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a b s t r a c t

Background: Nonsurgical correction of deep bite involves either extrusion of posterior teeth,

intrusion of incisors, or combination of both. The introduction of skeletal anchorage device

with microimplant provides near absolute anchorage without producing any untoward

effects on anchor unit. Connecticut Intrusion Arch (CIA) provided an efficient system of

intruding anterior segment without producing much adverse affects on anchor teeth.

Methods: The study comprised of 30 patients of Class II Div 1 malocclusion with overbite of

>6 mmand required therapeutic extractions of all first premolars, randomly distributed into

two groups. Group 1 was treated using orthodontic microimplants, while Group 2 treated

with CIA. Lateral cephalograms were taken pre-intrusion (T1) and post-intrusion at the end

of six months (T2).

Results: The rate of intrusion was 0.51 and 0.34 mm/month for Group 1 and Group 2

respectively. The average amount of change in centroid point to PP distance and U1-SN

angle was significantly higher in Group 1 compared to Group 2 (P < 0.001). The average

amount of change in U6 to PP distance did not differ significantly between two study groups

(P > 0.05).

Conclusion: The amount of intrusion is significantly higher in SAD group. Although vertical

molar positional change was higher in CIA group than the SAD group, it was not changed

significantly in both treatment modalities. SAD group overall had better results and was

ring intrusion.
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Introduction
Class II malocclusions accounted for 15% in United States
population as per National Health and Nutritional Estimates
Survey III (NHANES III)1,2 and 23% in Indian population,
especially in armed forces population.3 One of the prominent
features of the class II malocclusion is increased overbite.
Correction of increased overbite is one of the important
objectives to be achieved in this type of malocclusion. Deep
overbite can be corrected in several ways. Treatment
approaches include transition from a horizontal to a vertical
growth pattern by forcing the mandible into a clockwise
rotation, labial tipping of anterior teeth, extrusion of posterior
teeth, intrusion of anterior teeth, and surgical approaches.4,5

Nonsurgical correction of deep bite involves either extrusion of
posterior teeth, intrusion of incisors, or combination of both.6–
9 This involves the basic principle of tipback bends at the
molars to provide an intrusive force at the incisors. Definitive
planning in anchorage preservation in leveling phase of fixed
orthodontic cases is required to prevent undesirable side
effects in the rest of the dental arches.10,11

Conventional methods of intrusion include utility arches,
three piece intrusion arches, and reverse curve of spee
[(Fig._1)TD$FIG]
Fig. 1 – Microimplants and CIA
archwires. But all these auxiliaries/archwires produce
unwanted effects in the anchor segment affecting the
overall treatment results. The introduction of skeletal
anchorage device or temporary anchorage device with
mini/microimplant has revolutionized the treatment
options available for clinicians. It has enhanced the
envelope of discrepancy and treatment options, thus
increasing the scope of orthodontic treatment and achieving
more reliable and stable results.12 Connecticut Intrusion
Arch developed by Nanda provided an efficient system of
intruding anterior segment without producing much ad-
verse affects on anchor teeth.13

This prospective experimental pilot study was an effort to
find out the rate of intrusion between skeletal anchorage
device and Connecticut intrusion arches which are commonly
used in clinical practice. The study quantified the rate of
intrusion between twomethods and its efficiency in treatment
of Class II Div 1 malocclusion.

To determine the rate of intrusion attained with Skeletal
Anchorage Device and Connecticut Intrusion Arch.
� T
o compare the rate of intrusion of maxillary incisor
segment in Class II Div 1 malocclusion using Skeletal
Anchorage Device and Connecticut Intrusion arch.
used in sample groups.
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� T
o compare the positional changes in first maxillary molars
in two methods of intrusion.
� T
o compare the overall efficiency and handling of two
methods of intrusion.
Material and methods

The present study involved the selection of Class II Div 1
malocclusion cases from orthodontic OPD at a tertiary care
dental center. The study was carried out after a formal
approval from the ethical committee of the institution. All
patients and/or their parentswere informedabout the purpose
of this study and a written consent was obtained.

The inclusion criteria included:
(i) A
ge group of 15–20 yrs.

(ii) A
ngle's Class II Div 1 malocclusion.

(iii) O
verbite of >6 mm.

(iv) N
o previous orthodontic or interceptive intervention

carried out.
The exclusion criteria were
(i) A
ny craniofacial disorders including cleft lip and palate.

(i) L
ocal/systemic problems or trauma which affects the

growth and development of facial structures or body.

(i) M
edically compromised cases.

The study comprised of 30 patients of Class II Div 1
malocclusion with overbite of >6 mm and required therapeu-
tic extractions of all first premolars. The patients were
randomly distributed by lottery method among two groups
of 15 patients each. The deep bite in Group 1 was treated using
Skeletal Anchorage Devices (SAD) with orthodontic micro-
implants, while in Group 2, deep bite was treated with
Connecticut intrusion arches (CIA).

