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Aim: The aim of this systematic review was to identify studies that examined maxillary lateral incisor
agenesis treatment, by either orthodontic space closure by canine mesial repositioning and reshap-
ing, or by a prosthodontic intervention, in order to compare the biological, functional and aesthetic

outcomes of these two approaches.

Materials and methods: An electronic MEDLINE search was conducted by two independent review-
ers in order to isolate English language articles, published in scientific journals between January 1975
and March 2015, reporting on treatment of agenesis of maxillary lateral incisors, accomplished either
by canine orthodontic repositioning or prosthodontic intervention. The search terms were categorised
into the four groups comprising the PICO (problem, intervention, comparison and outcome) question.
Supplementary manual searches of published reviews and other full-text articles were also performed.
Results: The initial database search produced 8,453 titles. After careful examination and discussion, 12
articles were selected for inclusion, where 5 of them compared the two therapeutic options directly. No

randomised controlled trials were identified.

Conclusions: Definitive conclusions cannot be drawn, since randomised controlled trials and more pro-
spective and retrospective studies directly comparing the two therapeutic options are required. Accord-
ing to this systematic review, both therapeutic options are effective. However, it seems that the ortho-
dontic space closure, whenever this is possible, is advantageous over the prosthodontic rehabilitation.

H Introduction

Congenitally missing tooth or tooth agenesis
describes one of the most frequent developmental
anomalies in human dentition™-4. Maxillary lateral
incisor agenesis is, according to some researchers,
the second most common agenesis, after that of
the third molar>-10. However, there is some pub-
lished evidence showing that the second premolars
have a higher incidence of agenesis than that of
lateral incisors11-13. A clinical study by Muller et al
has concluded that, while premolars are the most
frequently missing teeth when more than two teeth

are absent, lateral incisors are the ones which are
most frequently missing, when less than two teeth
are absent, with a range between 1% and 4%814.
Nevertheless, it has been demonstrated that there
are large variations in the prevalence of dental agen-
esis amongst different races5-27.

The genetics of tooth agenesis has recently been
the focus of research3. A recent article has demon-
strated the involvement of five genes, namely PAX9,
EDA, SPRY2, SPRY4 and WNT10A, as risk factors for
maxillary lateral incisor agenesis. Furthermore, the
same research group has proven that there are three
synergistic interactions between maxillary lateral
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Population

Outcome

(maxillary lateral incisor) OR (agenesis) OR (congenitally missing later-
als) OR (congenitally missing lateral incisors) OR (congenital absence)

OR (missing upper laterals) OR (unilateral lateral agenesis)OR (bilateral
upper lateral agenesis) OR (unilateral maxillary lateral absence) OR
(bilateral maxillary lateral absence)

AND

(orthodontic approach) OR (orthodontic treatment) OR (orthodontic
movement) OR (orthodontic space closure) OR (orthodontic manage-
ment) OR (orthodontic space management) OR (orthodontic mesial
movement) OR (tooth repositioning) OR (maxillary canine reshape)
OR (tooth recontouring) OR (canine re-anatomization) OR (transposed
maxillary canines) OR (canine repositioning and reshape) OR (canine
substitution)

AND

(prosthetic management) OR (restorative management) OR (pros-
thodontic restoration) OR (prosthodontic intervention) OR (implant
placement) OR (fixed dental prosthesis) OR (3-unit fixed prosthesis)
OR (resin bonded prosthesis) OR (lateral incisor implants) OR (lateral
incisor cantilever) OR (prosthodontic rehabilitation)OR (implant sup-
ported single restorations) OR (lingual-retainer prosthesis) OR (implant-
supported single crown) OR (tooth-supported restoration) OR (fiber
reinforced framework) OR (restorative replacement) OR (metal-ceramic
restoration) OR (conservative tooth-supported restoration) OR (canti-
levered fixed partial denture) OR (resin-bonded fixed partial denture)

AND

(esthetic judgements) OR (post-treatment satisfaction) OR (functional
outcome) OR (esthetic outcome) OR (overall success) OR (esthetic
result) OR (long-term survival) OR (survival rate) OR (esthetic evalu-
ation*) OR (overall satisfaction) OR (aesthetic outcome) OR (biologic
outcome) OR (survival analysis) OR (complications) OR (failure) OR
(soft tissue recession) OR (interdental papilla) OR (gingival level) OR
(esthetic deformity) OR (functional complication) OR (esthetic compli-
cation) OR (predictable result) OR (final result)

Fig1 Focused PICO question.

incisor agenesis liability and MSX1-TGFA, AXIN2-
TGFA and SPRY2-SPRY4 gene pairs28.

Besides the basic research taking place in this
field, the agenesis of lateral incisors has also drawn
the attention of both patients and clinicians due to
their location in the aesthetic zone of the dental arch.
The treatment approaches for this clinical situation
can consist of: I) orthodontic space closure by mesial
repositioning of the canine, followed by reshaping in
order to resemble a lateral incisor; II) endosseous im-
plant placement, with or without orthodontic move-
ment, for space requirements or site development; Il1)
two- (cantilever) or 3-unit resin-bonded prostheses;
IV) full coverage 2- (cantilever) or 3-unit fixed dental
prostheses. Each one of these therapeutic approaches
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present advantages and disadvantages, with regard
to treatment time, cost, invasiveness, treatment effi-
cacy, biologic outcome, esthetic outcome, functional
outcome and patient satisfaction.

All of the above-mentioned treatment approaches
have, in the past, been employed to restore the miss-
ing maxillary lateral incisor. However, these modali-
ties have not been thoroughly evaluated, making the
decision of which approach to adopt difficult, and
often the procedure is a personal preference. Never-
theless, the treatment is better to be based on solid
scientific criteria, if these exist. The purpose of this
systematic review, therefore, was to identify studies
that examined maxillary lateral incisor agenesis treat-
ment by either orthodontic space closure, by canine
mesial repositioning and reshaping, or by a pros-
thodontic intervention, in order to compare all the
available published outcomes of these approaches.

B Materials and methods

The focused PICO (population, intervention, com-
parison and outcome) question of the present sys-
tematic review was whether the treatment time,
invasiveness, treatment efficacy, biological outcome,
aesthetic outcome, functional outcome and patient
satisfaction of orthodontic mesial canine reposition-
ing are similar to those obtained by the prosthodon-
tic intervention (implant placement, resin-bonded
or conventional fixed prosthesis). It was the inten-
tion of the authors to determine whether or not the
available literature offers enough scientific data on
which therapeutic approach to follow or to when
the orthodontic treatment is preferred over the pros-
thodontic one.

Search strategy and study selection

An electronic MEDLINE search was conducted by
two independent reviewers in order to isolate Eng-
lish language articles, published in dental journals
between January 1975 and March 2015, and to
report on treatment of agenesis of maxillary lateral
incisors, accomplished either by canine orthodontic
repositioning or prosthodontic intervention. The
search terms were categorised into the four groups
comprising the PICO question, after the following
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limits were activated: human; clinical trial; meta-
analysis; randomised controlled trial; review; case
reports; clinical trial phases I, Il, Il and 1V; compara-
tive study; controlled clinical study; and multicenter
study. The search strategy consisted of free-text
words, as illustrated in Figure 1.

The search was supplemented with manual
searches of published reviews and other full-text
articles, which were identified from the electronic-
search. In addition, a hand-search was conducted
by the reviewers in the following journals published
between January 2010 and March 2015: Angle
Orthodontist, American Journal of Orthodontics
and Dentofacial Orthopedics, Clinical Implant Den-
tistry and Related Research, Clinical Oral Implants
Research, European Journal of Oral Implantology,
European Journal of Orthodontics, Journal of Oral
and Maxillofacial Implants, Journal of Prosthetic
Dentistry, Journal of Prosthodontics, International
Journal of Prosthodontics.

