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Abstract
Premature loss of primary anterior teeth occurs frequent-
ly due to severe early childhood dental caries and dental 
trauma.  Different treatment options exist to replace missing 
primary teeth, and the use of a fixed anterior esthetic ap-
pliance is one alternative for replacing the primary incisor 
teeth until the successors erupt.  This paper tabulates case 
reports of very young children with primary anterior teeth 
problems and summarizes the authors’ approaches and 
outcomes.  In addition, a case report is presented for the 
approach to and outcome for a 3-year-old male with exten-
sive early childhood dental caries.

Introduction
Space management after the premature loss of primary teeth 
is an essential element of dentistry.  Space maintaining appli-
ances are customarily used after the premature loss of pos-
terior teeth to maintain proper function and preserve existing 
arch length.1 Loss of arch length may lead to problems such 
as crowding, ectopic eruption, dental impaction, cross-bite 
formation, and dental midline discrepancies. The premature 
loss of primary anterior teeth does not readily cause space 
loss, and therefore does not by and large indicate the need 
for space management. The parent may request one for es-
thetic reasons.1,2 The use of anterior esthetic appliances be-
comes significant when young pre-school children become 
increasingly conscious of their appearance.2

A fixed anterior bridge can be used to replace premature-
ly missing primary anterior teeth if esthetics is of concern 
to the parent. It consists of a lingual arch wire soldered to 
bands placed on the primary second molars.  In the anterior 
region, the arch wire is soldered to each individual tooth 
or unit.  The fixed anterior bridge provides the advantages 
of esthetics and prevention of untimely removal, breakage, 
or loss of the appliance.1 Also described is the placement 
of a fixed anterior bridge in a very young child patient with 
extensive dental caries treated under general anesthesia in 
the operating room.

Case Report
A 3-year-old male presented with his parents for an initial 
dental consult. The patient exhibited extensive dental caries 
as a consequence of unrestricted nursing bottle use. The 
child patient was taken to the operating room (New York-
Presbyterian Morgan Stanley-Komansky Children’s Hospi-

tal) for full mouth oral rehabilitation under general anesthe-
sia due to his very young age, pre-cooperative behavior, 
and the extent of the dental treatment protocol. The dental 
treatment involved multiple restorations, pulpotomies, and 
stainless steel crowns on all posterior first molars, multiple 
resin composite restorations on all posterior second mo-
lars, and extractions and incision and drainage of the tissue 
surrounding the abscessed six maxillary primary incisors 
(C, D, E, F, G, and H). Once the maxillary posterior stain-
less steel crowns were cemented with a glass ionomer fluo-
ride releasing cement, molar bands were gently fitted and 
contoured to the patient’s now restored first and second 
maxillary primary molar teeth. A maxillary alginate mold was 
completed; the molar bands removed and gently fixed to 
the impression with paper clips and wrapped in a moist 
paper towel and sealed in a plastic bag to pour and pre-
pare at a later hour the same day. The patient tolerated the 
procedure well, was extubated in the operating room, was 
admitted to the recovery room, and was discharged after 
meeting all hospital discharge criteria. A maxillary stone 
model was prepared in the office and sent to a laboratory 
for fabrication of a fixed anterior bridge (Figure A, B). Three 
weeks later, the appliance was cemented intraorally with a 
fluoride releasing glass ionomer cement (Figure C, D).  The 
patient was followed at routine recall examinations biannu-
ally to ensure that the appliance was comfortable, not inter-
fering with normal hygiene, and not preventing the eruption 
of the succedaneous maxillary incisors. On recall, when 
eruption of the permanent maxillary incisors was expected 
at age 6.5 years, a maxillary occlusal radiograph (Figure E) 
was taken to visualize them. At that point, the incisors were 
noted to be nearing eruption; therefore, the fixed anterior 
bridge was removed (Figure F) and the remaining cement 
removed and the teeth were polished.  Within two months, 
the maxillary incisors erupted into the oral cavity (Figure G).

Discussion
Options exist to replace prematurely missing primary anteri-
or teeth.  Depending on considerations such as the patient’s 
age, behavior, and general oral health, treatment options 
include a removable pediatric partial denture with clasps 
or different types of fixed space maintainers. In this clini-
cal report, early childhood caries, particularly from frequent 
bottle use, thick accumulations of bacterial plaque, and a 
lack of oral hygiene by the parent, are factors predisposing 
to early childhood caries and premature tooth loss. When 
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A E

B F

C G

Figure A Occlusal view of Groper fixed anterior bridge appliance. 
The anterior bridge is made strong by attaching each tooth separately 
to a specifically designed stainless steel pad. Each unit is then welded 
and soldered to the arch wire. 

Figure B Frontal view of Groper fixed anterior bridge appliance. 
Esthetics are key advantages. 

Figure C Frontal view of appliance inserted. 

Figure D Occlusal view of appliance inserted. 

Figure E Occlusal radiograph taken to view position of maxillary 
permanent incisors and to determine correct timing of appliance removal. 

Figure F Appliance removed prior to eruption of permanent incisors. 

Figure G Eruption of permanent central incisors 6 months after 
appliance removal.

D
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such a diagnosis is made, parents are presented with a few 
treatment options:  (1) dental extractions with no appliance, 
because there is limited space loss with the premature loss 
of primary anterior teeth, (2) if restorable, pulpectomy and/or 
restorative treatment with a resin composite restoration, or 
(3) dental extractions and fabrication of a removable or fixed 
esthetic appliance. If the success of endodontic therapy is 
doubtful, or if there is a lack of tooth structure, extraction and 
the use of an esthetic appliance is a practical alternative.3

The selection of whether an appliance should be removable 
or fixed depends on the child’s stage of dental development, 
the dental arch involved, the location of the missing primary 
teeth, and the oral hygiene status.4 While removable space 
maintainers are easier to clean, allowing better oral hygiene 
maintenance than fixed appliances, removable maintainers 
depend somewhat on patient compliance and may be taken 
out, lost, or broken easily, especially at a very young age. 
Consequently, fixed maintainers, which are worn continu-
ously for long periods of time, may be preferable.1,4

Fixed space maintaining appliances may contribute to tooth 
surface plaque retention and even decalcification in patients 
at risk for dental caries. A review performed by Laing et 
al. concluded that practitioners monitoring the developing 
dentition should recommend space maintainers on an in-
dividual needs basis, weighing the occlusal disturbances 
that may result without one versus the potential for plaque 
accumulation and new caries that may develop as a result 
of a fixed appliance.2

Table 1 summarizes twenty-eight case reports in the litera-
ture of young children ages 1 to 5 years with primary anterior 
teeth problems. Children diagnosed either with caries, miss-
ing anterior teeth due to trauma, or congenitally missing an-
terior teeth were provided different treatment approaches. 
Seven cases describe patients whose treatment comprised 
only receiving a space maintaining appliance18,19,22,23,24,25 and 
those cases that document follow-up describe the patient 
as satisfied esthetically and functionally and the appliance 
as intact during recall visits. Four cases describe patients 
who received both an esthetic appliance and primary tooth 
endodontic treatment and restoration.8, 20,21 All cases with 
follow-up describe the restoration and space maintainer as 
intact at recall visits. Fourteen cases describe patients who 
received only primary tooth endodontic treatment and res-
toration.5,6,7,8,9,10,11,12,13,14, 15,16,17  Three of those did not report 
outcomes.6,8,11 Seven reported esthetic and functional suc-
cess at recall visits or normal eruption of permanent succes-
sors.5,7,10,12,13,15,17 One case resulted in tooth discoloration, but 
demonstrated no signs of radiographic or clinical pathology 
after 12 months.9 One case had a slight defect in a resto-
ration, but had uncompromised esthetics after four years.13 
Another case demonstrated tooth mobility and displace-

ment, root resorption several years after the restoration, and 
mild hypocalcification of successor teeth.14 Another case 
resulted in external root resorption of the primary tooth and 
the development of a fistula. This tooth was extracted, and 
the permanent successor tooth erupted.16 Three cases de-
scribe patients who received repositioning of luxated teeth 
or replantation of teeth that were traumatically avulsed.26,27,28 
One case resulted in successful eruption of permanent suc-
cessors,26 and another reported no complications at the 
13-month follow-up.28 A third case resulted in hypoplastic 
permanent incisors.27

A significant number of patients (11/29 or approximately 
40%) received extractions and space maintainers with good 
outcomes. The clinical report presented here demonstrates 
the use of a fixed anterior bridge after comprehensive den-
tal rehabilitation. A fixed appliance was chosen rather than 
a removable appliance due to the lack of oral hygiene com-
pliance and the child’s uncooperative behavior. The appli-
ance was effective for this child patient for approximately 
3.5 years. One common complication is loss of retention of 
the appliance over time. This particular case demonstrated 
the use of two bands on both sides to help prevent this 
common occurrence. Another method to prevent retention 
loss is the placement of occlusal rest seats on the primary 
molars to distribute occlusal forces and then to bond the 
rests into place.

Conclusion
Treatment options exist to manage prematurely lost primary 
anterior teeth. Space loss due to missing primary anterior 
teeth is minimal or inconsequential. Many parents do desire 
esthetically pleasing replacement alternatives. The anterior 
esthetic appliance is a practical and viable option for that 
purpose. This paper reviews the literature of reported cases 
of prematurely lost primary anterior tooth management and 
documents one pediatric patient for whom the fixed ante-
rior bridge appliance resulted in clinical success.
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Abstract
Periapical cemental dysplasia (PCD) and compound odon-
toma are relatively common lesions of the human jaw.  
PCD, a benign fibro-osseous lesion of unknown etiology, 
has been reported to be the most common lesion related 
to the formation of cementum. Compound odontoma, also 
of unknown etiology, accounts for the majority of odonto-
mas—the most common odontogenic tumors in both the 
maxilla and mandible. Both lesions usually do not produce 
any symptoms and thus are typically found incidentally dur-
ing routine radiographic examination.  PCD and compound 
odontoma can share common radiographic features. How-
ever, it is rare to see both lesions simultaneously in close 
proximity. In this paper, we present a case of PCD and 
compound odontoma occurring simultaneously in the an-
terior mandible.  We also explore the diagnostic challenges 
in differentiating between PCD and compound odontoma.

Introduction
As with any part of the body, a variety of lesions may oc-
cur within the mandible. Each of these lesions may have a 
unique origin, as well as differing clinical, radiographic and 
pathologic characteristics.  Sometimes, radiographic imag-
ing may not be sufficient to provide a specific diagnosis and 
biopsy is required.  Thus, it is important to consider imaging, 
laboratory examinations, as well as clinical findings to arrive 
at the definitive diagnosis and select proper treatment.

Odontomas are the most common type of odontogenic 
tumor in both the maxilla and mandible. They occur from 
abnormal development of dental tissues due to differenti-
ated epithelial and mesenchymal cells growing into am-
eloblasts and odontoblasts.1 Odontoma is also known by 
the following synonyms: compound odontoma, compound 
composite odontoma, complex odontoma, complex com-
posite odontoma, odontogenic hamartoma, calcified mixed 
odontoma, and cystic odontoma.2 Presently, odontomas 
are classified into two types—compound and complex 
odontomas. Complex odontomas are most prevalent in 
premolar and molar regions and present as irregular radi-
opaque masses of amorphous calcifications surrounded by 
a radiolucent halo with no similarity to dental structures.3,4  
In contrast, compound odontomas consist of multiple ir-
regular radiopaque materials that vary in size and shape, 
resembling tooth-like structures called denticles.4 Com-
pound odontomas are twice as common as the complex 
odontomas. When examined under the microscope, both 

Periapical Cemental Dysplasia and an  
Adjacent Compound Odontoma 
Gloria Lee1, Steven R. Singer, DDS2

1Class of 2011, College of Dental Medicine, Columbia University, NY, NY
2Columbia University, College of Dental Medicine, Division of Oral and Maxillofacial Radiology, NY, NY

types of odontomas contain enamel, dentin, cementum, 
and pulp tissues.

