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Root Shortening in Patients Treated with Two-step and En Masse

Space Closure Procedures with Sliding Mechanics

Yan Huanga; Xu-Xia Wangb; Jun Zhangc; Chao Liud

ABSTRACT
Objective: To investigate the comparative amount of root shortening between two-step and en
masse space closure procedures.
Materials and Methods: Fifty-two patients were selected from a pool of patients satisfying the
following inclusion criteria: no evidence of resorption on the pretreatment panoramic radiographs;
no dental trauma; no dilacerations of incisor roots, anodontia, or impacted canines; complete root
formation at the start of treatment; intact and caries-free incisors; no endodontically treated
incisors; Angle Class I or II malocclusion; extraction of four first premolars; and space closure with
moderate anchorage. Patients received treatment with either a two-step or an en masse procedure
to close the extraction spaces after alignment and leveling with the same preadjusted appliances.
Root shortening of the maxillary and mandibular incisors was evaluated on panoramic radiographs,
taken before and after space closure, and measured in millimeters. Distortion of measurements
caused by panoramic radiographs was corrected by using special metal rods ligated to brackets.
Statistical comparisons of root shortening between space closure procedures were investigated
with the two-sample t test.
Results: No difference was found in the amount of root shortening between space closure
procedures. The average root shortening of maxillary central and lateral incisors was 0.43 6

0.12 mm and 0.58 6 0.10 mm, respectively, and that of mandibular central and lateral incisors was
0.23 6 0.07 mm and 0.22 6 0.06 mm, respectively.
Conclusion: No difference should be expected in root resorption between two-step and en masse
space closure procedure. (Angle Orthod. 2010;80:492–497.)
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INTRODUCTION

External apical root resorption (EARR) is a frequent
iatrogenic outcome of orthodontic treatment, which can
be seen on standard radiographs,1 and root shortening
is usually the most evident manifestation of EARR on
routine panoramic radiographs. Maxillary and mandib-
ular incisors, especially the maxillary incisors, are most
susceptible to EARR.2–4

The identification of factors implicated in the
initiation and progression of EARR during orthodontic
treatment has been the focus of numerous studies.
These factors can be categorized as follows: (1)
biological factors, (2) mechanical factors, (3) combined
biological and mechanical factors, and (4) other
factors.5 Although no conclusive results can be drawn,
the evidence in the relevant literature suggests no
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significant relationship between EARR and gender2,6,7

or between EARR and chronological age.6–10 In
contrast, it appears that there might be a positive
correlation between EARR and dental agenesis,7,11,12

trauma,13,14 extraction,10,15–17 treatment duration,4,15,16

and amount and type of tooth movement.9,10,18 Opin-
ions differ as to the relationship of apical root
resorption and malocclusion,2,6,9,17,19 endodontic treat-
ment,20–22 and appliance type.10,23–25

Few studies have dealt with the prevalence and
severity of EARR during different stages of orthodontic
treatment. Root resorption can be detected in the early
leveling stages of orthodontic treatment, and patients
with EARR during the early stages of treatment are
more likely to experience resorption during the following
treatment period.3,26 A recent study investigated the root
resorption of maxillary incisors during the torquing (third
stage) and nontorquing phases (first two stages) of
orthodontic treatment with a tip-edge appliance and
indicated that comparable amounts of EARR were
shown in the first and final stages of treatment.27

However, in the orthodontic literature, no studies have
explored EARR during the stage of space closure.

During premolar extraction treatment, the orthodon-
tist has several options for space closure. Two-step
and en masse space closure with sliding mechanics
are popular methods in the straight-wire edgewise
technique to close extraction spaces. Although the
two-step procedure is predictable and has excellent
fail-safe characteristics, it takes longer to close space
in two steps than in one step.28 Because the risk of
resorption increases with the duration of fixed appli-
ance treatment,4,15,16 it has been postulated that EARR
would be more frequent and serious in two-step space
closure than following an en masse procedure.

