
ABSTRACT

Objective: To examine the prevalence of orthodontically induced root resorption 
after treatment and the correlation with resorption found after 7 months of treatment. 
Materials and Methods: One hundred forty patients (12–19 years) treated with fixed 
appliancesand extraction of four premolars were examined with con beam computed 
tomography before treatment, after 7 months of treatment (n=87), and at the end of ac-
tive treatment. The MalmgrenIndex was used to describe the degree of root resorption. 
Results: Resorption root severe (>2 mm, score 3) was found in 30% of the patients at 
the end oftreatment. Extreme root resorption was found in two patients. Root resorption 
was seen morefrequently in the maxillary incisor region. There was no correlation be-
tween the severities of rootresorption after 7 months and the amount observed at the end 
of treatment.  Conclusions:It was diagnosed significant resorpationin clinical in 30% 
of the patients, but nocorrelation with the resorption seen after 7 months was found. 
Radiographic examination after 7months of orthodontic treatment willnot reduce the 
number of patients who will have teeth with severe root resorption. 

INTRODUCTION

Since the 1960’s there has been a consensus that orthodontic treat-
ment contributes to external apical root resorption(EARR).(1) In other 
reported that, the 97.3% of the patients revealed some form of EARR 
post-treatment. (2) The large variation is the result of several factors, in-
cluding examination methods, definition of root resorption, and type of 
appliances and forces used.

The literature poses a correlation between root resorption at an early 
stage of treatment (3–9 months) and the occurrence of severe resorption 
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at the end of orthodontic treatment (3-5). In a study, 
they stated that the average root-shortening due to 
orthodontic tooth movement is approximately 10%, 
and it ranges from 1,2 -1,5 mm.(6). A shortening of 
the total root length of 10% will in most cases not 
cause any problems for the tooth’s function. This is 
possibly because most of the periodontal ligament 
(PDL)-fibers are in the upper 2/3 of the root. (7)

The severity can however, be grouped into dif-
ferent stages as described (8). An index-score from 
1-4 is often preferred (fig.1).

Fig. (1) Root resorption index according to Levander, 1999(8).  
1. Irregular root contour.
2. Root resorption apically, less than 2mm. (Minor).
3. Root resorption apically, from 2mm- 1/3 of the root’s 

length (Severe).
4. Root resorption exceeding 1/3 of the root’s original 

length (Extreme).

When the EARR becomes severe, (reaches score 
3 or 4) there is reason for concern. The numbers 
of reported severe EARR vary considerably in the 
literature. There was a  report that 16, 5% of the 
patients in their study suffered from severe EARR 
post-treatment, (9) In other report theyfound an in-
cidence of severe EARR of approximately 40%.(10) 
Whenever there is severe EARR, the longevity of 
the tooth may be compromised, and thisis one of the 
most troubling complications for orthodontists.  

Radiography is the most commonly used tool for 
diagnosing root resorption. Panoramic imaging, also 
called pantomography, is a technique that produces 
a single tomographic picture of the facial structures 

and surrounding structures, and has a broad cover-
ing of both jaws. The images are not high resolution 
images, so sharp details cannot be studied as with 
periapicals. The radiation dose though is quite low, 
and the procedure is usually well tolerated by the 
patient.(11-13)

Today, most orthodontists require an con beam 
computed tomography (CBCT) was introduced in 
the late 1990s,(14,15) and studies generally show lower 
radiation doses form CBCT units than from conven-
tional CT examinations.(16,17) The CBCT technique, 
in combination with multiplanar reconstructions, 
has the advantage of optimal visualization of each 
tooth position that  occur during orthodontic treat-
ment,(20)thus enhancing reproducibility. The aims of 
the present study are therefore, to: (1) investigate 
the prevalence and degree of EARR after treatment 
with fixed appliances in all permanent teeth, from 
first molar to first molar; and (2) investigate the cor-
relation of the severity of root resorption with that 
seen after 7 months of treatment.

