
Supplementary File 1. Search string

PUBMED:

(((((((((((((((((((((((root resorption[MeSH Terms]) OR (root resorptions[MeSH Terms])) OR (“root resorption”[tiab])) OR (“root resorptions”[tiab])) OR (“EARR”[tiab])) OR (“OIRR”[tiab])) OR (“apical root resorption”[tiab])) OR (“external root resorption”[tiab])) OR (tooth 
resorption[MeSH Terms])) OR (“tooth resorption”[tiab])) OR (tooth resorptions[MeSH Terms])) OR (“tooth resorptions”[tiab])) OR (“teeth resorption”[tiab])) OR (“root shortening”[tiab])) OR (“teeth shortening”[tiab])) OR (OIIRR [tiab])) OR (ORR [tiab])) OR (ARR [tiab])) 
OR (RR [tiab])) OR (ERR [tiab])) OR (OIEARR [tiab])) OR (OIERR [tiab])) AND (((((((((((((((((“orthodontic appliances”[MeSH Terms]) OR (“orthodontic appliance”[tiab])) OR (“orthodontic treatment”[tiab])) OR (“fixed appliances”[tiab])) OR (orthodontic bracket[MeSH 
Terms])) OR (“orthodontic bracket”[tiab])) OR (“orthodontic forces”[tiab])) OR (“orthodontic movement”[tiab])) OR (tooth movement[MeSH Terms])) OR (“tooth movement”[tiab])) OR (“teeth movement”[tiab])) OR (orthodontic bracket[MeSH Terms])) OR 
(“bracket”[tiab])) OR (“braces”[tiab])) OR (“clear aligners”[tiab])) OR (“invisalign”[tiab])) OR (“aligner”[tiab]))) NOT ((((((((((((((((((((((((animal model[MeSH Terms]) OR (“animal model”[tiab])) OR (“invitro”[tiab])) OR (“in-vitro”[tiab])) OR (animal experiment[MeSH 
Terms])) OR (“animal experiment”[tiab])) OR (dog[MeSH Terms])) OR (“dog”[tiab])) OR (“mouse”[tiab])) OR (“mice”[tiab])) OR (“rat”[tiab])) OR (“rats”[tiab])) OR (“endodontic”[tiab])) OR (“trauma”[tiab])) OR (retreatment[MeSH Terms])) OR (“retreatment”[tiab])) OR 
(cleft palate[MeSH Terms])) OR (“cleft palate”[tiab])) OR (“syndrome”[tiab])) OR (deciduous dentition[MeSH Terms])) OR (deciduous teeth[MeSH Terms])) OR (“avulsion”[tiab])) OR (avulsed tooth[MeSH Terms])) OR (“avulsed”[tiab]))

SCOPUS:

(root resorption OR root resorptions OR EARR OR OIRR OR apical root resorption OR external root resorptionOR tooth resorption OR tooth resorptions OR teeth resorption OR root shortening OR teeth shortening OR OIIRR OR ORR OR ARR OR RR OR ERR OR 
OIEARR OR OIERR) AND (orthodontic appliances OR orthodontic appliance OR orthodontic treatment OR fixed appliances OR orthodontic bracket OR orthodontic forces OR orthodontic movement OR tooth movement OR teeth movement OR bracket OR 
braces OR clear aligners OR invisalign OR aligner) AND NOT (animal model OR invitro OR in-vitro OR animal experiment OR dog OR mouse OR mice OR rat OR dogs OR rats OR endodontic OR trauma OR retreatment OR cleft palate OR syndrome OR deciduous 
dentition OR avulsion OR avulsed teeth OR avulsed tooth)

WOS

1.(((((((((((((((TS=(EARR)) OR TS=(“root resorption”)) OR TS=(OIRR)) OR TS=(OIIR)) OR TS=(“apical root resorption)) OR TS=(“tooth resorption”)) OR TS=(ORR)) OR TS=(OIIRR)) OR TS=(ARR)) OR TS=(ERR)) OR TS=(OIEAR)) OR TS=(OIERR)) OR TS=(“teeth resorption”)) OR 
TS=(“tooth shortening”)) OR TS=(“root shortening”)

2.((((((((((((((TS=(“orthodontic appliances”)) OR TS=(“orthodontic appliance”)) OR TS=(“orthodontic treatment”)) OR TS=(“fixed appliances”)) OR TS=(“orthodontic bracket”)) OR TS=(“orthodontic forces”)) OR TS=(“orthodontic movement”)) OR TS=(“tooth 
movement”)) OR TS=(“teeth movement”)) OR TS=(bracket)) OR TS=(braces)) OR TS=(“clear aligners”)) OR TS=(invisalign)) OR TS=(aligner)

