especially if the patient’s
prognosis or tolerance is uncertain. In some cases, phase
I (limited) treatment is done to address urgent functional
or psychosocial needs, with phase II planned after full
recovery, thereby breaking the treatment into manageable
stages [3, 6, 56].

* Preventive Care and Oral Hygiene: Rigorous
preventive dentistry must accompany orthodontic
treatment in this high-risk group. Protocols should be
in place for intensive oral hygiene instruction, frequent
professional cleanings, and the daily use of fluoride
supplements (such as fluoride gels or rinses) to counteract
xerostomia-induced caries risk [57, 58]. Patients who have
reduced salivary flow or acid reflux from treatments may
benefit from remineralizing agents and salivary substitutes
to protect tooth enamel during orthodontics [3]. Diet
counseling is also part of preventive strategy — oncology
patients (especially children) and their families should be
advised to minimize sugary or acidic foods and to maintain
good hydration, which can help mitigate some oral side
effects of therapy [59]. Orthodontic hardware inherently
makes plaque control more challenging; therefore, tools
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like powered toothbrushes, water irrigation devices,
and antimicrobial mouthrinses (e.g., chlorhexidine or
alcohol-free antiseptics) are recommended as adjuncts
[60]. The orthodontic team should closely monitor
for decalcifications (white spot lesions) or gingival
inflammation at every visit, intervening early if such issues
arise, since the patient’s ability to tolerate bacterial plaque
is already compromised by their medical history [58].

* Monitoring and Managing Complications: Once
active orthodontic treatment is underway, careful
monitoring for any complications is essential. Regular
radiographic assessments (e.g., periodic periapical or
panoramic films) can be scheduled to detect root resorption
early, particularly in patients with a history of radiotherapy
to the jaws or known short roots [8, 51]. If any tooth shows
progressive root shortening, the clinician should consider
pausing movement on that tooth or using very light forces,
and in extreme cases, treatment may be aborted for that
tooth to prevent tooth loss [61]. Soft tissue health must
also be continuously evaluated: persistent ulcers, gingival
overgrowth, or candidiasis outbreaks require prompt
management (topical corticosteroids for ulcers, excision
of fibrous gingival tissue, antifungal medications, etc.)
and might necessitate temporarily halting orthodontic
adjustments until the tissues recover [3]. In patients who are
still on maintenance medications (for example, low-dose
chemotherapy or immunosuppressants), coordination with
their physician is necessary if prophylactic antibiotics or
hematologic support (like transfusions or growth factors)
are needed for dental procedures. By anticipating these
issues, the orthodontist can adjust the treatment plan
dynamically — for instance, extending the retention phase
or switching to a passive appliance for a few months if
the patient encounters a health setback [24].

* Interdisciplinary Collaboration: Coordination
between disciplines is the cornerstone of treating
orthodontic patients with an oncologic history. Prior to
treatment, the orthodontist should confer with the oncology
team to obtain a detailed medical history, including the type
of cancer, treatment modalities received (chemotherapy
agents, radiation field and dose, surgery details), and any
long-term health considerations (such as cardiac or growth
issues from therapy) [26, 62]. This information guides
the risk assessment and treatment modifications. During
active orthodontic care, communication with the patient’s
physician is important to schedule orthodontic procedures
at optimal times — for example, avoiding adjustments
during periods of pronounced immunosuppression or
lining up any necessary dental extractions with times
when blood counts are adequate or when the patient can
receive supportive care like platelet transfusions if needed
[24]. If the patient had high-dose head/neck radiation, an
oral surgeon and radiation oncologist should be consulted
before any extractions or jaw surgery; in some adult cases,
the use of hyperbaric oxygen therapy is considered to
improve healing if invasive procedures are unavoidable in
an irradiated jaw [4]. For pediatric patients, involvement
of a pediatric dentist is beneficial for guidance on growth
and development, as well as managing the mixed dentition
or primary teeth that might be present when orthodontic
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planning begins [63]. Orthodontic care in such cases might
be part of a long-term continuum of dental care that started
during the child’s cancer treatment (e.g., maintaining space
for prematurely lost teeth or habit appliances if needed)
and now transitions into corrective mechanics — seamless
coordination ensures no aspect is overlooked. Moreover,
other specialists like prosthodontists or periodontists may
need to be enlisted: a prosthodontist’s input is crucial if
the patient will require prosthetic rehabilitation (implants,
dentures) after orthodontics, so that tooth movements
are planned to optimize prosthetic spaces. A periodontist
might help manage any therapy-induced periodontal
problems (such as chronic gingival fibrosis or recession) to
create a healthier foundation for tooth movement [64, 65].
Regular team meetings or at least correspondence can keep
everyone updated on the patient’s progress and health
status. Ultimately, this interdisciplinary management aims
to balance orthodontic objectives with the overarching
medical needs of the patient, ensuring that the treatment
proceeds safely and effectively. By integrating oncologic
considerations into orthodontic planning — from timing
and mechanics to hygiene and follow-up — clinicians can
navigate the therapeutic complexities and provide these
patients with improved dental function and esthetics
without compromising their health [6, 62].

