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Simultaneous Intrusion and Retraction of Maxillary Incisors with a
Three Piece Intrusion Arch and Mini-screw Implants: A Case Report
By Ankit Shah, BDS, MDS, MSD; Eustaquio Araujo DDS, Cert. (Ortho.), MDS

Abstract: Orthodontic treatment for a case with hyperdivergent growth pattern, moderate mandibular arch crowding and
maxillary incisor proclination was undertaken. Segmented arch mechanics with a three piece intrusion arch were used for simultaneous
intrusion and retraction of maxillary incisors. Miniscrew implants were used to reinforce anchorage.
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ntroduction
Understanding the principles behind orthodontic
biomechanics is crucial for achieving great clinical
results. Segmented arch technique-developed by
Burstone1 is based on sound biomechanical principles. These
principles help segmented arch mechanics to have significant
advantages such as a statically determinate
force system, relatively constant force,
minimal side-effects on the anchorage
unit, and decreased treatment duration
over continuous wire mechanics. This case
report describes a 14 year-old male who
presented with a convex profile, moderate
crowding in the mandibular arch, and
maxillary incisor proclination. Segmented
arch mechanics were used with a three
piece intrusion arch for simultaneous
intrusion and retraction of maxillary
incisors while mini-screw implants (MSIs)
were placed to reinforce anchorage.
Etiology and Diagnosis
The patient had a mesocephalic
facial form with incompetent lips and no
significant facial asymmetries (Figure 1).
Intraorally, he had Angle’s Class I molar
relationship on both sides. He had a
5-mm overjet, 50% overbite, moderate
mandibular crowding, and coincident
maxillary and mandibular midlines
(Figures 1 and 2).
Soft tissue analysis revealed that
he had normal upper lip, retrusive
lower lip, and a retrusive chin with
deficient chin-button (Figure 1 and
Table I). No abnormalities were noted
on panoramic radiograph (Figure 3).
Clinical examination did not reveal any
temporomandibular joint problems.
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Periodontal health was found to be within normal limits. The
pretreatment lateral cephalometric radiograph (Figure 4) and
analysis (Table I) demonstrated a skeletal Class II malocclusion
(A point, nasion, B point [ANB] = 5°). The maxillary incisors
had a 31° angle relative to the nasion-point A line, and
the mandibular incisors had a 101.5° angle relative to the

Figure 1: Pretreatment
facial and intraoral
photographs.

Figure 2: Pretreatment
dental casts.
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mandibular plane. The Frankfort mandibular plane angle
(FMA) of 26° and Y-axis angle (acute angle formed by
the intersection of sella-gnathion line with the Frankfort
Horizontal plane) of 69.5° revealed the hyperdivergent
skeletal pattern. A 4 mm space requirement in the
maxillary arch and an 8 mm space requirement in the
mandibular arch was found on study model analysis.
Figure 3: Pretreatment panoramic radiograph.

Figure 4: Pretreatment lateral cephalogram and tracing.

Figure 5: Progress facial and intraoral photographs.

