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Abstract
Background: Removable clear aligners have become very popular in the last few decades, but they are still little 
used in the field of orthognathic surgery (OS). The objective of this study was to compare periodontal health and 
quality of life (QoL) associated to postsurgical orthodontic treatment.
Material and Methods: Patients with dentofacial deformities undergoing OS were randomly allocated to receive 
postsurgical orthodontic treatment with either fixed orthodontic appliances or Invisalign. The main outcomes 
were periodontal health and QoL. Plaque index, probing depth and bleeding on probing were assessed as peri-
odontal health indicators. QoL was assessed through the Orthognathic Quality of Life Questionnaire (OQLQ-22) 
and the Oral Health Impact Profile (OHIP-14). Data were analyzed before surgery and end of treatment. Total 
duration of treatment was also recorded.
Results: Twenty-eight patients were randomized, (16 women, 12 men). Periodontal assessment showed better 
outcomes for the Invisalign group: bleeding on probing (p=0.013), plaque index (p=0.001) and probing depth 
(p<0.001). The QoL questionnaires showed significant differences in favor of the Invisalign group: OHIP-14 
(p=0.004) and OQLQ-22 (p=0.002). Total duration of treatment was similar in both groups (p=0.575).
Conclusions: Compared to traditional orthodontics with fixed appliances, patients managed with clear aligners 
after OS (surgery-first approach) had better periodontal health and QoL outcomes.
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Introduction
Dentofacial deformities are a consequence of discrep-
ancies in the shape and size of the jaws, leading to den-
tal malocclusions and facial disharmony. Orthognathic 
surgery (OS), through a combined orthodontic-surgical 
approach, is able to manage such skeletal discrepancies, 
improving facial aesthetics, occlusion and airway vol-
ume. The traditional protocols for treating dentofacial 
deformities are based on the use of pre- and postsur-
gical orthodontic treatment. In contrast, surgery-first 
protocols produce immediate improvement of the facial 
profile and airway volume, and a noticeable reduction 
in total treatment duration (1,2). The reliability of this 
technique in terms of long-term stability and the short-
ening of total treatment time has been confirmed in pre-
vious studies (2,3).
On the other hand, fixed orthodontic devices such as 
brackets complicate oral hygiene, potentially leading 
to plaque accumulation and periodontal disease (4). 
Besides, many adult patients feel unconfident or even 
ashamed of wearing brackets in public (5). This is 
the main reason why clear aligners such as Invisalign 
(Align Technology, Santa Clara, CA) have become so 
popular in the last few decades for nonsurgical orth-
odontic treatments (6).
Many articles have evaluated changes in quality of life 
(QoL) after OS and its functional and psychosocial ben-
efits for patients with dentofacial deformities (7-9). Pa-
tient satisfaction and periodontal health status during 
isolated orthodontic treatment with fixed brackets ver-
sus removable aligners have also been evaluated (10-13). 
A good indicator of the existing concern on this matter 
is the fact that some new papers have been published 
lately on OS and removable aligners (14-18). Kankam et 
al. stated the high demand for OS procedures, and their 
concern on the poor tolerance to conventional fixed ap-
pliances in some patients. As Chang et al. reported in 
their paper, many patients seeking OS treatment are 
adults who wish to avoid deterioration in their profile 
and facial esthetics during presurgical orthodontics. 
Thus, the combination of OS with clear aligners in a 
surgery-first protocol seems to be a win-win option.
The aim of the present study was to comparatively as-
sess periodontal health and QoL among patients with 
dentofacial deformities combining the surgery-first ap-
proach with Invisalign versus fixed appliances. Our hy-
pothesis was that patients in the Invisalign group would 
have a better periodontal health and higher satisfaction 
than those in the brackets group.

