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The effect of central incisor's root proximity to the
cortical plate and apical root resorption in extraction
and non-extraction treatment

Akhil Agarwal, Vijay P Sharma', Gulshan K Singh', Tripti Tikku, Nidhi Agarwal’ and Arvind Mengi’

ABSTRACT

Aims: The present study was conducted to investigate the relevance of cortical plate proximity of
maxillary central incisor root, maxillary alveolar bone width, and the apical root resorption in extraction
and non-extraction orthodontically treated cases. Further, the correlation between the apical root
resorption and the various parameters was investigated.

Materials and Methods: A total of 80 lateral head cephalographs, 40 pre-treatment and
40 post-treatment, of orthodontic subjects with a mean age of 15 years treated with fixed standard
edgewise appliance were obtained. All subjects were divided into two groups as extraction and
non-extraction cases. Twelve linear and three angular parameters were measured and evaluated.
The paired “t’-test, Pearson’s correlation coefficient, and the stepwise regression analysis were done
to test the relationship between the apical root resorption and the various parameters.

Results and Conclusions: The study revealed slightly greater amount of apical root resorption
in extraction subjects as compared to non-extraction subjects. However, no statistically significant
difference was found between the two treatment modalities. In extraction subjects, the apical root
resorption was directly proportional to the pre-treatment length of maxillary central incisor and
inversely proportional to the root width in apical one-third region, though there was a weak correlation.
In non-extraction subjects, the pre-treatment anteroposterior position of the root apex of maxillary
central incisor in the alveolar bone, in combination with its root width in the apical one-third region
formed the predictive factors for the variance in the amount of the apical root resorption, though
there was a weak correlation. Furthermore, the changes in the alveolar widths at the root apex and
mid-root region were considered as predictive factors for the amount of apical root resorption during

extraction and non-extraction treatment, respectively.
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INTRODUCTION

External apical root resorption (EARR) is a well-recognized
and widely accepted iatrogenic phenomenon associated with
orthodontic treatment. Various other etiological factors include
individual biologic characteristics, genetic predisposition,
pathological, iatrogenic, and idiopathic causes.!'s! Brezniak
and Wasserstein>® notified that all examined teeth after
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orthodontic treatment showed evidence of root resorption.
Orthodontic treatment-related risk factors include the treatment
duration, magnitude of applied force, direction of tooth
movement, amount of apical displacement, and method of force
application.l"" The maxillary incisors are the teeth most affected
by root resorption, followed by the mandibular incisors and first
molars.!"%8 EARR occurs in different degrees. Severe EARR is
defined as a shortening that is more than 4 mm or one-third of
the root length, and is observed in 1-5% of teeth.l"! In a recent
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study by Marques et al., the incidence of severe EARR of the
incisors after orthodontic treatment was found to be 14.5%.1

According to Handelman,'” the anatomic limits set by the
cortical plates of the alveolus at the level of the incisor
apices may be treated as “orthodontic walls.” It is imperative
to consider these orthodontic walls as a danger zone for
heightened probability of iatrogenic root loss. According to Ten
Hoeve and Mulie,l'"" if the objectives of treatment are beyond
these anatomic limitations, then surgical intervention may be
required.

It has been reported that contact or approximation of maxillary
incisor roots with the lingual cortical plate may predispose to
apical root resorption."-"2I Horiuchi et al.l'¥ also concluded that
maxillary central incisor apical root resorption is influenced by
root proximation to the palatal cortical plate during orthodontic
treatment.

No previous studies have been performed to find the relevance
between the mode of fixed orthodontic therapy, that is,
extraction versus non-extraction treatment, and the amount of
apical root resorption in maxillary central incisors.

Hence, the aims of the present study were to evaluate the
relevance of cortical plate proximity in maxillary incisor root
resorption and to assess the effect of maxillary alveolar
bone width on apical root resorption during extraction and
non-extraction orthodontic treatment. Further, we aimed to
investigate the correlation between the apical root resorption
and various relevant parameters.

