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Abstract 
Background: To evaluate the facial aesthetic effects of orthodontic treatment performed with clear aligners and 
to compare it to an untreated control group, on lower third facial ageing in adult patients through the use of the 
Wrinkle Severity Rating Scale (WSRS) at the beginning (T0) and at the end (T1) of the study period.
Material and Methods: A clear aligners treated group (TG) of 68 patients was compared to a control group of 33 
untreated patients (UG). Each group was divided in 2 subgroups according to age: subgroup 1 if under 40 years 
of age and subgroup 2 if over. Facial aesthetics of the lower third was evaluated at T0 and T1 by a panel of five 
aesthetic experts with WSRS.
Results: Statistically significant changes were found in all subgroups comparing WSRS scores at T0 and T1. The 
between group comparisons revealed that wearing clear aligners produces a statistically relevant improvement in 
lower third facial aesthetics both in younger (p < 0.05) and older (p < 0.001) patients.
Conclusions: The present retrospective cohort study has successfully shown that malocclusion therapy conducted 
through the use of clear aligners in a population of adults affected by dental crowding has beneficial effects on 
lower third facial ageing.
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Introduction
Ageing is an inevitable life process: from birth human 
genes lead the body through a series of changes ranging 
from growth and development to maturation, ageing and 
finally death. Facial ageing is a complex physiological 
process, involving hard and soft tissues, essentially cha-
racterized by loss of soft tissue muscle tone and of hard 
tissue volume. 

In the dentate patient the facial ageing is believed to be 
totally due to soft tissue changes. Ageing of the skin is 
associated with progressive atrophy of the dermis as well 
as changes in the dermal tissues. This leads to thinning, 
wrinkling, sagging and laxity of the facial skin.  Moreo-
ver the muscles of the head and neck show a significant 
reduction in cross-sectional area and density with age 
(1). 
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The increased interest in aesthetics procedures has re-
quired the development of scales to measure the degree 
of ageing, the severity of facial wrinkles and the level of 
improvement resulting from such procedures. Numerous 
different instruments have been proposed with the aim 
of creating a standardized tool for the measurement of 
ageing such as questionnaires or the 3-Dimensional pho-
togrammetry (2). Validated scales could be also useful 
for assessing patient-reported outcomes, such as quality 
of life and satisfaction with treatment. One of the above 
mentioned scales is a photograph-based five-point scale, 
named Wrinkle Severity Rating Scale (WSRS), that is 
designed for quantifying facial folds from 1 = absent to 
5 = extreme (3).
Orthodontics and orthognathic surgery, with only a mo-
derately increased risk rate of complications (4) and a 
more positive effect on patient’s compliance (5), can 
help give facial harmony, where malocclusions created 
a situation of abnormalities in bone bases, teeth posi-
tion, muscle function and posture of lips and tongue. 
The consequence of a correct orthodontic treatment is 
the finding of a face harmony, highlighted with the face 
aesthetic analysis (6).
Clear aligners consist in a series of transparent aligners 
that are able to perform orthodontic movements without 
compromising the aesthetic of the smile. A recent syste-
matic review demonstrated that clear aligner treatment 
is effective in aligning and levelling the arches in non-
growing subjects (7).
The aim of this retrospective cohort study was to eva-
luate the effects of orthodontic treatment performed with 
clear aligners on lower third facial ageing in adult pa-
tients through the use of WSRS by a panel of five aes-
thetic experts.

Material and Methods
-Subjects
The examined sample consisted of subjects enrolled in a 
retrospective observational study at the dental clinic of 
“A. Gemelli” Foundation – Teaching Hospital in Rome. 
The study project was approved by the Ethical Commi-
ttee at the Catholic University of Sacred Heart in Rome. 
The following inclusion criteria had to be fulfilled by the 
subjects enrolled in the study:
• Skeletal class I (ANB: 2°+/- 2°);
• Overjet between 0 and 4 mm;
• Overbite between 0 and 4 mm;
• Molar and canine class I;
• Moderate upper and lower crowding (with dento-basal 
discrepancy from 4.1 to 7.0 mm);
• Presence of all permanent teeth except for third molars.
The following exclusion criteria were established:
• Previous orthodontic treatment;
• Surgical interventions or aesthetic treatments in head 
and neck district;

