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Canine substitution of congenitally
missing maxillary lateral incisors in Class I
and Class III malocclusions by using
skeletal anchorage
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Introduction: This prospective cohort study aimed to evaluate canine substitution supported by skeletal
anchorage as a viable treatment protocol for patients with maxillary lateral incisor agenesis (MLIA) and skeletal
Class I or Class III.Methods: Patients (n5 30) whomet the following criteria were recruited: (1) bilateral MLIA or
unilateral MLIA with a riziform contralateral incisor with a planned extraction; (2) skeletal Class I or Class III; and
(3) dentoalveolar discrepancy in the mandible\5 mm. The archwire sequence routine was administered, com-
bined with a rapid palatal expander, temporary intraoral skeletal anchorage device, and intermaxillary traction
with Class III elastics. The results of the cephalometric analyses, peer assessment rating indexes, and the pa-
tient's smile self-evaluation using the visual analog scale were compared between initial and final treatments.
Results: This study indicated that closing the space in patients with Class I or Class III malocclusion by using
temporary intraoral skeletal anchorage devices in the mandible, along with Class III elastics, yielded satisfactory
outcomes. Proper occlusion was established by mesialization of the maxillary teeth and correction of the inter-
maxillary discrepancy, thereby yielding beneficial and significant cephalometric changes after the treatment. The
soft tissue profile was maintained when it was harmonious before the treatment and improved posttreatment in
patients in whom the profile was initially inharmonious. All occlusions improved, as evidenced by the peer
assessment rating index. Smile esthetics were also enhanced after orthodontic treatment for all patients.
Conclusions: Canine substitution may be safely offered to patients with Class I and Class III skeletal pattern
and MLIA. (Am J Orthod Dentofacial Orthop 2019;156:512-21)
Tooth agenesis affects 20% of the world's popula-
tion, and maxillary lateral incisor agenesis (MLIA)
is one of the most frequent subtypes. The preva-

lence of MLIA varies from 1.15% to 5% in different pop-
ulations.1-3 It is characterized by a lack of formation of
the deciduous or the permanent lateral incisors
because of impaired odontogenesis. The latter process
is a complex mechanism regulated by sequential
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and reciprocal epithelial-mesenchymal interactions,
controlled by activators and inhibitors involved in
several pathways. Disturbances in these signaling cas-
cades can lead to abnormalities in odontogenesis and
alterations in the standard number of teeth. Alves-Ferre-
ira1 reported the first evidence of the involvement of
sprouty genes in MLIA susceptibility; however, it is not
uncommon for MLIA to be associated with multiple den-
toalveolar and skeletal malformations.

The aforementioned malocclusion may develop in a
unilateral MLIA (UMLIA) or bilateral MLIA (BMLIA)
form. In UMLIA, the left and right sides are both
affected, with no significant differences between them.
The prevalence of microdontic contralateral lateral inci-
sors is higher in patients with UMLIA than in patients
with no MLIA.4 Microdontia of the contralateral maxil-
lary incisor occurs in approximately 38.8%-52.4% of pa-
tients.5,6

Multiple treatment options are available for congen-
itally missing lateral incisors such as canine substitution,
single-tooth implant, and tooth-supported restorations.
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In 2011, in an article under the Point/Counterpoint se-
ries published in the American Journal of Orthodontics
and Dentofacial Orthopedics, Zachrisson et al7 (ie, pro-
ponents of canine substitution) and Kokich et al8 (ie,
proponents of restorative replacement) meticulously
covered the topic of treatment options for congenitally
missing maxillary lateral incisors. The authors showed
the advantages and disadvantages, alongside the indica-
tions and contraindications, of each treatment option.
They agreed on 2 points: (1) the use of an interdisci-
plinary treatment approach is beneficial to obtain the
most predictable outcome and (2) the candidate for
canine substitution should ideally have a harmonious
profile, a Class II dental relationship, and no crowding
in the mandibular arch.7,8

Continuing the debate on the pros and cons of canine
substitution, Schneider et al9 in 2016 proved that ortho-
dontists and dentists rank implants and space closure as
equally pleasing, but laypersons prefer canine substitu-
tion. Silveira et al10 also reported in their 2016 system-
atic review worse scores for the periodontal indexes in
patients with tooth-supported dental prostheses than
in patients with orthodontic space closure. The second
option was evaluated to be esthetically better than pros-
thetic replacements. Furthermore, the presence or
absence of Class I malocclusion of the canines showed
no relationship with occlusal function or with signs
and symptoms of temporomandibular disorder.10