MATERIALS AND METHODS

Materials

The study was conducted on 40 pre-treatment and
post-treatment lateral head cephalographs of subjects
treated with fixed standard edgewise appliance (0.022 slot).
The radiographs were obtained from the existing records at
Department of Orthodontics, FODS, King George’s Medical
University, Lucknow, India. The radiographs (N = 40) were
divided into Group | (n = 20) treated with first premolar extraction
and Group Il (n = 20) given non-extraction treatment.

Selection Criteria

1. Subjects were in the age (range) group of 12-18 years
(with a mean age of 15 years) when the treatment
was commenced. Treatment time range was 18-24 months
(average mean 21 months).

2. Allsubjects had permanent dentition except the third molars.

3. There was no history of trauma to the maxillary central
incisors as ascertained by patient history from case records.

4. All permanent maxillary central incisors were intact,
caries-free, and without previous endodontic treatment.

5. None of the selected cases had any crowding or rotations
in the anterior segment in upper/lower arch.

6. None of the subjects had undergone any kind of removable,
semi-fixed, or functional therapy prior to or along with the

fixed standard edgewise treatment. In standard edgewise
treatment biomechanics, the torque was incorporated
simultaneously during the anterior retraction.

7. The pre-treatment subjects were Angle’s Class-| type 2
and Angle’s Class-II Div-1 malocclusion.

8. All subjects finished the treatment with Angle’s Class-I
molar relationship and functionally and esthetically
acceptable occlusions.

9. The average amount of anterior retraction in Group |
(extraction) cases was 6-7 mm approximately.

10. Group Il subjects were treated by dentoalveolar expansion
or molar distalization or a combination of both. This involves
the need for labial root torque also. The average amount
of root apex (Ra) movement in Group Il (non-extraction)
cases was 2-4 mm approximately.

11. Subjects with congenital anomaly or craniofacial defect
were excluded.

The division of the subjects on the basis of sex was not
undertaken because of the contradictory results for sexual
dimorphism reported in various studies.!® 418

Methods

The pre- and post-treatment cephalographs were traced
on acetate tracing sheets of 0.005 mm in thickness using a
0.3-mm-tip lead pencil (Staedtler, Marsmicro, Germany) on a
view box using transilluminated light in a dark room.

In the pre-treatment radiograph, the most prominent permanent
maxillary central incisor was used for the study purpose. The
exact distance between two pin pricks marked at the Ra and
incisal edge of the maxillary central incisor was measured
by a digital sliding caliper (Baker, Type RD-10) calibrated to
0.01 mm, as done earlier by Copeland.!'”!

The following parameters were used in the present study:
Skeletal landmarks: (1) sella (S), (2) nasion (N), (3) anterior
nasal spine (ANS), (4) posterior nasal spine (PNS), (5) point A
(subspinale), and (6) point B (supramentale) [Figure 1].

Dental landmarks: (1) Ra,['8 (2) incisor superious (Is),
(3) Ra-1,l"! (4) Ra-4,2% and (5) Is-15"%! [Figure 2].

Cephalometric planes and lines: (1) sella—nasion plane,
(2) palatal plane, (3) NAline, (4) NB line, (5) incisor axis (1A),["3
and (6) PNS perpendicular!'® [Figure 3].

Linear parameters in anteroposterior plane: (1) Ra—LP (labial
plate) distance,[' (2) Ra- PP (palatal plate) distance,['
(3a) root width at point Ra-1,1" (3b) root width at point Ra-4,12%!
(4a) alveolar width at point Ra,['*! (4b) alveolar width at point
Is-15,"% (5) Is to NA distance, that is, distance of incisal
edge from the NA line measured parallel to the horizontal
floor, (6) horizontal apical distance (Ra-HRZ),!"8! and (7)
horizontal incisal distance (Is-HRZ)!"® [Figure 4].
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Linear parameters in vertical plane: (1) vertical apical
distance (Ra-VRT),["® (2) vertical incisal distance (Is-VRT),!"®
and (3) Is—Ra distance!'”'820 [Figure 5].

