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Introduction
Leukemia is the most common form of pediatric malignancy and 

constitutes approximately 26% of pediatric cancers [1]. Acute lympho-
blastic leukemia (ALL) accounts for 75% of childhood leukemia [2]. 
ALL is a malignant disorder of lymphoid progenitor cells. The disease 
affects both children and adults. It has a peak prevalence between 2 and 
5 years of age [3]. The disease can originate in lymphoid cells of dif-
ferent lineages; B-cell (85% of pediatric ALL), T-cell (10% to 15% of 
pediatric ALL), and mixed lineage [4]. Personalized chemo-radiation 
therapy and improved supportive care have proven effective in treat-
ing leukemia. Almost 90% of children diagnosed with leukemia will 
survive for more than 5 years if proper treatment is administered [5]. 
These therapeutic improvements have resulted in an estimated 380,000 
pediatric cancer survivors in the US [1]. Chemo-radiation therapy and 
bone marrow transplant in pediatric patients, are reported to cause ab-
normal dentofacial developments. Such developments include enamel 
hypoplasia, microdontia, hypodontia, tooth agenesis, anomalous root 
development, significant mandibular hypoplasia, increased periodontal 
inflammation, and reduced salivary flow [6-13]. These treatment-related 
consequences are common and may not manifest until years later. They 
are often neglected sources of morbidity and reduce health-related qual-
ity of life. A significant number of long-term leukemia survivors with 
abnormal dentofacial development, secondary to cancer treatments, re-
quire orthodontic treatment. Orthodontic treatment for these patients 
can pose significant challenges including pre-existing short roots and 
other severe dentofacial anomalies. Special consideration to minimize 
further root shortening must be given when formulating an orthodontic 
treatment plan for these patients as orthodontic treatment is reported to 
potentially cause root resorption [14]. 

As previously discussed, the detrimental side effects of anti-cancer 
therapy on dentofacial development have been well documented. How-
ever, there are very few articles in the literature that directly address 
orthodontic treatment in ALL survivors. These articles are mainly case 
reports and case series [9,15,16]. One common discussion among these 
reports was a concern over pre-existing anomalous root forms and an 
increased risk for further shortening. A few recommendations were re-

ported to minimize the potential root shortening. They included using 
lighter orthodontic forces, terminating the treatment earlier than nor-
mal, choosing the simplest method for the treatment needs, and leav-
ing lower dentition and mandible untreated. However, the treatment 
results were deemed unsatisfactory due to compromised outcomes [9]. 
In a recent questionnaire concerning experience and expertise in orth-
odontic treatment of pediatric cancer survivors among orthodontists, 
85% of respondents replied that their orthodontic education did not 
sufficiently prepare them for such treatment [17].

The purpose of this report is to present a unique treatment ap-
proach combining orthodontic and surgical treatment for a patient 
with mandibular hypoplasia with severe pre-existing short roots sec-
ondary to leukemia treatment. The treatment goals are not only to treat 
dental malocclusion and optimize facial balance, but also to prevent 
further root shortening.

Etiology and Diagnosis
A 14-year-old male patient with a history of leukemia was referred 

to our clinic for an orthodontic evaluation. He was diagnosed with 
Acute Lymphoblastic Leukemia at the age of 2 years old. He had been 
treated with chemo-radiation therapy and bone marrow transplant 
from the time of diagnosis until 9 years of age. He had been in remis-
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sion for 5 years at the time of referral. His chief complaint was crowded 
teeth. He had a retrognathic profile with normal nasolabial angle and 
deep mentolabial sulcus. The lower facial height was short. Dentally, he 
presented with severe anterior crowding of upper and lower anterior 
teeth. The upper right primary canine was still present, but both upper 
and lower right permanent canines were clinically missing. The upper 
left permanent canine was labially displaced as a result of the over-re-
tained upper left primary canine. The lower left and right permanent 
central incisors were displaced lingually due to the over-retained lower 
left and right primary central incisors. The lower left and right perma-
nent lateral incisors were clinically missing. The overjet was recorded 
at 5 mm with 60% overbite. The molar relationships were Angle’s Clas-
sification II bilaterally (Figure 1). 

