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Abstract

Introduction: Hypohidrotic ectodermal dysplasia (HED) patients suffering of

oligo-anodontia require early dental treatment to improve oral functions and reduce

social impairment. The aim of this study was to evaluate the skeletal growth, implant

and prosthetic survival rate, success, and complications after the rehabilitation with a

maxillary denture and an implant-supported overdenture provided by a sliding bar in

case of severe hypodontia/anodontia related to HED.

Materials and Methods: This retrospective cohort study began in 2009. Nine

patients over 7 years old with HED and associated oligo-anodontia who presented at

the University of Bologna for dental treatment were included in the study. They were

first treated with conventional dentures and then with a maxillary denture and an

implant-supported overdenture with a sliding bar connected to two implants placed

in the anterior mandible. The subjects treated were followed for 3–12 years. In each

case, orthopanoramic and lateral cephalometric radiographic exam were taken before

implant placement and annually after prosthetic load. Vertical and transverse dimen-

sions of the mandible in the symphysis area at implant sites were taken on the lateral

cephalometric radiography at the time of implant placement and after 5 years from

the prosthetic loading to assess the presence or absence of an anterior mandibular

growth. Biologic and mechanical complications were also recorded at every visit.

Results: A mandibular vertical growth under the implant apex, at the implant neck,

and a sagittal growth of the symphysis after 5 years from the prosthetic loading were

observed and measured. Implant and prosthetic success and survival rates were

100% after 8.1 years (mean) follow-up period. No complications were reported

except in one patient, where the repositioning of a retentive cap on the counter bar

in the superstructure was necessary after 3 years from the prosthetic loading.

Conclusions: The present study suggests that the growth of the mandible near

implant sites continues even after their positioning. Implants can be successfully

placed and provide support for prosthetic rehabilitation in preteens patients

with HED.
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Summary Box

What is known

• Implant placement in HED patients is documented in some case reports and can be consid-

ered an available procedure.

• The implant fixed rehabilitation improves the oral function, esthetics and reduce the social

impairment of young patients.

• No studies describe how the edentulous mandible of HED patients grows and if implants can

compromise this growth.

What this study adds

• The oral rehabilitation of nine HED patients with a sliding bar able to connect implants and

the removable prosthesis did not stop the mandibular growth.

• The present study shows relevant results of implant and prosthetic success in a period of 3-

12 years of follow-up.

1 | INTRODUCTION

Ectodermal dysplasia syndrome is a rare group of inherited disorders

caused by different chromosomal alterations, with more than 170 dif-

ferent clinical conditions, characterized by agenesis or dysplasia of tis-

sues of ectodermal origin.1 Clinically, ectodermal dysplasia is classified

into two broad categories: the hypohidrotic form, in which sweat

glands are absent or significantly decreased, and the hidrotic form, in

which sweat glands are normal.2 Hypohidrotic ectodermal dysplasia

(HED) X-linked is an autosomic recessive form characterized by the

triad oligo-anodontia, hypotrichosis, hyperhidrosis (Christ-Siemens-

Touraine syndrome) and by characteristic dysmorphic facial features.3

Second, the hydrotic form (Clouston's syndrome) usually spares the

sweat glands but affects teeth, hair, and nails and is inherited as an

autosomal trait.4 The prevalence of HED is about 1–9/100 000

worldwide but can also be higher depending on the population con-

sidered.5,6 Mutations in both Ectodysplasin-A and Ectodysplasin-A

receptor genes cause X-linked and autosomal HED.2 The main symp-

toms include heat intolerance and hyperthermia related to the

absence or reduction of the sweat glands. The clinical features include

sparse, fine hair, thin skin, reduced sweat and mucous glands, and

missing or cone-shaped teeth.3,6 The diagnosis of HED early in life

may be difficult since sparse hair and absent teeth are normal findings

at that age. Later in childhood, the diagnosis is easier, based on clinical

examination with an accurate family and medical anamnesis.6 The

most frequent dental findings in these subjects are anodontia or oligo-

dontia and tooth shape abnormalities: incisors and canines are usually

cone-shaped, while second molars are affected by taurodontism.7

The most frequent chief complaint of patients affected with HED

is missing and abnormally shaped teeth.7 A multidisciplinary team

approach, including the pediatric dentist, orthodontist, prosthodontist,

and an oral-maxillofacial surgeon, is necessary for a successful

outcome.8,9 Early prosthetic oral rehabilitation of these children is

recommended as an essential part of HED management to improve

function, esthetics, and psychological well-being. This treatment

approach presents several challenges, including anatomical abnormali-

ties of teeth and reduced alveolar bone ridges, which can both lead to

poor retention and stability of conventional dentures.

