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INTRODUCTION

Class  III malocclusion prevalence varies (1.5–5% in Caucasians, 19–26% in Asians)[1] 
with multifactorial etiology.[2] Early intervention is crucial as the condition worsens over 
time.[3,4] Non-surgical treatments include facemask (FM) therapy, mentofacial orthopedics, and 
functional appliances.[1] Traditional dental-anchored FMs cause undesirable dental effects,[5] 
while bone-anchored devices allow direct skeletal force application with minimal dentoalveolar 
side effects.[6]

Cone-beam computed tomography (CBCT) provides three-dimensional evaluation advantages 
over two-dimensional cephalograms, enabling precise assessment in all anatomical planes.[7-10] 

ABSTRACT
Class III malocclusion is managed with early orthopedic or later orthodontic camouflage treatments to avoid 
surgery. This review synthesizes evidence on dental and skeletal changes following non-surgical Class III 
correction assessed through cone-beam computed tomography (CBCT), emphasizing temporomandibular joint 
(TMJ) adaptations uniquely assessable through three-dimensional imaging. Electronic databases (PubMed and 
Web of Science) were searched following Preferred Reporting Items for Systematic Reviews and Meta-Analyses 
guidelines. Eligible studies included clinical trials and observational studies of ≥10 Class III patients treated 
with orthopedic or orthodontic non-surgical protocols, with pre- and post-treatment CBCT assessments. Risk 
of bias (RoB) was evaluated using RoB 2 for randomized controlled trials and the Newcastle-Ottawa Scale 
for observational studies. Analysis focused on overjet, incisor inclination, maxillary and mandibular position, 
and TMJ structures. Of 780 records, 18 studies (494 patients) met the inclusion criteria. Treatment-specific 
outcomes varied substantially: Alternate Rapid Maxillary Expansion and Constriction (Alt-RAMEC) hybrid 
with Miniscrew-Assisted Rapid Maxillary Expansion achieved maximum overjet increase (5.62 ± 1.36 mm) 
and A point-Nasion-B point angle improvement (3.95 ± 0.57°). Maxillary advancement measured by Sella-
Nasion-A point angle was most pronounced with Alt-RAMEC/facemask (FM) (2.73 ± 0.99°), RME/FM (2.68 
± 1.10°), and bone-anchored protraction (2.65 ± 1.02°). TMJ adaptations showed three condylar displacement 
patterns: 44% backward, 40% backward/downward, and 16% backward/upward. Glenoid fossa remodeling 
included anterior eminence modification (1.38 ± 1.03 mm) and posterior wall resorption (−1.34 ± 0.60 mm). 
Transverse skeletal expansion with a maxillary skeletal expander achieved 96.58% skeletal effect with minimal 
dental tipping (3.08%). CBCT assessment reveals substantial treatment modality differences, with TMJ 
evaluation representing the defining advantage over conventional cephalometry. Future research requires high-
quality trials with a minimum 5-year follow-up, ethnicity stratification, and standardized three-dimensional 
protocols.
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While systematic reviews have examined Class III treatment 
approaches,[10-21] none specifically evaluate CBCT-assessed 
outcomes for non-surgical Class III management in patients 
without cleft lip/palate. This systematic review synthesizes 
evidence on dentoskeletal effects of non-surgical Class  III 
treatment using pre- and post-treatment CBCT scans.

MATERIAL AND METHODS

Search strategy

The review followed Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) guidelines. 
Electronic searches in PubMed-Medline and Web of Science 
combined MeSH terms and keywords including “Class  III 
malocclusion,” “skeletal Class  III treatment,” “facemask,” 
“orthopedic protraction,” “camouflage orthodontics,” and 
“cone-beam computed tomography.” Boolean operators 
AND/OR were applied appropriately. No language or date 
restrictions were initially imposed. Reference lists were 
hand-searched for additional studies. Search strategy 
details aligned with the PRESS checklist[11,12] are in the 
Supplementary Material.

Inclusion and exclusion criteria

Inclusion criteria

Randomized controlled trials (RCTs), controlled clinical 
trials, or observational studies with quantitative outcomes; 
skeletal Class  III patients (any age and either sex) treated 
non-surgically; interventions including FM therapy, chin 
cup, functional appliances, bone-anchored protraction, 
Alternate Rapid Maxillary Expansion and Constriction 
(Alt-RAMEC), Multiloop Edgewise ArchWire (MEAW), or 
bone-anchored maxillary protraction (BAMP); dental and 
skeletal changes evaluated through CBCT; and pre- and post-
treatment comparisons.

Exclusion criteria

Case reports/series with <10 patients; studies lacking CBCT 
evaluation; surgical Class III correction; incomplete outcome 
data; cleft lip/palate focus; and duplicate patient samples were 
excluded from the study.

Study selection and data extraction

Records were imported into Systematic Review 
Accelerator.[11,12] Two reviewers independently screened 
titles/abstracts, then full-text articles. Disagreements were 
resolved by discussion or third reviewer consultation. The 
PRISMA flow diagram [Figure  1] details the selection 
process. Standardized forms extracted: study characteristics, 
patient demographics, treatment protocols, control groups, 

follow-up duration, and key outcomes (SNA, SNB, ANB, 
WITS, incisor inclinations, and temporomandibular joint 
(TMJ) changes).

Quality assessment

RCTs were evaluated using the Cochrane Risk of Bias 2 (RoB) 
tool; observational studies using the Newcastle-Ottawa 
Scale. Two reviewers performed assessments independently, 
resolving discrepancies by consensus. Studies were rated as 
low, moderate, or high RoB [Table 1].

Data synthesis

Data were synthesized qualitatively and quantitatively with 
descriptive summaries in [Tables  2 and 3]. Heterogeneity 
in treatment protocols, patient age, and outcome measures 
precluded formal meta-analysis; results are presented by 
treatment modality for clinical decision-making.

RESULTS

Study selection

Database search yielded 780 records. After removing 
duplicates, 703 titles/abstracts were screened. Following a 
full-text evaluation of 42 articles, 18 studies met the inclusion 
criteria.[15] Included studies were published from 2011–2022.

Study characteristics

Among 18 studies: two RCTs,[16,17] seven prospective 
controlled studies,[6,13,14,16-21] and nine retrospective 
analyses.[22–30] A total of 494 Class III patients were evaluated. 
Sample sizes ranged from 10-46  patients. Most studies 
focused on growing children/adolescents (ages ~8–15 years) 
undergoing interceptive treatment; several included young 
adults undergoing camouflage therapy. Active treatment 
durations ranged from 6 months to 2 years; some included 
post-treatment follow-up of 6 months to 2–3 years.

Interventions

Non-surgical Class  III treatment modalities comprise four 
main approaches with distinct biomechanical mechanisms.

Maxillary protraction with FM

Maxillary protraction with FM[2,31-35] typically involves 
anterior maxillary traction facilitated by rapid maxillary 
expansion (RME) or alternating RME/constriction (Alt-
RAMEC).[25,27,30] Alt-RAMEC consists of weekly alternating 
expansion (1  mm/day for 7  days) and constriction cycles, 
repeated 9  weeks, theoretically loosening circummaxillary 
sutures.[25,27,30] Forces range 300–600  g per side for 12–14  h 
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daily over 3–12  months. Alt-RAMEC/FM (SNA 2.73 ± 
0.99°) and RME/FM (SNA 2.68 ± 1.10°) show comparable 
effectiveness.[25,27,33,35]

Chin cup therapy

Chin cup therapy,[36] primarily in East Asian cohorts, is worn 
nightly for 1–3 years to restrict mandibular growth, yielding 
modest skeletal changes on CBCT.

