
Angle Orthodontist, Vol 75, No 5, 2005761

Original Article

Apical Root Resorption of Maxillary First Molars after
Intrusion with Zygomatic Skeletal Anchorage

Arzu Ari-Demirkayaa; Mazin Al Masryb; Nejat Erverdic

Abstract: The aim of this study was to evaluate radiographically the apical root resorption of
maxillary first molars after their intrusion was done using zygomatic miniplates as skeletal anchorage
in open-bite cases. The study group comprised 16 consecutively treated open-bite cases who had
received special titanium miniplates in their zygomatic bones for use as anchorage to apply ortho-
dontic intrusive forces to the maxillary posterior region. The control group consisted of 16 patients,
who were matched regarding age, sex, and treatment duration but who had undergone fixed ortho-
dontic treatment without intrusion mechanics for molars. Tooth lengths were measured on pretreat-
ment, and posttreatment panoramic radiographs of all patients and mesiobuccal and distobuccal
roots of left and right maxillary first molars were measured on-screen using a software program.
The difference between the pre- and posttreatment tooth lengths was defined as apical root re-
sorption. Comparison of the differences in root resorption of the two groups using the t-test for
independent samples showed a statistically significant difference (P 5 .004) only for mesial roots
on the right side. But because the mean difference in apical root resorption was only 0.5 mm, it
was concluded that the apical root resorption of maxillary first molars after intrusion was done using
zygomatic skeletal anchorage was not clinically significant. (Angle Orthod 2005;75:761–767.)
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INTRODUCTION

The treatment of patients with an anterior open bite
has proven to be one of the most challenging aspects
of orthodontics. Molar intrusion is normally required
when a skeletal open bite is corrected without orthog-
nathic surgery. However, traditional biomechanical
techniques, such as extraoral anchorage, or a vertical-
pull chin cap, or the active vertical corrector with mag-
nets, require a high level of patient cooperation to ef-
fectively control intrusion of the molars.

Beck and Harris1 discussed the likely relationship
between biomechanics of bite closure and resorption
of molar roots. In the Begg technique, the first molars
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in both arches had tip-back bends placed mesial to the
molar tube, similar to the Bioprogressive technique.2

The straight wire technique often uses a reverse curve
of Spee in the upper archwire to assist with leveling,
and many techniques use a high pull headgear to the
upper molars, which show a high incidence of ortho-
dontically induced inflammatory root resorption (OIIRR)
compared with premolar teeth.2 Other investigators
have not reported any difference in root resorption at
low and high force levels (50 to 200 g).3

To obtain a rigid anchorage, dental implants and
bone screws have been reported as orthodontic and
orthopedic anchors. Zygomatic bone anchorage is one
of the preferred methods for this purpose and this sub-
ject has been studied by several investigators.4–7

Root resorption associated with orthodontic treat-
ment has been recognized as a clinical problem since
the 1920s.8 According to the literature, the possible
predisposing factors affecting root resorption are nu-
merous.3,9–28

In the past, little attention has been paid to root re-
sorption occurring in the posterior part of the dentition.
In a radiographic study carried out by Hendrix et al,19

posterior apical root resorption in orthodontic patients
has been investigated by measuring root lengths on
orthopantograms (OPTGs), but limitations of OPTGs
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FIGURE 1. Appliance used for intrusion of posterior segments. Note wire extensions to attach coil springs.

have been reported. The reliability of tooth length as-
sessments using OPTGs and observations on distor-
tion effects have been studied mathematically and ex-
perimentally on panoramic radiography, and it was
suggested that the method might be used for vertical
measurements, provided the patient is correctly posi-
tioned in the machine during the exposure.29 In view
of the fact that deviation of the apical part of the root
may result in root resorption,16 another shortcoming of
OPTGs may be that, in a large number of cases, roots
found to have an abnormal shape on periapical films
were rated normal on panoramic films.30

Several radiographic studies about type of tooth
movement in the anterior teeth and its possible link to
root resorption have been carried out.21,23,25,26 Also, in-
trusion of anterior teeth with low forces (25 g) has
been investigated.25 The intrusion achieved was sig-
nificantly related to the amount of root shortening ob-
served, and treatment time was the most significant
factor for occurrence of root shortening. Nevertheless,
comparison of radiographic studies is difficult because
of the large differences in methods and techniques.

