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Abstract: To evaluate functional and periodontal aspects in patients with unilateral or bilateral congenitally missing maxillary lateral incisors, treated with either implants or space closure and tooth re-contouring. The sample consisted of 68
volunteers, divided into 3 groups: SCR - space closure and tooth re-contouring with composite resin (n = 26); SOI - implants placed in the area of agenesis (n = 20); and CG - control group (n = 22). A modified Helkimo questionnaire and the
Research Diagnostic Criteria for Temporomandibular Disorders were used by a single, previously calibrated evaluator to
assess signs and symptoms of temporomandibular joint disorder. The periodontal assessment involved the following aspects: plaque index, bleeding upon probing, pocket depth greater than 3 mm, gingival recession, abfraction, periodontal
biotype and papilla index. The data were analyzed using Fisher's exact test and the nonparametric Mann-Whitney and
Kruskal-Wallis tests (α=.05). No differences in periodontal status were found between treatments. None of the groups
were associated with signs and symptoms of temporomandibular joint disorder. Both treatment alternatives for patients
with congenitally missing maxillary lateral incisors were satisfactory and achieved functional and periodontal results similar to those of the control group.
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INTRODUCTION
Maxillary lateral incisor agenesis occurs in 0.8 to 2% of
the population in the permanent dentition phase [1-3]. Except for the third molar, agenesis of the maxillary lateral
incisor has been the most frequent kind among different
populations [1, 3, 4]. However, this prevalence varies according to ethnic background and population [3, 5].
Dental agenesis in the maxillary anterior region compromises smile balance and symmetry [2, 6]. Therefore, treating
these patients requires an interdisciplinary approach aimed at
rehabilitating the smile, both in terms of function and aesthetics [7-9]. The literature describes two treatment options
for congenitally missing lateral incisors: space closure with
mesial repositioning of the canine, followed by tooth recontouring; or space opening followed by placement of a
prosthesis, transplant or dental implant [8-15]. To help dentists plan for these situations, a number of studies have
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assessed the results of the different treatment options [1625]. However, no studies could be found comparing the occlusal and periodontal status in patients treated with either
space closure plus tooth re-contouring or with implants.
From a functional standpoint, there is controversy regarding the need to achieve Angle Class I molar relationship at
the end of treatment [18, 20]. The lack of canine protected
occlusion has been pointed out as a disadvantage in cases
treated with space closure, as it could affect the occlusion,
favor the occurrence of cervical abfraction lesions, and cause
signs and symptoms of temporomandibular disorder (TMD)
[17, 26-30]. On the other hand, the premolar is considered an
adequate substitute for the canine, as clinical trials have
found no differences in occlusal function or signs and symptoms of TMD in patients treated either with space closure or
prostheses [18-20].
The aim of the present study was to assess signs and
symptoms of TMD and periodontal status in patients with
unilateral or bilateral maxillary lateral incisor agenesis,
treated with either space closure (mesial movement of the
canines) or with tooth implants following orthodontic treatment, in comparison to individuals without agenesis and not
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Table 1. Distribution of Sample According to Gender and Incidence of Maxillary Lateral Incisor Agenesis in SCR, SOI and CG
Groups
Gender (n/%)

Agenesis (n/%)

Women

Men

Unilateral

Bilateral

Group SCR

20 (76.92%)

6 (23.08%)

9 (34.62%)

17 (63.58%)

Group SOI

17 (85%)

3 (15%)

10 (50%)

10 (50%)

Group CG

15 (68.18%)

7 (31.82%)

