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ABSTRACT

Objective: The aim of our study was to evaluate apical root resorption and changes in tooth inclinations, marginal bone height, and
labio-lingual bone thickness at the mid-root and apical level in mandibular anterior teeth during the Forsus treatment using cone
beam computed tomography (CBCT).

Methods: CBCT scans of 16 subjects (8 males and 8 females) with Class Il malocclusion (age group: 13-29 years) taken before and 6
months after the Forsus treatment were evaluated for apical root resorption, tooth inclination, marginal bone height, and thickness
of bone at the mid-root and apical level in mandibular anterior teeth.

Results: There was statistically significant root resorption of central incisors (0.39 mm) and canines (0.66 mm); a decrease in the angle
of inclination for all teeth; an increase in the marginal bone measurement in labial (1.31 mm) and decrease in lingual (0.93 mm) aspect
at the canine region; and an increase in bone width by 0.87 mm and 0.75 mm in central and lateral incisor regions, respectively, at the
mid-root level lingually. At the apex level in the canine region, bone width increased by 1.4 mm labially, while it decreased by 2.18 mm
lingually; it increased significantly for incisors in the lingual region.

Conclusion: The Forsus appliance therapy causes clinically insignificant root resorption and bone changes, and clinically significant
proclination of mandibular anterior teeth. The findings of the present study aid clinicians in proper case selection and reinforce the
prevention of incisor proclination while using the Forsus therapy to achieve better treatment results and stability.

Keywords: Forsus, root resorption, tooth inclination, bone

INTRODUCTION

One of the keys to a successful orthodontic treatment is a detailed evaluation of treatment outcomes. Orthodon-
tically induced inflammatory root resorption (OIIRR) is a side effect of biological tissue response to tooth move-
ment (1). Forsus fatigue resistance device (FRD) is a fixed functional appliance that provides effective correction
of Class Il malocclusion by combining skeletal and dentoalveolar effects (2). While attempting to camouflage
a skeletal problem with moderate Class Il malocclusion, there will be tipping of lower incisors, which might be
detrimental to root length and bring about changes in the alveolar bone thickness around incisors (3).

There is literature available on root resorption following orthodontic therapy. However, most of studies use in-
traoral radiography, which misestimates the extent of resorption due to magnification errors (1, 3-5). The OIIRR
affects every aspect of tooth in three dimensions, hence two-dimensional images mask the true extent of re-
sorption. Cone beam computed tomography (CBCT) is a three-dimensional diagnostic modality capable of im-
aging complex craniofacial structures with a lower radiation dose compared to computed tomography (CT). The
diagnostic value of CBCT in the diagnosis of OIIRR lies in its ability to obtain distortion-free reproducible images
of roots with high sensitivity and specificity (3). It has the capability to collimate the primary beam to the area of
interest, thus reducing the unnecessary patient exposure.
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A systematic review and meta-analysis on randomized and
non-randomized studies with three-dimensional images in lin-
ear and volumetric OlIRR during and after orthodontic treatment
suggests that <1 mm of resorption is seen in an average tooth
with CBCT (6). However, there were considerable differences in
the amount of measured resorption seen according to tooth
category, jaw, incorporation of extraction in treatment plan, and
duration.

Another systematic review on Class Il malocclusion states that
the camouflage treatment mechanics subjects the teeth to
large apical displacement, which may lead to mild-to-moder-
ate root resorption (5). There is only one CBCT study on the as-
sessment of resorption in Class Il malocclusion treatment with
a fixed functional appliance, to the best of our knowledge (7).
Based on the results of this study, there was an evidence of sta-
tistically significant OIIRR affecting the tooth upon which the
Herbst appliance was anchored (upper and lower first molars).
In Forsus appliance therapy, the push rod is anchored anterior-
ly on a stainless steel archwire, just distal to the canine bracket.
This has a more direct mesializing force on the lower anterior
segment. There are studies for the assessment of apical root re-
sorption and tooth inclination changes after orthodontic treat-
ment in general (8-11). But, to the best of our knowledge, there
are no studies that precisely measure the effects of Forsus ap-
pliance therapy concentrating on the lower anterior dento-al-
veolar segment. The aim of the present study was to evaluate
the variations in root length, teeth inclination, and bone in the
mandibular anterior teeth with regard to accuracy provided by
the CBCT scanning technique.