The aim of this study was to evaluate radiographi-
cally the apical root resorption of maxillary first molars
after their intrusion was done using zygomatic mini-
plates as skeletal anchorage in open-bite cases.

MATERIALS AND METHODS
Subjects

This study was performed on records of patients
who were treated orthodontically in the Department of

Orthodontics, Dental Faculty of Marmara University,
between 2000 and 2004. Selection of cases was
based on the presence of a treatment card comprising
diagnosis, treatment planning, and a description of the
course of the orthodontic treatment, availability of clear
before and after treatment OPTGs taken with the
same orthopantomograph machine, and good oral hy-
giene.

For the study group (group 1), 16 consecutively
treated open-bite cases (13 females and three males)
were selected, who had received special titanium mini-
plates in their zygomatic bones to use as anchorage
to apply orthodontic intrusive forces to the maxillary
posterior region. The open bites in these patients were
long standing and the patients had no habit history.
They had refused orthognathic surgery and extraoral
anchorage aids but approved this less-invasive, mini-
plate-assisted orthodontic treatment.

The intrusion of the upper posterior segments in-
cluding the first molars was accomplished using
closed Ni-Ti coil springs from the intraoral extensions
of the zygomatic miniplates to extensions on the cap-
splints (Figures 1 and 2). Further orthodontic treatment
after the intrusion was completed consisted of a stan-
dard 0.018 3 0.025–inch slot Edgewise technique with
the maxillary molars tied passively to the zygomatic
miniplates. The control group (group 2) consisted of
16 patients, who were matched regarding age, sex,
and treatment duration but who had undergone stan-
dard 0.018 3 0.025–inch slot Edgewise treatment
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FIGURE 2. (A) Before treatment. (B) Beginning of intrusion, appli-
ance cemented. (C) End of intrusion. (D) After removal of appliance.

without intrusion mechanics for molars. The mean age
in group 1 was 19.25 years (range 14–26 years). The
mean age in group 2 was 19.43 years (range 14–25
years).

Methods

The OPTGs were taken with an orthopantomograph
(Siemens, Bensheim, Germany) in a standardized
manner, according to the instructions of the manufac-
turer (Figure 3). The AutoCAD R14 software (Auto-
Desk Co, San Rafael, Calif) was used for measuring
tooth lengths automatically. A scanner (HP PSC 2210,
HP, Kuala Lumpur, Malaysia) was used to scan the
pretreatment and posttreatment OPTGs and transfer
the size and magnification of OPTGs to the computer.
They were corrected for magnification using the mini-
plate dimensions for standardization and calibration for
image distortion. The magnification degree of the
scanner was 1:1. For each tooth, the most occlusal
point of the cusp and the most apical point of the root
were determined (Figure 4a). The coordinates of these
points were digitized from the scanned OPTGs in the
AutoCAD software. The accuracy of the digitizer was
0.2 mm.

From these coordinates, tooth length for left and
right permanent first molars in the maxilla was calcu-
lated automatically (Figure 4b). Mesiobuccal and dis-
tobuccal roots were measured and calculated sepa-
rately as mesial and distal tooth lengths. The palatal
root was excluded from the measurements because of
difficulty faced in locating root apices. Root resorption
was calculated for each root by subtracting posttreat-
ment tooth length from pretreatment tooth length.

Method error

The error of the method was measured to evaluate
the reliability of the operator in locating the identifica-
tion points. Sixteen OPTGs of a total 64 were random-
ly selected. The root lengths on those OPTGs were
remeasured using the same technique by the same
operator four weeks later. Statistical evaluation of the
method error was done by calculating Pearson’s cor-
relations between initial and repeated measurements
of the root lengths and the paired samples t-test.

Statistical analysis

The null hypothesis established stated that there
would be no difference in the amount of root resorption
between the study and the control groups.

One-tail and two-tail Student’s t-tests were used to
compare pretreatment tooth lengths of the two groups
and also to compare the differences in root resorption.
The SPSS for Windows (SPSS Inc, Chicago, Ill) was
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FIGURE 3. OPTG taken after intrusion of posterior segments. Note zygomatic miniplates still in place.

FIGURE 4. (A) On-screen identification of the most occlusal point of
the cusp and most apical point of the root. (B) Computer-generated
measurement of the distance between two identification points (root
length).

used to analyze the data, and P , .05 was considered
statistically significant.

