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ABSTRACT

Statement of Problem: One of the major outcomes of orthodontic treatment is the apic-
al root resorption of teeth moved during the treatment. Identifying the possible risk fac-
tors, are necessary for every orthodontist.

Purpose: The aim of this study was to compare the rate of apical root resorption after
fixed orthodontic treatment with standard edgewise and straight wire (MBT) method,
and also to evaluate other factors effecting the rate of root resorption in orthodontic
treatments.

Materials and Method: In this study, parallel periapical radiographs of 127 patients
imaging a total of 737 individual teeth, were collected. A total of 76 patients were
treated by standard edgewise and 51 patients by straight wire method. The periapical
radiographs were scanned and then the percentage of root resorption was calculated by
Photoshop software. The data were analyzed by Paired-Samples t-test and the Genera-
lized Linear Model adopting the SPSS 15.0.

Results: In patients treated with straight wire method (MBT), mean root resorption was
18.26% compared to 14.82% in patients treated with standard edgewise technique
(p<.05). Male patients had higher rate of root resorption,statistically significant (p< .05).
Age at onset of treatment, duration of treatment, type of dental occlusion, premolar
extractions and the use of intermaxillary elastics had no significant effect on the root
resorption in this study.

Conclusion: Having more root resorption in the straight wire method and less in the
standard edgewise technique can be attributed to more root movement in pre-adjusted

MBT technique due to the brackets employed in this method.
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Introduction

studies are conducted to find the magnitude of force

External root resorption was first described by Bates in
1856 in a paper titled “Absorption” [1], and later in
1914, Ottolengui related this damage to orthodontic
treatments [2].

Throughout the years, extensive orthodontic
treatments are recognized as a major risk factor for in-
creasing the prevalence and severity of root resorption.

Specially heavy forces are most damaging [3]. Many
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resulting in root resorption of teeth. But, roots are three
dimensional and studying root resorption with two di-
mensional radiographs are difficult [4].

The most common affected teeth are the maxillary
incisors followed by the mandibular incisors; specially
the ones with abnormal root shape [5-8].

There are many possible risk factors that can be

associated with this condition. These factors can be di-
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vided into two groups of pre-treatment and treatment
factors.

The pre-treatment factors mentioned in some stu-
dies which make the patient prone to root resorption are:
root resorption existing before the start of treatment [9],
tongue thrust, finger sucking and nail biting habits [5,
10], genetic susceptibility, gender, use of medication,
existing overjet [11], history of trauma, impacted maxil-
lary canines, number of missing teeth [7], asthmatic
patients [8] and patients starting treatment at an older
age [9, 12]. Although in other studies asthmatic patients
[7], age at start of treatment [13], gender [9, 12], overjet
and overbite [12] are not recognized as risk factors for
root resorption in orthodontic treatments. Recently the
effect of history of trauma to teeth and root morphology
are questioned as possible risk factors [3].

Several factors can initiate or progress root resorp-
tion during the treatment. Several investigators have
suggested that longer active treatment time results in
greater resorption [9, 14], even though other studies
found no relation between duration of treatment and
root resorption [11]. Duration of treatment with rectan-
gular arch wires, intermaxillary elastics [5] and first
premolar extractions [9] are also found as a risk factor
for root resorption.

Another factor that is assessed in some studies is
the effect of different appliances and different tech-
niques used to treat orthodontic patients [12-16].

In 1928 Angle introduced one of the most com-
mon fixed orthodontic appliances used today; the stan-
dard edgewise technique [17]. The name “Edgewise”
was used because of the change in bracket slots from
vertical to horizontal and also placement of a rectangu-
lar wire in the slot. But still faciolingual bends (first
order bends) in the archwires were needed in this tech-
nique for different teeth anatomy [17].

In the 1970s, the “straight wire” appliance was
developed by Andrews [18]. In this method the base of
the bracket was designed in a special way for each indi-
vidual tooth, thus minimizing the number of bends
needed in the archwires [18].

The MBT bracket system is named after the de-
signers; Mclaughlin, Bennett and Trevisi [19]. It is a
pre-ajusted bracket systems made for use with light,
continuous forces, lacebacks and bendbacks, and it also

works well with sliding mechanics [19].

The effect of straight wire orthodontic treatments
on root resorption has been evaluated in other studies
[13-14, 16]. But the MBT bracket system has not been
compared to the standard edgewise treatment yet. This
technique is becoming popular among general practi-
tioners in Iran because of the pre-adjusted brackets and
their ease of use.