Furthermore, these patients are highly demanded for oral

prosthesis to restore speech, facial appearance, and comfort, and to

achieve partial function of mastication. In young patients, denture

retention and stability are major factors to obtain their full coopera-

tion in wearing the prosthesis; however, craniofacial growth shall be

considered as well. Implant-supported overdentures have been used

over the past 25 years in HED patients to help restore some of these

complex oral functions.10 Implant-supported overdentures provide

several advantages, including increased retention and stability of

the prosthesis, which lead to an improvement in function and

esthetics.11–13 Fixed restorations also allow these patients to avoid

social problems that are associated with partial or full dentures,

particularly in young people.8 However, the patient collaboration is

also fundamental, especially in these clinical cases, so a reduced

invasiveness should be considered.14

Implants are usually contraindicated in pediatric patients because

they do not follow the regular growth process of the craniofacial skel-

eton and act as ankylosed teeth.15 Additionally, implants can interfere

with the position and the eruption of adjacent teeth.16 However, an

exception to this restriction could be performed, following specific

guidelines,15 in children suffering of extended oligodontia or

anodontia with the objective of improving retention and stability of

removable denture. Several questions about the use of implants in this

young patient population remain unanswered. Specifically, the rela-

tionship between facial growth and the placement of implant-

supported overdentures in children has not been addressed. The aim
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of this study was to evaluate the skeletal growth, implant and pros-

thetic survival rate, success, and complications after the rehabilitation

with a maxillary denture and an implant-supported overdenture

provided of a sliding bar in case of severe hypodontia/anodontia

related to HEDs with a follow-up time of 3–12 years.

2 | MATERIALS AND METHODS

For this retrospective cohort study, nine patients with no contraindica-

tions to oral surgery were addressed to rehabilitate their oral apparatus

to the Dentistry Unit of Special Needs Patients, Department of

Biomedical and Neuromotor Sciences, University of Bologna. The study

was approved by the Ethics Committee of S. Orsola-Malpighi Hospital,

Bologna, Italy (no. 84/2008/U/Disp/AOUBo Sper 16/12/2008).

The inclusion criteria were a diagnosis of HED with associated

oligo-anodontia of the maxilla and the mandible, age between 9 and

12 years and a demonstrated ability to maintain adequate oral

hygiene. The exclusion criteria were the presence of teeth mesial to

the first molar, age before 7 years old, pathologies that contraindi-

cated dental implant surgery like immunodeficiency, diabetes, and

cardiac chronic diseases. All patients underwent clinical examination.

Initial radiographic records consisted of an orthopanoramic,

a lateral cephalometric exam, and a preoperative CBCT.

2.1 | Preoperative procedures

Clinical and radiographic examination revealed severe 3-dimensional

bone atrophy of the edentulous maxilla and mandible in all patients.

CBCT images (SkyView, Myray) were obtained and DICOM data were

imported into an open-source image processing software (Osirix Imag-

ing Software). In this way, the 3-dimensional image of the anatomic

area was reconstructed, radiographic artifacts removed, and then it

was exported in an STL file format for the realization of rapid

prototyping models by 3-dimensional printing (ZPrinter 310 Plus,

Zcorporation).

Then, the placement of two tapered implants in the symphysis

region was simulated for each 3-dimensional printed model and a sec-

ond surgical template used as a pilot drill to guide implant positioning

was realized.

2.2 | Surgical procedure

The surgical procedure was performed under antibiotic and antiseptic

prophylaxis by administering 1 g Augmentin (amoxicillin and clavulanic

acid) 1 h before the surgery and 0.2% chlorhexidine mouthwash

started 3 days before.

After performing local anesthesia, a buccal-lingual full-thickness

flap was raised, and the first surgical template was placed over the

alveolar crest to guide mandibular ridge flattening with a surgical bur.

