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Abstract

Background: Over the years, aligner therapy has undergone a great evolution. The use of aligners is now an alternative
to braces for aesthetic reasons. Their effectiveness and impact have yet to be evaluated. Objective: The objective of this
study was to compare the effectiveness of dental movements with aligners versus the use of conventional appliances, as
well as the effectiveness and impact on periodontal health and root resorption. Materials and Methods: A systematic
search of PubMed, Ebsco Host and Scopus was performed using a well-designed formula. Articles published in the last
10 years in English and French were included after filtering the titles, abstracts then full texts. Results: Twenty-six
records were deemed suitable for the objectives of our systematic review. All records focused on the comparison of
treatment with aligners and fixed appliances. The difference in treatment and time efficiency was assessed in 17 papers, 6
papers evaluated the impact of orthodontic appliances on periodontal health, and the remaining 3 records focused on the
occurrence of root resorption. Conclusion: Clear aligners produce clinically acceptable outcomes that could be
comparable to fixed appliance therapy. Aligners facilitate oral hygiene practices which results in better periodontal
health. However, it appears that Invisalign may not be as effective as fixed appliances in achieving certain tooth
movements like vertical, radicular and rotational movements.
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BACKGROUND MATERIALS AND METHODS
Objective of the Study

The purpose of this review was to identify the
outcome of aligner’s treatment, to compare the
treatment efficiency of orthodontic aligners and
traditional fixed appliances in addition to the
assessment of the treatment effectiveness and stability.

In 1999, Invisalign® was presented to the
American Congress of Orthodontists by Align
Technology [1]. Since then, Invisalign® therapy has
undergone significant expansion worldwide and has
become increasingly popular. Their major strengths are
being esthetic, offering greater comfort to the patient
and enhanced oral and periodontal hygiene. The
technical improvement extends their indications from
simple cases of crowding to more complex
malocclusion.

Focused Question
This study looked at the following questions:
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1. Do aligners have comparable treatment
efficacy and results to conventional braces?

2. How differently do aligners and fixed devices
effect periodontal health?

Identification of the research elements

The research elements were developed
according to the PICOS schema standing for
population, intervention, comparator, outcome, and
study design. In the current systematic review, the
constituents were defined as follows:

e Population: Adult patients with dental
malocclusion.

e Intervention: Orthodontic treatment with
removable aligners.

e Comparison: Orthodontic treatment with
fixed appliances.

e OQutcomes: The primary outcome was
treatment  effectiveness:  the  outcome
assessment of the treatment included arch
width, occlusal contacts, alignment, derotation,
inclination of teeth and relapse; the secondary
outcome was treatment duration, impact on
periodontal health and orthodontically induced
external root resorption.

e Study Design: Systematic review/ cohort
study/ case series /meta-analysis / randomized
controlled  study  /retrospective  study
/prospective study.

Search Strategies

The literature search of the articles was
undertaken on the MEDLINE® database, using
PubMed, Scopus and EBSCO databases until July 2022.
The terms of the search were identified based on a scan
of the keywords in the relevant articles. The search
process included the following keywords: “aligner”,
“clear”, “removable”, “Invisalign”, “fixed appliances”,
“traditional orthodontic treatment”, “conventional
orthodontic treatment”, “braces” and “brackets”. The
search restrictions included publication date; articles
published in the previous 10 years, language; leaving
only English and French written papers, as well as full
text and references availability.

Using the Boolean operators AND/OR the following
Boolean formulas were worded:
» Boolean formula #1: ((Orthodont* OR clear
OR removable) AND aligner*) OR
(Invisaligh®)
> Boolean formula #2: Conventional
orthodontic treatment OR traditional
orthodontic treatment OR brace* OR bracket*
OR fixed appliance*
» Boolean formula #3: #1 AND #2

Articles Selection Process
Eligibility Criteria

The inclusion and exclusion criteria for
admittance are presented in Table 1.

Table 1: Inclusion and exclusion criteria of our study

Inclusion criteria

Exclusion criteria

Population: Patients with permanent dentition who have problems | Population: Patients with temporary or mixed

with malocclusion.

dentition.

Document Type: Systematic reviews, meta-analysis, randomized
controlled trials, case control studies, cohort studies, case series

Document Type: Reviews, case reports, in vitro
studies, books, conferences, author opinion,

including more than 10 cases, prospective and retrospective studies | animal studies.

Comparison: The comparison group treated with fixed appliances. | Articles that are out of topic documents that

Outcome: Studies providing results of orthodontic treatment.

outline, orthodontic treatment using activators,

Intervention: Orthodontic treatment using transparent appliances | functional appliances and retainers.

and fixed appliances

Papers with limited number of patients.
Studies with fewer than 10 patients.

Study Selection

Zotero software has been used to load all
search results, remove duplicates and manage citations
and bibliographies. The study selection process was
carried out in two steps independently: initial screening
of titles and abstracts of all studies according to pre-
determined inclusion criteria then full text assessment.
Any discrepancies between the review authors would be
handled by discussion with a third researcher.

