Figure S1. Risk of bias of including studies using the ROBINS-I tool and RoB 2.0 tool
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Table S1. Detailed Search Strategies for Electronic Databases
	Electronic Databases
	Detailed Search Strategies

	PubMed
	((Invisalign[Mesh] OR Invisalign[Title/Abstract] OR clear aligner [Title/Abstract] OR invisible aligner [Title/Abstract] OR transparent aligner [Title/Abstract] OR sequential appliance [Title/Abstract] OR Clear Twin Block [Title/Abstract] OR CAMA[Title/Abstract]) AND (Mandibular Advancement [Mesh] OR mandibular advancement [Title/Abstract] OR functional appliance [Title/Abstract] OR orthopedic appliance [Title/Abstract] OR Twin Block [Title/Abstract] OR Herbst [Title/Abstract] OR activator [Title/Abstract]) AND (Malocclusion, Angle Class II [Mesh] OR Class II [Title/Abstract] OR mandibular retrognathism [Title/Abstract] OR mandibular deficiency [Title/Abstract] OR overjet[Title/Abstract])) NOT Animals[Mesh]

	Embase
	(invisalign/exp OR invisalign:ti,ab OR clear aligner:ti,ab OR invisible aligner:ti,ab OR clear twin block:ti,ab) AND (mandibular advancement/exp OR mandibular advancement:ti,ab OR functional appliance:ti,ab OR orthopedic appliance:ti,ab OR twin block:ti,ab) AND (class ii malocclusion/exp OR class ii:ti,ab OR mandibular retrognathism:ti,ab) NOT animal/exp

	Web of Science
	TS=((Invisalign OR clear aligner OR invisible aligner OR Clear Twin Block) AND (mandibular advancement OR functional appliance OR orthopedic appliance OR Twin Block) AND (Class II OR mandibular retrognathism OR malocclusion))

	Cochrane Library
	#1 (Invisalign OR clear aligner OR Clear Twin Block):ti,ab,kw
#2 (mandibular advancement OR functional appliance OR Twin Block):ti,ab,kw
#3 (Class II OR mandibular retrognathism):ti,ab,kw
#4 #1 AND #2 AND #3



Table S2. List of excluded studies with reasons after full-text screening
	No.
	Author, Year
	Title
	Reason for Exclusion

	1
	Sabouni et al., 2022
	Invisalign treatment with mandibular advancement: A retrospective cohort cephalometric appraisal
	Lack of appropriate control group (Evaluated CAMA without a traditional functional appliance or untreated control group).

	2
	Camcı et al., 2022
	Comparison of skeletal and dentoalveolar effects of two different mandibular advancement methods: Conventional technique vs aesthetic approach
	Wrong intervention (The aesthetic approach utilized Essix plates combined with Class II elastics, not a specific CAMA structural design like wings/ramps).

	3
	Cretella Lombardo et al., 2024
	Comparison between twin block appliance and mandibular advancement on clear aligners in the improvement of airway dimension: incremental versus maximum bite advancement
	Irrelevant outcomes (The study solely evaluated airway dimensions, lacking the predefined sagittal/vertical skeletal and dentoalveolar parameters).

	4
	Golfeshan et al., 2018
	Comparison between Classic Twin-block and a Modified Clear Twin-block in Class II, Division 1 Malocclusions: A Randomized Clinical Trial
	Insufficient data reporting (Missing standard deviation [SD] data essential for quantitative meta-analysis synthesis).

	5
	Gurgel et al., 2023
	Clear aligner mandibular advancement in growing patients with Class II malocclusion
	Wrong study design (Case report / Case series).

	6
	Huang et al., 2023
	Stress distribution of the modified clear twin-block aligner on the temporomandibular joint, alveolar bone and teeth: A finite element analysis
	Wrong study design (Finite element analysis / in silico study; not an in vivo clinical trial).

	7
	Cretella Lombardo et al., 2025
	Orthodontic Management of Class II Malocclusion with Clear Aligners: Mandibular Advancement vs. Class II Elastics
	Wrong comparator/intervention (Compared clear aligners with mandibular advancement against clear aligners with Class II elastics, lacking a traditional functional appliance control).

	8
	Meade & Weir, 2023
	Clinical efficacy of the Invisalign mandibular advancement appliance: A retrospective investigation
	Lack of appropriate control group & Irrelevant outcomes (No traditional functional appliance control; focused on ClinCheck predictability rather than actual cephalometric comparisons).