Table I
Pretreatment and posttreatment lateral cephalometric analysis data
----------------------------------------------------------------------------------------------------------Measurement
Pretreatment
Posttreatment
-----------------------------------------------------------------------------------------------------------SNA angle (°)
83
80
SNB angle (°)
78
78
ANB angle (°)
5
2
Wits appraisal (mm)
3
-1.5
FMA (°)
26
25.5
SN-Go Gn (°)
29
28.5
Y-axis (°)
69.5
70
Upper incisor to NA (mm)
10
6
Upper incisor to NA (°)
31
22
Lower incisor NB (mm)
10
7
Lower incisor to NB (°)
32
27
IMPA (°)
101.5
97
Interincisal angle (°)
111
129
Upper lip to E line (mm)
4
-2
Lower lip to E line (mm)
8.5
3.5
--------------------------------------------------------------------------------------------------------------ANB, A point, nasion, B point; FMA, Frankfort mandibular plane angle; Gn, gnathion;
Go, gonial; IMPA, incisor to mandibular plane angle; NA, nasion point A; NB, nasion
point B; SN, sella nasion; SNA, sella nasion point A; SNB, sella nasion point B.
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3. Treatment Objectives
Treatment objectives for this patient were:
1. Reduce maxillary and mandibular incisor proclination
2. Relieve maxillary and mandibular crowding
3. Improve the soft-tissue profile and skeletally
hyperdivergent profile
4. Achieve a well-intercuspated occlusion
5. Establish ideal overbite and overjet
6. Control maxillary first molars by minimizing mesial
movement in anteroposterior plane and extrusive
movement in vertical plane of space
4. Alternative Treatment Plans
The patient’s chief concern was “my teeth are crooked.”
Treatment alternatives for this case were: (1) orthognathic
jaw surgery involving mandibular advancement and
advancement genioplasty, (2) extraction of maxillary
first premolars and mandibular first premolars, and (3)
extraction of maxillary first premolars and mandibular
second premolars.
Due to the patient’s parents’ opposition to
orthognathic jaw surgery, extraction of the maxillary first
premolars and mandibular first premolars was evaluated
as a treatment plan option. This treatment plan was
selected by the patient and his parents.
Treatment Progress
After extraction of the maxillary first premolars and
mandibular first premolars, preadjusted fixed appliances
(0.022 × 0.028-inch, MBT system®) were placed in
both arches. Initial leveling and alignment was carried
out with 014 nitinol, 016 nitinol and 018 stainless
steel wires. A mini-screw implant (MSI) was placed in
the interradicular space between the maxillary second
premolar and the maxillary first molar on either side to
reinforce anchorage. These MSIs were connected with the
maxillary second premolars via a ligature wire to prevent
any anchorage loss of the maxillary posterior teeth.
The arch wires were subsequently changed to 20 x
20 BioForce,® 0.019 × 0.025 nickel titanium and 0.019
× 0.025 stainless steel. Separate canine retraction was
initiated in the maxillary arch with an elastomeric chain
engaged from the maxillary first molars to the maxillary
canines on both sides. En masse retraction was initiated
in the mandibular arch with an elastomeric chain.
The maxillary arch was segmented into two posterior
segments and one anterior segment after complete
retraction of maxillary canines. The 0.019 × 0.025
stainless steel archwire was sectioned in between the
maxillary lateral incisor and the canine region. Posterior
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Figure 6: Post-treatment
facial and intraoral
photographs.

Figure 7: Post-treatment
dental casts.

Figure 8: Post-treatment
panoramic radiograph.

Figure 9: Post-treatment lateral cephalogram and tracing.
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sectioned wires were retained from the maxillary
canine to the first molar region on both sides
while the anterior sectioned wire was removed.
A three piece intrusion arch consisting
of two posterior cantilever springs of 0.017×
0.025 inch TMA® (Beta-titanium alloy) and an
anterior segment of 0.019 × 0.025 stainless steel
wire was fabricated (Figure 5). This anterior
segmented wire was placed in the brackets
of the incisors and stepped up gingivally in a
perpendicular manner distal to the bracket of
the lateral incisors. The wire was again bent by
900 to create an extension arm with a hook at
its end.
After placing “tip-back” bends in the
cantilever springs, they were inserted into the
auxiliary buccal tube of the maxillary first
molars on both sides. The cantilever springs
were then pulled downward and engaged into
the extension arms of the anterior segmented
wire for intrusion of the maxillary incisors. 2025 grams of intrusive force was applied on each
side after measuring with a Dontrix gauge.® An
elastomeric chain was engaged from the hook
on the buccal tube of the maxillary first molars
to the hook on the extension arm of the anterior
segmented wire on either side for retraction of
the maxillary incisors (Figure 5).
The three piece intrusion arch was
removed completely after complete space
closure was achieved. 0.018 stainless steel
wires with detailing bends were placed in both
arches to improve interdigitating of the teeth.
Coordinated arch wires and settling elastics
were used to gain maximum intercuspation
of the teeth. The orthodontic appliances were
removed after 21 months of treatment. Wraparound Hawley-type retainers were fabricated
for retention in both arches. Patient was referred
to his dentist for restoration of caries on the
maxillary left first molar and the mandibular
right first molar.