METHODS

The Institutional Ethics Committee approved the study, and it was
registered with ClinicalTrials Registry-India (CTRI/2017/09/009865).
Sample size determination revealed that for the two-tailed test on
two groups, with an effect size of 0.75 for the root length, an alpha
level of 0.05, and a power of 0.8, a minimum of 16 subjects in each
group was required (G-Power software v. 3.1.9.2) (3, 12-14). The
means used to get the effect size of 0.75 were 20.37 mm of root
length before orthodontic treatment and 19.62 mm of root length
after orthodontic treatment with the standard deviations of 1.06
and 0.96, respectively (13-14).

The methology is presented in the PICO format.

Population/Patient (P): Seventeen subjects were recruited for
the study from the Department of Orthodontics and Dentofacial

Table 1. Baseline data of study subjects before the Forsus therapy

Orthopeadics, KLE Society’s Institute of Dental Sciences, Banga-
lore, India. All of them belonged to south Indian population. The
patients who fulfilled the following criteria were enrolled in the
study: 1) Class Il malocclusion; 2) with ANB ranging between 4
and 8°, and an overjet >4 mm; 3) decreased or optimal vertical fa-
cial height (FMA ranging from 17 to 34°); 4) lower incisors upright
on the basal bone (IMPA ranging from 89 to 100°); 4) post-pu-
bertal patients with cervical vertebral maturation index 6; 5)
minimal crowding in the mandibular arch (<2 mm) and good
periodontal status as assessed by panoramic radiograph; 6) the
presence of fully erupted permanent teeth, including second
molars with the exception of third molars; 7) none of the lower
anteriors were malformed, carious, fractured, or attrited; and 8)
non-syndromic patients. All patients and parents were informed
about the orthodontic treatment procedures throughout the
study, and signed informed consent was obtained. Table 1 shows
the baseline data of the patients included in the study. The study
group comprised of 17 post-pubertal patients (9 males, 8 fe-
males) in the age group 13-29 years.

Intervention (l): The treatment protocol was standardized us-
ing the MBT preadjusted appliance (3M Unitek Orthodontic
Products, Monrovia, Calif) with 0.022-inch slots. After leveling
and aligning of both the arches, 0.021X0.025-inch stainless
steel archwires were placed. The transpalatal arch in the max-
illa, second molar-to-second molar laceback and cinch-back of
0.021X0.025-inch stainless steel archwires enabled anchorage
reinforcement. This archwire was left in both arches for a peri-
od of 4 weeks before placement of the Forsus appliance. Forsus
FRD (3M Unitek Corp, Monrovia, CA, USA), that comes either in
a three-piece (L-pin module) or two-piece (EZ2 module) system,
was placed for a period of 6 months (mean, 6.23 months).

The patients were scanned in upright position using the CARE-
STREAM 9300 3D machine with a field of view of 5x5 cm (12), 90
kVp tube voltage, 6.3 mA tube current, and 9-micron isometric
voxel to obtain the CBCT images of the mandibular anteriors
region before (T0) and 6 months after the Forsus placement
(T1).

Comparison (C): One patient dropped out of the study, as he did
not report back for the treatment in the stipulated time frame
of the study. A total of 32 scans 16 each of pre- and post-Forsus
were analyzed to compare treatment effects on the lower ante-
rior region. The untreated control group was not included as it
is unethical to expose patient to radiation without proper indi-
cations.