The pre-treatment orthodontic records for all patients
were collected which included study models, lateral cepha-
logram, and orthopantomogram. All patients were treated
using 0.018 in. Roth Preadjusted EdgewiseAppliance. Patients
were recalled in four weeks interval for reviews. After initial
alignment phase, individual canine retractionwas carried out
using NiTi closed coil spring in sliding mechanics on
0.016 in. � 0.022 in. stainless steel archwire. After completion
of canine retraction, anterior segment consists of maxillary
incisors and posterior segment consisting of maxillary
first molar, second premolar, and retracted canine was
consolidated with 0.010 in. stainless steel ligature on a
0.017 in. � 0.025 in. stainless steel archwires separately.

Group 1

In Group 1 cases, for treatment of deep bite correction, self-
drilling microimplants (AbsoAnchor®, Dentos, Daegu, Korea)14,15

of diameter 1.3 mm and length 7 mm Circle Head pattern,
tapered type (CH 1312–07) (Fig. 1) were placed between
maxillary lateral incisors and central incisors bilaterally. Mini
starter surgical kit was used for the sterilization and insertion
of microimplants as per manufacturer's directions.16,17 A
surgical guide was made with 0.016 in. � 0.022 in. stainless
steel archwire to mark the exact position of placement of the
implant clinically and on a radiograph. Selection of site for
microimplant was done so that it should not interfere with
intrusion process. Radiovisiographs were taken post-insertion
of microimplants to reconfirm the position and proximity to
roots of incisors. In the anterior segment wire, two vertical
loops were placed for the placement of elastic chain to
microimplants for intrusion, to allow force to be applied at
desired point. Microimplants were loaded after a healing
period of two weeks.18 60 g of force was used for the intrusion
of four upper anterior teeth. Dontrix gauge was used for
calibration of force and placement of elastic chain. Two
horizontal loops were placed in the distal end of anterior
segment wire for placement of elastics to prevented flaring of
incisors during intrusion, which could adversely affect the
study.

Group 2

In Group 2 cases, deep bite correction was achieved using
Connecticut intrusion arches (Ortho Organizer Inc., USA) of
dimension 0.016 in. � 0.022 in. NiTi archwire12 (Fig. 1). Trans-
palatal arch was used for anchorage control. The CIA was
passed through the auxiliary tube of the maxillary triple tube
in posterior segment and was ligated in anterior segment
gingivally with the help of 0.010 in. stainless steel ligature
wire. Dontrix gaugewas used tomeasure 60 g of intrusive force
for intrusion of maxillary anterior segment.

Digital lateral cephalograms were taken using Planmeca,
Proline XC Cephalostat (Planmeca OY, 60880 Helsinki,
Finland). Pre-intrusion lateral cephalograms were taken
before initiating intrusive mechanics (T1). Patients were
reviewed in the interval of four weeks. Post-intrusion lateral
cephalogramwas taken at the endof sixmonths (T2). Pre- and
post-intrusion cephalograms were analyzed using Nemo-
Ceph Dental Studio NX 2006, Version 6.0 (Nemotec®, Madrid,
Spain) for the assessment of upper incisor and maxillary
molar positions. Post-treatment lateral cephalograms were
taken at the end of orthodontic treatment. On completion of
fixed orthodontic treatment, the pre-treatment and post-
treatment lateral cephalograms were compared for overall
skeletal and dental changes. Principal investigator traced all
the pre- and post-cephalograms. Out of 15 cases in each
group, 05 cases were selected randomly and retraced by same
operator after a gap of one week to check the intra-operator
variability.

The landmarks and planes were used to calculate the
intrusion achieved and the angular changes for maxillary
incisors and maxillary first molars are depicted in Fig. 2.

Two linear measurements and one angular measurement
was recorded
(i) V
ertical position of the maxillary incisors: Perpendicular
distance from incisor centroid point to the palatal plane in
mm.
(ii) V
ertical position of the maxillary first molar: Perpendicu-
lar distance from the mesiobuccal cusp tip of the molar
(U6) to the palatal plane in mm.
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Fig. 2 – Landmarks used for lateral cephalogram analysis.
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(iii) C
hange in the inclination of the maxillary incisors: Angle
between the long axis of the maxillary incisor and the
Sella Nasion (SN) plane in degrees.
Rate of intrusion of incisors was calculated by dividing the
mean amount of intrusion in mm with mean treatment time,
i.e. six months. Measurements are recorded and tabulated in
Table 1. Algorithms of methodology are depicted in Fig. 3.
Comparison of changes between T1 and T2 in both groups is
shown in Figs. 4 and 5, respectively.
Results

The statistical analysis was performed using Statistical
Package for Social Sciences (SPSS, Ver 11.5; Chicago, USA) for
Microsoft Windows. Inter-group statistical comparisons of the
study parameters were performed by using independent
sample 't' test and intra-group comparisons were performed
by using paired 't' test, after confirming the underlying
normality assumptions. On comparing the average age of
the cases, it did not differ significantly between two study
groups (P > 0.05). The analysis based on Kappa statistics
revealed that there was a statistically significant agreement
between first and second evaluation of pre- and post-
cephalogram.

