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Abstract

Background: Existing literature indicates that orthodontics patients are more likely to have severe apical root shortening, inter-
esting mostly maxillary, followed by mandibular incisors.
Objectives: The aim of the present study was to investigate the incidence and severity of root resorption (RR) in mandibular incisors
of adult patients treated with aligners.
Methods: The study group consisted of 71 adult healthy patients (mean age 32.8 ± 12.7) treated with aligners (Invisalign®, Align
Technologies, San Jose, CA, USA) for the intrusion of the lower incisors. Root and crown lengths of a total of 279 lower incisors were
measured in panoramic radiographs at the beginning (T0) and at the end (T1) of aligner therapy. Individual root-crown-ratio (RCR)
of each tooth and therefore the relative changes of RCR (rRCR) were determined.
Results: 44% of the 279 measured teeth presented a reduction of the pre-treatment root length. A reduction in percentage of > 0%
up to 10% was found in 26.76% (n = 76), a distinct reduction of > 10% up to 20% in 12.32% (n = 35) of the sample. 4.58% (n = 13) of the
teeth were affected by a clinically relevant reduction (> 20%).
Conclusions: Orthodontic treatment with Invisalign® aligners could led to RR in cases in which intrusion of the lower incisors is
planned. However, the incidence of RR is comparable to data described in case of application of light forces with fixed appliances,
and considerably lower than what has been described for traditional comprehensive orthodontic treatments.
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1. Background

Root resorption (RR) is described as a permanent loss
of tooth structure from the root apex and its clinical man-
ifestation among orthodontic patients is highly variable
(1). The etiopathogenesis of RR is complex and multifacto-
rial, and influenced by individual biologic variability, ge-
netic predisposition and mechanical factors (2). As a mat-
ter of fact, several authors demonstrated that RR occurs
even without orthodontic treatment (3-6). However the
existent literature shows that orthodontically treated pa-
tients are more likely to have severe apical root shortening
(7).

The occurrence of RR in orthodontically moved teeth
is reported as greater than 90% in histological studies (8-
10). Lower percentages are reported when diagnostic ra-
diographic techniques are used. The average amount of tis-
sue loss is usually less than 2.5 mm (11-14) or varies from 6

to 13% for different teeth in radiographic studies (15).
RR is usually classified as minor or moderate in most

orthodontic patients. Severe resorption, if exceeding 4
mm or one - third of the original root length, is seen in 1
- 5% of teeth 7 (7, 16-18).

The mechanism of root resorption has two phases: the
first is represented by the damage of the external surface
of the root with exposition of denuded mineralized tissue
while the second phase is characterized by the stimulation
of multinucleated cells (19). Those multinucleated cells
colonize the denuded mineralized tissue and initiate the
resorption process. If there are no further stimulations,
spontaneous repair will occur with cementum - like mate-
rial within 2 - 3 weeks. If the inflammatory process will per-
sist involving deeper root dentin, then RR can be detected
radiographically (20). Apical RR may be observed during
or at the end of the treatment. It begins approximately 2 -
5 weeks into treatment, but it takes 3 - 4 months before ra-
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diographical appearance. Even if it is a complex biological
process and many aspects are unknown, RR occurs when
forces at the root apex exceed the resistance and reparative
ability of the periapical tissues.

Furthermore the association between the amount of
orthodontic tooth movement and the resulting RR, has
been demonstrated (21-24). The amount of tooth move-
ment depends on the severity of the malocclusion, sug-
gesting that the presence of a severe malocclusion repre-
sents a risk factor for RR. Class I patients with acceptable
overjet show less RR than Class II or III patients (25).

Several studies, suggest that the pause in orthodontic
treatment conducted with intermittent force allows the re-
sorbed cementum to heal and prevent further resorption
(26-28).

Since the Invisalign® treatment technique belongs to
removable appliances, intermittent forces are applied to
the teeth.

2. Objectives

The aim of the present study was to investigate the in-
cidence and severity of RR in mandibular incisors of adult
patients treated with aligners in order to obtain their in-
trusion.

The study was conducted to answer the following clin-
ical question: does the lower incisors intrusion obtained
with interrupted forces result in RR?