Prospective, retrospective, cross-sectional and
case series studies retrieved through the electronic-
and hand-searches were the basis of this systematic
review, as no randomised controlled trials could be
identified. The additional criteria set for inclusion in
this study were:

e report on treatment of maxillary lateral incisor
agenesis of one or both sides;

* inclusion of detailed information on treatment
procedures;

* inclusion of a clinical evaluation of the treatment
outcome;

e report of the presence or absence of biologi-
cal, functional and/or aesthetic complications at
follow-up appointments.

All studies that did not satisfy the above-set criteria,
including in vitro studies, in silico studies, animal
studies, reviews, systematic reviews, as well as clin-
ical studies reporting on tooth agenesis in other loca-
tions, were excluded.

The titles and abstracts retrieved from the
advanced search were initially evaluated by two
reviewers (MS and YK) for possible inclusion in this
systematic review, based on the aforementioned set
criteria. A discussion with all four authors resolved
any disagreement during the search. After this pro-
cedure, abstracts of all approved titles were down-

Electronic and hand search (n = 8453)

Discussion (MS, YK)

Excluded for the following reasons (n = 8410):

1. Medical topics

2. Animal studies

3. Articles in languages other than English
4. Irrelevant dental topic

Agreement (n = 43 titles)

Discussion (SK, MS, YK, KM) j

Exclusion of 31 full-text articles

als, no follow-up examination)

(Systematic reviews, reviews, case reports, missing teeth other than later-

v

(n=5)

(n=7)

Articles agreed for inclusion in the review (n = 12):
1. Articles comparing orthodontic treatment vs. prosthodontic intervention

2. Articles referring to implant treatment or resin bonded prostheses

Fig2 Flow chart of article selection for inclusion in the systematic review.

loaded and evaluated individually. Full texts were
obtained, if the abstracts met the inclusion criteria.
Furthermore, if inadequate information was included
in either the title or the abstract, the full-text was
retrieved in order not to exclude any articles rele-
vant to the topic of this systematic review. Moreo-
ver, on many occasions the authors of the articles
were contacted for additional information, when this
was necessary and this complementary information
was taken into consideration®3.64.66,68-70, Following
the collection of all full-text articles, the inclusion/
exclusion criteria were used to focus on those that
would be included in this systematic review. The two
reviewers (MS and YK), who conducted electronic-
searches (PICO question) and hand-searches inde-
pendently, generated 40 and 41 studies, respectively.
Of the above, 38 studies (88.37 %) were overlapping
with each other. As a result, a total of 43 studies
were included in the discussion for the final study
selection. All four reviewers approved the selected
articles (Fig 2).

Eur J Oral Implantol 2016;9(Suppl1):55-S24
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Extraction of data

Information regarding the following parameters
were extracted from each article: study design; set-
ting of study; patient number; gender; age; treat-
ment option; tooth agenesis; orthodontic space
opening; time of evaluation; periodontal soft tissue
assessment; gingival biotype; temporomandibular
disorders; occlusal assessment; and aesthetic assess-
ment. Additional parameters extracted from the
articles on implants vs resin-bonded prostheses,
included the following categories: implant brand,;
loading (months); prostheses; follow-up time; sur-
vival rate; success rate; complications; and hard tis-
sue assessment.

B Results

The two reviewers (MS and YK), who conducted the
electronic-search (PICO question) and hand-search
independently, concluded in 40 and 41 studies, re-
spectively. Of the above, 38 studies (88.37 %) were
overlapping with each other. As a result, a total of 43
studies were included in the discussion for the final
study selection, from an initial yield of 8,453 studies.
All four reviewers approved the selected articles. A
second discussion amongst the reviewers took place
for evaluation of these articles (Fig 2). Of the 43 full-
text articles obtained and studied, 31 were excluded
and were not analysed further (Table 1)429-58. Five
studies comparing orthodontic treatment and pros-
thodontic intervention52-63 (Table 2) and seven stud-
ies referring to implant treatment or resin-bonded
prosthesesé4-70 (Table 3) were included in the review.

Four retrospective clinical studies9.60.62:63 and
one cross-sectional study®’ on the direct compari-
son of orthodontic space closure and prosthodon-
tic intervention (direct comparison group) were
included in this review (Table 2). No randomised
controlled studies comparing the two different ther-
apeutic options were available in the literature. Three
of the included studies were conducted in a univer-
sity59.6062 one in a private dental office®3, while
no information was given about one study®!. One
hundred and thirty-seven patients were included in
the direct comparison group of studies®9-63, aged
between 14 and 54, with a mean age of 23.94

Eur J Oral Implantol 2016;9(Suppl1):55-S24

years. In one study®', the authors-do not provide
information concerning the age of the patients with
maxillary lateral agenesis. As far as the gender of
the patients is concerned, four studies reported on
this subject. Specifically, there were 28 males (27 %)
and 76 females (73%). Furthermore, the agenesis
appears to be bilateral in 94 cases (68.61%) and
unilateral in 43 cases (31.38%). Regarding the gin-
gival biotype, it was reported to be thin for 25 cases
(54.35%), thick for 21 cases (45.65%), while no
information was provided for the majority of the
patients. Treatment approach included orthodontic
space closure and canine recontouring for 142 sites
(61.47 %) and prosthodontic rehabilitation in 89 sites
(38.57%). The latter 34 sites (14.71%) received by
implant placement and 55 sites (23.86%) received
a conventional prosthodontic approach (fixed or
removable partial denture or resin-bonded pros-
theses). The time of evaluation ranged from 0.42 to
25.50 years. The prosthodontic rehabilitation took
place after orthodontic space opening and/or main-
tenance in 85 sites (95.50%), whereas for four sites
(4.50%), no information was provided concerning
whether orthodontic space opening pretreatment
took place or not.

Furthermore, one prospective clinical study”9,
five retrospective clinical studiesé4-66:68.69 and one
case series®’, examining two different prosthodon-
tic approaches, were also identified and included
in this review (Table 3). The therapeutic options in
the above studies include implant and resin-bonded
prostheses. Unfortunately, no randomised controlled
studies directly comparing different prosthodontic
approaches, were available in the literature. Five
of the studies64-66:68.70 took place in a university,
one®8 in a private dental office, while no infor-
mation was given for one study®’. One hundred
and forty-nine patients were treated with one of
the above prosthodontic interventions. The age of
these patients ranged from 13 to 45 years. It should
be mentioned however that in two studies®8:6? in-
formation concerning the age of the sample is not
reported or cannot be extracted from the given data.
As far as the gender of the patients is concerned,
one study®8 did not report on the patient’s sex, while
another one®? did not give information regarding
the gender of the patients with a congenitally miss-
ing lateral incisor. In the remaining five studies, 84
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Table 1 Studies excluded from the systematic review.