After the osteoplasty, the second surgical template was positioned in

the mandible as a pilot drill. Then, implant insertion was performed by

freehand. Two tapered implants (3.8 � 10 mm2 Keystone Dental or

3.5 � 10 mm2 AnyOne Megagen) were placed in the corresponding

positions of teeth 33 and 43 (Figure 1). The flap was sutured using a

4-0 absorbable synthetic suture material (Ethicon FS-2). A panoramic

radiograph was taken after the surgery to verify the correct implant

placement. Post-operative instructions about diet and oral hygiene

were given to the patient and the implants were left healing to

osseointegrate for a period of at least 4 months.

2.3 | Prosthetic treatment

The patients used conventional complete maxillary and mandibular

dentures to allow a submerged healing period. After 4 months, the

implants were exposed and low-profile attachments were used

(OT Equator, Rhein83) to stabilize the pre-existing prosthesis

(Figure 2). After 2 weeks, a master impression with medium-body

polyvinylsiloxane impression material (Elite HD, Zhermack) was taken

using a custom resin tray. Two occlusion rims were fabricated and

F IGURE 2 OT Equator attachment placed on the two implants in
order to stabilize the pre-existing prosthesis and then anchor the bar
of the final prosthesis.

F IGURE 1 Implants placed in anterior mandible in position 33 43.

MONTANARI ET AL. 3

 17088208, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/cid.13258 by C

ochraneItalia, W
iley O

nline L
ibrary on [29/08/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



used to register maxillo-mandibular relationship together with a small

Fox's “plan” according to the patient's age and following conventional

phonetic and esthetic criteria. A mandibular try-in denture with

anterior and posterior teeth simulating tooth eruption was then clini-

cally tested for function and esthetic using two different types of

teeth for deciduous (Bambino tooth, Major Dental) and permanent

teeth (Acrismart, Ruthinium). A prosthetic bar with a rounded

section of 1.95 mm diameter, divided into two halves capable of slid-

ing on each other without friction was made. The sliding bar was

delivered with the two halves closed and no space between them; if a

mandibular transversal growth occurs, the two halves of the bar

would slide, and a space at the midline would be shown. Each bar had

four small ball-shaped attachments on its surface to increase the

prosthesis retention (Figure 3). Then, this sliding bar was connected to

OT Equator attachments both with screws and with two elastic

Seeger rings (Elastic Seeger Rhein83), that provide the system of a

snap-on retention in addition to the screw and a passivation of the

framework (Figure 4).9 Thanks to this peculiar connection, the bar was

also allowed to rotate around its vertical axis on the OT Equator

attachments. During the lab procedures, the implant-supported over-

denture was sectioned into two parts connected by a sliding transver-

sal plane that allowed bar and prosthesis expansion (Figure 5).

2.4 | Measurements of mandible dimensions

Vertical and transverse dimensions of the mandible symphysis area

were measured on the lateral cephalometric radiography before the

rehabilitation and during the follow-up after 5 years from the

implant placement (Figure 6). Two different dentists (FG and SC),

who were not directly involved in the surgical or prosthetic proce-

dures, performed all the measurements directly on the analogic sup-

ports through the use of a millimeter scale. They did not know the

patient and when the radiograph analyzed was taken. The mean

of the two different measurements was taken as the real value).

The following measurements were taken into consideration

immediately after prosthetic loading and after 5 years to assess

vertical and horizontal bone growth in the anterior mandible

(Table 1):

• Implant apex-Menton: distance between the apex of the implant

and the lower edge of the symphysis to evaluate the amount of

bone apposition in vertical dimension (red line in fig. 8);

• Implant neck-bone crest: distance between the implant neck and

the bone crest at the midline to evaluate the vertical growth of the

alveolar crest after the surgical bone flattening (blue line in fig. 8);

• Thickness of the symphysis: this measure was taken by drawing

a line from the Pogonion to the lingual corticalized point of the

symphysis perpendicularly to the implant axis and passing at

the apex of the implant (black line in fig. 8). It could also be

indicative of the mandibular sagittal growth at the symphy-

sis area.

To measure the transversal growth of the mandible at the

symphysis, we directly took the implants as a reference; if the

distance between them changed, the sliding bar would slice.