P

Not applicable

.48

submitted to orthodontic treatment. The null hypothesis was
that patients with missing teeth who underwent treatment
had similar functional and periodontal performance to the
control group.
MATERIALS AND METHODS
Patients with uni or bilateral lateral incisors agenesis
were selected from the files of the Dentistry Department,
Public Dental Service, State University of Maringá, Brazil.
The study was approved by the Ethics Local Committee
(process n° 010800093000-08).
Patients’ selection criteria included those with congenital
absence of 12 and/or 22, only one tooth missing in each maxillary quadrant, patients not treated with prosthesis to replace
missing lateral incisor and orthodontic treatment previously
implant or restoration. All cases should be orthodontically
treated with the incisors being lined up at the gingival margin.
Sixty patients met these criteria and were contacted by
telephone and informed of the study. Fourteen patients could
not participate because they moved to the other states or they
didn’t want to participate.
Fourty-six subjects were divided into two groups: 26 patients (9 unilateral and 17 bilateral agenesis) treated with
space closure involving the mesial movement of canines and
remodeling of maxillary anterior teeth using composite resin
(SCR) and 20 patients (10 unilateral and 10 bilateral agenesis) treated by opening lateral incisor spaces and placing
implants in the region of the agenesis (SOI).
A control group (CG) composed by 22 patients were selected among undergraduate dental students from State University of Maringá, Brazil (power analysis = 0.94). The criteria for inclusion in the control group were: no previous orthodontic or orthopedic treatment; no history of orofacial pain in
the previous year; no use of an occlusion plate; presence of all
teeth in the oral cavity (except third molars); no bone base
discrepancies; and good dental alignment. A history of orofacial pain and the use of an occlusion plate were not regarded
as exclusion criteria for the SCR and SOI groups.
The average age for the sample was 24.95 years (14.10 to
41.10) for SCR, 25.12 years (19.02 to 45.08) for SOI, and
21.30 years (19.07 to 26.12) for CG. All participants were
evaluated by a single, previously calibrated examiner.
ASSESSMENT OF PERIODONTAL STATUS
The periodontal status of patients treated with space
closure or implants (experimental groups) was assessed by
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analyzing the following factors in the maxillary arch, from
the right first premolar to the left first premolar: plaque index; bleeding upon probing; probing depth greater than 3
mm on the mesial, distal, lingual and buccal faces [31-34].
Probing was performed using a millimeter probe with a 0.45
mm-wide tip (Hu-Friedy, Chicago, USA).
Papilla index, abfraction lesions and periodontal biotype
were recorded for all three groups. The extent of gingival
recession was measured in millimeters as the vertical extension from the cementoenamel junction to the gum line in the
maxillary and mandibular arches, using a periodontal probe.
[35-38] Periodontal biotype (thick or thin) was recorded
[39]. All evaluated implants were hexagonal with a narrow
platform.
ASSESSMENT OF SIGNS AND SYMPTOMS OF
TEMPOROMANDIBULAR DISORDER
A questionnaire was applied to collect data on signs and
symptoms of TMD (HELKIMO modified by Conti, 1996).
[40] This questionnaire made it possible to assess whether
the participant had mild, moderate or severe TMD, or no
TMD at all. The Research Diagnostic Criteria for Temporomandibular Disorders (RDC/TMD) drafted by Dworkin and
LeResche (1992) were also used to classify individuals with
and without TMD in a clear, objective manner [41].
STATISTICAL ANALYSIS
Statistica 9.0 software (StatSoft, Inc., USA) was used for
statistical analysis, with the level of significance set at 5%.
Fisher’s exact test was used to determine associations between
the qualitative variables and groups. After the Shapiro-Wilk
test demonstrated the non-normal distribution of the data on
treatment completion time, plaque index and gingival bleeding, the non-parametric Mann-Whitney test was used to determine differences between the SCR and SOI groups regarding these variables. The non-parametric Kruskal-Wallis test
(for two or more independent samples) was used to compare
the SCR, SOI and CG groups regarding the papilla index.
RESULTS
Fisher’s exact test revealed no statistically significant differences between the SCR, SOI and CG groups with regard
to gender and unilateral or bilateral agenesis (Table 1). Patients in the SCR group were evaluated 3.90 ± 3.48 years
after the end of treatment, and SOI patients were observed
3.54 ± 2.39 years after completion. The Mann-Whitney test
revealed no statistically significant differences (P=.89) between these groups regarding treatment completion time.
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Table 2. Frequency (n/%) of Periodontal Biotype in SCR, SOI and CG Groups
Group SCR

Group SOI

Group CG

Thin periodontal biotype

19 (73%)

6 (30%)

14(64%)

Thick periodontal biotype

7 (27%)

14 (70%)

8 (36%)

P
.01*

Table 3. Prevalence (n) of Patients with Gingival Recession and Periodontal Biotype in SCR, SOI and CG Groups
With Recession

Without Recession

SCR

SOI

CG

SCR

SOI

CG

Thin periodontal biotype

10

5

2

Thick periodontal biotype

2

4

0

9

1

12

5

10*

8

* _ Statistically significant (P<.05)