RESULTS

Method error

The repeated measurements were highly correlated,
and this correlation was statistically significant (Table
1). The paired sample t-test revealed that differences
between two measurements were not statistically sig-
nificant (Table 1).

Results of the main study

A comparison of groups 1 and 2 showed no statis-
tically significant difference in root lengths at the be-
ginning of treatment (Table 2).

The mean root resorption after intrusion for group 1,
the mean root resorption after treatment for group 2,
as well as the results of the comparison of the differ-
ences in root resorption of the two groups are sum-
marized in Table 3. Results show that apical root re-
sorption ranged from 0.02 to 2.49 mm among the roots
in group 1. On the other hand, apical root resorption
in group 2 ranged from zero to 1.60 mm, with 12 roots
showing no resorption at all. There was a statistically
significant difference between groups for the right me-
sial roots, with the mean difference being 0.58 mm
(Table 3). On the basis of these results, the null hy-
pothesis had to be rejected.

DISCUSSION

According to the literature, there is no safe tooth
movement with regard to OIIRR. Because intrusion is
probably the most detrimental to the roots involved,25,26

it was tempting to evaluate whether the intrusion of
maxillary first molars by using zygomatic miniplates as
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TABLE 1. Method Errora

n
Mean

Difference (mm) SD (mm) r P(r ) t P(t)

Right mesial root
Right distal root
Left mesial root
Left distal root

16
16
16
16

20.061
20.069
20.140

0.023

0.225
0.185
0.396
0.269

0.995
0.995
0.985
0.993

.000

.000

.000

.000

21.087
21.493
21.419

0.353

.294

.156

.176

.729

a P(r) is the significance of the correlation, P(t) is the significance of the t-test.

TABLE 2. Root Lengths at the Beginning of Treatment (t-Test)

Group n Mean (mm) SD (mm) Mean Difference (mm) t P

Right mesial roots 1
2

16
16

22.671
22.081

2.064
1.662

0.590 0.890 .381

Right distal roots 1
2

16
16

21.845
21.928

1.996
1.814

20.083 20.124 .902

Left mesial roots 1
2

15
16

22.317
22.353

1.878
2.226

20.035 20.048 .962

Left distal roots 1
2

15
16

21.657
21.887

2.165
2.405

20.230 20.280 .781

TABLE 3. Differences in Root Resorption After Treatment (t-Test)

Group n Mean (mm) SD (mm) Mean Difference (mm) t P

Resorption of right mesial roots 1
2

16
16

1.003
0.421

0.606
0.402

0.581 3.197 .004

Resorption of right distal roots 1
2

16
16

0.717
0.475

0.663
0.432

0.242 1.224 .232

Resorption of left mesial roots 1
2

15
16

0.840
0.421

0.713
0.414

0.418 1.981 .060

Resorption of left distal roots 1
2

15
16

0.786
0.474

0.465
0.447

0.311 1.898 .068

bone anchorage could be one of the risk factors for
apical root resorption.

There are controversial reports regarding sex differ-
ences in OIIRR. Kjar15 found that females were slightly
more affected than males, whereas Linge and Linge27

reported no sex differences. Because of the retro-
spective character of this study, the possibility to eval-
uate sex differences in the quantity of OIIRR was not
given because the majority of the patients were fe-
male.

The main source of error inherent in the method was
landmark identification and the measurement proce-
dure. From the insignificantly small method error, it
can be concluded that the software program used in
this study has the ability to magnify the radiographic
image thus making the root apex more discernible,
minimizing the possible errors during these proce-
dures.

Most studies on anterior apical root resorption rely
on standardized long-cone periapical radiographs of
maxillary anterior teeth. However, Sharpe et al28 ob-
served on periapical radiographs that molars have the

second highest incidence of apical root resorption after
maxillary central incisors.

Hendrix et al19 studied the root resorption of poste-
rior teeth in orthodontic patients using OPTGs. In this
study, OPTGs were used to evaluate root resorption
of maxillary first molars because they were part of the
standard set of records for every patient. The identifi-
cation of the most apical point on the palatal root of
the first maxillary molar proved to be very difficult and
unreliable, and therefore the measurements of these
roots were excluded. But it can be concluded that al-
though panoramic radiography has its limitations in di-
agnosing apical root form30 and resorption, it can be
sufficiently reliable for vertical measurements29 on me-
sial and distal roots of posterior teeth, provided head
posture during exposure is standardized.