Apical root resorption was assessed as a change in the tooth
length during the orthodontic treatment and was calculated

Figure 1: Skeletal landmarks: (1) Sella, (2) nasion, (3) Anterior nasal
spine (ANS), (4) Posterior Nasal spine, (5) Point A, and (6) Point B

Figure 3: Cephalometric planes and lines: (1) Sella—nasion plane,
(2) Palatal plane, (3) N-A line, (4) N-B line, (5) Incisor axis, (6) PNS

perpendicular
)

1

Figure 5: Linear parameters in vertical plane: (1) Ra-VRT, (2) Is-VRT,

and (3) Is—Ra distance

Journal of Orthodontic Science = Vol. 3 | Issue 2 | Apr-Jun 2014

by subtracting the post-treatment Is—Ra distance from the
pre-treatment Is—Ra distance.!'320

Angular parameters: (1) IA to NA angle,?" (2) SN-IA angle,!'¥
and (3)ANB angle®?" [Figure 6] (SN: sella nasion plane, ANB: Angle
formed between nasion-point-A line and nasion-point-B line).

2

Figure 2: Dental landmarks: (1) Root apex, (2) Incisor edge, (3) Ra-1,
(4) Ra-4, and (5) Is-15

SUr-YN

Palatal Plane

/'

2 g
3
u,

Figure 4: Linear parameters in anteroposterior plane: (1) Ra-LP
distance, (2) Ra—PP distance, (3a) Root width at Ra-1, (3b) Root width
at Ra-4, (4a) Alveolar width at Ra, (4b) Alveolar width at point 15 mm
from Is, (5) Is—NA distance, (6) Ra-HRZ, and (7) Is-HRZ

PNS-Perpendicular

Figure 6: Angular parameters: (1) IA-NA angle, (2) SN-IA angle, and
(3) ANB angle
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Statistical Analysis
The pre-treatment, post-treatment means, standard deviation,

the apical root resorption and the various parameters

mean changes, and levels of significance for the various

parameters of Group | and Group Il subjects were obtained,
and compared by paired “t’-test [Tables 1-3]. The level of

significance was set at 5%.

Pearson’s correlation coefficient and stepwise regression
analysis were done to test the correlation between

[Tables 4-6].

Measurement of Reliability
For testing the reliability of measurement, double

determinations of 15 cephalograms randomly selected at
15 days interval from the collected sample were done by

the same operator. The comparison was drawn between
first and second determinations by Student’s “t’-test. No

Table 1: Pre- and Post-treatment means, SD, mean changes, and level of significance of parameters of Group |

Parameters

Pre-treatment
mean+=SD

Ra-LP distance
Ra—PP distance
Root width
At point Ra-1
At point Ra-4
Alveolar width
At point Ra
At point Is-15
Is to NA distance
Ra-HRZ
Is-HRZ
Ra-VRT
Is-VRT
Is—Ra distance

5.9440+1.2072
10.0435+3.5452

1.9785+0.4028
3.7970+0.4754

15.0345+3.2972
9.0500+0.8052
8.9740+2.8385
40.0915+2.8502
53.9905+3.8509
4.0935+2.2294
27.1670+2.5582
27.0905+1.7852

IA to NA
SN to IA
ANB

32.5250+7.1589
114.975+6.71189
4.5000+2.2595

Post-treatment mean+SD Mean t P value
change+SD
Linear measurements (in mm)
4.6150+1.1510 -1.3290+1.5533 3.83 0.01**
11.7250+4.9208 1.6815+4.1034 1.833 0.08
2.7340+0.3455 0.7555+0.3931 8.60 0.001***
4.330+0.4373 0.5330+0.4474 5.52 0.001***
15.3610+4.4948 0.3265+4.7687 0.31 0.75
8.7675+1.2340 -0.2825+1.5338 0.82 0.42
2.2970+2.6202 -6.6770+3.2022 9.33 0.001***
41.1110+3.7126 1.0195+2.9277 1.56 0.14
46.2480+3.4818 -7.7425+4.2315 8.18 0.001***
4.1450+2.5413 0.0515+2.0293 0.11 0.91
27.8285+2.5153 0.6615+1.7583 1.68 0.11
24.5480+1.6832 -2.5425+1.1282 10.10 0.001***
Angular measurements (in degrees)
15.9750+8.8815 -16.5500+11.0011 6.73 0.001***
96.1750+7.6507 -18.80+10.30 8.16 0.001***
4.2250+2.4033 -0.2750+2.1973 0.56 0.58