BAMP

Bone-anchored protraction[6,7,13,14,17,18,20,37] employs 
temporary anchorage devices (miniplates/miniscrews) in 
the maxilla (sometimes mandible), allowing direct skeletal 
force application without dental compensations. Studies 

report notable maxillary displacement with minimal dental 
tipping.[6,13,14]

Orthodontic camouflage

Orthodontic camouflage[1,20,38] for patients declining surgery 
involves lower premolar extraction and/or maxillary incisor 
proclination with Class  III elastics, working primarily 
through dentoalveolar compensation rather than skeletal 
correction.

RoB

Both RCTs had some concerns (lack of blinding). 
Observational studies scored moderate on NOS, with 
common weaknesses being a lack of control groups or 

Identification of new studies via databases and registers

Records identified from:
Databases (n = 2)
PubMed (n=780)
Web of Science (n=691)
Registers (n = 0)

Records removed before
screening:
Duplicate records removed
(n = 789)

Records excluded
(n = 657)

Records screened
(n = 679)

Reports not retrieved
(n = 0)

Reports excluded:
Article in Chinese (n = 3)
Insufficient sample (n = 1)

Studies included in review
(n = 18)
Reports of included studies
(n = 18)

Reports assessed for eligibility
(n = 22)

Reports sought for retrieval
(n = 22)
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Figure 1: Preferred Reporting Items for Systematic Reviews and Meta-Analyses 2020 flow diagram 
for systematic reviews.
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Table 2: Comparative analysis of treatment interventions for Class III malocclusion: A systematic review of expansion, protraction, and 
elastic traction protocols.

S. 
No.

Study Sample size
Sex
Mean age

Intervention Outcomes results

1 Almuzian 
et al., 2019[18]

n=14
f=7
12.05±1.09 y

Class III elastics 
combined with 
the Alt-RAMEC 
activation protocol 
of the hybrid 
MARME appliance

SNA 1.87±1.06°
SNB 0.02°±0.85°
ANB +3.95°±0.57°
WITS 5.16 mm±1.5 mm
UI-PP 2.98°±2.71°
LI-MP 3.2°±3.4°
Overjet 5.62±1.36 mm

2 Onem Ozbilen 
et al., 2019[25]

I. n=20
f=12
10.0±1.1 y
II. n=20
f=10
9.64±1.3 y 

I. RME/FM
II. Alt-RAMEC/FM

SNA (o)
I. 2.68±1.1
II. 2.71±1.23

SNB (o)
I. did not show any statistically significant changes
II. did not show any statistically significant changes

ANB 
I. 2.59±1.48
II. 2.36±1.18

(Contd...)

Table 1: Risk of bias assessment.

Study (Author, Year) Design Domain 1 
(Random/
selection)

Domain 2 
(deviations/

comparability)

Domain 3 
(missing data/
ascertainment)

Domain 4 
(outcome 

measurement)

Domain 5 
(selective 

reporting)

Overall 
risk

Almuzian et al., 2019[18] Observational 🔵 🔴 🟢 — — 🔵
Onem Ozbilen et al., 2019[25] RCT 🔵 🔵 🟢 — — 🔵
Papadopoulou et al., 2017[21] Observational 🔵 🔴 🟢 — — 🔵
Loca-apichai and Jein-Wein 
Liou, 2022[28]

Observational 🔵 🔵 🟢 — — 🔵

Sitaropoulou et al., 2020[30] Observational 🔵 🔵 🟢 — — 🔵
Fischer et al., 2018[19] RCT 🔵 🔵 🟢 — — 🔵
Özbilen et al., 2021[27] Observational 🔵 🔴 🟢 — — 🔵
Paredes et al., 2020[26] Observational 🔵 🔴 🟢 — — 🔵
Ding et al., 2023[23] Observational 🔵 🔴 🟢 — — 🔵
Chen et al., 2022[22] Observational 🔵 🔴 🟢 — — 🔵
Hino et al. 2013[6] Observational 🔵 🔵 🟢 — — 🔵
Liang et al., 2021[17] RCT 🔵 🔵 🟢 🔵 🔵 🔵
De Clerck et al., 2012[14] Observational 🔵 🔴 🟢 — — 🔵
Nguyen et al., 2011[13] Observational 🔵 🔴 🟢 — — 🔵
Nguyen et al., 2014[20] Observational 🔵 🔴 🟢 — — 🔵
Guo et al., 2020[24] Observational 🔵 🔴 🟢 — — 🔵
Lee et al., 2016[29] Observational 🔵 🔴 🟢 — — 🔵
Khwanda et al., 2022[16] RCT 🔵 🔵 🟢 🔵 🔵 🔵
🟢: Low risk of bias, 🔵: Some concerns or moderate risk, 🔴: High risk of bias. For RCTs. Domain 1: Bias from randomization process, Domain 
2: Bias due to deviations from intended interventions, Domain 3: Bias due to missing outcome data, Domain 4: Bias in measurement of the outcome, 
Domain 5: Bias in selection of the reported result. For observational studies, Domain 1: Selection of study groups, Domain 2: Comparability of groups, 
Domain 3: Ascertainment of outcome. “—”: Indicates a domain not applicable to that study design. RCT: Randomized controlled trial



Galwas, et al.: CBCT analysis of Class III treatment effects

APOS Trends in Orthodontics • Article in Press  |  4 APOS Trends in Orthodontics • Article in Press  |  5

(Contd...)

Table 2: (Continued).

S. 
No.

Study Sample size
Sex
Mean age

Intervention Outcomes results

3 Papadopoulou 
et al., 2017[21]

n=15
f=8
12.52±0.94 y

Alt-RAMEC 
followed by 
maxillary 
protraction with 
Class III elastics

SNA 1.05°±1.10°,
ANB 2.71°±1.01°,
WITS 4.49±2.21 mm,
Overjet 4.90±1.66 mm.
Upper and lower incisor inclinations were not affected by the 
protraction protocol but significantly increased (U1-PP: 8.39°±5.59°) 
between T2 and T3.
SNB decreased initially by 1.67°±1.34° but relapsed due to residual 
mandibular growth and a counterclockwise rotation of the mandibular 
plane.

4 Loca-apichai 
and Jein-Wein 
Liou, 2022[28]

n=27
I. n=14

12.75±1.40 y
II. n=13 

12.70±2.09y 

I. MO and ODHD
II. MO with no 
ODHD

The maxillary and condylar growth were similar among the groups. 
SNA

I. 1.96±1.62
II. 1.80±1.05

SNB
I. 0.94±1.23
II. -0.21±1.02

ANB
I. 2.89±1.67
II. 2.08±0.72

The mandible grew forward and downward in the control group, the 
ODHD-Mx and ODHD-Mn were significantly more in the ODHD 
group, and the mandible significantly grew backward and downward.
The mandible grew backward and downward when the bimax-ODHD 
(ODHD-Mx + ODHD-Mn) exceeded the condylar growth (r=0.715).