3.((((((((((((((((((TS=(“animal model)) OR TS=(“animal experiment”)) OR TS=(invitro)) OR TS=(in-vitro)) OR TS=(dog)) OR TS=(mouse)) OR TS=(mice)) OR TS=(rat)) OR TS=(dogs)) OR TS=(rats)) OR TS=(endodontic)) OR TS=(trauma)) OR TS=(retreatment)) OR TS= (“cleft 
palate”)) OR TS=(syndrome)) OR TS=(“deciduous dentition”)) OR TS=(“avulsed teeth”)) OR TS=(“avulsed tooth”)) OR TS=(avulsion)

#1 AND #2 NOT #3 (MeSH Headings) 

SCIELO

((EARR) OR (“root resorption”) OR (OIRR) OR (“apical root resorption”) OR (OIIR) OR (“apical root resorption”) OR (“tooth resorption”) OR (ORR)) OR (OIIRR) OR (ARR)OR (ERR) OR (OIEAR) OR (OIERR) OR (“teeth resorption”) OR (“root shortening”) OR (“tooth 
shortening”))AND ((“orthodontic appliance*”) OR (“orthodontic treatment”) OR (“fixed appliances”) OR (“orthodontic bracket”) OR (“orthodontic forces”) OR (“orthodontic. movement”) OR (“tooth movement”) OR (“teeth movement”) OR (bracket*) OR (braces) 
OR (“clear aligners”) OR (invisalign) OR (aligner)) NOT ((“animal model”) OR (“animal. experiment”) OR (invitro) OR (in-vitro) OR (dog*) OR (rat*) OR (mouse) OR (mice) OR (endodontic) OR (trauma) OR (retreatment) OR (“cleft palate”) OR (syndrome) OR (“deciduous 
dentition”) OR (“avulsed teeth”) OR (“avulsed tooth”) OR (avulsion))

Supplementary Table 1. Studies included in the scoping review and their characteristics

Author, year Country Sample Diagnostic 
image method Mean EARR (mm/mm3/%) Outcome (prevalence) Orthodontic technique

Li Y, 2020 China 70 patients (373 teeth) 3D
fixed appliances: (1.12±1.34/-/-)  
centrals: (1.23±1.31/-/-) 
laterals: (1.31±1.33/-/-)

fixed appliances:  
0 (18.16%) 
1 (61.79%)  
2 (19.24%) 
3 (0.81%)

Fixed appliances

clear aligners: (0.13±0.47/-/-) 
centrals: (0.26±0.42/-/-) 
laterals: (0.23±0.37/-/-)

clear aligners:  
0 (43.7%) 
1 (56.30%) 
2 (0%) 
3 (0%)

Removable appliances

Wichelhaus A, 
2020 Germany 36 patients  

(18 controls/18 test) 2D -

rRCR 94,4% in control group 
no EARR: 5.6%  
light EARR: 48.6% 
moderate EARR: 33.3% 
severe: 12.5%

Fixed appliances

-

rRCR 89% in TSA group 
no EARR: 11.1%  
light EARR: 55.6% 
moderate EARR: 30.6% 
severe: 2.8%

Pamukçu H, 
2019 Türkiye 60 patients (120 teeth) 2D -

Labial and lingual group 
no EARR: 53.6% (720 teeth) 
slight EARR: 23.3% (168 teeth) 
moderate EARR: 14.7% (106 teeth)  
severe EARR: 8.3% (60 teeth)  
Labial group general: 
no EARR: 56.1% (202 teeth) 
mild: 19.7% (71 teeth) 
moderate: 14.7% (53 teeth)  
severe: 9.4% (34 teeth)

Fixed appliances

-

Lingual group general: 
no EARR: 51.1% (184 teeth) 
mild: 26.9% (97 teeth) 
moderate: 14.7% (53 teeth)  
severe: 7.2% (26 teeth)

Gay G, 2017 Italy 71 patients 2D -

no EARR: 58.12% (630 teeth) 
mild: 25.94% (281 teeth) 
moderate: 12.18% (13 teeth) 
severe: 3.69% (40 teeth)

Removable appliances

Ciurla A, 2021 Poland 101 patients  
(61 controls/40 cases) 2D -

control group without EARR (with 0.90≤ rRCR ≤1.00) 
no EARR: 1.97% (12 teeth) 
mild EARR: 98.03% (598 teeth) 
moderate EARR: 0% 
severe EARR: 0% 
cases group with EARR (rRCR <0.90) 
mild EARR: 75.25% (301 teeth) 
moderate EARR: 17.25% (69 teeth) 
severe EARR: 5.75% (23 teeth)

Fixed appliances

Neves BM, 2021 Brazil 326 patients (1304 teeth) 2D - EARR: 53.68% (700 teeth between level 2-4) 
no EARR 46.32% (604 teeth between level 0-1) Fixed appliances

