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JDO 69 CASE REPORT

Premolar Substitution of Missing Canine with
Crowding and Midline Deviation

Abstract

History: A 29-year-old female presented with chief complaints of crooked teeth and crowding.

Diagnosis: Lower facial height, convexity, and lip protrusion were within normal limits. Bimaxillary retrusion (SNA, 76 °; SNB,
73° ANB, 2.5°) and a high mandibular angle (SN-MP, 42.7°) were noted. Both upper and lower incisors were within normal
limits (U1 to SN, 102°; UT to NA, 5.5mm; L1 to MR, 95.1°; L1 to NB, 4mm). In the right buccal segment, the molars were Class I, but
the upper right canine and the upper left first molar were missing. There was >10mm of crowding in the lower arch, and the
upper dental midline was shifted 4mm to the right. The Discrepancy Index was 23.

Treatment: Following extraction of two mandibular first premolars, all teeth were bonded with a Damon Q@ passive self-
ligating bracket system. An infrazygomatic crest bone screw was inserted buccal to the upper left second molar. A power chain
applied to the upper arch corrected the midline deviation and closed the upper left first molar extraction space. In addition,
premolar substitution for the missing upper right canine was performed. Both arches were detailed and finished.

Outcome: After 29 months of active treatment, all teeth were aligned, and all extraction spaces were closed. The upper right
first premolar was substituted for the missing upper right canine. The midline discrepancy was corrected to Tmm after the
active treatment. The final alignment and dental esthetics were satisfactory as evidenced by an ABO Cast-Radiograph
Evaluation score of 12, and the IBOI Pink & White Esthetic Score of 4. Both the patient and the clinician were satisfied with the
final outcome.

Conclusions: Missing canines usually have a history of ectopic eruption, impaction, or trauma. Premolar substitution is an
attractive treatment option, but may result in substantial midline deviation. Orthodontic bone screws play an important role in
correcting midline deviation with asymmetric mechanics. (J Digital Orthod 2023;69:30-45)

Key words:
Midline deviation, premolar substitution, IZC bone screw, asymmetric mechanics, temporary skeletal anchorage devices
(TSADs), passive self-ligating brackets

report demonstrates the combined use of passive
self-ligating (PSL) brackets, bone screws (BSs),
premolar substitution, and extractions for a desirable

Introduction

The dental nomenclature for this report is a modified
Palmer notation with four oral quadrants: upper right
(UR), upper left (UL), lower right (LR), and lower left
(LL). From the midline, permanent teeth are
numbered 1-8.

treatment outcome.
History and Etiology

A 29-year-old female sought orthodontic

The management of midline deviation resulting from
unilaterally missing teeth is challenging. In the
treatment of midline correction, bone screws play an
essential role for asymmetric mechanics. This case

consultation due to unesthetic maxillary anterior
dentition and crooked teeth (Fig. 1). No
contributing medical or dental histories were
reported. Clinical examination revealed a straight
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facial profile. Overbite and overjet of the central
incisors were within normal limits (WNL), and the
right buccal segment was Class I. The upper
midline was shifted 4mm to the right (Fig. 2). The
UR3 was missing, and the space was closed by drift
of adjacent teeth; the UL6 was also missing (Fig. 3).

There was >10mm of crowding in the lower arch.
The panoramic and lateral cephalometric
radiographs revealed impaction of lower third
molars (Figs.4 and 5).

M Fig. 1: Pre-treatment facial and intraoral photographs
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Diagnosis
Facial:
+ Convexity: WNL (12°)
+ Lip Protrusion: WNL (-1.5mm/0mm to the E-line)

Skeletal:

- Sagittal Relationship: Class | relationship (SNA,
76°; SNB, 7357, ANB, 2.5°)

Pre-treatment upper occlusal shot shows the missing UR3 space
(vellow arrow) was completely closed by the adjacent teeth. UL6
extraction space was also noted.