Material and Methods 
- Trial design
We report a 2-arm parallel, randomized, clinical trial 
with an allocation ratio of 1:1. The study was approved 
by the Institutional Review Board at our hospital (IRB 

number 095/17). This study followed the Declaration of 
Helsinki on medical protocols and ethics. No changes 
to the methods after trial commencement occurred. The 
presentation of this report is according to the CON-
SORT guidelines for reporting trials.
- Participants
The participants were recruited from the outpatient clin-
ic at the craniofacial department of Ramón y Cajal Uni-
versity Hospital, University of Alcalá de Henares, Ma-
drid, Spain. The surgeons in the craniofacial team were 
responsible for recruitment. Eligibility criteria were: 1) 
skeletal malocclusion requiring combined surgical and 
orthodontic treatment without extractions; and 2) in-
formed consent for this novel protocol. The exclusion 
criteria were: 1) temporomandibular joint disorders or 
severe symptoms; 2) uncontrolled periodontal disease; 
3) severe crowding requiring extractions; 4) class II di-
vision 2 malocclusion with overbite or severely altered 
curves of Spee; or 5) severe asymmetry.
- Interventions
Baseline characteristics including periodontal status 
were recorded. After recorded, all patients in the study 
received professional oral hygiene treatment by an ex-
perienced dental hygienist. They were also instructed 
on the same standardized oral hygiene protocol before 
and during orthodontic treatment. This included the 
proper use of toothbrush and interdental brushes three 
times daily. Baseline data recording and hygiene treat-
ment took place before random allocation.
Participants were randomly assigned to postsurgical 
orthodontic treatment with either clear aligners (Invis-
align group) or fixed appliances (brackets group). All 
patients were eligible for a surgery-first OS approach. 
The Invisalign system was used in all clear aligner 
cases. All surgical procedures were performed by the 
same surgical team and all patients were treated by an 
Invisalign certified orthodontist with experience in OS. 
All patients signed an informed consent document after 
questions and concerns were clarified by the surgical 
team.
All patients had an appointment with the dental hygien-
ist for professional tooth cleaning after recruitment. The 
initial diagnostic work-up, preoperative planning, orth-
odontic preparation and surgical execution proceeded 
according to our standardized protocol for surgery-
first orthognathic procedures. Patients allocated to the 
brackets group underwent a preoperative orthodon-
tic appointment one week prior to surgery for bracket 
bonding. Patients in the Invisalign group undergoing 
non-segmented maxillary surgery had an orthodon-
tic appointment one week before surgery for intraoral 
scanning in order to fabricate the aligners.
The patients were operated upon under general anesthe-
sia. Single jaw or bimaxillary surgery was performed, 
depending on the individualized treatment plan. For pa-



e210

Med Oral Patol Oral Cir Bucal. 2023 May 1;28 (3):e208-16. Orthognathic Surgery and Invisalign: comparing periodontal health and patient satisfaction

Sample size calculation was set to detect differences of 
30% between groups for the main outcome by Mann-
Whitney test. Standard deviation of 0.5 and 0.8 were 
assumed based on a pilot study of 10 patients. A mini-
mum of 28 patients (14 per group) was needed in order 
to achieve 80% power at the 5% significance level.
- Randomization (sequence generation, allocation con-
cealment and implementation)
Randomization was accomplished by the principal in-
vestigator (P.L.) by using an online software program 
(http://www.graphpad.com/quickcalcs/index.cfm), in-
dependent of the clinical investigator involved in re-
cruitment (JM.E.) The program was set to provide a 1:1 
allocation ratio, and automatically generated a random-
ization plan for treatment assignment.
Allocation concealment was achieved with sequentially 
numbered, opaque, sealed envelopes, containing the 
treatment allocation cards. Envelopes were prepared 
before commencement of the trial, and they were kept 
locked and safe. The orthodontist was responsible for 
implementing the randomization process. This se-
quence is shown in Fig. 1.
- Statistical analysis
The analyses comprised observed data; there was no 
missing data. Continuous and categorical variables 
were reported as means and quartiles, and as numbers 
and frequencies, respectively. Cross-sectional between-
group comparisons were made using the Student t-test 
or Mann-Whitney U-test (for continuous data with 
or without a normal distribution), or the Pearson chi 
squared test or Fisher exact test (for categorical data). 
A significance level of 5% (alpha = 0.05) was used. The 
SPSS version 19 statistical package was used for the 
study.