In conclusion, in recent years, the integration of
advanced computational software for special sciences
[66-68], the rapid expansion of nanotechnology and
intelligent drug-delivery systems in cancer treatment
[69-87], and the application of machine learning and
artificial intelligence algorithms to environmental
forecasting and the optimization of renewable energy
resources [88-94] have paved the way for enhanced
accuracy, efficiency, and personalization across
engineering, medical, and environmental disciplines.
Rapid advances in nanotechnology, biomaterials, and
lifestyle-based interventions are reshaping the way
clinicians manage orthodontic care for cancer survivors.
Nano-carriers such as liposomes and niosomes can
concentrate chemotherapeutics within tumours, thereby
reducing systemic toxicity and making subsequent
tooth movement safer [95, 96]. Locally implanted drug-
releasing scaffolds [97] and smart wound-healing patches
[98] give dentists finer control over post-treatment
inflammation, while bioactive regenerative scaffolds
facilitate jaw-bone reconstruction [99]. Complementary
strategies including balanced dietary patterns and targeted
nutraceuticals further support periodontal and osseous
health [100, 101]. Conversely, patient-specific factors such
as smoking habits [102] and the physicochemical profile
of the formulation [ 103] still require careful consideration
during treatment planning.

Looking ahead, light- or radiation-responsive
nanoparticle therapies [104] foreshadow orthodontic
materials capable of delivering drugs precisely where
and when they are needed. Collectively, these innovations
underscore the increasingly multidisciplinary nexus
between oncology and contemporary orthodontics.

Orthodontic care for cancer survivors represents a
unique intersection between dental science and complex
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medical history. As survival rates for pediatric and adult
cancers continue to improve, a growing number of patients
present for orthodontic evaluation after undergoing
chemotherapy, radiotherapy, or hematopoietic stem cell
transplantation. These treatments, while lifesaving, can
cause significant and long-lasting changes to both hard
and soft oral tissues ranging from dental developmental
anomalies (such as hypodontia, microdontia, and root
malformations) to systemic complications like xerostomia,
mucosal fragility, and compromised bone metabolism.
The success of orthodontic treatment in this medically
vulnerable population depends on early recognition of
these sequelae and the implementation of a meticulously
tailored treatment plan. Elective orthodontic care should
be deferred until the patient is medically stable and
cancer-free, typically one to two years post-treatment
in pediatric cases. Comprehensive pre-treatment dental
assessment including radiographic documentation of
dental anomalies and periodontal health is essential to
guide safe and effective therapy. Orthodontic mechanics
must be modified accordingly. Gentle forces, extended
adjustment intervals, simplified treatment objectives,
and the selective use of clear aligners or protective
adjuncts can help minimize the risk of complications
such as root resorption or mucosal injury. Preventive
dentistry plays a parallel role, with rigorous oral hygiene
protocols, fluoride supplementation, and dietary guidance
forming the cornerstone of caries and soft tissue disease
prevention. Moreover, clinicians must remain vigilant
for complications during active treatment and be ready
to adjust plans dynamically in response to emerging oral
or systemic concerns. Equally critical is interdisciplinary
collaboration. Effective communication between
orthodontists, oncologists, pediatricians, oral surgeons,
and other specialists ensures that orthodontic interventions
align with the patient’s overall health status and treatment
timeline. Coordination allows for safe scheduling of
extractions or adjustments, timely management of adverse
effects, and integration of prosthetic or periodontal
needs when applicable. Despite the inherent challenges,
the literature affirms that with appropriate precautions
orthodontic outcomes in cancer survivors can parallel
those of healthy individuals in terms of dental alignment,
occlusion, and patient satisfaction. Beyond function and
esthetics, orthodontic care in this context contributes
meaningfully to quality of life by restoring oral comfort,
masticatory efficiency, facial balance, and self-esteem.
In this way, orthodontics becomes a vital component of
long-term survivorship care bridging the gap between
disease recovery and holistic rehabilitation.

Acknowledgments

Statement of Transparency and Principals:
* Author declares no conflict of interest
* Study was approved by Research Ethic Committee
of author affiliated Institute.
* Study’s data is available upon a reasonable request.
* All authors have contributed to implementation of
this research.

Ramin Moravedeh: The Influence of Orthodontic Intervention on Oncology Patients: A Review of Clinical

References

1. Mitus-Kenig M, Derwich M, Czochrowska E, Pawlowska E.
Quality of Life in Orthodontic Cancer Survivor Patients-A
Prospective Case-Control Study. International Journal
of Environmental Research and Public Health. 2020 08
12;17(16):5824. https://doi.org/10.3390/ijerph17165824

2. Zarina rsr, Nik-Hussein NN. Dental abnormalities of a long-
term survivor of a childhood hematological malignancy:
literature review and report of a case. The Journal of
Clinical Pediatric Dentistry. 2005;29(2):167-174. https://
doi.org/10.17796/jcpd.29.2.hq7307703428nt3v

3. Fernandes G. Orthodontic Care in Pediatric Cancer
Survivors: A Review. 2020;. https://doi.org/10.37191/
mapsci-2582-3736-2(3)-034

4. Dahlléf G, Huggare J. Orthodontic considerations in the
pediatric cancer patient: A review. Seminars in Orthodontics.
2004 Dec 01;10(4):266-276. https://doi.org/10.1053/].
$0d0.2004.09.007

5. Mishra S. Orthodontic Therapy for Paediatric Cancer
Survivors: A Review. Journal of clinical and diagnostic
research: JCDR. 2017 03;11(3):ZE01-ZE04. https://doi.
org/10.7860/JCDR/2017/23916.9404

6. Karvelas N, Ntanasis-Stathopoulos I, Makrygiannakis
MA, Gavriatopoulou M, Kaklamanos. Characteristics
of Orthodontic Treatment in Cancer Survivors: A
Systematic Review. Journal of Clinical Medicine. 2024
05 12;13(10):2858. https://doi.org/10.3390/jcm13102858