First author Year Study Reason for exclusion

Andrade et al45 2013 Systematic review Systematic review

Balshi40 1993 Case report Case report

Benzos37 1996 Case report Case report

Bidra44 2012 Case report Case report/bilateral cleft palate
Cakan et al2? 2009 Case report Case report

De Marchi et al5” 2012 Cross-sectional Same cohort with De Marchi et al>®
Fisher and Jones4 1990 Case report Case report

Duarte et al30 2010 Case report Case report

Jackson and Slavin4” 2012 Case report Case report

Jackson and Slavin4é 2013 Case report Case report

Kinzer and Kokich33 2005 Review Review

Kinzer and Kokich34 2005 Review Review

Kokich and Kinzer35 2005 Review Review

Krassnig and Fickl4 2011 Review Review

Mummidi et al5> 2013 Case report Case report

Nissan et al>4 2011 Prospective Data extraction could not be performed
Oliveira et al53 2013 Case report Case report

Oosterkamp et al42 2010 Retrospective Bilateral cleft lip and palate

Paduano et al52 2014 Case report Case report

Park et al>1 2010 Case report Case report

Piero et al32 2007 Case report Case report

Pini et al>8 2013 Cross-sectional Same cohort with De Marchi et alé0
Robertsson et al>6 2010 Cross-sectional Data extraction could not be performed
Savarrio and Mclntyre36 2005 Review Review

Slutsky and Greenberg43 2011 Case report Case report

Small38 1996 Case report Case report

Strong31 2008 Case report Case report

Trushkowsky RD3? 1995 Case report Case report

Tuna et al50 2009 Case report Case report

Uribe et al*? 2013 Retrospective Data extraction could not be performed
Zachrisson et al48 2011 Review Review

patients (61.3 %) were women and 53 (38.7 %) were
men. Moreover, 54 patients (36.24%) had bilateral
agenesis, while 95 patients (63.75%) presented
with unilateral agenesis. Regarding the treatment
options, 116 patients (57.14%) were treated with
a single implant crown, while 87 patients (42.85%)
received resin-bonded prostheses. One hundred and
eighty-three sites (96.8%) were treated by open-
ing lateral incisor spaces prior to the prosthodontic
rehabilitation, 6 sites (3.1%) did not receive ortho-
dontic treatment prior to prosthetic intervention,
whereas no information was given in two studies.
As far as the implant dimensions are concerned, the

diameter ranged from 3.3 mm to 4.8 mm, while the
length ranged from 10.0 mm to 16.0 mm. Twenty-
eight implants (45.1%) were immediately loaded,
34 (54.9%) were loaded 4 months after the surgical
procedure, whereas four studies did not report on
the time of loading. In 52 cases (59%), titanium
abutments were used; in 36 cases (41%) zirconium
abutments; while in two studies no information
was given regarding the type of abutment. Regard-
ing the type of the implant restoration, 55 crowns
were metal-ceramic (50.9%), 53 crowns (49.1%)
were all-ceramic, while no information was given
in one study. Concerning the construction of the

Eur J Oral Implantol 2016;9(Suppl1):55-S24
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Table 2 Orthodontic space closure versus space opening/ retention and prosthodontics.

Study Study | Setting | Patient | Gender Age Treatment Tooth agenesis | Orthodon- | Time of Periodontal
design no Option (n: patients) tic space evaluative Biotype
(n: sites) opening (years)
DeMarchi et Cross Univ 46 9M, 37F | 14-45, OSC (n=43) |9 Uni and 17 Bi 3.90 £3.48 |19 thin and
al (2012) and Mean: 25 7 thick
DeMarchi et al Impl (n =30) | 10 Uni and YES 3.54+2.39 |6 thin and
(2014) 10 Bi 14 thick
Nordquist and | Cross NR 33 NR NR OSC (n=39) | 8 Uni and 25 Bi 2.3-255 NR
McNeil (1975)
FDP (n =13) YES
RPD (n = 6)
(n=19)
Robertsson and | Retro Univ 50 14M, 36F |19.4-54.9 | OSC (n=53) |7 Uni and 23 Bi 7.1+33 NR
Mohlin (2000) Mean FPD, RBP 4 Uni and 16 Bi | YES 72+38
25.8 (n=36)
Jamilian et al Retro PO 8 5M,3F 19.4-22.8 |OSC (n=7) |5 Uniand 3 Bi 5.6+0.4 NR
(2015) Mean Impl (n =4) NR
21.02

AL: abfraction lesions; Av: average; Bi: bilateral; Bl: bleeding index; Cross: cross-sectional study; CS: case series; DCNBE: data cannot be extracted; EEI: East-
man Esthetic Index; F: females; FPD: fixed partial denture; Gd: Good; Impl: Implant; M: males; NA: not applicable; NR: not reported; NS: not significant;
Nss: not statistically significant; OT: orthodontic treatment; PO: Private practice; Pr: poor; OSC: orthodontic space closure; RPD: removable partial denture;
RBP: resin-bonded prostheses; PI: plaque index; PD: probing depth; Ppl: papilla index; Retro: retrospective; Rl: retention index; Ss: statistically significant;
Univ: university; Uni: unilateral; VAS: Visual Analogue Scale.

resin-bonded prosthesis, 73 restorations (83,90%)
were made of nickel-chromium alloy retainers, sand-
blasted with 50 to 250 pm alumina and luted with
adhesive resin, while 14 resin-bonded prostheses
(16.10%) were all-ceramic. Reported follow-up
periods ranged from 1.30 to 8.33 years in five stud-
ies64-67.70; two studies did not specify the follow-up
period for patients with lateral agenesis, from the
whole sample of patientsé8.69. The implant-crown
survival rate ranged from 97.06% to 100% for 108

Eur J Oral Implantol 2016;9(Suppl1):55-S24

sites (93.10%), whereas eight sites (6.89%) dem-
onstrated a 87.5% survival rate. As for the implant-
crown success rate, it ranged from 94.12% to 100%
for 108 cases (93.10%); one study®’ did not report
on implant-crown success rate. Furthermore, 14
resin-bonded prostheses (16.09%) have reported a
100% survival rate, while one study®® did not give
any information regarding the survival rate. Finally,
none of the studies®5.67-62 reported on the success
rate of this type of prosthesis.
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| S11

PD: Nss [>3mm OSC:1% Impl:1.7 %]
Ppl: Ss mesially OSC >Impl [OSC:
2.98 Impl: 2.721 P< 0.5

Nss distally [OSC: 2,98 Impl: 2,97]
P>05

ferences between laypersons and
dentists, P = 0.64

Perio soft tissue assessment TMDs Occlusal assessment Aesthetic assessment

Pl: Nss, [OSC:61 + 13% Impl:52+11%] | Nss difference based on NR Patient’s satisfaction (VAS): NSs
P>0.5 Research Diagnostic Criteria difference, but the OSC were more
Bl: Nss [OSC:11 + 18% Impl:7 + 6%], (RDC/TMD) and Helkimo satisfied P > 0.002

P>05 Dysfunction Index, P > 0.5 Smile attractiveness (VAS): Nss dif-

Pl: Nss FPD and OSC, P > 0.01 NR
GI/Bl: Ss FPD > OSC, P <0.01
PD:Ss in FPD > OSC, P <0.01

OSC: 100% Group function NR
FDP/RPD: 89% Group Function,
11% Canine rise

NS difference in the presence of
unilateral contacts in CR and non-
working side interferences

Bl: Ss ,PR>OSC [OSC: 1.51 PR:2.61] |P>0.001
, P <0 .001

PD: Nss, P > 0.001

Pl: Ss ,PR>OSC [OSC: 1.36 PR:2.81] |Nss difference based on
P <0.001 Helkimo Dysfunction Index, | canine rise on laterotrusion in the | General dental appearance (EEI): Ss

[OSC: 93% very or mildly satis-
Nss difference in the presence of | fied PR:65% very or mildly satisfied]

PFM/RBP group, P <0.0001

unilateral contacts in CR and non- | P < 0.05
working side interferences.