The present study tested the hypothesis that
differences in the method of space closure would
affect the root resorption of maxillary and mandibular
incisors. Our purpose was to comparatively assess the
severity of root shortening in patients treated with two-
step and en masse procedures with sliding mechanics
to close extraction spaces.

MATERIALS AND METHODS

Inclusion Criteria

Fifty-two patients (16 boys and 36 girls; average
age, 15.6 years) who met the selection criteria were
selected. Their selection was based on the following
inclusion criteria: no evidence of resorption on the
pretreatment panoramic radiographs; no contributing
history of trauma; no severely dilacerated incisor roots,
anodontia, or impacted canines; complete root forma-
tion of incisors at the start of treatment; intact and
caries-free incisors; no endodontically treated incisors;
Angle Class I or II malocclusion; extraction of all four
first premolars; and space closure with moderate
anchorage. Informed written consent was obtained
from the patients and, where appropriate, the parents.
The demographic data of these subjects, including
gender and age at the start of space closure, are listed
in Table 1.

Method

All patients were treated with 0.022-inch bracket slot
multibonded preadjusted appliances (OPA-K; Tomy,
Ohkuma-machi, Japan). After alignment and leveling,
extraction space closure was achieved by using 0.018-
3 0.025-inch steel wires. The patients were divided
into two equal groups, which were treated, respective-
ly, with either a two-step or a one-step (en masse)
procedure to close the extraction spaces. In the two-
step procedure group, space closure was done in two
steps: first, the canines were retracted by sliding them
along the archwire, and second, the four incisors were
retracted with sliding mechanics. Canine and incisor
retraction was carried out with 0.012-inch nickel-
titanium (Ni-Ti) coil springs (Grikin, Beijing, China),
which was activated to 150 g and ligated with a wire to
the canine bracket hook or archwire hook, soldered
mesial to the canine. In the en masse procedure
group, Ni-Ti coil springs were placed across the
extraction sites from the buccal tube hook on the first
molar to the archwire hook, soldered mesially to the
canine, and the spring was also activated to 150 g.

Table 1. Clinical Patient Data

Characteristics Total (n 5 52) Two-Step (n 5 26) En Masse (n 5 26) P

Mean (6 SD) age (y) 15.6 6 1.9 15.8 6 1.8 15.4 6 1.9 NS*

Gender

Female 36 18 18 NS**

Male 16 8 8

Mean (6 SD) duration of space closure (mo) 6.9 6 1.6 7.9 6 1.8 5.8 6 1.4 , .001***

Angle Class

I 35 16 19 NS**

II 17 10 7

* Two-sample t test (NS indicates not significant); ** chi-square test; *** significant (two-sample t test).
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The patients were recalled every 4 weeks, excess wire
was clipped distal to the molar buccal tubes, and the
springs were checked to confirm 150-g activation.
Occlusal interferences were avoided during space
closure.

The digital panoramic radiographs were obtained
before and after space closure (before finishing
procedure). All panoramic radiographs were taken
with the same radiographic machine (Orthophos;
Sirona, Bensheim, Germany) and a standardized
technique. Before panoramic radiographs were ob-
tained, eight metal rods were ligated to the incisors’
brackets with ligature wires (Figure 1). The metal rods,
which were made of 0.018-inch stainless steel wires,
were 8.0 mm or 6.0 mm in length, as measured with
venire caliper, and were ligated to maxillary and
mandibular incisor brackets, respectively. The rods
were parallel with the longitudinal axis of the clinical
crown of each tooth.

On digital panoramic radiographs, tooth length was
measured from the apex to the incisal edge along the
longitudinal axis of each tooth as accurately as
possible. All measurements were performed by the
same clinician with the software (Sidexis; Sirona,
Bensheim, Germany) with an accuracy of 0.01 mm.
The length of each metal rod was also recorded, and
was used as a coefficient to account for different
angulation and magnification between radiographs
(Figure 2). The real tooth length (T) in millimeters
was calculated using the following formula: T 5 83T9/
R or 63T9/R, where T9 is the tooth length on the
radiograph and R is the rod length on the radiograph.
Root shortening per tooth was calculated using the
following formula: T1 – T2, where T1 is the tooth length
before space closure and T2 is the tooth length after
space closure.