Janson G, 2021 Brazil 54 patients  
(27 elastic / 27 Headgear group) 2D -

Maxillary and mandibular incisors 
0: 0 (0%) elastic/2 (0.92%) Headgear 
1: 184 (85.18%) elastic/190 (87.96%) Headgear 
2: 32 (14.81%) elastic / 17 (7.87%) Headgear 
3: 0 (0%) elastic/5 (2.31%) Headgear 
4: 0 (0%) elastic/2 (0.92%) Headgear

Fixed appliances

Liu W, 2021 China 40 patients 3D

11: (-/14.62±6.86/7.95±3.58) 
21: (-/12.62±6.40/6.67±2.92) 
12: (-/12.66±6.78/8.42±4.64) 
22: (-/11.82±6.50/7.65±4.22)

Maxillary and mandibular incisors: 
Mild (<10%): 227 (7.94%) 
Moderate (10-20%): 91 (28.44%) 
Severe (>20%): 2 (0.63%)

Removable appliances

Linhartova P, 
2021

Czech 
Republic

106 patients  
(32 EARR/74 controls) 2D Control no EARR: (0.51±0.50/-/-) 

EARR (2.31±0.47/-/-)
32 case (>2 mm) 
74 control (<2 mm) Fixed appliances

Da-Costa TMPS, 
2018 Brazil 10 patients 2D 11: (1.39/-/7,47)* 

21: (1,58/-/8,27)*

100% of EARR  
one patient presented mild degree (0.44 mm)  
eight patients presented moderate degree (1.583±0.337mm)one patient presented severe degree (2.3 mm)

Fixed appliances

Jyotirmay, 2021 India 110 patients  
(55 fixed appliances/55 clear aligners) 3D

fixed appliances  
general: (1.51±1.34/-/-) 
Central: (2.03±1.31/-/-) 
Lateral: (1.40±1.33/-/-)

General (for all the teeth) 
0: 112 (19.45%) fixed/260 (45.13%) clear aligners 
1: 359 (62.32%) fixed/316 (54.86%) clear aligners 
2: 102 (17.70%) fixed/0 (0%) clear aligners 
3: 3 (0.005%) fixed/0 (0%) clear aligners

Fixed appliances

clear aligners  
general: (1.12±1.34/-/-) 
central: (1.23 ± 1.3/-/-) 
lateral: (1.31 ± 1.33/-/-)

Removable appliances

Sepanian VF, 
2017 Denmark

74 patients  
1 phase: 336 incisors  
2 phase: 201 incisors

2D -
1 phase group 
central maxillary incisor : aprox 45% of EARR  
lateral maxillary incisor: aprox 65% of EARR

Fixed appliances

2 phase group 
central maxillary incisor: aprox 35% of EARR  
lateral maxillary incisor: aprox 62%

Handem RH, 
2016 Brazil 52 patients 2D

group 2 conventional: 
11: (0.59/-/-) 
21: (0.66/-/-) 
12: (0.70/-/-) 
22: (0.74/-/-)

no EARR: 207 (49.7%) 
mild: 157 (37.7%) 
 moderate: 44 (10.5%)  
accentuated: 8 (1.9%)

Fixed appliances

group 1 self-ligating: 
11: (0.72/-/-) 
21: (0.88/-/-) 
12: (0.72/-/-) 
22: (0.80/-/-)

Group 2:  
0: 114 (52.7%)  
1: 74 (34.2%)  
2:24 (11.1%)  
3: 4 (1.85%) 
4:0 (0%)
Group 1:  
0: 93 (46.5%)  
1: 83 (41.5%)  
2:20 (10%)  
3: 4 (2%) 
4:0 (0%)

Iglesias-Linares 
A, 2012 Spain 54 patients 2D NO EARR: control: (1.06±0.503/-/-) 

affected: (3.12±0.709/-/-)
<2 mm: 29 patients 
>2 mm: 25 patients Fixed appliances

Krieger E, 2013 Germany 100 patients 2D -

no EARR (rRCR ≥100%) : 54% (864) 
mild (90≤ rRCR <100): 11.94% (191) 
moderate (80≤ rRCR <90): 27.75% (191) 
 severe (rRCR <80):6.31% (101)

Removable appliances

Iglesias-Linares 
A, 2014 Spain 87 patients 2D - >2 mm: 37 patients 

<2 mm: 50 patients Fixed appliances

Picanço GV, 
2011 Brazil 99 patients 2D - 0-1 grade n: 50 

3-4 grade n: 49 Fixed appliances

Jacobs C, 2014 Germany
213 patients 
(139: SL and 74: non-SL) 
SL* : self-ligating

2D Non-SL: (-/-/4.5±6.6) 
SL: (-/-/3.0±5.6)

severe EARR: Non-SL 0.5% vs. SL: 0.3% 
(upper incisor with severe EARR: central 1 (0.2%) lateral 1 (0.2%) Fixed appliances