Assessment of rate of maxillary incisor intrusion

The mean amount of intrusion of incisor was calculated
comparing pre- and post-intrusion from perpendicular dis-
tance between centroid point to PP in mm over a period of six
months.

For Group 1, themeanpre-intrusion distancewas 17.37 mm
and post-intrusion distance measured was 14.27 mm. The
overall mean amount of intrusion was 3.10 mm. The rate of
intrusion for Group 1 was calculated by dividing overall
intrusion by six, i.e. 3.10/6 = 0.51 mm/month. For Group 2, the
meanpre-intrusion distancewas 16.37 mmandpost-intrusion
distance measured was 14.30 mm. The overall amount of
intrusion was 2.07 mm. The rate of intrusion for Group 2 was
0.34 mm/month.

The mean intrusion that occurred in Group 1 was 3.10 mm
(SD � 0.67) and 2.07 mm (SD � 0.53) in Group 2 (Table 2). On
intra-group comparison, the average post-intrusion centroid
point to PP distance is significantly lesser compared to the
average pre-intrusion centroid point to PP distance in Group 1
(P < 0.001). The average post-intrusion centroid point to PP
distance is significantly lesser compared to the average pre-
intrusion centroid point to PP distance in Group 2 (P < 0.001).
On inter-group comparison, the average pre-intrusion cen-
troid point to PP distance is significantly higher in Group 1
compared to Group 2 (P < 0.05). The average post-intrusion
centroid point to PP distance did not differ significantly
between two study groups (P > 0.05). The average amount of
change in centroid point to PP distance is significantly higher
in Group 1 compared to Group 2 (P < 0.001).

Assessment of maxillary first molar position

In Group 1, mean pre-intrusion distance between U6 and PP
was 20.10 � 1.1 mm and post-intrusion distance was 21.1
� 1.2 mm. In Group 2, mean pre-intrusion distance between
U6 and PPwas 19.1 � 1.10 mmandpost-intrusion distancewas
20.3 � 1.10 mm. The mean difference in maxillary first molar
positionwas 0.97 mm (SD � 0.40) in relation to PP inGroup 1. In
Group2, themeandifferencewas 1.20 mm(SD � 0.32) (Table 3).
On intra-group comparison, the average position of maxillary
first molar post-intrusion was significantly higher compared
to Group 1 (P < 0.001). The average post-intrusion U6 to PP
distance is significantly higher compared to the average pre-
intrusion U6 to PP distance in Group 2 (P < 0.001). On inter-
group comparison, the average change inmaxillary first molar
position pre-intrusion was significantly higher in Group 1
compared to Group 2 (P < 0.05). The average post-intrusion U6
to PP distance did not differ significantly between two study
groups (P > 0.05). The average amount of change in U6 to PP
distance did not differ significantly between two study groups
(P > 0.05).

Assessment of maxillary incisor inclination

In Group 1, pre-intrusion U1 to SN plane angularmeasurement
was 105.9 � 6.3 degrees and post-intrusion angular measure-
ment was 105.7 � 5.7 degrees. In Group 2, pre-intrusion U1 to
SN plane angular measurement was 104.7 � 5.4 degrees and
post-intrusion angular measurement was 108.5 � 4.5 degrees.
The mean change in the incisor inclination was 0.93 degree
(SD � 1.27) in Group 1 in relation to SN plane. In Group 2, the
difference was -3.73 degrees (SD � 1.28) (Table 4). On intra-
group comparison, the average post-intrusion U1-SN angle is
significantly lesser compared to the average pre-intrusion U1-
SN angle in Group 1 (P < 0.05). The average post-intrusion U1-
SN angle is significantly lesser compared to the average pre-
intrusion U1-SN angle in Group 2 (P < 0.001). On inter-group



Table 1 – Pre- and post-measurements for assessment of incisor and molar position.