The dentoalveolar and skeletal widths in patients
with UMLIA and BMLIA as evaluated by Buyuk et al6

and the sagittal dimension as investigated by Bassiouny
et al2 favored implant replacement as the appropriate
treatment option. The 2 studies mentioned earlier
confirmed significantly smaller values for the maxillary
intercanine width and the maxillary intercanine alveolar
and skeletal maxillary width in patients affected with
UMLIA and BMLIA, respectively. Patients with MLIA
also demonstrated a significant tendency for skeletal
Class III, which could be attributed to maxillary hypopla-
sia and retrognathia.2,6

Attempts to resolve the controversy over the choice of
a better treatment method would probably be in vain.
However, it cannot be denied that temporary anchorage
devices (TADs) have revolutionized the treatment of
malocclusion with regard to treatment outcomes and
thus have expanded the limits of conventional ortho-
dontics.

Optimal locations for TADs have been precisely deter-
mined, which facilitates predictable treatment out-
comes. There appears to be more space for their
placement in the mandible than in the maxilla.11 Areas
between the second premolar and the first molar in the
maxilla, between the first and second premolars, and
American Journal of Orthodontics and Dentofacial Orthoped
between the first and second molars in the mandible
are the safest zones.12

The novel approach or new opportunities of
anchorage reinforcement and all hitherto presented
evidence-based approaches to MLIA give rise to a scien-
tific question: is it possible to substitute canines using
TADs without compromising the dimension of the
maxilla and achieve esthetically pleasing results if a pa-
tient with congenitally missing lateral incisors does not
present with Class II malocclusion? This prospective
cohort study was designed to validate whether closing
the space by the protraction of the maxillary dentition
using mandibular skeletal anchorage devices is a viable
treatment option for patients with MLIA and Class I or
Class III skeletal pattern.

Based on the contemporary techniques and ap-
proaches available, the following hypotheses were estab-
lished and related to the novel concept of MLIA
treatment in Class I and III patients: (1) protraction of
the maxillary dentition and obtaining functional and
esthetic occlusion are possible regardless of the defi-
ciency of the maxilla, and (2) canine substitution of
the missing lateral incisors neither violates axial inclina-
tion of the central incisors nor deteriorates a patient's
facial features.
MATERIAL AND METHODS

The study project obtained approval by 2 ethics com-
mittees: (1) the Ethics Committee of the Wrocław Med-
ical University (Wrocław, Poland; approval no. 48/XV2/
2011) on October 24, 2013, and (2) the Ethics Commit-
tee of the Lower Silesian Medical Union (Wrocław,
Poland; approval no. KB/517/2013) on July 24, 2013.

The study sample was composed of generally healthy
patients who met the following criteria: (1) 2 congeni-
tally missingmaxillary lateral incisors or 1 missing maxil-
lary lateral incisor and a riziform (ie, peg-shaped)
contralateral incisor; (2) skeletal Class I or Class III ten-
dency or a mild skeletal Class III, which presented as fol-
lows: (i) an average ANB value of 0� (ranging from –12�

to 4�) and (ii) an average Wits appraisal value of –3 mm
(ranging from –14 mm to 4 mm); and (3) a dentoalveolar
discrepancy in the mandible of\5 mm; no extractions
required in the mandible, except for the third molars.

After the patients had been provided with a detailed
explanation of the advantages and disadvantages of
canine substitution vs conventional space opening for
implant placement, based on the literature, they were
asked to sign a consent form. The study group ultimately
consisted of the first consecutive 30 individuals who
accepted the treatment plan with a canine substitution
(11 Class I and 19 Class III).
ics October 2019 � Vol 156 � Issue 4
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Before beginning treatment (T1), initial records were
obtained for all patients, which included extra- and in-
traoral photographs. Digital models were obtained by
scanning the plaster models (TRIOS 3 Mono; 3Shape,
Copenhagen, Denmark); orthopantomograms and
lateral cephalogram radiographic images were also ac-
quired.

All initial lateral cephalograms were calibrated and
introduced into the software for analysis (Joe Ceph;
Rocky Mountain Orthodontics, Denver, Colo). A single
operator obtained all measurements, although 10
randomly selected radiographic images were cross-
evaluated with regard to the points insertion accuracy.