The main objective of this study is to compare the
percentage of root resorption in maxillary and mandibu-
lar incisors after orthodontic fixed technique standard
edgewise (SEW) (0.022 inch slot), and the straight-wire
appliance (MBT) technique (0.022 inch slot). Also in
this study we evaluate the effect of pre-treatment factors
such as, age at the start of treatment, gender, dental oc-
clusion and also treatment factors such as duration of
treatment, use of intermaxillary elastics and premolar

extractions, on the rate of root resorption in incisors.

Materials and Method

In this non-concurrent retrospective cohort study, longi-

tudinal database were gathered from existing documents

of patients treated in two private offices in Shiraz, Iran.

The sample was chosen from all Iranian patients who

had been treated from the year 1998 to 2005 in these

offices. From the 600 files studied (140 MBT and 460

SEW patients), 127 patients, 31 male and 96 female,

with the age range of 9-25 (mean 14.77 £0.376) were

chosen. 76 patients were treated with SEW method and

51 patients had MBT treatment.

The inclusion criteria were:

1. Iranian patients who had finished active treatment
with either standard edgewise technique (with 0.022
inch slot) or straight wire technique (MBT with
0.022 inch slot)

2. Existence of good resolution periapical radiographs
of the incisors taken with the long cone paralleling
technique using Rinn XCP (Troply 94 Vincennes,
Minorex, France) before and after active treatment

3. Patients with healthy periodontal tissues

4. Patients who had incisors with closed apices

The exclusion criteria were:

1. Patients that presented root resorption at the pre-
treatment stage

2. Orthodontic retreatment cases

3. Patients presenting a history of genetic or develop-

mental abnormalities or hormonal imbalance
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4. History of oral habits

v

Incisors with the history of RCT, trauma and/or
attrition

Existence of impacted canines

Rotation of incisors before the start of treatment

Incisors with interproximal reduction

o =N

Incisors with abnormal root shapes such as bottle

shape, cone shape and dilacerated roots

10. History of oral surgery

11. Patients who underwent premolar extraction only in
one jaw or one quadrant

12. Patients with different right and left dental occlu-
sions (Angle’s occlusion)

All this information was gained from the records,
radiography and photography of the patients.

The 76 patients treated with the standard edgewise
technique, had 0.022-inch twin standard brackets (3M
Unitek, Monrovia, California), with 0 degree torque and
0 degree angulation. The usual wire sequence began
with a 0.017 co-axial, followed by 0.014, 0.016, 0.018
inch stainless steel wire (3M Unitek, Monrovia, Cali-
fornia).

The 51 patients treated with the Straight Wire Sys-
tem (MBT) had 0.022-inch twin straight wire edgewise
brackets (Dentarum GmbH & Co. KG; Germany). In
this system the built-in characteristics were: for the cen-
tral incisors, torque +22 degrees, angulations +5 de-
grees, base height 0.79mm; and for the lateral incisors,
torque +14 degrees, angulations +9 degrees, base height
1.28 mm.

The wire sequence and mechanics of the MBT
group were similar to the Simplified Standard Edgewise
Technique, beginning with a 0.175 co-axial or 0.016
nitinol wire (3M unitek, Monrovia, California), fol-
lowed by 0.014, 0.016, 0.018, 0.016x0.022, 0.017x
0.025 and finally a 0.019 x 0.025 inch stainless steel
wire (3M Unitek, Monrovia, California).

To quantify resorption in the two groups, 1948
pre- and post- treatment periapical radiographs of the
maxillary and mandibular incisors, were gathered from
the records. After eliminating the poor projected radio-
graphs, 737 teeth were evaluated, 416 teeth from pa-
tients treated by the standard edgewise technique (76
patients) and 321 teeth from patients treated by the
MBT method (51 patients).

The radiographs were scanned with Microtek 1800
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scanner (Microtek International, Science-Based Indus-
trial Park, Hsinchu, Taiwan) (dpi=300), a special scan-
ner used for negative films, and measured by the use of
Photoshop S3 software.

To calculate the percentage of root resorption, the
length of the teeth before and after treatment (L1, L2)
were measured from the mid-point of the incisal edge to
the apex. All measurements were obtained by projecting
these points as accurately as possible along the root
canal as the long axis of the teeth.