	9
	Zhang et al., 2024
	Three-dimensional spatial analysis of temporomandibular joint in adolescent Class II division 1 malocclusion patients: comparison of Twin-Block and clear functional aligner
	Irrelevant outcomes (Focused exclusively on 3D spatial morphological measurements of the temporomandibular joint, lacking the predefined sagittal/vertical cephalometric outcomes).

	10
	Verma et al., 2025
	Volumetric pulpal changes in permanent first molars following AdvanSyncTM and Twin Block functional appliance: A CBCT study
	Irrelevant outcomes & Wrong intervention (Evaluated volumetric pulpal changes rather than predefined cephalometric changes; lacked clear aligner mandibular advancement intervention).

	11
	Wu et al., 2024
	Evaluation of mandibular motion in adolescents with skeletal class II division 1 malocclusion during mandibular advancement using clear functional aligners: a prospective study
	Irrelevant outcomes (Evaluated mandibular motion and condylar trajectory, lacking standard cephalometric data for skeletal and dentoalveolar changes).

	12
	He et al., 2025
	Evaluation of clear aligner treatment for early permanent dentition Angle Class II Division 1 malocclusion in adolescents
	Wrong intervention & Lack of appropriate control group (The study utilized clear aligners combined with Class II elastics rather than specific CAMA structural designs like wings, and it was a single-arm study lacking a traditional functional appliance or untreated control group).

	13
	Pham et al., 2025
	Clinical effectiveness and patient satisfaction of clear aligner therapy in deep bite malocclusion: A randomized clinical trial
	Wrong intervention & Wrong patient population (Evaluated standard clear aligners rather than specific CAMA structural designs for mandibular advancement, and included an adult population [mean age 21.15 years] focusing on deep bite rather than growing patients with skeletal Class II malocclusion).

	14
	Durmus et al., 2025
	A comparative 3D finite element analysis of mandibular advancement with clear aligners and twin block appliances
	Wrong study design & Lack of relevant quantitative clinical outcomes (This is a 3D finite element analysis [computational simulation] using a single patient's model, not a clinical trial or cohort study measuring in vivo cephalometric treatment outcomes).

	15
	Eason et al., 2025
	Three-dimensional assessment of tooth movements in clear aligner treatment of moderate and severe crowding
	Wrong intervention & Wrong patient population (This study evaluated standard clear aligner therapy for crowding correction with or without premolar extraction, rather than Clear Aligner Mandibular Advancement [CAMA] vs. traditional functional appliances for skeletal Class II correction, and the sample primarily consisted of older adolescents and adults rather than growing patients).

	16
	Adel et al., 2025
	The influence of different digital registration methods on measurement accuracy of clear aligner treatment outcomes
	Wrong study design & Wrong intervention/comparator (This is a methodological study evaluating the accuracy of digital model registration software packages for measuring tooth movement, not a clinical trial comparing Clear Aligner Mandibular Advancement [CAMA] with traditional functional appliances in Class II patients).

	17
	Al-Somairi et al., 2025
	Three-dimensional alveolar bone changes and root resorption in Class I malocclusion treated with extraction and non-extraction protocols: a comparative study of fixed appliances and clear aligners
	Wrong patient population & Wrong intervention (Evaluated adult patients with Class I malocclusion treated with standard clear aligners vs. fixed appliances, not growing patients treated with Clear Aligner Mandibular Advancement [CAMA] features).

	18
	Singh et al., 2025
	Comparison of optical properties and color stability of 3-dimensional (3D) printed shape memory and thermoformed clear aligners: A single-center, prospective clinical trial study
	Wrong study design & Wrong outcomes (In vitro study evaluating the material, optical, and color properties of aligner materials, not a clinical trial evaluating in vivo skeletal/dental treatment outcomes).

	19
	Kırcelli et al., 2025
	Comparative Effects of Mandibular Advancement With Invisalign Enhanced Precision Wings and Twin Block Appliance on Dentofacial Structures
	Lack of relevant cephalometric outcomes or insufficient quantitative data (While the PICO generally matches, the study lacked sufficient or compatible quantitative data [e.g., T2-T1 mean changes and standard deviations] required for pooling in the specific meta-analysis).

	20
	Hatami et al., 2026
	Treatment outcomes of Class II subdivision with clear aligners: A retrospective study
	Wrong patient population & Wrong intervention (Evaluated adult patients treated with standard clear aligners for Class II subdivision malocclusion [unilateral molar distalization], not growing patients treated specifically with CAMA functional features).

