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Abstract
Objective: To compare the dental and skeletal effects of intermaxillary elastics on 
the correction of mild Angle's Class II division 1 malocclusion with clear aligner treat-
ment (CA) versus fixed multibracket (FMB) in growing patients.
Settings and sample population: The study sample consisted of 49 consecutively 
patients (mean age ± SD 12.9 ± 1.7 years), 32 females and 17 males referred from 
the School of Orthodontics of the University of Bratislava Comenius (Slovakia). All 
patients were treated with a non- extraction orthodontic treatment, 25 with FMB 
and 24 with CA.
Methods: The cephalometric analysis was performed at the beginning (T0) and the 
end of the treatment (T1). The t test for unpaired data was carried out to compare 
cephalometric values at T0 and changes at T1- T0 between the two groups. The level 
of significance was set as P < .0035.
Results: The two groups showed no statistically significant differences (ANPg = −0.1°; 
P = .762) in the correction of the sagittal intermaxillary relation. The analysis of verti-
cal skeletal changes showed no statistically significant effects on mandibular inclina-
tion (SN/MP = 0.1°; P = .840). The two treatments had a statistically significant and 
clinically relevant difference in controlling the inclination of the lower incisors (L1/
GoGn = 4.8°, CAG = −0.5°± 3.9°; FMB = 4.3°± 5.8°; P < .001).
Conclusions: Class II elastics combined with CA and FMB produce a similar correc-
tion on sagittal discrepancies in growing patients. CA presented a better control in 
the proclination of the lower incisors. CA and elastics might be a good alternative in 
the correction of mild Class II malocclusion in cases where a proclination of lower 
incisors is unwanted.
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1  | INTRODUC TION

In the last decades, there has been a significant increase in the use 
of clear aligners (CA) for the treatment of malocclusions in adults 
and children.1- 4 The concept of clear aligner treatment (CAT) 
comprises an aesthetic orthodontic treatment that may allow for 
better oral hygiene, periodontal health and safety of the roots.5- 8 
Patients seem to show a greater degree of acceptance and collab-
oration towards CAT and a very high satisfaction level with the 
final result.9 Thanks to the progress in the biomechanics of the 
CAT and to the improvement in physical and chemical properties 
of the material,10,11 new scenarios have opened for the clinical use 
of aligners, which increased the number of cases being treated 
with this therapy.12 The biomechanics of these instruments allows 
the clinician to plan and to obtain a wide range of dental move-
ments, such as molar distalization, molar derotation and incisor 
torque.13,14

Several approaches have been developed for the treatment of 
Class II malocclusions, which include a variety of options due to the 
high prevalence of the malocclusion15: extraoral tractions, dental 
and skeletal expansion, functional jaw orthopaedic appliances, fixed 
therapy and intermaxillary elastics, and much more.16 The conven-
tional fixed multibracket therapy (FMB) approach associated with 
intermaxillary elastics is one of the most common approaches to 
treat dental Class II malocclusion.17 Class II elastics are effective in 
correcting Class II malocclusions, and their effects are mainly den-
toalveolar, including lingual tipping, retrusion and extrusion of the 
maxillary incisors; labial tipping and intrusion of the mandibular in-
cisors; mesialization and extrusion of the mandibular molars; and an 
increase in the occlusal plane angle during treatment.18 On the other 
hand, the treatment with aligners and intermaxillary elastics in Class 
II patients is still unexplored in several aspects. One study evalu-
ated the effect of molar distalization on the vertical dentoskeletal 
dimension finding an excellent control of both the vertical dimension 
and the incisal anchorage loss19; however, the literature analysing 
the Class II treatment is prevalently made of case reports and case 
series.17,20 Hence, the purpose of this study was to compare the ef-
fects of intermaxillary elastics on the correction of mild Angle's Class 
II division 1 malocclusion between two groups of growing patients 
undergoing orthodontic treatment respectively with FMB and CAT. 
The primary outcome of this retrospective study was to evaluate the 
effects of these two treatments on the sagittal skeletal discrepancy 
(ANPg).

2  | MATERIAL S AND METHODS

This retrospective study followed the STROBE Statement check-
list for reports of observational studies.21 The study protocol com-
plied fully with the principles of the Helsinki Declaration and was 
approved by the Ethical Committee at the University of Naples 
Federico II (67/17).