P value: NS — Non-significant; *<0.05 significant; **<0.01 moderately significant; ***<0.001 highly significant; SD — Standard deviation

Table 2: Pre- and post-treatment means, SD, mean changes, and level of significance of various parameters of Group Il

Parameters

Pre-treatment
mean+=SD

Post-treatment

mean+SD

Linear measurements (in mm)

Ra—-LP distance
Ra—-PP distance
Root width
At point Ra-1
At point Ra-4
Alveolar width
At point Ra
At point Is-15
Is to NA distance
Ra-HRZ
Is-HRZ
Ra-VRT
Is-VRT
Is-Ra distance

6.4565+1.9335
12.325+3.9824

2.1420+0.5007
3.8385+0.5986

15.0885+2.7013
9.1265+0.9233
7.2260+4.0563
41.5365+3.9019
53.9375+3.1685
2.9355+3.0275
24.1805+5.8452
26.0810+2.2243

4.9220+1.5562
14.3790+9.3466

2.5615+0.2984
4.3335+0.4997

15.1940+2.3488
8.5480+0.6959
3.8700+3.0123
44.1180+2.1773
52.5335+4.2745
4.2880+2.5903
26.5100+3.2218
23.9690+2.1145

Angular measurements (in degrees)

1A to NA
SN to IA
ANB

29.8700+13.2075
111.5250+12.395
4.0500+2.0125

19.7250+10.3992
102.9750+9.8975

3.9000+1.848

Mean t P value
change+SD
-1.5345+1.7707 3.88 0.001***
2.0525+9.9052 0.93 0.40
0.4195+0.5036 3.73 0.01**
0.4950+0.3965 5.58 0.001***
0.1055+3.2186 0.15 0.90
-0.5785+0.7559 3.42 0.01**
-3.3560+4.2989 3.49 0.01**
2.5815+3.3173 3.48 0.01**
-1.4040+4.1302 1.52 0.14
1.3525+1.5110 4.03 0.001***
2.3295+6.1637 1.69 0.12
-2.1120+0.8024 11.77 0.001***
-10.1450+13.6146 3.33 0.01**
-8.5500+14.8350 2.58 0.05*
-0.15+2.1343 0.33 0.88

P value: NS — Non-significant; *<0.05 significant; **<0.01 moderately significant; ***<0.001 highly significant;SD — Standard deviation
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significant differences were found between the two sets of

data (P > 0.05) [Table 7].

Table 3: Comparison of mean change values, standard
deviation, and level of significance of Group | and Group Il

Parameters Mean change+SD t Pvalue
Group | Group I
Linear measurements (in mm)

Ra-LP -1.3290+1.56533  -1.5345+1.7707 0.39 0.70
distance

Ra-PP 1.6815+4.1034 2.0525+9.9052 0.15 0.88
distance

Root width

At point 0.7555+0.3931 0.4195+0.5036 2.35 0.05*
Ra-1

At point 0.5330+0.4474 0.4950+0.3965 0.28 0.78
Ra-4

Alveolar

width

At point 0.3265+4.7687 0.1055+3.2186 0.17 0.86
Ra

At point -0.2825+1.5338  -0.5785+0.7559 0.77 0.45
Is-15

Is to NA -6.6770+£3.2022  -3.3560+4.2989 2.76 0.01**
distance

Ra-HRZ 1.0195+2.9277 2.5815+3.3173 1.58 0.12
Is-HRZ -7.7425+4.2315  -1.4040+4.1302 4.79 0.001***
Ra-VRT 0.0515+2.0293 1.3525+1.5110 2.30 0.05*
Is-VRT 0.6615+1.7583 2.3295+6.1637 1.16 0.25
Is-Ra -2.5425+1.1282 -2.1120+0.8024 1.39 0.17
distance