fied, P < 0.001

segment: Nss

Ss difference in the presence of Patient's satisfaction

Tooth shape: Nss
Tooth colour: PFM/RBP ss more satis-

Space condition: Nss
Symmetry of the maxillary anterior

Examiner/panel evaluation: NR

PI:Nss [OSC:3.0 = 1.1 Impl:3.7 + 1.0] Nss difference based on Presence of infraocclusion: DCNBE
P> 0.632 anamnestic questionnaire, [OSC:0, Impl:4]

PD: SS Impl > OSC [ PD >3mm P> 0,605

OSC:1 tooth Impl:3 implants] P> 0.857
P <0.001

Patient's satisfaction (VAS): Nss differ-
ence [Impl: 8.7 + 1.3 OSC: 8.8 + 1.2]

(Similar well accepted aesthetic results)
Examiner/panel evaluation: NR

Side effects and complications

In the first group of studies®®-63, in which a direct
comparison of the two treatment options took place,
no occlusal assessment and side effects related to
temporomandibular joint dysfunction (TMDs) were
reported. More specifically, there were no statistically
significant differences between the two treatment
approaches in 104 patients®262, concerning the tem-
poromandibular joint dysfunction status, based on
the Helkimo Dysfunction Index. No information was
reported regarding the status of the TMD for the
remaining 33 patientsé1.63- On the subject of the
presence of unilateral contacts in centric relation and
non-working side (mediotrusive) interferences, there

were no statistically significant differences in 83 of
the patients between the group that received ortho-
dontic space closure and the group that received
prosthodontic rehabilitation, while no information
was available for the remaining 54 patients. In addi-
tion, the presence of infraocclusion was reported for
4 implants in one study®3.

In the second group of studiesé4-70, which deals
with the two different prosthodontic approaches,
the reported complications were different for each
intervention. With regard to implant restorations,
one technical complication was reported which con-
sisted of porcelain chipping. Two biological com-
plications were reported and included one implant
lossé7 and a 0.2 mm neck exposure in one implant’0.

Eur J Oral Implantol 2016;9(Suppl1):55-S24
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Table 3 Orthodontic space closure versus space opening/ retention and prosthodontics.

Study Study |Setting |Patient |Age (years) |Gender |Agenesis |Orthodon- |Treatment option Implant Loading
type No tic Space (n: sites) (months)
Opening
Branzen et |Retro Univ 36 Range: 17M 18 Uni YES Impl (n =54) Branemark system MKIII, NR
al (2014) 14,3-26,7 19F and 18Bi Nobel Biocare,
Dimensions:
3.3 mm x 15.0 mm (n = 45)
3.75mm x 13.0 mm (n =9)
Garnett et | Retro Uni 45 Range: 14M 17 Uni YES RBP (n =73): NA NA
al (2006) 13-44, 31F and 28 Bi Canine Cantilevered
Mean: 17 (n = 38); Central Incisor
Cantilevered (n = 24);
Conventional (n =9);
Canine+Premolar Can-
tilevered (n = 2)
Man- Retro Uni 20 Range: IM 20 Uni YES Impl (n =20) Cone Morse Taper, Leone  |Immediate
gano et al 19.75-24.25 | 11F Implant System
(2014) Diameter:
3.3 mm, 4.1 mm and
4.8 mm
Penar- C.S NR 6 Range: 2M 4F |4 Uni and |YES only in |Impl (n=8) Defcon (Impladent, Sent- | Immediate
rocha et al 17-32 2 Bi two cases menat, Barcelona, Spain)
(2008) Mean:22 titanium surface acid,
Avantblast surface implants;
Dimensions:
3.6 mm X 13.0 mm (n = 3)
3.6mmX14.5mm((n=1)
3.6 mm X 16.0 mm (n = 2)
42mmX 145 mm(n=1)
42mmX16.0mm(n=1)
Sailer et al | Retro PO 5(out of [NR DCNBE |3 Uni and |NR RBP: single retainer NA NA
(2013) 28) 2 Bi cantilever (n =7)
Sailer et al |[Retro | Uni 7(out of | DCNBE DCNBE |7 Uni NR RBP: single retainer NA NA
(2014) 15) (13.1-75.1) | (6M9F) cantilever (n = 7)
Zarone et |Pros Univ 30 Range: MM 26 Uni YES Impl (n =34) Straumann ITI, 4
al (2006) 21-45 19F and 4 Bi Dimensions:
3.3 mm X 10.0 mm (n=9)
3.3X12.0mm (n=17)
3.3 mm X 14.0 mm (n = 8)

AL: abfraction lesions; Av: average; Bi: bilateral; Bl: bleeding index; Cross: cross-sectional study; CS: case series; DCNBE: data cannot be extracted; EEI: Eastman Esthetic

Index; F: females; FPD: fixed partial denture; Gd: Good; Impl: Implant; M: males; NA: not applicable; NR: not reported; NS: not significant; Nss: not statistically significant;
OT: orthodontic treatment; PO: Private practice; Pr: poor; OSC: orthodontic space closure; RPD: removable partial denture; RBP: resin-bonded prostheses; PI: plaque index;
PD: probing depth; Ppl: papilla index; Retro: retrospective; RI: retention index; Ss: statistically significant; Univ: university; Uni: unilateral; VAS: Visual Analogue Scale.
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Prostheses Follow- |Survival |Success |Complications Hard tissue assess- |Soft tissue assessment Aesthetic assess-
up Rate Rate ment ment
(years)
Abutments: 44 Custom-|5 100% 100% | Aesthetic: Marginal Bone Ppl: Patients’ satisfaction:
made: 36 ZR, 8 Ti Porcelain fracture |Level (distance 0(n=2,4%) 32.43% desired a
10 Prefabricated in one crown from the 1AJ): 1(n=7,13%) crown replacement
Restoration: 53 all- Mean: 1.1 +0.8 mm |2 (n =15, 28%) 56.75% completely
ceramic, cemented, 32% < 0.6mm 3 (n =30, 56%) satisfied
1 metal-ceramic, 17% > 1.8mm CDA Evaluation:
cemented Bone loss: 70% excellent
Mean: 0.6 + 0.7 mm 30% acceptable
Nickel Chromium 8.33 NR NR 30 Debonded at NA NR NR
Retainer alumina sand- least one
blasted (50-250 pm) No significant dif-
Panavia cemented ference between
cantilever design,
one vs two
retainer
Porcelain Fracture:
in one pontic
Metal-Ceramic restor- |3 100% 100% - Distance implant NR Patient's
ation, cemented shoulder-Bone: satisfaction:NR
Mean: Independent calibrat-
0.49 + 0.18mm ed examiner evalua-
Bone loss: NR tion (PES/WES)
High aesthetic out-
come
PES Index:
Mean: 8.15 + 1.69
WES Index: Mean
8.70 + 0.92
Abutment: NR Restor- [1.3-2.5 [87.5% |NR One implant failed |Bone level: NR NR Patient's satisfaction
ation: Mean: 3 weeks after im- | Mesial bone loss: (VAS)
cemented 1.96 plantation 0.23-0.63 High degree of satis-
Mean: 0.48 faction
Distal bone loss: Examiner/panel
0.35-0.78 evaluation: NR
Mean: 0.662
All-ceramic restor- DCNBE | 100% NR DCNBE NA DCNBE DCNBE
ation (IPS e.max Press/ [(0.31- (chipping of the (no differences in biological | (High aesthetic
IPS Empress, Ivoclar 13.5) incisal edge of one outcomes compared to the |outcome)
Vivadent) Hydrofluoric |Mean: 6 pontic (unnoticed control teeth.)
acid etched (Pulpdent), by the patient)
Silanized (Monobond,
lvocla Vivadent)
All- ceramic restoration |[DCNBE |100% NR DCNBE NA DCNBE DCNBE
(IPS e.max Zir CAD, (1-7.6) (2 debondings) (no differences in biological | (High aesthetic
Ivoclar Vivadent and Mean: 4 outcomes compared to the |outcome)
Cerion, Straumann) control teeth)
Abutments: 34Ti 2-3.3 97.06% |94.12% |Aesthetic: Expo- Bone level: NR Pl:0(n=27)1(n=6) Patient’s satisfaction:

Restoration: 34 metal-
ceramic restorations,
cemented(zinc-phos-
phate luting agent)

sure of 0.2 mm
implant neck in
one implant.