Table 4. Mean and Standard Deviation Values of Papilla Index on Maxillary Right and left Lateral Incisors in the SCR, SOI and
CG Groups
Group SCR

Group SOI

Group CG

P

Mesial

2.96 ± 0.19

2.70 ± 0.47

2.95 ± 0.21

.02*

Distal

2.96 ± 0.34

3.00 ± 0

3.00 ± 0

1.00

Mesial

3.00 ± 0.28

2.75 ± 0.44

2.95 ± 0.21

.03*

Distal

3.00 ± 0

2.90 ± 0.30

3.00 ± 0

.08

maxillary right lateral incisor

maxillary left lateral incisor

* _ Statistically significant (P<.05)

Table 5. Presence (n/%) of Myofascial Pain and Joint Change in SCR, SOI and CG Groups Based on RDC/TMD
Group SCR

Group SOI

Group CG

P

Myofascial pain

1(0.04%)

0

0

.75

Myofascial pain with limitation

1(0.04%)

1(0.05%)

0

.76

Disc displacement with reduction (right side)

3(0.10%)

2(0.10%)

1(0.04%)

1.00

Disc displacement with reduction (left side)

1(0.04%)

0

0

1.00

PERIODONTAL ASSESSMENT
The Mann-Whitney test showed no statistically significant
differences in plaque index (P=1.0) between the SCR (61 ±
13%) and SOI (52 ± 11%) groups, and in bleeding index
(P=1.0) between the SCR (11 ± 18%) and SOI (7 ± 6%) groups.
Probing depth greater than 3 mm was not frequent in either
group. In the SCR group, only 15 faces (1%) had a probing
depth greater than 3 mm, with 25 faces (1.7%) in the SOI group.
Fisher’s exact test showed that the thick periodontal
biotype was significantly associated (P=.01) with the SOI
group, whereas the thin biotype was associated with the SCR
and CG groups (Table 2). When used to verify the dependency relationship between periodontal biotype and gingival
recession, Fisher’s exact test revealed no statistically significant association for groups SCR (P =.39) and CG (P=.51)
(Table 3). The absence of gingival recession was significantly associated with the thick periodontal biotype (P=.04).
The incidence of abfraction was lower. Only five buccal
faces of maxillary teeth showed abfraction: two molars and

one premolar in the SCR group, one premolar in the SOI
group, and one premolar in the CG group. The Kruskal-Wallis
test revealed statistically significant differences between the
SCR, SOI and CG groups with regard to mesial papilla of the
maxillary right and left lateral incisors (Table 4).
ASSESSMENT OF TMD SIGNS AND SYMPTOMS
The following conditions were diagnosed in the entire
sample: myofascial pain, myofascial pain with limited opening, and reduced disc movement (Table 5). Fisher’s exact
test revealed no statistically significant differences between
groups (treated and control) with regard to signs and symptoms of TMD. There were also no statistically significant
differences between groups with regard to signs and symptoms of TMD as assessed in the modified Helkimo questionnaire. The main signs and symptoms were headache, joint
noises and unilateral chewing (Table 6). Patients in the SCR
and SOI groups were asked whether they clenched their teeth
or someone had reported observing this habit in them. Three
patients in the SCR group and five in the SOI group declared
having this parafunctional habit.
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Table 6. Distribution of Sample (n/%) According to Diagnosis Obtained from the Modified Helkimo Index for the SCR, SOI and
CG Groups
Group SCR

Group SOI

Group CG

Patients without TMD

22 (85.00%)

15 (75.00%)

20 (91.00%)

Patients with mild TMD

4 (15.40%)

4 (20.00%)

2 (9.00%)

Patients with moderate TMD

0

1 (5.00%)

0

Patients with severe TMD

0

0

0

A

B

P

.49

C

Fig. (1). Intraoral photographs of a patient from the SCR group, four years after treatment conclusion. (A) Frontal view. (B) Left view. (C)
Right view.

A

B

C

Fig. (2). Intraoral photographs of a patient from the SOI group, three and a half years after treatment conclusion. (A) Frontal view. (B) Left
view. (C) Right view.