Angular measurements (in degrees)

IA to NA
SN to IA

ANB -0.2750+2.1973

-0.1500+2.1343

-16.5500+11.0011 -10.1450+13.6146 1.64
-18.8000+10.3000 -8.5500+14.8350 2.54

0.18

0.11
0.05~
0.86

Pvalue: NS — Non-significant; *<0.05 significant; **<0.01 moderately significant; ***<0.001 highly

significant; SD — Standard deviation

RESULTS

In the present study, mean root resorption of 2.54 £ 1.13 mm
and 2.11 £ 0.80 mm was observed in Group | and Group II,
respectively. There was no significant difference observed.
The amount of apical root resorption was slightly greater
in Group | than in Group I, with no statistically significant
difference.

The mean value of root resorption per year was 2.03 mm in
Group | and 1.69 mm in Group Il

DISCUSSION

The occurrence of root resorption during orthodontic treatment
has been widely reported.t'4'¢! Various risk factors have been
reported, such as the magnitude of force,?? intrusion,!152223
duration of active treatment,['*'% cortical plate proximation,!'23!
the use of rectangular archwires and class Il elastics,!" apical
root form,!'82% gverjet correction,!® genetic predisposition,® etc.,
This study is an attempt to find the relevance between the
mode of fixed orthodontic therapy, that is, extraction versus
non-extraction treatment, and the amount of apical root
resorption in maxillary central incisors.

In the present study, the mean root resorption of 2.54 + 1.13 mm
and 2.11 + 0.80 mm was observed in Group | and Group II,
respectively. There was no significant difference observed
between the extraction and non-extraction groups. This finding
is in agreement with the reports of previous studies.!'+'5

In this study, slightly greater apical root resorption value was
observed due to the greater amount of intrusion and retraction
of maxillary central incisor in Group | when compared to

Table 4: The correlation of apical root resorption with the linear and angular parameters of Group | and Group Il

Apical root resorption

Group | Group | Group | Group Il Group Il Group Il
pre-treatment post-treatment mean change pre-treatment post-treatment mean change

values values values values values values
Apical root resorption 1.00 1.00 1.00 1.00 1.00 1.00
Ra—-LP distance 0.061 -0.29 0.27 0.26 -0.19 0.41
Ra—PP distance -0.302 -0.45* 0.33 0.05 0.10 -0.07
Root width: (a) At point Ra-1 -0.27 -0.02 -0.31 -0.37 0.25 -0.56**
(b) At point Ra-4 -0.44* 0.18 ~0.67** -0.31 0.1 -0.61*
Alveolar width (a) At point Ra 0.001 -0.51% 0.48* -0.28 -0.17 -0.041
(b) At point Is-15 -0.12 -0.44* 0.28 -0.15 -0.24 -0.58**
Is to NA distance 0.39 0.33 0.08 0.22 0.08 0.24
Ra-HRZ -0.002 -0.07 0.09 -0.34 -0.14 -0.24
Is-HRZ 0.14 0.06 0.07 -0.11 -0.31 0.19
Ra-VRT -0.14 0.24 -0.46* -0.19 -0.17 0.02
Is-VRT -0.05 0.03 -0.10 -0.12 -0.10 0.11
Is-Ra distance 0.44* -0.24 - 0.31 -0.05 -
IA to NA 0.38 0.13 0.17 0.13 0.22 0.25
SN to IA 0.33 0.30 -0.01 0.1 -0.31 0.25
ANB -0.36 -0.11 -0.32 -0.18 0.08 0.01

*r>0.44, P<0.05 significant; **r>0.55, P<0.01 moderately significant; ***r>0.67, P<0.001 highly significant; Apical root resorption has been used with a positive sign for the purpose of correlation
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Table 5: Stepwise regression analysis in Group | with the
amount of apical root resorption as the dependent variable
and other parameters as independent variables

Table 6: Stepwise regression analysis in Group Il with the
amount of apical root resorption as the dependent variable
and other parameters as independent variables