+ Mandibular Plane Angle: Increased (SN-MP, 42.5;
FMA, 28.5°)

Dental:

+ Occlusion: Class | molar in the right segment
+ Overjet: Tmm
+ Upper incisor: WNL (U1-NA, 5.5mm; U1-SN, 102°)

« Lower incisor: WNL (L1-NB, 4mm; L1-MP, 95°)

The American Board of Orthodontics (ABO)
Discrepancy Index (DI) was 23, as documented in the
supplementary Worksheet 1.

Treatment Objectives

1. Correct the midline discrepancy.
2. Close missing UR3 and UL6 extraction spaces.

3. Relieve crowding.
Treatment Alternatives

The objectives for full-fixed appliance treatment
were to resolve the missing UR3, close the UL6
space, align the dentition, and correct the midline.
Two options were considered:

Option 1 (Fig. 7): Extract two lower 1st premolars.
Insert an infrazygomatic (1ZC) bone screw on the
left buccal side to provide definite anchorage to
solve the midline deviation. Substitute the upper
right premolar for the missing UR3.

Extraction of lower first premolars corrects crowding
relief and facilitates upper midline correction. An 1ZC
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M Fig. 4: Pre-treatment panoramic radiograph

M Fig. 5: Pre-treatment lateral cephalometric radiograph

bone screw is placed in the UL segment to correct
the midline deviation.

Option 2 (Fig. 8): Extract two lower 1st premolars.
Open the space between UR2 and UR4, and restore
UR3 and UL6 with dental implants.

To deal with the missing teeth, place an open coil
spring to create UR3 space, and maintain the UL6
extraction space for dental implants. Extract lower first

MFig.7:
Treatment option 1. Note the substitution of UR4 (orange) for the
missing UR3. See text for details.

premolars to relieve crowding. Compromised dental
esthetics and function are to be expected.

The patient refused implant-supported prostheses
because of higher risk of complications and cost. After
a thorough discussion of the two options, the patient
preferred the first approach.

Treatment Progress

A 0.022-in slot Damon Q@ fixed appliance (Ormco,
Glendora, California) with PSL brackets was
selected along with all specified archwires and
orthodontic auxiliaries.
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M Fig. 8: Treatment option 2. See text for details.

The patient was referred to extract the LR4 and LL4
prior to active treatment. Damon Q® 0.022-in PSL
brackets (Ormco, Glendora, CA) were bonded on the
upper teeth with a 0.014-in CuNiTi archwire engaged.
1 month later, the lower dentition was also bonded
with PSL brackets.

After 6 months, alignment of both arches was
completed. Both archwires were changed to
0.016x0.025-in SS for space closure.

In the 12th month, an OrthoBoneScrew® (OBS,
iNewton Dental Inc, Hsinchu City, Taiwan) was
inserted in the left [ZC. As a definite anchorage device,
the 1ZC bone screw facilitated space closure of UL6
extraction site and midline correction (Fig.9).

In the 16t month, the UL6 extraction space was
closed and the midline deviation was significantly
improved (Fig. 10).

In the 19th month, the lower extraction spaces were
almost closed. A residual midline deviation remained
but was WNL.

All fixed appliances were removed after 26 months
of active treatment. All extraction spaces were
closed. Retention was accomplished with upper
and lower clear overlay retainers. Also, a lingual
fixed retainer was constructed on the mandibular
anterior segment (LR3-LL3).

Results Achieved

Facial esthetics and dental alignment were
significantly improved after 26 months of
treatment (Figs. 11 and 12). The midline deviation
was corrected to an acceptable result. The missing
canine (UR3) was replaced by the first premolar
(Fig. 11). The UL6 extraction space was closed with a
molar Class Il relationship on the left and Class | on
the right. The posttreatment panoramic radiograph
documented acceptable root parallelism, except
for LR5, UL5, and UL7 (Fig. 13).

The superimposed cephalometric tracings
illustrated that both lower 1st molars were
protracted due to closing of the extraction space

An OBS (yellow arrow) was inserted in the IZC, and a power chain
was attached from the OBS to the UL4 to correct midline deviation.
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with elastic force (Fig. 15). The axial inclination of the
upper incisors (U1-SN) decreased 11° (105° to 94°), but
the lower incisors (L1-MP) were inevitably tipped
lingually (95° to 84°). The upper and lower lips were
both retruded following retraction of the anterior
segments. The mandibular plane angle (SN-MP) was
well-maintained (Table 1).