Radiographic examination revealed an impacted upper right ca-
nine, an unerupted lower right canine, congenitally missing lower left 
and right lateral incisors, microdontia of all third molars, and severely 
short-rooted dentition as a result of anti-cancer therapy (Figure 2). 
Cephalometric analysis revealed that the patient had a Class II skeletal 
pattern with an ANB angle of 4°. The SNA was measured at 80°. The 
mandible was hypoplastic with SNB angle of 76°. The mandibular plane 
angle was within normal limits (SN/MP=23°). The lower anterior facial 
height was short (ANS-Me/N-Me × 100=45%). The maxillary and man-
dibular incisors were slightly proclined (1-PP=120 degrees, IMPA=97°). 

These clinical and radiographic findings are negative treatment-related 
consequences of his previous ALL therapy. 

Treatment Objectives and Alternative Treatment Plans
The treatment objectives were as follows:

• Align all teeth

• Guide the eruption of the impacted canines

• Establish optimal overjet and overbite

• Improve jaw relationship and facial profile

• Minimize root resorption

• Minimize post-orthodontic restoration

Two alternative treatment plans were presented to the patient and 
his parents. The first treatment option was a combination of orthodon-
tic treatment and orthognathic surgery along with the use temporary 
anchorage devices (TADs). This plan would employ surgical mandibu-
lar advancement to correct the Class II malocclusion and to avoid ex-
tensive sagittal orthodontic tooth movement. TADs would be placed 
during the surgery to serve as anchors so that a surgical splint could be 
secured directly onto them instead of the teeth. Inter-maxillary elastics 
could be worn directly from TADs during post-operative care to stabi-
lize the new jaw position. This approach was designed to minimize the 
amount of orthodontic forces exerted directly on the dentition. Conse-
quently, the lighter orthodontic force used during the treatment would 
reduce the risk of a potential root resorption. 

The second treatment option was to perform orthodontic treatment 
on the upper teeth only, along with extracting the remaining primary 
teeth except for the lower left primary canine. The goal for this treat-
ment option was to align the teeth but leave the Class II malocclusion 
and excessive overjet uncorrected. Pros and cons were discussed at 
length with the parents and patient. The family chose the first treatment 
option. 

Treatment Progress
The remaining primary teeth were extracted except the lower left 

primary canine, which would be preserved until the patient was ready 
for a dental restoration. Full orthodontic appliances were bonded and 
banded except for the lower left primary canine. Light orthodontic forc-
es (014 Nitinol archwires) were used for initial leveling and aligning. 
A few months into treatment, the lower right permanent canine spon-
taneously erupted. Teeth alignment and space regaining for the upper 
right canine continued for 17 months. The patient was then referred to 
an oral surgeon for surgical exposure and bonding of a button and gold 
chain on the impacted upper right canine. The use of light orthodontic 
forces was continued to artificially erupt the impacted tooth. The upper 
right canine erupted after 5 months of orthodontic traction.

After 29 months of treatment, all teeth were fully erupted and well 
aligned. The patient was then referred to an oral maxillofacial surgeon 
for an osteotomy to advance the mandible. The orthodontic appliances 
were removed right before the osteotomy to minimize any undesirable 
shifting of the teeth (Figures 3 and 4). 

The maxillofacial surgeon planned to remove all the third molars at 
the time of the mandibular osteotomy. Microdontia of the third molars 
did not increase the risk of post-operative infection. The mandible was 
advanced 5 mm at the B point. The orthognathic surgery was employed 
on this patient to avoid using orthodontic forces necessary to correct 

 
Figure 1:  Pre-treatment extraoral and introral pictures.

 

Figure 2: Pre-treatment panoramic and cephalometric radiographs.