L1=Root length before active treatment
L2=Root length after active treatment

Also for correcting magnification in the radio-
graphs, a fixed measurement which was assumed to be
unchanged over the observation period, was used. This
fixed measurement was the mesiodistal width of the
crown, which was measured on the radiographs before
(mdl) and after (md2) treatment by connecting the
points on the mesial and distal edge of incisal level (fig-

ure 1).

Figure 1 Calculating the root resorption percentage in a lower
mandibular lateral incisor treated with the MBT method a
Root length and greatest mesiodistal width, before the start of
treatment b Root length and greatest mesiodistal width of the
same tooth after treatment.

md1= Mesiodistal width before treatment
md2= Mesiodistal width after treatment

If the mesiodistal width was different in the pre-
and post-radiographs, the length of the tooth before and
after treatment was divided by the mesiodistal width.
n,=L;/md; n,=L,/md,

And then the difference between the measure-
ments before and after treatment was calculated, and
root resorption was expressed as a percentage shorten-
ing per tooth: (n;-n,)/n;x 100 =PR
RR= the percent of tooth shortening (root resorption)
All measurements were performed by one examiner,
who did not know the patients’ names, descriptions and

the methods of treatment used for each patient. The ac-
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curacy of the measurements was assessed by analyzing
the difference between measurements on 50 radiographs
of the incisors from seven randomly selected patients
measured again by the same examiner 3 weeks after the
first measurements. This re-evaluation showed that in
90.8 % of the cases the measurements were the same.

The statistical test used for analyzing the mandibular
versus maxillary, and lateral versus central incisors was
the paired-samples t-test. Also for evaluating the differ-
ences between the treatment duration of maxilla and
mandible for each patient the paired sample t-test was
used. For evaluating the effect of pre-treatment and
treatment factors, and also the method of treatment, the

Generalized Linear Model was used.

Results

The descriptive analysis are shown in table 1 and 2.

Table 1 Frequency of the factors evaluated

Factrors Evaluated N Percentage %

Data analysis showed that the mean root resorp-
tion for all measured teeth was 16.21% of the tooth
length before the start of treatment (Table 3). Also the
lower centrals had the least amount of root resorption
between all the groups of teeth measured (14.89%). The
lower laterals were next and the upper centrals and lat-
erals had almost the same amount of resorption. The
comparison of these percentages were not significantly
different for each patient (p> 0.05), so an average value
of all the teeth measured for each patient was used as
the dependent variable of the patient in the generalized
linear model.

In patients treated with straight wire method
(MBT) mean root resorption for all teeth was 18.26%
compared to 14.82% in patients treated with standard
edgewise technique (p<.05).

The results of the generalized linear model is
summerized in table 4. On the basis of this test the root
resoprtion in patients treated with the MBT method was
significaltly more than the SEW group (p= 0.002).

Type of treatment AL e
yp MBT 51 402 Of the other factors evaluated, only male gender

Male 31 24.4 compared to female had significant effect on the rate of
s HenalEE 5.6 root resorption (p< .05). We found no association betw-
Premolar extractions 65 512 rp R i )
Intermaxillary elastics 90 70.9 een age, different dental occlusions (Angle’s ooclusions),

I 68 53.5 treatment duration, using intermaxillary elastics, premo-
Dental occlusions I 45 354 . .
I 14 11.0 lar extraction and the rate of root resorption (p> .05).

N= number of patients

The differences in the treatment duration of the
upper jaw compared to the lower jaw for each patient,
evaluated with the paired sample t-test, were not
significant (p> 0.05). So the mean duration time of
treatment of both jaws was chosen as the treatment

duration for each patient.

Discussion

In this study the incisors were chosen for the compari-
son of root resorption in two orthodontic techniques, be-
cause it has been reported that the maxillary incisors are
the most susceptible teeth to root resorption and after
that the mandibular incisors show the most resorption
[5-8].