Treatment was initiated with a rapid palatal expander
(RPE) mounted in the maxilla, with banding and
bonding the mandibular dental arch (single standard
edgewise 0.022-inch brackets; canine brackets with
hooks, when available; otherwise, a Kobayashi ligature
was attached to the canine bracket), and with the inser-
tion of an initial round nickel-titanium archwire (0.016
inch). Subsequently the patients were asked to wear
Class III elastics (0.25 inch, 6 oz) from the maxillary first
molar hooks to the mandibular canines for 24 hours per
day, along with the activation of the RPE at 0.25 mm per
day for 2 weeks (or until the lateral crossbite was cor-
rected in patients who had a lateral crossbite).

Heat-activated NiTi wire (0.019 3 0.025 inch) was
the second archwire. Patients continued to wear Class
III elastics as needed to align and level the curve of
Spee, with the control of the mandibular incisors. A
stainless steel archwire (0.019 3 0.025 inch) was in-
serted after the correction of all rotations. At this stage,
the patients were asked to stop wearing the Class III elas-
tics.

A panoramic radiograph was made to ensure there
were (1) root parallelism and (2) sufficient space for
placing the TAD (FH 1817-08, AbsoAnchor; Dentos,
Inc, Daegu, Korea). At this stage, the RPE was removed,
and the maxillary was arch bonded, and the following
archwire sequence was introduced: (1) 0.016-inch NiTi
wire, (2) 0.019 3 0.025-inch heat-activated NiTi wire,
and (3) 0.020 3 0.025-inch stainless steel with closing
loops positioned distally to the central incisors. Extrac-
tion of the peg-shaped contralateral lateral incisor (if
present), correction of the maxillary midline, and place-
ment of the TAD preceded the insertion of the closing
archwire.

Two TADs were inserted in the following quadrants
of the mandible: (1) between the canine and the first
premolar or (2) between the premolars (depending on
the root divergence). The TADs were placed in the junc-
tion of the attached gingiva and oral mucosa or shal-
lower (ie, toward the attached gingiva) in the
October 2019 � Vol 156 � Issue 4 American
vestibulum, with an inclination of approximately 45�

with respect to the dental axis. The TAD loading was
applied 2 weeks later with Class III elastics (0.25 inch,
6 oz.) expanded to the maxillary second molars (Fig).
On obtaining 1-2 mm or more of overjet overcorrection,
the closing loops of the maxillary 0.020 3 0.025-inch
stainless steel archwire were activated.

After the closure of the spaces between the lateral
and central incisors, “up and down” elastics with or
without Class III elastics on the TADs helped to monitor
the overjet and the overbite and to maintain an overcor-
rection of 1-2 mm. Finally, “up and down” elastics were
introduced to seat the occlusion from the maxillary arch
to the mandibular arch or to the TADs, based on the
smile arc course and the need for egression of the maxil-
lary anterior teeth. After removing the TADs, maxillary
and mandibular finishing archwires (0.020 3 0.025
inch) were inserted with intermaxillary elastics, if
needed, until finishing the case with proper occlusion.
For the retention protocol, a lingual retainer bonded
from left mandibular canine to right first premolar and
a removable thermoformed maxillary retainer were
applied.

One month after debonding (T2), the final measure-
ments were obtained, based on the same protocol as that
at T1. At this point, a digital simulation of veneers was
provided to help patients decide whether they wanted
composite restorations to be performed by their restor-
ative dentists.

All final lateral cephalograms were calibrated and
introduced into the software for analysis (Joe Ceph;
Rocky Mountain Orthodontics). A single operator ob-
tained all measurements, although 10 randomly selected
radiographic images were cross-evaluated with regard to
the points insertion accuracy. Reproducibility between
measurements was tested using the intraclass correla-
tion coefficient and its 95% confidence interval. For all
measurements, the intraclass correlation coefficient (in-
traclass correlation coefficient .0.990) was very high,
indicating an excellent reproducibility. All initial and
final 3D model files were loaded into a software program
(OrthoAnalyzer; 3Shape), which enabled the assessment
of the occlusal treatment outcomes, based on the peer
assessment rating (PAR) index, as originally described
in 1992.13

At least 6 months after the end of treatment, 2 pho-
tographs of the close-up view of the patient's smile
before and after treatment were sent to each patient,
along with a visual scale with scores ranging from 0 to
10. A third party was asked to apply an instant
messaging phone application (WhatsApp, Inc, Menlo
Park, Calif). All patients were asked for a self-
assessment of the treatment outcome in terms of smile
Journal of Orthodontics and Dentofacial Orthopedics



Fig. Class III elastics on the TADs and the closing maxillary archwire. A, Schematic drawing. B-D,
In vivo intraoral images showing the temporary intraoral skeletal anchorage device.