The Cast-Radiograph Evaluation (CRE) score was 12
points, as shown in the supplementary Worksheet 2.
The Pink and White dental esthetic score was 4
points (Worksheet 3). The patient was pleased with
the final result.

A. By the 16t month, midline deviation was improved.
B. UL6 extraction space was closed.

Retention

After the fixed appliances were removed, two
ESSIX® (Dentsply Sirona, Harrisburg, PA) overlay
retainers were provided to retain the leveling and
alignment of the dentition. A fixed retainer was
placed from canine to canine on the lower arch to
prevent relapse of crowding. The patient was
instructed to use the overlay retainers full time for
the first month and only while sleeping thereafter.

Initial

Debond

Premolar substitution resulted in a good outcome and
acceptable occlusion on the right segment.
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M Fig. 12: Posttreatment facial and intraoral photographs

Discussion

To correct midline deviation, asymmetrical
mechanics with IZC bone screw anchorage is an
excellent solution. In this case, the missing UR3
space was closed by substitution of the UR4,
resulting in the midline shifting 4mm to the right.

M Fig. 13: Posttreatment panoramic radiograph M Fig. 14: Posttreatment lateral cephalometric radiograph
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M Fig. 15:
Initial (black) and final (red) cephalometric tracings are superimposed on the anterior cranial base (left), the skeletal structures of the
maxilla (upper right) and the mandible (lower right).

CEPHALOMETRIC SUMMARY Since the UL6 was extracted and there remained

an extraction space, an IZC bone screw was placed

PRE-TX  POST-TX  DIFF. buccal to UL7 to correct the maxillary dentition

SNA” (82°) 78" 78" 0° shift and simultaneously close the UL6 extraction

SNB® (807) 76° 76° 0° space. However, another issue was lower dentition

,SA\NNITVIPQ () : 2 2 0 crowding; therefore, LR4 and LL4 were extracted

-MP° (32° 41° 39° 2° . . .
| h . he end of th

EMA® (25°) o e 1 to relieve the anterior crowding. By the end of the
U1 TO NA mm (4 mm) 6 2 4
U1 TO SN° (104°) 105° 94° n°
L1 TO NB mm (4 mm) 7 3 4
L1 TO MP* (90°) 95° 84° n°
E-LINE UL (-1 mm) -2 -3 1
E-LINE LL (O mm) 0 -2 2

%FH: Na-ANS-Gn (53%) 56% 56% 0%

Convexity:G-Sn-Pg’ (13") 6° 6° 0°

M Table 1: Cephalometric summary M Fig. 16: Posttreatment dental models (casts)
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0.014-in Damon CuNiTi 0.014-in Damon CuNiTi 0.014x0.025-in Damon CuNiTi
/4 .- , R Vi /”' Y

Treatment progress for the upper arch from the makxillary occlusal view is shown in months (M), and the archwire progression is specified
from the start of treatment (OM) to twenty-six months (26M).

0.014-in Damon CuNiTi 0.014x0.025-in Damon CuNiTi
oM | N v . G 7V

M Fig. 18:
Treatment progress for the lower arch from the mandibular occlusal view is shown in months (M), and the archwire progression is specified
from the start of treatment (OM) to twenty-six months (26M). Note that the lower first premolars were extracted prior to active treatment.
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M Fig. 20:
Treatment progress from the left buccal view. An IZC bone screw was placed at the buccal side of UR7 to correct midline and close UL6
extraction space. Class Ill molar relationship was achieved for the left segment.

Treatment progress from the right buccal view. Premolar substitution was performed. Good occlusal relationship was achieved after 26
months of treatment.
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treatment, the 4mm midline deviation was
improved to Tmm (Fig. 19).

1ZC bone screws

|ZC bone screws are placed buccal to the roots of the
maxillary molars, which provides extra-radicular
anchorage for retraction of individual teeth or the
entire arch. This is a very effective anchorage for
correcting midline deviations.!?