3. Methods

In the present study we evaluated 71 (25 males and 46
females) adult healthy patients treated with aligners (In-
visalign®, Align Technologies, Santa Clara, CA, USA). The
mean age was 32, 8 ± 12.7 (age range 18-71). The panoramic
radiographs were taken at the beginning (T0) and at the
end (T1) of orthodontic treatment. The average treatment
duration was 18 months.

All of the pre- and post- panoramic radiographs were
taken with the same device.

Inclusion criteria for all the patients were: need for
intrusion of the lower incisors, moderate crowding (arch
length discrepancy < 6 mm).

Exclusion criteria were: evidence of root resorption
on the pre-treatment panoramic radiographs, presence of
severely dilacerated roots or endodontically treated teeth,
patients requiring other orthodontic systems, extraction
therapy or any surgical treatment.

The treatment plan was designed in order to obtain an
intrusion movement of the lower incisors. All lower in-
cisors were assessed. Considering inclusion and exclusion
criteria, a total of 279 teeth were evaluated (Table 1).

The measurement of the dental panoramic radio-
graphs were performed by using Orisceph (Orisceph Rx®,
Elite Computer Italia, Vimodrone, MI, Italy).

On the basis of Krieger et al., Fritz et al. and Linge and
Linge, all root and crown measurements were assessed by
one examiner blinded in a stochastic sequence (11, 29, 30).
To evaluate the pre- and post-treatment root length a sym-
metric cross was defined by two connecting lines: the first
from the width of the incisal edge of the tooth to the apex,
the second from the mesial and distal edge of cemento-
enamel-junction. The crown length was represented by
the distance between incisal edge and cemento-enamel-
junction (on the long axis). The root length was repre-
sented by the distance between cemento-enamel-junction
and apex (Figure 1).

Figure 1. Measurement of the Panoramic Radiographs: Root and Crown Lengths
(CEJ = Cemento-Enamel Junction), Individual root-crown-ratio (RCR) was deter-
mined considering pre- and post-treatment root and crown length.

As stated by Krieger et al. (25) and Fritz et al. (31) indi-
vidual root-crown-ratio (RCR) of each tooth and therefore
the relative changes of RCR (rRCR) was determined con-
sidering pre- and post-treatment root and crown length.
An rRCR of 100% indicates no change of the pre-treatment
root length relative to the post-treatment root length. A de-
crease of rRCR indicates a reduction of the root length dur-
ing treatment.

Data analysis and data collection were performed us-
ing the SPSS® software program (statistical package for
social science) for windows version 23.0 (Inc., Chicago, II,
USA).

The averages of the two measurements were used to
calculate RCR and the changes in RCR. Absolute and rel-
ative frequencies of RCR were calculated for every tooth.
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Table 1. Number of Teeth Evaluated

TOT 42 32 41 31

279 71 68 70 70

Quantitative measurements are described by mean and
standard deviation.

For testing difference in RCR between right and left
side of the arch we performed a student’s T-test for paired
sample.

4. Results

The mean rRCR for every tooth is shown in Table 2.
All patients had a minimum of one teeth affected with

a reduction of the root length (rRCR < 100%), on average
2.14 ± 0.92 teeth per patient (Table 3).

In the present study, 43.66% of the 279 teeth (n =
124) were affected by reduction of the post-treatment root
length (rRCR < 100%).

Considering the severity of the RR, a reduction in per-
centage of > 0% up to 10% was found in 26.76% (n = 76), a
distinct reduction of > 10% up to 20% in 12.32% (n = 35) of
the sample. 4.58% (n = 13) of the teeth were affected with a
considerable reduction (> 20%) (Table 4).

The values of the individual tooth (32-35) are shown in
Table 5.

The difference in rRCR between right and left side of
the arch was also tested by using a Student’s t-test for
paired sample. Every tooth on the right side of the arch was
compared with the corresponding on the left side.

Lower central incisors showed a statistically significant
difference between RR on the right side and on the left side
of the arch (Table 6).

5. Discussion

In previous studies it has been demonstrated that max-
illary incisors showed a consistent average apical root re-
sorption, more than any other analyzed tooth, followed by
mandibular incisors and mandibular first molars (12, 23-25,
31-33, 36-39).

As shown in Table 2,43.66% of the 279 teeth (n = 124)
were affected by post-treatment reduction of the root
length with aligner therapy. These data are encouraging
if compared to the ones recently reported by Castro et al.
(40); in their study the incidence of RR in patients treated
with straight wire appliances was 72% for mandibular cen-
tral incisors and 70% for mandibular lateral incisors.