S. No. Centroid point to PP distance (mm) U1-SN angular measurements (degree) U6-PP distance (mm)

Pre-intrusion Post-intrusion Amount of
intrusion

Pre-intrusion Post-intrusion Change in incisor
inclination

Pre-intrusion Post-intrusion Amount of
molar

extrusion

Group 1 Group 2 Group 1 Group 2 Group 1 Group 2 Group 1 Group 2 Group 1 Group 2 Group 1 Group 2 Group 1 Group 2 Group 1 Group 2 Group 1 Group 2

1 16 14 13.5 12.5 2.5 1.5 120 110 118 111 �2 1 21 20 22 21.5 1 1.5
2 15.5 15.5 13.5 13.5 2 2 110 98 109 102 �1 4 20 19.5 21.5 20.5 1.5 1
3 17 16 14 13.5 3 2.5 101 108 102 113 +1 5 19 21 20 22.5 1 1.5
4 19.5 15 16 13 3.5 2 98 111 99 114 +1 3 19.5 18.5 20 19.5 0.5 1
5 17.5 17 15 14.5 2.5 2.5 104 104 103 108 �1 4 20.5 17 21.5 18.5 1 1.5
6 16 16.5 12.5 15 3.5 1.5 112 106 110 109 �2 3 20 19 20.5 20 0.5 1
7 20 15.5 16.5 13.5 3.5 2 99 99 98 104 �1 5 18.5 19.5 19.5 20 1 0.5
8 18 17 14 14.5 4 2.5 101 115 99 117 �2 2 21 18 22.5 19.5 1.5 1.5
9 18.5 17.5 16 15.5 2.5 2 103 101 101 106 �2 5 21.5 17.5 23 18.5 1.5 1
10 17.5 18 15 15 2.5 3 105 102 106 106 �1 4 20.5 19 21 20.5 0.5 1.5
11 17 15.5 14 14 3 1.5 108 112 107 114 �1 2 20 20.5 21 21.5 1 1
12 16 15 13.5 13.5 2.5 1.5 115 102 113 106 �2 4 18 20 18.5 21.5 0.5 1.5
13 18.5 18 14.5 15 4 3 99 100 100 105 �1 5 19.5 19.5 21 21 1.5 1.5
14 16.5 18.5 13 16.5 3.5 2 106 98 104 103 �2 5 22 18.5 22.5 19.5 0.5 1
15 17 16.5 13 15 4 1.5 108 105 106 109 �2 4 20.5 19 21.5 20 1 1
Mean 17.37 16.37 14.27 14.3 3.10 2.07 106 105 105 109 �1 4 20.10 19.10 21.07 20.30 0.97 1.20
Min 15.5 14 12.5 12.5 2 2 98 98 98 102 0 2 18 17 18.5 18.5 0.5 0.5
Max 20 18.5 16.5 16.5 3.5 3 120 115 118 117 �2 5 22 21 22.5 22.5 1.5 1.5
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Fig. 3 – Flow diagram of methodology.

[(Fig._4)TD$FIG]

Fig. 4 – Group 1 – Comparison of T1 and T2.
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Fig. 5 – Group 2 – Comparison of T1 and T2.
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comparison, the average pre-intrusion U1-SN angle did not
differ significantly between two study groups (P > 0.05). The
average post-intrusion U1-SN angle did not differ significantly
between two study groups (P > 0.05). The average amount of
change in U1-SN angle is significantly higher in Group 2
compared to group 1 (P < 0.001).

Discussion
Correction of deep bite often requires intrusion of anterior
teeth. Intrusion requires careful control of force application
Table 3 – Inter- and intra-group distribution of intrusion at U6

U6 to PP distance (mm) Group 1 (n =
Mean � SD

Pre-intrusion 20.1 � 1.1
Post-intrusion 21.1 � 1.2
Amount of change (Pre–Post) 0.97 � 0.40
Intra-group comparison (P-value for paired 't' test)
Pre v/s Post

0.001 (S)

P-value < 0.05 is considered to be statistically significant. S: Significant, N

Table 2 – Inter- and intra-group distribution of intrusion at cen

CP to PP distance (mm) Group 1 (n =
Mean � SD

Pre-intrusion 17.4 � 1.3
Post-intrusion 14.3 � 1.2
Amount of change (Pre–Post) 3.10 � 0.67
Intra-group comparison (P-value for paired 't' test)
Pre v/s Post

0.001 (S)

P-value < 0.05 is considered to be statistically significant. S: Significant, N
both inmagnitude and direction. Light forces are preferable as
the concentration of forces is in a small area around apex of
the incisors. Any inadvertent force application will cause root
resorption. Intrusion also causes changes in the pulpal tissue
suchas vascularization of the odontoblast and pulpal edema.19

For this reason, use of light force is advocated for intrusion of
teethwhich should be directed in long axis of the tooth. A light
force of 15 to 20 gmper tooth is recommended for intrusion.7,20

Thus, total of 60 g is adequate for intrusion of four maxillary
incisor teeth. Use of heavier force will not fasten the intrusion
rate, instead it will cause resorption of apical portion of teeth
and in prolonged cases it leads to pulpal death.14 For true
to PP distance.

15) Group 2 (n = 15)
Mean � SD

Inter-group comparison
(P-value for unpaired 't' test)

19.1 � 1.1 0.018 (S)
20.3 � 1.1 0.087 (NS)
1.20 � 0.32 0.087 (NS)
0.001 (S)

S: Non-Significant.

troid point to PP for incisor position.