Results
- Participant flow and recruitment
Twenty-eight patients (median age 28 years; range, 18-
52 years) were randomized in a 1:1 ratio to either In-
visalign or brackets. Patient recruitment commenced in 
May 2016 and ended in February 2017. No patients were 
lost to follow-up.
- Baseline data
Sixteen women and 12 men participated in the study. 
The Invisalign group comprised 14 patients (9 women 
and 5 men) with a median age of 26.5 years (interquar-
tile range, 19; range 19-52). The brackets group com-
prised 14 patients (7 women and 7 men) with a median 
age of 28.5 years (interquartile range, 17; range 18-47). 
Baseline characteristics of the patients in the treatment 
groups are displayed in Table 1. Table 2 shows the de-
mographic data of the patients, the protocol, diagnosis 
and type of surgery they received, and the duration of 
surgery and orthodontic treatment. These baseline data 
were not significantly different between the two groups. 

tients in the Invisalign group, 4 to 8 transmucosal 2.0 
mm screws were placed before incision. If the maxilla 
needed segmentation, 8 screws were placed; in one-
piece maxillas, 4 screws were used. Surgical protocol 
was the same for both groups. The duration of surgery 
was recorded.
All patients had the first appointment with the ortho-
dontist one week after surgery. The brackets group be-
gan orthodontic treatment following that appointment. 
Patients in the Invisalign group and with segmented 
maxillary surgery were scanned within the first week 
and started using the aligners in the second week after 
surgery. Patients in the Invisalign group with non-seg-
mented maxillary surgery began to use the first aligner 
within the first 10 days after surgery. The finishing cri-
teria were the same for each group. They were estab-
lished following our standard practice, in accordance 
with the American Board of Orthodontics Objective 
Grading System.
- Outcomes
Patient periodontal health status was evaluated based 
on the plaque index, probing depth and bleeding on 
probing. The plaque index was assessed from 0 to 3 by 
grading plaque accumulation in the gingival area ac-
cording to the Ramfjord scale. The highest score was 
assigned to each sextant and the median value was 
selected for each patient. Probing depth was recorded 
with the periodontal probe. The probing sites were the 
mesiovestibular surface of the upper left central incisor 
and the lower right first molar. Bleeding on probing was 
registered 20 seconds after probing, and recorded as ei-
ther absent or present. These parameters were recorded 
at three time points: at initial assessment after profes-
sional dental cleaning (baseline), 1 month after surgery 
(T1) and at follow-up evaluation at the end of orthodon-
tic treatment, following removal of the brackets or last 
aligner (T2). This periodontal assessment protocol was 
designed following those reported in previous studies 
(4,13).
Two QoL questionnaires were used to assess patient sat-
isfaction: the 14 item short version of the Oral Health 
Impact Profile (OHIP 14) and the 22 item Orthognathic 
Quality of Life Questionnaire (OQLQ 22). Pain inten-
sity was assessed based on a 10 point numerical rating 
scale (NRS). These parameters were recorded after 
bracket bonding for the brackets group patients and im-
mediately before surgery (T0) and at T1 and T2.
The primary outcome measures were dental plaque as 
assessed with the plaque index and QoL related to OS 
as assessed with the Orthognathic Quality of Life Ques-
tionnaire at the 3 time points. The secondary outcomes 
were probing depth, bleeding on probing and QoL re-
lated to general oral health as assessed with the Oral 
Health Impact Profile questionnaire.
- Sample size
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Invisalign n=14 Brackets n=14 Total n=28

Demographic characteristics Age (y) median (IQR) 26.5 (21-40) 28.5 (23-40) 28 (21-40)

Gender distribution
Female (%) 9 (64.3%) 7 (50%) 16 (57.14%)

Male (%) 5 (35.7%) 7 (50%) 12 (42.86%)

Clinical characteristics

Length of surgery (min) median (IQR) 107.5 (100-120) 95.0 (70-110) 102.5 (77.5-112.5)

Plaque index, median (IQR) 1.0 (1.0-2.0) 1.5 (1.0-2.0) 1.0 (1.0-2.0)

Probing depth, median (IQR) 3.0 (2.0-3.0) 3.0 (3.0-3.0) 3.0 (3.0-3.0

Bleeding on probing (%) 6 (42.9%) 5 (35.7%) 11 (39,29%)
Y, years; IQR, Interquartile range; min, minutes.