5 Sitaropoulou 
et al., 2020[30]

I. n=20
9.74 ±1.46 y
II. n=16 
9.44 ±0.79 y

I. Alt-RAMEC 
protocol before FM 
treatment
II. Untreated 
patients

I. Significant forward movements of A point (3.49 mm), nasal 
(2.91 mm) and zygomatic bones were achieved.
Intermolar, internasal, and interzygomatic widths increased.
II. A (0.97 mm), B (1.69 mm), Pog, and b points presented forward 
movement. Significant differences were found regarding the forward 
movement of the maxilla between the groups.
SNA

I. 2.12±1.17
II. 0.69±1.14

SNB 
I. –0.13±0.92
II. 1.06±1.12

WITS
I. 6.76±1.84
II. 0.42±1.55

U1-SN 
I. 2.34±5.2
II. 1.81±3.51

IMPA
I. –1.84±3.65
II. –0.63±3.61

6 Fischer 
et al., 2018[19]

n=34
f=18
I. 6.0±0.9 y
II. 6.3±0.8 y 

I. Alt- RAMEC/FM
II. RME/FM

No statistically significant differences were recorded for any variable 
when comparing the Alt-RAMEC/FM and RME/FM groups.
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Table 2: (Continued).

S. 
No.

Study Sample size
Sex
Mean age

Intervention Outcomes results

7 Özbilen 
et al., 2021[27]

n=20 
f=10
9.64±1.3 y

Alt-RAMEC 
protocol before FM 
treatment 

Buccal alveolar bone thickness and alveolar bone inclinations decreased 
significantly from T1 to T0 and showed no significant change from 
T2 to T1. The total reduction T2-T0 was statistically significant. The 
change in palatal alveolar bone thickness was not significant T1-T0 
but increased significantly for T2-T1 and T2-T0. Buccal alveolar bone 
height, palatal alveolar bone height, and molar inclinations increased 
significantly T1-T0, but there was no significant change T2-T1. The 
total reduction at T2-T0 was statistically significant.

8 Paredes et al., 
2020[26]

n=39
f=26
18.2±4.2y

MSE Linear measurements accounted for 60.16% and 56.83% of skeletal 
expansion, 16.15% and 16.55% of alveolar bone bending, and 23.69% 
and 26.62% of dental tipping for right and left side. 
Angular measurements showed 96.58% and 95.44% of skeletal 
expansion, 0.34% and 0.33% alveolar bone bending, and 3.08% and 
4.23% of dental tipping for the right and left sides. The frontozygomatic, 
frontoalveolar, and frontodental angles were not significant different.

9 Ding et al., 
2023[23]

n=14
20.4±3.5 y

MSE Post-expansion, angular measurements showed that skeletal expansion 
accounted for 87.50% and 88.56% of total expansion, alveolar bone 
bending for 7.09% and 5.23%, and dental tipping for 5.41% and 6.21% 
on the right and left sides, respectively. Post-treatment skeletal expansion 
relapsed by 11.20% and 13.28% on the right and left sides, respectively.

10 Chen et al., 
2022[22]

n=15
f= 9
21.58±3.12 y 

MARPE The midpalatal suture opened by 3.36±0.69 mm at the maxillary first molar.
After expansion, the distance between superior condylar point and the 
Frankfort horizontal plane on the deviated side and the non-deviated 
side increased by 0.96±0.60 mm and 0.70±0.65 mm; coronal condylar 
angle of the deviated side increased by 0.39°±0.34 and 0.06°±0.49 on 
the non-deviated side. No statistically significant differences were found 
when comparing the condylar position on both sides before and after 
treatment. The degree of mandibular deviation decreased 0.43 mm.
Condylar remodeling was observed in both sides of Class III 
malocclusion adult patients with horizontal mandibular deviation, 
especially on the deviated side after MARPE.

11 Hino et al., 
2013[6]

n=46
I. RME/FM

n=21
f=168.1±1.5 y

II. BAMP 
n=25
f=13 
11.9±1.8 y

I. RME/FM
II. BAMP

The skeletal changes in the maxilla and the right and left zygomas were 
on average 2.6 mm in the RME/FM group and 3.7 mm in the BAMP 
group; these were different statistically.
Seven RME/FM patients and 4 BAMP patients had a predominantly 
vertical displacement of the maxilla. The dental changes at the 
maxillary incisors were on average 3.2 mm in the RME/FM group and 
4.3 mm in the BAMP group.

12 Liang et al., 
2021[17]

I. n=20
f=12
10.75 ± 6 1.3
II. n=21
f=10
10.5 6 1.1 y

I. Maxillary 
protraction 
anchored with 
customized 
miniplates on the 
maxillary anterior 
segment
II. Traditional 
maxillary 
protraction 
anchored with teeth

SNA 
I. 2.65±1.02
II. 1.85±1.23

SNB
I. 0.49±1.70 
II. 0.84±1.15

U1-PP 
I. 2.76±3.94 
II. 3.85±5.76 

L1-GoGn
I. 2.26±1.81 
II. 4.42±3.86 

(Contd...)
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Table 2: (Continued).

S. 
No.

Study Sample size
Sex
Mean age

Intervention Outcomes results

13 De Clerck 
et al., 2012[14]

n=25
f=13
11.10±1.1 y

BAMP Posterior displacement of the mandible
Posterior ramus: 2.74±1.36 mm condyles: 2.07±1.16 mm
Chin: −0.13±2.89 mm
Remodeling of the glenoid fossa at the anterior eminence 1.38±1.03 
mm bone resorption at the posterior wall −1.34±0.6 mm

14 Nguyen et al., 
2011[13]

n=25
f=13
11.10±1.1 y

BAMP Forward displacement of maxilla 3.7 mm
Forward displacement of the zygomas 3.7 mm
Forward displacement of the maxillary incisors 4.3 mm

15 Nguyen et al., 
2014[20]

n=25
f=13
11.10±1.1 y

BAMP Distal displacement of the posterior ramus of 3.6±1.4 mm.
The chin displaced backward by 0.5±3.92 mm.
The lower border of the mandible at the menton region was displaced 
downward by 2.6±1.2 mm.
The lower border at the gonial region moved downward by 3.6±1.4 mm.
Downward and backward displacement around the gonial region with 
a mean closure of the gonial angle by 2.1°.
The condyles displaced distally by a mean of 2.6±1.5 mm,
Three distinct patterns for displacement: 44% backward, 40% backward 
and downward, and 16% backward and upward.

16 Guo et al., 
2020[24]

n=20
f=8
22.3 y (17-26y)

MEAW SNA  Before 79:41±2:57  After 79:37±3:09 
SNB  Before 81:12±2:93 After 80:18±2:67
ANB Before −1:72±1:73 After 0:04±1:57 
U1-SN Before 110:70±4:20 After 113:58±3:72 
L1-MP before 94:48±4:25 After 85:67±3:81
OJ (mm) before −0:94±2:18  After 3:56±0:74 
Project  Before  After
Sagittal
Anterior joint space (mm) 2.63±1.11 3.28±1.12
Posterior joint space (mm) 3.14±0.79 2.90±0.37
Superior joint space (mm) 3.78±1.00 3.11±0.61
Degree of condyle displacement (linear ratio) 12.80±14.1 −3.58±9.24
Coronal   
Interior joint space (mm) 5.61±2.05 6.55±1.86
Lateral joint space (mm) 4.23±0.87 3.77±0.76
Superior joint space (mm) 3.80±0.60 3.68±0.63

17 Lee et al., 
2016[29]

n=18
f=10
8.9±1.1 y

FM therapy 
for maxillary 
protraction

The mandibular condyles displaced outside, upward, and backward.
Anterior and posterior walls of the glenoid fossa had negative values for 
anteroposterior change.
Bone apposition (to the anterior wall) and bone resorption (of the 
posterior wall) in the glenoid fossa.