15) Group 2 (n = 15)
Mean � SD

Inter-group comparison
(P-value for unpaired 't' test)

16.4 � 1.3 0.047 (S)
14.3 � 1.1 0.937 (NS)
2.07 � 0.53 0.001 (S)
0.001 (S)

S: Non-Significant.



Table 4 – Inter- and intra-group distribution of U1-SN angular measurement.

U1-SN angle (degrees) Group 1 (n = 15)
Mean � SD

Group 2 (n = 15)
Mean � SD

Inter-group comparison
(P-value for unpaired 't' test)

Pre-intrusion 105.9 � 6.3 104.7 � 5.4 0.582 (NS)
Post-intrusion 105.0 � 5.7 108.5 � 4.5 0.075 (NS)
Amount of change 0.93 � 1.27 �3.73 � 1.28 0.001 (S)
Intra-group comparison (P-value for paired 't' test)
Pre v/s Post

0.014 (S) 0.001 (S)

P-value < 0.05 is considered to be statistically significant. S: Significant, NS: Non-Significant.
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intrusion to happen in anterior segment, forces should be
directed through center of resistance of the tooth.21

Various modalities of intrusion mechanics are used for
correction of deep bite. Propagators of different prescriptions
of Preadjusted Edgewise Appliances used various auxiliaries
integrated to their appliance system to achieve maximum
intrusion of incisor segment.22–24 But all these auxiliaries
produce unwanted effects in the anchor segment affecting
theoverall treatment results. Introductionof SADprovidedan
option to move tooth/teeth without producing any reciprocal
movement in anchorage unit. Incisor intrusion treatment
with microimplants only affects the maxillary incisor area
and position of molars is maintained during intrusion phase.
In cases of CIA,molar extrusion is a reciprocalmovement that
occurs in the posterior anchor segment. The altered occlusion
and muscles of mastication might move the extruded
posterior teeth back to their original positions causing
relapse, until soft tissues and hard tissue equilibrium are
obtained.

The microimplants are available in diameters of 1.2–
2.7 mm. In the present study, we used microimplants of
1.3 mm diameter and 7 mm length. This was chosen
considering the available inter-radicular space between
central and lateral incisors and the stability requirement
for intrusion of maxillary incisors segment. CIA is fabricated
from nickel titanium alloy providing shape memory, spring-
back, and light continuous force. Its basic mechanism for
force delivery is a V bend calibrated to deliver approximately
40–60 g of force.

Distance from incisal edge to palatal plane in case of
proclination and retraction of incisors during treatment
procedures can bring about varied values. Thus, incisal edge
cannot be taken as a reliable reference point in case of true
intrusion due to positional changes of incisor edge. The incisor
centroid, defined as a point on the longitudinal axis of the
tooth that is independent of any change in inclination, was
taken as reference point. In the present study, the midpoint
between the incisal edge and apex of themaxillary incisor was
taken as centroid point.25,26

In SAD group, overbite reduction was obtained by both
maxillary incisors intrusion and retraction. The overall
maxillary intrusion was 3.10 � 0.67 mm and reduction of
0.93 � 1.27 degree in upper incisor to SN plane angle. In CIA
group, overbite reduction was achieved by the combined
effect of maxillary incisor intrusion, incisor protrusion, and
molar extrusion. In this group, the maxillary intrusion was
2.07 � 0.53 mm, increase of 3.73 � 1.28 degree in upper
incisor to SN plane angle and molar extrusion of 1.20
� 0.32 mm. The findings of this study were in agreement
with the study by Senisik and Tukkahraman, except
proclination of maxillary incisor in the implant group.27

The present study was in comparison with the study by
Polat-Ozsoy et al. in which the mean intrusion of incisor
segment was 2.97 � 0.4 mm in implant group and 1.81
� 0.5 mm in utility arch group in relation to palatal plane.28

The mean intrusion achieved by Nayak USK et al. was
3.29 mm with mini implants and 1.29 mm with utility
arches in a period of six months.29 The present study
showed similar results in implant group. In CIA group,
mean intrusion was comparatively more than utility arch
group.

Rate of intrusion shows the efficiency of the treatment
modality with side effects like loss of anchorage, external
apical root resorption, and proclination. The rate of intrusion
achieved in the present study for incisors was 0.51 mm/month
which is comparable to the study by Virang B in which the
mean amount of intrusion was 2.58 mm in a period of six
months and rate of intrusion was 0.43 mm/month.30 But in
that study, sample group had the anterior segment that
consisted of incisors and canines.