Odontomas are usually slow-growing and painless. Since 
they are asymptomatic, they are usually discovered inciden-
tally when the patient presents for routine dental care and 
radiographic examination. Pathologically, odontomas have 
been associated with trauma in primary teeth, inflammation, 
infection, hereditary anomalies such as Gardner’s syndrome 
and Hermann’s syndrome, odontoblastic hyperactivity, and 
genetic mutations.4 There is no gender predilection associ-
ated with odontomas. Odontomas can occur before or after 
the eruption of the associated tooth, and can cause impac-
tion, delayed eruption of permanent teeth, or retention of pri-
mary teeth. However, it is very rare for a primary tooth to be 
associated with odontoma. Patients may be diagnosed with 
odontomas because the characteristic signs are observed 
or they present for a routine examination. Most odontomas 
are diagnosed in the second decade of life.3 If there is a dis-
turbance in eruption of the tooth associated with the odon-
toma, then treatment, consisting of surgical removal followed 
by microscopic examination to confirm the diagnosis, should 
be rendered.  If there is no effect of the odontoma on the 
surrounding dental structures, then no treatment is indicated.

PCD is a solid benign non-odontogenic osseous lesion of 
the anterior mandible.7 It has also had many synonyms: ce-
mentoma, fibrocementoma, sclerosing cementoma, peri-
apical osteofibrosis, periapical fibrous dysplasia, and peri-
apical fibroosteoma.2 PCD is classified under the group of 
fibro-osseous lesions, with the other members of the group 
being focal cemento-osseous dysplasia and florid cemen-
to-osseous dysplasia.6,12 PCD is localized in the mandibular 
anterior region. When the lesion involves diffuse areas of 
the mandible, at two or more quadrants, it is called florid 
cemento-osseous dysplasia. Florid cement-osseous dys-
plasia may appear similar to Paget’s disease or chronic dif-
fuse sclerosing osteomyelitis on the radiographs.6

PCD occurs from the proliferation of fibrous connective 
tissue and cementum-like hard tissues in the periodontal 
membrane, progressively replaces apical bone, and atten-
uates the lamina dura. Therefore, in the earliest phase of de-
veloping PCD (Stage I, or the “osteolytic” phase), the lesion 
shows radiolucency on the radiograph and is often indistin-
guishable from apical rarefying osteitis. Pulp vitality testing 
is necessary to distinguish the early lesions of PCD from 
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apical rarefying osteitis.  In Stage II, or the “cementoblastic” 
phase, cementum or bone is deposited in the center of the 
lesion. Radiographically, the lesion has both radiopacity and 
radiolucency during this stage. In Stage III, or the “mature 
inactive” phase, the lesion presents as a radiopaque mass 
with a radiolucent periphery.5

PCD occurs mostly in females of African or Asian descent 
during the fourth and fifth decades of life.7 The teeth associ-
ated with the PCD usually are vital in electrical and thermal 
pulp tests, and these lesions do not involve inflammation.9  
With PCD, the patient rarely has symptoms, so the lesion is 
usually detected and diagnosed upon routine dental care. 
The case is similar for odontoma. Since PCD is asymptom-
atic, no treatment is routinely indicated. However if the le-
sion is diffuse, such as in florid cemento-osseous dyspla-
sia, treatment involved may include esthetic recontouring of 
the affected bone. However, this is rare. 

Case Report
The patient is a 53 year old African-American female who 
presented to the clinic for routine dental care. Extraoral 
findings were unremarkable. Intraorally, non-contributory 
findings include missing teeth, existing restorations, and in-
flammation of the marginal gingiva. A full mouth series of ra-
diographs was prescribed. Radiographic findings included 
missing and malposed teeth, metallic and composite resto-
rations, and marginal periodontitis. Incidental radiographic 
findings of two separate mixed density lesions in the ante-
rior mandible were noted.

Based on their radiographic appearances and patient 
information, the lesions were diagnosed as Stage II peri-
apical cemental dysplasia and compound odontoma. No 
treatment was prescribed for the lesions and radiographic 
follow-up was suggested.

Discussion
Compound odontomas occur commonly in the anterior 
regions of the jaw. While radiographic diagnosis is often 
adequate, odontomas that have been removed are rou-
tinely examined histopathologically. Similarly, with PCD, 
a common lesion in women of African or Asian descent, 
surgical intervention is generally contraindicated.  As with 
odontomas, radiographic diagnosis usually suffices, and 
radiographic follow-up is adequate. In fact, surgical inter-
vention is contraindicated due to the increased risk for de-
veloping an osteomyelitis in the surrounding bone.

Radiographically, both Stage II PCD and compound odon-
toma present as mixed density lesions. Typically, there is 
a defined opacity that is surrounded by a radiolucent rim.  
Odontomas demonstrate a corticated border. PCD may 
also demonstrate a similar border, but it may be slightly 

less well-defined. Upon close examination, a compound 
odontoma will often show a denticle or a series of denticles 
where the components of teeth can be distinguished. Oc-
casionally, denticles cannot be easily differentiated. The in-
ternal opacities of PCD will be uniformly opaque, without 
distinct tooth-like structures.

Complex odontomas have the same degree of histodiffer-
entiation but a lesser degree of morphodifferentiation. Un-
like compound odontomas, complex odontomas are usu-
ally located in the posterior jaw, specifically in the premolar 
and molar areas of the mandible, and are increasingly ob-
served in children and adolescents.3,4 Whereas compound 
odontomas are limited in their growth potential, complex 
odontomas occasionally demonstrate enormous growth 
and reach several centimeters in size.8,14 

Odontomas are generally intrabony lesions that are usu-
ally asymptomatic and do not affect the surrounding den-
tal structures if they are not disturbing eruption of a nearby 
tooth. Yet, an exceptional situation involving odontoma is 
the spontaneous eruption of the odontoma itself. When 
odontomas erupt through the mucosal surfaces into the 
oral cavity, they cause pain, inflammation, and infection. It 
has also been reported that swelling, tongue irritation, facial 
asymmetry, halitosis, malocclusions, and recurrent infec-
tions have been associated with erupted odontomas.8 A 
case reported by Ferrer et al. indicated that multiple infec-
tion episodes, malaise, pain, fever, inflammation, and sup-
puration have been associated with the erupted odontoma. 
The treatment delivered for the patient was broad spectrum 
antibiotic treatment of the infection consisting of amoxicillin, 
clavulanic acid, and clindamycin, followed by surgical re-
moval of the erupted odontoma, after which the signs and 
symptoms had consequently resolved.10

Another exceptional situation involving odontoma is its as-
sociation with a primary tooth. Odontoma is rare in primary 
dentition. It is of interest to note that odontoma is the most 
common factor that causes tooth impaction, yet tooth im-
paction usually involves permanent teeth and rarely primary 
teeth, especially anterior primary teeth.1 Nevertheless, there 

Figure 1 Periapical radiographs of the lower incisor region demon-
strating lesions of periapical cemental dysplasia (white arrow) adjacent 
to the compound odontoma (black arrow).  Note that left primary 
canine was retained due to odontoma
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have been a few reports of odontomas associated with 
unerupted primary teeth. In these cases, odontomas were 
observed periapical to, coronal to, or between the roots or 
crowns of primary molars, causing impaction of primary 
or permanent teeth.11 It is important to examine the radio-
graphs carefully, since odontomas in primary dentition are 
less calcified and thus slightly more radiolucent than those 
in the permanent dentition.1 Treatment for such odontomas 
is surgical removal without disturbing the associated tooth 
germs to allow eruption of the impacted teeth spontane-
ously or with orthodontic therapy.11 If eruption is not expect-
ed, then the treatment of choice is extraction.1

PCD is characterized by usually being an asymptomatic 
lesion located in mandibular anterior region and occurring 
during the fourth and fifth decades of life in African-Ameri-
can or Asian women. Yet, PCD can occur and behave in a 
non-characteristic or unexpected way. According to Tana-
ka et al, there is a general trend of PCD occurring in the 
premolar and molar regions in the Japanese ethnic group.9  
This is clearly contrary to the location of PCD in other eth-
nic groups—the apices of mandibular incisors. In a case 
report, Stoneman et al presents a case in which PCD was 
misdiagnosed as a solitary bone cyst because the patient 
was a girl who was only fourteen years old, much younger 
than the average age of PCD diagnosis. Misled by the age 
of the patient, dental care providers often fail to recognize 
and correctly interpret the radiopacities scattered through-
out the radiolucency as PCD.  Misdiagnosis can eventually 
lead to unnecessary surgical treatment.5

In conclusion, although there are many studies and sta-
tistical data on lesions available, diagnosis should not be 
restricted by epidemiological characteristics. Instead, it is 
important to account all clinical, radiographic, and patho-
logic signs and symptoms as well as differential diagnoses 
in order to arrive at a definitive diagnosis. Additionally, it is 
clear that lesions often behave in unforeseen or unusual 
ways. Thus, even for lesions that may not require treat-
ments, such as compound odontoma and PCD, follow-up 
with routine radiographic examination is important. Correct 
diagnosis based on careful imaging, clinical observations, 
and appropriate follow-up constitutes appropriate patient 
management. Careful observation of the radiographic fea-
tures of each lesion helps to differentiate between adjacent 
and unrelated lesions.
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Abstract
Tooth agenesis is a developmental defect characterized by 
the absence of one or more teeth in either the primary or 
permanent dentition. Customary treatment options include 
orthodontic space closure of the edentulous area, tooth-
supported restorations and single-tooth implants, all of which 
have advantages and disadvantages. This article aims to dis-
cuss the benefits of orthodontic space closure when com-
pared to the other two above-mentioned alternatives.

Introduction
Hypodontia refers to the developmental absence of one or 
more teeth, oligodontia of six or more teeth, and anodon-
tia of all teeth. The prevalence of hypodontia in primary 
dentition varies from 0.08% to 1.55%, with no gender 
predilection.  In the permanent dentition, the prevalence 
is higher, ranging from 2.3% to 11.3%, and females are 
more frequently affected than males by a ratio of 3:2.5. 
The prevalence of missing third molars is between 9% and 
37%, making this the most frequently absent tooth in the 
permanent dentition.  It is generally agreed that mandibu-
lar second premolars are the next most commonly miss-
ing tooth, followed by maxillary lateral incisors, maxillary 
second premolars, and finally, mandibular central incisors. 
One or two of these teeth are absent in 80% of reported 
cases, 4 or more in 10%, and 6 or more in fewer than 
1%.1 Interestingly, maxillary lateral incisors are the most 
frequently missing teeth when only one or two teeth are 
missing, while second premolars are most frequently 
missing when more than two teeth are missing.2

Terminology regarding this subject warrants its own discus-
sion. Vastardis3 identifies the ubiquitous term “congenitally” 
missing teeth as a misnomer, since those permanent teeth 
that are most often missing are not always present at birth 
in normal development. Tooth agenesis is a more descrip-
tive term that indicates an underlying developmental defect.  
The recent approach to understanding dental anomalies 
reflects this ideology, and human molecular genetics has 
allowed recognition of specific genes that are responsible 
for tooth agenesis in certain families. Tucker and Sharpe4 
discuss the association between non-syndromic tooth 
agenesis and heterozygous mutations in transcription fac-
tors Msx1 and Pax9, which have been shown to play a criti-
cal role in the early stages of tooth development. 
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The treatment options for tooth agenesis are as varied as 
the types and number of teeth missing in the condition.  
Current research has attempted to bioengineer teeth either 
from existing dental cells or progenitor tissues, based on 
the knowledge of the interaction between mesenchyme 
and epithelium to replicate the natural process. The results 
have been largely encouraging: enamel, dentin, pulp, and 
developing tooth roots have been regenerated on prefabri-
cated biodegradable scaffolds.5   