18 Khwanda 
et al., 2022[16]

n=40
f=12
10.2±0.81 y
I. n=20

f=6
10.12±0.84 y

II. n=20
f=8
10.27±0.80

I. RTB group
II. RTB + 
Photobiomodulation 
Therapy 
(RTB+PBMT) 
Group

SNA (°)
I. −1.54±1.42
II. −1.93±0.87

SNB (°)
I. 0.88±1.47
II. 1.002±0.90

ANB (°)
I. −2.43±0.63
II. −2.933±0.64

m: Male, f: Female, y: Year, RME: Rapid maxillary expansion, FM: Facemask, RTB: Reversed twin block, Alt-RAMEC: Alternate rapid maxillary expansion 
and constriction, MEAW: Multiloop edgewise ArchWire, BAMP: Bone-anchored maxillary protraction, MSE: Maxillary skeletal expander, PBMT: 
Photobiomodulation Therapy, SNA: Sella-Nasion-A point angle, SNB: Sella-Nasion-B point angle, ANB: A point-Nasion-B point angle, WITS: Wits 
appraisal, MARPE: Miniscrew-Assisted Rapid Palatal Expansion
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Table 3: Comparative analysis of treatment interventions for Class III malocclusion: A systematic review of expansion, protraction, and 
elastic traction protocols.

S. No. Study Type of intervention 
1 Almuzian et al., 

2019[18]
Expansion the hybrid MARME by 1 mm/day for 7 days (two turns in the morning and two turns in the 
evening).
One week later constriction maxilla by unwinding the hybrid MARME by 1 mm/day for 7days.
This cycle was repeated until week 9.
On both sides, a 0.019 in.×0.025 in. stainless steel (SS) wire was then bent to fit passively into the cross heads 
of the lower TADs and was secured with flowable composite to the labial surface of the lower incisors; the aim 
was to hold the lower dental unit to the bone through the lower TADs. Two full-time heavy intraoral elastics 
per side, producing a total of 400g/side, replaced once a day. Elastics ran in the long class III configuration, 
from the posterior ball clasps on the hybrid MARME to the “S” hook at the lower canine regions until a + 
2-mm overjet was achieved. 

2 Onem Ozbilen 
et al., 2019[25]

I. In the RME/FM group, a Hyrax acrylic cap device followed by maxillary protraction with adjustable dynamic 
protraction facemask.

The Hyrax screw was activated twice a day (0.5 mm/day) for 7 days, and on the 7th day, the patients were 
instructed to wear the FM for a minimum of 16 h/day.

II. In the Alt-RAMEC/FM group, a double-hinged expansion screw 4 was used for the expansion protocol, 
followed by maxillary protraction with an Adjustable Dynamic Protraction Facemask.

The screw was activated at a rate of 1 mm/day (two turns in the morning and two turns in the evening) for 
1 week; in the following week, the screw was closed at a rate of 1 mm/day (two turns in the morning and 
two turns in the evening). The opening and closing processes were repeated for 9 weeks. After 9 weeks, the 
patients were instructed to wear the FM for a minimum of 16 h/day.

3 Papadopoulou 
et al., 2017[21]

Nine weeks of Alt-RAMEC were followed by 8–9 weeks of maxillary protraction with heavy 400 g Class 
III elastics worn 24 h/day. Treatment was finalized with orthodontic fixed appliances.
Expansion was delivered at 1 mm/day for 7 days followed by constriction of 1 mm/day for 7 days. 
Alternating expansions and constrictions were continued for a total of 9 weeks, when mobility of the 
maxilla was subjectively assessed. Two sectional 0.019 × 0.025 inch stainless steel wires were secured 
passively with flowable composite resin into the head of mini screws and the labial surface of the 
mandibular incisors on both sides. Heavy Class III elastics of 400 g were applied from the posterior 
and anterior ball clasps embedded in the acrylic of the hybrid-Hyrax, to the “S” hooks of the modified 
lingual arch. The patients were instructed to wear the elastics 24 h/day and change them daily for 8–9 
weeks. 

4 Loca-apichai 
and Jein-Wein 
Liou, 2022[28]

The major orthodontic treatment after the maxillary orthopedic protraction with Alt-RAMEC in the control 
group was orthodontic alignment, leveling, and applications of Class III elastics for compensating the sagittal 
dental and skeletal relapses.
The bimax-ODHD through the orthodontic TAE technique involved placement of bite raisers on maxillary 
molars and application of intermaxillary elastics without using any temporary anchorage devices for a 
downward and backward rotation of the mandible. It was applied 1–2 months after the maxillary orthopedic 
protraction with Alt-RAMEC. The bite raiser was placed on 1 side of the maxillary last (first or second) molar 
for the bite opening and extrusion of bimaxillary buccal teeth by applying up and down buccal elastics on 
both sides. The bite raiser on the placed side was then removed and switched to the maxillary last molar on 
the other side alternatively every 2–3 months to avoid bimaxillary molar intrusion on a certain side due to the 
bite raiser and biting force. The bite raiser was placed on 1 side of the maxillary last (first or second) molar for 
the bite opening and extrusion of bimaxillary buccal teeth by applying up and down buccal elastics on both 
sides. The bite raiser on the placed side was then removed and switched to the maxillary last molar on the 
other side alternatively every 2–3 months to avoid bimaxillary molar intrusion on a certain side due to the 
bite raiser and biting force.

(Contd...)
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Table 3: (Continued).

S. No. Study Type of intervention 
5 Sitaropoulou 

et al., 2020[30]
The screw was turned 1 mm/day (two activations in the morning, two activations in the evening) during the 1st 
week and closed 1 mm/day during the following week. This alternating opening and closing was repeated for 9 
consecutive weeks and then a Petit type facemask was used for at least 16 h daily.
The direction of the protractive force was 30° forward and downward in relations to the occlusal plane and 500 
g of protraction force was applied per side. 
Facemask protraction lasted 7 months and all patients had a class III Bionator for retention for 3 months on 
average.

6 Fischer et al., 
2018[19]

The Alt- RAMEC/FM protocol consisted of:
1. Delivery of maxillary acrylic splint expander with soldered facemask hooks;
2. Activation turns (2× per day, corresponding to 0.4 mm of expansion) for maxillary expansion for 1 week;
3. Deactivation turns (2× per day) for maxillary constriction for 1 week;
4. Repeat steps 2 and 3 so that the Alt-RAMEC cycle occurred three times and lasted for a total of 6 weeks;
5. Activation turns (2× per day) until individualized transverse dimension was achieved;
6. �Delivery of facemask and elastics and instruction of patients to wear the facemask for 14 h/day for 6 

months, then at night only for additional 6 months;
The RME/FM protocol consisted of:

1. Delivery of maxillary acrylic splint expander with soldered facemask hooks;
2. �Activation turns (1 or 2× per day, corresponding to 0.2 or 0.4 mm of expansion, respectively) until 

individualized transverse dimension was achieved;
3. �Delivery of facemask and elastics and instruction of patients to wear the facemask for 14 h/day for 6 

months, then at night only for an additional 6 months;
7 Özbilen et al., 

2021[27]
The screw was activated at a rate of 1 mm/day for the 1st week and closed at a rate of 1 mm/day the next week, 
as described in the routine protocol of Alt-RAMEC.
This sequence was followed for 9 weeks. The 9th week corresponded to the activation (opening) set. 
Therefore, all patients had 1 week of rapid expansion (1 mm/day; 7 mm of expansion in total) before the 
FM treatment. Then, patients were instructed to wear the FM for a minimum of 16 h/day with the same 
appliance.