Regression equation F P R? Regression equation F Pvalue R?
Pre-treatment value Pre-treatment value
Step 1 Step 1
Apical root resorption=(1.0542) root 4.42 0.04* 0.20 Apical root resorption=(0.1068) 4.73 0.04* 0.21
width at Ra-4 — 6.5454 Ra-HRZ+(-6.7370)
Step 2 Step 2
Apical root resorption=(1.1312) root 6.287 0.02* 0.39 Apical root resorption=(0.8774) root 9.049 0.0079** 0.48
width at Ra-4 width at Ra-4
+(-0.2775) Is—Ra distance 5.334  0.03* +(0.1261) Ra-HRZ 9.307 0.0072**
Post-treatment value Post-treatment value
Step 1 Step 1
Apical root resorption=(0.1269) 6.176 0.02* 0.26 Apical root resorption=(0.1578) 11.147 0.00036*** 0.38
alveolar width at Ra + (-4.4914) Ra-HRZ+(-9.0768)
Net change Net change
Step 1 Step 1
Apical root resorption=(-1.6453) root 13.34 0.0018"™ 0.43 Apical root resorption=(-1.4274) root  10.38  0.0047** 0.37
width at Ra-4+(1.6656) width at Ra-4+(-1.3474)
Step 2 Step 2
Apical root resorption=(-1.5122) root 1410 0.0017** 0.58 Apical root resorption=(-1.2432) root 11.570 0.0034**
width at Ra-4 width at Ra-4
+(0.0944) Alveolar width at Ra 6.33  0.022* +(-0.5242) Alveolar width at Is-15 10.140 0.0052** 0.60
Step 3 Step 3
Apical root resorption=(-1.3451) root 14.10 0.0017** 0.69 Apical root resorption=(-1.4241) root ~ 15.63 0.0014**
width at Ra-4 width at Ra-4
+(0.1167) alveolar width at Ra 11.58 0.0036** +(-0.4296) Alveolar width at Is-15 6.82 0.019* 0.67
P value: NS — Non-significant; *<0.05 significant; **<0.01 moderately significant; ***<0.001 +(0.0189) Is to NA distance 3.07 0.09
highly significant Step 4
Apical root resorption=(-1.4147) root 21.942 0.0002***
Group Il [Table 3]. This finding is in agreement with the report width at Ra-4
of Mohandesan et al.[4 +(-0.4471) Alveolar width at Is-15 10.484 0.0055** 0.78
+(0.0356) Is to NA distance 7.77 0.014*
Taithongchai and Sookkorn!™ and Dermaut and De Munck®! +(0.2302) Is-VRT 10.75  0.0051™

observed mean root resorption of 2.04 mm and 2.5 mm,
respectively, on maxillary central incisor. Taithongchai and
Sookkorn!" randomly selected the cases treated by fixed
appliance, that is, standard edgewise/Tweed edgewise/Begg/
straight wire. Dermaut and De Munck?®! mainly evaluated
the effect of intrusion. They found that the relation between
root lengths before and after treatment indicates a mean root
resorption of 18%. Considering an average root length of
13 mm (according to Wheeler RC: Dental anatomy, physiology
and occlusion. Philadelphia, 1974, W. B. Saunders Co.), amean
resorption of 2.5 mm was found in their study.

Baumrind™ reported an average of 0.99 + 0.34 mm root
resorption in maxillary incisors during fixed orthodontic therapy
when the Ra displacement approximated zero, and stated
“jiggling” as the possible reason for this. Further, Horiuchi
et al."® mentioned in their study that the overall frequency of
maxillary central incisor root resorption of less than 1.0 mm
was approximately 9%, and for more than 3 mm, it was 22%.