Conclusions
Following conclusions were drawn from the present study
� T
he amount of intrusion attained with Skeletal Anchorage
Device (SAD) group was 3.10 � 0.67 mm and 2.07 � 0.53 mm
in Connecticut Intrusion arch (CIA) group. The amount of
intrusion is significantly higher in SAD group.
� R
ate of intrusion in the SAD group was 0.51 mm/month and
0.34 mm/month in CIA group.
� A
lthough vertical molar positional changewas higher in CIA
group than the SAD group, the vertical position of molars
was not changed significantly in both treatment modalities.
� S
AD group showed maximum intrusion with minimal side
effects compared to CIA group.
� S
elf-drillingmicroimplants 1.3 mm in diameter and 7 mm in
length provided excellent anchorage for maxillary incisors
intrusion.
Conflicts of interest
The authors have none to declare.



med i c a l j o u r n a l a rm e d f o r c e s i n d i a 7 3 ( 2 0 1 7 ) 6 5 – 7 3 73
Acknowledgement

This paper is based on Armed Forces Medical Research
Committee Project No 4245/2012 granted by the office of the
Directorate General Armed Forces Medical Services and
Defence Research Development Organization, Government
of India.
r e f e r e n c e s

1. Brunelle JA, Bhat M, Lipton JA. Prevalence and distribution of
selected occlusal characteristic in the US population, 1988–
91. J Dent Res. 1996;75:706–713.

2. Proffit WR, Fields HW, Moray LJ. Prevalence of malocclusion
and orthodontic treatment need in the United States:
estimates from the NHANES-III survey. Int J Adult Orthodon
Orthognath Surg. 1998;13:97–106.

3. Kumar P, Londhe SM, Kotwal A, Mitra R. Prevalence of
malocclusion and orthodontic treatment need in
schoolchildren – an epidemiological study. Med J Armed
Forces India. 2013;69:369–374.

4. Engel G, Cornforth G, Damerell J, et al. Treatment of deep-
bite cases. Am J Orthod Dentofacial Orthop. 1980;77:1–13.

5. Poulton DR. Correction of extreme deep overbite with
orthodontics and orthognathic surgery. Am J Orthod
Dentofacial Orthop. 1989;96:275–280.

6. Begg PR, Kesling PC. Begg Orthodontic Theory and Technique.
Philadelphia: WB Saunders Co.; 1997:203–214.

7. Burstone CJ. Deep overbite correction by intrusion. Am J
Orthod. 1977;72:1–22.

8. Ricketts RM. Bioprogressive therapy as an answer to
orthodontic needs: Part I. Am J Orthod. 1976;70:241–248.

9. Ricketts RM. Bioprogressive therapy as an answer to
orthodontic needs: Part II. Am J Orthod. 1976;70:359–397.

10. Proffit WR, Fields HW, Sarver DM. Contemporary Orthodontics.
5th ed. Elsevier; 2013:337–346. 545–555.

11. Graber LW, Vanarsdall RL, Vig KWL. Orthodontics Current
Principles and Techniques. 5th ed. Mosby Inc./Elsevier Inc.;
2012. pp. 267, 367, 381–419, 815–817.

12. Carano A, Velo S, Leone P, Siciliani G. Clinical applications
of the miniscrew anchorage system. J Clin Orthod. 2005;39:
9–24.

13. Nanda R, Marzban R, Kuhlberg A. The Connecticut intrusion
arch. J Clin Orthod. 1998;329:708–715.
14. Orthodontic Microimplant (AbsoAnchor®) System. Korea
Microimplant – 8th ed. Dentos Inc.; January 2010.

15. Orthodontic Accessories. Korea Accessories 4th ed. Dentos Inc.;
January 2010.

16. Brochure for the Absoanchor® Orthodontic Microimplant. 4th ed.
Dentos Inc.; January 2006.

17. For a Better Smile – Orthodontic Microimplant (AbsoAnchor®)
System. 4th ed. Korea: Dentos Inc.; January 2006.

18. Ohashi E, Pecho OE, Moron M, Lagravere MO. Implant vs
screw loading protocols in orthodontics: a systematic
review. Angle Orthod. 2006;76:721–727.

19. Stenvik A, Mjor IA. Pulpal and dentine reactions to
experimental tooth intrusion: a histological study of the
initial changes. Am J Orthod. 1970;57:370–385.

20. Nanda R. Correction of deep overbite in adults. Dent Clin
North Am. 1997;41(4):67–81.

21. Melson B, Agerback N, Makenstamm G. Intrusion of incisors
in adult patients with marginal bone loss. Am J Orthod
Dentofacial Orthop. 1989;96:232–241.

22. Burstone CJ. Modern Edgewise Mechanics and the Segmented
Arch Technique. 1st ed. Farmington: University of Connecticut
Health Centre; 1995:32–48.

23. McNamara JA. Utility arches. J Clin Orthod. 1986;20:252–256.
24. Ricketts RM, Bench RW, Gugino CF, Hilgers JJ, Schulhof RJ.