Citation: Peanchitlertkajorn S, Wangpichit K, Winalukwong L (2017) Surgical-Orthodontic Management of Mandibular Hypoplasia with Severely Short-
Rooted Dentition Secondary to Anti-Leukemic Treatment: A Case Report. Oral health case Rep 3: 136. doi:10.4172/2471-8726.1000136

Page 3 of 5

Volume 3 • Issue 2 • 1000136
Oral health case Rep, an open access journal
ISSN: 2471-8726

Class II malocclusion (Figures 5 and 6). Temporary anchorage devic-
es (TADs) were placed during the surgery to avoid any forces being 
directly applied to the teeth during the surgery and post-operatively. 
Two TADs were placed in each quadrant; one distal to a canine, and the 
other distal to a first molar. Each was inserted above the root tips. The 
surgical splint was secured directly to the TADs. Post-surgical elastic 
bands were also placed on TADs post-surgically. TADs were removed 
after the jaw position and occlusion became stable. The overall treat-
ment time was 32 months. 

Treatment Results
Facially, the patient achieved a balanced profile with a proportion-

ate lower facial height (Figures 5 and 6). The dentition was well aligned. 
The left canine and molar relationships were in Class I. The right canine 
and molar relationships were in Class III but with good interdigitation 
between upper and lower posterior teeth. The overjet and overbite were 
within normal range. The final panoramic radiograph showed that 
all teeth maintained their root lengths (Figure 6). Superimposition of 
pre-treatment, pre-surgical and post-treatment cephalometric tracings 

showed favorable dentofacial changes as a result of the treatment (Figure 
7). A dental implant was recommended as a permanent restoration to re-
place the lower left primary canine upon completion of facial growth [18].

Case Retention
A maxillary Hawley retainer and a mandibular bonded retainer 

were used after completing the orthodontic treatment. The lower bon-
ded retainer will be removed and replaced by a Hawley retainer when 
the patient has a prosthesis replacing the lower primary canine. The 
patient was counseled to wear retainer for life. A similar retention pro-
tocol of 24-32-month retainer use was reported to produce a stable upper 
anterior alignment and a minor irregularity of the lower incisors [19]. 

Case Discussion
As the number of long-term pediatric cancer survivors grows, an 

increasing number of these patients will seek orthodontic treatment 

 

Figure 3: Pre-surgical extraoral and intraoral pictures.

Figure 4: Pre-surgical panoramic and cephalometric radiographs.

Figure 5: Post-surgical extraoral and intraoral pictures.

Figure 6: Post-surgical panoramic and cephalometric radiographs.



Citation: Peanchitlertkajorn S, Wangpichit K, Winalukwong L (2017) Surgical-Orthodontic Management of Mandibular Hypoplasia with Severely Short-
Rooted Dentition Secondary to Anti-Leukemic Treatment: A Case Report. Oral health case Rep 3: 136. doi:10.4172/2471-8726.1000136

Page 4 of 5

Volume 3 • Issue 2 • 1000136
Oral health case Rep, an open access journal
ISSN: 2471-8726

to resolve their dentofacial abnormalities secondary to the anti-cancer 
treatments they received. Timing of the orthodontic treatment is of es-
sence and so is modifying the treatment to reflect the patient’s health 
condition. Sheller and Williams advised that intervention of an orth-
odontic treatment should be at least 2 years after the completion of all 
cancer treatments. In addition, a patient should have at least a 2-year 
event-free survival. By this time, the risk for relapse of the disease has 
significantly diminished [20]. In this case report, our patient was diag-
nosed at the age of 2 years old. He had been in treatment until the age 
of 9. The orthodontic treatment commenced more than 5 years after 
completing his anti-cancer treatments and the patient had been in re-
mission for the same amount of time. 