8 Paredes et al., 
2020[26]

The MSE device has a jackscrew unit (16.15 mm in length, 4.5 mm in width, and 14.15 mm in depth) with 
four parallel holes (1.8 mm in diameter) for micro implant insertion and two soft supporting arms on 
each side which are soldered to the molar bands for stabilizing MSE during the expansion. The body of 
MSE is positioned between the zygomatic buttress bones, usually located lateral to the first molars. Four 
microimplants (1.8 mm in diameter, 11 mm or 13 mm in length) were inserted through the palatal bone, 
bi-cortically. The rate of expansion was 2 activations/day (0.20 mm/turn) until a diastema appeared; then the 
expansion rate changed to 1 activation per day. The activation was continued until the maxillary skeletal width, 
was equal or greater than the mandibular width. The MSE was kept in place with no further activation for 6 
months to retain the expansion during the bone formation.

9 Ding et al., 
2023[23]

Four micro-implants (1.8 mm in diameter and 11 mm or 13 mm in length) were bicortically inserted 
through the palatal bone. The rate of expansion was 4–6 activations per day (0.133 mm per turn and 
≈0.5–0.8 mm/day) until a diastema appeared; then, the expansion rate changed to 1 activation per day. The 
activation was continued until the maxillary skeletal width was equal to or greater than the mandibular 
width. The MSE was kept in place, with no further activation for 6 months, to retain the expansion during 
bone formation. 

10 Chen et al., 
2022[22]

Patients were treated by the maxillary skeletal expansion appliance type-II (BioMaterials, Korea), which expanded 
by 0.8 mm in 6 turns. The appliance consisted of bands to the permanent first molars and four holes for mini-
implants.
To fenestrate the palatal base and nasal base, the matching orthodontic mini-implants (BioMaterials, Korea) 
are 1.8 mm in diameter and 11 mm in length. After 24 h of bonding with glass ionomer, the expander was 
activated one sixth of a turn (0.13 mm) in the morning and evening, respectively, until the occlusal aspect of 
the palatal cusp of the maxillary first molars contacted the occlusal aspect of the buccal cusp of the mandibular 
first molars. The duration of expansion was 18±4.65 days

(Contd...)
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Table 3: (Continued).

S. No. Study Type of intervention 
11 Hino et al., 

2013[6]
For the RME/FM protocol, the hyrax-type rapid palatal expander was constructed with orthodontic bands 
adapted to the maxillary deciduous first and second molars or to the deciduous first molars and permanent first 
molars in children during the mixed dentition. The arms of the expander were soldered to the palatal side of the 
bands. A heavy (0.045 in) wire was soldered to the buccal surface of the bands, and it extended ante riorly to the 
canine area with a hook to receive the pro traction elastics. The appliance was activated 2 turns a day (0.25 mm 
per turn) until the desired amount of expansion had been achieved. The amount of expan sion necessary was 
determined clinically, based on creating a near-buccal crossbite relationship. All patients started RME before 
protraction with the FM. AnFM was made for each patient, as described by Turley.1 Protraction of the maxilla 
was initiated immediately after the completion of expansion. A traction force from 600 to 800 gperside was used, 
and each patient was in structed to wear the mask for 14 to 16 h/day. 9 The elastics were oriented in a downward 
and forward direction at an angle of approximately 15–30 relative to the occlusal plane to minimize the tendency 
of counter clockwise rotation of the maxilla. For the BAMP protocol, 4 orthodontic miniplates (Bollard; Tita-
Link, Brussels, Belgium) were inserted into the infrazygomatic crests of the maxillary buttress and between the 
mandibular left and right lateral incisors and canines. The miniplates were fixed to the bone with 2 (mandible) or 
3 (maxilla) titanium screws (2.3 mm in diameter, 5 mm in length).14 The extensions of the plates perforated the 
attached gingiva near the mucogingival junction. Three weeks after surgery, Class III elastics were attached between 
the upper and lower miniplates with an initial force of 100 g per side, progressing to a maximum force of 250 g per 
side. The patients were asked to replace the elastics at least once a day and wear them 24 h/day. In 14 patients, after 
2–3 months of intermaxillary traction, a removable bite plate was placed on the maxillary arch to eliminate the 
occlusal interference in the incisor region until correction of the anterior cross bite was obtained

12 Liang et al., 
2021[17]

In group 1 patients underwent maxillary protraction anchored with customized miniplates. The miniplates 
were individually designed and inserted using the surgical templates. Each miniplate was fixed to the bone with 
2 or 3 titanium miniscrews (1.2-2.0 mm in diameter, 4 6 mm in length). Four weeks after insertion, traction 
forces were applied to the miniplates.
In group 2 patients underwent tooth-borne maxillary protraction. Before maxillary protraction, all participants 
underwent rapid maxillary expansion (RME) to disrupt midpalatal suture. The RME appliance was bonded on 
the maxillary first molars and first premolars or deciduous first molars. Two hooks above maxillary canines 
on both sides were soldered to the RME appliance to receive elastics for protraction. The RME appliance 
was expanded twice per day (0.25 mm per turn) until the posterior buccal crossbite had been achieved. The 
traction forces were applied to each group on the day after RME, and the RME appliance was retained for 6 
months to keep the expanded space.
A 400–500 g of orthopedic force on each side was applied to each patient, and the direction of force was at 30 
below the occlusal plane to offer a force through the resistance center of the nasomaxillary complex so that the 
maxillary counterclockwise rotation would be minimized. It was required to wear for at least 14 h/day.

13 De Clerck et al., 
2012[14]

Class III intermaxillary elastics and bilateral miniplates (2 in the infrazygomatic crests of the maxilla and 2 in 
the anterior mandible between the lower left and right lateral incisors and canines, modified miniplates were 
secured to the bone by 2 screws in the mandible or 3 screws in the maxilla screw diameter, 2.3 mm; length, 5 
mm. Three weeks after surgery, the miniplates were loaded. Class III elastics applied an initial force of 150 g on 
each side, and increased to 200 g after 1 month of traction and to 250 g after 3 months. The patients were asked 
to replace the elastics at least once a day and wear them 24 h/day).

14 Nguyen et al., 
2011[13]

Class III intermaxillary elastics and bilateral miniplates (2 in the infrazygomatic crests of the maxilla and 2 in 
the anterior mandible between the lower left and right lateral incisors and canines, modified miniplates were 
secured to the bone by 2 screws in the mandible or 3 screws in the maxilla screw diameter, 2.3 mm; length, 5 
mm. Three weeks after surgery, the miniplates were loaded. Class III elastics applied an initial force of 150 g on 
each side, and increased to 200 g after 1 month of traction and to 250 g after 3 months. The patients were asked 
to replace the elastics at least once a day and wear them 24 h/day).

15 Nguyen et al., 
2014[20]

Class III intermaxillary elastics and bilateral miniplates (2 in the infrazygomatic crests of the maxilla and 2 in 
the anterior mandible between the lower left and right lateral incisors and canines, modified miniplates were 
secured to the bone by 2 screws in the mandible or 3 screws in the maxilla screw diameter, 2.3 mm; length, 5 
mm. Three weeks after surgery, the miniplates were loaded. Class III elastics applied an initial force of 150 g on 
each side, and increased to 200 g after 1 month of traction and to 250 g after 3 months. The patients were asked 
to replace the elastics at least once a day and wear them 24 h/day).

(Contd...)
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Table 3: (Continued).

S. No. Study Type of intervention 
16 Guo et al., 

2020[24]
0.016∗0.022 inches MEAW bow for short class III traction (force value about 100g) for whole and every day 
while vertical traction was added to the anterior tooth area for patients with a high angle.

17 Lee et al., 
2016[29]

A Delaire-type facemask was used for maxillary protraction, and a protraction force of 450 g was maintained 
on each side. All patients were instructed to wear the facemask for more than 16 h/day. The direction of 
maxillary protraction was 15° to 30° downward and forward relative to the occlusal plane. 