Marginal Bone
Resorption:
1.20 £ 0.61 mm

Gl:0(n=31)1(n=2)

Bl: 0 (N =33)

Ppl: 0 (n=0);
1(n=2);2(n=4),

3 (n=27); PD: Nss after
0.5, 1 and 2 years of func-
tion P > 0.05

NR

Author's evaluation:
Optimal aesthetic
outcome
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No complications were present for the remaining
113 implants. In the cases treated with resin-bonded
prostheses, the main complication was the reported
debonding, which occurred at least on one occasion
for each prosthesis.

Periodontal/peri-implant assessment

In the first group of studies comparing the orthodontic
space closure and prosthodontic intervention59-63,
the status of the soft tissues was evaluated by five
indices: plaque index (PI), bleeding index (BI), gin-
gival index (Gl), probing depth (PD) and papilla index
(Ppl). As far as the Pl is concerned, statistically signifi-
cant differences were found in 50 patients treated
by either orthodontic space closure or prosthodontic
intervention. The greatest plaque accumulation was
noted in patients who received prosthodontic treat-
ment. In the remaining 87 patients no statistically
significance difference was found regarding the PI.
Concerning the BI/Gl, there was a statistically sig-
nificant difference in the presence of bleeding on
probing in 83 patients, with patients treated by pros-
thodontic intervention exhibiting the greatest values.
In 46 patients, no statistically significant difference
was found in the BI, whereas one study®3 did not
report on this issue. With regard to the PD, a statis-
tically significant difference was found in 41 patients,
with the highest index value in prosthodontic patients
compared to the orthodontic ones. Conversely, in 96
patients, no statistically significance difference was
found in PD between the orthodontic and prostho-
dontic treatments. As for the Ppl, only one study
reported on this index and revealed statistically sig-
nificant differences between the orthodontic and im-
plant patients, with regard to the mesial papilla of the
maxillary lateral incisors; the mesial papilla filling was
higher in the interdental embrasure, in patients where
the orthodontic space was closed.

The distance between the implant shoulder and
marginal bone ranged from 0.49 to 1.10 mm for
74 implants, while no information was given for 40
implants. Regarding the bone loss between exami-
nations, 94 implants exhibited bone resorption from
0.48 to 1.20 mm, whereas no information was pro-
vided for 20 implants. As for the implant soft tissue
assessment, the following indices were evaluated:
Pl, G, PD and Ppl. Unfortunately, only one implant
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study’0 examined the PI, Gl and PD. Consequently
no information was given concerning, these indi-
ces for 81 implants included in the ‘other-studies:
Regarding the PI for the remaining 33 implants, 27
implants scored 0 and six scored 1. Similarly, as for
the GI, 31 implants scored O while two scored 1. Fur-
thermore, in the same study, PD values did not show
statistically significant differences 6 months, 1 year
and 2 years after function. Concerning the Ppl, only
two studies reported on this index. Specifically, two
implants (2.30%) scored 0, nine (10.34%) scored
1, 19 (21.85%) scored 2 and 57 (65.51%) scored
3, which represented the optimal interdental papilla
fill. Lastly, in the articles examining the resin-bonded
prostheses, information concerning the soft tissue
evaluation cannot be extracted from the published
data.

Aesthetic assessment

In all included articles®®-79, the aesthetic assessment
was based on either the patient's satisfaction or
examiner/panel evaluation. Regarding the patient's
satisfaction, in the group of studies comparing the
two different therapeutic options, a statistically sig-
nificant difference was found amongst 50 patients,
those who received orthodontic treatment appeared
to be more satisfied than those who received pros-
thodontic treatment. However, in another study on
46 patients, no statistically significant difference
was found regarding the patient's satisfaction and
the jury evaluation, either after orthodontic space
closure or prosthodontic intervention. In two stud-
ies, in 41 patients, no information regarding patient
satisfaction could be obtained or could be extracted
from the given data®".63.

In the group of articles referring to the implant
treatment64.66.67.70, only two studies reported on
the patient's satisfaction. Specifically, 26 patients
(62%) were highly/completely satisfied with the
aesthetic outcome, while 16 (38%) were not com-
pletely satisfied. The examiner evaluation revealed
aesthetic results ranging from acceptable to high for
85 patients, whereas no information was given for
five patients. Information regarding the aesthetic
assessment was either not reported or could not
be extracted from the presented data in articles on
resin-bonded prostheses®5.68,69,



Kiliaridis et al Congenitally missing laterals

mS15

B Discussion

The purpose of this study was to evaluate the bio-
logical, functional and aesthetic outcomes of two
different therapeutic approaches in the treatment of
maxillary lateral incisor agenesis. The management
of patients with congenitally missing maxillary lat-
eral incisors involves two therapeutic options: ortho-
dontic space closure by canine mesial repositioning
and reshaping or space opening and prosthodontic
intervention (i.e. implant-supported restorations,
resin bonded prostheses and fixed partial dentures).
A systematic search of the literature was conducted
to identify studies that examined maxillary lateral
incisor agenesis treatment by either orthodontic or
prosthodontic approach, so as to identify high-level
evidence. Only 5 articles comparing the two differ-
ent therapeutic options were extracted from the lit-
erature, while no randomised controlled trials could
be found. Therefore, it was not possible to draw
definitive conclusions about the superiority of one
treatment option over the other regarding the bio-
logical, functional and aesthetic outcomes.

Our results suggest that the frequency of the con-
genitally missing lateral incisor in females was higher
than in males at a ratio of 2:1. This finding is in agree-
ment with the results of other authors who found
that the prevalence of dental agenesis in females
was 1.5 to 2.0 times higher than in males’1.72.73,
Concerning the type of lateral agenesis (i.e bilat-
eral or unilateral), the frequency of absence of one
maxillary lateral incisor in the same patient, does not
differ from the frequency of agenesis of both laterals
in the same patient, which is in agreement with the
study of Celikoglu et al74, although, other studies
found that there are differences in the distribution
of the agenesis type in the surveyed population72.73.
Moreover, the unilateral incisor agenesis is associ-
ated with the contralateral incisor microdontia (peg-
shaped teeth). The explanation of this association is
that both dental anomalies (peg-shaped teeth and
lateral agenesis) have the same genetic origin with
different phenotypic expression?>.

Concerning the therapeutic option, the per-
centage of the sites in the direct comparison group
which received orthodontic space closure and canine
recontouring was higher than that of the sites which
were treated with a prosthodontic intervention. This

finding is in agreement with the results of Fekonja
et al, who found that 87.5% of the patients with
tooth agenesis had been treated by orthodontic
space closure’®.