7. Sheller B, Williams B. Orthodontic management of patients
with hematologic malignancies. American Journal of
Orthodontics and Dentofacial Orthopedics: Official
Publication of the American Association of Orthodontists,
Its Constituent Societies, and the American Board of
Orthodontics. 1996 06;109(6):575-580. https://doi.
org/10.1016/s0889-5406(96)70068-9

8. Dahllof G, Jonsson A, Ulmner M, Huggare J. Orthodontic
treatment in long-term survivors after pediatric bone
marrow transplantation. American Journal of Orthodontics
and Dentofacial Orthopedics: Official Publication of the
American Association of Orthodontists, Its Constituent
Societies, and the American Board of Orthodontics.
2001 Nov;120(5):459-465. https://doi.org/10.1067/
mod.2001.118102

9. Kim T, Choi N, Kim S. Managing Short Root Anomalies in
Pediatric Cancer Survivors: Utilizing Resin Wire Splints
and Miniscrews for Skeletal Anchorage . The Journal Of
The Korean Academy Of Pedtatric Dentistry. 2024 Dec 09;.
https://doi.org/10.5933/JKAPD.2024.51.1.88

10. Kim J, Jih M. An orthodontic approach for Class III
malocclusion in a pediatric cancer patient: A case report. Oral
Biology Research. 2024 Dec 09;. https://doi.org/10.21851/
0br.43.01.201903.103

11. Mitus-Kenig M, Loboda M, Marcinkowska-Mitu$ A, Durka-
Zajac M, Pawlowska E. Orthodontic treatment in oncological
patients. Przeglad Lekarski. 2015;72(5):243-245.

12. Akitomo T, Ogawa M, Kaneki A, Nishimura T, Usuda
M, Kametani M, Kusaka S, et al. Dental Abnormalities
in Pediatric Patients Receiving Chemotherapy. Journal of
Clinical Medicine. 2024 05 13;13(10):2877. https://doi.
0rg/10.3390/jcm13102877

13. Cetiner D, Cetiner S, Uraz A, Alpaslan GH, Alpaslan C, Toygar
Memikoglu TU, Karadeniz C. Oral and dental alterations and
growth disruption following chemotherapy in long-term
survivors of childhood malignancies. Supportive Care in
Cancer: Official Journal of the Multinational Association

74 Asian Pacific Journal of Cancer Nursing



apjcn.waocp.com

14.

15.

16.

17.

18.

19.

of Supportive Care in Cancer. 2019 05;27(5):1891-1899.
https://doi.org/10.1007/s00520-018-4454-0

Minicucci EM, Lopes LF, Crocci AJ. Dental abnormalities
in children after chemotherapy treatment for acute lymphoid
leukemia. Leukemia Research. 2003 01;27(1):45-50. https://
doi.org/10.1016/s0145-2126(02)00080-2

Makdissi J, Sleeman D. Dental and maxillofacial
abnormalities following treatment of malignant tumours
in children. Irish Medical Journal. 2004 03;97(3):86-88.
https://doi.org/11111

Souza BDAF, Maglia DR, Lima TB, Silveira HLD, Visioli F.
Systemic sequelae and craniofacial development in survivors
of pediatric rhabdomyosarcoma. Journal of Stomatology,
Oral and Maxillofacial Surgery. 2025 02;126(1):102024.
https://doi.org/10.1016/j.jormas.2024.102024

Muraki Y, Shioyasono A, Nishii M, Takeda D, Kusumoto J,
Akashi M. Dental dysplasia in childhood cancer survivors:
a case series of permanent tooth abnormalities. Oral and
Maxillofacial Surgery. 2024 Nov 14;29(1):9. https://doi.
org/10.1007/s10006-024-01304-4

Lee Y, Kim J, Choi N, Kim S. Oral Complications after
Antineoplastic Treatment in Pediatric Patients. The Journal
Of The Korean Academy Of Pedtatric Dentistry. 2019;.
https://doi.org/10.5933/jkapd.2019.46.3.239

Zulijani A, Zigante M, Morelato L, Peri¢ B, Milardovi¢
A. Oligomicrodontia in a Pediatric Cancer Survivor
after Chemotherapy: A Case Report. Healthcare (Basel,
Switzerland). 2022 08 12;10(8):1521. https://doi.
org/10.3390/healthcare10081521

20. Gandhi K, Datta G, Ahuja S, Saxena T, G Datta A. Prevalence

21.

22.

23.

24.

25.

26.

27.

of Oral Complications occurring in a Population of Pediatric
Cancer Patients receiving Chemotherapy. International
Journal of Clinical Pediatric Dentistry. 2017;10(2):166-171.
https://doi.org/10.5005/iD-iournals-10005-1428

Goh EZ, Beech N, Johnson NR, Batstone M. The dental
management of patients irradiated for head and neck cancer.
British Dental Journal. 2023 06;234(11):800-804. https://doi.
org/10.1038/s41415-023-5864-z

Dirix P, Nuyts S, Van den Bogaert W. Radiation-induced
xerostomia in patients with head and neck cancer: a literature
review. Cancer. 2006 Dec 01;107(11):2525-2534. https://doi.
org/10.1002/cncr.22302