DISCUSSION
A number of studies in the literature have assessed the
results of treating patients with congenitally missing lateral
incisors [17-20, 22]. However, no studies have compared
periodontal status and the presence of signs and symptoms of
TMD in patients treated with space closure and tooth recontouring with composite resin to those treated with space
opening and implant placement. In the present study, these
two groups showed similar periodontal and functional status
(Figs. 1, 2 and 3).
The greater prevalence of women and bilateral agenesis
found in this study is in agreement with findings described in
the literature [1-4, 19].
For many years, clinical studies assessing treatments for
maxillary lateral incisor agenesis have defended the repositioning and re-contouring of the canine, due to periodontal
problems found in patients treated with prostheses [16, 18,
21].
In the present study, the plaque index was high in the
SCR (61%) and SOI (52%) groups, with no statistically significant difference between the two groups. An epidemi-

A

B

Fig. (3). Radiographs of a patient from SOI group (A) seven years
after treatment completion time and of a patient from SCR group
(B) eleven years after treatment completion time.

ologic study found that 46% of individuals not in periodontal
or dental treatment had a plaque index above 50%, demon-
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strating a failure in performing adequate plaque control [42].
In the present study, the over-contouring of the restorations
on re-modeled canines was considered a plaque-retention
factor in only two patients from the SCR group. The plaque
index was slightly lower in the patients treated with dental
implants than in the group treated with re-contouring using
composite resin. This may be related to the low degree of
adherence of bacterial plaque to the porcelain veneer of the
implant, unlike the composite resin, which favors a greater
buildup of residue due to the difficulty in achieving adequate
polishing near the gingival tissue [43, 44].
Both the SCR and SOI groups had a low degree of bleeding upon probing, with no statistically significant difference
between the groups. In the SOI group (7%), this condition
was observed more often around the implant, characterizing
peri-implant inflammation, which may be related to poor
oral hygiene [45]. In conjunction with adequate oral hygiene
control, the prosthetic emergence profile is of considerable
importance to maintain periodontal health, and must be respected when re-contouring with composite resin or placing
a prosthesis over the implant [45, 46].
Despite the low incidence of probing depth greater than 3
mm in the SCR and SOI groups, it is known that mesial
movement of the canines and the implant placement technique tend to favor probing depths greater than 3 mm [15,
34]. Chang et al. [34] (1999) compared the periodontal status
of dental implants to contralateral natural teeth, and found
the probing depth to be greater around the implant; the same
was true for the plaque index and bleeding upon probing.
The mean gingival recession was 45% and 46% in the
SCR and SOI groups, respectively, with no statistically significant association with the thin periodontal biotype in either group. In the SOI group – in which 70% of the patients
had the thick periodontal biotype – gingival recession was
not observed around the implants. The literature reports that
gingival recession of 1 mm or more occurs in more than 50%
of the population regardless of oral hygiene status, and increases with age; this etiology is associated with anatomic,
physiologic and pathologic factors [37].
Although changes in dental intercuspation were expected
to result in cervical abfraction lesions, this condition was
seldom observed in the present study [28]. The relatively
short time since treatment completion (approximately 3
years on average) in the SCR and SOI groups made it impossible to relate this change to either type of treatment. The
fact that the sample was made up of young adults favored the
low occurrence of abfraction, as this type of lesion is more
common in older patients [28].
Statistically significant differences were detected between the SCR, SOI and CG groups with regard to interdental space-filling by papillae between the central and lateral
incisors. The SOI group showed the most significant change in
the papilla index; this was expected in relation to the implants
due to the long-term re-contouring of the surrounding soft
tissue [38]. Improved surgical technique control and technological advances are expected to minimize this alteration.
A number of authors report that when space closure of
the lateral incisor through mesial movement of the canine is
chosen for agenesis, changes occur in dental intercuspation,
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such as group or premolar disocclusion, which can have a
substantial effect on the occlusion [17, 20, 26, 27]. An important aspect in the prognosis of treatment regarding TDM
and periodontal aspect is the occlusion guide. This was
evaluated and it was found that protrusive guidance was present in all patients treated with space closure or implants.
Canine lateral guidance was present in 15 from 26 patients
(SCR group) and in 16 from 20 patients (SOI group). Group
disocclusion was found in the other patients of these groups.