Still, a wide gap exists between what are still the initial 
stages of tissue bioengineering research and the therapies 
available today to treat hypodontia. Three of the more com-
mon treatments involve orthodontic space closure of the 
edentulous area, tooth-supported restorations, and single-
tooth implants. Beyond their challenges and benefits, the 
choice of treatment is further complicated by factors such 
as the type of malocclusion, space requirements, tooth size 
relationships, and  the size and shape of the canine in cases 
where the maxillary lateral incisor is missing.6 

When the closure of the edentulous space is indicated, the 
orthodontist uses brackets and arch wires to bring the ad-
jacent teeth into contact. However, when the missing tooth 
is located in the anterior maxilla, where esthetics is a major 
concern, additional steps are required. For example, when 
the canine substitutes a congenitally missing lateral incisor, 
the canine must be reduced incisally, palatally and labially 
prior to proper positioning, and possibly restored at the me-
sioincisal and distoincisal edges. Moreover, the tendency of 
the canine to have a darker color than the contralateral lat-
eral incisor must be offset by individual bleaching. Esthetics 
may be further fine-tuned via gingivectomy to mimic natural 
gingival margin contours.6

In contrast to orthodontic space closure, most tooth-sup-
ported restorations require a prior opening of space to re-
gain the width lost from ectopic eruption of the canine into 
the lateral incisor location. Three different methods exist that 
determine the appropriate space: the “golden proportion” 
rule, which states that the apparent width of anterior teeth 
should have a ratio of 1:0.618 with adjacent teeth from the 
frontal view, the use of the contralateral lateral incisor as a 
guide for space determination, or the use of the Bolton ratio 
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to compare the mesiodistal widths of individual teeth in the 
opposing arches to obtain an ideal occlusal relationship.7

Implant-supported restorations have become a popular 
treatment modality for missing teeth. The purpose of orth-
odontic space opening in this option is two-fold:  the space 
for the implant-abutted crown is acquired, and the signifi-
cant buccolingual width of the canine widens the eden-
tulous ridge to accommodate proper implant placement.  
This width is stable over time, such that the implant can be 
placed after facial growth is complete.8 

Case Report
An 11-year 2-month old male with congenital agenesis of 
both mandibular second premolars presented for orth-
odontic treatment at the Columbia University Post-Doctoral 
Orthodontic Clinic. The patient’s chief complaint was “my 
front teeth are not lined up with the other teeth.” Clinical 
exam and study models revealed an Angle Class III (Sub-
division left) occlusion, Class II canine relationship, bilateral 
posterior molar crossbite, 6 mm overjet, deep overbite, 
mildly misaligned maxillary teeth, and an atrophic dentoal-
veolar ridge where the mandibular second premolars were 
missing (Figure 1). 

Figure 1A Initial intraoral photographs

Figure 1B Initial panoramic radiograph

Occlusal view (maxillary)

Right view

Left view

Frontal view

Occlusal view (mandibular)
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A measure of the patient’s TMJ function resulted in a maxi-
mum opening of 45 mm and maximum protrusion of 7 mm.  
A functional shift to the right of 3 mm was observed, and 
lateral movements were 7 mm to the right and 5 mm to 
the left. The patient reported no discomfort, pain, spasms, 
clicking, or noise in his jaw joints.

Cephalometric analysis revealed a Skeletal Class I tenden-
cy, a hypodivergent mandibular angle, slightly retroclined 
and retruded lower incisors, an obtuse interincisal angle, a 
prominent chin, and a slight skeletal and soft tissue imbal-
ance (Figure 2).

Full comprehensive treatment with the Edgewise appliance 
was elected with the patient’s consent. In the spring of 2004, 
the Haas Expander was first used to correct the transverse 
discrepancy; this rapid palatal expander was bonded to up-
per 4’s and 6’s and turned twice a day for a duration of six 
weeks. Although expansion was discontinued at this point, 
the appliance was maintained intraorally for the purpose of 
retention. One month after the expansion was terminated, 
brackets were bonded to individual teeth.

Because the patient did not wish to receive dental implants 
to restore the missing mandibular second premolars, the 
treatment objectives included the planned closing of the 
edentulous space via orthodontic forces.  They also in-
cluded improving oral hygiene, achieving Class I canine re-
lationship, closing all spaces, correcting the deep bite and 
crossbite, leveling and aligning, correcting dental rotations, 
improving  the interincisal angle, improving the lower incisal 
angle, and monitoring lower third molar eruption.

The Sabbagh Universal Spring (SUS) was fitted approxi-
mately one month prior to placement of the rapid palatal 

Figure 2A Initial digitized lateral cephalogram  

Figure 3 Intraoral photographs with the Sabbagh Universal Spring

Figure 2B Initial Columbia Analysis
    Dev 
 Value Norm SD Norm

SNA (º)                                    81.1 81.0 4.0 0.0 

SNB (º)                                    80.8 78.0 3.0 0.9 

ANB (º) 0.3 3.0 2.5 -1.1 *

Wits Appraisal (mm)                         1.8 1.0 3.0 0.3 

SN - GoGn (º) 26.6 32.0 5.0 -1.1 *

SN-Palatal (SN-PP) (º) 3.2 8.2 3.3 -1.5 *

Palatal-Mand Angle (PP-GoGn) (º) 23.4 22.0 6.0 0.2 

Y-Axis (SGn-SN) (º) 65.1 67.0 5.5 -0.3 

P-A Face Height (S-Go/N-Me) (%)            68.1 65.0 4.0 0.8 

UAFH/LAFH Ratio (N-ANS/ANS-Me) (%) 75.0 80.0 7.0 -0.7 

U1 - SN (º) 107.3 103.5 5.0 0.8 

Interincisal Angle (U1-L1) (º) 137.0 130.0 5.0 1.4 *

L1 - GoGn (º) 89.1 93.0 6.0 -0.7 

L1 Protrusion (L1-APo) (mm) 0.7 1.0 2.0 -0.2 

L1 - NB (mm) 2.0 4.0 1.8 -1.1 *

Pog - NB (mm) 2.6 4.0 1.5 -0.9 

Holdaway Angle (NB to H-line) (º) 2.0 8.0 4.0 -1.5 *

Holdaway Ratio (L1-NB:Pg-NB) (%) 0.8 1.0 1.0 -0.2
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expander; its purpose was to enhance the mandibular 
anterior anchorage while closing the spaces between 
mandibular first premolars and first molars. This appliance 
(Figure 3) is a telescope unit with a spring for universal in-
termaxillary use. It produces constant, mainly horizontal 
forces when the mouth is closed. The SUS is gentle on the 
temporomandibular joints and is ideal for patient with poor 
cooperation. The SUS is commonly used for molar distal-
ization, space closure, dentoalveolar compensation of the 
occlusion, and temporomandibular dysfunction.9

The main concern with orthodontic space closure involves 
the health of the periodontium surrounding the first pre-
molars and first molars. Periapical radiographs taken on 
January 14 of 2008 showed no loss in vertical height of 
bone (Figure 4). Probing depth measurements taken on the 
same day were also within an acceptable range (Table 1).  

Although the distals of first molars had deeper measure-
ments, the inflammation is more likely due to molar bands 
that inhibit better hygiene. The patient’s brackets were re-
moved on July 2 of 2008, totaling approximately four years 
and one month of treatment. 

Final records were taken on October 20 of 2008.  Clinical 
exam exhibited complete closure of the edentulous spaces 
by mesialization of mandibular molars, Angle Class III oc-
clusion, Class I canine relationship, correction of bilateral 
posterior molar crossbite, and ideal overjet and overbite.  
Meanwhile, the panoramic radiograph confirmed alignment 
of both crowns and roots (Figure 5). 

Figure 4 
Periapical radiographs of the mandibular first molars after space closure

Figure 5A Final intraoral photographs

Table 1 
Probing depths of mandibular first premolars and first molars
D-Distal, L-Lingual, M-Mesial, B-Bucal

 DL L ML MB B DB
Right first molar 4 4 4 4 3 5
Right first premolar 3 2 2 3 3 3
Left first premolar 3 3 3 2 2 2
Left first molar 4 4 3 3 3 4

Front view

Left view

Right view
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Figure 5A (continued) Final intraoral photographs

Figure 6A Final digitized lateral cephalogram

Figure 6B Final digitized Columbia Analysis

Figure 5B Final panoramic radiograph

Cephalometric analysis demonstrated improvement in the 
interincisal angle as compared to pre-treatment, which was 
partly due to the mechanics increasing the lower incisor in-
clination. The patient remained in a hypodivergent skeletal 
vertical pattern, because of growth and/or space closure 
orthodontic mechanics. Overall, the patient’s natural pro-
file was maintained and a stable dental correction resulted 
(Figure 6). 

In addition, because the third molars were developing at 
this time, a follow-up panoramic radiograph was taken on 
February 16 of 2010 to examine the eruption path (Figure 7).  
This image, along with the clinical exam, showed that the 
mandibular third molars were erupting into proper position 
and would occlude with the maxillary second molars.

Discussion
With the advent of new treatment modalities, the patient 
is often faced with numerous choices that sometimes can 
be difficult to navigate. In the case of tooth agenesis, three 

    Dev  
 Value Norm SD Norm
SNA (º) 79.4 81.0 4.0 -0.4 

SNB (º) 81.2 78.0 3.0 1.1 *

ANB (º) -1.8 3.0 2.5 -1.9 *

Wits Appraisal (mm) -3.9 1.0 3.0 -1.6 *

SN - GoGn (º) 23.3 32.0 5.0 -1.7 *

SN-Palatal (SN-PP) (º) 7.6 8.2 3.3 -0.2 

Palatal-Mand Angle (PP-GoGn) (º) 15.7 22.0 6.0 -1.1 *

Y-Axis (SGn-SN) (º) 63.6 67.0 5.5 -0.6 

P-A Face Height (S-Go/N-Me) (%) 70.7 65.0 4.0 1.4 *

UAFH/LAFH Ratio 83.0 80.0 7.0 0.4 
(N-ANS/ANS-Me) (%)          

U1 - SN (º) 106.2 103.5 5.0 0.5 

Interincisal Angle (U1-L1) (º) 131.0 130.0 5.0 0.2 

L1 - GoGn (º) 99.5 93.0 6.0 1.1 *

L1 Protrusion (L1-APo) (mm) 2.3 1.0 2.0 0.7 

L1 - NB (mm) 3.7 4.0 1.8 -0.2 

Pog - NB (mm) 5.8 4.0 1.5 1.2 *

Holdaway Angle (NB to H-line) (º) -0.1 8.0 4.0 -2.0 **

Holdaway Ratio (L1-NB:Pg-NB) (%) 0.6 1.0 1.0 -0.4

Occlusal view (maxillary)

Occlusal view (mandibular)
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Figure 7 Follow-up panoramic radiograph

widespread alternatives to tissue regeneration therapy in-
clude orthodontic space closure, a tooth-abutted bridge, 
or an implant-supported crown. Although these treatment 
options are clear enough, the choice of treatment involves 
many factors that complicate the decision-making process.

Carter et al10 explains that three factors determine whether 
to maintain an edentulous space or to close it: the age of 
the patient, the severity of the hypodontia, and the degree of 
inherent crowding. Younger patients benefit from facial and 
dentoalveolar growth, such that astute extraction of primary 
teeth in mildly crowded cases may guide the permanent 
teeth into more favorable eruption positions. Additionally, 
space closure seems less likely as the number of missing 
teeth increases, and as crowding of the arch decreases. 

Thilander11 elaborates on age as a factor by stating that 
whereas orthodontic space closure guides the erupting 
teeth into stable occlusion in children, interlocking intercus-
pation requires an extenuating treatment in the opposite 
arch in adolescents and young adults. In the latter case, 
tipping of teeth is precluded with bodily orthodontic move-
ments that are light in force to avoid destruction of gingiva 
and marginal bone loss. These mechanics require such a 
significant time commitment that the alternative choice of 
an implant should be considered.  