Data Extraction

The relevant data presented in the articles
featured in this study were extracted according to a
customized data collection form and then results were

confronted, discussed and revised by the working group.

Data collection and synthesis were presented in table 2.

Assessment of the Risk of Bias in Included Studies

Using the “JBI's critical appraisal tools” [2],
members of the research group independently assessed
the risk of bias in included studies after article selection.
After answering the questions listed in the JBI critical
appraisal tool checklists, the percentage of detailed
information is calculated which allows us to rank the
risk of bias:

>70% the study is considered to have a low

risk of bias.

50%-70% the study has a moderate risk of bias.

<50% the study has a high risk of bias.

The critical evaluation procedure and
evaluation scores are listed in table 3.

© 2023 | Published by Scholars Middle East Publishers, Dubai, United Arab Emirates 160




Ines Dallel et al.; Saudi J Med, Apr, 2023; 8(4): 159-170

Level of Evidence and Quality Assessment

According to the Oxford center of evidence-
based medicine [3], levels of evidence were assigned to
the included articles.

RESULTS
Study Selection

The search resulted in a total of 536 documents.

After removing duplicates, 480 items were retained.

A pre-selection was carried out by examining
the titles, which allowed us to exclude 380 articles. The
remaining 100 papers were reviewed by abstract and
resulted in the exclusion of 52 papers, leaving 48 valid
papers by title and abstract that passed to the full text
screening. The process came to include of 26 articles.
The global selection process is illustrated in the
PRISMA flow diagram (figure 1).

Study Characteristics

The research resulted: 1 randomized controlled
study, 6 systematic reviews, 3 systematic reviews with
meta-analysis, 2 meta-analysis, 7 retrospective studies,
2 prospective studies (1 nonrandomized), 3 cohort
studies and 2 case control studies.

Studies were collected with a publication date
limited to 10 years, from 2012 to 2022. The peak was
reached in 2019, with 6 published articles identified that
year. The curve is ascending showing the growing
interest of researchers and dentists in this topic.

There were 15 individual papers among the 26
articles that were included, with a total of 1207 patients.
In total, the sample size varied from 30 [4] to 300 [5].
Participants ranged in age from 19 to 62 years. They
were adults and had full permanent dentition.

The orthodontic appliances used were clear
aligners, mainly Invisalign®. In each study, the control
group was treated with fixed orthodontic appliances.

| Identification of studies via databases and registers |

)

Records identified
through database

Records removed before

searching (n=536):
PubMed: n= 436
EBSCO: n= 55
Scopus: n=45

Identification

Records screened

screening:
Duplicate records
removed (n =56)

Records excluded™™

(n =480)

i

retrieval (n =48)

!

Screening

Reports sought for | | Reports not retrieved (n

Reports éssessed
for eligibility
(n = 44)

pJ

(n =432)

=4)

Reports excluded (n=18):
-records that did not

Studies included in

review
(n = 26)

Included

¥

fulfill the purpose of the
review (n =6)

-articles that did not
have a comparison group
(n=3)

-articles were based on
in vitro and laboratory
data (n = 2)

-study design (n =5)
-plagiarism and analysis
error (n=2)

Fig. 1: PRISMA 2020 flow diagram

© 2023 | Published by Scholars Middle East Publishers, Dubai, United Arab Emirates 161



Ines Dallel et al.; Saudi J Med, Apr, 2023; 8(4): 159-170

's9sed BUIPMOID PJIW Ul JUswWIRaI]

