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Radiographic comparison of apical root resorption after
orthodontic treatment between bidimensional and Roth

straight-wire techniques

Khalid H Zawawi and Ghadah A Malki’

ABSTRACT

Objective: The aim of this study was to compare the amount of root resorption after orthodontic
treatment between the bidimensional and the Roth straight-wire techniques. Another objective was
to compare the amount of root resorption in the whole sample studied and record the prevalence
of root resorption.

Materials and Methods: The sample consisted of 40 patients (age ranged between 11 and 18 years)
with Angle Class Il division 1 malocclusions, treated nonextraction. Twenty patients were treated
with bidimensional technique and 20 with a 0.018-inch Roth straight-wire technique. Root lengths
of the maxillary incisors were measured on pre- and post-treatment periapical radiographs.
Results: The results demonstrated that the bidimensional and Roth straight-wire groups showed
significant root resorption after treatment, 1.11 (0.17) and 0.86 (0.05), respectively, P<0.001. When
comparing the amount of root shortening between the bidimensional and Roth straight-wire groups,
there was no significant difference between the mean change from pre- to post-treatment between
bidimensional group (mean = 1.00 + 1.34) and Roth straight-wire group (mean = 0.88 + 0.86),
P=0.63. Considering the whole sample, there was no root resoprtion in 32.5% of the analysed teeth.
There was only mild resorption in 56.2%, moderate in 8.8% and severe in only 2.5% of the teeth.
Conclusions: Treatment with the bidimensional technique did not produce an increase in the amount
of root resorption. The prevalence and amount of root resorption was similar between bidimensional
and Roth straight-wire techniques.
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INTRODUCTION

The field of orthodontics has been investigating the etiology
of root resorption since 1927 when the relationship between
orthodontic therapy and root resorption was recognized.!'?
Unfortunately, even though this relationship has been known,
little definitive conclusions have been reached as to the specific
etiologic factors involved.® Brezniak addressed this issue when
he noted that even though most root resorption studies attempt
to determine the etiologic factors however, the causes remain
obscure.l'?]

The factors that have been proposed to induce root resorption
are complex and include the following: Individual susceptibility,
genetics, systemic factors, nutrition, chronological age, dental
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age, root shape, gender, history of resorption, previously
traumatized teeth, endodontically treated teeth, density of
alveolar bone, orthodontic therapy mechanics and duration
of treatment."¥ This alludes to the difficulty in controlling
confounding factors when performing a study. To help clarify this
phenomenon much research has been performed to determine
the process of root resorption during orthodontics.

The mechanism of action of orthodontic therapy is to place
a force on the teeth that will induce a biological response in
the supporting bone. The response must initiate resorption
of bone on the side of compression, which allows the tooth
to move in the direction of the force applied. Without this
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response orthodontics would not be possible. Unfortunately,
the compressive force is also placed onto the root structure.
Therefore, it is of no surprise that root structure often displays
a certain amount of resorption after orthodontic therapy.
Fortunately, the amount of resorption of the root is usually
small and insignificant in determining the longevity of the
involved teeth.l'4% In general, the amount of root resorption is
significantly less than the amount of bone resorption present.
This allows one to suspect that the root is less susceptible to
resorption than the bone.™

When studying root resorption, pre- and post-treatment
cephalometric and panoramic radiographs have been
used since they are routinely acquired in orthodontic
treatment.®! However, the most common type of radiograph
used is a periapical type and until 1983 when Linge and
Lingel'®" standardized a magnification factor it was difficult
to determine if the change in root length was a result of actual
loss of tooth or positioning of the radiograph. Their method
enabled the investigator to accurately compare root lengths
of a pretreatment to a posttreatment radiograph by measuring
the crown length, factoring in that the crown length would not
be affected by orthodontic therapy.

The risk factors that lead to root resorption are vast and varied.
To date it appears that much of this research is conflicting and
generally inconclusive.

Schudy and Schudy!" in 1975 introduced the concept of the
bidimensional technique as the “bimetric system.” This was
followed by the “bidimensional-wire technique,” as improved
by Gianelly et al.l"® Later, it was modified as the “bidimensional
technique™*'® which is a “bidimensional-slot” technique. In
current literature, the application of the bidimensional technique
has been reported,['>'® but seldom has the bidimensional
technique been compared with other techniques.

Therefore, the objective of this study was to compare the
amount of root resorption after orthodontic treatment between
the bidimensional technique and the Roth straight-wire
System. Another objective was to compare the amount of
root resorption in the whole sample studied and record the
prevalence of root resorption.