Closing the edentulous space by orthodontic means is 
clearly favored in growing children, but adolescents and 
young adults may benefit from other treatment alternatives.  
Still, tooth-supported restorations and single-tooth implant 
are not without shortcomings. Tooth-supported restora-
tions — that is, conventional full-coverage fixed partial den-
tures require not only preparation, but precise planning as 
well. In cases where orthodontic therapy is planned, the 
anticipated abutment teeth should be aligned along a com-
mon pathway so that the amount of tooth structure pre-
pared is minimal; this prevents weakening of the abutment 
and pulpal encroachment. Clearly, the non-conservative 
nature of this treatment is not ideal for restoring an anterior 
tooth such as the maxillary lateral incisor.7

Careful planning also applies to implant-supported crowns 
that replace missing teeth. Implant fixtures cannot be placed 
in any edentulous space; rather, certain specifications exist. 
For instance, the minimum interradicular distance is 5 mm, 
and 1.5 to 2.0 mm of space between head of the implant 
and adjacent teeth is essential for development of the papil-
lae. As a result, while coronal space may be adequate, in-
sufficient interradicular spacing may limit implant placement 
as a restorative option.8

Treatment time is of concern as well. Facial growth and tooth 
eruption must be complete before placement of the implant 
fixture can occur.2,8,12 This requirement delays the continuity 
of the restoration, prolonging the overall time span that the 
patient is receiving therapy. Because the length of time to 
implant placement varies, the more definitive treatment time 
for orthodontic space closure may become more attrac-
tive. The patient in the case report had four years and one 
month of active treatment, yet waiting for growth comple-
tion might have been as long or even longer in duration.   

As much as practicality sways treatment options, the final 
esthetic result could be considered to be of equal impor-
tance. More specifically, management of the soft tissue vis-
ible while smiling. For instance, with regard to implants re-
placing maxillary lateral incisors, Thilander identified several 
periodontal problems. Not only was mucosal recession at 
the crown observed, but there was also marginal bone loss 
that led to mucosal discoloration.11 Atherton also claimed 
that when space is opened for a fixed partial denture or 
implant, teeth moving apart caused the papilla to remain in 
place while the adjacent sulci were everted. This became a 
challenge as the restoration lacked the proper emergence 
profile to mimic a natural tooth.8 

On the contrary, Day et al noted that mesialization of the 
tooth posterior to the edentulous space established a new 
alveolar process along with attached gingiva and interden-
tal papillae.13 The appearance of the soft tissue was there-
fore maintained, which is difficult in fixed partial dentures 
and implants.12 In fact, Zeisner and Witt found no adverse 
periodontal effects from orthodontic space closure.14 The 
case report confirms this by demonstrating healthy verti-
cal bone height with adequate amount of attached gingiva 
and interdental papillae surrounding the mandibular first 
premolars and molars. The probing depths were also within 
normal limits, as compared to prosthetic replacements that 
may harm periodontal health by causing plaque retention.

Both the Herbst appliance16 and the SUS9 bring teeth for-
ward without requiring patient cooperation. The former 
corrects skeletal and dental Class II malocclusion, and is 
either bonded or removable. The Herbst appliance ‘s dis-
advantage is that its rigidity limits mandibular lateral excur-
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sions and makes it prone to breakage. However, SUS9 
is an attractive alternative device that is well accepted by 
patients due to its delicate design and its slow and gentle 
force-delivery system. When employed for agenesis of the 
mandibular second premolar, the spacing is slowly closed 
by protracting the molars mesially into the atrophic dento-
alveolar ridge. This methodology is based on the report by 
Kokich et al17 that moving the adjacent tooth into the atro-
phic space, if done slowly, will permit alveolar cortical bone 
to be deposited ahead of and around the tooth.

The SUS addresses another issue that often undermines 
orthodontic space closure—unintentional retraction of an-
terior teeth. This movement adversely affects the incisor re-
lationship; the overjet often seen in Angle Class II occlusion 
is worsened.10 The SUS prevents unwanted retraction by 
using push-pull mechanics: closing the mouth pushes the 
anterior tooth bonded to the appliance mesially rather than 
distally into the space. 

Conclusion
Patient selection is critical in treating patients with tooth 
agenesis. Candidates for space closure, tooth-supported 
restorations, and single-tooth implants all require a thor-
ough workup that considers the age of patient, feasibility 
of an esthetic fixed partial denture or implant-supported 
crown, treatment time, and soft tissue management. In 
cases where orthodontic space closure is selected, the 
Sabbagh Universal Spring is a good alternative to traditional 
functional appliances.

Regardless of the treatment of choice, a team approach 
between the restorative dentist and periodontist is a must.  
Consultation during treatment planning and coordina-
tion should be multidisciplinary, while subsequent therapy 
should be interdisciplinary. This will allow the clinician to 
provide optimum care as well as maximum satisfaction for 
the patient.1
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Abstract
Van der Woude Syndrome (VWS) is reported in male pa-
tient B.S. (12 y, 3 m).  His past surgical history includes lip 
repair shortly after birth and hard and soft palate repair at 1 
year of age.   The patient presented with a desire to improve 
his dental and facial esthetic appearance, stating that he, 
“wants to get [his] mom’s type of teeth.” This case report 
describes the key facts and features associated with VWS 
and why it is underdiagnosed, as well as the importance 
of early diagnosis. Also included in this review are the orth-
odontic diagnosis and the comprehensive orthodontic and 
surgical treatment plans for this patient.

Introduction
VWS is the most frequent form of syndromic clefting and 
accounts for approximately 2% of all cleft lip and palate 
cases.1,2  This is an inherited condition transmitted through 
an autosomal dominant pattern that predominantly affects 
facial development. Van der Woude syndrome is relatively 
rare, as the prevalence ranges from 1:40,000 to 1:100,000 
still or live births as recorded in a study of European and 
Asian populations.3

This syndrome is the most common cause of cleft lip and 
palate resulting from variations in a single gene.3 The mu-
tated gene associated with Van der Woude syndrome is the 
interferon regulatory factor-6 gene (IRF6).  Mutations of this 
gene can lead to a spectrum of phenotypes, ranging from 
Van der Woude syndrome in the mildest cases to Popliteal 
Pterygium Syndrome (PPS), which is a more severe mani-
festation involving abnormal genitalia, syndactyly of the toes 
and/or fingers, as well as other distal limb abnormalities.4  
Sequence analysis of the IRF6 gene has shown mutations 
in approximately 70% of individuals with VWS and 97% of 
individuals with PPS phenotypes.5,4

The most common manifestation associated with VWS is 
congenital, usually bilateral, paramedian lower-lip fistulae 
(also known as lip pits) or sometimes small mounds with a 
sinus tract leading from a mucous gland of the lip.  Other 
common congenital developmental abnormalities associ-
ated with this syndrome are hypodontia, cleft lip, cleft pal-
ate, or both cleft lip and palate.

Case Report
Patient BS (12y, 3m male), with previously diagnosed Van 
der Woude Syndrome, presented to the Columbia Univer-
sity College of Dental Medicine Orthodontic Post Doctoral 

clinic on 12/13/2005. BS was an example of a cleft lip and 
palate phenotype presenting as a manifestation of VWS.  It 
is important to note that cleft lip and palate is usually non-
syndromic and presents due to multiple gene irregularities.  
In those cases which are derived from a syndrome, VWS 
has been described as the most frequent form.2 He pre-
sented with a past surgical history of repaired cleft lip and 
palate. The cleft lip surgery and both hard and soft palate 
surgeries were performed by the age of 1 year. His medical 
history was otherwise noncontributory, and the patient pre-
sented with no other significant medical problems or known 
drug allergies. 

Upon clinical examination, BS was in permanent denti-
tion, had a retained primary tooth (A), and was congeni-
tally missing teeth #4 and 10 (Figure 1). He had no clinical 

Figure 1-Initial composite photographs
Patient BS on 12/13/05. BS is 12 years and 3 months old. In the 
frontal view, the patients paramedian submucous clefts (lip pits) on his 
lower lip are apparent photographically, and even more so clinically.

signs of caries, reported the last dental cleaning to be 3 
months ago, and reported brushing two times daily.  Facial 
examination noted this patient had mesiofacial-dolichofacial 
structure with marked soft tissue asymmetry, most likely as 
a result from cleft lip repair. This asymmetry manifested as 
a nose that was both larger and positioned more superiorly 
on the patient’s right side. The patient was described as 
having a convex profile with a slightly prognathic maxilla and 
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a slightly retrognathic mandible. He presented with severe 
transverse maxillary constriction and a hyperdivergent, verti-
cal growth pattern. There was noted class II molar occlusion 
with premolar crossbite on the right side and Class II molar 
occlusion with molar and premolar crossbite on the left side. 
In addition to the bilateral posterior crossbite, there was an 
anterior crossbite resulting in a negative overjet. This led to a 
negative overjet recorded at 2mm with a deep overbite. The 
maxillary midline was 2 mm to the left and the mandibular 
midline was 2 mm to the right.

Radiographs taken included a lateral cephalogram (Figure 
2A), a panoramic film, and a hand/wrist film. Columbia Analy-
sis (Figure 2B) was used to make several different recordings 
on the lateral cephalograph to help with diagnosis and treat-
ment planning. In a 12-year-old male, it was very important 
to assess the indicators that helped determine the patient’s 
direction of growth. Lateral cephalograph readings showed 
an SN-SN-GoGn angle of 44.8°, and a large Y-axis (SGn-SN) 
of 78.3°, both of which indicate a hyperdivergent and unfa-
vorable vertical growth pattern. ANB was recorded at 9.2°, 
which describes a maxillary and mandibular disharmony 
suggesting a skeletal class II malocclusion.  Additionally, the 
patient was described as having a small posterior to anterior 
face height ratio, which further supported the conclusion that 
this patient exhibited a high mandibular plane angle with un-
favorable growth. Other significant anomalies that needed to 
be addressed included severely retroinclined maxillary inci-
sors and protrusive mandibular incisors, both of which con-
tributed to the negative overjet described above.

Impressions were taken and processed into the OrthoCAD 
digital system (Cadent Inc.) for analysis. Bolton Analysis 
was used to describe tooth size discrepancies between 
the upper and lower dental arches. This analysis, useful for 
permanent dentition only, described an overall mandibular 
excess of 4.1 mm and an anterior mandibular excess of 3.5 
mm. The maxilla was seen to have 5.5 mm of crowding 
when missing teeth number # 4, 7 (which was extracted), 
and  # 10 were taken into account.

The skeletal maturation index (SMI) was used to determine 
the amount of skeletal growth completed and amount of 
skeletal growth that the patient will still undergo. The pa-
tient’s hand-wrist radiograph indicated ossification of the 
adductor sesamoid bone in the thumb without capping of 
the distal phalanx on the third finger. This assessment sug-
gested BS to be at a skeletal maturation index of 4. His 
S-A growth was 20.3% complete and S-Gn growth was 
26.7% complete, indicating that BS still had a considerable 
amount of growwth potential remaining.6  
Orthodontic treatment objectives for this patient were to: 

Group/   Std Dev
Measurement Value Norm Dev Norm

SNA (°) 84.4 81.0 4.0 0.8

SNB (°) 75.2 78.0 3.0 -0.9

ANB (°) 9.2 3.0 2.5 2.5**

Wits Appraisal (mm) 1.5 1.0 3.0 0.2

SN-GoGn (°) 44.8 32.0 5.0 2.6**

SN-Palatal (SN-PP) (°) 12.6 8.2 3.3 1.3* 

Palatal-Mand Angle 32.2 22.0 6.0 1.7* 
(PP-GoGn) (°)

Y-Axis (SGn-SN) (°) 78.3 67.0 5.5 2.0**

P-A Face Height  56.2 65.0 5.5 -2.2** 
(S-Go/N-Me) (%)

UAFH/LAFH Ratio %) 77.9 80.0 7.0 -0.3 
(N-ANS/ANS-Me)

U1-SN (°) 78.2 103.5 5.0 -5.1*****

Interincisal angle 146.8 130.0 5.0 3.4*** 
(U1-L1) (°)

L1-GoGn (°) 90.2 93.0 6.0 -0.5

L1 Protrusion 8.0 1.0 2.0 3.5*** 
(L1-APo) (mm)

L1 -NB (mm) 12.4 4.0 1.8 4.7****

Pog-NB (mm) -5.2 4.0 1.5 -6.1******

Holdaway Angle  12.3 8.0 4.0 1.1* 
(NB to H-line) (°)

Holdaway Ratio  -2.4 1.0 1.0 -3.4*** 
(L1-NB:Pg-NB) (%)

Figure 2A

Figure 2B

Figure 2a and 2b Initial Lateral Cephalogram tracing and Columbia 
Analysis measurements.