Method Error

Method error for root resorption was determined by
randomly selecting 10 radiographs and measuring
them again 1 month after the original measurements

were taken. Paired t tests of the replicate measure-
ments showed no significant differences between
measurements.

Statistical Analysis

To determine whether the demographic character-
istics and space closure duration differed significantly
between the two treatment groups, a two-sample t test
was carried out for the quantitative variables and a chi-
square test was performed for the qualitative variables.

A two-sample t test was also used to test for any
difference in the root length reduction in millimeters
between the two groups for each examined tooth
(maxillary central and lateral incisors, mandibular
central and lateral incisors) separately. To test for
differences in root resorption between the central and
lateral incisors of both arches, a paired-samples t test
was performed. All statistical analyses were performed
with the SPSS statistical package (version 14.0; SPSS
Inc, Chicago, Ill).

RESULTS

Table 1 shows the distribution of demographic
characteristics and duration of space closure in the
two procedure groups. The two patient groups were
well matched for sex and age. However, the space
closure duration was longer (P , .001) in the two-step
procedure group than in the en masse procedure
group.

In Table 2, the amount of root shortening on the
maxillary and mandibular incisors is shown. Overall,
the maxillary lateral incisors showed the greatest
amount of root shortening, followed by the maxillary
central incisors. The mandibular incisors showed the
least resorption; the mandibular central and lateral
incisors showed similar root shortening (P 5 .488).

Figure 1. The metal rods were ligated to the incisors’ brackets with

ligature wires.

Figure 2. Panoramic radiograph on which the length of teeth and

rods was measured.
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Negative values, indicating root elongation, were
noticed for all groups of teeth. The analysis of the
difference in the root resorption between the two
treatment groups, in millimeters, revealed no signifi-
cant difference at the 5% level for all tooth types,
although the average root shortening in the en masse
group was slightly less than that in the two-step group
for maxillary incisors.

DISCUSSION

We attempted to comparatively investigate the
degree of root shortening at maxillary and mandibular
incisors of patients treated with either two-step or en
masse space closure procedures. The present results
support previous findings reporting more EARR of
maxillary incisors than mandibular incisors,2–4 and
EARR on the maxillary lateral incisors was more severe.
Compared with other studies, the amount of root
shortening in our study represents about one-third to
one-fourth of the EARR9,15,16,29 experienced during the
entire orthodontic treatment period and two-thirds of the
EARR3 during the first 12 months of orthodontic
treatment. This implies that the EARR during the stage
of space closure may be the same as that which occurs
during other stages of orthodontic treatment. The
hypothesis is supported by the research of van Loenen
et al,27 which indicated that a comparable amount of
EARR was shown in the first and final stages of
treatment. However, further investigations are neces-
sary to elucidate the differences in EARR during
different stages of orthodontic treatment.

Many studies have shown that treatment duration
had a positive association with the extent of
EARR.4,15,16,25 However, no statistically significant
difference in root shortening was found between two-
step and en masse space closure procedures,
although the duration of space closure was significant-
ly different between the two procedures. It is the
canine retraction that prolongs the duration of space
closure for the two-step procedure, and the roots of the
incisors undergo less stress during canine retraction
than during incisor retraction. This may be the reason

that the root shortening was not dependent on the
duration of space closure in the present study.
Although it did not reach significance, a trend was
evident that indicated more EARR of the maxillary
incisors for the two-step procedure, and no such trend
was seen for the mandibular incisors. The susceptibil-
ity to EARR of maxillary incisors may have caused this
trend. More research is needed before a definitive
conclusion can be drawn on this subject.

In addition, the present study demonstrated again
that it takes longer to close space in two steps than in
one step. However, the two procedures do not seem to
have significantly different effects on EARR. More
investigation is required to analyze which procedure is
superior and help clinicians to choose the optimal
method.