Amm, Antoszewska-Smith, and Boley 515
esthetics. To verify the 2 hypotheses in the aim of the
present study, all pretreatment and posttreatment mea-
surements were compared and analyzed. The null hy-
pothesis was that there is no measurable improvement
from T1 to T2.

Statistical analysis

Statistical analyses were conducted using a software
program (SPSS for Windows, version 22.0, Chicago, Ill).
The level of significance was set at P\0.05. Normality
distribution was assessed using the Kolmogorov-
Smirnov test. Paired Student t tests or Wilcoxon tests
were used for comparison of continuous variables be-
tween before and after treatment. The 95% confidence
interval of the mean measurements for each parameter
was also calculated.

RESULTS

Thirty patients (12 male and 18 female; mean age,
16.3 6 4.9 years) were included in this study. The
mean age of the male patients and female patients
was 15.46 4.6 years and 16.96 5.2 years, respectively.
The mean effective treatment time lasted
32 6 6.2 months and ranged from 22 to 43 months.
Eight patients decided to have their canines recon-
toured. All variables studied in this project had a normal
American Journal of Orthodontics and Dentofacial Orthoped
distribution. T1 and T2 photographs of 3 patients are
available as Supplemental materials; available at www.
ajodo.org.

The mean changes in the cephalometric values
achieved during orthodontic treatment were calculated
by comparing the T1 and T2 measurements (Tables I
and II). A significant increase in the SNA by 1.3�

(P 5 0.025), ANB by 2� (P\0.001), and Wits appraisal
by 5.27� (P \0.001) coincided with an insignificant
decrease in the SNB by 0.6� (P5 0.179). These findings
altogether proved (1) the efficient forward movement of
the A point and (2) the simultaneous maintenance of the
B point position. Mesial movement of the maxilla was
eventually confirmed by a significant increase in the
U6Ptv (P\0.001). The mean value of the mesialization
of the molars reached 5.27 mm (Table II).

A significant increase in the Frankfort plane to
mandibular incisor axis by 3.97� (P 5 0.004), together
with a significant decrease in both the mandibular
incisor axis to mandibular plane (IMPA) by 3.7�

(P 5 0.002) and the mandibular incisor axis to NB line
(L1-NB) (P 5 0.001), showed favorable retroclination
and the distal movement of the mandibular incisors
due the orthodontic treatment. The maxillary incisors
also demonstrated favorable displacement. However,
none of the changes was statistically significant: the
maxillary incisor axis to SN line (U1-SN) changed by
ics October 2019 � Vol 156 � Issue 4
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Table I. The mean values of the cephalometric parameters measured at the T1 and T2 stages

Initial (T1)
(n 5 30)

Final (T2)
(n 5 30)

P valueMean (SD) 95% CI Mean (SD) 95% CI
SNA 79.47 (3.72) 78.14, 80.80 80.77 (3.36) 79.57, 81.97 0.025*
SNB 79.27 (3.58) 77.99, 80.55 78.67 (3.82) 77.30, 80.03 0.179
ANB 0.07 (3.62) –1.23, 1.36 2.07 (2.42) 1.20, 2.93 0.000*
FMA 22.50 (5.59) 20.50, 24.50 22.20 (6.84) 19.75, 24.65 0.576
IMPA 95.00 (7.18) 92.43, 97.57 91.30 (7.49) 88.62, 93.98 0.002*
FMIA 62.60 (6.88) 60.14, 65.06 66.57 (7.97) 63.71, 69.42 0.004*
OccPl 6.17 (4.58) 4.53, 7.81 2.53 (5.12) 0.70, 4.36 0.001*
L1-NB 25.50 (6.06) 23.33, 27.67 20.97 (5.94) 18.84, 23.09 0.001*
U1-SN 104.50 (5.22) 102.63, 106.37 105.30 (8.13) 102.39, 108.21 0.533
U1-NA 25.00 (6.23) 22.77, 27.23 24.73 (7.39) 22.09, 27.38 0.820
NL-angle 106.93 (11.14) 102.95, 110.92 106.10 (11.03) 102.15, 110.05 0.712
AO-BO –2.87 (4.08) –4.33, –1.41 2.23 (3.03) 1.15, 3.32 0.000*
U6ptv 17.33 (3.81) 15.97, 18.70 22.60 (3.18) 21.46, 23.74 0.000*
E-LL –2.83 (2.65) –3.78, –1.88 –4.17 (2.72) –5.14, –3.19 0.000*
E-UL –5.80 (3.13) –6.92, –4.68 –5.27 (2.57) –6.19, –4.35 0.202
LL-UL 2.90 (1.94) 2.21, 3.59 1.03 (1.63) 0.45, 1.61 0.000*