Jaguar GC, Prado JD, Campanha D, Alves FA. Clinical
features and preventive therapies of radiation-induced
xerostomia in head and neck cancer patient: a literature
review. Applied Cancer Research. 2017 08 15;37(1):31.
https://doi.org/10.1186/s41241-017-0037-5

Ritwik P, Chrisentery-Singleton TE. Oral and dental
considerations in pediatric cancers. Cancer Metastasis
Reviews. 2020 03;39(1):43-53. https://doi.org/10.1007/
$10555-020-09842-5

Michalak I, Kusmierczyk D, Bluj-Komarnitka K, Rayad
S, Zadurska M. Radiological imaging and orthodontic
treatment in the case of growing patients after oncological
treatment: Case reports. Dental and Medical Problems.
2019;56(2):209-215. https://doi.org/10.17219/dmp/105958
Neill CC, Migliorati C, Trojan T, Kaste S, Karydis A,
Rowland C, Parris W. Experience and expertise regarding
orthodontic management of childhood and adolescent
cancer survivors. American Journal of Orthodontics
and Dentofacial Orthopedics: Official Publication of the
American Association of Orthodontists, Its Constituent
Societies, and the American Board of Orthodontics.
2015 Nov;148(5):765-770. https://doi.org/10.1016/j.
ajodo.2015.05.027

Guideline on Dental Management of Pediatric Patients

28.

29.

30.

3

—_

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Ramin Moravedeh: The Influence of Orthodontic Intervention on Oncology Patients: A Review of Clinical

Receiving Chemotherapy, Hematopoietic Cell
Transplantation, and/or Radiation Therapy. Pediatric
dentistry. 2016;38(6):334-342.
Iglesias-Linares A, Morford LA, Hartsfield JK. Bone Density
and Dental External Apical Root Resorption. Current
Osteoporosis Reports. 2016 Dec;14(6):292-309. https://doi.
org/10.1007/s11914-016-0340-1

Roberts-Harry D, Sandy J. Orthodontics. Part 11:
Orthodontic tooth movement. British Dental Journal, 196,
.2004;196:391-394. https://doi.org/10.1038/sj.bdj.4811129
Tsilosani N, Natsvlishvili N, Mirvelashvili E, Zerekidze
T. The Correlation between the Bone Morphotype and
Density and Root Apical Resorption of the Anterior Teeth
Due to Orthodontic Forces. European Scientific Journal,
ESJ.20(37). https://doi.org/10.19044/esj.2024.v20n37p155

. Shoji-Matsunaga A, Ono T, Hayashi M, Takayanagi H,

Moriyama K, Nakashima T. Osteocyte regulation of
orthodontic force-mediated tooth movement via RANKL
expression. Scientific Reports. 2017 08 18;7(1):8753. https://
doi.org/10.1038/s41598-017-09326-7

Mitus-Kenig M, Derwich M, Czochrowska E, Pawlowska E.
Comparison of Oral Health Impact Profile (OHIP-14) Values
in Cancer Survivor Patients Treated Orthodontically with
Either Rapid or Standard Duration Protocols of Treatment-A
Prospective Case-Control Study. International Journal of
Environmental Research and Public Health. 2020 Dec
04;17(23):9068. https://doi.org/10.3390/ijerph17239068
Parulekar W, Mackenzie R, Bjarnason G, Jordan RC. Scoring
oral mucositis. Oral Oncology. 1998 01;34(1):63-71. https://
doi.org/10.1016/s1368-8375(97)00065-1

Murphy BA. Clinical and economic consequences of
mucositis induced by chemotherapy and/or radiation therapy.
The Journal of Supportive Oncology. 2007 Oct;5(9 Suppl
4):13-21. https://doi.org/III1

Cawley MM, Benson LM. Current trends in managing oral
mucositis. Clinical Journal of Oncology Nursing. 2005
Oct;9(5):584-592. https://doi.org/10.1188/05.CJON.584-592
Manuelli M, Marcolina M, Nardi N, Bertossi D, De Santis D,
Ricciardi G, Luciano U, et al. Oral mucosal complications
in orthodontic treatment. Minerva Stomatologica.
2019 04;68(2):84-88. https://doi.org/10.23736/S0026-
4970.18.04127-4

Filon A, Vozny O, Kolesnik O. Modern treatment of oral
mucositis as a complication of chemotherapeutic treatment
of patients with breast cancer. Clinical case. Journal
of Education, Health and Sport.10:337-45. https://doi.
org/10.12775/JEHS.2020.10.11.034

Kawazoe A, Inubushi T, Miyauchi M, Ishikado A, Tanaka
E, Tanne K, Takata T. Orally administered liposomal
lactoferrin inhibits inflammation-related bone breakdown
without interrupting orthodontic tooth movement. Journal
of Periodontology. 2013 Oct;84(10):1454-1462. https://doi.
org/10.1902/jop.2012.120508

Sonis ST, Fey EG. Oral complications of cancer therapy.
Oncology (Williston Park, N.Y.). 2002 05;16(5):680-686;
discussion 686, 691-692, 695.

Rosenberg SW. Oral complications of cancer therapies.
Chronic dental complications. NCI monographs: a
publication of the National Cancer Institute. 1990;(9):173-
178.