For the present patient, a single 1ZC bone screw
provided firm anchorage for space closure and
midline correction. The 1ZC screw was loaded and
reactivated every month with pre-stretched power
chains.?> The power chains were tied to the maxillary
anterior teeth in order to rectify the midline
deviation and close the UL6 space. However, when
closing molar extraction space there are several
concerns regarding the maxillary sinus floor.

Moving teeth through the floor of maxillary sinus

Moving teeth through the floor of the sinus is a
viable clinical option based on physiological
principles* and is further supported by experimental
studies.>® Park et al.> reported that teeth can be
moved through anatomic limitations, such as thin
cortical bone or the maxillary sinus.

The maxillary sinus floor is a hard, high-density bone
similar to the cortical bone.” Furthermore, it takes more
time to achieve bone remodeling at the maxillary sinus
floor, compared with the cancellous bone. The above
factors explain orthodontic tooth movements and
treatment outcomes.

With dental root penetration into maxillary sinus,
several features can be observed during orthodontic
tooth movement, such as moderate apical root
resorption,® considerable tipping,> abnormal pulp
vitality, and perforation of the sinus membrane.
While facing the clinical cases with sinus penetration,
the orthodontists should carefully modify the
orthodontic force system to reduce these side
effects’ and recognize that even a light constant
force moves teeth through the sinus floor.

Bodily movement is generally expected but is difficult
to achieve in such cases. In the article of Wehrbein et
al.,> the authors stated that bodily or tipping
movement through the maxillary sinus depends on
the morphology of the antrum. Furthermore, they
demonstrated that in the orthodontic movements of
the maxillary teeth, greater tipping could be
accomplished if there is a more vertical extension of
the basal maxillary sinus in front of the tooth to be
moved than with teeth moved through a more
horizontal maxillary sinus base.

For our patient, the UL6 extraction space was closed
in 26 months. However, the panoramic radiographs
demonstrated that UL5 was tipped due to the
vertical extension of the maxillary sinus, which is
consistent with previous studies. !0/

Premolar substitution

Regarding the two main scenarios: firstly missing
lateral incisors and secondly impacted canines,
premolar substitution is a good solution. Missing
maxillary lateral incisors affect 2~5% of the
population.”? Space closure is the preferred esthetic
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option. The canine substitutes for the lateral incisor,
and the first premolar fills the position of the canine.

The prevalence of impacted canines is reported to
be from 0.27-2.4%,"* second only to third molars.”
In most patients, the impacted canines are
ectopically positioned.'®'® In fact, there are many
cases with missing canine due to ectopic impactions
or previous anomalies. While treating this kind of
situation, premolar substitution is a feasible solution
if conditions allowed.

For this patient, the UR3 was missing, and the space
was closed by the adjacent UR2 and UR4. Therefore,
premolar substitution was an effective method to
treat this problem. There are 2 important tips to note
for premolar substitution:

1. Bonding position

For maxillary canine substitution, it is particularly
important to restore the natural contours of the
gingival margins. A high-low-high gingival margin
from incisor to canine is the principle to be achieved
with coordinated orthodontics. To improve the
gingival emersion profile, the premolar can be
intruded by a more incisal bracket position (Figs. 22
and 23). In addition, intruding the premolar can
eliminate the palatal cusp interference.

2. Size and shape

In comparison to the canine, the adjacent premolar
has a similar buccal surface and dimensions at the
cementoenamel junction (CEJ) for both mesio-distal
and bucco-lingual width. To simulate a maxillary
canine, the outline form of the crown should be

In premolar substitution, gingival margin and palatal cusp
interference are usually the problems. Premolar intrusion using
incisal bracket position is recommended.

Intrude the premolar to achieve ideal gingival margins (high-
low-high gingival line) and to avoid palatal cusp interference.

restored by composite resin at the buccal cusp tip
to make it look like a natural canine from both
frontal and buccal views.

Conclusions

Missing canines are often encountered due to
ectopic impactions or previous anomalies. Premolar
substitution is an attractive option.