2.5 | Follow-up

After prosthetic rehabilitation on implants, the patients could have a

regular diet without restrictions on food consistency, which was

difficult while wearing conventional dentures.

The patients were followed with regular visits every month for

the first year and every 6 months after 1 year from the prosthetic

F IGURE 3 A,B. A prosthetic
bar was made with the
characteristic to be divided into
two halves able to slide and
follow the mandible growth. Each
bar showed four ball attachments
on its surface to increase the
prosthesis retention. (A). Wax-up
of the sliding bar.

(C) Disassembled components of
the implant-supported denture.

F IGURE 4 The bar was connected to OT Equator, which acted as
a multi-unit abutment able to anchor the prosthesis bar and no more
as direct implant attachments. The Seeger ring ensures stability and
passivity of the abutment-bar complex.

4 MONTANARI ET AL.
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load. The resilient caps of the OT Equator attachments, positioned

in the overdenture counter bar, were changed approximately once a

year for every patient, when a dimensional change was observed

because of wear. A panoramic and a cephalometric radiograph were

taken annually after prosthetic load with the same machine

(Hyperion X5, Myray Cefla) with a 1:1 standard ratio. Implant

survival was considered as the absence of failure and the mainte-

nance of implant in situ. Implant success was considered as the

implant remains in function without pain, rotation, bleeding/pus,

soft tissue inflammation, pocket probing depth of more than 5 mm

in combination with a bleeding index of 3 and absence of radio-

graphic peri-implant bone resorption higher than 2 mm after

F IGURE 6 Measurements of the mandible in the symphysis area on the latero-lateral cephalometric radiography taken before the
rehabilitation and after 5 years of follow-up. The red line indicates the measure implant apex-lower mandibular edge, the black line indicates the
thickness of the symphysis, and the blue line indicates the distance between the implant neck and bone crest.

F IGURE 5 Sectioning of the
lower overdenture in two parts
connected by a sliding transversal
plane that allowed bar and prosthesis
expansion. (A) Lower prosthesis
before sectioning. (B) Lower
prosthesis sectioned: lower view.
(C) Lower prosthesis sectioned:
frontal view.

MONTANARI ET AL. 5
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2 years.17 Prosthetic survival was defined as the maintenance of

the prosthesis function. Prosthetic success was considered when it

remained in situ providing an adequate function, and esthetics with

the support of all the implants and no technical prosthetic compli-

cations occurred during a 5-year period.18 Biologic and mechanical

complications regarding implants and prosthesis were recorded at

every visit.

3 | RESULTS

Six months after implants placement, one patient (KD) left the study

and the final rehabilitation was not delivered. The patient was then

excluded from the descriptive analysis of the data.

The remaining eight patients (mean age: 10.4 years old at the

time of the implant surgery) were followed with a mean follow-up

period of 8.1 years (Table 2).

From the analysis of the cephalometric radiographs initially and

after 5 years from the prosthetic loading, the mandible dimensions

near the site of implant placement changed as follows:

• The distance between the apex of the implant and the lower

mandibular edge, namely Menton, ranged from 5 to 7 mm (median

6, variance 0.81) initially and from 6.5 to 10 mm (median 9, variance

0.7) after 5 years of follow-up;

• Implant neck-bone crest measured 0 mm initially and ranged from

1 to 4 mm (median 2, variance 2.33) after 5 years;

• Sagittal symphysis thickness ranged from 11 to 14 mm (median

12, variance 1.07) initially and from 14 to 15.5 mm (median 14.5,

variance 0.33) after 5 years.

Implant and prosthesis success and survival rates during the

follow-up period were 100%. No biological complications were

recorded during the period of follow-up. One minor mechanical com-

plication occurred in one patient (MA) at 3 years from the prosthetic

load; it foresaw the repositioning of one resilient cap on the counter

bar in the overdenture superstructure.

4 | DISCUSSION

Treatment of the nine preteens HED patients was performed using a

multidisciplinary approach involving pediatric dentistry, prosthodon-

tics, and oral surgery taking into consideration several factors such as

age, type of prosthesis needed, cranio-facial growth pattern, tooth

development, and eruption.