18 Khwanda et al., 
2022[16]

Reversed Twin Block (RTB), fabricated at the maximum possible retrusion of the mandible with an inter-
incisal clearance of 2 mm and a posterior vertical clearance of 5 mm. Bite blocks were inclined at 70° to the 
occlusal plane in reverse configuration achieved by placing the upper block covering the deciduous molars 
anteriorly and enabling the lower block covering the lower molars to occlude behind it. The patients were 
instructed to wear the RTB appliance 22 h a day except during meals. All patients were assessed every 3 weeks.
In the RTB+PBMT group, the same steps followed in the control group were repeated regarding the use of the 
RTB. PBMT was applied as an adjunctive therapy using semiconductor gallium-aluminum-arsenide (Ga-Al 
As) diode laser (Konftec; model Klas-dx 82, Taiwan), 808 nm wavelength in continuous mode, 250 milli-Watt 
power output, 5 Joules/cm2 energy density, 20 s per point application, employing a 5 mm diameter fiber optic 
tip, and total energy of 25 J per side, every visit. Laser therapy was performed bilaterally in contact with the 
skin at five points (lateral, superior, anterior, posterior, and posterior-inferior points) located around the TMJ 
condyle on days 1, 3, 7, and 14 of the first month; and then every 15 days until the end of the treatment. 

RME: Rapid maxillary expansion, FM: Facemask, RTB: Reversed twin block, Alt-RAMEC: Alternate rapid maxillary expansion and constriction, MEAW: 
Multiloop edgewise ArchWire, BAMP: Bone-anchored maxillary protraction, MSE: Maxillary skeletal expander, PBMT: Photobiomodulation therapy, 
MARPE: Miniscrew-assisted rapid palatal expansion

baseline differences. Most used standardized measurement 
methods [Table 1].

Outcome measures

The results summarized in [Table  2] are stratified by 
treatment modality.

Overjet

•	 Most effective (≥5  mm): Alt-RAMEC/hybrid MARME 
with elastics (5.62 ± 1.36 mm).[18]

•	 Moderate (4–5  mm): Alt-RAMEC/protraction/fixed 
appliances (4.90 ± 1.66 mm)[21]; MEAW (~4 mm).[24]

Upper incisor inclination

•	 Most pronounced (≥2.7°): Alt-RAMEC/hybrid 
MARME/elastics (2.73°).[18]

•	 Moderate (2.0–2.5°): MEAW (2.36 ± 6.54°);[24] MARPE/
FM (2.20 ± 1.33°).[21]

•	 Minimal: bone-anchored (1.15 ± 1.21°);[14] RME/FM 
(0.71 ± 1.67°);[30] and maxillary skeletal expander (MSE) 
(−0.21 ± 3.06°).[26]

Lower incisor inclination

•	 Most substantial retroclination (≥8°): MEAW 
(8.8 ± 4.03°).[24]

•	 Moderate retroclination (2–4.5°): Alt-RAMEC/
protraction/fixed (4.03 ± 2.37°);[21] bone-anchored (3.45 

Figure 2: SNA angle changes by treatment modality.
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± 1.29°);[14] Alt-RAMEC/FM (3.09°);[23] RME/FM (2.91 ± 
1.54°);[30] and FM/Alt-RAMEC/hybrid (2.76 ± 1.48°).[25]

•	 Variable/Minimal: tooth-borne (1.20 ± 1.99°);[27] 
MARPE (0.69 ± 1.72°);[21] chin cup (0.18 ± 2.09°);[27] and 
elastics/Alt-RAMEC/MARME (0.23 ± 1.37°).[18]

Maxillary changes (SNA)

•	 Most effective (≥2.5°): Alt-RAMEC/FM 2.73 ± 
0.99°;[25] RME/FM 2.68 ± 1.10°;[33,35] and BAMP 2.65 ± 
1.02°.[17,18,20]

•	 Moderate (1.5-2.5°): Tooth-borne expansion/protraction 
1.85 ± 1.23°;[27] elastics/Alt-RAMEC/MARME 1.87 ± 
1.06°.[18]

•	 Limited (≤1.5°): MEAW (non-significant);[24] chin cup 
(-0.34 ± 0.74°) [Figure 2].[27]

Mandibular changes (SNB)

•	 Most pronounced reduction (≥0.8°): Alt-RAMEC/FM 
(-1.02 ± 0.99°);[25] RME/FM (-0.89 ± 0.74°);[30] and tooth-
borne/FM (−0.80 ± 0.51°).[27]

•	 Modest reduction (0.4-0.6°): BAMP (−0.58 ± 0.86°).[17,18,20]

•	 Minimal/No effect: MEAW (−0.02 ± 1.56°) [Figure 3].[24]

Interarch sagittal (ANB, WITS)

•	 ANB  -  Most effective (≥3°): Alt-RAMEC/hybrid 
MARME/elastics (3.95 ± 0.57°).[18]

•	 ANB  -  Moderate (2–3°): BAMP (2.42 ± 1.22°);[17,18,20] 
Alt-RAMEC/FM (2.26 ± 0.89°);[25] and RME/FM 
(2.17 ± 1.14°).[30]

•	 ANB - Limited: MEAW (0.78 ± 1.78°).[24]

•	 WITS  -  Most effective (≥6  mm): Alt-RAMEC/FM 
(7.59 ± 2.14 mm).[25]

•	 WITS  -  Moderate (4–6  mm): RME/FM 
(5.13 ± 1.76  mm);[30] and BAMP (4.87 ± 1.24  mm) 
[Figure 4].[17,18,20]

TMJ changes

Four treatment categories revealed distinct patterns.

Bone-anchored protraction (growing patients)

Three-dimensional analysis revealed three condylar 
displacement patterns: 44% of patients demonstrated pure 
backward displacement, 40% showed combined backward 
and downward displacement, and 16% exhibited backward 
and upward displacement.[15] This pattern represents adaptive 
remodeling consistent with posterior repositioning of the 
mandible, with bone apposition anteriorly and resorption 
posteriorly, creating space for the posteriorly displaced 
condyle. Associated changes included posterior displacement 
in the posterior ramus (mean −3.1 ± 1.9 mm), condyles (−3.1 
± 1.7 mm), chin (−2.1 ± 1.7 mm), lower mandibular border 
(−2.5 ± 1.5 mm), and decreased gonial angle (−3.5 ± 2.7°).[15]

Glenoid fossa remodeling demonstrated anterior eminence 
modification (1.38 ± 1.03  mm) and posterior wall resorption 
(−1.34 ± 0.60  mm).[14,29] This represents fossa adaptation to 
posteriorly repositioned condyle following protraction, consistent 
with adaptive rather than pathological remodeling.[14,29]

Figure 4: WITS measure changes by treatment modality.

Figure 3: SNB angle changes by treatment modality.
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FM therapy (pediatric patients)

Patients treated with FM (with/without RME) showed 
similar condylar adaptations and glenoid fossa modifications, 
consistent with the pattern of adaptive remodeling observed 
with bone-anchored protraction.[14,29]

MARPE in adult Class III patients

MARPE treatment in adult patients produced measurable 
condylar repositioning despite limited growth potential, 
suggesting that transverse maxillary expansion can induce 
adaptive changes in the TMJ even beyond active growth 
periods.[22] This finding has implications for treatment 
planning in adult patients who decline surgical correction.

MEAW treatment (adult non-low-angle patients)

MEAW therapy produced no significant TMJ changes,[24] 
consistent with MEAW achieving correction primarily 
through dentoalveolar compensation rather than skeletal 
changes that would necessitate TMJ adaptation.