95% CI
Mean Standard Deviation Minimum Maximum Lower Upper
SNA 82.53 4.92 71.5 90.0 79.91 85.16
SNB 77.91 3.52 71.0 85.0 76.03 79.78
ANB 4.81 1.55 25 8.0 3.99 5.64
FMA 26.09 4.54 17.0 34.0 23.68 28.52
IMPA 98.59 6.15 89.0 111.0 95.32 101.87
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Workstation: The CBCT data were exported in the DICOM for-
mat, and multiplanar reconstruction in axial, sagittal, and cor-
onal reconstructions were done using the CS 3D Imaging Soft-
ware v 3.5.7 on a workstation with Microsoft XP Professional SP-2
software (15). All measurements were made on the same system
by the same observer.

-10.Z7 mm
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The following parameters were evaluated using these imag-
es:

1. Apical Root Resorption: All the mandibular anterior teeth
were evaluated for root resorption. The axial guided navigation
method was used (Figure 1). It makes use of the axial cursor
movement three-dimensionally with axial and coronal multipla-
nar reconstruction (9, 11).

To make all the measurements of the apical resorption from stan-
dardized location for each tooth and to eliminate any bias due to
the attrition of anteriors during the course of treatment, the ce-
mentoenamel junction (CEJ) width and crown height were mea-
sured before Forsus therapy (at T0) in the sagittal plane. These
measurements were kept constant on the post-Forsus image (at
T1) for standardization. The root length was measured along the
long axis from CEJ to the root apex. The reduction in the values
in post-Forsus therapy (i.e., at T1) showed the amount of apical
root resorption.

2. Tooth Inclination: Tooth inclination was measured as an an-
gle formed between the long axis of a tooth and the horizontal
symphyseal baseline (11). The symphyseal baseline was drawn
by a line passing along the most convex surface on the outer
and inner margins in the symphyseal region in the sagittal plane
(Figure 2a) (16). Any difference in the measured angle between
pre- and post-Forsus therapy showed changes in the tooth incli-
nation (Figure 2b).

3. Bone Variations:

a) Marginal bone height: This is a direct distance measured in
the sagittal section from the CEJ to the coronal most aspect of
labial and lingual marginal crestal bone (Figure 3) (9).
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b) Bone thickness-“Simulated TO tooth position”: In post-treat-
ment CBCT images (at T1), it was observed that the tooth moved
counterclockwise due to proclination during the time frame of the
study (Figure 2. a, b). The proclination changed the tooth long-axis
orientation and gave a false-increased value of bone thickness la-
bially, especially in the apex region at T1 (as the axial cursor mark-
ing is dependent on the long axis of the tooth). To reorient the
cursor at TO position of tooth long axis, a clockwise compensatory
line was drawn in T1 image (Figure 4) at the CEJ long-axis intersec-
tion (at an angle equal to “the change in inclination of the tooth”
from TO to T1). This will be the new “simulated TO tooth position”

Turk J Orthod 2020; 33(1): 21-30

on T1 image. This was done for accurate measurement of bone
thickness at the mid-root and apical root level at T1 CBCT images.

A) At the mid-root level: First the mid-root was marked in sag-
ittal view at half of the total root length, as seen in Figure 5a (3).
The bone thickness at this level was measured in the correspond-
ing axial plane as a distance between the tooth circumferences
to the external cortical border both labially and lingually (Figure
5b). To evaluate bone thickness at the mid-root level in T1, the
above-mentioned “simulated tooth TO position” was drawn on
T1 image (Figure 4) and the mid-root level was kept constant (as
that of TO) for standardization. Then, bone thickness was mea-
sured in the corresponding axial view.

B) At the apical level: First, in the sagittal view (Figure 6a), the
root apical level was marked at 2 mm short of root length, to
eliminate any bias of root length loss during fixed functional
therapy (3, 17). The bone thickness at this level was measured in
the corresponding axial plane as a distance between the tooth
circumferences to the external cortical border, both labially and
lingually (Figure 6b). To evaluate bone thickness at the apical
root level in T1, above-mentioned “simulated TO tooth position”
was drawn on T1 image (Figure 4), and the apical root level was
kept constant (as that of TO) for standardization. Then, bone
thickness was measured in the corresponding axial view.