2.1 | Sample

The a priori sample size calculation, performed based on the main 
outcome (ANPg), showed that at least 22 patients per group were 
required.

Inclusion criteria for the selection in the study were as follows: 
patients treated by means of clear aligners or fixed multibracket ap-
pliances and elastics; patients with ages between 9 and 16 at the 
beginning of treatment, Class II division 1 malocclusion, late mixed 
(eruption of lower second premolars and/or eruption of upper ca-
nines) or permanent dentition, ANPg ≥3°, and overjet ≥4 mm and at 
least End- to- End Class II molar and canine relationship, molar and 
canine Class I at the end of treatment.

Subjects were excluded from the study if they had one of the 
following exclusion criteria: craniofacial abnormalities, congenital 
syndromes of the craniofacial area, periodontal disease, or tem-
poromandibular disorders, treated with functional appliances, 
treated with elastics on miniscrews, extractions in the treatment 
plan.

2.2 | Clinical protocol

All patients were treated with a non- extraction or-
thodontic treatment, and the selected subjects were divided into 
two groups:

2.2.1 | Fixed multibracket therapy group (FMB)

The treatment was performed with a multibracket fixed appliance 
with slot size 0.022 × 0.028 and MBT prescription (Mini Sprint® II, 
Forestadent). The following arch sequence was used: 0.014 nickel 
titanium (NiTi), 0.014 × 0.025- inch NiTi straight arch, 0.019 × 0.025- 
inch NiTi straight arch, 0.019 × 0.025- inch stainless steel with 1/4" 
6 oz intermaxillary elastics. Patients were invited to wear the elastics 
bilaterally from the hooks of the upper cuspid to the hooks of lower 
first molar for 22 hours, except during the meals. Elastics were ap-
plied when the 0.019 × 0.025- inch stainless steel archwires were 
placed.

2.2.2 | Clear aligners group (CAG)

Treatment was performed with aligners (Invisalign®, Align 
Technology). Starting from the third aligner, 1/4” 6 oz intermaxillary 
elastics were accommodated by using precision cuts on the upper 
canines and metal buttons placed at the level of the first lower mo-
lars and were worn throughout the day.

Each patient was assigned 4 sets of aligners at a time 
and checked, on average, every 28 days. Each aligner was worn for 
7 days.
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2.3 | Measurements and timing

The skeletal and dental changes, due to the treatment, were evalu-
ated on the lateral cephalograms in centric occlusion through ceph-
alometric analysis (Figure 1, Table 1). All the cephalograms were 
performed with the same cephalometric X- ray, ART Plus C (Ajat). 
Lateral cephalograms were performed in centric occlusion, with re-
laxed lips and with the heads oriented according to the Frankfurt 
plane. On each lateral cephalogram, the cephalometric tracing was 
performed by a single operator. For both groups, two lateral cepha-
lograms were included, one at the beginning of treatment (T0) and 
one at the end of treatment (T1), when a good alignment and a Class 
I molar, and canine relationship were achieved.

All X- rays were scanned using a scanner (Expression 1680 Pro; 
Epson Italy) with a resolution of 300 dpi and 256 levels of grey, then 
saved in the jpeg format and then subjected to cephalometric anal-
ysis using Dolphin Imaging 11.0 software (Dolphin Imaging). The ex-
aminer was extensively trained in electronic cephalometric analysis 
and was blinded to the patients’ names and allocations. The dates of 
the radiographs were also concealed from the examiner during the 
measurements. T0 and T1 radiographs were randomly submitted to 
the examiner.