©2011 Columbia Dental Review     Volume 15 : 2010-2011 19

Van der Woude Syndrome: A Case Study

obtain a class I cuspid relationship, achieve stable poste-
rior intercuspation, correct his transverse maxillary discrep-
ancy (and prepare the patient for secondary alveolar bone 
grafting), obtain an acceptable overbite and overjet, relieve 
crowding, correct incisor angulation, facilitate restoration of 
missing teeth, correct his midlines and monitor his growth.

A treatment plan was set forth to band and bond both arch-
es, level and align, and evaluate growth so that the need 
for orthognathic surgery could be assessed. To correct the 
bilateral posterior crossbite, rapid palatal expansion was 
indicated. Impressions were taken and the Hyrax palatal 
expander was inserted on 10/16/06. To increase maxillary 
arch width, transverse biomechanical forces were applied; 
enough orthopedic force would cause separation of the 
midpalatal suture.7 It has been determined that transverse 
discrepancies should be treated early in life to allow nor-
mal expression of mandibular and maxillary growth.8 Pala-
tal expansion was completed one month later on 11/17/06 
and significant expansion was seen (Figures 3a and 3b). In 
patient BS, maxillary expansion also facilitated the second-

Figure 3a and 3b Pre- and post-palatal expansion, respectively 
demonstrating increased arch width following use of a Hyrax expander.

Figure 3A

Figure 3B

ary alveolar bone graft, which was performed on 11/15/07.  
Extraction of #7 was a sequela of the bone graft procedure.  
A removable transpalatal arch was inserted prior to bone 
grafting, which functioned to maintain expansion while al-
lowing the surgeon access to the palate.

Three months after the bone graft, BS resumed orthodontic 
care.  A fistula was noted at this time through the original 
left cleft site; a complication of palatal expansion. The fis-
tula could be seen clinically as well as via periapical and a 
panoramic radiograph taken with gutta percha through the 
graft site (Figure 4).  Graft revision was indicated and was to 
be addressed during the planning of the patient’s upcoming 
orthognathic surgery.  

Figure 4 This Panoramic radiograph taken 3/31/08 shows the fistula 
that has formed following expansion. A gutta percha cone can be seen 
superimposed on tooth number 9, defining and describing the fistula-
tion site. This will be addressed during B.S. upcoming surgery.

At this time, 17½-year-old BS demonstrated an SMI of 11 
indicating completion of skeletal growth. He would be pre-
pared for a two-jaw orthognathic surgery. The maxillary sur-
gery would be a three-piece LeFort I osteotomy.  Although  
this procedure is rarely done in bilateral cleft patients due to 
their compromised blood supply, the decision was made 
to proceed due to the difficulty in completely leveling the 
maxillary arch orthodontically.

Discussion
To make a diagnosis of Van der Woude syndrome, one of 
the following three findings must be present: 1) Lip pits and 
cleft lip and/or palate.  Lip pits must be paramedian on the 
lower lip, and can include mounds with a sinus tract leading 
from a mucous gland of the lip. 2) Lip pits alone with a first 
degree relative with cleft lip and/or palate. 3) Cleft lip and/or 
palate and a first-degree relative with lip pits.4 This patient 
presented with lip pits as well as cleft lip and palate, which 
gives a clinical definitive diagnosis of VWS.

Several other non-classical phenotypes of VWS have been 
identified.  One study showed that as high as 81% of pa-
tients with VWS present with hypodontia.9 This can be seen 
the case of patient BS, as he was missing succedaneous 
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teeth #4 and #10. Other manifestations associated with VWS 
are bifid uvula and submucous clefting, both of which were 
also evident in this patient. Many more presentations of VWS, 
though not present in this case, have been observed and 
noted in the literature. These include: conical elevations of the 
lip, ankyloglossia, limb abnormalities, and hearing loss.8,9,10,4,11,12 
The wide range of signs and symptoms associated with VWS 
demonstrates the large amount of variable expressivity that 
can occur within this syndrome. The penetrance was found 
to be 96.7%.13 In a seven-generation study, 88% of individuals 
affected by VWS showed lip pits, and in 64% of the cases, this 
was the only manifestation.14

The variable expressivity of this disease means that a pa-
tient can present clinically with apparent, full-blown VWS 
and all the possible associated conditions, or with extreme-
ly small, undetectable lip pits in conjunction with submu-
cous clefting. This leads to a situation where VWS is fre-
quently underreported and underdiagnosed, which can be 
detrimental to a child’s development. Submucous clefting 
is an abnormality in the muscle attachments of the soft pal-
ate, with an intact oral and nasal mucosa. Generally, this 
is a treatable condition, but when undiagnosed it can lead 
to facial growth abnormalities, feeding difficulties, speech 
abnormalities, and disease of the middle ear. The disease 
of the middle ear results from the dysfunction of the Eusta-
chian tubes due to the abnormalities of the muscle attach-
ments.15 This should prompt both the medical and dental 
community to be aware of lower lip pits, as well as under-
stand its correlation with VWS and submucous clefting.  
Detection of submucous clefting, especially early detection, 
can allow for muscle reconstruction at a younger age and 
a better prognosis for speech capabilities.16,17 One study 
found that 27% of the individuals who had VWS presented 
with submucous clefting.18 This is considered to be a signifi-
cant percentage of cases and is an important reason why 
those individuals who have family members with VWS are 
encouraged to go for meticulous examination for lip pits, as 
well as genetic counseling.

The idea of genetic counseling for VWS patients is still 
relatively new, as it was not until recently that the offend-
ing gene was unequivocally determined. To determine if 
this syndrome was allelic or not, monozygotic twins were 
studied. One of the twins showed the VWS phenotype, the 
other twin was normal, and both parents were unaffected.  
Genetic sequencing was performed and a mismatch was 
found in the gene sequence leading to the discovery of a 
nonsense mutation found in the IRF6 gene. To help solidify 
this information, 45 additional unrelated families with VWS 
were sequenced and found to have allelic mutations in the 
same gene.19 IRF6 genes have been well described with 
their role in cellular defense, but their exact role during de-
velopment is unknown.19,20 The association between IRF6 

mutation and VWS patients with craniofacial deformities 
suggests an important role in for the IRF6 gene in craniofa-
cial development.

Conclusion
Van der Woude Syndrome (VWS) is the most frequent form 
of syndromic clefting and accounts for approximately 2% of 
all cleft lip and palate cases.1,2 This report illustrates that the 
treatment of cleft lip and palate requires a multi-disciplinary, 
team-oriented approach, which may last for many years.  
The patient presented in this case report began therapy 
with cleft lip and palate surgeries before the age of one, 
and has been through alveolar bone grafts, speech therapy, 
Rapid Palatal Expansion, and orthodontics in preparation 
for bilateral alveolar bone grafts and orthognathic surgery 
at age 17 to correct the maxillary and mandibular jaw dis-
crepancies that still exist.  
 
Several pre-surgical orthodontic treatment objectives have 
now been completed (Figure 5). The posterior crossbites 
have been corrected, crowding has been alleviated, inci-

Figure 5 Progress composite photographs (3/23/09) showing 
completion of pre-surgical orthodontic treatment. 

sor angulations have been corrected, and midlines are now 
coincident. A pre-surgical lateral cephalogram accompa-
nied by the Columbia Analysis measurements was used to 
help determine if proper dental decompensation was ac-
complished (Figure 6a and 6b). Incisor angulation was an 
important parameter used to assess appropriate pre-sur-
gical dental treatment. These measurements included the 
interincisal angle (U1-S1), L1-GoGn, and U1-SN.  Figure 6b 
verifies that these measurements have been adjusted to an 
acceptable pre-surgical value, demonstrating almost com-
plete dental decompensation. This patient was scheduled 
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Figure 6a and 6b Pre-surgical Lateral Cephalogram tracing 
and Columbia Analysis measurements demonstrating appropriate 
pre-surgical dental decompensation.

Group/   Std Dev
Measurement Value Norm Dev Norm

SNA (°) 84.9 81.0 4.0 1.0*

SNB (°) 81.0 78.0 3.0 1.0*

ANB (°) 4.0 3.0 2.5 0.4

Wits Appraisal (mm) -2.9 1.0 3.0 -1.3*

SN-GoGn (°) 37.9 32.0 5.0 1.2*

SN-Palatal (SN-PP) (°) 11.3 8.2 3.3 0.9 

Palatal-Mand Angle 26.7 22.0 6.0 0.8 
(PP-GoGn) (°)

Y-Axis (SGn-SN) (°) 73.3 67.0 5.5 1.1*

P-A Face Height  61.9 65.0 4.0 -0.8 
(S-Go/N-Me) (%)

UAFH/LAFH Ratio %) 77.8 80.0 7.0 -0.3 
(N-ANS/ANS-Me)

U1-SN (°) 98.9 103.5 5.0 -0.9

Interincisal angle 130.6 130.0 5.0 0.1 
(U1-L1) (°)

L1-GoGn (°) 92.5 93.0 6.0 -0.1

L1 Protrusion 10.9 1.0 2.0 5.0***** 
(L1-APo) (mm)

L1 -NB (mm) 13.0 4.0 1.8 5.0*****

Pog-NB (mm) -2.0 4.0 1.5 -4.0****

Holdaway Angle  3.5 8.0 4.0 -1.1* 
(NB to H-line) (°)

Holdaway Ratio  -6.5 1.0 1.0 -7.5****** 
(L1-NB:Pg-NB) (%)

Figure 6A

Figure 6B

to undergo orthognathic surgery, which will address the 
clinically unacceptable skeletal structure that orthodontics 
cannot treat. To complete this case, retention was indicated 
to help maintain the final occlusion. 
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Abstract
This article presents the case of a healthy patient with a 
congenitally missing ear who received a percutaneous, 
osseointegrated implant in the temporomastoid region to 
support a magnet-retained auricular prosthesis.  The report 
discusses why the patient was an ideal candidate for an 
implant-supported auricular prosthesis by examining the ra-
tionale behind this selection, along with the surgical method 
and the prosthetic reconstruction guidelines.  In addition, 
the importance of post-surgical home care instruction and 
one year follow-up will be reviewed.

Case Presentation
HM was a 44 year old Hispanic male who presented with 
congenital agenesis of the right ear pinna, auditory canal, 
tympanic membrane, in addition to ossicle malformation 
on the right side. (Figure 1) Incomplete pinna formation, or 

Figure 1 HM frontal view and profile view

Figure 2 HM in profile. Note almost complete agenesis of the right ear

microtia, can be graded based on severity. HM had a se-
vere malformation and was classified as grade III. (Figure 
2) His past medical history was otherwise unremarkable. 
Past surgical history includes hernia repair, lipoma resection 
from the back and an unsuccessful attempt to reconstruct 
an ear from his costal cartilage about 20 years ago. He had 
no known drug allergies and took Wellbutrin for depression. 
The maxillofacial prosthetics team at Columbia Presbyte-

rian Hospital (Dr. John Evans, prosthodontist, and Mr. Eric 
Asher, anaplastologist) worked with Dr. Yuko Nakamura, 
oral surgeon, to complete treatment.
         