Some investigators have suggested that resorption
increases with increasing length of active treatment
and, therefore, severe resorption is more likely in pa-
tients with long treatment times.23,25,28 Levander and
Malmgren12 found that 34% of examined teeth showed
root resorption after six to nine months of treatment,
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whereas at the end of 19 months active treatment, root
resorption increased to 56%. It has also been reported
previously that some resorption occurs in almost every
orthodontic patient.10,11 The findings in this study con-
firm this observation. This study was not designed to
investigate the relationship between the amount of
root resorption and the duration of active treatment,
but the mean duration of active treatment was about
20 months in both groups. This relatively long treat-
ment time, even in the control group, where no active
intrusion was applied to the maxillary molars, appears
to have caused 81% of the roots evaluated to show
some resorption on careful examination of panoramic
radiographs. In the intrusion group, all the roots eval-
uated showed resorption to some extent. However,
only in the mesial roots of two patients was the amount
calculated larger than the largest resorption in the con-
trol group.

Because the mean difference in root length between
the groups before treatment was insignificant, the
groups were considered similar and comparable in
that regard. The maximum mean difference between
groups was 0.58 mm. This is less than a mean re-
sorption of 2.5 mm found by Dermaut and De Munck26

and less than the one mm of resorption found after
orthodontic therapy by Linge and Linge27 in studies
done on anterior teeth.

Mild to moderate shortening of the roots as a con-
sequence of orthodontic treatment, with loss of up to
one-quarter of the root length, was said to have no
clinical significance.18 Severe resorption, defined as
loss of more than one-quarter of the root length, is
distressing to the orthodontist and potentially signifi-
cant; however, even in these patients, it is difficult to
demonstrate major adverse clinical effects. For sup-
port of the tooth, three mm of apical root loss is equiv-
alent to one mm of crestal bone loss, which implies
that the apical portion of the root plays a minor role in
overall periodontal support.18

Fortunately, resorption related to treatment almost
never continues once the active phase of treatment
has ended. Nevertheless, avoiding severe resorption
should be a goal of orthodontic treatment. However,
on the basis of the fact that panoramic films showed
significantly greater apical root resorption than peri-
apical films for 743 teeth surveyed and that the use of
panoramic films to measure pre- and posttreatment
root resorption may overestimate the amount of root
loss by 20% or more,30 the largest amount of resorp-
tion seen on one root in this study does not seem to
be likely to have clinical implications.

Although high force levels are said to play a role in
OIIRR,3,27 the relationship between biomechanics of
bite closure and apical resorption of molar roots may
be more important than force levels. The high inci-

dence of posttreatment OIIRR of molar compared with
premolar teeth may be because of the large moment
on the teeth rather than the net force of the mechan-
ics.1,2 In this study, the mean intrusion force level was
about 150 g, applied with a closed Ni-Ti coil spring to
achieve low continuous intrusive force. However, the
statistically significant difference for the right mesial
roots, together with the larger amount of OIIRR of the
left mesial roots, suggests that perhaps an uninten-
tional counterclockwise moment was created during
intrusion. Because, at least for some of the patients,
the coil springs were free to slide on a wire extension
on the buccoocclusal surface of the cap splint, this
counterclockwise moment may be because of the
force application anterior to the center of resistance of
the posterior segments, which should be located clos-
er to the second molar than to the premolars included
in the segment.

The result of our study showed statistical signifi-
cance of root resorption of upper right mesial roots.
Because the amount of resorption was small and the
resorption on the other roots statistically insignificant,
it can be concluded that the resorption of maxillary first
molars seen after intrusion aided by zygomatic skel-
etal anchorage is clinically insignificant.

The amount of intrusive tooth movement was not
measured in this study. Further investigation with a
bigger sample size and further investigation into the
association between the degree of intrusion of the
posterior teeth and the incidence of apical root resorp-
tion might be more revealing.

CONCLUSIONS

Within the limitations of this study, apical root re-
sorption of maxillary first molars after intrusion was
done using zygomatic miniplates as skeletal anchor-
age was not clinically significantly different from apical
root resorption associated with fixed orthodontic treat-
ment without intrusion mechanics.
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