Digital dental casts were used to assess amount of crowding 
at the lower arch, amount of interproximal reduction (IPR) at the 
lower front teeth (canine to canine) and molar relationship. Digital 

dental casts at the beginning and at the end of treatment were col-
lected. The digital dental casts were analysed by means of Autodesk 
MeshMixer (Autodesk INC.). Crowding was defined as the differ-
ence between the sum of mesiodistal segment of teeth from second 
bicuspids to second bicuspids at the lower jaw and the arch length. 
The arch length was measured in four segments: right and left poste-
rior arch lengths (mesial to the first molar up to distal to the canine) 
and right and left anterior arch lengths (distal to the canine up to 
the midpoint between the central incisors). The mesiodistal tooth 
width was measured from the second bicuspids to the incisors.22 For 
measuring the amount of the IPR, the mesiodistal tooth width was 
evaluated also in the digital casts at the end of treatment, only for 
the lower jaw from cuspid to cuspid. For each tooth, the difference 
in mm between the mesiodistal width at T0 minus the mesiodistal 
width at T1 was calculated. Finally, the molar class relation was eval-
uated analysing the digital cast in occlusion. The molar relation was 
divided according to the American Board of Orthodontics definition 
in End- to- End Class II molar relationship and full- step Class II molar 
relationship.

2.4 | Method error

The technical errors of measurement were calculated from 40 ran-
domly selected cephalograms. A set of measurements was reas-
sessed by the same examiner after a memory washout period of at 
least 4 weeks. The method error for all measurements was calcu-
lated using Dahlberg's formula.23

Systematic differences between duplicated measurements were 
tested using a paired Student's t test with the type I error set at 0.05.

2.5 | Statistical analysis

For each parameter (demographic and cephalometric) collected, the 
main descriptive statistics (mean and standard deviation for continu-
ous data) were described.

The G*Power software version 3.1.9 (Universität Kiel) was 
used for sample size calculation. Considering an alpha = 0.05, a 
beta = 0.20, the t test for unpaired data and an effect size of 0.9 (dif-
ference of ANPg means of −1.45° with a grouped standard deviation 
of 1.3°),24 at least 22 patients per group were required.

Statistical tests were carried out to compare each cephalomet-
ric variable analysed within the two groups, data distribution was 
assessed by means of Shapiro- Wilk test and Q- Q plot analysis, and 
due to the normal distribution of the data, the comparisons of ceph-
alometric variables at T0 and of the differences T1- T0 between 
groups were performed by means of t test for unpaired data. The 
significance level was adjusted according to Bonferroni's correction 
(P < .0035; α/multiple comparisons; 0.05/14). All statistical analy-
ses were performed using the standard statistical software package 
(SPSS version 22.0, IBM SPSS).

F I G U R E  1   Cephalometric analysis and tracing: Sagittal skeletal: 
SNA (°), SNPg (°), ANPg (°), WITS (mm), Co- Gn (mm), Vertical 
skeletal: SN to palatal plane (°), SN to mandibular plane (°), Palatal 
plane to mandibular plane (°), CoGoMe (°), Co- Go (mm). Interdental: 
Overjet (mm), Overbite (mm). Maxillary dentoalveolar: U1 to palatal 
plane (°). Mandibular dentoalveolar: L1 to mandibular plane (°)
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3  | RESULTS

The study sample consisted of 49 consecutively treated patients 
(mean age ± SD 12.9 ± 1.7 years), 32 females and 17 males referred 
from the School of Orthodontics of the University of Bratislava 
Comenius (Slovakia) and analysed at the School of Orthodontics of 
the Department of Neuroscience, Reproductive Sciences and Oral 
Sciences of the University of Naples Federico II (Italy).

The fixed multibracket therapy group (FMB) included 25 patients 
(mean age ± SD 13.1 ± 1.8 years), 16 females and 9 males.

The clear aligners group (CAG) included 24 patients (mean 
age ± SD 12.7 ± 1.7 years), 16 females and 8 males.

Before treatment for the CAG group, 16 patients were in End- 
to- End Class II molar relationship and 8 patients in full- step Class 
II molar relationship; for the FMB, 16 patients were in End- to- End 
Class II molar relationship and 9 patients in full- step Class II molar 
relationship. At the end of the treatment, all the patients achieved a 
Class I molar and canine relationship.

The method error ranged between 0.20° (ANPg) and 1.18° (U1/
PP) for cephalometric angular measurements and between 0.49 mm 
(OVJ) and 0.94 mm (Co- Gn) for linear measurements. There was no 
systematic error for any measurements (Student's t test: P > .01).

In the analysis of the starting forms, the two groups presented 
the same characteristics for all the analysed variables (P > .05). 