MATERIALS AND METHODS

Subjects

CBCT investigation is routinely performed 
on orthodontic patients at the United Dental 
and Orthodontics Clinic in Yemen republic. 
Radiographs of consecutive incoming patients from 
February 2012 to July 2015 were used for the pur-
poses of this study. The patients had to meet pre-
defined inclusion criteria: age 12–19 years, Class I 
malocclusion,Class II malocclusion, crowding, and 
overjet <5 mm. Further, the treatment plan should 
comprise extraction of one premolar in each quad-
rant. One hundred sixty-three patients agreed to take 
part in the investigation, and at the end of the study 
140 patients (79 female, 61 male) remained in the 
study. A randomized subsample of 87 patients (51 
female, 36 male) also underwent a radiographic ex-
amination 7 months after the start of their orthodon-
tic treatment. The mean age of the patients was 16.3 
years (standard deviation [SD] 1.64 years; range,  
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12.0–19.2 years) and the mean treatment time was 
19.4 months (SD 4.6 months). 

CBCT Examination

CBCT was used on all subjects before and af-
ter treatment; CBCT was also performed in 87 ran-
domly selected patients after 7 months of treatment.
Tooth length was measured in millimeters on the 

FDI tooth-numbering system used; lower molars 
are presented with both mesial (m) and distal (d) 
roots because of the higher Number of unscorable 
distal roots.

Statistics

The relationship between resorption after 7 
months of treatment and at the end of treatment was 
analyzed with Spearman’s rank correlation analy-
sis. Analysis of variance was used to evaluate re-
sorption at end of treatment in conjunction with the 
number of teeth affected and duration of treatment. 
P > .5wasconsidered not statistically significant.

ROOT RESORPTION DIAGNOSED WITH CBCT

Table (1)  Percentage of Teeth with a Root Resorption score of 2 ormore at the End of Orthodontic Treatment 
in 140 patients  

Tooth no.” N Score 2 (%) Score 3 (%) Score 4 (%)

16/26 290 67

15/25 300 6.4 1.2

13/23 310 7.3 3.5

12/22 311 40.0 37.2 10.6 9.1 0.7 0.7

11/21 313 315 9.7 0.7

36/46d 223 3.7

36/46m 295 3.4

35/45 282 3.8 0.3

33/43 305 7.2 4.5

32/32 317 21.5 18.9 1.4 3.2

31/41 298 13.9 2.8

reformatted images parallel to the long axis of the 
tooth/root and then converted into an index (Figure 
1) originally designed for intraoral radiography (8). 
Only a few roots were unscorable at one or two as-
sessments, but the distal root of the lower first mo-
lar was, in many cases, outside the imaged volume 
(Table 1). All assessments were made by one inde-
pendent, blinded examiner.

RESULTS

Root resorption was considered to be present 
only if a score of 2 or higher was registered. (Fig.2) 
shows the distribution of root-resorbed teeth ac-
cording to the counts in each tooth group seen at the 
end of treatment, and Table 1 presents the percent-
ages of resorbed teeth. The extent of root resorption 
was significantly larger (P < .05) in the maxilla than 
in the mandible, and EARR was more common in 
anterior teeth than in posterior teeth (Figure 2).

At the end of treatment, minor resorption 
(score 2) was noted in 78 patients (55.7%), severe 
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resorption(score 3) was found in 42 patients (30.0%), 
and extreme resorption (score 4) was found in the 
lower jaw in one patient. In the lower jaw, severe 
root resorption (score 3) was detected in seven pa-
tients and the most susceptible tooth was the canine, 
while moderate root resorption (score 2) was most 
prevalent in the lower incisors. Root resorption was 
also seen on the posterior teeth, and a score of 2 
was reported in several first molars: 10 upper rights, 
6 upper left, 8 lower left, and 5 lower rights. No 
correlation was found between the severity of root 
resorption at 7 months and that at the end of treat-
ment (R=0.05, P=NS),and there was no relationship 
between the length of treatment and the severity of 

root resorption found inthe patients (Fig.3).

Progression of Root Resorption from 7 Months 
to End of Treatment

In the five patients with the most severe 
resorption,the condition was unchanged in four sub-
jects and worsened in one by the end of treatment. 
In the 12 cases with moderate resorption, the sever-
ity increased in four patients and was unchanged in 
eight. In the 72 patients where no noticeable resorp-
tion was seen after 7 months, 56 had developed a 
resorption score of 2 or higher by the end of treat-
ment (Fig. 4).