Fig. 1: Flowchart showing recruitment of patients and allocation.

Table 1: Baseline demographic and clinical characteristics of the randomized groups.
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Pacient Gender Age Protocol Diagnosis Type of 
surgery

Length of 
surgery 

(min)

Duration of 
orthodontics 

(months)
1 M 28 Invisalign Ap maxillary deficiency & vertical excess Single jaw 135 16

2 M 24 Invisalign Ap & transverse maxillary deficiency Single jaw, 
segmented 110 16

3 M 18 Brackets Ap maxillary deficiency Single jaw 45 18

4 F 27 Invisalign Mandibular hypoplasia, transverse max-
illary deficiency & vertical excess

Bimax, 
segmented 165 10

5 M 36 Brackets Ap & transverse maxillary deficiency Bimax, 
segmented 90 10

6 F 19 Invisalign Ap maxillary deficiency & vertical excess Single jaw 45 10
7 F 24 Brackets Ap maxillary deficiency & vertical excess Bimax 100 10
8 M 18 Brackets Ap maxillary deficiency Single jaw 90 18

9 F 28 Brackets Ap & transverse maxillary deficiency Single jaw, 
segmented 80 15

10 F 19 Invisalign Mandibular hypoplasia, ap & transverse 
maxillary deficiency & vertical excess

Bimax, 
segmented 100 10

11 F 40 Invisalign Mandibular hypoplasia, ap, vertical & trans-
verse maxillary deficiency. Asymmetric

Bimax, 
segmented 100 15

12 F 40 Invisalign Mandibular hypoplasia, ap & vertical 
maxillary deficiency Bimax 110 9

13 F 43 Brackets Mandibular hypoplasia, ap & transverse 
maxillary deficiency & vertical excess

Bimax, 
segmented 110 6

14 F 19 Invisalign Ap maxillary deficiency, asymmetric Bimaxilar 67 16
15 F 38 Brackets Ap maxillary deficiency Single jaw 70 18

16 F 26 Invisalign Mandibular hypoplasia, ap & transverse 
maxillary deficiency & vertical excess

Bimax, 
segmented 120 15

17 M 21 Invisalign Ap maxillary deficiency, vertical maxil-
lary excess Single jaw 60 10

18 M 42 Brackets Ap & vertical maxillary deficiency Single jaw 60 13

19 F 48 Invisalign Mandibular hypoplasia, maxillary deficiency Bimaxilar 100 10

20 F 21 Invisalign Ap maxillary deficiency, asymmetric Bimaxilar 110 12

21 M 19  Brackets Ap & transverse maxillary deficiency Single jaw , 
segmented 105 14

22 F 47 Brackets Mandibular hypoplasia, ap maxillary 
deficiency Bimax 110 12

23 M 52 Invisalign Mandibular hypoplasia, ap maxillary 
deficiency Bimax 105 5

24 M 40 Brackets Ap & transverse maxillary deficiency Bimax, 
segmented 200 16

25 M 23 Brackets Ap & transverse maxillary deficiency, 
asymmetric

Bimax, 
segmented 120 8

26 M 44 Invisalign Mandibular hypoplasia, ap, vertical & 
transverse maxillary deficiency

Bimax, 
segmented 165 16

27 F 29 Brackets Ap maxillary deficiency Single jaw 60 10

28 F 28 Brackets Ap & transverse maxillary deficiency Bimax, 
segmented 180 14

M: Male; F: Female; min: minutes; Bimax: bimaxillar. AP: antero-posterior.

Table 2: Demographic data of the patients, protocol, diagnosis and type of surgery, duration of surgery and orthodontic treatment.
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Eight patients underwent single-jaw surgery; 3 patients 
had single-jaw, segmented surgery; 7 patients had bi-
maxillary surgery and 10 patients had bimaxillary, seg-
mented surgery.
All randomized subjects were included in the analysis. 
No patients were lost to follow-up in any of the two 
groups.
- Outcomes
Periodontal outcomes:
Mean and standard deviation (SD) and median and 
quartiles of plaque index at T1 and T2 for each group, 
and their p value are shown in Table 3. Plaque index was 
lower in the Invisalign group at the two time points. This 
difference was statistically significant at T2 (p=0.001).
Mean and SD and median and quartiles of probing 
depth at T1 and T2 for each group, and their p value 