It is difficult to compare the amount of EARR
between studies because of the various methods used
in the literature. Different radiographic views, including
periapical,15,17 panoramic,4,25 and cephalometric,16,30

have been used along with various measuring meth-
ods to determine the extent of EARR. Therefore, direct
measurements of pretreatment and posttreatment
radiographs with or without magnification correc-
tion,2,9,25 expression of EARR as a percentage of loss
of total tooth length,15,24 and subjective ordinal
scales4,17,30 have been reported in the literature.

In general, panoramic radiographs are considered
less accurate than periapical radiographs in studying
the extent of EARR. However, Katona31 claimed that
the compensatory algorithms on periapical films were
incapable of reliably identifying constant length roots.
Sameshima and Asgarifar29 found in their research that
the amount of root loss was overestimated by 20% or
more when panoramic films were used. Root resorp-
tion of mandibular incisors measured on panoramic
films was significantly higher than when measured on
periapical radiographs (panoramic 1.14 mm vs peri-
apical 0.55 mm). At maxillary incisors, where EARR is
more prevalent, the difference between the two
radiographic methods was 0.13 mm (panoramic 1.34
vs periapical 1.21 mm).

Table 2. Root Shortening (mm, Mean 6 SD) in the Treatment Groups

Incisor Total (n 5 72) Two-Step (n 5 36) En Masse (n 5 36) P *

Maxillary

Central 0.43 6 0.12 0.45 6 0.13 0.42 6 0.12 .24, NS

Lateral 0.58 6 0.10 0.60 6 0.11 0.56 6 0.08 .14, NS

P ** , .001, S , .001, S , .001, S

Mandibular

Central 0.23 6 0.07 0.23 6 0.06 0.23 6 0.07 .88, NS

Lateral 0.22 6 0.06 0.22 6 0.07 0.23 6 0.06 .86, NS

P ** .49, NS .33, NS .96, NS

* Two-sample t test for intergroup comparisons (NS indicates not significant); ** Paired-samples t test for intragroup comparisons (S indicates

significant).
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Most earlier studies reported that the average root
resorption of maxillary incisors was less than 2 mm
after fixed orthodontic treatment.9,15,16,29 The amount of
root resorption in the study of Årtun et al,3 in which the
resorption of maxillary incisor roots was recorded 12
months after bracket placement, was much less than
other studies (average 0.76 mm for all four maxillary
incisors). Because the present authors investigated
root shortening during one stage of orthodontic
treatment (about 4 to 10 months), the amount of
EARR was even lower (average 0.42 mm and
0.58 mm for maxillary central and lateral incisors,
respectively). Thus, the error of 0.13 mm introduced
by Sameshima and Asgarifar29 could not be tolerated
in our study. We used a method with a special metal
rod to measure root shortening, which corrected the
inaccuracy of the panoramic radiograph. This permit-
ted us to calculate the absolute values of root lost and
made the results more accurate. However, the study of
Brezniak et al32 indicates that even the use of a special
jig cannot solve the problem of accurate measurement
of tooth length changes in consecutive radiographs.
So, the results of our research reveal the EARR in
different space closure procedures only to a degree
and may not be accurate enough. A more accurate
method is required for further study.

CONCLUSIONS

N During space closure, root shortening is greater in
the maxillary incisors than in the mandibular incisors,
and the maxillary lateral incisors are more suscep-
tible to EARR than the maxillary central incisors.

N No significant difference in root resorption was seen
between the two-step and en masse space closure
procedures. However, the en masse procedure
showed a trend of less root resorption. Validation of
this finding requires further long-term investigation.

N Root shortening using both treatment modalities
demonstrated was minute (about 0.5 mm) and was
within the limits of error for radiographic interpretation.

REFERENCES

1. Hartsfield JK Jr, Everett ET, Al-Qawasmi RA. Genetic
factors in external apical root resorption and orthodontic
treatment. Crit Rev Oral Biol Med. 2004;15:115–122.

2. Sameshima GT, Sinclair PM. Predicting and preventing root
resorption: part I. Diagnostic factors. Am J Orthod Dento-
facial Orthop. 2001;119:505–510.
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