Transverse dimension changes

Four transverse assessment categories were identified.

Skeletal expansion with MSE

MSE demonstrated 96.58% skeletal contribution in angular 
measurements (interpalatal angle change 6.42 ± 1.18° 
with dental tipping 0.20 ± 0.66°), contrasting with 60.16% 
skeletal in linear measurements (skeletal 3.89 ± 1.24 mm vs. 
dental 2.58 ± 1.10  mm).[26] This discrepancy highlights the 
importance of measurement methodology in quantifying 
skeletal versus dental effects. Post-expansion relapse was 
minimal (2.15 ± 2.26% for angular, 5.42 ± 4.31% for linear 
measurements), with orthodontic retention providing 
stability.[26]

Protraction-associated transverse changes

Maxillary protraction produced secondary transverse effects: 
Intermolar width increased 1.86 ± 1.18 mm, internasal width 
1.95 ± 2.20 mm, and interzygomatic width 0.98 ± 1.40 mm.[27] 
Tooth-borne expansion/protraction demonstrated maxillary 
dentoalveolar bone thickness increase of 0.60 ± 1.60  mm 
buccally (P = 0.022) with lingual thickness decrease (−0.53 
± 0.96  mm; P < 0.001), indicating lateral bone deposition 
accompanying skeletal expansion.[27]

Asymmetry correction

Patients with facial asymmetry treated with chin cup/RME 
showed a mean mandibular deviation reduction of 0.43 mm, 

accompanied by bilateral condylar remodeling, suggesting a 
symmetric adaptive response to treatment.[30]

Clinical implications of transverse findings

CBCT documentation proved essential for distinguishing 
skeletal from dental expansion contributions, particularly 
when different measurement approaches yielded discordant 
results. The capacity for skeletal expansion with bone-borne 
anchorage extends treatment options for adult patients 
beyond traditional orthopedic protocols limited to growing 
patients.

DISCUSSION

Advantages of CBCT over 2D cephalometry

This review evaluated non-surgical Class III treatment using 
CBCT, which offers critical advantages over conventional 2D 
lateral cephalography. While most included studies reported 
conventional measurements (SNA, SNB, ANB, and WITS) 
for comparability with existing literature, the utilization of 
CBCT imaging provided methodological improvements and 
unique assessment capabilities that extend beyond traditional 
cephalometric analysis.

CBCT eliminates fundamental limitations inherent to 2D 
cephalometry, including projection errors from geometric 
magnification (varying 7–15% depending on patient-
film distance), superimposition of bilateral structures 
complicating landmark identification, and head positioning 
variability affecting angular measurements.[7,8] These 
technical improvements translate to enhanced measurement 
reproducibility for longitudinal assessment, with studies 
reporting superior intra-  and inter-examiner reliability for 
CBCT-derived measurements compared to conventional 
radiographs.[7,8] This increased precision is particularly 
valuable for detecting small but clinically significant 
changes in growing patients where treatment effects must be 
distinguished from normal development.

The most important unique contribution is TMJ evaluation, 
which represents the defining advantage of CBCT over 
two-dimensional imaging. Glenoid fossa remodeling 
quantification – demonstrating anterior eminence 
modification (1.38 ± 1.03 mm) and posterior wall resorption 
(-1.34 ± 0.60  mm)[14] – provides direct visualization of 
adaptive bone remodeling that is completely invisible 
on lateral cephalograms where the TMJ is obscured by 
overlapping cranial base structures. Similarly, three-
dimensional condylar displacement patterns (44% backward, 
40% backward and downward, and 16% backward and 
upward)[15] can be precisely quantified and categorized 
in CBCT datasets through multi-planar analysis and 3D 
reconstructions, whereas conventional cephalometry offers 
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only indirect, two-dimensional projections of condylar 
position with significant measurement error. These findings 
provide crucial evidence that Class III orthopedic treatment 
induces adaptive rather than pathological TMJ remodeling, 
directly addressing long-standing clinical concerns about 
potential iatrogenic joint damage from FM and protraction 
therapies.[14,29]

In addition, CBCT enables transverse dimension 
assessment[22,26,27,30] – completely impossible on sagittal 
cephalograms – allowing discrimination between skeletal and 
dental contributions to expansion (e.g., MSE achieving 96.58% 
skeletal effect with angular measurements versus 60.16% with 
linear measurements, demonstrating measurement method 
importance). Asymmetry evaluation, including mandibular 
deviation quantification (mean reduction 0.43mm with 
bilateral condylar remodeling),[30] provides clinically relevant 
information for treatment planning that cannot be obtained 
from anteroposterior radiographs alone. Dentoalveolar bone 
thickness changes[27] and voxel-based superimposition for 
precise three-dimensional displacement quantification[7,9,10] 
represent additional CBCT capabilities impossible with 
two-dimensional imaging, though these advanced analytical 
methods remain underutilized in current literature.

Comparison with existing two-dimensional systematic 
reviews[31-39] reveals similar sagittal skeletal change 
magnitudes (SNA approximately 2.0–2.7° and SNB 
approximately 0.5–1.0°), suggesting that CBCT-derived 
measurements of conventional angular parameters are 
consistent with traditional cephalometric findings and 
confirming comparability across imaging modalities for 
these established metrics. This concordance validates the 
reliability of both measurement approaches for sagittal 
assessment while simultaneously highlighting CBCT’s value: 
Similar accuracy for conventional measurements plus unique 
capabilities for TMJ evaluation, transverse assessment, 
volumetric analysis, and multi-dimensional treatment 
visualization. Therefore, CBCT adds the critical dimensions 
of enhanced measurement reliability through elimination 
of projection artifacts, comprehensive TMJ documentation 
providing evidence of treatment safety, transverse dimension 
assessment enabling skeletal versus dental differentiation, 
and multi-dimensional evaluation supporting a more 
complete understanding of treatment effects.

Treatment modality comparison and clinical implications

While surgery remains definitive treatment for severe 
adult skeletal Class  III malocclusion, various non-
surgical protocols demonstrated significant short-
term improvements, particularly in growing patients, 
with substantial modality differences reflecting distinct 
biomechanical mechanisms.[32,33]

For maxillary advancement, Alt-RAMEC/FM (2.73 ± 0.99°), 
RME/FM (2.68 ± 1.10°), and bone-anchored protraction 
(2.65 ± 1.02°) produced the most substantial SNA increases, 
while camouflage approaches (MEAW) showed minimal 
skeletal effect. The similarity between Alt-RAMEC and 
conventional RME protocols (difference <0.1°) suggests 
that the theoretical advantages of alternating expansion-
constriction cycles may not translate to dramatically superior 
skeletal outcomes in clinical practice, though both achieve 
clinically meaningful maxillary advancement.[25,27,30,33,35]

Skeletal anchorage produced favorable maxillary movement 
with minimal dental tipping,[6,13,14,17] confirming that 
elimination of dental anchorage allows more purely skeletal 
effects by applying forces directly to skeletal bases. However, 
maxillary advancement magnitude remained comparable 
to properly applied FM therapy with dental anchorage, 
suggesting tooth-borne appliances can achieve substantial 
orthopedic effects when protocols are optimized. The 
primary advantage of skeletal anchorage may therefore lie 
in reducing relapseable dental compensations rather than 
dramatically increasing skeletal response magnitude.[6,14]

Dentoalveolar changes varied substantially, with MEAW 
producing the greatest lower incisor retroclination (8.8 ± 
4.03°), consistent with dentoalveolar compensation rather 
than skeletal modification.[24] This contrasts sharply with bone-
anchored protraction, where lower incisor changes remained 
minimal, reflecting the difference between camouflage (dental) 
and orthopedic (skeletal) treatment philosophies.