are shown in Table 3 as well. Probing depth was sig-
nificantly lower in the Invisalign group at the two time 
points. Differences in favor of the Invisalign group were 
greater at T2 (p<0.001).
Bleeding on probing is shown as frequencies and per-
centages at the evaluation time points (Supplement 1). 
These frequencies were very similar between groups of 
treatment at T1 (p=0.699), but statistically different at 
T2, when only 1 patient presented positive bleeding in 
the Invisalign group, in comparison with 8 patients in 
the brackets group (p=0.013).
Quality of Life outcomes (Table 4):
The OHIP-14 results evidence a difference between the 
two groups, present already at T0, and that persisted 
throughout the study, reaching statistical significance at 
T2, demonstrating better QoL in the Invisalign group.

 
n mean SD Q1 median Q3

95% CI
p value

inf sup

 Plaque 
index

T1
Invisalign 14 0.86 0.77 0.00 1.00 1.00 0.41 1.30

0.050a

Brackets 14 1.57 0.94 1.00 1.00 2.00 1.03 2.11

T2 
Invisalign 14 0.64 0.75 0.00 0.50 1.00 0.21 1.07

0.001a

Brackets 14 1.79 0.58 1.00 2.00 2.00 1.45 2.12

 Probing 
depth

T1
Invisalign 14 2.43 0.76 2.00 2.00 3.00 1.99 2.87

0.009a

Brackets 14 3.43 1.02 3.00 3.00 4.00 2.84 4.02

T2 
Invisalign 14 2.14 0.54 2.00 2.00 2.00 1.83 2.45

<0.001a

Brackets 14 3.79 1.53 3.00 3.50 4.00 2.90 4.67
a Mann-Whitney test.

n mean SD Q1 median Q3
95% CI

p value*
inf sup

OHIP-14

T0
Invisalign 14 15.36 7.50 9.50 14.50 18.25 11.03 19.69

0.056
Brackets 14 22.07 10.59 16.75 21.50 24.75 15.95 28.19

T1
Invisalign 14 12.83 4.88 11.00 11.50 16.50 10.02 15.65

0.126
Brackets 14 17.00 3.56 14.75 16.00 18.25 14.95 19.05

T2 
Invisalign 14 8.64 0.75 5.00 7.50 11.50 5.39 11.90

0.004
Brackets 14 17.64 5.64 11.00 17.00 21.75 12.84 22.44

OQLQ-
22

T0
Invisalign 14 31.64 24.43 13.25 21.50 56.00 17.54 45.75

0.221
Brackets 14 46.50 27.99 28.5 37.50 71.25 30.34 62.66

T1
Invisalign 14 26.50 23.11 9.25 19.00 42.25 13.16 39.84

0.189
Brackets 14 46.20 22.57 27.00 49.00 53.00 33.17 59.23

T2 
Invisalign 14 13.57 14.12 6.00 10.50 14.75 5.42 21.72

0.002
Brackets 14 37.00 25.43 20.50 29.00 43.00 22.32 51.68

NRS-10

T0
Invisalign 14 1.86 1.41 1.00 1.00 2.00 1.05 2.67

<0.001
Brackets 14 4.86 1.83 4.00 5.00 6.00 3.80 5.92

T1
Invisalign 14 2.83 1.72 1.25 3.00 4.00 1.84 3.83

0.126
Brackets 14 4.25 0.96 3.75 4.50 5.00 3.70 4.80

T2 
Invisalign 14 3.29 2.37 1.25 2.50 4.75 1.92 4,65

0.328
Brackets 14 4.21 2.52 2.00 4.50 5.75 2.76 5,67

*Mann-Whitney test.

Table 3: Plaque index and probing depth.