The Forsus was activated to the same amount bilaterally. Hence,
a single value obtained by the average of the right and left side
for each tooth was considered in every patient, and the same
was generated for the final statistical analysis.
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Statistical Analysis

Measurements were reevaluated randomly after a 2-week interval
by the same-blinded examiner. Intraclass correlation coefficient (ICC)
was used to evaluate the error of the method. ICC showed good-to-ex-
cellent reliability (ICC, 0.81-1.00), indicating high reproducibility of
the method used for the study (Table 2). The Wilcoxon signed-rank
test was used to compare parameters at TO and T1. Spearman’s cor-
relation coefficient was used to analyze correlation between differ-
ent parameters. The level of significance was set at p<0.05. Statistical
Package for Social Sciences for Windows Version 22.0 (IBM Corp.; Ar-
monk, NY, USA) was used to perform statistical analyses.

RESULTS

Outcome (0): The root length of central incisors and canines
showed a statistically significant reduction by 0.039 mm and
0.66 mm, respectively, at T1 (Table 3). The angle of inclination
was reduced for all teeth (central incisor, 6.47° lateral incisor;
7.88°% canine, 8.69°).

A statistically significant increase by 1.31 mm and decrease by
0.93 mm in the marginal bone height measurement was seen in
the canine region at both the labial and lingual aspect, respec-
tively. A statistically significant decrease by 0.8 mm was also ob-
served at the lingual aspect of central incisors (Table 4).

At the mid-root level of the lingual aspect, a statistically signifi-
cant increase of bone width by 0.87 mm and 0.75 mm was found
in the central and lateral incisor region, respectively (Table 4).
Also, at the apical level in the lingual aspect, there was a statisti-
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cally significant increase of bone width by 0.48 mm and 0.41 mm
for the central incisor and the lateral incisor, respectively.

The bone width at apex in relation to canine showed a statistical-
ly significant increase by 1.40 mm on the labial aspect, whereas
there was a decrease by 2.18 mm on the lingual aspect (Table 4).

However, there was a statistically insignificant weak correlation
between the angle of inclination and other parameters (Table 5).

DISCUSSION

The incidence of OIIRR differs between various studies due to
different techniques used to quantify it (4,5,8,17,18). A system-
atic review suggests that majority of incisors experienced mild
to moderate OIIRR in treated Class Il division 1 malocclusions (5).
Samandara et al. (6) observed the greatest amount of OIIRR in
central incisors (0.82 mm). Another study on root resorption that
used panoramic radiographs showed 67.3% of moderate and
42.9% of severe root resorption of incisors (4).

Although the canine tooth has a good crown-to-root ratio and is
capable of tolerating high occlusal forces, we found the highest
(0.66 mm with p=0.001) root resorption of canines (Table 3), (19).
One of the reasons for this observation could be because they
are closer to the site where the rod of the Forsus FRD appliance is
engaged on the lower arch, hence subjected directly to the push
force compared to incisors. This is in accordance with a study
on the Herbst appliance, where it was concluded that it delivers
unphysiologic forces to immediate anchor teeth, thereby expos-
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Table 2. Intra-examiner reliability assessment of parameters at pre- and post-Forsus therapy using intra-class correlation (ICC) statistic