.m saoueljdde | paxiy pue @ubifesiaul ‘sjusired juablianipiadAy
& Aq paanpoud uoneuijooid "|ou02 anb.oy Josioul Jaddn 1INPe Ul 30UaJal4Ip JuedIIuBIS AJJeo1IS1IRIS B 81RlISuoLap
S losioul rejngipuew Burredwod ayy ul Alnjigerjad featun]d poob pamoys swiaisAs 10U pip saauerjdde paxiy pue sisubije Jeajd Buisn
S 90UBJIAJIP OU SeM aJay | JUBIBLIP 931Y1 BY] B ‘S}NSal 8say} Uo paseq paurelqo uo9a1109 auq uado Jouaiue Jo apnyubew ay |
pa1sa1 sdno.b juaiayip ayr buowe
"(S0"> d) ueayubisul Ajjeansnels | saoualayip Wedliubls Moys 10U pIp anjeA Jeaul|
Sem sduaIaIp 8Y1 ING LEVFIE'S TIAL +1 's81bue y1oqg 1oy JuediubIsS 10U B1am
2 Aq juawbas [eige] Jejngipuew | sanbiuyaal snowen Buowre sadualayiq ‘siaubije dnoub siaubife ul Jeyealb
IS ay} pauljooid saoueljdde YIIM pariodal a1am SanjeA 1Samo] "S18xoeiq Anybus siosioul Jamoj pue Jaddn ayy Jo uoisnnx3 “dnoib
m paxi} pue ,Z'SF9'E Jo uolreul|ooid [EUOIIUBAUOD YN UOIEBLIBA JLIBWNU 153yBiy aouel|dde pax1y sy Joj wiw g'T pue dnoib Jaubife Jea|d
m ueaw e paonpoid @ubijesiaug ay1 pamoys sajbue [DOVTT pue duSeuSvVTT | 8yl J0j W £'Z SeM JuaWIeal] JO pus ay Je abueyd a1qianQ
m
©
.m SIeak /°0F9'T :SawWl 1usweal] " Sieak 6’ TTF8 ZE by
Sl /T :swaned Jo JaquinN "uonoeixa
M 2 CTF9G'T :ddl Nd UHM 3I9M S8SBD / "PaZI|IIn SeM XJ0]q 3)Iq Jemo]
= W SYUOW € TT :UOIRINP JusWILaI | © ‘9SeIT U] "UOISNJIUI Jejow 10} S3Sed ¢ Ul PazI|in sqv L
=|€ Ss190rIq seouel|dde Bunebij-jjes seouel|dde Bunebi|-jes
W S8 asimabpa pajsnlpeaud ‘Bunebi|-y8as S19%0BI( [RUONUBAUOD pue s19)9e.(q [RUOIIUSAUOD
o
S
g
..m. = ww €T F96'T :ddl SIeak 9'0F9 T Sewin Juswiyeal |
w8 gT:uaned yoes L¥€'G¢ by
N m Jo} pasn siaubije Jo Jaquinu UesjN 9¢ :sjuaired Jo JaquinpN ‘Sluswydene paziwndo
m ko "SUIUOIAl ¢°0T -uoneinp jusuireal | Buisn Aq Y1981 JoLBIUR BU) UO S8D10) BAISNIIXS pue
M c @ubifesiaul @ubifesiaul | yieal Joua1sod ayl Uo $8210J AISNIIUI SUBXD 19 @UbIjesIAu|
syuedidfned L'LF¥9¢ §9+9'G¢ 0'6+¥5v€
uonejndod % abe ues|N swuaned og abe uean sjuaned €9 abe uealy
(LoY)
s1aubBijeses|d pue saoueljdde [eiqe) (rern [earun)d paj103u02 8ANRIads0N8 W)
ubissp pax1y Agq paonpoud uoieurjooid s1ayoelg Buiebii-418S pue [RUOIIUBAUOD UM (rerny reorunjo paj0au09) Apnis aaloadsodal v
Apnis/ Jos1oul Jejngipuew Bulredwod uostedwo) v :Ss1aubly 40 SI0SIoU| [eljus) saouel|dde paxiy pue siaubife Jes|d Buisn juswieas
3L [el} [ed1U1]9 paziwopuel Jaddn jo jo1u0D uoneuldul [enbuljodang 811q uado JowBue JNpe Jo uosiiedwod d1BwWoleydsd
at Apms [9] 9702 AssauusH [2] 8T0Z 1upUOyS [8] 6T0OZ N8uIED

162

© 2023 | Published by Scholars Middle East Publishers, Dubai, United Arab Emirates



Ines Dallel et al.; Saudi J Med, Apr, 2023; 8(4): 159-170

‘saouel|dde

paXxI1} [euonipe.) Uey) [0J1U0D UOISUSLWIP [ed11IaA
Janaq e apinoid 10u pip siaubiy “Adesayy Jaubife
Jes|d ueyl Adeay) aoueljdde paxi) [euonipen

31 Ul 3I0W Pasealdsp a11g4aA0 JoLIBIUY

"3l J10190P |BI0) pue AWl Jreyd
[€101 ‘UOITRIND JUBWIEAI] JO SWLIB) Ul
S19>9810 [RUOIIUBAUOD UBY] JUBIJIYS

8I0W 8¢ 01 UMOUS Uda(q aAey
staubie Buisn Alljepow juswieay

*K1961NSs 10J UOINEIIPUIRIILOD B PalapISU0D
30 10U pINoys @ubifesiAul o asn ay)

‘seouel|dde pax1) [2UOIIUSAUOD 0) BAITRUIB][R

ue se pasn s1 Adeiayy Jaubife -1ea|d
uaym pardaye Apuediiubis 10U aJe ewapa
anneIadolsod pue sawioaIno anleladoliad

"SauIURD

Jejngipuew 1y6ridn alow o) spes)
saoueldde paxiy yim Juawyeal |
"90UBISIP BUIURDIBIUI JejngIpuew
U1 aseaJoul 01 spua) siaubife
1239 Y)IM JUaLUYEal] 91IUOPOYLIO

SO11SB[9 JO 109449 9pIS e 9q

ued yoIym siaubife Jea|d 01 pasedwod uoisnix3
Jejow Jamoj Jabe]

Anybis pamoys seoueljdde paxi) jeuonipes

‘syuanred seoueljdde paxiy ueyl
SuSIA Aouabiswe Jo Jaquinu Jomo]
Anueaipiubis e pey pue Jreyd ay ui
3w} ss9| 9%0G uads ‘syuswulodde