Morita H, ImaiY, Yoneda M, Hirofuji T. Applying orthodontic
tooth extrusion in a patient treated with bisphosphonate
and irradiation: a case report. Special Care in Dentistry:
Official Publication of the American Association of Hospital
Dentists, the Academy of Dentistry for the Handicapped,
and the American Society for Geriatric Dentistry. 2017

Asian Pacific Journal of Cancer Nursing

75



apjcn.waocp.com

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

01;37(1):43-46. https://doi.org/10.1111/scd.12190
Pragnya U, VamseeKrishna N, Dattaprasad S, Sunilkumar S.
Endodontic Treatment In A Patient Previously Treated For
Squamous Cell Carcinoma Of The Premaxilla And Upper
Gingivobuccal Sulcus: A Case Report. International journal
of scientific research. 2020;9.

Singh A, Huryn JM, Kronstadt KL, Yom SK, Randazzo JR,
Estilo CL. Osteoradionecrosis of the jaw: A mini review.
Frontiers in Oral Health. 2022;3:980786. https://doi.
org/10.3389/froh.2022.980786

Woolley J, Akintola O, Yates J, Calasans-Maia MD,
Albuquerque Calasans-Maia J, Kocherhina I, Sacco
R. The risk of osteonecrosis of the jaw and adverse
outcomes in patients using antiresorptive drugs undergoing
orthodontic treatment: A systematic review. Heliyon. 2021
01;7(1):e05914. https://doi.org/10.1016/j.heliyon.2021.
e05914

Hickory W, Nanda R. Nutritional Considerations in
Orthodontics. Dental Clinics of North America. 1981
01 01;25(1):195-201. https://doi.org/10.1016/S0011-
8532(22)02833-6
Kaur P, Ahluwalia R, Verma D, Garg H, Sharma K. Dietary
considerations for patients undergoing orthodontic treatment:
A review. Santosh University Journal of Health Sciences.
2019;. https://doi.org/10.18231/2455-1732.2018.0015
Kalfarentzos E, Chliaoutakis A, Ntagiantis G, Vardas E,
Christopoulos P. Orthodontic treatment as triggering factor
of Medication Related Osteonecrosis of the Jaw in a breast
cancer patient. Report of a rare case. Journal of Clinical and
Experimental Dentistry. 2023 04;15(4):e351-e356. https://
doi.org/10.4317/jced.60046

Tichit M, Gebeile-Chauty S. [Bisphosphonates: how to
proceed in orthodontics]. L’ Orthodontie Francaise. 2022 Dec
01;93(4):333-351. https://doi.org/10.1684/orthodfr.2022.103
Ghoneima AA, Allam ES, Zunt SL, Windsor LJ.
Bisphosphonates treatment and orthodontic considerations.
Orthodontics & Craniofacial Research. 2010 02;13(1):1-10.
https://doi.org/10.1111/.1601-6343.2009.01472.x
Mitus-Kenig M, Derwich M, Czochrowska E, Pawlowska
E. Cancer survivors present significantly lower long-term
stability of orthodontic treatment: a prospective case-
control study. European Journal of Orthodontics. 2021 Dec
01;43(6):631-638. https://doi.org/10.1093/ejo/cjaa083
Peanchitlertkajorn S, Wangpichit K, Winalukwong
L. Surgical-Orthodontic Management of Mandibular
Hypoplasia with Severely Short-Rooted Dentition Secondary
to Anti-Leukemic Treatment: A Case Report. 2017;:1-5.
https://doi.org/10.4172/2471-8726.1000136
Akharzouz C, Chauty S, Bodard A. Children who received
aradiotherapy treatment of the cranio-cervico-facial region:
appraisal of the orthodontic treatment need. L’ Orthodontie
Francaise. 2013 06;84(2):157-168. https://doi.org/10.1051/
orthodfr/2013047

Boyer E, Robert G, Gandemer V, Bonnaure-Mallet M.
Orthodontic strategies in pediatric oncology. Journal of
Dentofacial Anomalies and Orthodontics. 2017;20:104.
https://doi.org/10.1051/ODFEN/2016035

Jyotirmay N, Singh SK, Adarsh K, Kumar A, Gupta AR,
Sinha A. Comparison of Apical Root Resorption in Patients
Treated with Fixed Orthodontic Appliance and Clear
Aligners: A Cone-beam Computed Tomography Study.
The Journal of Contemporary Dental Practice. 2021 07
01;22(7):763-768.

Chhabria V, Sachdev R, Reddy A, Khan Y, Ponnusamy A,
Rohini T. Root resorption in orthodontic treatment with clear
aligners: A systematic review. Journal of Contemporary
Orthodontics. 2024 Dec 10;. https://doi.org/10.18231/j.

56.

57.

58.

59.

60.

61.

62.

Ramin Moravedeh: The Influence of Orthodontic Intervention on Oncology Patients: A Review of Clinical

jc0.2024.018
Tsui V, Alkhal H, Hou H, Wong R, Rabie B. Title The
modified two-by-one fixed orthodontic appliance for
bodilymovement of canine: a case report. 2009;.
Dénes J, Gabris K. Results of a 3-year oral hygiene
programme, including amine fluoride products, in patients
treated with fixed orthodontic appliances. European Journal
of Orthodontics. 1991 04;13(2):129-133. https://doi.
org/10.1093/ejo/13.2.129
Almutairi R, Alturaif D, Alanzi L. Importance of Oral
Hygiene in Orthodontic Treatment. Saudi Journal of Oral and
Dental Research. 2024 Dec 02;. https://doi.org/10.36348/
sjodr.2023.v08i03.001
Stojkovi¢ N, Petrovi¢ D. Oral hygiene in patients with
orthodontic appliances. Education and Research in Health
Sciences. 2023;2(1):48-56. https://doi.org/10.5937/erhs2-
43899
Al Hariri MH, Karkoutly M, Al Kurdi S, Alkassar M,
Bshara N. The efficacy of the dental Water Jet, orthodontic,
and conventional toothbrushes in plaque removal around
orthodontic braces in adolescents: A randomized controlled
trial. Clinical and Experimental Dental Research. 2023
08;9(4):606-613. https://doi.org/10.1002/cre2.752
Tsilosani N, Galogre A, Natsvlishvili N. The Impact of
Orthodontic Forces on the Occurrence of latrogenic Tooth
Root Resorption. European Scientific Journal ESJ. https://
doi.org/10.19044/esipreprint.9.2022.p481
Simion O. The lure of interdisciplinary orthodontics
2020;7:151-152. https://doi.org/10.25241/
STOMAEDUJ.2020.7(3).EDIT.1