T0 T1

95% Conf. Interval 95% Conf. Interval
Parameters ICC Lower Upper Reliability ICC Lower Upper Reliability
RL_CI 0.97 0.87 0.99 Excellent 0.99 0.98 1.00 Excellent
RL_LI 0.96 0.86 0.99 Excellent 0.95 0.91 0.98 Excellent
RL_CN 0.98 0.94 0.99 Excellent 0.99 0.98 0.99 Excellent
Al_Cl 0.98 0.94 0.99 Excellent 0.95 0.86 0.99 Excellent
Al_LI 0.85 0.78 0.99 Good 0.98 0.95 1.00 Excellent
AI_CN 0.81 0.70 0.98 Good 0.84 0.33 0.97 Good
MBHL_CI 0.99 0.94 1.00 Excellent 0.97 0.94 0.99 Excellent
MBHL_LI 0.98 0.93 0.99 Excellent 0.98 0.96 0.99 Excellent
MBHL_CN 1.00 0.99 1.00 Excellent 0.98 0.97 1.00 Excellent
MBHLI_CI 0.96 0.86 0.99 Excellent 1.00 0.98 1.00 Excellent
MBHLI_LI 0.99 0.98 1.00 Excellent 0.97 0.95 0.99 Excellent
MBHLI_CN 0.95 0.91 0.98 Excellent 0.99 0.97 1.00 Excellent
MRBL_CI 0.91 0.81 0.98 Excellent 0.86 0.66 0.93 Good
MRBL_LI 0.90 0.64 0.94 Good 0.88 0.68 0.97 Good
MRBL_CN 0.86 0.52 0.96 Good 0.85 0.65 0.93 Good
MRBLI_CI 0.80 0.47 0.92 Good 0.88 0.57 0.99 Good
MRBLI_LI 0.93 0.90 0.96 Excellent 0.89 0.70 0.97 Good
MRBLI_CN 0.88 0.69 0.97 Good 0.94 0.84 0.98 Excellent
ABL_CI 0.89 0.70 0.97 Good 0.88 0.47 0.94 Good
ABL_LI 0.89 0.85 0.92 Good 0.94 0.84 0.98 Excellent
ABL_CN 0.98 0.97 1.00 Excellent 0.90 0.68 0.97 Good
ABLI_CI 0.93 0.90 0.96 Excellent 0.88 0.56 0.95 Good
ABLI_LI 0.83 0.55 0.95 Good 0.96 0.92 0.99 Excellent
ABLI_CN 0.92 0.88 0.96 Excellent 0.97 0.95 1.00 Excellent
ICC: intraclass correlation coefficient; Cl: central incisor; CN: canine; LI: lateral incisor; RL: root length; Al: angle of inclination; MBHL: marginal bone height labial;
MBHLI: marginal bone height lingual; MRBL: mid-root bone width labial; MRBLI: mid-root bone width lingual; ABL: apex bone width labial; ABLI: apex bone width
lingual

Table 3. Comparison of mean, median, minimum and maximum values of root length (in mm) and angle of inclination (in °) for lower anterior

teeth between pre- and post-Forsus phase by the Wilcoxon signed-rank test

To T1

T1-ToO

95% Conf. Interval

Variable Tooth Mean Median Min Max Mean Median Min Max Mean Median Min Max Lower Upper p-value
RL @ 11.15 11.7 89 1285 10.76 1045 85 1415 -039 -125 -04 -13 -11 -.68 0.01*
LI 11.61  11.95 93 139 1161 1160 88 134 000 -035 -05 -05 130 -1.30 1.00

CN 13.94 14.2 11.15 168 13.28 1355 10.1 1475 -066 -065 -1.05 -205 -53 -79 0.001**

Al @ 69.16 63.5 53 965 62.69 6255 405 865 -647 -095 -125 -10 -3.79 -9.15  0.001**

LI 71.00 72.2 535 995 63.13 655 425 875 -7.87 -6.7 =1 -12 -5.02 -10.7  0.001**

CN 7269 67.7 585 96 64.00 645 495 87  -8.69 -3.2 -9 -9 -6.25  -11.13  0.001**

RL: root length; Al: angle of inclination; CI: central incisor; CN: canine; LI: lateral incisor
*Statistically significant, **Highly significant

ing them to a higher risk of root resorption (20). However, in our
study, we have not included the evaluation of teeth in posterior
segment. Molars also being the anchor teeth would have shown
significant resorption.