Table 2 Treatment duration in each group (MBT and SEW)

Range of Treatment Duration Mean Treatment Duration

Method of Treatment

Mandible Maxilla Mandible Maxilla
SEW 11-45 months 12-45 months 26.85 months 26.93 months
MBT 7-33 months 9-33 months 18.71 months 19.81 months
Total 7-45 months 9-40 months 23.75 months 23.98 months

Table 3 Mean percentage of root resorption in the teeth measured

Treatment Method All teeth Maxillary centrals Maxillary laterals Mandibular centrals Mandibular laterals
N % N % N % N % N %
SEW 416 14.82 107 15.28 98 15.42 117 13.12 94 13.91
MBT 321  18.26 81 18.77 89 18.92 77 17.74 74 18.98
Total 737 16.21 188 16.76 187 16.99 194 14.89 168 16.05

N= number of Teeth measured % =mean percentage of root resorption calculated
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Table 4 Results of the Generalized Linear Model Test

Parameter Coefficient Value P
Type of treatment EI?/I“B/% _'8:!4 '092
Sex Male .029 .032
Female 0* .
Premolar extraction .0334 163
Intermaxillary elastics .014 301
Class I -.028 174
Dental Occlusion Class 11 -.024 245
Class 11T 0* .
Age .001 507
Treatment duration .000 0.628

*Set to zero because this parameter is redundant.

Anatomic variability of these teeth can be a possi-
bility for this difference [12].

Different methods for evaluating root resorption
exist. Panoramic films have been used because they are
easy to obtain and the patient is less exposed [19], but
unfortunately the shape of the root seen in this radiogra-
phy, is less accurate, especially for the anterior teeth.
The amount of root resorption will also be overesti-
mated [20]. The periapical radiographs are reported as
the best method to evaluate root resorption because of
less image distortion [21]. With the introduction of
CBCT technology into clinical orthodontics, it is rec-
ommended that root resorption be evaluated using
CBCT images which not only improves accuracy but
also provides three-dimensional evaluations [22].

In this study, we used standard periapical radio-
graphs with the long-cone paralleling technique and
image distortion between the pre- and post- treatment
radiographs was corrected using crown dimensions.
This method was originally introduced by Linge and
Linge [23]. All radiographs of the patients being studied
were taken in one radiology center and measured by
only one observer. The measurements in this study were
obtained by the use of Photoshop software which
enables better magnification of the radiographic images
for a more precise measurement of the points.

Although magnifications in parallel periapical ra-
diographs are the same in horizontal and vertical dimen-
sions, calculating the mesiodistal width or correcting
magnification might be more reliable than the use of
crown length which was used in other studies [17, 24-
25]. The crown length was measured by the use of the
cementoenamel junction (CEJ) which is not detected

accurately on radiographs. A percentage value is a bet-
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ter comparative value, since the differences in the root
lengths of various teeth in millimeters make compari-
sons of root resorption values less meaningful [15-16].
But the short come of using a percentage is in shorter
teeth, which might not have much resorption in millime-
ters but show great percentage of root resorption.

Negative values for root resorption indicating an
increase in root length, was also seen in few measure-
ments. This has also been previously reported and con-
sidering the age range of the sample, can be attributed to
a real increase in root length [16] or to method error
registering the apex [17, 26-27].

The main finding of this study was that root re-
sorption after MBT orthodontic treatment was signifi-
cantly more than standard edgewise treatment (p< 0.05).
This finding may be attributed to inadvertent move-
ment of the teeth in MBT technique because of brack-
et’s prescriptions. Also in the straight wire appliance
more root movement is seen in the beginning of treat-
ment [18]. The standard edgewise appliance completes
root movement in the last (3rd) stage of treatment using
wire bending [15]. This can lead to more root resorption
in the straight wire method [28]. Duration of treatment
was shorter in MBT method as can be seen in table 2.
So for gaining ideal positions of teeth, root movements
were faster, thus more force could have been used for
this aim. This is in agreement with other studies which
found more root resorption in straight wire techniques
[16, 29]. But Mavragani et al. found that there was sig-
nificantly more apical root resorption of both central
incisors in the standard edgewise group than the
straight-wire group. This difference may be related to
the fact that their sample consisted of patients with class
II division 1 malocclusions and the straight wire ap-
pliance used by them was different from the MBT ap-
pliance [14]. Also Santos et al. found that root resorp-
tion in patients treated with straight- wire system and
nickel-titanium alloy was less than in patients treated by
standard edgewise technique and stainless steel wires.
The difference seen in Santos et al.’s results compared
to the current study may be attributed to the different
wire used by them (combination use of nickel- titanium
wires in the straight wire technique and stainless- steel
wires in the standard technique) [15].

In Janson et al.’s study it is also shown that differ-

ent techniques of treatment have different outcomes of
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root resorption [13]. This is not in agreement with other
studies which found no significant difference between
different techniques [10, 12]. Also a comparison be-
tween the different techniques of Begg, Tweed standard
edgewise and Roth straight wire, failed to show a tech-
nique that produces either more or less root resorption
[20]. Weltman et al. reported that orthodontically in-
duced inflammatory root resorption is unaffected by
archwire sequencing and bracket prescription [13].