Qin F, 2019 China 98 patients 
(49 conventional, 49 Damon) 2D

Conventional: 
11: (0.4/-/-) 
21: (0.39/-/-) 
12: (0.3/-/-) 
22: (0.31/-/-)

Conventional:  
0: 5 (10%) 
1: 12 (25%) 
2: 20 (41%) 
3: 7 (14%) 
4: 5 (10%)

Fixed appliances

Damon: 
11: (0.32/-/-) 
21: (0.33/-/-) 
12: (0.27/-/-) 
22: (0.28/-/-)

Damon:  
0: 4 (8%) 
1: 20 (41%) 
2: 18 (37%) 
3: 4 (8%) 
4: 3 (6%)

Iglesias-Linares 
A, 2017 Spain 372 patients 2D 174 patients (affected) 

198 patients (control) Fixed appliances

Rakhshan V, 
2012 Iran 132 patients 2D

General: (1.377±1.214/-/8.165±8.021) 
central: (-/-/6.39±6.80) 
lateral (-/-/7.15±7.15)

The prevalence of EARR, and clinical EARR (≥1.2 mm) were 91.8% and 44.78% respectively Fixed appliances

Ramanathan C, 
2009

Czech 
Republic

49 patients 
group 1: 15 
group 2: 17 
group 3: 17

2D

group 1:  
central: (0.26±0.24/-/-) 
group 2  
central: (0.46±0.32/-/-) 
group 3:  
central (0.25±0.37/-/-)

Prevalence of root resorption of 0.5-0.9mm 
group 1: 13%  
group 2: 53% 
group 3: 18%

Fixed appliances

Al-Qawasmi 
RA, 2003 USA 73 patients 2D - n=33 (>2 mm): 45.2% Fixed appliances

Castro IO, 2013 Brazil 30 patients 3D Central (0.46/-/-) 
Lateral: (0.49/-/-)

Central: 73% 
Lateral: 73% 
100% patients with EARR  
46% of the 1256 roots with ARR.

Fixed appliances

Artun J, 2009

Kuwait 
The 
Netherlands 
USA

267 patients 2D

General mean: (1.10±1.02/-/-) 
11: (1.01±1.05/-/-) 
21: (0.88±1.17/-/-) 
12: (1.24±1.26/-/-) 
22: (0.95±1.17/-/-)

>2 mm: 16.5% 
>3 mm: 5.2% 
>4 mm: 1.5%

Fixed appliances

Apajalahti S, 
2007 Finland 601 patients 2D (-/-/-)

grade 1: 16.3% (n=98) 
38 males (15%) /60 females (17%) 
grade 2: 8.6% (n=52) 
17 males (6.7%) /35 females (10%)

Fixed appliances 
Removable appliances

Lund H, 2012 Sweden 152 patients 3D

PER MONTH: 
central  
(-0.043±0.048 (6month) / -0.084±0.498 
(till the end) /-/-) 
lateral 
( -0.049±0.058 (6month) / -0.154±0.653 
(till the end) /-/-)

Final treatment 
Central:  
>0 mm: 266 (87.5%) 
>1 mm: 126 (41.4%) 
>2 mm: 44 (14.5%) 
>3 mm: 21 (6.9%) 
>4 mm: 8 (2.6%) 
Lateral: 
>0 mm: 278 (91.4%) 
>1 mm: 171 (56.3%) 
>2 mm: 67 (22%) 
>3 mm: 25 (8.2%) 
>4 mm: 8 (2.6%)

Fixed appliances

Maurya RK, 
2022 India 80 patients 2D - 100% grade 2 (in all of the groups) Fixed appliances

Nigul K, 2026 Estonia 75 patients 2D

11: (1.61±1.27/-/-) 
21: (1.48±1.05/-/-) 
12: (1.57±1.2/-/-) 
22: (1.35±1.02/-/-)

0: 12% (12:11; 11:11; 21:9; 22:9) 
1: 64% (12:46; 11:37; 21:46; 22:48) 
2: 14.6% (12:11; 11:18; 21:15; 22:11) 
3: 2.6% (12:3; 11:2; 21:2; 22:2)

Fixed appliances

Elhaddaoui R, 
2016 Morocco 82 patients 2D -

The prevalence of EARR in our sample was 95%.  
Score 0: 5% no resorption (16) 
Score 1: 35.7% were slight resorptions (113) 
Score 2: 40.3% were moderate (128) 
Score 3: 19% severe resorptions (61)

Fixed appliances

Marques LS, 
2010 Brazil 1049 patients 2D - severe EARR: 14.5% (152teeth) Fixed appliances

Mohandesan H, 
2007 Iran 40 patients 2D

central 
6 months: (0.77±0.42/-/4.5) 
12 months: (1.67±0.64/-/9.77) 
lateral 
6 months: (0.88±0.51/-/5.65) 
12 months: (1.79±0.66/-/11.44)