• Loss or gain more than 2 kg during the study period.
A sample of 101 patients with moderate crowding was 
enrolled for the study, and informed consent was obtai-
ned. The following records were collected in the study 
sample at the initial observation (T0) and after an ave-
rage period of 12 months (T1): intraoral and extraoral 
photographs, orthodontic casts, latero-lateral teleradio-
graphy and orthopanoramic radiography.
All subjects, homogeneous for dental and skeletal re-
lationship, were assigned to one of the following two 
groups:
• Treatment of dental crowding with a set of clear alig-
ners (TG);
• Patients that, for certain personal motivations, decided 
to defer orthodontic treatment (UG).
Each group was further divided according to age into 
subgroups: subgroup 1 if under 40 years of age and sub-
group 2 if over.
Participants enrolled in this study showed the following 
distribution:
• TG1: 39 subjects, mean age of 33.31 years at T0, 20 
female and 19 male;
• TG2: 29 subjects, mean age of 45.52 years at T0, 15 
female and 14 male;
• UG1: 20 subjects, mean age of 31.42 years at T0, 10 
female and 10 male;
• UG2: 13 subjects, mean age of 46.54 years at T0, 7 
female and 6 male.
Demographics of the above mentioned group and statis-
tical comparisons regarding age at T0 and study period 
are shown in Table 1 and Table 2.
-Treatment protocol
In the TG a set of clear aligners (Invisalign®, Align 
Technology, San José, CA, USA) was used as the sole 
appliance. Each aligner has a thickness of about 0.75 
mm. Patients were instructed to wear the aligners for 
22 hours/day, to remove them only for meals and dental 
cleaning and to regularly change them every 14 days. 
Patients belonging to the UG did not receive any form of 
orthodontic treatment during the study period.
Extraoral frontal projections photographs at T0 and T1 
were taken in the same room with steady light condi-
tions with the same camera parameters (distance, focus 
and flash). Photographs were taken on a wide screen 
with cutaneous Frankfurt plane parallel to the floor; 
male patients were kindly asked to have their face sha-
ved and female patients to have their make-up removed 
before taking pictures. All patients belonging to the trea-
ted groups had their clear aligner removed before taking 
the photographs.
-Facial ageing assessment
The evaluation of facial folds of the lower third was 
done through the WSRS.
A panel of five aesthetic experts (a plastic surgeon, a 
dermatologist, an aesthetic physician and two ortho-
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dontists) previously calibrated (Cohen’s Kappa = 0.893) 
were asked to express a judgement regarding the lower 
third facial ageing of patients from 1 = absent to 5 = ex-
treme. Pictures from T0 and T1 were randomly allocated 
through the use of a computer generated code and shown 
to the aesthetic experts in a portable document format 
(pdf) file.
The evaluations and statistical analysis were carried out 
double blind since each photograph was matched with 
a code, known by an author not involved in the clinical 
and statistical evaluations.
-Statistical methods
Due to the lack of scientific reports regarding the eva-
luation of the impact of orthodontic therapy on facial 
ageing, the sample size calculation of each group was 
conducted by performing a power analysis based on the 
results of a previous pilot study, to detect at least a 1 gra-
de difference between groups, with a standard deviation 
of 0.9 grade, an alpha value of 0.05 and a power of 0.8 
and was calculated to be 13 subjects.
To determine the reliability of the method, WSRS me-
asurements on half of the subjects were performed by 
one trained examiner and repeated after an interval of 
approximately two weeks. A paired t-test was used to 
compare the two measurements (systematic error). The 

magnitude of the random error was calculated by using 
the method of moment’s estimator (MME). Exploratory 
statistics revealed that all variables were normally dis-
tributed (Kolmogorov-Smirnov test) with equality of 
variances (Levene’s test). Lower third facial wrinkle 
changes during study period (T1-T0) were evaluated and 
paired t-tests were used to assess statistical significance 
within each group. A comparison of changes between 
the two groups was also carried out using unpaired 
t-tests. All comparisons were considered significant at 
p < 0.05. All statistical analyses were performed using 
the Statistical Package for Social Sciences version 15.0 
(SPSS Inc., Chicago, Illinois, USA).

Results
The present investigation reached an adequate power (> 
0.85) because of the number of subjects enrolled in the 
examined groups. 
The study period lasted 1.23 years (SD: 0.43 years). No 
systematic error was found between the WSRS repea-
ted measurements. For the lower third facial wrinkle 
changes the random error was 0.01 marks. No signifi-
cant between-group differences were found for age of 
the participants at T0 and for the study period duration 
(Tables 1,2). 