The findings in Group | were consistent with the results of

the studies carried out by Dermaut?® and McFadden and
Engstréom!'® that have shown intrusion could be the most

P value: NS — Non-significant; *<0.05 significant; **<0.01 moderately significant; ***<0.001
highly significant

detrimental movement for the roots involved. Intrusive forces
together with lingual root torque and jiggling movement remain
the most influential forces in causing EARR.I":18.25.26]

The correction of space discrepancy in Group Il was
achieved by dentoalveolar expansion, molar distalization,
or a combination of both. The correction of the inclination of
the maxillary central incisor was done by labial root torque
leading to proximation of the roots with the labial cortical
plate. This finding is supported by Goldin!'®! who observed a
mean root resorption of 0.9 mm/year when labial root torque
was incorporated.

The results show proportionate increase in apical root
resorption with increased Is—Ra in Group I. This finding
was observed by Goldin,['®! Levander and Malmgren,?¥ and
Mirabella and Artun.?% The latter stated that the maxillary
central incisors with longer root need higher force to be moved
and torqued lingually. Further, Reitan?? mentioned that these
torqueing forces concentrated at the apex and may cause
root resorption. Weltman et al.l"l indicated that movements
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Table 7: Comparison of cephalometric variables at two
different time intervals

Parameters Pre-treatment Pre-treatment ¢
mean=SD at mean=SD at

P Significance

time T1 time T2
Linear measurements (in mm)

Ra-LP 5.84+1.15 5.82+1.11  0.03 0.98 NS
distance
Ra-PP 10.14+2.82 10.16+2.80 0.02 0.98 NS
distance
Root width

At point 1.87+0.40 1.83+0.32 0.25 0.80 NS

Ra-1

At point 3.80+0.30 3.82+0.25 0.65 0.52 NS

Ra-4
Alveolar
width

At point 15.03+3.20 15.10+3.40 0.05 0.96 NS

Ra

At point 9.05+0.80 9.10+0.82  0.14 0.90 NS

Is-15
Is to NA 8.90+2.83 8.95+2.80 0.03 0.98 NS
distance
Ra-HRZ 40.11+2.85 40.15+2.86 0.03 0.98 NS
Is-HRZ 53.99+3.85 53.90+3.82 0.05 0.96 NS
Ra-VRT 4.10+1.12 412+1.15 0.04 0.97 NS
Is-VRT 27.16+2.62 27.20+2.60 0.03 0.98 NS
Is-Ra 27.10£1.18  27.20+1.20 0.19 0.85 NS
distance

Angular measurements (in degrees)

IA to NA 32.52+6.12 32.50+0.14 0.07 0.95 NS
SN to 1A 114.80+5.12 114.70+5.13 0.04 0.97 NS
ANB 4.54+2.12 4.52+2.40 0.01 0.99 NS

‘P’ value : (NS = Non-significant; *<0.05 Significant; **<0.01 Moderately significant;
***<0.001 Highly significant

that rotate the apex lingually are strongly correlated with root
resorption.

The post-treatment results of the present study show an obvious
increase in root width at both Ra-1 and Ra-4 due to the shift of
Rain cervical direction or into a wider area of the root because
of the apical root resorption.

In the present study, the average root resorption was 2.11 mm.
Hence, the post-treatment Ra-1 would lie apical to pre-treatment
Ra-4 and post-treatment ‘Ra-4’ would lie incisal to pre-treatment
‘Ra-4’, on superimposition of the crown of central incisor.
The apical portion from the Ra up to pre-treatment Ra-4 was
considered as “apical one-third” of the root.

The calculation of mean change in the root width at Ra-1
reveals lesser value in Group Il than in Group I. This is due to
simultaneous intrusion, retraction, and lingual root torque during
extraction treatment. This finding is supported by previous
studies!>1822.231 [Table 3].

The average crown length and root length for the maxillary
central incisor is 10.5 mm and 13 mm, respectively, and the
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point Is-15 lies at a distance of 15 mm from the incisal edge
of the maxillary central incisor; so, this indicates that the point
Is-15 lies approximately in mid-portion of the root.

An increase of 0.33 £ 4.77 mm and 0.11 + 3.22 mm in the
alveolar width at point Ra in Group | and Group |l subjects,
respectively, was observed. As all the subjects in the study
were non-growing, the alveolar width did not increase during
treatment. The larger increase in Group | as compared to
Group Il subjects justifies the higher intrusive movement in
maxillary central incisor.