Materials and Methods
HM was an ideal candidate for an implant supported pros-
thesis (ISP) due to his overall good health, adequate quality 
and quantity of bone in the right temporomastoid region as 
revealed by CT scan, and his psychological commitment 
to seeing treatment through to the end. He has remained 
compliant with proper home care and has kept in contact 
with the team through recommended check ups and moni-
toring. HM was selected for the single-stage procedure (in 
which both fixtures and abutments are placed on the same 
day), as opposed to the two-stage, because the implant 
site was never exposed to ionizing radiation and he has the 
manual dexterity and the cognitive abilities to care for the 
surgical site as directed.  Therefore, the longer healing time 
offered in the two-stage procedure was not necessary.

Three Straumann pure titanium self-tapping threaded im-
plant fixtures, measuring either 3 or 4 mm in length with a 
diameter of 3.3 mm and a flange at the appropriate length, 
were used as fixtures for three abutments to support the 
prosthesis. The fixture can accommodate different angula-
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tions of abutment placement. The flange ensures that the 
cranial vault or mastoid air cells are not perforated. Surgical 
templates were placed prior to surgery by the prosthodon-
tist and prosthetic technician; the templates were especially 
important in this case because the patient lacked an exter-
nal auditory meatus as a landmark for implant placement.
(Figure 3) During surgery, desired implant locations were 
marked by injecting methylene blue under the periosteum 
through prepared template guides. Implant placement was 
planned so that the fixtures would rest under the antihelix 
and antitragus of the prosthesis. (Figure 4) Alternative loca-
tions are possible if the selected locations are found to inter-

antihelix

antitragus

area suitable 
for alternative 
site selection

antitragus

antihelix

Figure 4 Diagram of the two preferred locations for fixture placement

Figure 3 Surgical template

Figure 5 Alternative fixture locations based on determined necessity 
during surgery. Care must be taken to stay in the high-contoured spots 
of the prosthesis.

fere with the contours of the prosthesis. (Figure 5) Hearing 
tests confirmed that the patient had moderately severe to 
profound mixed hearing loss in the right ear, with a conduc-
tion average of 34 dB HL over 0.5, 1, 2, and 3 kHz, and a 
72% word recognition. In the left ear, he had normal hear-
ing through 2000 Hz with 100% word recognition. Because 
HM’s bone conduction measurements for the right ear av-
eraged only 34 dB HL (45 db HL is the minimum threshold), 
he was not a candidate to receive a bone anchored hearing 
aid (BAHA).8

    
Surgical Protocol
The two-stage procedure was the first standard auriculo-
temporal implant placement protocol published by Tjell-
strom in 1985, with a reported osseointegration rate of 97-
100%. 85% of patients reported no adverse hyperplastic 
or inflmamatory skin reactions surrounding the implants.  
In 1991, Goteburg introduced the concept of a one-stage 
procedure in which both fixture and abutment are placed 
simultaneously. Osseointegrative success and skin reaction 
rate were similar to that found for the two stage procedure, 
leaving the main difference between the two approaches in 
patient selection.8 The two-stage procedure is preferred for 
children and patients who have been exposed to ablative 
radiotherapy in the region of the future implants, as these 
candidates have decreased bone density and impaired 
medullary circulation, respectively. A healing time of 3-6 
months is allowed between implant and abutment place-
ment to increase likelihood of implant success.9

The ideal diameter of the implants is 5.5 mm, with length 
being 3.3 mm.7 A 2 mm round bur at high speed (approx 
2000 RPM) is used for initial location of implant sites, as 
guided by the methylene blue stain injected from a 3 cc 
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Figure 6 Injection of methylene blue under the periosteum.

Figure 8 HM, Post op with healing abuttments in place.

Figure 7 HM, screw fixtures in place with inferior abutment about to 
be placed

syringe into the periosteum. (Figure 6) A 22 gauge, 1.5 inch 
needle is driven through the strategic openings in the tem-
plate onto the exposed periosteum.1 A 15 RPM low speed 
handpiece is then used to finalize the width of the prepared 
osteotomies and place the fixtures. The sites are prepared 
under copious irrigation to cool the bone and lessen the 
likelihood of necrotic changes.11 Self-tapping or self-thread-
ing implants are preferred if the bone is very brittle or ex-
cessively dense (i.e. Type I cortical bone). Size and location 
of the flap is determined using the preformed prosthetic 
template as a guide. The titanium fixtures are inserted to a 
depth of 3-4 mm in the temporal bone.  Guide drills of 4 mm 
in length are preferred for most adult patients.  Due to the 
thinner cortices in pediatric patients, the guide drill should 
be 3 mm in length. Primary stability is accomplished via 15 
N-cm minimum of insertion torque.11 The Lundgren proto-
col specifies that implants should be inserted about 18 mm 
away from the external auditory meatus, and staggered at 
positions of six, nine, and twelve o’clock for the right side 
and twelve, three, and six o’clock for the left. The distance 
from the center point of any given fixture to its neighbor 
should be 11 mm in length if 3 implants are used, or 15 mm 
if two implants are used, depending on the retentive design 
chosen for the prosthesis.1 (Figure 7) A fourth implant may 
be added if a BAHA is being installed.11

If the procedure is performed in one-stage, the surgeon re-
moves excess tissue bulk to provide a maximum combined 
skin and subcutaneous tissue thickness of 2 mm. The 
thinned tissue is then positioned so that the implants are 

covered once more. In burn victims or those with pre-exist-
ing scar tissue, the surgeon may not need to spend much 
time on the thinning process. As with intraoral implants, a 
major cause for extraoral implant failure is epithelial migra-
tion between the bone and the screw, which interferes with 
osseointegration. The likelihood and severity of this effect is 
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minimized by intra- and post-operative efforts to maintain 
taut tissue circumscribing the implants.1  If there is not enough 
skin of desired quality to bury the implants initially, then an 
autogenous, split-thickness skin graft (ideally devoid of hair 
follicles) is obtained. The graft is similarly thinned and then 
sutured over the fixtures such that it directly overlies bone. 
The healing abutments are attached to the fixtures by directly 
penetrating the skin over the implant sites. (Figure 8) The skin 
can be cut with an 11 Bard Parker blade or broken using a 
punch biopsy tool (i.e. 4 mm diameter dermal punch). Once 
the fixtures are exposed, the abutments are screwed down 
into position, and the tissue around the implant is sutured to 
facilitate both healing and drainage of an unanchored end of 
tissue immediately contacting the fixture.11 

Bacitracin, Terracortil, Polymixin B or similar antibiotic oint-
ments are applied to xeroform gauze, which act as a pres-
sure dressing to ensure close apposition of the sutured skin 
with the underlying periosteum.11 A larger pressure dressing 
is wrapped over the patient’s head and kept in place for 
24 hours following surgery.8 Both dressings are essential 
to ensure adequate hemostasis and prevent infection. After 
24 hours, the large pressure dressing can be removed. A 
localized dressing is used and changed regularly for one 
week after surgery, at which time sutures are removed and 
the patient can apply antibiotic ointment four times daily.  
After the dressing and sutures are removed, the patient is 
encouraged to gently clean the collar of debris around the 
abutments with an extra soft toothbrush, cotton tip soaked 
in soap and warm water, and/or 3% hydrogen peroxide so-
lution.11 The patient is brought in for follow-up by the sur-
geon and maxillofacial prosthetics team three to four times 
during the first year and twice a year after. A BAHA can be 
attached about two months after the surgery or whenever 
soft tissue is sufficiently healed.8 Prosthetic loading, accom-
plished by wearing the final prosthesis, can usually begin 
3-6 months after the surgery, provided that the CT scans 
reveal evidence of sufficient osseointegration. The patient 
begins visits with the prosthetic team at this time, and re-
ceives the final prosthesis in a matter of weeks.11    

Possible complications arising from fixture placement in the 
temporomastoid area include puncture of the mastoid air 
cells, typically found in the inferior mastoid process (the most 
common adverse effect with 28% occurrence rate), penetra-
tion or tearing of the dura mater lining the middle cranial fossa 
(7.3%) with resultant CSF leakage (0.3%), and exposure of 
the sigmoid sinus (1.3%).8 These communications can be 
repaired intraoperatively.7 Also, temporal branches of the fa-
cial nerve may be damaged during the procedure, but the 
chances of this complication are practically nil (reported at 
0%).8 To lessen the likelihood and severity of these unwanted 
effects, preoperative CT scans are assessed for any aber-
rant morphology of the sigmoid sinus, the amount of bone 

between the greatest depth of the fixture and the dura, and 
the proximity of the implant sites to the stylomastoid fora-
men where nerve VII exits the skull. If implant locations must 
be adjusted during surgery, the prosthetist and/or prosth-
odontist will be present in the operating room to guide the 
repositioning of the prepared template to ensure successful 
restoration of re-calibrated guide points.1

Studies show that anywhere from 3-60% of patients under-
going placement of auricular implants experience inflam-
matory soft tissue reaction in the skin that circumscribes the 
abutments, but in most cases (95.6%) this is kept in check 
by adherence to the homecare protocol as outlined above.7 
Patients experiencing more severe forms of this reaction 
that are not amenable to changes in hygiene measures 
alone (Holgers score 3+) likely need surgical removal of ex-
cess tissue (chemical or electrical cauterization of granula-
tion tissue) and possible grafting to maintain thin, taut soft 
tissue lining of the abutments (Table 1). Patients also can be 
placed on a standard oral antibiotic or antifungal regimen 
to prevent recurrent infection of the site by microbes such 
as S. aureus, Steprococci, and Candida species. Topical 
steroids may soothe irritation in peri-implant tissue in the 
short run.7 The ultimate goal is to minimize excessively mo-
bile or bulky soft tissue and to ensure that all grafted tissue 
adheres tightly and directly to the underlying bone. Discour-
aging the patient to applying makeup, hair products or other 
potentially irritating substances near the attachment sites 
helps to minimize soft tissue flare-ups.9

Prosthetic Protocol: Pre-operative
The clinical team examines the auricular defect and us-
ing color transfer applicators and the contralateral ear as 
a guide, marks the inferior, superior, anterior and posterior 
points along what will become the border of the final pros-
thesis. (Figure 9) The prosthodontist ensures the transfer of 
the outline to the initial impression of the defect, and then 
ultimately to the working cast. With the patient in the supine 
position (simulating the surgical environment in which the 
stent will be aligned), the prosthetic team takes a polysulfide 
impression of the auricular defect and pours it up in type 
III stone. They also impress the contralateral ear and cre-
ate a corresponding stone cast for comparative purposes.  
After applying a silicone separating medium to a cast of 
the intended surgical site, the anaplastologist uses tinted 
skin-colored baseplate wax to create a wax pattern for 
the future prosthesis. After sculpting desired contours, the 
wax is made smooth by flaming. The team then places the 
prepared pattern directly on the patient and modifies it as 
necessary. The alignment of the wax pattern, and ultimately 
the final prosthesis, should be inspected from all angles to 
ensure that facial harmony and symmetry with the natural 
ear is maximally preserved. 
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Grade of 
Response Appearance  Treatment

0 no reaction  None

1 erythema of • reinforce home care
 skin  instructions
 around implant • provide patient with
   earlier follow up date

2 erythematous,  • reinforce home care
 moist surface   instructions
 of skin around • set earlier follow-up appt 
 implant • topical applicaton of 
   antibiotics (Terracortil +  
   Polymixin B +  
   hydrocortisone) and/or  
   antimycotics (if Candida)  
   and/or hydrocortisone

3 formation of  • excise granulation tissue
 granulation tissue  *Wrap gauze with Terracortil 
 around implant   + Polymixing around  
   affected abutments for  
   one week OR replace  
   with healing abutments  
   wrapped in gauze

4 extensive soft  • remove implant
 tissue reaction/
 infection 

Table 1 Holgers Scale of Peri-Implant Soft Tissue Reaction 
and Desired Treatment8

Post-Operative
After the requisite healing time has passed, the patient re-
turns to the prosthetic team for delivery of the final prosthe-
sis. The pre-established retentive design for the prosthesis 
(i.e. bar-and-clip, magnet or combination of the two) deter-
mines the next steps. First, an abutment-level impression is 
made using appropriate copings and guide pins. The reten-
tive substructure of the prosthesis is made prior to creation 
of the final esthetic product.11 Because there is greatest bulk 
of silicone material in the antitragus and antihelix regions 
of the prosthesis, fixtures are usually aligned below these 
structures. If the bar and clip design is used, gold cylinders 
are cast and attached to the fixtures. A wax pattern of the 
desired length of the retentive bar is made directly on these 
cylinders, then burned out and cast with type III gold al-
loy. This gold foundation is then attached to the fixtures.  
Retentive clips built into the underside of the final silicone 
prosthesis are used to attach the prosthetic ear to the bar.  
If magnet-based retention is desired, then magnet keep-
ers are built into an acrylic or composite substructure that 
becomes the base of the silicone prostheses. Their position 
matches exactly with corresponding magnetic heads that 
remain attached to the fixtures.11 

Results
The fixtures and healing abutments were placed in a single-
stage surgery on 12/29/08. Approximately 3-4 months later, 
the Columbia prosthetics team began fabricating the final 
prosthesis with magnetic retention. HM was fully coopera-
tive with the clinicians’ directions and followed homecare 
protocol well. He has been satisfied with the prosthesis on 
esthetic and functional levels until recently (approx 1 year 
after placement) when the response of tissue immediately 
surrounding the implants reached Holgers Class 3, and as 
a result the skin was pinched each time the patient snapped 
the prosthesis into place. A second surgery was planned to 
dissect away hyperplastic tissue and replace it with a split-
thickness graft from the leg or from behind the other ear.  
The patient will wear the prosthesis during waking hours 
once the grafted tissue has healed.
 