SD, standard deviation; CI, confidence interval.
*The mean difference is significant (P\0.05).
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0.8� (P 5 0.533), maxillary incisor axis to NA line (U1-
NA) by 0.27� (P 5 0.820), nasolabial angle (NL-Ang)
by 0.83� (P 5 0.712), and upper lip to E-plane (E-UL)
by 0.53 mm (P 5 0.202).

A significant increase in the lower lip to E-plane (E-
LL) by 1.34 mm (P\0.001) and a decrease in the LL-
UL by 1.87 mm (P \0.001) favorably changed the lip
profile as a result of the applied biomechanics, whereas
the upper lip remained unaffected. No significant
changes occurred in the E-UL and NL-Angle parameters
(P .0.05).

Descriptive statistics of weighted and nonweighted
PAR indexes are presented in Table III. The mean values
of the weighted PAR index and nonweighted PAR index
significantly decreased after orthodontic treatment
(P\0.001; Table IV).

Table V presents the comparison of the initial and
final smile evaluations. In general, the mean visual
analog scale scores significantly increased after ortho-
dontic treatment (P\0.001).

DISCUSSION

In this study, the null hypothesis was rejected. Multi-
ple studies in the scientific database over the years have
compared the major alternatives for MLIA treatment—
canine substitution or restorative replacement. Despite
the advanced and evidence-supported dispute, no clear
conclusion has been reached.7,8 Thus, the objective of
this study was not to compare these options or to
determine the superiority of one treatment option over
October 2019 � Vol 156 � Issue 4 American
another. Rather, the prospective clinical objectives of
this study focused on assessing the cephalometric,
dental, and occlusal changes; the soft tissue profile;
and the smile esthetics in Class I and Class III patients
with MLIA who were treated with canine substitution.
The goal was to determine whether such an approach
could provide functional occlusion and yield
esthetically pleasing results and could, therefore, be
adopted as a viable and efficient treatment protocol
for these patients.

In the available literature regarding the epidemiology
of MLIA, reports demonstrate that this abnormality or
disturbance is not always bilateral. However, it is not
rare to find peg-shaped lateral incisors when the contra-
lateral incisor is congenitally missing,4-6,14-16 which was
also observed in the current study. If MLIA occurs in
Class I or Class III patients, the conventional protocol
is to maintain the conically shaped incisor, which
subsequently undergoes prosthetic or conservative
recontouring. However, the current treatment
approach assumed canine substitution; therefore, a
decision was taken to extract the microdontic teeth
and to treat these patients as bilateral agenesis. This
concept was aimed at (1) saving the patient from
invasive restorations and (2) maintaining symmetrical
biomechanics.

Woodworth et al17 recommended a mechanotherapy
to open the mandibular plane to increase the vertical
dimension and mesialization of the lateral teeth. Such
a mechanism prevents worsening the Class III tendency.
Journal of Orthodontics and Dentofacial Orthopedics



Table II. The results of subtracting the initial mean
values from the final mean values of the cephalometric
parameters measured at the T1 and T2 stages

Initial
(T1) mean

Final
(T2) mean

Mean
difference
(final -
initial)

SNA final – SNA initial 79.47 80.77 1.3
SNB final – SNB initial 79.27 78.67 –0.6
ANB final – ANB initial 0.07 2.07 2
FMA final – FMA initial 22.50 22.20 –0.3
IMPA final – IMPA initial 95.00 91.30 –3.7
FMIA final – FMIA initial 62.60 66.57 3.97
OccPl final – OccPl
initial

6.17 2.53 –3.64

L1-NB final – L1-NB
initial

25.50 20.97 –4.53

U1-SN final – U1-SN
initial

104.50 105.30 0.8

U1-NA final – U1-NA
initial

25.00 24.73 –0.27

NL-angle final –
NL-angle initial

106.93 106.10 –0.83

AO-BO final – AO-BO
initial

–2.87 2.23 5.1

U6Ptv final – U6Ptv
initial

17.33 22.60 5.27

E-LL final – E-LL initial –2.83 –4.17 –1.34
E-UL final – E-UL initial –5.80 –5.27 0.53
LL-UL final – LL-UL initial 2.90 1.03 –1.87

Table III. Comparisons of changes in PAR and PARw

Minimum Maximum Mean (SD)
PAR initial 12 34 22 (6)
PAR final 0 5 0.8 (1)
PAR initial – PAR final 11 32 21 (6)
PARw initial 4 181 57 (6)
PARw final 0 17 1 (3)
PARw initial – PARw final –13 181 56 (52)

PAR, peer assessment rating; PARw, peer assessment rating
weighted.