JaMa) 94/ 9 pey s1uslled “lalnioys
sem Adeiayy Jaubife Jo uoneing

passasse siajawesed
ay1 Jo Aue Uil aoualaylip 1ueaipiubis ou

"dnoib

asimabpa ul pabueyoun paurewsal
1nq dnoif @ubifesiaul ul pasealoul
90UBISIP auIuedIBU| “JuedIubIS
Aj[eonsiess jou sem abueyd

SIUL "®@ubifesiaul ynm Jaybiry sem
uoneurjdul [enburjosang auiue)

sieak z :polsad Juswieal |
sieak 18'TTF10°¢E abv
SoJeW 9 pue SoJewWa) 9T
‘syuaired zz :laquinN
"s19xoe.q asImabp3

sieak 0T :abe

sjuaned 0GT

$S YouI-2Z0°0 ‘SS Youl-970'0° ILIN
Youl-9T 0’0 :S89uanbas alim yaly

siuaned Qg :lequinN
saouel|dde paxi4

SYuo

€'G+¢’'0¢ -awn jusuieal |
Ww OF'0FT'0 =¥dl
G'ETFE9z:0be Ueay
a[ews} gz pue sjew g
swuaned og

¢ saouel|dde asimabp3

sieaA g :pouad Juswieal |
sieah 6G ¥ TF92Z T:o0V
S9jewW /T pue Sajewsy /g

sIeak 0’6 :abe

SLIUOW §'9F ST :aLUI) JUBLWIeal |
ww 8¥°0+8€°0

=4d| 8'TT¥0'GZ :abe ues|n
a[ewsa) Zg pue ajew g

¥ :Sluaned Jo JaquinN sjuaned oGt siuaned g7 :lequinN sjuaned og
@ubifesiaul Adesayy Jaubije Jes|d @ubifesiaul @ubijesiau|
siuedionted palyoads 10N sjuslred paiy0ads 10N : sieak 66°6T paly1oads Jou
99 abe ueay 00¢ abe uea|y swuaned g¢ abe uea|n swuaned o9 :abe ues|\

(et psyjosu0d
[ea1u1D) Apnis [eurpniifbuoj aasadsoaal (rern pajjonuod (Apms 110402 aA9ads04181 V)
[euoneAIasqQ sedueljdde paxi) [euonipesy [ea1ulD) Apms anndadsoid pue (Apmis 30UuBISIp auluBdIBIUI

pue sIauble Jeajd Yl JUsWIes.] UoIoRIIXa
-uou 3jnpe U1 uoiisod Jejow pue uoisuswip
[ea111aA Ul sefueyd Jo uonenjeAs asworeyda

aA1198dsoa1a) W sedeIq asImabpa
[euonuaAuod pue Adesayy Jaubije
10 Aouaio1yye awn aAnesedwo)d

110y09 ) seoueljddy paxi4 [eUolIUSAUOD
snsIaA Staubiy Jea|d buisn Aisbing
a1yreuboyuO ul sawoanQ Buredwo)

U] puUe Saulued Jejngipuew
JO uoneuIoUI [eNBUI[029N] BY)
uo Adesauy Jaubife Jes|o Jo 19813

(6)T202 MSVH

102 [S] Bueyosng

[0T] 6T0Z Wexuey

(TT)910Z P1ayumo

163

© 2023 | Published by Scholars Middle East Publishers, Dubai, United Arab Emirates



Ines Dallel et al.; Saudi J Med, Apr, 2023; 8(4): 159-170

"S|9A3] |B13]8YS pUE Je|OBA[EOIUSP
ay1 1e sa1iq deap BuluadQ ui aAd8Ys
Jeadde swiaisAs yioq ‘@ubijesiaul GO

yum patedwod usym siuaned 1npe alq
daap 10J abueyd [e19|a¥s 1uasedde aiow
sey juawieal) saoueljdde paxiy ybnoyyy

saoueldde paxiy ylm Juswiea

ueyl Jalsey (syuow /°G) 9%0¢ abeiane uo
paysiuly sem @uBijesIAul Yylim Juswieal |
‘@ublfesiAu| ueyl A|aAI19a))8 alow
uoisnjaoofew panoidwi saouerjdde paxi4

saouel|dde paxiy Buisn

10 Tey1 01 Jejiwis St @ubijesiaul
UM ¥¥Wv310 01 uomsodsipaid
3yl 1eys sisabbns Apms [earun|o sy

's)nsai A1o1oeysiyes

panalyoe @UBIfesIAUl YlIm parean
sjuaned ay 10 %06 Uey) alow ‘9109s
X3pu] YWvd Ul uonoanpal ay) Buriapisuo)

‘91bue

[e1gejoseu pue ‘NS—-TN ‘VdI ‘1d0 ‘dd
-9N ‘dIN —T1 ‘aue|d-3 01 dij Jamo| ‘aued
-3 01 dij Jaddn ‘gNV ‘8)1qJaA0 ‘UoIUBIN
—SNV :uediyiubis Ajjeansiels aq o1
punoj alam sjuswainseaw Buimojjol ayl