The majority of the patients who were treated
with the prosthodontic approach had received ortho-
dontic treatment to open or maintain the space prior
to the prosthodontic rehabilitation. This is a reasona-
ble finding, since in most cases the permanent canine
inclines and moves mesially due to the absence of
the laterals. In the present study, the results demon-
strated that the frequency of the implant therapy did
not exceed that of the conventional prosthodontic
treatment. Regarding the surface characteristics of
the implants and the type of the connection, infor-
mation was extracted from the brand names of the
implants. In the majority of the studies, implants
with a rough surface were used. Clinical studies have
shown that the rough surface implants presented
higher survival rates than machined ones’7.78, Con-
cerning the type of connection, in the majority of the
studies, implants with an external connection were
used. Additionally, the implant-crown survival and
success rate was high, which is in agreement with
previous studies”9-86.

In the direct comparison group, none of the
studies revealed signs and symptoms of the tem-
poromandibular joint disorders, associated with the
orthodontic or prosthodontic intervention. Earlier
studies agree with this finding and it has been shown
that the occlusal condition did not correlate with
signs and symptoms of mandibular dysfuction87.88.
Regarding the occlusal scheme established after the
treatment of lateral agenesis, only two studies men-
tioned that there were no significant differences in
the number of centric interferences and excursive
contacts between the orthodontic space closure and
the prosthodontic intervention.

The space closure patients in the direct compari-
son group showed a healthier periodontium than the
patients with prosthetic appliances. Regarding the
plaque index and bleeding index, greatest plaque
accumulation and bleeding on probing scores were
noted in patients who received prosthodontic treat-
ment. Similarly, the probing depth was higher in im-
plant patients. As for the papilla index, one study
reported on this index and found that the mesial
papilla filling in the interdental space was higher in
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the space closure patients than in the prosthodontic
patients5°.

In the prosthodontic treatment group, the major-
ity of the implants exhibited a bone loss range from
0.48 to 1.20 mm. This finding is in agreement with
Thilander et al who found a 0.75 mm marginal bone
loss at implants in the upper lateral incisor area8®.
Regarding the condition of the interdental papilla,
65% of the implants showed optimal papilla filling
of the interdental space. The prosthodontic interven-
tion showed complications both in the implant and
the rehabilitation of the resin-bonded prostheses.
The reported complications were both biological and
technical and included implant infraocclusion, thread
exposure, implant loss, porcelain chipping in implant
crowns and resin-bonded debondings.

Concerning the aesthetic assessment, in the
direct comparison group, two studies reported on
the patients’ satisfaction and demonstrated that
52% of the patients showed a significant differ-
ence, with greater satisfaction amongst the space
closure patients. Although a direct conclusion could
not be drawn regarding the patients’ preference, it
seems that the patients tended to be more satisfied
with the orthodontic approach, since they kept their
own teeth. In the purely prosthodontic approach
group, only two implant studies reported on the
patients' satisfaction and found that the majority of
the patients were highly satisfied with the implant
aesthetic outcome.

Early diagnosis of the agenesis of the laterals
at 8 to 9 years of the child's age, is often linked
to the kind of suitable intervention that should be
followed amongst the various treatment options.
However, Hobkirk et al found that more than half
of the patients referred to a clinic in the UK, for
the rehabilitation of tooth agenesis, were over 12
years old?0. Clinicians should be aware of clinical
signs that indicate maxillary lateral incisor agenesis.
Delayed eruption of the permanent tooth, more than
1 year beyond the expected time, or more than 6
months after the eruption of the contralateral tooth,
should suggest that the permanent tooth is absent,
with subsequent radiographic examination. Simi-
larly, the persistence of a primary tooth may denote
developmental absence of the permanent succes-
sor’3.91, Other signs of a congenitally missing lateral
incisor include the deviation of the maxillary dental
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midline, a molar and canine ClassHl malocclusion,
palatal displacement of canines and microdontia of
contralateral incisors (peg-shaped maxillary“lateral
incisors)?293.24, |n addition, patients with congeni-
tally missing lateral incisors have narrower teeth than
patients without any dental anomalies?5:26.

Orthodontic space closure

Several studies have reported on the advantages
of the orthodontic space closure448.97.98, The main
advantage is the longevity of the therapeutic result
and the completion of the treatment in early adoles-
cence. Moreover, the early mesial movement of the
canine into the edentulous space of the lateral incisor
maintains a normal gingival and alveolar architecture
which is very important in patients with a high smile
line48:9899_ Furthermore, the avoidance of demand-
ing prosthodontic procedures, limits the potential
risk of complications involved in the prosthodontic
intervention. Also, the orthodontic space closure is
less costly compared to the implant intervention,
often after orthodontic space opening, and it gives
the patient the impression that there is no missing
tooth498,

Clear indications for orthodontic space closure
and canine substitution, in cases of congenitally
missing lateral incisors, include two types of maloc-
clusions35,97.98,100,101" The first concerns patients
exhibiting severe crowding in the mandibular an-
terior segment and Class | molar relationship. In
these cases, orthodontic space closure by canine
mesial repositioning, along with mandibular extrac-
tions, usually of the mandibular first premolar leads
to a predictable final result. The second malocclusion
that favours canine substitution in the position of
the lateral incisor is an end-to-end or Class Il molar
relationship, without crowding and dental protrusion
in the mandibular anterior segment.

Certain factors that clinicians should consider in
the decision- making of whether or not to close the
space are the facial profile, the canine dimensions,
the colour of these teeth and the gingival height35.98.
Regarding the facial profile, a straight or slight con-
vex profile is suitable for space closure unlike a seri-
ous convex profile with a retrusive mandible35. This
is to avoid an optimal occlusion with compromised
facial aesthetics, where a combination of orthog-
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nathic surgery to correct the facial discrepancy and
prosthodontic replacement of the laterals should
be considered. As far as the size of canine is con-
cerned, an average canine is 1.5 mm broader than
the lateral incisor and after recontouring, should be
slender than the central incisor. Specifically, canine
recontouring should be done so as to eliminate the
labial and proximal convexities, the lingual cingu-
lum, and to form the mesioincisal and distoincisal
edges. Unfortunately, in many cases, when canines
are relatively large compated to the central incisor
dimension, canine recontouring requires a signifi-
cant amount of tooth reduction so as to resemble
a lateral incisor, resulting inevitably in a restorative
intervention on the shape of the canines and in order
to increase the size of the central incisors. The canine
width at the cementoenamel junction is decisive on
the required interventions, since it determines the
amount of possible mesiodistal reduction.

Another point to be considered is the colour dif-
ference of the canines that are darker than incisors,
a shade that becomes even more yellowish with
extensive tooth recontouring®. This may be a rea-
son to avoid the labial recontouring, by increasing
the palatal root torque of the canine and decreas-
ing occlusally the canine cusp length, which leads
to a reduction in the extension of the labial canine
convexity. Another approach to overcome the col-
our difference between canines and incisors is the
tooth bleaching or the restorative treatment consist-
ing of composite build-ups, veneers or all-ceramic
crowns102,

Regarding the soft tissue architecture, the gin-
gival zenith of the lateral incisor should be ideally
0.5 to 1.0 mm lower than the central incisors and
canines. To achieve an aesthetic gingival contour,
the gingival margin of the central incisor and the first
premolar should be at the same level, while the gin-
gival zenith of the canine should be slightly incisal,
by extrusion of the canine, balanced by grinding of
the tip of the cusp and intrusion of the first premolar,
with a compensatory reconstructive increase of the
crown length, parallel to its palatal cusp reduction.
Additionally, during the orthodontic space closure,
attention should be given to provide a slight me-
sial titling of the crown of the canine so as to imi-
tate the titling of the lateral; which can occur by
full uprighting of the mesially displaced and tilted

canine, through extensive mesial root displacement.
Moreover, the clinician should bear in mind that after
the completion of the mesial movement of the max-
illary canine, group function is usually established
since the tip of the canine occludes with the man-
dibular lateral incisor. Last but not least, the stability
of the space closure demands long-term retention
with direct-bonded lingual retainers48.98,