In the present study, however, no treatment-related TMD
was found in any of the analyzed groups. This finding corroborates the results described by a number of authors who
report that space closure is not related to TMD, and that the
premolar is considered an adequate substitute for the canine
from a functional standpoint [15, 18-20, 47]. Changes in
occlusion are known to have dental, periodontal and joint
consequences associated with parafunction [28, 48]. However, dental contact time during mastication seems to be insufficient to affect the TMJ and associated musculature [49].
The study carried out by Droukas et al. [29], (1984) supports the concept of the multi-factor etiology of TMD, as no
relationship was found between occlusal variables and the
signs/symptoms diagnosed. On the other hand, Pullinger et
al. [30] (1993) found that changes in normal occlusion –
such as open bite, unilateral crossbite, horizontal overlap
greater than 6 mm, more than five missing posterior teeth
and a difference greater than 2 mm in maximum habitual
intercuspation for centric relation – were positively associated with TMD. None of the groups showed any of these
changes in the present study, thereby favoring a satisfactory
result with regard to the TMJ. Genetics, psychosocial factors
and parafunction are known to be positively associated with
TMD as well [48, 50, 51].
The treatment for missing teeth can be prolonged due to
limitations involving age and occlusal development. The
patients in the present sample were treated by different specialists. From the results of the study, both forms of treatment achieved satisfactory results, even when executed by
different teams. The treatment of congenitally missing maxillary lateral incisors requires interdisciplinary planning to
achieve a functional and aesthetically pleasing smile.[8,9,23]
A number of factors must be analyzed when defining the
treatment plan, such as patient age, type of malocclusion,
facial pattern, patient profile, amount of space in the maxillary arch, crowding in the maxillary arch, shape, color and
eruption position of the permanent canine, height of the upper lip and patient compliance [8, 10, 12, 15, 19]. Considering the similar results achieved with both treatment options,
dentists must inform patients on the advantages and disadvantages of each treatment as well as the best alternative to
satisfy individual aesthetic and functional needs [2, 10, 52].
Patients with congenitally missing maxillary lateral incisors are being treated earlier in life due to improving access
to dental services [6]. Therefore, the option of space closure
and re-contouring is favored by the younger patients.
Moreover, technological advances in restorative materials
and differentiated procedures, such as detailed orthodontics
and periodontal surgery, have improved the aesthetic results
in these patients [10]. The present study demonstrates that
this treatment option fared well in maintaining periodontal
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health and signs/symptoms of TMD, and should therefore be
considered in patients with missing lateral incisors lateral
incisors.
Frequent returns to the dentist for restoration maintenance or prosthesis over the implant are important both in
treatments involving tooth re-contouring with composite
resin and those treated with implants [7, 52, 53]. In the long
term, slight changes in the maxillae and teeth as the result of
slow, continual vertical growth in adult patients justify the
adjustment or replacement of the prosthesis over the implant,
due to aesthetic alterations [52]. When continuous eruption
of adjacent teeth and/or bone resorption around the implant
is evident, further intervention is required [24, 25]. On the
other hand, continuous growth in adulthood does not result
in significant changes in remodeled teeth. Moreover, unlike
implants, remodeled teeth can be subjected to orthodontic
movement, if needed. Therefore, the continuous growth of
the patient must be considered when planning the treatment.
A long-term reevaluation of the studied sample or a
larger sample size could better demonstrate the behavior of
both types of treatment. Assessments of aesthetics, patient
satisfaction and attractiveness were carried out in the same
sample, the results of which will be presented in upcoming
papers.
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[4]
[5]
[6]
[7]
[8]
[9]
[10]
[11]
[12]
[13]
[14]

CONCLUSION

[15]

Based on the result found for the studied groups, it can be
concluded that:

[16]

- Patients in all three groups had similar periodontal
status. Generally, the absence of gingival recession is associated with thick periodontal biotype. This association was
only observed for SOI group, which also showed a higher
number of changes in the papilla index for the teeth 12 and
22.
- Joint disorders were uncommon in both treated and control groups. Thus, TMD was not influenced by the type of
treatment for lateral incisor agenesis. However, 44% of all
patients presented mild TMD, regardless the group studied.

[17]
[18]
[19]
[20]
[21]
[22]

CLINICAL IMPLICATIONS
The treatment of patients with maxillary lateral incisor
agenesis is an interdisciplinary challenge that requires correct planning in order to establish long-term function and
aesthetics of the smile.

[23]
[24]
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