EARR clinically significant: 
74% central incisor 
82% lateral incisor

Fixed appliances

Artun J, 2005
Kuwait 
The 
Netherlands

302 patients 2D

11:(0.72±0.79/-/-) 
21: (0.66±0.81/-/-) 
12: (0.94±1/-/-) 
22: (0.78±0.92/-/-)

5.3% have EARR >2 mm 
7.7% have EARR >3 mm 
2.4% have EARR >4 mm

Fixed appliances

Motokawa M, 
2013

Australia 
Japan

111 patients 
(Open bite: 54; non-open biten: 57) 2D -

no EARR: 17 (15.31%) 
mild EARR (grade 1-2): 69 (62.16%) 
severe EARR (grade 3-4): 25 (22.5%)

Fixed appliances

Chen W, 2015 China 70 patients (35 damon / 35 
conventional) 2D

Conventional 
Central: (0.5±0.3/-/4.13) 
Lateral: (0.3±0.3/-/2.60) 
Damon 
Central: (0.3±0.4/-/2.61) 
Lateral: (0.2±0.3/-/2.00)

Conventional: 
0: 0 
1: 156 (55.71%) 
2: 70 (25%) 
3: 48 (17.14%) 
4: 6 (2.14%) 
Damon:  
0: 0 
1: 188 (67.14%) 
2: 67 (23.93%) 
3: 22 (7.89%) 
4: 3 (1.07%)

Fixed appliances

Dudic A, 2009 Switzerland 22 patients (65 incisors) 2D 
3D -

Panoramic: 
0: 13 (20%) 
1: 42 (64.6%) 
2: 10 (15.4%) 
3: 0 (0%) 
CBCT: 
0: 9 (13.9%) 
1: 27 (41.5%) 
2: 27 (41.5%) 
3: 2 (3.1%)

Fixed appliances

Remington DN, 
1989 USA 100 patients 2D -

Central: 2 extracted teeth 
0: 3 
1: 12 
2: 136 
3: 43 
4: 2 
Lateral: 7 extracted teeth, 2 unscored 
0: 12 
1: 7 
2: 119 
3: 47 
4: 6

Fixed appliances

van Loenen, 
2007 Belgium 31 patients 2D

Central: (1.4/-/0.89±0.08) 
Lateral: (1.9/-/0.85±0.10) 
 
Central:  
T1-T2: 0.9 mm 
T2-T3: 0. 5mm 
T1-T3: 1.4 mm 
Lateral: 
T1-T2: 0.9 mm 
T2-T3: 1 mm 
T1-T3: 1.9 mm

70% Central incisor 
76% Lateral incisor 
(at the start of the torquing phase: central 48%/lateral 53%)

Fixed appliances

Levander E, 
1998 Sweden

68 patients 
Group 1: 33 
Group 2: 35

2D -

Group 1: 
0: 4 (5%) 
1: 23 (31%)  
2: 44 (59%) 
3: 4 (5%) 
Group 2:  
4-7 agenesis: 
0: 5 (5%) 
1: 7 (7%) 
2: 52 (53%) 
3: 34 (35%) 
8-16 agenesis: 
0: 0 (0%) 
1: 2 (15%) 
2: 10 (77%) 
3: 1 (8%)

Fixed appliances

Beck BW, 1994 USA 83 patients 
(Begg vs Tweed) 2D central: (2.1±1.24/-/-) 

lateral: (-/-/-) 62% central incisor (grade 2-4) Fixed appliances

Levander E, 
1994 Sweden 40 patients group 1: 32 group 2: 30 2D group 1 

general: (1.5±0.8/-/-)

Group 1: 32 teeth 
0 mm: 0 (0%) 
0.5 mm: 6 (18.75%) 
1 mm: 3 (9.4%) 
1.5 mm: 10 (31.25%) 
2 mm: 6 (18.75%) 
2.5 mm: 5 (15.63%) 
3 mm: 2 (6.25%)

Fixed appliances

group 2:  
general: (0.4±0.7/-/-)

Group 2: 30 teeth 
0 mm: 0 (0%) 
0.5 mm: 23 (76.7%) 
1 mm: 4 (13.3%) 
1.5 mm: 3 (10%) 
2 mm: 0 (0%) 
2.5 mm:0 (0%) 
3 mm: 0 (0%)

Martins DR, 
2012 Brazil

56 patients 
Group 1: 28 
Group 2: 28

2D Group 1:  
general (2.37/-/-)

Total: 
0: 0 (0%) 
1: 62 (27.67%) 
2: 97 (43.30%) 
3: 58 (25.89%) 
4: 7 (3.13%) 
 