63. Chinn CH. The pediatric dental trauma patient: Interdisciplinary

64.

65.

66.

67.

collaboration between the orthodontist and pediatric dentist.
Seminars in Orthodontics. 2016 09 01;22(3):205-210. https://
doi.org/10.1053/j.s0d0.2016.05.007

Evans CA, Nathanson D. Indications for orthodontic-
prosthodontic collaboration in dental treatment. Journal of the
American Dental Association (1939). 1979 Nov;99(5):825-
830. https://doi.org/10.14219/jada.archive.1979.0385
Romero M, Albi M, Bravo LA. Surgical solutions to
periodontal complications of orthodontic therapy. The
Journal of Clinical Pediatric Dentistry. 2000;24(3):159-163.
Jalili J, Moosavi M, Pakniat S. A Newly Generated
Seismic Ground Response Analysis Software Package
-SeisGRASP- by International Institute of Earthquake
Engineering and Seismology . Iran J Sci Technol Trans Civ
Eng. 2024;48:1467-82. https://doi.org/10.1007/s40996-
023-01232-5

Pakniat S, Moosavi M, Jalili J. Effect of Seismic Site
Response on Damage Distribution in Sarpol-e Zahab City
Caused by November 12, 2017 Mw 7.3 Strong Ground
Motion: Fooladi Area. ResearchGate. 2025 02 20;. https://
doi.org/10.48303/jsee.2023.1990039.1052

68. Pakniat S, Najafizadeh J, Kadkhodaavval M. Machine learning

69.

70.

for earthquake engineering analysis: Comparing regression
models to predict peak ground acceleration. World Journal
of Advanced Research and Reviews. 2025;26(02):856-67.
https://doi.org/10.30574/wjarr.2025.26.2.1714
Moravedeh R, Samadnezhad MZ, Asadalizadeh M,
Abbasi M, Nadaki A. Enhanced Anticancer Potential
of Curcumin-Loaded Liposomal Nanoparticles in Oral
Cancer Treatment. Asian Pacific Journal of Cancer Biology.
2025 05 07;10(2):293-299. https://doi.org/10.31557/
apjcb.2025.10.2.293-299

Maryam Arabmoorchegani, Mahsa Abbasi, Mahya
Asadalizadeh, Forough Motavaf. Integrative Cancer Care:
Leveraging Nutrition and Positive Psychology for Optimal
Outcomes. APJCN. 2025;. https://doi.org/10.31557/

76

Asian Pacific Journal of Cancer Nursing



apjcn.waocp.com

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

apjen.1796.20250504

Mohammadian M, Rostamzadeh Khameneh Z,
Emamgholizadeh Minaei S, Ebrahimifar M, Esgandari
K. Regulatory Effects of Apatinib in Combination with
Piperine on MDM-2 Gene Expression, Glutathione
Peroxidase Activity and Nitric Oxide level as Mechanisms
of Cytotoxicity in Colorectal Cancer Cells. Advanced
Pharmaceutical Bulletin. 2022 03;12(2):404-409. https://
doi.org/10.34172/apb.2022.040

Taghvaei F, Rastin SJ, Milani AT, Khameneh ZR,
Hamini F, Rasouli MA, Asghari K K, et al. Carboplatin
and epigallocatechin-3-gallate synergistically induce
cytotoxic effects in esophageal cancer cells. Research in
Pharmaceutical Sciences. 2021 06;16(3):240-249. https://
doi.org/10.4103/1735-5362.314822

Semyari S, Azizi * S, Kundu D, Boroumandmoghaddam
A, Moniri M, Ebrahimifar M, Milani AT. A Review of
Poly Butyl Cyanoacrylate Nanoparticles as a Cancer
Drug Delivery and Targeting. Journal of Nano Structures.
2021;11(4):754-771.

Izadi M, Shahemabadi HE, Kanaani L, Sardari KA,
Ebrahimifar M, Safdari F, Moradi-Sardareh H. Investigation
the Characteristics of Carboplatin loaded onto Pegylated
Liposomal Nanoparticles on the Rat Glioma Cell line C6 |
Request PDF. Adv Biores.7:113-8.
Saberian E, Jencova J, Jenc¢a A, Jenc¢a A, Salehipoor F, Zare-
Zardini H, Petrasova A, et al. Bleomycin-loaded folic acid-
conjugated nanoliposomes: a novel formulation for targeted
treatment of oral cancer. Frontiers in Bioengineering and
Biotechnology. 2025;13:1535793. https://doi.org/10.3389/
fbioe.2025.1535793