Table IV. Statistical evaluation of the occlusal
changes after orthodontic treatment

Initial (T1)
(n 5 30)

Final (T2)
(n 5 30)

P valueMean (SD) 95% CI Mean (SD) 95% CI
PAR 21.87 (6.02) 19.72, 24.02 0.77 (1.07) 0.38, 1.15 0.000*
PARw 56.80 (51.39) 38.41, 75.19 1.00 (3.11) –0.11, 2.11 0.000*

SD, standard deviation; CI, confidence interval; PAR, peer assess-
ment rating; PARw, peer assessment rating weighted.
*The mean difference is significant (P\0.05).

Table V. Statistical evaluation of the smile changes
after orthodontic treatment

Initial (T1)
(n 5 30)

Final (T2)
(n 5 30)

P valueMean (SD) 95% CI Mean (SD) 95% CI
VAS 1.13 (1.63) 0.55, 1.72 9.03 (1.03) 8.66, 9.40 0.000*

SD, standard deviation; CI, confidence interval; VAS, visual analog
scale.
*The mean difference is significant (P\0.05).
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It also minimizes retraction of the maxillary incisors,
which adversely opens the NL-Ang. This goal may be
achieved using a facemask or reverse-pull headgear.17,18

Nevertheless, the current designed novel treatment
concept follows the “primum non nocere” standard, in
which a fundamental modality was applied:
orthodontic fixed appliances supported by TADs, which
have proved to efficiently prevent the adverse reaction
forces in the treatment of many types of
malocclusions.19-31 In this manner, the concept of
Woodworth et al17 may have been realized. By applying
Class III elastics from the maxillary molars to the
mandibular TADs, the facemask can be replaced as
well as the need for more cooperation.
American Journal of Orthodontics and Dentofacial Orthoped
By choosing this approach, the generally approved
protocol of managing MLIA is tested in Class I or Class
III patients who have no indications for tooth extraction
in the mandible and in whom space opening and restor-
ative and implant replacement of the missing lateral
incisor are theoretically the only therapeutic solutions.
By contrast, it was shown that closing the space resulting
from agenesis of the lateral incisors with the aid of TADs
provides satisfactory results, even when the patient has a
concave profile.

The current results validated the concept and the
goal of the study. An increase in the ANB and the Wits
appraisal from before to after the treatment of all pa-
tients and the maintenance of the SNB value helped cor-
rect the skeletal Class III malocclusion (ie, mesialization
of the maxilla without violating the position of the
mandible). Furthermore, statistically significant mesial
movement of the maxillary first molars by 5.27 mm in-
dicates that this movement is the forward displacement
of the maxillary lateral teeth that primarily contributed
to the space closure. If so, then preserving the distal
movement of the maxillary incisors helped to control
the upper lip position and the profile. The present treat-
ment protocol closed the space of the missing maxillary
lateral incisors and improved the sagittal position of the
whole maxilla.

An insignificant difference in the values, especially
the U1-SN, U1-Na, NL-Ang, and E-UL parameters, was
entirely inconsistent with what for years has been the
ics October 2019 � Vol 156 � Issue 4
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main contraindication for canine substitution in patients
with MLIA and skeletal Class I or Class III. Woodworth
et al17 analyzed the effects of space closure in such pa-
tients. They compared the pretreatment and posttreat-
ment records of 22 patients who underwent bilateral
space closure. They found that the inclination of the in-
cisors did not change. However, they observed some
bodily movement that resulted in the retraction of the
upper lip (which was more significant in female patients)
and consequently an increase in the NL-Ang by 5� to
10�. In the current sample, the maxillary incisors did
not alter their inclinations in relation to the NA or SN
lines; the NL-Ang also remained unchanged. Even if
the stable position of the incisors primarily resulted
from the application of TADs in the present treatment
protocol, the use of standard edgewise brackets with
zero torque, which counteracts labial protrusion (an
adverse effect of the mesializing forces), may also have
played a beneficial role.