Figure 10: Superimposition.
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Treatment Results
The patient’s chief concern of crowding was resolved while
ideal overbite and overjet were achieved. Posterior occlusion was
improved to a bilateral Class I molar relationship. Class I canine
relationship was also achieved on both sides (Figures 6 and 7).
Maxillary growth was found to be predominantly in a
downward direction whereas mandibular growth was observed
in a downward and forward direction (Figure 10). Good vertical
control of maxillary first molars was achieved due to the use
of MSIs. Mandibular first molars demonstrated significant
compensatory mesial and occlusal movement as a response
to skeletal mandibular growth. The maxillary incisors were
retracted significantly as compared to their pre-treatment
position. The mandibular incisors also showed reduction in their
proclination (Figure 10).
Facial esthetics were improved primarily due to the
reduced convexity of the soft-tissue profile as lower lip position
improved significantly with respect to the E line (Figs. 9-10
and Table I). Satisfactory root parallelism was achieved as
noted on post-treatment panoramic radiograph (Figure 8). No
temporomandibular joint problems were noted.
Case Retention
The patient received wrap-around Hawley-type retainers for
maxillary and mandibular arches.
Discussion
Segmented arch technique was first proposed by Burstone
in 1962.1 Since then, the biomechanical principles of this
technique have been improvised upon and applied in various
clinical situations.2-5 Pure intrusion of incisors is one such
clinical situation that can be a challenge to accomplish
successfully. Segmented arch-technique can be one of the
useful tools in the armamentarium of clinicians for achieving
pure incisor intrusion. Ng et al6 performed a systematic review
and meta-analysis of true incisor intrusion attained during
orthodontic treatment. They reported that the segmented arch
technique can produce 1.5 mm of incisor intrusion in the
maxillary arch and 1.9 mm in the mandibular arch in nongrowing patients.
Continuous wires achieve bite-opening primarily by
extrusion of posterior teeth. The molars tend to tip distally and
extrude when intrusive forces are applied to anterior teeth.7
This molar extrusion rotates the mandible in a downward and
backward direction leading to an increase in lower anterior facial
height and worsening of the convex profile. These negative
sequelae are especially pronounced and highly undesirable in
individuals with vertical growth patterns.
A three piece intrusion arch was developed by Shroff, et al8
using the principles of segmented arch technique-to minimize
these side-effects of intrusive forces. To counteract these sideeffects, it is recommended to include the maximum number of
posterior teeth into the posterior anchorage unit. Transpalatal
arches and mandibular lingual arches are then used to connect
the bilateral posterior anchorage units into one solid anchorage
unit.2 A high-pull headgear can also be used to counteract
the adverse effects of intrusive mechanics.7 Since MSIs have
been proven to offer absolute anchorage, they were used for
46

reinforcing the anchorage instead of transpalatal arches, lingual
arches, or headgear.9, 10
Minimal extrusion of the maxillary first molars was noted
in our case due to the use of MSIs. This, in turn, helped to
prevent the patient’s convex profile from worsening any further.
Significant retraction of the maxillary and mandibular incisors
helped in the improvement of the soft-tissue profile.
Conclusions
Use of a three piece intrusion arch and segmented arch
mechanics is an effective method for obtaining a well-controlled
and statically determinate force system. A decrease in facial
convexity and improvement in soft-tissue profile were noted due
to a favorable mandibular growth pattern and minimal extrusion
of maxillary posterior teeth. The patient presented pleasing smile
esthetics at the completion of treatment.
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