For adults refusing surgery (70–86% of Class  III surgical 
candidates in some populations[40-42]), non-surgical 
alternatives, including MARPE for transverse deficiencies[5,22] 
and camouflage with lower extraction[1,24] may achieve 
acceptable occlusion, though skeletal improvements remain 
limited. Realistic patient expectations are critical, with goals 
focused on functional occlusion rather than complete skeletal 
normalization.

TMJ findings – The unique 3D contribution

TMJ assessment represents CBCT’s defining advantage 
for evaluating Class  III treatment, providing evidence of 
adaptive rather than pathological joint changes impossible to 
document through two-dimensional cephalometry.

Consistent glenoid fossa remodeling – bone apposition 
anteriorly (anterior eminence modification 1.38 ± 1.03 mm), 
resorption posteriorly (posterior wall −1.34 ± 0.60 mm)[14,29] 
– demonstrates fossa adaptation to posteriorly repositioned 
condyle following protraction and growth redirection. This 
represents physiologically appropriate, not pathological, 
remodeling. The biological mechanism involves balanced 
bone deposition and resorption creating space for the 
condyle in its new position, with remodeling magnitude 
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proportional to mandibular repositioning degree.[14,29] This 
adaptive response occurs primarily during active growth but 
demonstrates plasticity even in young adults, as evidenced 
by measurable adaptations following MARPE treatment.[22] 
The temporal sequence shows initial condylar displacement 
during active protraction, followed by gradual fossa 
remodeling over subsequent months, suggesting treatment 
effects stabilize through biological adaptation rather than 
merely mechanical repositioning.[14]

Three distinct condylar displacement patterns (44% 
backward, 40% backward/downward, and 16% backward/
upward)[15] reveal individual variation in mandibular 
adaptation, possibly relating to growth pattern, treatment 
mechanics, or biological response differences, though studies 
did not stratify by vertical pattern. The predominance 
of posterior displacement (combined 84%) aligns with 
therapeutic objectives of mandibular growth restraint and 
maxillary advancement, while variability in the vertical 
component may reflect individual differences in mandibular 
rotation. Patients showing backward/upward displacement 
may represent those with counterclockwise rotation, 
potentially associated with more favorable facial profile 
outcomes, though this requires verification through vertical 
dimension stratification.[15]

MEAW in adults produced no significant TMJ changes,[24] 
while bone-anchored protraction in growing patients 
induced substantial displacement and remodeling,[14,15] 
highlighting the importance of growth potential. This 
contrast illustrates the fundamental difference between 
dentoalveolar compensation (achieving occlusal correction 
without skeletal TMJ involvement) and orthopedic skeletal 
modification (necessitating joint adaptation). However, 
MARPE induced measurable adult condylar repositioning,[22] 
suggesting some adaptive capacity persists beyond growth, 
though the magnitude remained less than in growing 
patients. This has important implications for adults refusing 
surgery, indicating transverse maxillary expansion can 
produce skeletal adaptation even in mature individuals, 
though expectations must be calibrated accordingly.

No studies reported adverse TMJ findings (condylar 
resorption, degenerative changes, and TMD symptoms), 
providing safety reassurance across all modalities evaluated, 
though limited follow-up (maximum 2–3  years) precludes 
definitive long-term conclusions. This absence of pathological 
findings across 494  patients and diverse protocols provides 
preliminary safety evidence, though extended follow-up 
remains critical as degenerative changes may manifest 
years post-treatment. Future research should incorporate 
systematic TMD assessment, clinical examination, and long-
term CBCT evaluation (minimum 5-year follow-up) to 
definitively establish safety profiles.[14,15,22,24,29]

Clinical implications

(1)	 Multiple modalities (Alt-RAMEC/FM, RME/FM, 
and bone-anchored protraction) achieve comparable 
maxillary advancement (~2.5-2.7°), suggesting clinician/
patient preference regarding appliance type, duration, 
and invasiveness can guide selection among equivalently 
effective approaches.

(2)	 Skeletal anchorage minimizes dentoalveolar side effects 
but does not dramatically increase skeletal response 
versus properly applied tooth-borne protraction, though 
it may enhance stability by reducing relapseable dental 
compensations.[14]

(3)	 Transverse expansion with bone-borne anchorage 
produces predominantly skeletal effects; CBCT 
documentation is crucial for distinguishing skeletal 
from dental expansion.[26]

(4)	 TMJ adaptation occurs consistently with orthopedic 
Class  III treatment in growing patients, with patterns 
consistent with adaptive rather than pathological 
remodeling, though long-term follow-up remains 
necessary.

(5)	 For adults declining surgery, camouflage can 
achieve acceptable occlusion through dentoalveolar 
compensation, though skeletal correction remains 
limited; CBCT assessment quantifies dental versus 
skeletal correction components.

Limitations

Lack of untreated control groups in most studies (only two of 
18 included controls) limits distinguishing treatment effects 
from natural growth, particularly for SNB, where mandibular 
growth continuation could confound interpretation.[30]

Ethnicity was rarely reported (estimated 60% Asian, 40% 
Western based on author affiliations/locations). This 
is significant because Class  III etiology patterns differ 
substantially between ethnic groups (maxillary deficiency 
is more prevalent in Asians; mandibular prognathism in 
Caucasians).[1,2] Future research should explicitly report 
ethnicity and stratify outcomes.

Follow-up duration was limited (active treatment 6 months to 
2 years; post-treatment retention rarely exceeding 2–3 years). 
Long-term stability remains uncertain, particularly for 
growing patients, where residual mandibular growth may 
negate treatment effects.[21] Future research requires a 
minimum 5-year follow-up.

Vertical skeletal pattern was rarely stratified (only one study 
excluded low-angle patients[24]). Class III treatment effects and 
growth patterns differ substantially between high/low-angle 
patients; future research should stratify by vertical dimension.

Despite CBCT utilization, most studies reported primarily 
conventional 2D measurements rather than 3D volumetric 
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analysis. Few reported volumetric changes[26] or utilized 
voxel-based superimposition,[7,9,10,13-15,20] representing missed 
opportunities. Standardized 3D protocols are needed.[10]

Patient compliance was rarely reported, introducing potential 
bias as FM/functional appliance effectiveness depends 
heavily on cooperation.

CONCLUSION

CBCT assessment reveals substantial treatment modality 
differences in non-surgical Class  III correction, with Alt-
RAMEC/FM, RME/FM, and bone-anchored protraction 
achieving the most pronounced maxillary advancement 
(SNA 2.65–2.73°), while camouflage produces primarily 
dentoalveolar correction. TMJ evaluation represents the 
defining advantage over conventional cephalometry, 
demonstrating adaptive remodeling (glenoid fossa: anterior 
eminence 1.38 ± 1.03 mm, posterior wall −1.34 ± 0.60 mm; 
condylar displacement: 44% backward, 40% backward/
downward, 16% backward/upward) rather than pathological 
changes.

Critical evidence gaps include a lack of untreated controls, 
limited follow-up (<2  years in most studies), inconsistent 
ethnicity/vertical pattern reporting, and underutilized 3D 
volumetric analysis despite CBCT imaging. Future research 
requires high-quality RCTs with a minimum 5-year follow-
up, ethnicity stratification, vertical dimension classification, 
and standardized 3D protocols to establish stability, identify 
outcome predictors, and refine clinical guidelines for non-
surgical Class III management.
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