The E-UL parameter did not change with treatment,
but the E-LL parameter significantly decreased at the T2
stage, as did the LL-UL parameter. The present treat-
ment approach consequently preserved the profile and
improved it in patients by securing a more harmonious
relationship among the upper lip, lower lip, and E-plane
of Ricketts.

Mesial movement of the maxillary dentition without
violation of the maxillary incisor torque and with simul-
taneously occurring efficient retroclination of the
mandibular incisors secured an appropriate overbite.
This finding proved that the presented protocol helped
to achieve normal occlusion and esthetic facial features
in patients with MLIA and Class I or Class III malocclu-
sions. Use of Class III elastics and the RPE at the initial
treatment stage undoubtedly and efficiently contributed
to the success of this approach, although the advantages
of the treatment may be minimized if the patient is not
very cooperative. Applying the Class III elastics early in
the treatment allowed us to maintain the mandibular
incisor sagittal position during the leveling of the
mandibular curve of Spee—the mean IMPA value signif-
icantly decreased after the orthodontic treatment. This
finding is in contrast to the results obtained with the
use of other systems such as those described by Wilmes
et al30 and Rosa and Zachrisson,32 which do not control
the labial proclination of the mandibular incisors.
Furthermore, the early use of the RPE corrected the
crossbite and skeletal Class III malocclusion, which are
not rare in patients with lateral incisor agenesis.2,6

The skeletally anchored palatal expanders could
certainly be applied while utilizing splinted palatal
TADs.31,33-36 A compliance-free design with the stability
of palatally inserted screws securing the devices is their
October 2019 � Vol 156 � Issue 4 American
distinct advantage. However, the present protocol
focused on space closure, as well as bite jumping.
Thus, applying Class III elastics was necessary to correct
the intermaxillary relationship. The reported success rate
of miniplates37-39 and their customized placement
mode40 suggests they can be used to apply traction.
However, it has been proven that microscrews inserted
in the interradicular spaces of the mandible efficiently
withstand orthodontic loading.41,42 Furthermore,
invasive surgery related to the miniplates still does not
exempt patients from conscientiously wearing Class III
elastics. For this reason, the insertion protocol was
meticulously followed, which may have provided a
high success rate when treating the current sample
with TADs. General anesthesia administered during
more invasive surgical procedures achieves the same
treatment goal as using single microscrews, the
application of which necessitates no special expertise
other than knowing how to insert these devices.

During the study period, there was a failure with the
TADs. The high success rate in the current study might
be because of the location, in the cortical bone and in
the attached gingiva, and the elapsed time between
placement and loading (2 weeks). No TADs were loaded
before being sure of clinical stability.

In a recent systematic review by Alharbi et al,43 the
type of loading (intermittent or continuous) was not
included as a risk factor. The type of the gingivae and
smoking had a statistically significant effect. Wu
et al44 concluded that an intermittent loading regimen
is more favorable than a continuous force for obtaining
stability of TADs, giving more advantage to using Class
III elastics.

Chaimanee et al12 conducted a study to determine
the zones for TAD placement that had a low risk of
dental root injury in the maxilla and the mandible. The
authors analyzed the periapical radiographs of 60 pa-
tients and measured each interradicular space at
different distances from the alveolar crest. They found
that the spaces between the second premolar and the
first molar in the maxilla, and between the first and
the second premolars, and the first and the
second molars in the mandible were the widest or the
most suitable areas for the TADs insertion. In the Chai-
manee study,12 the investigators also found evidence
that the availability of the in-between root space is influ-
enced by the inclination of the adjacent teeth. Tipped
teeth are associated with a reduced interradicular space;
however, this space was increased if the teeth are up-
right. Therefore, in the present sample, radiographic im-
ages were obtained just before inserting the TADs to
ensure that the root divergence secured the space neces-
sary for the placement of the screws between the canine
Journal of Orthodontics and Dentofacial Orthopedics
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and the first premolar. This location ensured that as
much of a horizontal force vector as possible was deliv-
ered by the Class III elastics attached to TADs inserted in
the compact mandibular bone. On evaluating the ortho-
pantomogram, brackets were rebonded (if necessary),
which subsequently delayed the insertion of the screw
until after the required alignment of the roots had
occurred.