The amount of crowding at the beginning of the treatment was 
similar between the two groups (CAG = −0.4 ± 1.5, range −2.3- 
2.7; FMB = −1.0 ± 1.6, range −3 -  2; P = .135). The treatment du-
ration presented a statistically significant difference between CAG 
(1.16 ± 0.5 years) and FMB (1.9 ± 0.4 years; P < .001).

The FMB group had an average ANPg of 4.8°±1.6° while the CAG 
had an average ANPg of 4.3°±1.4° (Table 1). At the end of the treat-
ment, the two groups showed no statistically significant differences 
(−0.1°, P = .762) in the correction of the sagittal intermaxillary rela-
tionship (ANPg, Table 2).

The analysis of vertical skeletal changes showed similar effects 
on the mandibular inclination (SN/MP 0.1°). An average slight man-
dibular posterior rotation in the FMB group (−0.2°± 1.5°) compared 
to an average slight anterior rotation in the CAG (−0.3°± 2.2°) was re-
corded, but this difference was not statistically significant (P = .840).

The different effects of the two treatments are particularly ev-
ident in the dentoalveolar component. Both groups showed a sim-
ilar OVJ (FMB: −1.9°± 1.7°; CAG: −1.7°± 1.5°) and OVB correction 
(FMB: −1.7°± 1.9°; CAG: −1.2°± 1.4°), but the two treatments had 
a statistically significant and clinically relevant difference in con-
trolling the inclination of the lower incisors (L1/GoGn). Patients 
treated with FMB recorded an average proclination of 4.3°± 5.8°, 
while patients treated with aligners recorded a slight reclination 
(−0.5°± 3.9°). The difference between the two treatments (4.8°) was 

TA B L E  1   Descriptive statistics and statistical comparisons of baseline characteristics

Cephalometric measures

FMB CAG

P

n = 25 n = 24

Mean SD 95% CI Mean SD 95% CI

Sagittal Skeletal

SNA (°) 81.4 3.2 80.0;82.7 80.6 2.9 79.3;81.8 .366

SNPg (°) 77.1 3.5 75.7;78.7 77.6 2.9 75.9;78.4 .960

ANPg (°) 4.8 1.6 4.1;5.4 4.3 1.4 3.7;4.9 .276

Wits (mm) 4.0 2.3 3.1;5.0 3.3 1.9 2.5;4.1 .271

Co- Gn (mm) 103.3 6.5 100.6;105.9 104.8 7.5 101.7;108.0 .430

Vertical Skeletal

SN/PP (°) 8.2 3.7 6.7;9.7 8.6 3.3 7.2;10.0 .673

SN/MP (°) 31.8 5.5 29.5;34.1 32.7 6.4 30.0;35.4 .591

PP/MP (°) 20.4 5.1 18.3;22.6 21.4 6.4 18.7;24.1 .555

CoGoMe (°) 127.0 6.5 124.3;129.7 128.3 8.7 124.6;132.0 .569

Co- Go (mm) 51.2 4.8 49.2;53.2 52.0 5.5 49.7;54.3 .590

Interdental

Overjet (mm) 5.3 1.5 4.7;5.9 5.0 1.3 4.4;5.5 .461

Overbite (mm) 2.6 1.8 1.8;3.3 2.6 1.9 1.8;3.4 .952

Maxillary dentoalveolar

U1/PP (°) 111.0 7.2 108.1;114.0 109.7 7.5 106.5;112.8 .517

Mandibular dentoalveolar

L1/GoGn (°) 101.9 6.0 99.4;104.3 99.7 7.2 96.6;102.7 .257

Note: Significance level was set at P < .0035. Data are reported as mean ± standard deviation (SD) and 95% confidence interval (95%CI).
Abbreviations: CAG, clear aligners group; FMB, fixed multibracket group.
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statistically significant (P < .001). Finally, both groups included a sim-
ilar amount of IPR in the frontal lower teeth in their treatment plan 
(CAG = 0.64 ± 0.69 [max 2.9 mm]; FMB = 0.63 ± 0.89 [max 2.6 mm]; 
P = .967).

4  | DISCUSSION

This study investigated the effects of two orthodontic treatments, 
CAT and fixed multibracket therapy with intermaxillary elastics, on 
the Class II malocclusion in growing patients.