Afrashteh Nour M, Ghorbaninezhad F, Asadzadeh Z,
Baghbanzadeh A, Hassanian H, Leone P, Jafarlou M, et al.
The emerging role of noncoding RNAs in systemic lupus
erythematosus: new insights into the master regulators of
disease pathogenesis. Therapeutic Advances in Chronic
Disease. 2023;14:20406223231153572. https://doi.
org/10.1177/20406223231153572
Vasefifar P, Najafi S, Motafakkerazad R, Amini M, Safaei
S, Najafzadeh B, Alemohammad H, et al. Targeting Nanog
expression increased Cisplatin chemosensitivity and
inhibited cell migration in Gastric cancer cells. Experimental
Cell Research. 2023 08 15;429(2):113681. https://doi.
org/10.1016/j.yexcr.2023.113681

Jafarlou M. Unveiling the menace: a thorough review of
potential pandemic fungal disease. Frontiers in Fungal
Biology. 2024;5:1338726. https://doi.org/10.3389/
ffunb.2024.1338726

Ghahramanipour Z, Alipour S, Masoumi J, Rostamlou A,
Hatami-Sadr A, Heris JA, et al. Regulation of Dendritic
Cell Functions by Vitamins as Promising Therapeutic
Strategy for Immune System Disorders. Advanced Biology.
2023 Dec;7(12):€2300142. https://doi.org/10.1002/
adbi.202300142

Allahyarzadeh Khiabani N, Amin Doustvandi M,
Mohammadnejad F, Salmani Hassan Kohal E, Boushehri
N, Jafarlou M, Baradaran B. Combination of B7H6-
siRNA and temozolomide synergistically reduces stemness
and migration properties of glioblastoma cancer cells.
Experimental Cell Research. 2023 08 01;429(1):113667.
https://doi.org/10.1016/j.yexcr.2023.113667
Alizadeh N, Kazemi T, Hemmat N, Jafarlou M, Baradaran
B. The Combination of PD-L1 and CTLA-4 Suppression
Significantly Decreased the Expression Levels of Cancer
Stem Cell Factors in the Pancreatic Cancer Cell Line.
ImmunoAnalysis. 2023 06 26;3(1):6-6. https://doi.

Ramin Moravedeh: The Influence of Orthodontic Intervention on Oncology Patients: A Review of Clinical

org/10.34172/ia.2023.06

82. Hosseinkhani N, Hemmat N, Baghbani E, Baghbanzadeh A,

83.

84.

85.

Kazemi T, Mokhtarzadeh A, Jafarlou M, Amin Doustvandi
M, Baradaran B. Dual silencing of tumor-intrinsic
VISTA and CTLA-4 stimulates T-cell mediated immune
responses and inhibits MCF7 breast cancer development.
Gene. 2024 02 20;896:148043. https://doi.org/10.1016/].
gene.2023.148043

Saedi TA, Ghafourian S, Jafarlou M, Sabariah MN, Ismail P,
Eusni RMT, Othman F. Berberis Vulgaris Fruit Crude Extract
As A Novel Anti-Leukaemic Agent . Journal of Biological
Regulators and Homeostatic Agents. 2015;29(2):395-399.
Abedi Cham Heidari Z, Ghanbarikondori P, Mortazavi
Mamaghani E, Hheidari A, Saberian E, Mozaffari E,
Alizadeh M, Allahyartorkaman M. Characteristics and
Cytotoxic Effects of Nano-Liposomal Paclitaxel on
Gastric Cancer Cells. Asian Pacific journal of cancer
prevention: APJCP. 2023 09 01;24(9):3291-3296. https://
doi.org/10.31557/APJCP.2023.24.9.3291

Afyouni I, Ghanbarikondori P, Pour NS, Hashemian
PM, Jalali F, Sedighi A, Allahyartorkaman M. Studying
the Characteristics of Curcumin-Loaded Liposomal
Nanoparticles. Asian Pacific Journal of Cancer Biology..
https://doi.org/10.31557/apjcb.2024.9.2.183-189

86. Shakiba D, Shabestari AM, Mokhtari T, Goodarzi MK, Saeed

87.

S, Zinatbakhsh Z, Allahyartorkaman, M. Nanoliposomes
Meet Folic Acid: A Precision Delivery System for
Bleomycin in Cancer Treatment. Asian Pacific Journal of
Cancer Biology, 9(4), 561-568.. 2024 Dec 03;. https://doi.
org/10.31557/apjcb.2024.9.4.561-568

Maddahi M, Ghanbarikondori P, Amiri F, Abdi N,
Jahromi AM, Pour NS, Allahyartorkaman M, Moazzam F.
Environmental Determinants of Oral Cancer Development:
An Overview. Asian Pacific Journal of Environment and
Cancer. 2024 05 29;7(1):103-111. https://doi.org/10.31557/
apjec.2024.7.1.103-111

88. Mirzaei B, Torkaman MRA, Babaei R, Shahcheraghi F. First

89.

90.

91.

92.