Group 1: 16.95% no EARR / 83.04% EARR 
0: 0 (0%) 
1: 19 (16.96%) 
2: 39 (34.83%) 
3: 47 (41.96%) 
4: 7 (6.25%)

Fixed appliances

Group 2:  
general (1.69/-/-)

Group 2: 38.39% EARR / 61.61% no EARR 
0: 0(0%) 
1: 43 (38.39%) 
2: 58 (51.78%) 
3: 11 (9.83%) 
4: 0 (0%)

Dermaut 1986 Belgium 20 patients 2D general: (-/-/2.5)

Mean root resorption of 18% of each teeth 
Experimental: 
0.6ratio: 2  
0.7ratio: 10 
0.8ratio: 23 
0.9ratio: 22 
1ratio: 8 
1.1ratio: 1 
1.2ratio: 0 
 
Control: 
0.6 ratio: 0  
0.7 ratio: 0 
0.8 ratio: 3 
0.9 ratio: 12 
1 ratio: 25 
1.1 ratio: 17 
1.2 ratio: 1

Fixed appliances

Thomas E, 2011 India

68 patients 
Group 1: 26  
Group 2: 23  
Group 3: 19

2D

Group 1: Tip-edge  
central (1.315±1.071/-/-) 
Group 2: Modified edgewise  
central: (1.607±0.954/-/-) 
Group 3: Damon  
central: (2.282±1.828/-/-)

Total: 68 patients-68 teeth 
0: 5 (7.35%) 
1: 34 (50%) 
2: 23 (33.8%) 
3: 6 (8.82%)

Fixed appliances

Horiuchi E, 
1998 Japan 146 patients 2D - less than 1 mm: 9% of the patients 

more than 3 mm: 22% of the patients Fixed appliances

Levander E, 
1998 Sweden 45 patients  

92 teeth 2D

3 months: 0.3±0.3 mm ordinary risk: 
(0.2±0.2/-/-) 
6 months: 0.6±0.5 mm ordinary risk: 
(0.8±0.6/-/-)

TOTAL (n=92 teeth) 
<0.5 mm: 45 teeth 
0.5-0.9 mm: 25 teeth 
1-1.4 mm: 15 teeth 
>1.5 mm: 7 teeth 
 
ORDINARY RISK (n=56 teeth) 
<0.5 mm: 34 teeth 
0.5-0.9 mm: 17 teeth 
1-1.4 mm: 3 teeth 
>1.5 mm: 2 teeth

Fixed appliances

3 months: 0.3±0.3/-/- enhanced risk: 
(0.5±0.4/-/-) 
6 months: 0.6±0.5/-/- enhanced risk: 
(0.4±0.4/-/-)

ENHANCED RISK (n=36 teeth) 
<0.5 mm: 11 teeth 
0.5-0.9 mm: 8 teeth 
1-1.4 mm: 12 teeth 
>1.5 mm: 5 teeth

Reukers EAJ, 
1998

The 
Netherlands

61 patients 
FPA: 32 patients 
PPA: 29 patients

2D

FPA (fully programed edgewise):  
central: (-/-/8.2±6.4) 
PPA (partly programmed edgewise:  
central: (-/-7.5±7.6)

FPA: 24/32 (75%) 
PPA: 16/29 (55%) Fixed appliances

Alexander SA, 
1996 USA 56 patients 2D

Full arch: (0.33±0.07/-/-) 
Central: (0.27±0.06/-/-) 
Lateral: (0.39±0.07/-/-)

Full arch: 
CI: 12/56 (21%) 
LI: 14/56 (25%)

Fixed appliances

sectional arch: (0.33±0.08/-/-) 
Central: (0.29±0.08/-/-) 
Lateral: (0.35±0.11/-/-)

Sectional arch: 
CI: 9/56 (16%) 
LI: 15/56 (27%)

Preoteasa CT, 
2009 Bucharest 50 patients 2D -

Lateral: 0: 12(24%); 1: 22(44%); 16(32%); 3:0(0%)  
Central: 0: 13(26%); 1: 27 (54%); 2: 10(20%); 3: 0 (0%) 
 
FIXED APPLIANCES: 76.7% (230 teeth) have EARR 
Patients 
0: 1 (4%) 
1: 3 (12%) 
2: 18 (72%) 
3: 3 (12%) 
Teeth 
0: 70 (23%) 
1: 150 (50%) 
2: 77 (26%) 
3: 3 (1%) 
 
REMOVABLE 
0: 100%

Fixed appliances 
Removable appliances

Janson GRP, 
1999 Brazil

90 patients 
Gr1: 30  
Gr2: 30  
Gr3: 30

2D Central: (-/-/1.7) 
Lateral: (-/-/1.65)