®@ubl1jesIAuL UBY] S8109S ¥ d paiybiam
a9npal 0} aA1108Y8 alow Apuediyiubis
ale saoueldde paxiy Jey) pajealpul exeq

sdnolf omy 8y} UsamIag 8ouaIallp
1ued1IubIS Ajjeansners ou sem alayl

"JusWIeas] @UBIfesIAU] JO UoIRIND J3LIoYS
aU} SeM 3oUBJBHIp [eansiyels Ajuo ay L

sIeak ' 0TFT' L2 :abe ues |\
g=UsW ‘gT=uswom sjuaned {¢ JaquinN
saouel|dde paxiy asimabpa piepuels

syuow g0"GT:uoneINp JusLWIeal |
sieak

6°/FT 2z 9be uesN (8T:91eW ‘OE BJRWaS)
siuaned gy laquinN

saouel|dde paxi4

(paiy10ads 10N)
saouel|dde paxi4

syuow (+¥) eT:uoNRIND
Juawieal] sieak QTFSe abe ues|N
SaJewsa) 0/ pue ssfew QF
00T:S1uaned Jo JaquinN
saoueldde asimabp3 anm-1ybrens

LTTE:SAe] Je[nqipuewW JO Jaquunu Uean
/T'e€:sAea) Alejjixew Jo Jaquinu UesiN
DLV WAV e AR 10w 4

‘SyIuoW GE'ET :uoneInp
Juswieal] sieak / 6F0 9z :9he uesy

SUIUOW
T :uoneinp Juawyeal] sieak
0TF8Z :a6e uea|A Sajeway 0/ pue sajew g

UaW 6 ‘USLLIOM GT 3Jew 9T‘ ajewa4 Zg siuaned gy JaquinN swuaned 00T
syuaned g @ubipesiaug @ubifesiauj HUBIESIAU|
(ve:arew SIPN sreak
syuedidned pay10ads 10N : 79 alewad) 6¥72C 9'€T¥69'/2 syuaired pay1oads JoN
8 abe ueay swuaned 96 abe uea|y siuaned og abe ueay 002 abe uealy

(e [ed1unpd pajjosuo))

Apnis

aAIoadsonal

W SINpPe Ul U0I1934103 UoISNjd20ewW
a11qJano doap |e19|axs 104 sdwiel a)iq
[enuIA yum (G9) @ubljesiauj Jo s1oal3

(asea anndadsonal v)

Xapul Burey 1UsWSSasSY Jaad ayl

Buisn saoueljdde paxiy [RUOIIUBAUOD YIIM
paJedwod Aouslolyle pue SSBUBAIIIBYS
awWIea)) @ubifesiaul Jo uonenjeas

(Apmis 011u09 ased )

s1aubie sjgeAows.

SA saouel|dde paxiy Yyiim pajessl

syuaiied ul uondiosal 1004 [ealde
[eualxs paonpul A|jeanuopoyuO

Apnis aAnosdsonal v

xapu| Bulrey 1UawWssassy 19ad

ay} Buisn saouerdde paxiy yum pasedwod
@ubijesiaul yum Buipmosd JoLisiue

10} SjUBWIIESI] D1IUOPOYHO JO AJBI1YY8 By |

[z7] T20Z o1usH

[t] 2zT0Z N

[] 2T0Z Sateul-seisa|f)

[eT] 8TOZ MBIUET

164

© 2023 | Published by Scholars Middle East Publishers, Dubai, United Arab Emirates



Ines Dallel et al.; Saudi J Med, Apr, 2023; 8(4): 159-170

sa0eIq
0] paJedwod s} Nsal JUBLLIEaI} 9SIOM
0] payul| sI sJaubife yim Juswies. |

aua1BAy Jeio arenbape

pue sdn-x2ayd Jejnbai papinoid 1s1usibAy
|ewuap e uaym ‘Adesays Jaubije Jes|o pue
Adeiayp onuopoyuio paxiy bulobispun
swuaned Jo yireay feiuopoliad ayy ul
PaAIaSUO SeM BOUBIBLIP JO 8OUBPIAS OU

"sne)s [euoponiad

panoiduwll Y1IMm pa]eIdosse Sem
slaubBije sjgqeAOWIal YIIM JUBWIIEa) |
"3uaIbAY [elo serell|Ioe)

slauBife ajgeAowal JO asn ay L

saouel|dde

SO1IUOPOYLIO PaXI4 [RUOIIUBAUOD YIIM
palea) asoyl yum patedwod se siaubije
1ead Buisn pajeal) are oym sjusied ul ssa)

s1 xade 100. ay) Je uondiosal Jo JuUnowe ay)

saouel|dde paxiy 01 pasedwiod

3WO02)NO0 JUBLIILAI] 3SIOM UM PaIRIJ0SSe
S s1aubie Jes)d Ylim Juswiesly

Tey1 pamoys syusuodwod SHO-0gVY
S19X9RIq [RUOIIUBALOD

pue siaubije ussMIBQ SBIUBIBLIP
wea1y1ubIS ou punoy xapul Yvd

"S3|qelieA Jeiuopoliad Jo JuswaAoidwl
3yl uo S199)J8 Aue aney 10U pIp adueljdde
10 8dA1 ay1 1eY) pa1sabibins synsay