Narendran et al. (21) reported a prospective CBCT study on the
effects of Class Il malocclusion treatment with the Powerscope

and Forsus FRD appliance. According to the results of this study,
both the appliances lead to a statistically significant amount of
linear and volumetric root resorption in all maxillary first molars
and mandibular anteriors (p=0.001). The mandibular anteriors
showed lesser extent of root resorption in subjects treated with
a Forsus appliance than those treated with Powerscope, because
the latter is secured to the archwire, and hence, stronger hori-
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Table 4. Comparison of the mean median, minimum, and maximum values of marginal bone height, mid-root bone width, and apex bone width

in labial and lingual regions (in mm) for lower anterior teeth between pre- and post-Forsus phase by the Wilcoxon signed-rank test

TO T1

T1-TO

95% Conf. Interval

Variable Tooth Mean Median Min Max Mean Median Min Max Mean Median Min Max LOWER UPPER p-value
MBH Cl Labial 6.94 7.22 495 895 6.94 7.22 0 935 0.00 0 -495 04 .90 -90 1.00
Lingual 2.58 245 055 7.5 1.78 172 025 325 -080 -073 -03 -425 .50 -1.80  0.01*
LI Labial 6.48 6.95 43 88 7.12 7.35 0.75 103 0.64 0.4 -3.55 15 1.63 -.355 0.14
Lingual 2.28 2.15 0 74 1.93 1.65 0 755 -035 -0.5 0 0.15 .70 -1.39 0.26
CN Labial 4.50 535 1.0 79 5.80 6.1 1.6 815 1.30 0.75 06 0.25 2.11 51 0.006*
Lingual 2.40 1.6 1 6.5 1.47 0.87 04 49 -093 -073 -06 -16 12 -1.99  0.01*
MRB Cl Labial 0.02 0 0 0.3 0.01 0 0 0.1 -0.01 0 0 -0.2 .03 -.06 0.66
Lingual 1.20 1.7 0.1 295 207 2.10 0.1 4.0 0.87 0.4 0 1.05 1.17 .57 0.001**
LI Labial 0.15 0 0 1.1 0.14 0 0 075 -0.01 0 0 -035 .09 =11 0.94
Lingual 0.98 0.82 02 20 1.73 1.62 065 3.65 0.75 0.80 045 1.65 1.04 45 0.001**
CN Labial 0.67 0.32 0 3.8 0.77 0.37 0 345 0.10 0.05 0 -035 77 -.56 0.21
Lingual 1.57 157 015 325 165 1.5 02 345 008 -007 0.05 330 .28 -.12 0.86
AB Cl Labial 0.97 0.92 0 215  1.29 1.32 0 3.8 0.32 0.4 0 1.65 74 -.10 0.15
Lingual 2.41 2.15 0 585 2.89 2.70 03 638 0.48 0.55 03 0.95 1.12 -14 0.02*
LI Labial 2.00 1.47 045 4.05 2.28 1.97 0 6.7 0.28 0.5 -045 2.65 .65 -10 0.19
Lingual 1.63 1.47 045 4.05 204 1.62 06 58 0.41 0.5 0.15 1.75 71 12 0.008*
CN Labial 3.11 2.17 0.1 3.15 451 4.40 03 78 1.40 2.23 0.2 4.65 1.86 95  0.0071**
Lingual 3.64 2.17 0.1 3.15 146 1.32 0 415 -218 -08 -0.1 -1.0 43 -4.80 0.002*

MBH: marginal bone height; MRB: mid-root bone width; AB: apex bone width; Cl: central incisor; CN: canine; LI: lateral incisor

*Statistically significant, **Highly significant

Table 5. Spearman's correlation statistics to assess the relationship between the angle of inclination and other study parameters for different

Inclination Root Resorption MBH Labial MBH Lingual MRB Labial MRB Lingual AB Labial AB Lingual
Rho P-Value Rho P-value Rho P-Value Rho P-Value Rho P-Value Rho P-value Rho p-Value

Cl 0.27 0.31 -0.04 0.89 -0.05 0.85 -0.44 0.09 0.46 0.08 -0.36 0.18 0.05 0.86

LI -0.25 0.35 0.04 0.89 0.22 0.41 0.29 0.27 -0.33 0.21 0.45 0.08 0.18 0.50

CN 0.17 0.53 -0.15 0.58  -0.03 093 -020 046 026 033  -0.09 074 031 0.24

Cl: central incisor; CN: canine; LI: lateral incisor; MBH: marginal bone height; MRB: mid-root bone width; AB: apical bone width