Considering the results of this study, the two treatments 
achieved similar results, but it is important to underline that CAT 
presented a better control in the proclination of the lower incisors.

One of the limits in the therapy of Class II elastics with fixed 
therapy is the proclination achieved, as reported in several stud-
ies.18 In some cases, this proclination is considered a desired 
movement, for example, to correct Class II malocclusion with a 
deep bite and retroclined lower incisors; however, in some cases, 
this proclination is unwanted. For example, in high angle patients 
a Class II malocclusion, due to the clockwise rotation of the man-
dible, is often present, which is associated with crowding and 

proclined lower incisors. In this case, the proclination of the lower 
incisors can be considered an undesired movement that could 
damage the patient and create a recession in the lower incisors.25 
The results suggest that, in our sample of growing patients, there 
are no statistically significant improvements for both treatments 
in the sagittal skeletal relationship, and this is consistent with pre-
vious studies on fixed appliances and Class II elastics.18 In growing 
patients, often the aetiology of Class II malocclusion is related to 
a retruded mandible that may require a treatment with functional 
orthopaedic appliances.26,27 Class II functional appliances are in-
dicated in the correction of mandibular deficiencies since they 
allow mandibular postural changes by holding the mandible for-
ward and/or downward, although their effectiveness is debated.16 
In general, there is still no sufficient evidence to either suggest or 
discourage the functional treatment in Class II patients. The lack 
of definite evidence is mainly due to the small number of well- 
conducted randomised studies.26 Considering the dentoalveolar 
effects, there are other auxiliaries that can be used for Class II 
malocclusion correction, such as the Forsus™ Fatigue Resistance 
Device (Forsus FRD®; 3 M Unitek), which is a fixed functional ap-
pliance that has received increased interest as an effective and 
noncompliant option for Class II Division 1 treatment. Although 

TA B L E  2   Descriptive statistics and statistical comparisons of the T1- T0 changes