Prosthodontic intervention

The second therapeutic option in the treatment of
the congenitally missing lateral incisor includes the
prosthodontic intervention. Space distribution of the
edentulous regions, mesial and distal to the canines
and the central incisors, respectively; occlusion; and
aesthetics determine whether or not orthodontic
space opening is needed prior to the prosthodontic
rehabilitation. Canines should allow posterior disclu-
sion during eccentric excursions, while central incisors
should be placed in a position dictated by aesthetic
and phonetic demands. Regarding the determina-
tion of the appropriate spacing needed for the lateral
incisor, three methods are described in the litera-
ture33.34. The first method is based on the golden
proportion. According to this, aesthetics and har-
mony are achieved in the maxillary anterior segment,
when the width of each anterior tooth is 61.8%
wider than the tooth distal to it, in the facial view.
However, Pini et al observed that while the golden
proportion was not found in the majority of patients
with lateral agenesis, the smiles were still pleas-
ing'03. This finding demonstrates that the golden
proportion may be a useful diagnostic guide, while
a certain range of tolerance exists to achieve a high
aesthetic outcome. The second method includes the
determination of the space needed according to the
contralateral incisor, whenever this is present and has
a normal size. The third method refers to the Bolton
analysis, where in order to obtain the proper inter-
digitation and arch coordination when the molars are
in a Class | relationship, the dimension of the upper
teeth has to be proportional to the dimension of the
lower teeth. Regardless of the method that will be
used, a diagnostic wax-up still remains a useful tool
for the evaluation of the space distribution. Accord-
ing to Kinzer et al, the usual remaining space for a
lateral incisor restoration should be 5 to 7 mm33.
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Space opening and prosthodontic intervention
is indicated in cases of Class | molar relationship
without malocclusion, Class Il malocclusion with
a concave facial profile, and in cases in which the
canine recontouring is not recommended?8.104 (see
previous chapter). The prosthodontic intervention
includes the following therapeutic options: i) single-
tooth implant; ii) resin-bonded fixed partial denture;
and iii) full-coverage fixed partial denture.

(i) The single-tooth implant option is considered
to be the most conservative approach in cases
of sound adjacent teeth. However, the clinician
should consider several parameters regarding a)
the time of implant placement; and b) the time
of orthodontic space opening, with respect to
the amount of bone available for implant inser-
tion4.35.

a) The time of implant placement: numerous
studies have reported the risk of infraocclusion
of the implant crown if the implant is placed
before the completion of the facial growth
and the dental eruption. As a rule of thumb,
females complete their facial growth by 17
years old, whereas males demonstrate a facial
growth up to 25 years old'05. However, large
variations exist amongst individuals, therefore
different methods are proposed to determine
the patient's skeletal maturation. Hand-wrist
radiographs and more recently, the cervical
vertebral maturation method, have been used
to estimate the amount of remaining crani-
ofacial growth106.107 However, the reliability
of growth prediction with these methods is not
high08. Moreover, the superimposing of serial
lateral cephalometric radiographs obtained 6
months to 1 year apart has been proposed to
be useful in the evaluation of the completion
of the facial growth. Facial growth could be
considered as completed when the distance
between the cephalometric points nasion and
menton is stable4. However, this method is
not recommended either, since the patient is
exposed to radiation in an accumulative man-
ner, while it has been shown that the facial
dimensions are changing also during mature
adulthood'99. The most ‘innocent’ and inex-
pensive method is the standardised recording
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of the body height obtained ‘every 6 months.
In general, most of the facial“growth could
be considered to be completed-1_year'after
stagnation of the body height increase. Atten-
tion should be paid to the fact that the risk
of infraocclusion of the implant crown 5 to
10 years after the treatment may happen also
during mature adulthood, due to continuous
eruption of the teeth long after the completion
of the facial growth10.

b) The time of the orthodontic space opening
with respect to the amount of bone available
for implant insertion: the procedure to obtain
the adequate mesiodistal distance between
the centralincisor and the canine was linked to
the available bone volume of the edentulous
space, in patients with congenitally missing
lateral incisors, as well as the best time when
orthodontic treatment should occur prior to
implant placement11.

Early diagnosis is very important particularly in
patients scheduled for future implant therapy. This
allows for planned extraction of the primary lat-
eral incisor and the guided eruption of the canine
adjacent to the permanent central incisor, avoid-
ing bone loss and ensuring a proper implant site
is established in the region of lateral agenesis33.99.
Few studies have measured and compared changes
in the alveolar ridge dimension at the beginning and
the end of the orthodontic therapy49.111.112,113_|n
most of these studies, the information was obtained
by measuring these changes on plaster models,
which may provide indications on the alveolar bone
changes only49.111.113_ Novackova et al found a 4%
reduction in the alveolar ridge width and a 0.26 mm
reduction in the ridge height at the end of the ortho-
dontic treatment, that was further reduced some
years later by 2% and 0.38 mm, respectively. The
results of this study showed minimal changes in
the ridge width and height, indicating a stable and
well preserved alveolar ridge113. In contrast, Beyer
et al estimated an increase in bone deficiency from
0.26 mm2, at the beginning of the orthodontic treat-
ment, to 1.92 mm2 and 3.77 mm?Z, at the completion
of the orthodontic treatment and implant insertion,
respectively. Additionally, the same study has shown
that patients who received orthodontic space open-



Kiliaridis et al Congenitally missing laterals

| 519

ing after the age of 13 years, demonstrated more
extensive reduction of the alveolar ridge dimen-
sions, than the reduction observed in patients who
received orthodontic space opening before the age
of 13 years old"1. Another study on dental cast
measurements has also demonstrated a 13% to
15% decrease in the ridge width after orthodontic
space opening and a 6% to 12% loss of the ridge
height. These authors found an 0.5 mm increase in
depth of the labial concavity between the maxil-
lary central incisor and the canine#®. Similar results
were found on a smaller number of patients, using
cone-beam computed tomography. Although more
invasive than measuring dental casts, this method
was more reliable and presented an alveolar bone
width reduction by 17% to 25%, and a significant
increase in the labial concavity, after the completion
of the orthodontic space opening12. In cases where
the bone width and height have undergone severe
reduction, a bone graft may be necessary to establish
the appropriate implant site.

Other factors that the clinician should take into
consideration are the interradicular spacing and
the retention of the space after the completion of
the orthodontic treatment33.114. During the ortho-
dontic space opening, the coronal mesiodistal space
is achieved earlier than the interradicular mesiodistal
distance, that is indispensable for the implant place-
ment4. Therefore, radiographically evaluating the
root distance before the removal of the orthodontic
appliance is recommended. Regarding the postor-
thodontic root approximation after space opening,
Olsen et al found that 11% of the patients presented
with an inadequate space between roots, preventing
the implant placement. According to the author's
recommendation, an interradicular distance of
5.7 mm between the central incisor and the canine
is considered sufficient for implant placement14.
Moreover, the use of a fixed bonded lingual wire
or a resin-bonded prosthesis is suggested for the
retention period, while Krassnig et al recommended
the use of a removable retainer such as a Hawley or
an Essix retainer, when the retention period is antici-
pated to be short4.