Table 4: OHIP-14, OQLQ-22 and NRS-10 questionnaires.

http://www.medicinaoral.com/medoralfree01/aop/25555_supplements.pdf
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The scores of the Invisalign group are below those of 
the brackets group (meaning a better QoL in the In-
visalign group), a significant decrease is seen along 
the appointments for all the sample (OS treatment 
improves QoL/patients’ satisfaction) as well as a sig-
nificant association with basal scores (the higher the 
basal score, the better scores in following appoint-
ments). The confidence intervals of the adjusted means 
clearly overlap at T1; at T2 overlapping is minimal: 
the difference is almost significant. However, the in-
teraction treatment*appointment is not significant, 
therefore it is not possible to state that the difference 
between groups changes significantly between T1 and 
T2. This is interpreted as there is a significant differ-
ence, already present at baseline and maintained along 
the study. Moreover, the scores significantly decrease 
along the study (Fig. 2).

The pain intensity scores were lower in the Invisalign 
group at all evaluations. These differences proved sta-
tistically significant at T0 (Fig. 4).

The OQLQ-22 results were better in the Invisalign 
group at all evaluations. The difference in favor of the 
Invisalign group proved statistically significant at T2 
(meaning a better QoL in this group). The scores of the 
Invisalign group are below those of the brackets group, 
and a significant decrease along the appointments for 
all the sample (improve in QoL with treatment and dur-
ing its course) and a significant association with basal 
scores (the higher the basal score, the better scores in 
following appointments) can be noticed.
Although there is a net impact of treatment, confidence 
intervals overlap for all appointments. The interaction 
treatment*visit is not significant and the difference be-
tween groups does not change significantly between 
T1 and T2. This is interpreted as there is a significant 
difference, already present at baseline and maintained 
along the study. Moreover, the scores significantly de-
crease along the study (Fig. 3).

The duration of treatment was very similar in both 
groups, with a mean duration of 12.14 months in the 
Invisalign group (range 5-16) and 13 months in the 
brackets group (range 6-18) (p=0.575).

Discussion
- Limitations and generalizability
This study’s major limitation is the relatively small 
sample size, potentially reducing the statistical power. 
However, statistically significant differences were prov-
en for the main outcome. Since candidates where not 
excluded regarding their age, or their type or severity of 
dentofacial malocclusion, this study closely simulates 

Fig. 4: Pain intensity (NRS-10).

Fig. 2: OHIP-14 Questionnaire.

Fig. 3: OQLQ-22 Questionnaire.
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the real daily clinical practice. This is a strength of this 
study and allows for applicability of our treatment pro-
tocol to other settings and populations.
- Interpretation
Orthognathic surgery is the mainstay of treatment for 
dentofacial deformities. The aim of our study was to 
determine whether OS in combination with clear align-
ers affords advantages in terms of periodontal health 
and patient satisfaction. Our study found advantages of 
a clear aligner-based orthodontic treatment compared 
with fixed appliances in terms of QoL, pain intensity 
and periodontal health among patients with dentofacial 
deformities treated with a surgery-first protocol.
Oral health:
The beneficial effects of clear aligners lie in their in-
trinsic characteristic of being removable, and therefore 
in the easiness of tooth cleaning. Fixed orthodontic ap-
pliances make tooth cleaning slower and more difficult, 
usually leading to greater plaque accumulation. Differ-
ent studies have compared fixed appliances versus clear 
aligners in isolated orthodontic treatment (4,10,13). Our 
study recorded overall better periodontal outcomes 
in the Invisalign group. Bleeding on probing was sig-
nificantly different between the two groups at T2. The 
plaque index was also significantly different at T2, with 
increasing values in the brackets group over the course 
of treatment and stable values in the Invisalign group. 
The latter group also obtained better results in terms 
of bleeding on probing, and the differences between 
the groups were significant at all three time points and 
greater at T2. Globally, the periodontal parameters re-
mained stable in the Invisalign group and slowly but 
progressively worsened in the brackets group. These 
results are similar to those reported in other studies 
comparing clear aligners and fixed appliances in ortho-
dontics-alone treatments. The greater difficulty of tooth 
brushing and the impossibility of using dental floss, to-
gether with the swelling and soreness derived from sur-
gery, result in progressive worsening of the periodontal 
status of those patients wearing brackets.
Patient satisfaction:
Different authors have concluded that, apart from ob-
jectively improving facial appearance and dental occlu-
sion, orthognathic surgery can improve patient QoL. 
The changes in QoL during and after orthognathic sur-
gery have been widely studied in the last few decades 
(9,19,20). In our study we compared a group of patients 
undergoing postsurgical orthodontic treatment with 
clear aligners and a group of patients receiving post-
surgical orthodontic treatment with traditional fixed ap-
pliances. The surgical protocol was the same in both 
groups. Data from the questionnaires show better results 
in the Invisalign group from the beginning of the study 
(T0) and these differences reach statistical significance 
at T2 in both OHIP-14 and OQLQ-22 instruments. A 