93.

report of isolation and identification of Brevundimonase
(Pseudomonas) diminuta from collected nasopharyngeal
specimens in suspected patients to pertussis. African
Journal of Microbiology Research.8(11):1202-7. https://doi.
org/10.5897/AIMR2014.6667

Lashaki RA, Raeisi Z, Razavi N, Goodarzi M, Najafzadeh
H. Optimized classification of dental implants using
convolutional neural networks and pre-trained models with
preprocessed data. BMC Oral Health. 2025 04 11;25(1):535.
https://doi.org/10.1186/512903-025-05704-0

Sharafkhani F, Corns S, Holmes R. Multi-Step Ahead Water
Level Forecasting Using Deep Neural Networks. Water.
2024 01;16(21):3153. https://doi.org/10.3390/w16213153
Lashaki RA, Raeisi Z, Makki M, Zare S. Dendrite neural
network scheme for estimating output power and efficiency
for a class of solar free-piston Stirling engine. International
Journal of Modelling and Simulation.0(0):1-12. https://doi.
0rg/10.1080/02286203.2025.2459989

Aali M, Mansouri M, Raeisi Z, Lashaki RA, Tavakoli S.
Introducing a novel temperature measurement to analyze the
effect of hybrid cooling methods on improving solar panel
performance: An experimental approach. Applied Thermal
Engineering. 2025 04 05;:125889. https://doi.org/10.1016/].
applthermaleng.2025.125889

Mirdarsoltany A, Dariane AB, Borhan MI. Comprehensive
GIS-driven evaluation of drought severity and duration:
comparative assessment of parametric and non-parametric
SPI methodologies. Theoretical and Applied Climatology.
2025 03 31;156(4):225. https://doi.org/10.1007/s00704-

Asian Pacific Journal of Cancer Nursing

77



apjcn.waocp.com Ramin Moravedeh: The Influence of Orthodontic Intervention on Oncology Patients: A Review of Clinical

025-05448-5

94. Mirdarsoltany A, Dariane AB, Ghasemi M, Farhoodi S,
Asadi R, Moghaddam A. Linking Land Use Change and
Hydrological Responses: The Role of Agriculture in the
Decline of Urmia Lake. Hydrology. 2025;11(2):209. https://
doi.org/10.3390/hydrology 11120209

95. Ghanbarikondori P, Aliakbari RBS, Saberian E, Jen¢a A,
Petrasova A, Jencova J, Khayavi AA. Enhancing Cisplatin
Delivery via Liposomal Nanoparticles for Oral Cancer
Treatment. Indian journal of clinical biochemistry: IJCB.
2025 04;40(2):211-217. https://doi.org/10.1007/s12291-
024-01239-3

96. Amiri F, Alishahi F, Mohammadifar G, et al. Enhanced
anticancer efficacy of selenium nanoparticles encapsulated
in niosomes: a novel therapeutic strategy. Indian Journal of
Clinical Biochemistry. 2025:1-6. https://doi.org/10.1007/
$12291-025-01321-4..

97. Saberian E, Jenca A, PetraSova A, Zare-Zardini H,
Ebrahimifar M. Application of Scaffold-Based Drug
Delivery in Oral Cancer Treatment: A Novel Approach.
Pharmaceutics. 2024 06 14;16(6):802. https://doi.
org/10.3390/pharmaceutics 16060802

98. Pour MR, Tan JY, Saha R, Kim A, Kim J. pH-responsive
microneedle actuator array for precise wound healing:
design, actuation, light filtering, and evaluation. In: 2024
IEEE 17th Dallas Circuits and Systems Conference
(DCAS). IEEE; 2024:1-4. https://doi.org/10.1109/
DCAS61159.2024.10539863.

99. Saberian E, Jen¢a A, Zafari Y, JenCa A, Petrasova A,
Zare-Zardini H, Jencova J. Scaffold Application for Bone
Regeneration with Stem Cells in Dentistry: Literature
Review. Cells. 2024 06 19;13(12):1065. https://doi.
org/10.3390/cells13121065

100. Dehghani S, Karimi P, Tarei NN, Masoumvand M, Manesh
MAN, Ramezani E, Askari VR. Comparison of the Effect of
Intermittent Fasting with Mediterranean Diet on Glycemic,
Lipid, and Anthropometric Indices in Type 2 Diabetes:
A Review of Randomized Controlled Trials. Current
Hypertension Reviews. 2025 04 11;. https://doi.org/10.217
4/0115734021351456250326051146

101. Dehghani E, Beba M, Danandeh K, Memari A, Ershadmanesh
MJ, Rasoulian P, Danandeh A, Djafarian K. The effect of
tart cherry juice (TCJ) supplementation on exercise-induced
muscle damage (EIMD) in an athletic population. Annals
of Medicine and Surgery (2012). 2025 02;87(2):880-890.
https://doi.org/10.1097/MS9.0000000000002914

102. Taebi M, Taghavizanjani F, Parsaei M, Ershadmanesh
M, Beikmarzehei A, Gorjestani O, Rezaei Z, Hasanzadeh
A, Moghaddam HS. Chronic effects of tobacco smoking
on electrical brain activity: A systematic review on
electroencephalography studies. Behavioural Brain
Research. 2025 04 27;484:115479. https://doi.org/10.1016/].
bbr.2025.115479

103. Ghasemi H, Rafiee HR. Study of solute-solvent interactions
using volumetric properties for the ternary {L-Serine + H.O
+ NaBr, KBr, LiBr} solutions at different temperatures
and ambient pressure. Chemical Data Collections.
2020;29:100491.

104. Neshastehriz A, Hormozi-Moghadda Z, Amini SM, et al.
Combined sonodynamic therapy and X-ray radiation with
methylene blue and gold nanoparticles coated with apigenin:
impact on MCF7 cell viability. International Journal of
Radiation Research. 2024:22(2):509-513.

O25

This work is licensed under a Creative Commons Attribution-
Non Commercial 4.0 International License.

78 Asian Pacific Journal of Cancer Nursing