Discussion
The concept of osseointegration was first investigated by 
Swedish orthopedist PI Branemark in 1965 and introduced 
publicly in the late 1970’s as a means to treat edentulism 
through implant supported dental restorations.2 As early 
as 1977, endosseous root form implants were first used to 
hold auricular prostheses in place and to support BAHA 
devices.5 However, it was not until 1985 that the FDA of-
ficially recognized the use of dental implants in the restora-
tion of extraoral craniofacial defects.8 Branemark’s discov-
ery demonstrated the ability of bone to “osseointegrate,” 
growing between the threads of a screw to provide anchor-
age and stability. Modifications to the original model have 
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included the use of titanium alloy with its proven superior 
strength, and the employment of various shapes and sur-
face treatments to increase the surface area available to os-
seointegrate. Unlike dental implants, which are composed 
of TiAl6V4 alloy, most craniofacial fixtures are made of com-
mercially pure titanium. Similar to dental implants, they are 
threaded for primary stability and can be machine surfaced 
to enhance the speed of integration. A popular design in-
cludes a collar or coronal flange in the fixture that keeps the 
implant from settling deeper into the bone after placement.8

It is important to realize that auricular implant supported 
prostheses are only one of several possible extraoral uses 
for dental implants and their derivatives. The temporal bone 
is generally accepted as the most predictable site in the 
craniofacial skeleton for successful osseointegration (rates 
of 92-98%), due to abundant vasculature and increased 
density of cortications.9 This is followed by the orbit (90-
96%) and finally by the nasal region (70-80%).7 Orbital or 
superciliary implants are generally confined to the supero-
lateral orbital rim, as the medial portion of the orbit contains 
the ultra-thin lamina papyracea and houses the lacrimal 
fossa with its underlying gland. It difficult to obtain adequate 
bony anchorage for nasal implants, and the resultant reten-
tive elements can be more difficult to clean because of the 
abundant soft tissue and mucosal secretions in the region.  
Regardless of placement site, the quality and quantity of 
bone in patients can be affected by local exposure to radia-
tion or by systemic conditions that decrease bone density 
(e.g. osteogenesis imperfecta, osteoporosis) or adversely 
affect circulation.  In addition, the etiology of the loss of an 
extraoral structure (e.g. due to cancer resection with radio-
therapy, trauma or congenital/syndromic conditions) affects 
the relative positioning of nearby vital structures such as 
craniofacial sinuses and major blood vessels and nerves, 
as well as development of soft tissue pathology (e.g. exces-
sive scar tissue) that must be surgically removed to ensure 
success of the case.7 Patients must be carefully evaluated 
for diabetes mellitus, history of steroid use, chemotherapy 
or radiation, all of which may detract from the healing ca-
pacity of the implant site and the potential of new bone to 
grow around the fixtures. It should be noted, however, that 
because the rate of osteoradionecrosis is very low in cranio-
facial structures, previous exposure to ionizing radiation is 
not an absolute contraindication to implant placement, es-
pecially in the auricular area. It is generally accepted that the 
surgeon wait 6-19 months after completion of radiotherapy 
before fixture placement,7 and radiation shields can be fab-
ricated by the prosthodontist to reduce exposure to implant 
sites prior to ablative therapy.11

With regard to auricular implants, the design of retentive 
features depends on patient lifestyle and expectations, 
as well as the ability of the prosthesis to mask underlying 

metallic components. The number and orientation of the 
fixtures to one another, together with the structure of the 
retentive assembly, must direct loading forces in such a 
way that the bone surrounding the fixtures is preserved 
and the prosthesis functions optimally. In general, extra-
oral implants are more vulnerable to traumatic insults from 
the outside environment than are dentoalveolar implants, 
especially in younger patients with active lifestyles.  While 
intraoral implants are subject to continuous, cyclic applica-
tion of intermediate-level forces from mastication, extraoral 
fixtures may receive very light loading the majority of the 
time but can experience sudden high impact or velocity 
forces due to contact with external objects.10 Force should 
be channeled perpendicular to the plane of the implant/
bony interface whenever possible. Tension, bending, and 
laterally-directed forces can adversely affect the implant 
lifespan and can develop if stresses are not shared evenly 
by each fixture (e.g. a cantilever is created). If more than 
two fixtures are placed, they should be staggered (e.g. in 
HM’s case, the implants form the traditional tripod outline).  
Two implants suffice for most bar-and-clip systems, with 
the intervening bar acting as a beam or “splint” that facili-
tates sharing of stress equally between the two fixtures.11 In 
order to avoid creating a cantilever, the bar must pass from 
the center, as opposed to the tangent, of one abutment to 
another, which is only possible if the abutments are paral-
lel to each other. Three implants are generally more stable 
than two, and the established maximum distance between 
the centers of implants (e.g. 15 mm if two implants and 11 
mm if more than two implants) helps to minimize any can-
tilever effect.9 Patients with compromised neuromuscular 
coordination are more likely to benefit from the 3-4 fixtures, 
magnetically-retained design, as it is easier to remove and 
replace the prosthesis and to clean around the abutments.  
The magnets also allow for a consistently higher level of re-
tentive stability in the long run. In contrast, the bar and clip 
setup has greater short-term retention but components are 
more likely to loosen and have to be replaced over time.  
Magnetic attachments require less room between the pros-
thetic antihelix and the underlying tissue, and are preferred 
in cases where there is less than 9 mm of available space.  
When the abutments of neighboring implants have different 
angulations, the magnet design is chosen as it does not 
involve generation of cantilever forces in such cases.11 

Chung et al. reports development of a novel retentive de-
sign combination featuring individual magnets that are la-
ser-welded to fit inside a 4 mm-thick composite bar. The 
authors claim that the composite is less likely to fracture 
than the unfilled acrylic that is traditionally used in retentive 
substructures. In this design, the magnets on the intaglio 
surface of the prosthesis do not directly contact the abut-
ments attached to the implants, but interact with the cor-
responding magnets embedded in the bar nearby. Chung 
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et al. proposes that this design provides space for increased 
numbers of magnets of varying sizes, allowing for greater 
stability of the prostheses when seated and greater ease of 
prosthesis application and removal. In the future, more de-
signs will allow the combined benefits of bar-and-clip and 
magnetic attachment devices for auricular prostheses.3 Non-
traditional juxtaosseous implants, developed from osteosyn-
thesis plates, rely on a flat, 1 mm thin geometry and may 
be a useful alternative to root form implants in sites with a 
lesser volume of adequate bone. An experimental slant-lock 
retentive system for auricular implants has also been intro-
duced, allowing the prosthesis to benefit from greater pas-
sivity during initial insertion and a more active or stronger fit 
when it fully engages the retentive substructure.  The goal of 
this system is to increase the ease of insertion and decrease 
rates of unwanted dislodgement. However, because the 
slant/lock design enables less ‘give’ between the prosthesis 
and its bone-anchored foundation during minor movements, 
the non-metallic parts of the prosthesis (silicone, acrylic) bear 
most forces and are damaged more easily.4

Lastly, it is important to consider the durability of the implant-
supported auricular prostheses themselves, as each suc-
cessful case depends not only on solid osseointegration, 
but also the flexibility and composition of the prosthesis. In 
their study of the lifespan of different subsets of craniofacial 
prostheses, Karakoca et al6 reported that nasal prostheses 
had the longest mean survival time (17.6 months), followed 
by auricular (14.1 months) and then orbital (13.4 months). 
Moreover, they found that patients in all three categories 
were most likely to need a second prosthesis due to silicone 
tears and dislodgement or fracture of the retentive sub-
structure (combined rate of 43%), followed by unfavorable 
changes in color (32.3%). In cases where problems devel-
oped with the second prosthesis, the most likely issue was 
also unwanted color change. When the 32 auricular cases 
were considered separately, the most common reason 
for a first replacement was one or more loose abutments 
(40.6%), followed by loose bar screws (29%), and breaks 
between the substructure and overlying silicone (25%). De-
bris deposits on the intaglio surface of the prosthesis, espe-
cially at the margins, was not a reported problem, while this 
remains a common finding in adhesive retained auricular 
prostheses. The overall success rate of osseointegration 
remains higher than that of long term prosthesis stability for 
implant retained auricular prostheses. Both Nishimura9 and 
Wright11 reported 100% success rates for osseointegration 
of auricular implants, with no losses of implant fixtures.

Conclusions
As evidenced by the functional and esthetic success of au-
ricular implants reported in the literature and in this case 
report, the application of Branemark’s original design has 
made great strides in the rehabilitation of a variety of fea-

tures of the craniofacial skeleton in addition to the dento-
alveolar structures. Osseointegrated temporomastoid im-
plant fixtures are an effective way to attach and retain an 
auricular prosthesis, provided that the patient selected is 
healthy enough to withstand surgery and has adequate 
quality and quantity of bone at the implant site. Possible 
complications of surgery are limited and usually have no 
lasting deleterious effects. Adherence to established surgi-
cal and prosthetic protocols allows for equal distribution of 
functional loading forces among the implants used to retain 
either a magnet-based or bar-and-clip retentive framework.  
The patient must maintain a hygienic environment around 
the healing abutments in order to minimize soft tissue over-
growth and irritation. While temporal implants display the 
most reliable record of successful osseointegration when 
compared to orbital and nasal implants, the attached pros-
theses themselves are still subject to traumatic forces and 
discoloration and will most likely need to be replaced more 
than once during the lifetime of the patient. Successful fabri-
cation of an implant-supported auricular prosthesis requires 
interdisciplinary collaboration between the oral surgeon, 
maxillofacial prosthetist and anaplastologist.
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Abstract
The edentulous atrophic maxilla poses several difficulties 
to prosthodontic rehabilitation. In the case presented here, 
reconstructive pre-prosthetic surgery with onlay bone block 
grafts was performed with subsequent implant placement 
after a delayed healing period. Bone grafts were harvested 
from the iliac crest. Five of seven implant fixtures integrated 
successfully. The patient was successfully rehabilitated with 
an implant-supported overdenture. Implants were splinted 
using a milled bar with ERA attachments cantilevered distally.