lesser impact upon the daily life of the patients was 
therefore evidenced in the Invisalign group. We found 
benefits associated to Invisalign with both specific and 
generic QoL measures. The benefits in terms of QoL in 
our study were consistent with the findings of previous 
reports comparing QoL between Invisalign and fixed 
orthodontic appliances in isolated orthodontic treatment 
(12). Likewise supporting the QoL benefits in the Invis-
align group is the fact that patients who received fixed 
appliances experienced more pain at T0, as evidenced 
by the results of the numerical rating scale, with statisti-
cally significant difference at this time point. Such dif-
ferences are attributed to bracket bonding, which only 
concerned the patients in the brackets group. Besides, 
in our protocol, patients start orthodontic treatment 2-3 
weeks after surgery. This means that the patients in the 
Invisalign group spend the first 2-3 weeks after surgery 
without the aligners, while patients in the other group 
wear the brackets and surgical wires during the worst 
weeks of the postoperative period, when swelling is at 
its peak. This may be an additional advantage of the 
Invisalign protocol.
In our study, the duration of treatment was very simi-
lar in both groups, and the difference was not statisti-
cally different. All patients in both groups finished their 
treatment uneventfully and with very satisfactory es-
thetic and functional outcomes. These results remained 
stable at four-year follow-up.
Dentofacial deformities have an important psychoso-
cial impact upon patients. The orthodontic phase of the 
ortho-surgical treatment may be regarded by patients 
as an important reason for avoiding correction of their 
problem. Although the present study is limited by the 
relatively small number of patients, our surgery-first 
and clear aligners protocol obtained significantly bet-
ter outcomes in the periodontal assessment and in the 
quality of life questionnaires. Further RCT with a larger 
sample size are required to confirm these findings, but 
we believe that the possibility of offering clear aligner 
treatment to our orthognathic surgery patients, may 
play a major role in consolidating patient acceptance 
and cooperation during treatment, especially in adults.

References
1. Luther F, Morris DO, Hart C. Orthodontic preparation for orthog-
nathic surgery: how long does it take and why? A retrospective study. 
Br J Oral Maxillofac Surg. 2003;41:401-6.
2. Peiró-Guijarro MA, Guijarro-Martínez R, Hernández-Alfaro F. 
Surgery first in orthognathic surgery: A systematic review of the lit-
erature. Am J Orthod Dentofacial Orthop. 2016;149:448-62.
3. Yang L, Xiao YD, Liang YJ, Wang X, Li JY, Liao GQ. Does the 
Surgery-First Approach Produce Better Outcomes in Orthognathic 
Surgery? A Systematic Review and Meta-Analysis. J Oral Maxil-
lofac Surg. 2017;75:2422-9.
4. Levrini L, Mangano A, Montanari P, Margherini S, Caprioglio 
A, Abbate GM. Periodontal health status in patients treated with the 
Invisalign(®) system and fixed orthodontic appliances: A 3 months 
clinical and microbiological evaluation. Eur J Dent. 2015;9:404-10.



e216

Med Oral Patol Oral Cir Bucal. 2023 May 1;28 (3):e208-16. Orthognathic Surgery and Invisalign: comparing periodontal health and patient satisfaction