Cephalometric measures

FMB CAG

n = 25 n = 24

Mean SD 95% CI Mean SD 95% CI
Mean 
difference P

95% CI 
Lower limit

95% CI 
Upper limit

Sagittal Skeletal

SNA (°) −0.7 1.4 −1.2;−0.1 −0.6 1.1 −1.1;−0.1 −0.1 .836 −0.8 0.7

SNPg (°) 0.5 1.1 0.1;1.0 0.3 1.5 −0.4;0.9 0.2 .505 −0.5 1.0

ANPg (°) −0.8 1.0 −1.2;−0.4 −0.7 1.1 −1.2;−0.3 −0.1 .762 −0.7 0.5

Wits (mm) −2.1 2.1 −2.9:−1.2 −1.8 2.4 −2.8;−0.8 −0.3 .676 −1.6 1.0

Co- Gn (mm) 5.7 4.0 4.0;7.4 5.2 3.9 3.5;6.8 0.5 .650 −1.7 2.8

Vertical Skeletal

SN/PP (°) 0.3 1.9 −0.5;1.1 0.7 1.3 0.2;1.3 −0.5 .323 −1.4 0.5

SN/MP (°) −0.2 1.5 −0.8;0.5 −0.3 2.2 −1.2;0.7 0.1 .840 −1.0 1.2

PP/MP (°) −0.3 2.7 −1.4;0.8 −1.0 2.0 −1.8;−0.1 0.7 .294 −0.6 2.1

CoGoMe (°) 1.8 5.4 −0.4;4.1 −2.5 8.6 −6.1;1.1 4.3 .038 0.3 8.4

Co- Go (mm) 4.1 3.3 2.7;5.4 3.8 3.9 2.2;5.4 0.3 .789 −1.8 2.3

Interdental

Overjet (mm) −1.9 1.8 −2.7;−1.2 −1.7 1.5 −2.3;−1.0 −0.2 .609 −1.2 0.7

Overbite (mm) −1.7 1.9 −2.4;−0.9 −1.2 1.4 −1.8;−0.6 −0.4 .345 −1.4 0.5

Maxillary dentoalveolar

U1/PP (°) 3.4 8.5 −0.1;6.9 0.5 9.2 −3.3;4.4 2.8 .268 −2.2 7.9

Mandibular dentoalveolar

L1/GoGn (°) 4.3 5.8 1.9;6.7 −0.5 3.9 −2.1;1.2 4.8 <.001 1.9 7.6

Note: Significance level was set at P < .035. Data are reported as mean ± standard deviation (SD) and 95% confidence interval (95%CI). Bold type: 
statistically significant.
Abbreviations: CAG, clear aligners group; FMB, fixed multibracket group.
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the Forsus FRD® is a valuable option for the correction of Class II 
malocclusion, providing a shorter treatment period and requiring 
minimal patient compliance,28 it proclines the lower incisors sim-
ilarly to the intermaxillary elastics with fixed appliances.29,30 The 
Herbst appliance represents a further option in Class II correction: 
it promotes a postural alteration in the mandible, positioning it an-
teriorly. It consists of a reciprocal intermaxillary anchored intra-
oral device. The device action of advancing the mandible causes 
an equal and opposite reaction in the upper arch. Thus, the appli-
ance produces a forward force on the lower teeth and a backward 
force on the upper teeth.31,32 Gerszewski et al33 evaluated lower 
incisor changes after treatment with Herbst appliance, and there 
was a statistically significant increase in the IMPA in the treated 
group (3.2°±12.8°).

This study showed that the CAT with intermaxillary elastics 
represents an important therapeutic option for some types of pa-
tients when we need to maintain the position of the lower incisors. 
Probably, the greater control is associated with the rigidity of the 
aligner in maintaining all the arch locked, or with a better distribution 
of forces produced by the elastics on the aligner compared to what 
happens with the brackets. Hence, it could be supposed that, thanks 
to its structure, the CAT avoids the proclination of the lower incisors 
due to the Class II elastics.

Another possible advantage of the CAT therapy is the bite- block 
effect, which should allow a greater control of verticality, as con-
firmed in previous studies.19,34 Indeed, Class II elastics with fixed 
therapy usually create molar extrusion and a clockwise rotation of the 
occlusal plane.18 However, in this study the difference in the changes 
of the mandibular plane (SN/MP) was not statistically significant.

The CAG showed a shorter treatment duration respect to the 
FMB. This was a great advantage of the CAT; indeed, also Zheng 
et al showed a significant short treatment duration of CAT in mild- 
to- moderate cases.35 This aspect has been confirmed by another 
study.36 This difference may be ascribed to the possibility of CAT to 
use elastics from the first stages of treatment. For example, in the 
protocol used in this study each patient in CAG began wearing inter-
maxillary elastics with the third aligner (after 14 days of treatment), 
while patients in FMB started wearing intermaxillary elastics only 
with the fourth steel arch (after approximately 180 days of treat-
ment). Moreover, the aligners were changed every 7 days, reducing 
the treatment time.

Although this protocol is widely used in clinical practice, there is 
a lack of evidence in the relevant literature to support it. This study 
could be source of inspiration for further investigations, because de-
spite the limitation of being a retrospective and short- term study, 
the homogeneity and the sample size give the results a certain reli-
ability. All the included patients achieved a Class I molar and canine 
relationship, and this was necessary to simulate the optimum result 
of both treatments and to evaluate the effects until the achievement 
of a good occlusion.

In this retrospective study, some source of bias might be present. 
In both group, it was not possible to monitor patients’ compliance, 
and this could influence treatment duration.

The inclination of lower incisors might be influenced by the 
amount of crowding and the IPR. However, in this study these data 
were calculated and did not differ in the two groups. Another, possi-
ble source of bias was the correction of the Curve of Spee that was 
not recorded in the study. The levelling of the Curve of Spee is often 
associated to a proclination of the lower incisors, with the reduc-
tion of OVJ and OVB. However, between the two groups the OVJ 
and OVB did not show statistically significant differences at both 
the time points.

5  | CONCLUSIONS

Class II elastics combined with CA and FMB produced a similar cor-
rection of sagittal discrepancies (ANPg) in growing patients.

There were no statistically significant differences between the 
two treatments on vertical skeletal changes.

Clear aligners presented a better control in the proclination of 
the lower incisors. CA and elastics might be a good alternative in the 
correction of mild Class II malocclusion in cases where a proclination 
of lower incisors is unwanted.
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