In the present study, the implant and prosthesis survival and

success rate were 100% after a mean period of 8.1 years of follow-

up. Only in one case, a minor prosthetic complication occurred: the

overdenture could not be reinserted on the bar after a period of non-

wearing. This was probably due to a different mandibular vertical

growth at the two implants because they were positioned at different

distances from the mandible midline. The complication was simply

solved by changing the position of one resilient cap on the counter

bar in the overdenture.

Prosthetic rehabilitation of HED patients was performed as soon

as possible, to improve masicatory function, maxillo-facial growth,

esthetics, and speech-reducing social impairment. Our protocol con-

sists of early rehabilitation with complete removable dentures when

the patient is about 2.5–3 years old and implant placement,

when possible, after 4–5 years.

In literature, implant treatment in young patients has been

accepted but with conflicting opinions regarding the timing. To avoid

implant displacement caused by craniofacial growth, some authors

suggest implant placement after the age of 13–14 years,9 while others

encourage it even before puberty, for optimum functional and psy-

chological development.16,19,20 Furthermore, implant placement is

more indicated in fully edentulous growing patients compared to par-

tially edentulous because the presence of neighboring teeth could cre-

ate infraocclusion problem.21–23

TABLE 1 Measurements taken immediately and after 5 years from prosthetic loading regarding the distances from implant apex to the lower
mandibular edge, from the implant neck to the bone crest and the sagittal dimension (thickness) of the symphysis.

Implant apex‐Menton (mm) Implant neck‐bone crest (mm) Thickness of the symphysis (mm)

Initial After 5 years Initial After 5 years Initial After 5 years

1 6 8 0 2.5 12 14

2 6 8 0 2.5 13 15.5

3 5 ‐ 0 ‐ 12 ‐

4 7 9 0 2.5 14 15

5 5 6.5 0 4 12.5 14.5

6 7 10 0 1 12 15

7 5 9 0 2 11 14

Range (mm) 5‐7 6.5‐10 0 1‐4 11‐14 14‐15.5

Median 6 9 0 2 12 14.5

Variance 0.81 0.7 0 2.33 1.07 0.33

6 MONTANARI ET AL.
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Differently from our study, the literature shows a high implant

failure rate in young EDs children that in Bergendal et al. reaches

65%.24 They reported that it could be probably related to the small

jaw associated with the high bone density which, in turn, is much

more exposed to overheating during implant path preparation.8,24

Lesot et al.25 found the increased bone density of the mandible in

individuals with HED and concluded that this skeletal phenotype is

associated with the EDA mutation and confirms the involvement of

the EDA-NF-kB signaling pathway in bone metabolism.25,26 The small

crestal thickness may be responsible for the implant threads exposure

increasing the failure probability.

In our study, the patients' age was higher compared to Bergen-

dal24 and even if some implant threads were exposed (Figure 1), they

were covered by the adjacent soft tissues. The crestal bone was flat-

tened before implant surgery providing a sufficient width at the

implant neck. In addition, a partial thickness flap was raised favoring

the maintenance of the soft tissue volumes in the healing phase.

Moreover, before the implant surgery, an evaluation of the alveolar

crests and a surgery simulation on 3-dimensional printed models were

performed.