"yidap Buigoud ‘Buiqoid uo Buipasiq
‘xapul anbe|d 104 punoy sem sdnolb

410q U1 asealoap Juedllubis Ajjeansnels

‘dnoub Jaubife

ueyy Jaybiy atem dnoib paxiy

10} $8109S SYUOW-2T pue -9 1y
‘saouel|dde

OM] U} Usam]ag adualayip ou
pamoys Buiqoid uo Buipass|q ‘xapul
lea1bulf ‘xapul anbejd syeem 9 1

‘W y€'T F 2T'T sem dnoub siaubije

Jeajo a8yl ul SeaJsyM ‘Wl y€'T F TG'T Sem
dnoub saoueljdde anuopoyuo paxiy syl ui
HYV 40 anjeA ueaw ay |

‘d1qipuew

31 J0 e||IXeW 3yl Ul dUlUBd 0} UIURD
WIOJ} PapUOQ 8JaMm S1axJeIq Syuow
T/ TF9T ¥ :UoleInp Juswieal |
saouel dde paxi-

SIeak 1°879'0¢ 9By
sjuaired Qg :laquinu
Adesay paxiy 1932e1giNW

sieak 8T°/FP¢ 0By
Sajew 9 ‘sajewsy 9T
swuaned gz
saouel|dde paxi4

Sa[ewWsa} ZE pue sajeW €2
suaned GG JaquinN
sreak/e9 F TL°€C

:abe ues|A

saoueldde paxi

SYIUOW H€°ZFE0™9 :UOITRINP UL |

sieak
GZTFLVE 9bY
syuaned g :lequinu

sleak 98978z :aby
(sojew g sojewsy ¢T) swuaned oz

S9|eW) S pue Safew Tg
sjuaned

GG :lsquinN

sieak

8G°€ ¥ ¢9'T¢ -abe ues|y

(paiy10ads 10u) Jaubife Jes|d siaubije Jes|d @ubifesiau| siaubije Jes|Dd
solews) T1z/ sieak
s9lew T T'6¥.6°¢S SIeaA 9°CTF9°LC €9FTLEC
siuaned gg abe ueay sjuaned op abe uea|y swuaned gy abe uea|n

sasAleue-eiaw yum

MBINBJ I11eWB]SAS

e :saoueldde paxiy pue sisubije
91UOPOYHO UM 3W0IN0 JUdWIeal |

Apnis [ea1u1]D 8A1193ds0ld

V :YlJeaH [eiuopouad ayl uo siaubipy
Jes|D pue aoueljddy anuopoyuoO
paxi4 Jo 10edw|

(e [edrunfd pajjosuo))

Apnis aA119adsold paziwopueluoN
Adeiay] 21UOPOYLI0 9AIIR JO Jeak
aUO JaA0 siaubife sjgeAowal pue
saoueljdde [eaong paxiy Yyim pajessl
sjuaijed 3 npe 40 Snyels [eJuUopoLIad

(Apms annoadso.aial 110yoD)

Apms AydeiBowo ] paindwo)d weaq
-3U0) V :slaubiy Jea|d pue souelddy
d1UOPOYUIO PaXId Yim pajeal | sjusiied
ul uondiosay 100y [ealdy Jo uosiLedwo)

[¥T] 0zoz noiBioabedey

[sT] 0z0Z ebeuepen

[97] €102 1yosuEYLIEN

[27] T20Z JeWUNy

165

© 2023 | Published by Scholars Middle East Publishers, Dubai, United Arab Emirates