0: 2.25% 
1: 42.56% 
2: 53.37% 
3: 1.40% 
4: 0.42%

Fixed appliances

Makedonas D, 
2013 Sweden 156 patients 3D -

Central: score 2: 31.4%; score 3: 8.7%; score 4: 0.6% 
Lateral: score 2: 41%; score 3: 10.3%; score 4: 0.6% 
 
12: 2: 70; 3: 16; 4: 1 
11: 2: 53; 3: 15; 4: 1 
21: 2: 45; 3: 12; 4: 1 
22: 2: 58; 3: 16; 4: 1 
 
General: Score 3 of 25.6%

Fixed appliances

Nasri FAM, 
2020 Malaysia 10 patients 2D general: (0.56±0.30/-/-) 100% mild root resorption (<2 mm) Fixed appliances

Kaley J, 1991 USA 200 patients 2D General: (1.17/-/-)

Maxillary central incisor: 21 patients with severe EARR (10.5%) 
12: 0: 14%; 1: 47%; 2: 37%; 3: 3% 
11: 0: 8%; 1: 45%; 2: 44%; 3: 3% 
21: 0:8%; 1: 44%; 2: 43%; 3: 4% 
12: 0: 14%; 1: 48%; 2: 36%; 3: 3%

Fixed appliances

Makedonas D, 
2011 Sweden 97 patients 3D -

score 0-1: (92.8%) 
score 2: (4.4%) 
score 3: (2.8%) 
score 4: 0 (0%)

Fixed appliances

Levander E, 
1988 Sweden 98 patients (390 incisors) 2D -

0: 49 
1: 82 
2: 188 
3: 66 
4: 5

Fixed appliances

Goldson L, 
1975 Sweden 42 patients 2D -

Completed treatment: 
central: 89.7% 
1: 11.5% 
2: 0% 
3: 65.4% 
4: 1.3% 
5: 11.5% 
lateral: 87% 
1: 6.5% 
2: 1.3% 
3: 68.8% 
4: 1.3% 
5: 9.1%

Fixed appliances

Scheibel PC, 
2014 Brazil 47 patients 2D central: (-/-/3.5±3.03)

0%: 3 (6%) 
>1% to <4%: 18 (38%) 
<4% to <8%: 18 (38%) 
>8% to <12%: 8 (17%)

Fixed appliances

de Freitas JC, 
2013 Brazil 58 patients 2D 

3D -
EARR 
Central: 93 (80.1%) 
Lateral: 104 (94.5%)

Fixed appliances

Harris EF, 1992 USA 63 patients (32 open bites and 31 deep 
bites) 2D -

open bites: 
0: 0  
1: 0 
2: 15 
3: 10 
4: 1 
deep bites: 
0: 3 
1: 8 
2: 14 
3: 5 
4: 0

Fixed appliances

Chiqueto K, 
2008 Brazil 60 patients 2D general (1.94/-/-)

general: 
deep bite: 1.87 mean degree 
0: 8 (3.33%) 
1: 65 (27.08%) 
2: 123 (51.25%) 
3: 39 (16.25%) 
4: 5 (2.08%) 
normal bite: 1.54 mean degree 
0: 20 (8.33%) 
1: 94 (39.17%) 
2: 102 (42.5%) 
3: 24 (10%) 
4: 0 (0%)

Fixed appliances

Alemam AA, 
2019 Jordan 51 patients 3D - 25.5% of 51 patients Fixed appliances

Maués CPR, 
2015 Brazil 129 patients (959 teeth) 2D -

maxillary incisors: 
94,5% (451) No EARR (0-3 degree) 
5,5% (26) EARR (4 degree)

Fixed appliances

Ramos SP, 2011 Brazil 50 patients 2D -
0: 18 (36%) 
1: 24 (48%) 
2: 8 (16%)

Fixed appliances

Han J, 2019
Korea 
USA 
Japan

39 patients 2D

Young 
central: (0.6±0.44/-/-) 
Middle adults 
central: (1±0.61/-/-)

<1 mm: 15 patients - 88.2% (young) and 22 patients - 59.5% (middle adults) 
>1 to <2 mm: 2 patients - 11.8% (young) and 11 patients - 29.7% (middle adults) 
 >2 mm to <3 mm: 0 - 0 % (young) and 4 patients - 10.8% (middle adults)

Fixed appliances

Lupi JE, 1996 USA 88 patients 2D -

TOTAL: 
0: 170 
1: 318 
2: 145 
3:13 
Central:  
0: 39 
1: 77 
2: 46 
3: 4 
Lateral: 
0: 39 
1:81 
2: 33 
3: 8

Fixed appliances

Sharab Y, 2015 USA 460 patients 2D - 14.56% 67patients (affected: at least 1 incisor with 3 or 4 Malmgren) Fixed appliances

Mavragani M, 
2002 Norway 80 patients treated vs 66 non treated 2D

11: (1.82±0.26/-/-) 
21: (1.93±0.25/-/-) 
12: (1.86±0.26/-/-) 
22: (1.78±0.33/-/-)