On the contrary, a decrease of 0.28 + 1.53 mm and
0.57 + 0.76 mm in alveolar width at Is-15 in Group | and
Group Il subjects, respectively, was observed because of the
remodeling changes in the alveolar bone in the mid-root region
of maxillary central incisor. This finding is in agreement with
Edwards’?" result.

Ten Hoeve and Mulie!" and Goldson! reported that contact
of maxillary incisors with the lingual cortical plate may
predispose to root resorption. In the present study, cortical plate
proximity of the maxillary central incisor root was assessed
using the parameters Ra-LP distance and Ra—PP distance.
A significant decrease in Ra—-LP distance was observed in
Group | (-1.33 £ 1.55 mm) and in Group Il (-1.53 £ 1.77 mm).
However, no significant difference was observed in these two
treatment modalities.

Correlation (Extraction Subjects)

The pre-treatment Is—Ra distance was observed to be positively
correlated (r> 0.44) with the apical root resorption. This shows
that the tendency for apical root resorption increases with
increasing length of the maxillary central incisor, though there
is a weak correlation.

The pre-treatment root width at Ra-4 was found to be
negatively correlated (r> —-0.44) with the apical root resorption.
Thus, the tendency of apical root resorption decreases with the
increasing width of the root at Ra-4, though there is a weak
correlation. The above findings were in line with Mirabella and
Artun’si? results.

Apositive correlation (r>0.48) was observed between increase
in the net change value of alveolar width at point Ra and the
apical root resorption. This is because of more intrusion, so
that Ra lies in the wider area of the alveolar bone nearer to
the palatal plane and the effect of growth is better perceived.
This same observation was reported by Iseri and Solow.?8
They reported in their study that the point A or subspinale, on
average, shows about 4.5 mm downward and about 0.5 mm
forward appositional relocation from 8 to 25 years of age.

Correlation (Non-Extraction Subjects)

None of the pre-treatment and post-treatment values were
found to be correlated to the apical root resorption.
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In the net change values, the root widths at Ra-1 (r > —0.56)
and Ra-4 (r>-0.61) were observed to be negatively correlated
with the apical root resorption. This shows that the tendency of
apical root resorption decreases with the increasing width of
the root at Ra-1 and Ra-4. This finding coincides with Mirabella
and Artun’s?? study.

A negative correlation (r > —0.58) between the mean
change value of alveolar width at Is-15 and the apical root
resorption showed a greater tendency for resorption when
there was less decrease in the alveolar width at Is-15 during
non-extraction treatment. This finding is in agreement with
the results obtained by Dermaut?®! and Mc Fadden and
Engstrom.[8]

The findings of the present study are justified by various
reports. However, due to the multifactorial etiology of apical
root resorption and the complexity of root movement during
orthodontic treatment, further studies are needed with more
refined scientific study aids to investigate the prospects of
apical root resorption that are still unknown.

CONCLUSIONS

The following conclusions were drawn from the present study:

1. The choice of treatment modality for fixed orthodontic
therapy, that is, extraction versus non-extraction, does not
have relevance with the amount of apical root resorption
in maxillary central incisor. The amount of apical root
resorption was slightly greater in extraction subjects
than in non-extraction subjects. However, no statistically
significant difference was reached between the two
treatment modalities.

2. In extraction subjects, the apical root resorption was
directly proportional to the length of maxillary central
incisor and inversely proportional to the root width
in apical one-third region, though there was a weak
correlation.

3. Innon-extraction subjects, the pre-treatment anteroposterior
position of the Ra of maxillary central incisor in the alveolar
bone, in combination with its root width in the apical
one-third region formed the predictive factors for the
variance in the amount of the apical root resorption, though
there was a weak correlation.

4. The net changes in the alveolar widths at Ra and Is-15
were found as predictive factors for the amount of apical
root resorption during extraction and non-extraction
treatments, respectively.

5. In non-extraction treatment, none of the post-treatment
values were found to be correlated to the apical root
resorption.
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