MATERIALS AND METHODS

A total of 40 patients were studied. The sample consisted of
two orthodontically treated groups: Bidimensional technique
group (0.018-inch slot for the incisors and 0.022-inch slot for the
canines, premolars and molars, GAC International, Bohemia,
NY, USA) treated at a private practice and Roth straight-wire
technique group (Roth 0.018-inch slot system, 3M unitek,
Monrovia, CA, USA) treated at the Orthodontic Department,
Faculty of Dentistry, King Abdulaziz, Saudi Arabia.
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The inclusion criteria were: Class Il division 1 malocclusion,
overjet of 4 mm or more, nonextraction orthodontic treatment,
good quality pre- and post-treatment clear periapical
radiographs and a full complement of teeth (excluding third
molars) with no supernumerary teeth. Exclusion criteria
included: (1) Signs of apical root resorption at the beginning
of treatment, (2) endodontically treated maxillary incisors,
(3) poor quality radiographs, (4) incomplete orthodontic
records and (5) history of previous orthodontic treatment.
One investigator treated all cases. The study was reviewed
and approved by the Faculty of Dentistry’s Research Ethics
Committee.

The bidimensional group consisted of 20 patients, 9 males
and 11 females with a mean age of 13.95 years (age ranged
between 11 and 18 years) at the start of treatment. The Roth
straight-wire group consisted of 20 patients, 7 males and
13 females with a mean age was 14.85 years.

The research was a case controlled study and the data was
collected from pretreatment and posttreatment periapical
radiographs. Apical root resorption of the upper central incisors
was measured on periapical radiographs using the Sirona
Sidexis software (Sirona Dental Systems GmbH, Bensheim,
Germany). Root length was defined as the length from the
tooth’s cementoenamel junction to its apex. This measurement
was determined to the nearest 0.1 mm. The method of
Linge and Linge!"®'" was used to account for changes in
magnification of the radiographs from pre- to post-treatment
and between the two periapical machines.

The amount of root resorption was defined as the difference
from pretreatment to that of posttreatment.

One calibrated examiner who was blind with regards to
the treatment technique performed all measurements
using the Sirona Sidexis software. Reproducibility of the
measurements was evaluated by assessing the root length
of 12 randomly selected radiographs not involved in the
study at two different occasions, at least 10 days apart.
Intra-examiner reliability analysis was performed. The
results showed significant intra-examiner reliability between
measurements with intraclass correlation coefficient of 0.95,
P < 0.001.

Statistical Analysis

Paired Student’s t-tests were performed to determine
intra-group pre- treatment to post-treatment differences.
Independent sample Student’s t-test was performed to
determine inter-group difference between the bidimensional
and the Roth straight-wire techniques. Mann—-Whitney U-test
was used for categorical data. Statistical analyses were
performed using Statistical Package for the Social Sciences
version 20.0 (IBM Corp., Released 2011. IBM SPSS Statistics
for Mac, Armonk, NY: IBM Corp., USA).
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RESULTS

There were no significant differences found between the
two treatment groups for age, amount of overjet, treatment
duration, right or left central incisor root length at the beginning
of treatment [Table 1]. Therefore, no significant inter-group
differences were found between the bidimensional and Roth
straight-wire technique for any of the variables.

The prevalence of root resorption is shown in Table 2. Based
on the Mann—-Whitney U-test there was no difference between
the number of teeth exhibiting resoprtion (mild, moderate or
severe) in both groups, P = 0.346.

Table 3 shows that there were no significant differences in
the pretreatment root lengths between right and left central
incisors for both the bidimensional and Roth straight-wire
groups. And because the sample size was small in each
group, the measurements of the right and left root lengths
were pooled as one variable rendering a sample size of
40 roots in each group.

There was a statistically significant amount of root resorption
noted in both the bidimensional and Roth straight-wire groups
from pretreatment to posttreatment [Table 4].

When comparing the amount of root shortening between the
bidimensional and Roth straight-wire groups, the independent
sample t-test showed that there was no significant difference
between the mean change from pre- to post-treatment
between bidimensional group (mean = 1.00 + 1.34) and Roth
Straight-wire group (mean = 0.88 + 0.86), P = 0.63.

DISCUSSION

One of the major untoward effects of orthodontic treatment
is loss of root structure. Currently, the etiologic factors of
root resorption are still unpredictable. Several factors have
been investigated and proposed as risk factors for apical
root resorption, including gender, age, systemic factors,
morphological characteristics of the dentition, previous trauma,
certain malocclusions, type of mechanics and type of tooth
movement and forces used.?37:10.11.19-35]

Several studies have also demonstrated a link between the
technique used during fixed appliance orthodontic therapy
and the amount of root resorption noted. However, the results
were conflicting.?723¢-%1 Furthermore, none of these studies
compared the effect of the bidimensional and Roth straight-wire
techniques on roots.