The correlation coefficients are denoted by Rho.
Correlation coefficient range

0.0: No Correlation

0.01-0.40: Weak correlation

0.41-0.70: Moderate correlation

0.71-1.00: Strong correlation

zontal force vectors cause more resorption. The Forsus appliance
is placed on 19X25 stainless steel lower arch wires with added
10° of labial root torque to minimize proclination (21). However,
in our study, we make use of 21X25 stainless steel archwires to
ensure a rigid anchorage unit before the engagement of Forsus
appliance so as to minimize deleterious effects on anchor teeth.

In our study, canines showed maximum proclination compared
to other teeth. Orthodontic camouflage of a Class Il malocclu-
sion with fixed functional appliance therapy often leads to pro-
clination of the mandibular incisors (6-18). Our findings are in ac-
cordance with other studies, which show significant proclination

post-Forsus ranging from 5.0° to 6.2° (2, 22). In a cephalometric
study, Hansen et al. (23) reported 10.8° of proclination and an-
terior movement of the incisal edge by 3.2 mm with the Herbst
appliance. In the present study, CBCT scans enabled us to evalu-
ate the inclination change of individual anterior teeth, which is
impossible with two-dimensional images.

The post-pubertal subjects in our study belonged to a wide-
range age group, ranging from 13 to 29 years, which included
both non-growing and younger patients with a residual growth
potential. This would not have affected our study results, as the
correction achieved in growing patients with post-pubertal mat-
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uration status is same as that in adults, that is, by mandibular
dentoalveolar proclination (24). However, the growing patients
may have unstable occlusion after the orthodontic treatment,
unlike adults whose results would be retained better due to sta-
ble interdigitation, which prevents unfavorable occlusal changes
post-debonding (25).

The substantial amount of proclination of anteriors is a concern
in all age-group patients. The clinician must be cautions consid-
ering the initial inclination of lower anteriors before treatment
initiation. We recommend the use of pre-torqued 0.021x0.028-
inch stainless steel archwire in lower arch (which provides 6° lin-
gual crown torque in the anterior segment)/use of —6° torque on
mandibular anterior brackets or use of miniscrews to minimize
the proclination post-therapy (2).

The marginal bone height and thickness of bone encapsulating
the tooth are important factors to be considered to evaluate the
response of tooth to the FRD force (26). In the present study,
the marginal bone height measurement increased labially and
decreased lingually at T1 for all the anteriors, indicating labial
resorption and lingual deposition, respectively (Table 4). These
findings indicate that the mandibular incisors proclination is
associated with vertical bone loss (26, 27). However, statistical-
ly significant findings for marginal bone height were seen only
with respect to canines (both labially and lingually) and in lin-
gual aspect for central incisors, which is related to the proclina-
tion of teeth at T1, although they are clinically insignificant.

The thickness of bone where the tooth is embedded affects its
response to force and visa-versa. We found a varied response to
force by different tooth groups. If initially TO, the tooth was closer
to the labial cortical bone, and labial marginal bone height was
less; the bone thickness at the mid-root and apical level reduced
in the labial aspect at T1 time frame. Also, the tooth translated la-
bially at T1 due to least bony resistance but did not change the
inclination much. On the other hand, if the tooth had a good
cortical bone thickness labially and marginal bone height and at
TO; experienced tipping (that is, inclination change causing pro-
clination) along the bony fulcrum (located at the labial marginal
bone height). So at T1, translation moved the tooth as a whole
labially, and compensatory bone deposition occurred on the lin-
gual aspect, increasing the lingual bone thickness, as observed in
the incisors region (Table 4). However, tipping moved the coronal
portion of the root labially, while pushing the root apex lingually,
thereby increasing the bone thickness labially and decreasing it
lingually, especially at the level of canine apex (Table 4), (27).