Furthermore, midline deviation is a common
orthodontic problem. Orthodontic bone screws play
an important role in correcting midline deviations
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with asymmetric mechanics. As bone screws enhance
the treatment efficiency, they are becoming
increasingly essential in modern orthodontics.
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Discrepancy Index Worksheet

ToTAL D.I. SCORE 2 3 LINGUAL POSTERIOR X-BITE
OVREJET 1 pt. per tooth Total = III
0 mm. (edge-to-edge) =
1 -3 mm. — 0 pts. BUCCAL POSTERIOR X-BITE
3.1 -5 mm. = 2 pts.
S ibeThinitiin _ 3 pts. 2 pts. Per tooth Total = III
7.1 -9 mm. = 4 pts.
> 9 mm. - S pts. CEPHALOMETRICS  (See Instructions)
Negative OJ (x-bite) 1 pt. per mm. Per tooth = ANB > 6° or <-2° = 4 pts.

Total = III Each degree <-2° x 1 pt. =

Each degree > 6° x 1 pt. =
OVERBITE SN-MP
0 -3 mm. = 0 pts. . ,
3.1-5mm. = 2 pts. > 38 €2pts.)
5.1 -7 mm. = 3 pts. ~38° 4 _ 8
Impinging (100%) _ 5 pts. Each degree > 38 X 2 pts.
<26° =1pt.

Total - III Each degree < 26° x 1 pt. =
ANTERIOR OPEN BITE 1o MP =99 =lpt
0 mm. (Edge-to-edge), 1 pt. per tooth Each degree>99" _ x1pt. =

Then 1 pt. per additional full mm. Per tooth

Total =

THER I i
LATERAL OPEN BITE 0 (Sce Instructions)
Supernumerary teeth x 1 pt.
2 pts. per mm. Per tooth Ankylosis of perm. Teeth X2 pts. =

Total = III Anomalous morphology X2 pts. =

Impaction (except 3w molars) X2 pts. =
CROWDING (only one arch) Midline discrepancy (> 3mm) @2pts. = 2
1 -3 mm. _ 1 pt. M%Ss%ng teeth (except 3f'd molars) x1pt. = 1
3.1-5mm. — 2 pts. Missing teeth, congenital X2 pts. = 2
5.1 -7 mm. = 4 pts. Spacing (4 or more, per arch) x2pts. =
> 7 mm. = 7 pts. Spacing (Mx cent. diastema >2mm) @ 2 pts. =

Tooth transposition X2 pts. =

Total = Skeletal asymmetry (nonsurgical tx) @ 3 pts. =

Addl. treatment complexities x2pts. =
OCCLUSION Identify:
Class I to end on = 0 pts.
EndonClassIlorIII = 2 pts. perside_____ pts.
Full Class II or III = 4 pts. perside ____ pts. Total =
Beyond Class [T or Il = I pt. permm.__ pts.

additional
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Cast-Radiograph Evaluation Occlusal Contacts

Total Score: | 12

Alignment/Rotations

1

R Bucea Surface 1 L
L o R
Marginal Ridges
L R
3 Lingual Surface
1 Occlusal Relationships
: 2

R X L L MDD R

0
R aa L L e R
Overjet
3

INSTRUCTIONS: Place score beside each deficient tooth and enter total score for each parameter
in the white box. Mark extracted teeth with "X”. Second molars should be in occlusion.
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IBOI Pinl< & White Esthetic Score

Total Score = 4
1. Pink Esthetic Score Total = 1
| 1.M & D Papillae 01 2
2. Keratinized Gingiva 01 2

3. Curvature of Gingival Margin 01 2

4. Level of Gingival Margin 01 2
5. Root Convexity ( Torque ) 01 2
6. Scar Formation 01 2

1.M &D Papillae (@1 2
2. Keratinized Gingiva @ 1 2
3. Curvature of Gingival Margin @ 1 2
4. Level of Gingival Margin 0 @ 2
5. Root Convexity ( Torque ) @ 1 2
6. Scar Formation @ 1 2

2. White Esthetic Score (for Micro-esthetic)

Total = 3
1. Midline o1 2
2. Incisor Curve 01 2
3. Axial Inclination (5°, 8°, 10°) 01 2

4, Contact Area (50%, 40%, 30%) 01 2

5.Tooth Proportion 01 2
6. Tooth to Tooth Proportion 01 2
1. Midline (1 2
2. Incisor Curve 0 @ 2
3. Axial Inclination (5°, 8°,10°) 0 @ 2
4. Contact Area (50%,40%,30%) (0) 1 2
5.Tooth Proportion @ 1 2
6. Tooth to Tooth Proportion 0 @ 2




Join the IAOI
the future of dentistry!