In this study, it was found that both techniques produced a
statistically significant amount of root resorption [Table 3].
The bidimensional technique group was found to have a
mean value of 1.11 mm (x0.17) of root resorption and the
Roth straight-wire technique group was found to have a mean
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Table 1: Summary and comparisons of treatment variables
at the beginning of treatment

Bidimensional Roth P
(n=20) straight-wire
(n=20)
Age (years) 13.95 (1.64) 14.85(1.98) 0.13
Overjet (mm) 5.90 (1.29) 5.25(1.16) 0.10
Treatment duration (months)  20.45 (2.80) 22.60(3.99) 0.06
Right central length (mm) 19.43 (2.80) 18.40 (2.82) 0.26
Left central length (mm) 19.58 (2.79) 18.48 (3.03) 0.24

Data are presented as mean values (SD). SD — Standard deviation

Table 2: Prevalence and percentage (%) of root resorption
in the maxillary central incisors in the bidimensional and
Roth straight-wire groups

Group Root resorption
No Mild Moderate Severe
(<2mm) (>2and >1/3  (>1/3 of
of root) root)
Bidimensional 15 (37.5) 20 (50.0) 3(7.5) 2 (5.0)
Roth straight-wire 11 (27.5) 25 (62.5) 4 (10.0) 0(0.0)
Total 26 (32.5) 45 (56.2) 7 (8.8) 2 (2.5)

Table 3: Comparisons of the right and left amount of root
resorption (mm) between the bidimensional and Roth
straight-wire groups
Incisor

Bidimensional Roth straight-wire

Right central (n=20) 19.43 (2.80) 18.40 (2.82)
Left central (n=20) 19.58 (2.79) 18.48 (3.03)
P 0.390 0.634

Table 4: Bivariate comparisons of root resorption (mm) in
both groups

Root length Bidimensional Roth straight-wire Both
(mm) (n=40) (n=40)

Pretreatment 19.50 (2.76) 18.44 (2.89) 18.97 (2.83)
Posttreatment ~ 18.39 (2.93) 17.58 (2.84) 17.99 (2.89)
Difference 1.11 (0.17) 0.86 (0.05) 0.99 (0.11)
P <0.001 <0.001 <0.001

value of 0.86 mm (+0.05). Moreover, the prevalence of root
resorption was almost similar, 35% in the bidimensional group
and 30% in the Roth straight-wire group. Fortunately, this
amount of root resorption is considered clinical insignificance.®

The bidimensional technique utilizes different mechanics
than the Roth straight-wire technique in order to correct a
Class Il malocclusion by applying heavier forces while the
0.018-inch slot Roth straight-wire technique utilizes lighter
forces. In nonextraction therapy the bidimensional techniques
typically begins treatment by distalizing of the upper molars
into a Class | position. Then the canines followed by the
anterior teeth are retracted bodily using Class | forces,
while either Class Il elastics or temporary anchorage
mini-screws are used for anchorage. The majority of these
mechanics are performed with 0.018 inch x 0.022 inch or
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0.018 inch x 0.025 inch stainless steel arch-wires to facilitate
bodily movement. Roth straight-wire technique on the other
hand, utilizes 0.018-inch slot with Class Il elastics to distalize
the molars and retract the maxillary anterior teeth and
simultaneously procline the mandibular anterior teeth. The
majority of this treatment is performed on 0.016 x 0.022ss
arch-wires and possibly producing a significant amount of
proclination of the mandibular anterior teeth.

At present, the process of root resorption is under intense
study. As mentioned before, a force on a tooth leads to
areas of compression and areas of tension. It is well known
that the areas of compression experience a bone resorption
process and the areas of tension experience bone apposition.
Often times, on the compression side, blood vessels are
compressed and areas of hyalinization arise. This hyalinization
must be removed in order for the tooth to move. The removal
of this area occurs through resorbing cells.?%39

The loss of root structure is a serious issue in orthodontic
treatment however, it is important to note that most often the
resultant loss is miniscule and does not affect the longevity of
the teeth involved.® Accordingly, Remington found that mild to
moderate shortening of the root length as a result of orthodontic
therapy had no clinical significance.®

The magnitude of force utilized has been implicated as
contributing to root resorption. Once again the results of
previous studies are conflicting. Vardimon®'! noted that the
higher the force utilized the greater amount of root resorption
was noted. In contrast, Owman-Moll et al.®33 failed to find
a significant relationship between these two variables. The
result of the present study is in concert with the findings of
Owman-Moll et al.®*34 The Bidimensional technique did not
have an increased amount of root resorption when compared
to the Roth straight-wire system.

CONCLUSION

Within the limitations of this study, no significant differences
between the bidimensional and the Roth straight-wire
techniques were found in the amount of root resorption.

The etiology of root resorption is complex with a common
occurrence during orthodontic treatment and the cause is
difficult to identify. Furthermore, it is challenging to predict
when root resorption will occur. A great responsibility is placed
upon orthodontists to closely monitor their patients. Continued
research this area is warranted.
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