Introduction
The edentulous atrophic maxilla poses several difficulties to 
prosthodontic rehabilitation. Within the first year of edentu-
lism, a patient’s alveolar ridge can drastically change shape 
in both horizontal and vertical axes. The common pro-
gression outlined by Cawood follows from dentate (class 
1), to immediate post-extraction (class 2), to an ideal well-
rounded ridge form (class 3), to a narrower knife–edge ridge 
(class 4), to a flat ridge form (class 5), and ultimately to the 
worst-case scenario of a depressed ridge form involving the 
basilar bone level (class 6).1

Alongside the morphologic changes to the alveolar ridge is 
the loss of key anatomic features needed to support a func-
tional prosthesis including bone height, a class 1 maxillary-
mandibular relationship, and ideal muscle attachments. 
The advent of dental implants has increased the success 
rate with which partially and fully edentulous patients with 
non-ideal bone structure can be rehabilitated. Placement 
of dental implants has become a common practice and 
there is an increasing amount of reliable data to support 
their utilization. While higher success rates are attributed to 
the length of dental implants, an alveolar ridge with a large 
vertical deficit reduces the success rate of dental implants 
due to insufficient bone volume housing the fixtures.2,4

Patients with insufficient bone volume require reconstruc-
tive pre-prosthetic surgery to increase the bone volume and 
create an oral environment that allows the accompanying 
prosthesis to restore function to the patient. A successful 
prosthesis should be stable and retentive, preserve existing 
tissues and satisfy the patient’s esthetic demands. Accord-
ing to evidence-based literature, current forms of treatment 

to increase bone volume are onlay bone grafts3, nasal floor 
and sinus augmentation4, and interpositional graft with Le 
Fort 1 osteotomy5. Onlay bone grafts and interpositional 
graft with a Le Fort 1 osteotomy are the most commonly 
used methods, as they produce clinically acceptable results 
and do not significantly decrease implant survival rates.6,7

This case study presents a patient with an edentulous atro-
phic maxilla that was restored in a two-stage approach. 
First, the alveolar ridge was augmented with onlay bone 
block grafts harvested from the iliac crest. Second, im-
plants were placed following an extended healing period.

Case Report
A 46-year old female patient presented to the Columbia-
Presbyterian Eastside Dental Faculty Practice with the fol-
lowing chief complaint, “I want teeth to chew, eat, smile, and 
speak.” A complete prosthodontic workup was done, which 
included radiographs, mounted diagnostic casts, and a re-
view of the remaining teeth and surrounding soft tissues.

The patient presented with a severely resorbed, atrophic 
edentulous maxilla. The mandible had bilateral edentulous 
spans, with only #22-27 remaining. (Figure 1) Various treat-
ment plans were discussed with the patient for the maxilla, 
including a complete denture and the possibility of implants. 
Since the maxilla was severely resorbed and flat, a maxil-
lary complete denture would have a poor prognosis due 

Figure 1 Occlusal view of mandible  at initial presentation
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to insufficient retention, stability and function. Implants in 
conjunction with maxillary bone grafts were mentioned to 
the patient. It was explained that the graft would be neces-
sary to augment the quantity of bone available for implant 
placement and to restore lost facial features, such as cheek 
and lip support, which had also collapsed due to atrophy. 
The patient consented and agreed to receive bone grafts 
and the implants.

The patient underwent pre-prosthetic surgery of the eden-
tulous maxilla with bilateral onlay bone grafts from the iliac 
crest. This was followed by a two-stage approach for implant 
fixture placement more than six months after the initial bone 
graft procedure. The patient had a Cawood class 5 edentu-
lous maxilla that necessitated a large volume of grafted bone 
to provide sufficient height for implant fixture placement. Five 
implants were initially placed into the maxilla with the treat-
ment goal of making an overdenture. During stage 2 uncov-
ering of the fixtures, two implants failed and were removed. 

Figure 2 Palatal view of maxilla with splinted bar with ERA attachments

Figure 3 Frontal view of maxilla with splinted bar with ERA attachments

Figure 4 Occlusal view of mandibular RPD Figure 5 Occlusal view of seated mandibular RPD

The failed sites were allowed to heal naturally and were re-
evaluated in six months. Upon reevaluation, two new implant 
fixtures were placed which did eventually osseointegrate.

After the fixtures were uncovered and healing abutments 
were placed, new diagnostic cast were made and custom 
trays were fabricated for a fixture-level final impression. Wax 
records were made, the cast was mounted, and wax teeth 
try in was completed with the patient’s approval for process-
ing. During treatment, it was decided to splint the implants 
together with a gold bar since two fixtures had previously 
failed, and an open palate overdenture design was selected 
to restore facial contours and esthetics while allowing bet-
ter speech. (Figure 2,3) The opposing arch was restored 
with a conventional distal extension removable partial den-
ture. (Figure 4,5) The case was processed, completed, and 
delivered to the patient’s satisfaction. (Figure 6,7) Only one 
post-op adjustment was necessary to adjust a sore spot 
noted on the mandibular prosthesis.
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Figure 6 Esthetic photograph showing patient smiling while wearing 
maxillary prosthesis

Figure 7 Frontal view of patient in maximum intercuspation while 
wearing maxillary overdenture and mandibular RPD

Discussion
As described by Cawood and Howell, there are various for-
mations of the edentulous atrophic maxilla posing difficulty 
for its rehabilitation. In many cases, pre-prosthetic surgery 
is necessary to augment the maxillary ridge and provide 
sufficient volume of bone for rehabilitation, especially if 
an implant-supported prosthesis is planned.1 As Nystrom 
and Nilson reviewed (2009), patients who develop a class 
VI resorption pattern and a poor intermaxillary relationship 
would benefit most from a Le Fort 1 osteotomy in parallel 
with an interpositional bone graft and a 4-6 month interval 
of healing prior to implant placement.5,11 However, patients 
presenting with a class V resorption pattern and acceptable 
intermaxillary relationship do not require forward re-posi-
tioning by a Le Fort 1 osteotomy and would benefit most 
from an onlay bone block graft. Such a procedure offers the 
largest volume of bone that can be recouped. However, it 
should be noted that the graft design has not been shown 
to affect implant survival rates.8

In this case, the iliac crest was chosen as the donor site. The 
iliac crest offers the greatest amount of corticated bone, the 
quantity of which determines the amount of graft that is re-
sorbed as well as the quality of bone that remains for im-
plant placement. Larger quantities of corticated bone leads 
to higher success rates for implant survival.9 A two-stage 
implant approach was chosen in lieu of a one-stage, which 
would have entailed simultaneous graft and implant place-
ment. While the one-stage procedure does offer the benefit 
of less surgical intervention and decreased healing time, a 
two-stage procedure has been shown to be more success-
ful because the graft has integrated; thus placement and an-
gulation of the implant are better controlled.5,8 A review of 
the literature reveals that implant survival is higher when a 
two-stage approach is attempted (88%) as opposed to a 
single-stage approach (79%).10

A principal factor of concern when treating an atrophic max-
illa with an onlay bone graft is the duration for which bone re-
sorption occurs. Although grafts require six months to take 
to the site prior to initiating implant therapy, bone resorption 
continues to occur for 12 months following graft placement.11 
Thus grafted bone may still be undergoing re-modeling pro-
cesses for an additional six months after implant placement. 
It is well documented that loss of ridge height can range 
from 20% to 31% at one year to 44% to 92% at three years.11 
Despite early bone loss, implant placement has also been 
shown to guard against bone resorption, due to the molecu-
lar signals initiated by loading feedback through the alveolar 
bone. Therefore, the possibility for initial resorption must be 
balanced by long-term stability for the case to be success-
ful. In the case presented here, implants were not placed 
until over a year after the graft.

Five implants were initially placed as dictated by the pa-
tient’s finances and the established recommendations 
by Eckert and Carr.12 While a minimum of four implants 
is recommended for a favorable outcome, a higher num-
ber of implants allows for the potential failure of one to 
two implants while still maintaining the minimum number 
of implants for a successful prosthesis. Thus Eckert and 
Carr proposed the minimum limit to be six implants. Five 
implants were placed because maxillary implant overden-
tures have been documented to have a high implant loss 
relative to other treatment modalities.7,12 Over the course of 
six years, Narhi et al. reported a cumulative 90% implant 
survival.12 Thus in the worst case scenario that one im-
plant is lost during osseointegration or over the long-term, 
there are still sufficient implants for long-term success of 
an overdenture. Replacing the two failed implants in this 
case satisfies the minimum of four implants needed for a 
favorable outcome, while also compensating for the failure 
of one implant in the future.
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In this case, the implant survival rate after one year was 
71.4%. There remains substantial variability in the predicted 
survival rates reported in the literature. In a 3-year longitu-
dinal study, Astrand and Branemark reported an implant-
in-graft survival rate of 75%, while Sjostrom and Sennerby 
reported implant-in-graft survivals of 90% at a 3-year follow 
up.13,8 The literature regarding failure rates and factors caus-
ing implant-in-graft failure remains controversial.

The role of patient gender in implant-in-graft survivals has 
been shown by Sjostrom to be a statistically significant vari-
able (14% female fail rate, 3% male fail rate) while Laverick 
and Cawood found no statistical difference in the survival of 
implants placed in male and female patients.6

The reported timing of failed osseointegration in the litera-
ture is also not consistent. In the case presented, the two 
failures occurred prior to loading the implants. Esposite and 
Hirsch, along with Barone and Covani reported a higher 
rate of failure occurring prior to loading. Astrand and Brane-
mark in their 1996 three-year longitudinal study reported 
contrasting data: 7 of 23 failures occurred prior to loading 
while 16 of 23 failures occurred after loading.14,15

While further data relating implant survival to other variables 
needs to be gathered, Sjostrom brings up an interesting 
point: multiple implant failures are not uniformly distributed 
in a pool of patients but rather clustered around specific 
patients.8 In Sjostrom’s 2007 article, while seven of ten 
patients lost one to two implants (not affecting the supra-
structure of the overlying prosthesis), one patient lost five 
implants, accounting for close to half of the failures in their 
study. Similar distributions were reported by Lekhol and Jo-
hanssan in separate studies. This could suggest a need for 
more research tailored to address patient factors that affect 
the local environment in which implants osseointegrate, as 
most literature has focused on characteristics of the im-
plants themselves and the manner in which they are placed 
in relation to their success. Indeed it is the catastrophic loss 
of multiple implants in a single patient that threatens the 
long-term rehabilitation, rather than individual implant fail-
ure. In the case presented, implant sites that failed were 
allowed to heal naturally before replacing the implants lost.

For the design of the prosthesis, a milled-splinted bar was 
utilized as the understructure for the maxillary overdenture 
with two ERA attachments cantilevered distally. (Figure 8) 
Unsplinted anchorage designs require less space between 
the implant platform and the incisal edge, may be more hy-
gienic, and are less technique sensitive to place.12 However, 
splinted designs have been shown both in vivo and in vitro 
to provide more retention than unsplinted designs when 
subjected to vertical and oblique forces. Splinted designs 
also allow for correction of implant abutment angulations if 

needed.12 Thus a splinted design was utilized to maximize 
retention given that the implants were placed in grafted tis-
sue and a palateless design was chosen to maximize pa-
tient comfort. (Figure 9,10) A milled bar was utilized because 

Figure 8 Close up image of maxillary overdenture understructure 
showing clip and distal ERA attachments

Figure 9 Cameo view of U-shaped palate-less maxillary overdenture

Figure 10 Palatal reflection of seated maxillary overdenture
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a relatively high number of non-symmetrical implants were 
to be connected. Distally placed ERA attachments have 
also been shown to increase retention of bar overdentures 
and thus were included in the design as well.12 However, 
it should be noted that bars with distal cantilevers tend to 
increase the load on the terminal implants by a factor of 
greater than three.12

Conclusion
This article describes the management and treatment ratio-
nale for rehabilitating a patient with an atrophic edentulous 
maxilla. The treatment protocol of using an onlay bone graft 
harvested from the iliac crest and an implant-supported 
overdenture successfully restored the patient to function. 
In this case, five out of seven implant fixtures achieved in-
tegration to maintaining a minimum number of implants for 
a favorable prognosis. Overdentures with a milled bar and 
ERA attachments provided stability for a palateless design 
to maximize comfort and function. 
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