Disturbances in dental and root development secondary to cancer 
treatments include enamel hypoplasia, microdontia, increased inci-
dence of tooth agenesis, V-shaped roots, arrested root development, 
and premature apical closure [6-13]. Recent animal studies demon-
strated that widely used alkylating drugs in anti-cancer treatment such 
as Cyclophosphamide and Busulfan produced cytotoxicity and caused 
detrimental effects on the mitotic activity in the root proliferation zone 
(Hertwig’s epithelial root sheath or odontoblasts). Consequently, the 
molar roots of these experimental rats developed significantly slower 
and shorter in length. Additionally, the apical foramen of those roots 
tended to close faster, forming anomalous root shapes [21-23]. Root 
resorption is a potential side effect of orthodontic therapy. The degree 
of root resorption in teeth with blunt or pipette shaped roots was sig-
nificantly higher than in teeth with a normal root form [14]. Hence this 
group of patients has an increased risk of developing additional root 
resorption. Positive correlations exist between increased force levels 
and increased root resorption [24]. Therefore, the use light orthodontic 
force during the course of treatment has been emphasized in this group 
of patients [25]. 

The clinical and radiographic findings in our patient coincide with 
findings from studies previously discussed. The oral examination re-
vealed a significant disturbance of dentitional development including 
anterior dental crowding, over-retained primary teeth, ectopic erup-
tion, and clinically missing teeth. Radiographically, an impacted upper 
right canine, congenitally missing lower left and right lateral incisors, 
microdontia of all third molars, and severely short-rooted dentition 
were found. 

Several studies demonstrated the effects of anti-cancer treatment 
on craniofacial structures. Children undergoing such treatments, in-
cluding cranial irradiation, exhibited a shortened cranial base, maxilla-
mandibular hypoplasia, and a significant decrease (50% reduction) in 

height of the alveolar processes [26,27]. It is also reported that patients 
younger than 5 years of age at the start of anti-cancer treatment, who 
received high cranial irradiation, had a significantly increased risk of 
dentofacial abnormalities and especially of mandibular hypoplasia 
[27]. The growth repressive action of irradiation in growing children 
has been explained to be due to growth hormone deficiency [28]. Since 
radiation therapy has a growth-suppressive effect, the prognosis for 
treating a skeletal Class II malocclusion with growth modification or 
orthodontic treatment alone could be poor. The treatment approach for 
our patient employed orthognathic surgery to correct the mandibular 
hypoplasia and Class II molar relationship. This approach allowed for 
a complete correction of the excessive overjet, and created facial pro-
file balance while maintaining the use of light orthodontic force during 
the treatment. Even though the mandibular osteotomy was performed 
before the facial growth completely stopped, the risk of any residual 
growth that could change the final outcome was negligible in this pa-
tient due to growth repressive effects of radiation therapy on the facial 
bones. In an additional effort to avoid heavy forces, the orthodontic 
appliances were removed right before the orthognathic surgery. TADs 
were used so that any heavy forces used peri- and post-operatively were 
directed toward jaw bones instead of teeth.

A dental implant was planned for our patient to replace the lower 
left primary canine. Dental implants are usually performed when facial 
growth stops to minimize the possibility for occlusal changes [18]. In a 
recent systematic review, Chambrone and coworkers reported consid-
erably high percentages of survival rate for dental implants in irradiated 
patients. Additionally, they also found that radiation therapy was linked 
to higher implant failure in the maxilla, and hyperbaric oxygen therapy 
did not reduce the risk of implant failure. However, they concluded that 
dental implants appear to be a viable treatment option for restoring 
masticatory functions in irradiated patients [29].

Conclusion
This article discussed dentofacial abnormalities secondary to anti-

leukemic treatment. An adolescent male, a long-term ALL survivor, 
presented for orthodontic treatment. A treatment plan, combining 
orthodontics and mandibular osteotomy, was employed. The plan was 
formulated to maintain the use of light orthodontic forces to reduce 
the potential for root resorption. The final outcome demonstrated that 
the treatment approach optimized facial and occlusal changes while 
minimizing further root shortening, even though the patient exhibited 
severe preexisting disturbances in root development.
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