Bioprogressive Therapy. Denver: Rocky Mountain
Orthodontics; 1997.

25. Kinzel J, Aberschek P, Mischak I, Droschl H. Study of the
extent of torque, protrusion and intrusion of the incisors in
the context of class II div 2 treatment in adults. J Orofac
Orthop. 2002;63:283–299.

26. Mark GH, Kishiyama C, Parker SH, Noachtar R.
Cephalometric evaluation of two treatment strategies for
deep overbite correction. Angle Orthod. 1994;64:256–276.

27. Senisik NE, Turkkahraman H. Treatment effects of intrusion
arches and mini-implant systems in deepbite patients. Am J
Orthod Dentofacial Orthop. 2012;141:723–733.

28. Polat-Ozsoy O, Arman-Ozcirpici A, Veziroglu F, Cetinsahin A.
Comparison of the intrusive effects of miniscrews and utility
arches. Am J Orthod Dentofacial Orthop. 2011;139:526–532.

29. Nayak USK, Goyal V, Godhrawala F, Saxena R. Comparison
of skeletodental changes occurring during deep overbite
correction with mini implant anchorage system and the
utility arches reinforced by a transpalatal arch. J Indian
Orthod Soc. 2011;45:9–14.

30. Virang B, Makhija PG, Belludi A, Bhatia V, Padmawar SS,
Gupta A. Evaluation of titanium miniscrews implants as a
source of intraoral anchorage for enmasse intrusion of
maxillary anterior teeth. J Indian Orthod Soc. 2013;47:184–189.