The result of samples consisting of patients treated
by various professionals, can be less accurate [13]. In
many studies it is concluded that the work of different
clinicians has no significant effect on the results of an
evaluation [5, 10, 13]. In this study having no more than
two clinicians has reduced the effect of this bias. But
nevertheless, it is better to have a sample treated by one
clinician.

In our study root resorption in males was signifi-
cantly more than in females. This is in agreement with
Sameshima et al.’s study [30]. Also in Nigul et al. study
males had more root resorption than females but the
differences were not statistically significant [31]. Some
researchers have registered no difference in root resorp-
tion in each gender [9, 12, 26]. Ravanmehr et al. re-
ported that although different levels of sexual hormones
may be attributed to susceptibility to root resorption, but
no difference is seen in males and females after treat-
ment [26]. In Mohandesan et al.’s report the maxillary
incisors of female patients showed more resorption than
those of male patients but the effect of gender was
found only for the maxillary lateral incisors [29]. Al-
though it should be noted that in our study only 24.4%
of the patients were male and 75.6% were female. This
unequal distribution of gender might affect the results.

Even though not significantly different, in the
sample studied by us it was observed that the older the
age at start of treatment, the greater the amount of root
resorption. This is in agreement with the studies of Ni-
gul and Jagomagi [31], Mavragani et al. [14] and Jiang
et al. [9]. It is reported that with increasing age, the
areas of hyalinization and the duration of hyalinization
increase but the ability to repair decreases [27, 29]. But
Bishara et al. performed an extensive radiographic sur-
vey and found no systematic difference in root shorten-
ing between early and mid adulthood [8]. Also Mirabel-
la et al. found no difference in root resorption of the

teeth of adults compared to children [27].

In this study there was no significant difference in
root resorption between extraction and non-extraction
groups. It is in agreement with Nigul’s study which
indicated that extraction treatment was not associated
with excessive root resorption [31]. The result of the
current study is not in agreement with other studies
which described more resorption after extraction [9-11,
29].

This study also showed that patients who used in-
termaxillary elastics had no significant root resorption
than others. It is in accordance to studies which found
no relationship between treatment with inter-arch elas-
tics and root resorption [10]. It is not in agreement with
some studies which emphasized the risks that intermax-
illary elastics could have on root resorption [5, 27].
Wearing elastics depends on patient cooperation and it
must be stated that the treatment time which is reported
in papers may not always reflect the real wearing time.

We found the same result of other studies which
reported no significant relation between treatment dura-
tion and root resorption [12]. It is not in agreement with
many studies which supported the significance of treat-
ment duration in root resorption [9-10, 27, 29]. Howev-
er treatment duration should not be considered the main
factor for root resorption [32]. Perhaps the amount of
tooth movement is the most important factor, and it is
independent of treatment time. In some cases the ap-
pliance can be present with reduced action on the teeth,
and in other cases, patients can frequently miss an ap-
pointment. Also treatment can be delayed because of
professional preference in prolonging the intervals be-
tween activations [27]. Weltman et al. mentioned that 2-
3 months stop in treatment can reduce the amount of
root resorption [3].

Different dental occlusions presented no different
rate of root resorption in our review. Vonder Ahe also
reported the same amount of root resorption in class I
and class II patients [33]. Other studies found that dif-
ferent dental occlusions show different amounts of root
resorption [24, 34]. Salehi et al. reported that class II
patients present with increase root resorption during
orthodontic treatments [24]. But root resorption in Taner
et al.’s report was on average 1mm for class I patients,
2mm for class II patients and also the central maxillary

incisors had more root resorption in the class I group
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compared to class I patients in their study [34]. Accord-
ing to table 1, the sample size in our study was different
in each occlusion group. Therefore, future evaluation
must be conducted regarding dental occlusions and root

resorption with more accurate sample sizes.

Conclusion

Root resorption after orthodontic treatment can be af-
fected by many local and systemic risk factors. One
local factor is the technique of treatment used. In this
study, root resorption after MBT orthodontic treatment
was significantly more than standard edgewise ortho-
dontic treatment. Orthodontists must keep in mind that
different fixed methods used in orthodontic treatment,
can affect the rate of root resorption in incisors. So in
susceptible patients the treatment method must be cho-
sen with careful concerns.
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