Several studies have reported on the success-
ful osseointegration of the single implants placed in
the anterior maxilla79-86. Despite successful osseoin-
tegration, various studies have shown that resorp-

tion of the facial bone wall, recession of the mid-
facial soft tissue, thread exposure and infraocclusion
might occur86.89,110,115-117 - According to den Har-
tog, Cosyn and Mangano, 40%, 26% and 11% of
cases displayed unacceptable aesthetic results, due
to the incomplete papilla filling, the facial recession
and alveolar bone deficiencies8#117.118, Another
side effect demonstrated by Bernard et al refers to
vertical discrepancies that develop some years later,
both in adolescent and adult patients, between
adjacent teeth and implants, ranging from 0.10 mm
to 1.86 mm110. This confirmed and completed the
previous findings of Thilander et al, who detected
the risk of development of infraocclusion amongst
the adolescents®®. Additional biological complica-
tions include fistulas, peri-implant mucositis and
peri-implantitis, while the most frequent technical
complications were screw loosening and porcelain
chipping80.82.86,

(i) Amongst the solely prosthodontic interventions,
the resin-bonded prostheses are considered to be
the most conservative option, since the adjacent
teeth are subject to minimal tooth preparation.
Except for the conservative nature of the prep-
aration, other advantages include the avoidance
of pulpal trauma, the supragingival preparation,
the simplicity of the clinical procedures and the
reduced cost and chair time, in comparison with
the conventional fixed prostheses!19. To achieve
predictable and optimal aesthetic outcomes using
resin-bonded prostheses, the clinician should
take into consideration specific requirements of
each treatment option34. The first requirement is
related to the vertical position of the abutment
teeth. Regarding the vertical position, the shallow
overbite is considered to be the ideal interincisal
relationship, since it reduces the excessive lateral
forces on the abutments and permits sufficient
tooth surface for bonding. The second require-
ment concerns the incisors' inclination. The
upright incisors' relationship with an increased
interincisal angle leads to the development of
shear forces in the abutment teeth, which are
more favourable than the tensile forces exerted
when incisors are proclined with a smaller interin-
cisal angle4. The third requirement is the absence
of the teeth mobility. Specifically, the mobility
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of the abutments leads to the development of
different force vectors under the occlusal load,
resulting in increased stress on the prosthesis.
Excessive forces are placed on the prosthesis
even when only one abutment is mobile34. The
fourth requirement is related to the labiolingual
thickness of the abutments and the translucency
of the enamel. When the incisors are too thin,
with a high degree of translucency, the extension
of the metal retainer on the incisal third leads
to an undesirable gray shade abutment434. To
overcome this problem, all-ceramic and/or zir-
conia restorations can be used, which have high
aesthetic outcomes. Furthermore, parafunction
activities such as bruxism negatively influence
the long-term success of resin-bonded pros-
theses20. Consequently, the patient selection is
the most critical aspect when the clinician con-
siders the resin-bonded prostheses as a possible
therapeutic option.

Various studies have been published in the litera-
ture, regarding the longevity of the resin-bonded
prostheses21-125. A systematic review conducted
by Pjetursson et al on earlier types of resin-bonded
prostheses demonstrated a 5-year survival rate
of 87.7%. The most frequent complication was
debonding26. All the included studies except that by
Kern et al127 examined metal-ceramic resin-bonded
prostheses. Other reported complications were frac-
tures and slight grayness of the abutments127,128,129,
However, the change in the prosthesis design from
two retainers to a single retainer, as well as the use
of all-ceramic restorations, with more recent cemen-
tation systems, have decreased the high frequency
of debondings and fractures leading to increased
survival rates. This is supported by literature on
cantilevered all-ceramic resin-bonded prostheses,
which exhibited survival rates ranging from 94.4%
to 100% 6869,130,131,

(iii) The full-coverage fixed partial denture is the last
prosthodontic therapeutic option in the treat-
ment of congenitally missing lateral incisors. This
approach is considered as the least conservative
of all tooth-supported restorations and its use
is quite rare in the treatment of tooth agenesis
in the anterior region. The indications for the

Eur J Oral Implantol 2016;9(Suppl1):55-S24

full-coverage fixed partial dentdre include the
replacement of an existing fixed partial denture
and the presence of adjacent teeth-that require
rehabilitation due to extensive caries, fractures
and/or discolourations. One of the basic prin-
ciples in the preparation of abutment teeth for
fabrication of a full-coverage restoration is the
alignment of the abutment teeth along a com-
mon pathway. This can lead to extensive tooth
reduction, in cases in which one of the two abut-
ment teeth is malpositioned, increasing the risk
of pulpal trauma, especially in young patients.
This problem can be overcome by orthodontic
correction of the proclined abutments’32. A sys-
tematic review conducted by Sailer et al reported
a 5-year survival rate of metal-ceramic restora-
tions to be 94.4% and of all-ceramic restorations
to be 88.6%. As for the all-ceramic restorations,
the most frequent technical complications were
marginal discolouration (15.3%) and porcelain
chipping (13.6%), while the most serious compli-
cation was the framework fracture. Additionally,
loss of retention and biological complications (i.e.
caries and pulpal necrosis) were frequent for both
types of restorations?33.

The treatment choice is based on a complex deci-
sion-making procedure. Except for the biologi-
cal, aesthetic and functional outcomes, financial
issues should also influence the final decision-
making. Antonarakis et al compared the long-term
cost-effectiveness of the different prosthodontic
therapeutic options in patients with congenitally
missing lateral incisors and found that the least
cost-effective therapeutic modality was the full-
coverage fixed partial denture, while the resin-
bonded prostheses were considered as more cost-
effective than the single implant crowns'34. Other
studies demonstrated the superiority of the implant
approach over the fixed partial dentures, regard-
ing cost-effectiveness35.136,137 However, in most
cases of lateral agenesis, an orthodontic space
opening is required prior to the implant therapy.
Thus, the combination of orthodontic and prostho-
dontic therapy should be taken into consideration
when evaluating the cost-effectiveness of differ-
ent therapeutic modalities in the rehabilitation of
lateral agenesis.
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The absence of randomised controlled trials
and the limited number of prospective and retro-
spective studies comparing the two different thera-
peutic options make it difficult to draw definitive
conclusions about the superiority of one treatment
option over the other, regarding the biological,
functional and aesthetic outcomes. According to
this systematic review, both therapeutic options are
acceptable. However, it seems that in cases where
both the therapeutic approaches are applicable, the
orthodontic space closure is advantageous over the
prosthodontic rehabilitation, regarding the perio-
dontal health and the aesthetic outcome. Moreo-
ver, the main advantage of the orthodontic treat-
ment is the longevity of the therapeutic result and
the completion of the definitive treatment during
early adolescence, without the risk of long-term
biological and technical complications accompany-
ing the prosthodontic rehabilitation. Well-designed
randomised clinical trials and multicenter studies
are required to compare these different therapeutic
options.

In conclusion, early diagnosis of the congeni-
tally missing lateral incisor is important, since it
allows for planned extraction of the deciduous lat-
eral incisor and the guided eruption of the canine
adjacent to the permanent central incisor, either
to proceed to later space closure or to open space
for prosthodontic rehabilitation. Consequently, the
bone loss is avoided and the alveolar ridge thick-
ness is maintained. Lastly, when both orthodontic
and prosthodontic intervention are possible, thera-
peutic options, the orthodontic space closure is
more preferable than space opening, due to its
superiority in the periodontal health and aesthetic
outcome. Moreover, the early completion of the
definitive treatment and the absence of the long-
term biological and technical complications make
the orthodontic space closure the treatment of
choice, in cases where both therapeutic options
are indicated.
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