5. Yu D, Wang F, Wang X, Fang B, Shen SG. Presurgical motiva-
tions, self-esteem, and oral health of orthognathic surgery patients. J 
Craniofac Surg. 2013;24:743-7.
6. Keim RG. The Evolution of Invisalign. J Clin Orthod. 2017;51:69-70.
7. Esperão PTG, de Oliveira BH, de Oliveira Almeida MA, Kiyak 
HA, Miguel JAM. Oral health-related quality of life in orthognathic 
surgery patients. Am J Orthod Dentofacial Orthop. 2010;137:790-5.
8. Oland J, Jensen J, Elklit A, Melsen B. Motives for surgical-orth-
odontic treatment and effect of treatment on psychosocial well-being 
and satisfaction: a prospective study of 118 patients. J Oral Maxil-
lofac Surg. 2011;69:104-13.
9. Lee S, McGrath C, Samman N. Impact of orthognathic surgery on 
quality of life. J Oral Maxillofac Surg. 2008;66:1194-9.
10. Azaripour A, Weusmann J, Mahmoodi B, Peppas D, Gerhold-
Ay A, Van Noorden CJF, et al. Braces versus Invisalign®: gingival 
parameters and patients’ satisfaction during treatment: a cross-sec-
tional study. BMC Oral Health. 2015;15:69.
11. Miethke RR, Vogt S. A comparison of the periodontal health of 
patients during treatment with the Invisalign system and with fixed 
orthodontic appliances. J Orofac Orthop. 2005;66:219-29.
12. Karkhanechi M, Chow D, Sipkin J, Sherman D, Boylan RJ, Nor-
man RG, et al. Periodontal status of adult patients treated with fixed 
buccal appliances and removable aligners over one year of active 
orthodontic therapy. Angle Orthod. 2013;83:146-51.
13. Abbate GM, Caria MP, Montanari P, Mannu C, Orrù G, Caprio-
glio A, et al. Periodontal health in teenagers treated with remov-
able aligners and fixed orthodontic appliances. J Orofac Orthop. 
2015;76:240-50.
14. Pagani R, Signorino F, Poli PP, Manzini P, Panisi I. The Use of 
Invisalign® System in the Management of the Orthodontic Treat-
ment before and after Class III Surgical Approach. Case Rep Dent. 
2016;2016:9231219.
15. Kankam H, Madari S, Sawh-Martinez R, Bruckman KC, Stein-
bacher DM. Comparing Outcomes in Orthognathic Surgery Using 
Clear Aligners Versus Conventional Fixed Appliances. J Craniofac 
Surg. 2019;30:1488-91.
16. Kankam HKN, Gupta H, Sawh-Martinez R, Steinbacher DM. 
Segmental Multiple-Jaw Surgery without Orthodontia: Clear Align-

ers Alone. Plast Reconstr Surg. 2018;142:181-4.
17. Kook MS, Kim HM, Oh HK, Lee KM. Clear Aligner Use Follow-
ing Surgery-First Mandibular Prognathism Correction: A Clinical 
Report. J Craniofac Surg. 2019;30:e544-e547.
18. Chang J, Steinbacher D, Nanda R, Uribe F. «Surgery-First» Ap-
proach with Invisalign Therapy to Correct a Class II Malocclusion and 
Severe Mandibular Retrognathism. J Clin Orthod. 2019;53:397-404.
19. Göelzer JG, Becker OE, Haas Junior OL, Scolari N, Santos Melo 
MF, Heitz C, et al. Assessing change in quality of life using the Oral 
Health Impact Profile (OHIP) in patients with different dentofacial 
deformities undergoing orthognathic surgery: a before and after 
comparison. Int J Oral Maxillofac Surg. 2014;43:1352-9.
20. Murphy C, Kearns G, Sleeman D, Cronin M, Allen PF. The clini-
cal relevance of orthognathic surgery on quality of life. Int J Oral 
Maxillofac Surg. 2011;40:926-30.

Funding
The study was awarded with the 2017 Align Research Award Pro-
gram International.

Conflict of interest
There are no conflicts of interest to disclose.

Ethics
This study followed the Declaration of Helsinki and was approved 
by the Institutional Review Board of Ramón y Cajal University Hos-
pital (IRB number 095/17). Patient consent was obtained from each 
patient.
This trial was registered with study ID ISRCTN11587056.

Authors contributions
Patricia de Leyva: conception and design of study, data acquisition, 
analysis and interpretation of data collected, drafting of article.
Jose Miguel Eslava: conception and design of study, data acquisition, 
final revision of manuscript.
Julio Acero: final revision of manuscript.
Federico Hernández-Alfaro: conception and design of study, final 
revision of manuscript.