Ines Dallel et al.; Saudi J Med, Apr, 2023; 8(4): 159-170

Table 3: Risk of bias in included studies

Article | Q1 | Q2] Q3] Q4] Q5] Q6] Q7] Q8] Q9 | Q10 ] Q11 | Q12 [ Q13 | Assessment
Methodological appraisal of randomized controlled trial
[6] Y [Y Y [ X [ X [ X Y [Y JU Y Y Y Y ]69.2% | Moderate
Methodological appraisal of systematic reviews
[18] Y |[Y |[Y |Y |Y |U|Y |Y |Y U Y 81.8% | Low
[19] X |Y |[Y |Y |Y |U U |Y |[NA|Y X 60% Moderate
[20] X Y |[Y |Y |[Y |U|]Y |Y |X Y Y 72.7% | Low
[21] X /Y |[Y Y |[Y |Y |Y |Y |X Y U 72.7 Low
[22] X 1Y |[Y |Y |[Y |Y |Y |Y |INA|Y Y 90% Low
[23] X |Y |[Y |Y |Y |U U |Y |[NA|Y Y 70% Low
[24] X /Y |[Y |Y |[Y |Y |Y |Y|Y Y Y 90.9% | Low
[25] X Y |[Y |Y |[U]JY |Y |Y |[NA|Y U 70% Low
[26] X Y |[Y |Y |[Y |Y |Y |Y |X X Y 72.7% | Low
[27] X Y |[Y |Y |[Y |Y |Y |Y |X Y Y 81.8% | Low
[1] Y |[Y |[Y |Y |[Y |Y |Y |Y |X Y Y 90.9% | Low
Methodological appraisal of cohort studies
[11] Y |[Y |[Y |[U U |Y |Y |Y |Y X Y 72.7% | Low
[10] Y |[Y |[Y |[U U |Y |Y |Y |Y X Y 72.7% | Low
[17] Y |[U U | X [ X |Y |Y |Y |Y 63.6% | Moderate
Methodological appraisal of case control studies
[4] Y |[Y |[Y |Y |]Y | X | X |Y |Y Y 80% Low
[16] Y |[Y |[Y |Y |UI|Y |Y |Y |U Y 80% Low
Methodological appraisal of quasi experimental studies
[12] Y |[Y |[Y |Y |[Y |Y |Y |Y |Y 100% | Low
[9] Y |[Y |[Y |Y [ X |U|Y |Y |Y 77.7% | Low
[8] Y |[Y | X |Y |[Y |Y |Y |Y |Y 88.8% | Low
[5] Y |[Y |[Y |Y [ X |U|Y |Y |Y 77.7% | Low
[14] Y |[Y |[Y |Y |[Y |Y |Y |Y |Y 100% | Low
[28] Y |[Y |[Y |Y [ X |Y |Y |Y |Y 88.8% | Low
[7] Y [ X |Y |Y [ X |Y |Y |Y |Y 77.7% | Low
[13] Y [ X |Y |Y |[Y |Y |Y |Y |Y 88.8% | Low
[15] Y |[Y |[Y |Y [ X |Y |Y |Y |Y 88.8% | Low
Y= Yes; X=No; U= Unclear; NA= Not Applicable

Certainty Assessment

The level of scientific evidence is assigned to
each of the included studies according to the criteria
outlined by the Oxford Center for Evidence-based
Medicine and presented in the table 4. Most articles

were of grade B recommendation (96.15%); level of
evidence 2a was assigned to 42.3% of the studies,
46.15% were of level 2b and 7.7% of the records were
of level of evidence 3b. Only one study of grade A

(3.9%) had a level of evidence of 1b.

Table 4: level of scientific evidence

Reference | Level of evidence | Grade of recommendation
[12] 2b B
[18] 2a B
[6] 1b A
[19] 2a B
[20] 2a B
[21] 2a B
[9] 2b B
[8] 2b B
[5] 2b B
[22] 2a B
[14] 2b B
[11] 2b B
[10] 2b B
[17] 2b B
[23] 2a B
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Reference | Level of evidence | Grade of recommendation
[28] 2b B
[24] 2a B
[4] 3b B
[7] 2b B
[16] 3b B
[25] 2a B
[26] 2a B
[13] 2b B
[27] 2a B
[15] 2b B
[1] 2a B

DISCUSSION
Comparison of the Effectiveness: Treatment
Outcomes

Adequate occlusal contacts are difficult to
achieve with aligners. A systematic review by Pithon et
al., [19]. Clearly explained the difference in the OGS
score in the occlusal contact. Tooth intrusion or
extrusion was possible with fixed appliances within the
0.5-mm limits. Those vertical movements are hardly
attainable with aligners. The trays cover the occlusal
surfaces of teeth and prevent the occlusion from setting.

Ke et al.,[25] support these findings and report
that there was a discordant outcome in terms of occlusal
rapport and overjet. Extraction cases found no
statistically significant difference between the two
groups, but non-extraction cases had statistically lower
scores for clear aligners. Authors claim that this was
possible because the extraction space was used to fix
the overjet.

The results obtained from these studies
confirm that rotational and vertical movements are the
least predictable types of movement. Rotations of
canines and premolars were the most difficult to
achieve. It is recommended that for rotation, using IPR,
auxiliary attachments and not exceeding 1.5° of rotation
per aligner. Supplementary techniques should be
integrated when corrections above 15° are needed [22].

Many studies listed in this systematic review
showed that Invisalign® has succeeded in aligning and
leveling. Nevertheless, the movement of the tooth is
achieved through the movement of the crown. Root
movement is much more difficult to control with
aligners.

Invisalign® expands dentoalveolar width in
non-extraction cases treatment with mild and several
crowding. However, modification of intercanine and
intermolar widths is significantly more important with
self-legating brackets. Griinheid et al., [11] assessed the
intercanine distance where they found no change during
treatment with traditional devices but increased slightly
with the aligners. This finding may be attributed to
buccal tipping of canines with aligners. In contrast, the

fixed appliance uprighted more mandibular canines
which resulted mainly from the control of root
movement.

Aligners seem to be effective in correcting
more severe malocclusions notably deep bite and open
bite.