Tieu et al. (41) in their systematic review evaluated RR
to maxillary and mandibular incisors during non-surgical

orthodontic treatment (extraction and non-extraction) in
class II division I malocclusions, measured using radio-
graphs (periapical or lateral cephalometric). Each study
classified root resorption differently; however, all reported
that the majority of teeth experienced mild to moderate re-
sorption following treatment. Prevalence of incisors root
resorption ranged between 65.6% and 98.1%.

When considering the severity of RR in our study sam-
ple, the incidence of minimal RR (< 10%) was 27%, mild RR
(between 10% and 20%) was 12% and severe RR (between
10% and 20%) was only 4.58%. These values are consistent
with those reported in a retrospective study of Krieger et
al. (29) who examinated the incidence and severity of RR
in patients who underwent a fully implemented orthodon-
tic treatment with aligners: 46% of all teeth presented RR;
in particular mandibular incisors showed a minimal RR
ranged from 25% to 32%, mild RR from 11% to 18% and severe
RR from 1% to 14%.

The major incidence of RR in maxillary and mandibu-
lar incisors may be explained with the greater extending
of movement of maxillary incisors that usually occurs, the
root structure of the incisors, and its relationship to bone
and the periodontal membrane, which transfers most of
the forces to the apex (34).

As far as the force system applied to teeth is concerned,
a comprehensive orthodontic treatment causes increased
incidence and severity of RR, and heavy force application
significantly produces a greater RR than light force appli-
cation or control1 (1). Therefore, the use of light forces, es-
pecially for intrusion of anterior teeth, is recommended.

It has been suggested that an orthodontic force greater
than the partial pressure of the periodontal capillaries (26
g per square centemeter) (35) will cause periodontal is-
chemia and lead to RR.

In their prospective study, Barbagallo et al. (42)
used x-ray microtomography to quantify premolar cemen-
tum resorption generated by treatment with ClearSmile®
(ClearSmile, Woollongong, Australia) aligners: these val-
ues obtained were compared with the ones of a fixed ap-
pliance generating heavy or light orthodontic forces. The
results showed that the aligner group had a similar RR
with respect to the light-force group and approximately six
times greater than the untreated control group.

Similar results between the aligners group and the
light-force group could be explained by the study con-
ducted by Cattaneo et al. in 2009 (43). In their finite ele-
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Table 2. Lower Teeth: Number of Measured Elements, Mean and Standard Deviation of RCR for Every Tooth

42 32 41 31

N 71 68 70 70

Mean 101.9 104.7 100.20 105.70

SD 16.50 12.27 13.28 13.48

Min. 57 79 71 82

Max. 140 171 127 137

Table 3. Distribution of the Amount of the Affected Teeth Per Patient (n = 56)

N. Teeth (RCR < 100%) Frequency (n) Percent (%)

1 16 28.57

2 20 35.71

3 16 28.57

4 4 7.14

ment analysis the PDL performance under light force load-
ing was evaluated. The authors did not confirm the classi-
cal ideas of distinct and symmetrical compressive and ten-
sile areas in the periodontium: light continuous orthodon-
tics forces are perceived as intermittent by the periodon-
tium, because of the viscoelastic nature of PDL and of the
vertical forces released during function and parafunction.
This finding could explain the similar results between the
aligners group and the light-force group.

Orthodontic treatment with Invisalign® aligners
could led to RR in cases in which intrusion of the lower
incisors is planned. However the incidence of RR results
comparable to what has been described for the applica-
tion of orthodontic light forces, with in most of the cases
a percentage of RR < 10% of the original root length, and
considerably lower than what has been described for
comprehensive orthodontic treatments.

5.1. Conclusions

The present study investigated the incidence and sever-
ity of RR in mandibular incisors of adult patients treated
with aligners during Class II treatments with sequential
distalization protocol applied on the upper arch and in-
trusion in the lower incisors area. Every patient showed
a minimum of one teeth with root length reduction. On
average, 2.14 teeth per patient were affected. Overall, 44%
of the measured 279 teeth showed signs of apical root re-
sorption, but only 4.58% a reduction of over 20% of the pre-
treatment root length.
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