Variables TG1
(n=39, 20f, 19m)

UG1
(n=20, 10f, 10m)

Statistical comparisons

Mean SD Mean SD TG1 vs UG1 P values

Age T0, years 33.3 4.3 31.9 4.5 1.4 NS

Study period, years 1.26 0.45 1.28 0.45 -0.02 NS

Table 1: Demographics of the groups TG1 and UG1, study period duration and statistical compari-
sons.

n= number; f= females; m= males; SD= Standard Deviations; TG1= Treatment group 1; UG1= Un-
treated group 1; *p<0.05; **p<0.01; *** p<0.001; NS= Not Significant.

Variables TG2
(n=29, 15f, 14m)

UG2
(n=13, 7f, 6m)

Statistical comparisons

Mean SD Mean SD TG1 vs UG1 P values

Age T0, years 45.5 3.3 46.5 3.9 -1 NS

Study period, years 1.15 0.38 1.22 0.44 -0.07 NS

Table 2: Demographics of the groups TG2 and UG2, study period duration and statistical com-
parisons.

n= number; f= females; m= males; SD= Standard Deviations; TG2= Treatment group 2; UG2= 
Untreated group 2; *p<0.05; **p<0.01; *** p<0.001; NS= Not Significant.
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Skeletal, molar and canine class, overjet and overbite 
did not register any significant change during the study 
period.
Regarding subgroups 1 the overall aesthetics of the 
lower third of the face showed a statistically significant 
change of -0.21 (p < 0.05) in the TG and of 0.27 (p < 
0.05) in the UG. Consequently the difference between 
TG1 and UG1 was -0.29 (p < 0.05).
Regarding subgroups 2 the overall aesthetics of the 
lower third of the face showed a statistically significant 
change of -0.28 (p < 0.01) in the TG and of 0.30 (p < 
0.05) for the UG. Thus the difference between TG2 and 
UG2 was -0.65 (p < 0.001) (Tables 3,4).

Wrinkle Severity Rating Scale Mark TG1
(n=39, 20f, 19m)

UG1
(n=20, 10f, 10m)

Mean SD P values Mean SD P values

T0 1.8 0.59 NA 1.61 0.56 NA

T1 1.59 0.59 NA 1.89 0.67 NA

T1-T0 -0.21 0.59 * 0.27 0.63 *

Statistical comparisons

Wrinkle Severity Rating Scale Mark TG1 vs 
UG1

95% (C.I.) P values

T0 0.19 -0.14 (0.33) NS

T1 -0.29 -0.35 (-0.23) *

Table 3: Descriptive statistics and statistical comparisons of the WSRS marks at T0 and T1 in subgroups TG1 and UG1.

SD= Standard Deviations; Diff.= Differences; CI= Confidence interval; *p<0.05; **p<0.01; *** p<0.001; NS= Not 
Significant, NA= Not Applicable.

Wrinkle Severity Rating Scale Mark TG2
(n=29, 15f, 14m)

UG2
(n=13, 7f, 6m)

Mean SD P values Mean SD P values

T0 2.28 0.52 NA 2.35 0.49 NA

T1 2 0.47 NA 2.65 0.44 NA

T1-T0 -0.28 0.5 ** 0.30 0.47 *

Statistical comparisons

Wrinkle Severity Rating Scale Mark TG2 vs UG2 95% 
(C.I.)

P values

T0 -0.07 -0.39 
(0.25)

NS

T1 -0.65 -0.93 
(-0.37)

***

Table 4: Descriptive statistics and statistical comparisons of the WSRS marks at T0 and T1 in subgroups TG2 and UG2.

SD= Standard Deviations; Diff.= Differences; CI= Confidence interval; *p<0.05; **p<0.01; *** p<0.001; NS= Not Significant; 
NA= Not Applicable.