Fig. (2) Distribution of root resorbed teeth (scores 2-4) according to the counts in each tooth group at the end of treatment.

Root resorption at end of treatment (score 0-4).
Fig. (3) Distnbution of patients with different resorption scores 

in relation to the treatment duration.

7 Months End point
No Score No Score
72 (0-1) 16 (0-1)

34 (2)
22 (3)

12 (2) 8 (2)
4 (3)
4 (3)

5  (3) 1 (4)

Figure (4) Flowchart of patients with different root resorption 
scores at 7 months and change until the end of treatment.  
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DISCUSSION

Methods radiographic for assessing root length 
cannot reliably compensate for inherent radiograph-
ic distortion,(12,13) and several studies have demon-
strated that conventional intraoral radiographyis not 
a reliable technique for detecting external root re-
sorption in its early stages.(18,19) To minimize theer-
rors in radiographic evaluation, this study design 
included the use of CBCT.

Resorption at the end of treatment was almost 
only seen in the upper incisor region, in agreement 
withclinical experience, but rarely shown with ap-
propriate methods6 apart from a previous publica-
tion of the same material (20) and a few older studies 

(21) and a recent study.(22)  Most studies investigating 
root resorption have focused on the upper incisors. 

(23, 26)In other place they  found, using a CBCT ap-
pliance and root resorption index, moderate root 
resorption in 19% of the examined teeth, and two 
maxillary anterior teeth (1%) displayed severe re-
sorption at the end of treatment. The correspond-
ing values in the present study were 16% and 4%. 
However, the present study is the first one to be con-
ducted in the country of Yemen.(22)Present finding 
of another study was that therewas no correlation 
between treatment duration and the severity of root 
resorption. This is in agreement withthe results of 
some studies and contradicts others. (27) One expla-
nation of the lack of agreement may be thatthe cur-
rent patient sample was fairly homogenous andthe 
amount of tooth movement was fairly similar.

The current and earlier16 studies confirmed, in 
agreement with other studies, (4,5)that some patients 
developed EARR during the first stage of treatment 
with fixed appliances. However, we could not con-
firm any correlation between the degree of resorp-
tion at 6 months and that seen at the end of treatment 
(Fig. 4). Of the five subjects with the most severe re-
sorption (score 3) seen after 7 months of treatment, 
a temporary halt of 3 months was performed in four 

of them. However, even in one of the patients whose 
treatment was temporarily halted, the resorption 
continued, and extreme resorption (score 4) was di-
agnosed at the end of treatment. Twenty of the

25 patients (of those examined at 7 months) who 
had teeth with severe resorption (score 3) at the end 
of treatment did not show any tendency toward root 
resorption after 7 months (Fig. 4).

The results of this study clearly demonstrate 
thatthere is no advantage in taking radiographs as 
early as after 7 months of treatment to reduce the 
number ofpatients with severe or extreme root re-
sorption. Radiographs at 7 months only expose pa-
tients tounnecessary radiation. Intermediate radio-
graphs, if used, should be obtained at a later stage of 
treatment; perhaps 1 year after the start of an orth-
odontic treatment would be feasible. The results of 
this study also show that one or two radiographs of 
the upper incisors should be sufficient for detecting 
resorption of the most vulnerable teeth. However; 
even then, it is uncertain whether severe root re-
sorption can be avoided.

CONCLUSIONS

• In the end of orthodontic treatment, minor re-
sorption (score 2) was noted in 78 patients 
(55.7%), severer sorption (score 3) was found 
in 42 patients (30.0%), and extreme resorption 
(score 4) was found in only one patient.

• There was no correlation between the severity 
of root resorption seen after 7 months and the 
findings at the end of treatment.

• Treatment duration did not have any impact on 
the amount of resorption at the end of treatment.

• Radiographic examination after 4–7 months of 
orthodontic treatment is too early and will not 
reduce the number of patients who will have se-
vere root resorption.
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