50 teeth with EARR of 280 Fixed appliances

Lee YJ, 2022 South Korea 118 patients 2D
general: (2.9±2.4/-/-) 
affected: (4.8±1.8/-/-) 
unaffected: (0.9±0.6/-/-)

59 affected patients (50%) 
59 unaffected patients (50%) Fixed appliances

Fernandes LQ, 
2019 Brazil 564 patients 2D - 37.3% EARR >2 mm (810 teeth) Fixed appliances

Ciurla A, 2021 Poland 101 patients 2D -
General 
EARR: 39.60% 
No EARR: 60.40%

Fixed appliances

Shahrure B, 
et al Türkiye 7000 patients 2D - Severe EARR: 3.23% (120 patients) 

mild/moderate EARR: 96.77% Fixed appliances

Futyma-Gąbka 
K, 2022 Poland 194 patients 2D -

146 patients with EARR variable stage of EARR (canines included) 
12: I: 28 / II: 54 / III: 20 / IV: 1 
11: I: 32 / II: 55 / III: 23 / IV: 5 
21: I: 26 / II: 52 / III: 22 / IV: 6 
22: I: 25 / II: 61 / III: 20 / IV: 1

Fixed appliances

Zawawi KH, 
2014 Saudi Arabia 40 patients 2D

both groups:  
central: (0.99±0.11/-/-) 
conventional:  
central: (0.86±0.05/-/-) 
bidimensional:  
central: (1.11±0.17/-/-)

Bidimensional group: 35% of EARR Conventional group: 30% of EARR 
 
both groups:  
no EARR: 26 (32.5%) 
mild: 45 (56.2%) 
moderate: 7 (8.8%) 
severe: 2 (2.5%)

Fixed appliances

Aman A, 2018 USA 160 patients 3D

central: (0.53±0.59/-/3.72±4.08) 
11: (0.50±0.61/-/4.03±4.77) 
21: (0.55±0.70/-/4.30±5.31) 
lateral: (0.49±0.57/-/4.16±4.50) 
12: (0.47±0.61/-/3.60±4.50) 
22: (0.51±0.70/-/3.87±4.95)

1.25% has severe EARR Removable appliances

Barros SE, 2017 Brazil 37 patients group 1: 22 
group 2: 15 2D - group 1 (no skeletal anchorage) 

group 2 (skeletal anchorage) Fixed appliances

Al-Qawasmi 
RA, 2003 USA 106 patients 2D - 33 EARR (>2 mm) 

73 no EARR Fixed appliances

Bayir F, 2021 Türkiye 1356 patients 2D
General 
No and mild: 85.2% 
Moderate and severe: 14.8%

Fixed appliances

Johansson K, 
2025 Sweden

62 patients 
(Damon): 30 
(Victory): 32

3D

Damon: 
total (0.2±1.12/-/-) 
central: 
11: (0.44±1.48/-/-) 
21: (0.10±1.05/-/-) 
lateral: 
12: (0.16±0.98/-/-) 
22: (0.11±0.91/-/-)

Damon:  
no EARR or mild: 96.25% 
moderate and severe: 3.75%

Fixed appliances

Victory: 
total (0.51±1.03/-/-) 
central: 
11: (0.31±0.90/-/-) 
21: (0.40±0.87/-/-) 
lateral: 
12: (0.71±0.90/-/-) 
22: (0.62±1.37/-/-)

Victory:  
no EARR or mild: 95.38% 
moderate and severe: 4.62%

Fixed appliances

Litchfield IV FE, 
2024 USA 336 patients 2D -

>2 mm:  
central: 36.4% (120) 
lateral: 35.1% (111)

Fixed appliances

Sambale J, 
2024 Germany 1156 patients 2D -

grade 2 and 3 (<2 mm): 
central:  
11: 6.14% (71) 
21: 5.27% (61) 
lateral: 
12: 6.22% (72) 
22: 6.22% (72)

Fixed appliances

Chandorikar 
WA, 2022 India

52 patients  
MT: 26  
no MT: 26

3D
gr1: control group (No MT) 
centrals: (0.72±0.21/-/-) 
laterals: (0.75±0.18/-/-)

general:  
no EARR: 45% 
EARR: 55%

Fixed appliances

gr2: MT 
centrals: (0.79±0.23/-/-) 
laterals: (0.82±0.3/-/-)

EARR, external apical root resorption.
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Supplementary File 4. EARR prevalence diagnosed using 2D methods divided into two or three categories.
EARR, external apical root resorption

Supplementary File 5. EARR prevalence diagnosed using 3D methods in studies analysing fixed appliances.
EARR, external apical root resorption

Supplementary File 6. EARR prevalence diagnosed using 3D methods in studies analysing clear aligners.
EARR, external apical root resorption