It has been reported that, with canine substitution, a
tooth size discrepancy is created, and this factor may
affect occlusion.8,16,45 In this study, some patients did
not have perfect interdigitation. However, the PAR and
the weighted PAR indexes significantly decreased after
orthodontic treatment (P \ 0.001). Therefore, the
occlusion was satisfactorily corrected and improved.

The periodontal status or issues influencing the
temporomandibular joint are other concerns in the pre-
sent study that need to be discussed. Rosa et al46 re-
ported a 10-year follow-up of patients with MLIA
treated with canine substitution. All of these patients
had healthy and stable periodontal tissues, as did the in-
dividuals with no missing teeth and no need for extrac-
tion in the control group; there was no attachment loss
for the uneven bone crests. Silveira et al10 also concluded
in their systematic review that tooth-supported dental
prostheses of the maxillary lateral incisor had worse
scores for the periodontal indexes, compared with the
scores for orthodontic space closure. It has also been
reported that the signs and symptoms of temporoman-
dibular disorder or occlusal function show no associa-
tion with the presence or absence of a Class I
relationship of the canines.8,16,46-48 None of the
patients from this study presented with periodontal or
temporomandibular disorder symptoms after
treatment. As such, the treatment method proposed in
the current study does not seem to jeopardize
periodontal health or normal function of the
temporomandibular joint.

Robertsson and Mohlin45 conducted a study in which
they evaluated the occlusal and periodontal status of 50
MLIA patients treated with space closure and canine
substitution or treated with space opening for prosthetic
replacement. The patients were surveyed about the es-
thetics of their treatment results. Most patients in the
group with the space closure were satisfied with their
appearance, although they disliked that the canine shade
was darker than that of the adjacent teeth. By contrast,
the other group of patients in whom space was reopened
was modestly satisfied. Gingivitis and plaque accumula-
tion that was observed more frequently in the latter
group may have contributed to the deterioration in
esthetic perception.
American Journal of Orthodontics and Dentofacial Orthoped
All of the patients who participated in the current
study were satisfied with their smile restoration. The
subjective evaluation of the treatment outcomes, based
on the visual analog scale of the pretreatment and post-
treatment smile photographs (ie, after composite resto-
rations, if the patient chose this option), were
significantly different. This finding demonstrated final
improvement in their esthetic perception of their smile.

It must be noted that, with space closure, the canines
and the first premolars are not in the positions that they
would normally occupy in the dental arch. As such, oc-
clusion, shape, and esthetics are affected by this treat-
ment option. However, clinicians resort to different
tips and techniques to avoid mediocre results. Bigger-
staff in 199249 proposed using the slightly distal place-
ment of the bracket on the first premolars to rotate the
palatal cusps distally. This method eliminates working
and balancing interferences and the need to minimize
these cusps. In 1970, Tuverson50 suggested inserting
negative (ie, palatal) crown torque on the first premolar
to simulate the canine root eminence. He also recom-
mended a pronounced labial offset of the first premolar
to better resemble the canine. Palatal root torque on the
canine reduces its eminence, improves interproximal
contact of the canine with the central incisor, and dimin-
ishes occlusal stress on the mandibular incisors.15,48,50,51

It has also been recommended that customized intrusion
of the first premolar and extrusion of the canine should
be administered to correct the alignment of the gingival
margin.15,48 Grinding approximately 1 mm from the
palatal surface of the canine should be performed at
the beginning of treatment to prevent interfering with
the mandibular incisors.48,50 Recontouring of the
canine (ie, mesiodistal grinding, incisal tip reduction,
and labial surface flattening) is also required to
simulate the shape of the lateral incisor.15,50

In this study group, palatal root torque on the canine
was introduced to resemble the lateral incisor. The
gingival margins were levelled, and reshaping was
limited to merely grinding the canine tip. In this manner,
occlusal equilibrium was achieved in patients in whom
the palatal surface was interfering with the mandibular
incisors. Neither mesiodistal nor labial surfaces needed
enamel reduction. The final restoration of the canine
with composites followed each patient's preferences,
which were determined after a digital simulation.
CONCLUSIONS

The present study demonstrated that canine substi-
tution for treating MLIA in patients presenting with
Class I or Class III skeletal patterns can be a viable
ics October 2019 � Vol 156 � Issue 4
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treatment option when achieved with mandibular TADs
and Class III elastics.
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Supplementary Fig 2. P2-final.
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Supplementary Fig 3. P11-initial.
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Supplementary Fig 5. P12-initial.
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