About our association-iAOI

International Association of Orthodontists and Implantologists
(IAQI) is the world's first professional association dedicated
specifically for orthodontists and implantologists. The
Association aims to promote the collaboration between these
two specialties and encourage the combined treatment of
orthodontic and implant therapy in order to provide better care
for our patients.

How to join iAOI?

Certified members of the Association are expected to complete
the following three stages of requirements.

1. Member

Doctors can go to http://iaci.pro to apply for membership to
join iAQI. Registered members will have the right to purchase
a workbook in preparation for the entry exam.

2. Board eligible

All registered members can take the entry exam. Members
will have an exclusive right to purchase a copy of iIAOI workbook
containing preparation materials for the certification exam. The
examinees are expected to answer 100 randomly selected
questions out of the 400 ones from the iIAOI workbook. Those
who score 70 points or above can become board eligible.

3. Diplomate

Board eligible members are required to present three written
case reports, one of which has to be deliberated verbally.
Members successfully passing both written and verbal
examination will then be certified as Diplomate of iAQOI.

4. Ambassador

Diplomates will have the opportunity to be invited to present six
ortho-implant combined cases in the iIAOI annual meeting.
Afterwards, they become Ambassador of iAOI and will be
awarded with a special golden plaque as the highest level
of recognition in appreciation for their special contribution.

© @ For more information on benefits and requirements
of IAOlI members, please visit our official website:
; http://iaoi.pro.




iAOlI Ambassador & Diplomate
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Ambassadors

=z, KA
I Dr. M&33K Dr. Diego®
Dr. Kenji Ojima Joshua Lin Peydro Herrero

Ambassador ( X{E) :

Dr. Bﬁ'fﬁ?j A Dr. gﬁﬁgi@* Dr. /i\‘l'lﬁ\ *A * One who has published 9+
Chun-Hung Chen Ming-Jen Chang Linda Tseng case reports in JDO.

¢ Keynote speakers
for iAOI annual workshops

A Case report(s) published at least
once in referral journals.

® Referral journals/Research
paper - 3 points
ABO case report - 2 points
Clinical tip - 1 point

Diplomates
Dr. HER* Dr. gz 4 Dr. BREIE Dr. B4 Dr. fREE@* Dr. 2B
Lynn Hsu Angle Lee Bill Su Hsin-Yin Yeh Eric Hsu Yu-Hsin Huang

Dr. &ilft Dr. 58 £35 * Dr. 181 Dr. 88 Dr. il Dr. #iE53 Dr. SRASH)
Richie Huang Grace Chiu Joy Cheng Shu-Ping Tseng  Sheau-Ling Lin  Charlene Chang

Dr. #fER 4 Dr. #hEE 4 Dr. #A7%H Dr. E&1& Dr. REES Dr. F&#k Dr. fREREE
Alex Lin Lexie Lin Kevin Huang Sara Chang Major Lee Judy Chen

9 pts

Dr. Z2BRI2 Dr. E5& Dr. ZEI& Dr. 5§82 Dr. &1&iw Dr. S5
Ming-Wei Wei Ashley Huang Yen-Feng Lee Ariel Chang Wei-Lun Peng Julie Lu
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Sclentific Director
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Univ. Prof. Or. Or. Or. h. c. muit. Ulrich Joos, FRCS, FOSRCS
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Beethoven International

Orthodontic Specialty Course
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Dr. Bill Su Dr.YulinHsu  Dr.ShuPing Tseng Dr. Joshua Lin Dr. Eric Hsu Dr. Bear Chen Dr. Lexie Lin Annie Chen

VISTA surgical Early orthodontic ~ Early orthodontic Treatment for ABO DI & CRE

techniques treatment treatment impacted teeth Research design ABO case report Academic writing
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