Open Bite Correction

Garnett et al, in 2019 [8] conducted a
cephalometric based comparison of open bite treatment
with clear aligners and fixed appliances. A magnitude
of overbite correction was achieved by both removable
and fixed appliances with no significant difference
between the two appliances. Open bite correction was
obtained by the retroclination of the upper and lower
incisors and no extrusion of the posterior teeth. Clear
aligners had moderately higher lower incisor extrusion
which resulted in relatively better correction of the
overbite. Comparing aligners and fixed appliances in
vertical control, Rask et al., [9] showed also that both
Invisalign® and fixed braces did not induce maxillary
molar extrusion. With fixed appliances, there is a higher
extrusion of mandibular molar under the effect of
elastics. Clear aligners only induce lower molar
extrusion when they are planned in the clincheck. With
both devices, fixed and removable, the results showed
no differences in the treatment of open bite.

Deepbite Correction

Through the evaluation of cephalometric
measurements Henick et al., [12] found that G5 aligners
could significantly reduce skeletal deep bite. These
findings may result from the efficacy of the bite ramps
in disoccluding the molars producing more extrusion
and mandibular backward. Incisor intrusion may have
been greater with Invisalign® compared to fixed braces.
Overbite decreased significantly with both the
traditional braces and Invisalign®, but there was a
greater decrease with the fixed braces.

It was observed that for patients undergoing
the same retention protocol, Invisalign® treatment had
more relapses than fixed appliances did. The two-week
interval between aligners in the Invisalign® system is
presumably too short, compared to brackets that are
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normally fitted every 4-6 weeks, resulting in poor bone
formation and more relapse [23, 25]. Another possible
reason may be the shortcomings in accomplishing
bodily movement and stable occlusal contacts [27].
Authors recommend overcorrection with Invisalign®
because of the lack of total movement and poor root
control, which leads to the tooth tipping uncontrollably
and thus may result in relapse.

Comparison of Time Efficiency

We evaluated the effectiveness between
Invisalign® and fixed devices based on the duration of
the treatment. Bushang et al., [5] conducted a trial
showing that Invisalign® treatment duration was 67%
shorter than conventional treatment in patients having
mild-to moderate Class | malocclusions most likely
because it does not require a finishing or detailing
phase. According to Djeu et al., [29], the treatment time
for the fixed devices group (1.7 year) was significantly
much longer than aligner group (1.4year). Shorter or
similar treatment time for mild to moderate non-
extraction malocclusions with Invisalign® compared to
fixed brackets, but the time was longer for extraction
cases. The studies were controversial, and some stated
that there were no significant differences.

Impact of Orthodontic Treatment on Periodontal
Health:

A meta-analysis carried by Lu et al., [24]
indicated that Invisalign® aligners are more conducive
to the maintenance of periodontal health. These findings
are in accordance with a clinical trial conducted by
Karkhanechi et al., [16] showing that there was less
plague accumulated using aligners after 6 and 12
months compared to conventional braces. The reasons
could be the ability to take off the trays while brushing
teeth, which allows to properly clean the device and the
teeth and the use dental floss. Orthodontic treatment is
sometimes considered to be a predisposing factor for
periodontal disease because fixed appliances may
prevent complete oral hygiene procedures and cause
bacterial aggregation. These findings seem to contradict
to the result of Madariaga et al., [15] showed no
difference between clear aligners therapy and fixed
orthodontic treatment, when the treatment was assisted
by a dental hygienist for 3 months. The study showed
that the device used for orthodontic treatment doesn’t
have an impact on periodontal health if proper hygiene
is maintained. Despite the common use of the aligners,
there is still no robust evidence about the influence on
periodontal indexes. Further RCTs in this field should
be conducted.

A case control study by Iglesias-Linares et al.,
[4] and a systematic review undertaken by Fang et al.,
[26] agreed that the use of clear aligners cannot help to
minimize the incidence of root resorption. Aligners and
multibracket devices use different type of force, which
is intermittent and continuous, respectively. Aligners by
using intermittent forces cause less root resorption. It

has been also reported that although differences in the
amount and level of force might be expected to
contribute to differences in orthodontically induced root
resorption expression. Yet recent fixed appliance
protocols generally imply the sequential use of low
intensity forces in every step, possibly explaining why
the tendency to root resorption with conventional
devices is similar to that with invisible aligners.

Bias and Limitations

A limitation of the included studies is that
despite the inclusion of a sufficient number of
systematic reviews and meta-analyses that are of high
scientific evidence, the number of randomized
controlled trials is very limited. The lack of randomized
controlled trials may lead to bias in the results and
limits the overall validity of conclusions, calling for
future high-quality trials to provide more robust
conclusions.

CONCLUSION

Clear aligners produce clinically acceptable
outcomes that could be comparable to fixed appliance
therapy. Aligners facilitate oral hygiene practices which
results in better periodontal health. However, it appears
that Invisalign may not be as effective as fixed
appliances in achieving certain tooth movements like
vertical, radicular, and rotational movements.
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