Considering the above explanation, it is now clearer that the lin-
gual bone thickness both at the mid-root and apical regions for
incisors increased significantly, showing that TO incisors might
not have had a good labial cortical bone thickness, which would
have caused their bodily movement in the labial direction along
with some proclination at T1, which is detrimental to periodon-
tal support. In addition, a statistically significant decrease in the
bone thickness on the lingual aspect at the apical region of ca-
nines shows that due to a good labial cortical bone thickness at
TO, they have tipped more than incisors (by 8.69°, Table 3). These
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detailed findings highlight the importance of the labial cortical
thickness as a crucial parameter to be considered for case selec-
tion prior to Forsus placement.

The standardization technique used in our study was predict-
able, stable and reconstructable anytime during our study. We
could effectively achieve the individualized values for every
tooth studied. The consideration was given to the proclination
of teeth post-Forsus. To measure the bone thickness at the same
level, “simulated TO tooth position” was constructed, which was
not done in the previous study (3). We have measured the root
resorption from CEJ to root apex to prevent bias of any loss of
the incisal edge in the study time frame (9).

The changes in bone are not inflammatory in nature as the bone
height distal and mesial to tooth was within physiologic limits
(28). It is has been documented that there is always some lag in
the bone remodeling in response to tooth movement (29, 30).
The alveolar bone has a bending capacity, and the orthodontic
mechanotherapy induces alveolar bone distortion, which alters
electric environment and initiates highly synchronized changes
in the bone (29, 30). In this process, the alveolar bone retains its
structural characteristic size through coordinated apposition
and resorption. Hence, future CBCT studies on long-term chang-
es induced by the Forsus appliance are recommended with a
control group to evaluate the appositional bony repair and re-
modeling post-Forsus.

There was some weak positive correlation between the angle
of inclination and root resorption of central incisors (Rho val-
ue, 0.27) and canines (Rho value, 0.17). Also, there was a weak
correlation between the angle of inclination and bone chang-
es, which was statistically insignificant (Table 5). This could have
been because many factors such as periodontal environment,
gingival type, and others influence alveolar bone changes (26).
In a CT study by Garlock et al. (27), a similar weak positive cor-
relation between the facial bone height and change in the apex
position owing to the proclination of teeth was found.

An additional observation in the present study was surface
root resorption, which led to a decrease in root thickness when
viewed in the axial plane, especially in the apical region (31). This
kind of resorption was more profound when the root surface
was in close approximation to cortical bone at T0. The micro-CT
scans enable volumetric evaluation of resorption craters, which
can be a future scope of study (32).

Despite the excellent clinical relevance of the present study,
we could not standardize the size of the Forsus FRD appliance
as it varied according to the severity of patient’s malocclusion.
Although we took into consideration pubertal maturation, the
age range of patients was wide, and the sample size was small
(although it was minimal required to achieve clinically relevant
results). The study also lacks a control group, but in that case,
patients with skeletal Class Il malocclusion would have to be left
untreated, which would cause an ethical dilemma. The small fo-
cal of view reduced the availability of routinely used stable crani-
al anatomical structures needed for standardization.
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We recommend a future randomized clinical trial using CBCT
scans on Class Il malocclusion patients with a narrower age group
treated with the Forsus appliance with a larger sample size to
evaluate long-term changes induced by the appliance. This will
also provide additional information on appositional bony repair
and remodeling in the lower anterior region post-Forsus.

CONCLUSION

« Forsus FRD appliance therapy showed statistically significant
but clinically insignificant apical root resorption of mandibu-
lar canines.

« After Forsus FRD appliance therapy, statistically and clinically
significant proclination of mandibular anterior teeth was ob-
served.

« After Forsus FRD appliance therapy, clinically insignificant
changes in the marginal bone height were observed.

» The teeth with good labial bone thickness are a pre-requisite
for Forsus FRD therapy to prevent future bone and periodon-
tal problems and to maintain a good long-term stability.
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