Discussion
This retrospective cohort-study, whose aim was to eva-
luate the effects of orthodontic treatment on lower third 
facial ageing in adult patients, has successfully shown 
that wearing clear aligners during orthodontic treatment 
has beneficial effects on face soft tissues when compared 
to the aesthetic impact of patients of an untreated group.
The results found in the present study show the presen-
ce of an additional effect on the lower third facial aes-
thetics in patients undergoing orthodontic therapy with 
clear aligners. To the best of our knowledge no other 
report had previously highlighted this particular effect 
of orthodontic therapy; for this reason any comparison 
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with the previous scientific literature is fairly inaccurate 
to do.
A possible explanation of this finding is that the mecha-
nism of dental aligners could be compared to the effects 
of splints that interact with the vertical intraoral dimen-
sion. In fact wearing two aligners (one for each arch), 
with a thickness of about 0.75 mm each, could lead to 
an increasing of the intraoral vertical dimension, thou-
gh it is limited to the time of the aligners application. 
Constantly wearing the aligners, a slight modification of 
the vertical dimension could have beneficial effect also 
in the intra-articular compression, even with a repositio-
ning of the joint (8). Positive effects are also reported in 
patients affected by obstructive sleep apnoea syndrome 
whose diagnosis is even more complex in the event of a 
decrease of the vertical dimension (9).
Such beneficial effects are also reported by Okeson that 
demostrated that occlusal splints can improve occlusal 
conditions, reducing muscular activity (10).
The result of this splint effect, due to the wearing of the 
aligners for 22/24 hours a day for at least one year, has 
been evaluated on the lower third face soft tissues and 
considered as an anti-aging effect. Such consideration is 
shown by the statistical analysis resulting from the eva-
luations of 5 facial aesthetics experts.
The second possible mechanism of action of anti-aging 
effect of clear aligners could be linked to the fact that 
wearing the aligners involves a number of changes in the 
cellular and molecular metabolism of bone and muscle 
structures. In particular, authors reported an improve-
ment related to the whole range of facial features, not 
just the lower face, using appliances (acrylic pivots), for 
six months. The mechanisms by which patients’ signs 
of facial aging are reversed are based on the fact that 
both muscles and bone respond to mechanical signals. 
Stretch of the muscle fibres leads to an increase in the 
bone density due to the activity of the osteocytes and 
induces release of mechano-growth-factor (MGF) and 
insulin growth factor 1 (IGF-1) (11).
These two mechanisms of action, mentioned as possible 
explanations of this anti-aging effect during orthodontic 
therapy conducted with Invisalign® on adults, could be 
considered as phenomena that can take place in combi-
nation rather than individually.
A statistically significant improvement in facial aesthe-
tics was found in both subgroups of patients but such 
finding is much more significant in older patients (sub-
group 2) (p <0.001).
This finding can be explained by suggesting that at older 
ages, aging mechanisms become more apparent and any 
aesthetic improvement, although of a minimal clinical 
significance, can be better noticed as compared to tho-
se that may occur at a younger age in which to show 
the same aesthetic improvement it is required to make a 
substantial change in the facial soft tissues architecture.

The findings of this study, however, should be interpre-
ted with caution because it has some limitations. First-
ly: although the results were statistically significant the 
size of the sample is quite small. Another limitation is 
that the judgements given by the experts were expres-
sed looking at photographs: this could unavoidably lead 
to a partial perception of the whole patient’s facial ex-
pressions. In fact it is important to consider that in most 
cases the facial beauty and self perception is linked to 
a global face evaluation rather than the appraisal of the 
depth of wrinkles of a specific part of it. This statement 
finds support in the fact that in pictures taken at T1 phase 
patients very often showed a change of their hairstyle or 
make-up, even in cases where experts’ judgments had 
revealed a decrease in facial aesthetics, so that patients 
were asked to remove their make-up before taking all 
the photographs not to influence the aesthetic evalua-
tions. Probably the biggest limitation of this study is the 
lack of a control group treated with traditional orthodon-
tic therapy. Such a lack is justified by the fact that the se-
cond photograph records (T1) were taken at an average 
period of 12 months after the beginning of therapy with 
clear aligners. This moment does not always correspond 
to the end of therapy. Therefore photographing subjects 
wearing brackets would have inevitably caused a me-
thodological bias as the circum-oral soft tissues around 
brackets could simulate a lifting effect on the wrinkles 
of the lower third of the face and thus invalidate the ju-
dgment of evaluators.
The anti-aging additional effect demonstrated, even if 
modest when compared with the results of aesthetic me-
dicine procedures, could be partially considered by the 
clinicians, who nowadays are forced to face with ever 
increasing aesthetic demands without surgical and in-
vasive procedures or procedures that provide the use of 
anesthesia and needles that have always been subjecti-
vely considered painful and looked with suspicious eyes 
in all medical fields (12).

Conclusions
The properties and functional capacity of dental aligners 
may influence patients’ and aesthetics experts’ percep-
tion of facial beauty causing an additional anti-aging 
process.
In addition, the effect of wearing clear aligners can be 
interpreted as a complex and multiple phenomenon in-
volving blood vessels, cells, growth factors, derma and 
muscle. 
Such phenomenon has lead to a positive aesthetic impact 
of the face even if its results should be considered par-
tial and interpreted with caution because of the need of 
further research.
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