Another possible explanation for the absence of implant or

prosthetic complications/failures may be due to the connection sys-

tem used. The Seeger rings positioned between the bar walls and the

subequatorial portion of the OT Equators allows to center the bar on

the attachments before screwing, passivating the framework and

compensating at the same time the small misfit originating from the

prosthetic fabrication processes.27 Moreover, the Seeger rings reduce

the stress on the screws during the masticatory cycles, reducing the

possibility of screw loosening/fracture.28–30 In our study, we used a

low-profile attachment (OT Equator) that has a smaller volume than a

conventional MUA and is coated with titanium nitride for an improved

biocompatibility with soft tissues.31,32

Another factor that is worth of consideration in terms of implant

prosthetic success was the sliding bar, able to anchor the overdenture

and to follow the mandibular transverse growth or bone deformation

during chewing or mouth opening and closure.33–35 Our decision to

proceed with a sliding bar was based on the fact that the mandible

was extremely thin in these patients and possibly subjected to defor-

mation during functioning.34 In addition, this bar, by sliding instead of

rigidly blocking the implants, avoids any horizontal interferences with

the mandible growth. Furthermore, the possibility of each half of the

bar to have a rotation on the OT Equator attachment gives more

degree of freedom to the prosthesis itself that could be important in

young patients. However, since the fact that implant positioning could

affect the mandibular growth, we decided to monitor it in the area

near the implants. Radiographic examinations showed that implants

followed the mandible growth while keeping their original relationship

with the jawbone. At the same time, the mandible growth did not

stop: after 5 years of follow-up, a vertical and sagittal growth in the

symphysis region at implant sites was observed and measured. The

bone growth was also present under the sliding bar between the

implants as demonstrated by the increased distance between

the implant neck and the bone crest seen in our sample. This could beT
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probably due to an improvement in the masticatory function and to a

reduced occlusal loading that is exerted with a mobile denture

(Wolff's Law).36

Maxillary and mandibular growth follow a downward and forward

direction vector in the sagittal plane, in addition to bone remodeling.37

During childhood, the jaws are changing structures: in absence of

teeth, such as in HED, an anti-clockwise rotation of the mandible

results in a Class III skeletal relation.38

Implants in the maxillary arch are contraindicated for the risk of

implant dislocations due to vertical maxillary growth and bone resorp-

tion in the nasal floor. In addition, maxillary transversal growth occurs

mainly in the midpalatal suture: so, a cross-arch fixed restoration

could affect the bone growth.39

However, in the anterior mandible, alveolar remodeling has a

smaller influence on implant rehabilitation. In the follow-up period,

the sliding bars did not show any expansion, highlighting the lack of

growth of the mandibular symphysis in a horizontal direction in the

frontal plane. This is in accordance with the theory that the transver-

sal growth of the anterior mandible occurs mainly in early childhood

(6 months to 2 years) by apposition and resorption of bone in the buc-

cal and lingual surfaces.37,38 After that age, mandibular growth occurs

posteriorly at condyle and ramus, possibly causing a rotation of the

mandible and changes in occlusal plane angulations.37,38 In the

present report, this was not observed, but we recognize the impor-

tance of putting particular attention to a vertical dimension increase

over time due to patient growth.

Studies reported 1–2 mm bone apposition and resorption, which

are encouraging results in terms of implants survival in growing

patients.40 Some reports showed that normal craniofacial morphology

did not differ significantly between implant-treated and non-

implant-treated patients with HED, suggesting that implant treatment

did not necessarily affect normal craniofacial growth.41,42 However, in

those studies, an evaluation of the entire craniofacial growth was

performed, but the authors did not focus on the areas near implant

placement. In addition, in the study of Johnson,41 the patient sample

was predominantly constituted of patients treated in the late adoles-

cence, when growth was almost concluded. These reasons made a

comparison between our studies quite difficult.

The absence of complications and of infraocclusion problems, the

constant relationship between implants and alveolar crest and

the continuous mandibular growth near implant sites confirm the

goodness of this type of treatment.

The limits of this study are the limited sample, the retrospectivity

of the study, the relative short follow-up considering the patients' age,

the absence of 3-dimensional measurements of the patient mandible

that are more reliable than 2D and the lack of an OHIP-14 score. In

addition, our data cannot be compared with a conventional mandibular

growth because of the absence of a control group but demonstrated

only that the mandible continued to grow even after implants position-

ing. We are not also able to assess if our sliding bar that avoids horizon-

tal but not 3-dimensional interferences may have disturbed the growth

anyway. Moreover, the absence also of an additional control group

with a conventional framework bar that rigidly fixed the implants

cannot allow us to sustain the superiority or inferiority of this protocol.

So, the impact of this prosthetic rehabilitation on the mandibular and

craniofacial growth remains unanswered and the most appropriate type

of prosthetic rehabilitation to treat preteens HED patients with pre-

dictability has yet to be understood. However, the high implant and

prosthetic success rate observed in our sample suggests considering

this type of rehabilitation as promising.

5 | CONCLUSION

Implant oral rehabilitation in preteens represents a challenge

because of possible interferences with the patient's growth. The

surgical/prosthetic protocol applied in this study had 100% implant

and prosthetic success. The sliding bar, although no expansion was

observed, guaranteed to avoid any interferences due to mandibular

deformation during functioning and to transversal growth and may

be responsible for the success rate documented in the present

study.
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