http://refhub.elsevier.com/S0377-1237(15)00179-3/sbref0155
http://refhub.elsevier.com/S0377-1237(15)00179-3/sbref0155
http://refhub.elsevier.com/S0377-1237(15)00179-3/sbref0155
http://refhub.elsevier.com/S0377-1237(15)00179-3/sbref0160
http://refhub.elsevier.com/S0377-1237(15)00179-3/sbref0160
http://refhub.elsevier.com/S0377-1237(15)00179-3/sbref0160
http://refhub.elsevier.com/S0377-1237(15)00179-3/sbref0160
http://refhub.elsevier.com/S0377-1237(15)00179-3/sbref0165
http://refhub.elsevier.com/S0377-1237(15)00179-3/sbref0165
http://refhub.elsevier.com/S0377-1237(15)00179-3/sbref0165
http://refhub.elsevier.com/S0377-1237(15)00179-3/sbref0165
http://refhub.elsevier.com/S0377-1237(15)00179-3/sbref0170
http://refhub.elsevier.com/S0377-1237(15)00179-3/sbref0170
http://refhub.elsevier.com/S0377-1237(15)00179-3/sbref0175
http://refhub.elsevier.com/S0377-1237(15)00179-3/sbref0175
http://refhub.elsevier.com/S0377-1237(15)00179-3/sbref0175
http://refhub.elsevier.com/S0377-1237(15)00179-3/sbref0180
http://refhub.elsevier.com/S0377-1237(15)00179-3/sbref0180
http://refhub.elsevier.com/S0377-1237(15)00179-3/sbref0180
http://refhub.elsevier.com/S0377-1237(15)00179-3/sbref0185
http://refhub.elsevier.com/S0377-1237(15)00179-3/sbref0185
http://refhub.elsevier.com/S0377-1237(15)00179-3/sbref0190
http://refhub.elsevier.com/S0377-1237(15)00179-3/sbref0190
http://refhub.elsevier.com/S0377-1237(15)00179-3/sbref0195
http://refhub.elsevier.com/S0377-1237(15)00179-3/sbref0195
http://refhub.elsevier.com/S0377-1237(15)00179-3/sbref0200
http://refhub.elsevier.com/S0377-1237(15)00179-3/sbref0200
http://refhub.elsevier.com/S0377-1237(15)00179-3/sbref0200
http://refhub.elsevier.com/S0377-1237(15)00179-3/sbref0205
http://refhub.elsevier.com/S0377-1237(15)00179-3/sbref0205
http://refhub.elsevier.com/S0377-1237(15)00179-3/sbref0205
http://refhub.elsevier.com/S0377-1237(15)00179-3/sbref0205
http://refhub.elsevier.com/S0377-1237(15)00179-3/sbref0210
http://refhub.elsevier.com/S0377-1237(15)00179-3/sbref0210
http://refhub.elsevier.com/S0377-1237(15)00179-3/sbref0210
http://refhub.elsevier.com/S0377-1237(15)00179-3/sbref0215
http://refhub.elsevier.com/S0377-1237(15)00179-3/sbref0215
http://refhub.elsevier.com/S0377-1237(15)00179-3/sbref0220
http://refhub.elsevier.com/S0377-1237(15)00179-3/sbref0220
http://refhub.elsevier.com/S0377-1237(15)00179-3/sbref0220
http://refhub.elsevier.com/S0377-1237(15)00179-3/sbref0220
http://refhub.elsevier.com/S0377-1237(15)00179-3/sbref0225
http://refhub.elsevier.com/S0377-1237(15)00179-3/sbref0225
http://refhub.elsevier.com/S0377-1237(15)00179-3/sbref0225
http://refhub.elsevier.com/S0377-1237(15)00179-3/sbref0230
http://refhub.elsevier.com/S0377-1237(15)00179-3/sbref0230
http://refhub.elsevier.com/S0377-1237(15)00179-3/sbref0230
http://refhub.elsevier.com/S0377-1237(15)00179-3/sbref0235
http://refhub.elsevier.com/S0377-1237(15)00179-3/sbref0235
http://refhub.elsevier.com/S0377-1237(15)00179-3/sbref0235
http://refhub.elsevier.com/S0377-1237(15)00179-3/sbref0235
http://refhub.elsevier.com/S0377-1237(15)00179-3/sbref0240
http://refhub.elsevier.com/S0377-1237(15)00179-3/sbref0240
http://refhub.elsevier.com/S0377-1237(15)00179-3/sbref0240
http://refhub.elsevier.com/S0377-1237(15)00179-3/sbref0245
http://refhub.elsevier.com/S0377-1237(15)00179-3/sbref0245
http://refhub.elsevier.com/S0377-1237(15)00179-3/sbref0245
http://refhub.elsevier.com/S0377-1237(15)00179-3/sbref0250
http://refhub.elsevier.com/S0377-1237(15)00179-3/sbref0250
http://refhub.elsevier.com/S0377-1237(15)00179-3/sbref0255
http://refhub.elsevier.com/S0377-1237(15)00179-3/sbref0255
http://refhub.elsevier.com/S0377-1237(15)00179-3/sbref0255
http://refhub.elsevier.com/S0377-1237(15)00179-3/sbref0260
http://refhub.elsevier.com/S0377-1237(15)00179-3/sbref0260
http://refhub.elsevier.com/S0377-1237(15)00179-3/sbref0260
http://refhub.elsevier.com/S0377-1237(15)00179-3/sbref0260
http://refhub.elsevier.com/S0377-1237(15)00179-3/sbref0265
http://refhub.elsevier.com/S0377-1237(15)00179-3/sbref0270
http://refhub.elsevier.com/S0377-1237(15)00179-3/sbref0270
http://refhub.elsevier.com/S0377-1237(15)00179-3/sbref0270
http://refhub.elsevier.com/S0377-1237(15)00179-3/sbref0270
http://refhub.elsevier.com/S0377-1237(15)00179-3/sbref0275
http://refhub.elsevier.com/S0377-1237(15)00179-3/sbref0275
http://refhub.elsevier.com/S0377-1237(15)00179-3/sbref0275
http://refhub.elsevier.com/S0377-1237(15)00179-3/sbref0275
http://refhub.elsevier.com/S0377-1237(15)00179-3/sbref0280
http://refhub.elsevier.com/S0377-1237(15)00179-3/sbref0280
http://refhub.elsevier.com/S0377-1237(15)00179-3/sbref0280
http://refhub.elsevier.com/S0377-1237(15)00179-3/sbref0285
http://refhub.elsevier.com/S0377-1237(15)00179-3/sbref0285
http://refhub.elsevier.com/S0377-1237(15)00179-3/sbref0285
http://refhub.elsevier.com/S0377-1237(15)00179-3/sbref0290
http://refhub.elsevier.com/S0377-1237(15)00179-3/sbref0290
http://refhub.elsevier.com/S0377-1237(15)00179-3/sbref0290
http://refhub.elsevier.com/S0377-1237(15)00179-3/sbref0295
http://refhub.elsevier.com/S0377-1237(15)00179-3/sbref0295
http://refhub.elsevier.com/S0377-1237(15)00179-3/sbref0295
http://refhub.elsevier.com/S0377-1237(15)00179-3/sbref0295
http://refhub.elsevier.com/S0377-1237(15)00179-3/sbref0295
http://refhub.elsevier.com/S0377-1237(15)00179-3/sbref0300
http://refhub.elsevier.com/S0377-1237(15)00179-3/sbref0300
http://refhub.elsevier.com/S0377-1237(15)00179-3/sbref0300
http://refhub.elsevier.com/S0377-1237(15)00179-3/sbref0300

	Rate of intrusion of maxillary incisors in Class II Div 1 malocclusion using skeletal anchorage device and Connecticut intrusion arch
	Introduction
	Material and methods
	Group 1
	Group 2

	Results
	Assessment of rate of maxillary incisor intrusion
	Assessment of maxillary first molar position
	Assessment of maxillary incisor inclination

	Discussion
	Conclusions
	Conflicts of interest
	Acknowledgement
	References