	21
	Wu et al., 2025
	Evaluation of the effects on lower central incisors intrusion and lower first molar extrusion at different mixed dentition stages using clear aligners for deep overbite treatment: a retrospective study
	Wrong intervention & Wrong outcome focus (The study evaluated standard clear aligners for vertical deep overbite correction, rather than using specific Clear Aligner Mandibular Advancement [CAMA] features for sagittal skeletal Class II correction).

	22
	Rhoshan et al., 2025
	Comparing the Level of Pain and Oral Hygiene Status in Patients Receiving Fixed Appliance Therapy Versus Clear Aligner Therapy During the First Phase of Orthodontic Treatment: An In Vivo Study
	Wrong intervention & Wrong outcomes (The study evaluated patient pain levels and oral hygiene status during standard fixed vs. aligner alignment, rather than the skeletal or dental orthopedic effects of Clear Aligner Mandibular Advancement [CAMA] features in Class II correction).

	23
	Patel et al., 2026
	Clear aligners for Class II correction in growing patients: elastics vs mandibular advancement
	Wrong comparator (The study compared Clear Aligner Mandibular Advancement [CAMA] with Class II elastics and untreated controls, rather than with traditional functional appliances such as Twin Block or Herbst).

	24
	Pharande et al., 2025
	Evaluation of Alveolar Bone Height Changes Following Clear Aligner Therapy: A Retrospective Analysis Using Orthopantomograms
	Wrong patient population & Wrong intervention (The study was conducted on adults [aged 18 to 40 years] and evaluated standard clear aligner therapy rather than specific Clear Aligner Mandibular Advancement [CAMA] features for skeletal Class II correction in growing patients).

	25
	Laganà et al., 2025
	Effects of Class II elastics on lower incisors during treatment with clear aligners vs. fixed appliance: a randomized clinical trial
	Wrong intervention & Wrong comparator (The study evaluated Class II correction using intermaxillary elastics combined with clear aligners rather than specific Clear Aligner Mandibular Advancement [CAMA] features like precision wings, and compared them against fixed appliances instead of traditional functional appliances).

	26
	Morsi et al., 2025
	Condylar volume changes in class II division 2 cases treated with unlocking the mandible using clear aligners
	Wrong intervention (The study evaluated the unlocking of the mandible through standard orthodontic tooth movements, rather than using specific Clear Aligner Mandibular Advancement [CAMA] features like precision wings or mandibular advancement modules).

	27
	Harandi et al., 2023
	[bookmark: _GoBack]Assessment of clear aligner accuracy of 2 clear aligners systems
	Wrong patient population & Wrong intervention (The study was conducted on adults [mean age 36 years] and compared the accuracy of dental movements between two different aligner brands, rather than evaluating the orthopedic effects of Clear Aligner Mandibular Advancement [CAMA] in growing patients).

	28
	Wang et al., 2025
	Incidence and risk factors of alveolar bone dehiscences and fenestrations after clear aligner therapy with Class II elastics: a retrospective study
	Wrong patient population & Wrong outcomes (The study focused on periodontal safety [dehiscences and fenestrations] in an adult population during Class II elastic use, rather than the skeletal orthopedic effects of CAMA in growing patients).

	29
	Meuli et al., 2025
	Correlation between transverse and sagittal dimensions in early stage: a retrospective study between patients treated with clear aligners and untreated patients
	Wrong intervention & Lack of relevant functional component (The study evaluated early Class II correction using the Invisalign First dentoalveolar expansion protocol primarily for transverse correction, rather than the specific Mandibular Advancement [MA] feature with precision wings for sagittal orthopedic correction).

	30
	Al-Samman et al., 2024
	Comparison of the predicted and achieved labiolingual inclinations of the maxillary central incisors in adult Class II division 2 malocclusions treated with clear aligners
	Wrong patient population & Wrong intervention (The study was conducted on adults [mean age 26.5 ± 3.3 years] and focused on incisor torque expression using Power Ridges or attachments, rather than the skeletal effects of Clear Aligner Mandibular Advancement [CAMA] in growing patients).

	31
	Laganà et al., 2024
	Vertical Dimension Control in Two Different Treatment Protocols: Invisalign First and Bite Block-A Retrospective Study
	Wrong intervention & Wrong outcome focus (The study evaluated Invisalign First for vertical dimension control in mixed dentition without the use of specific Mandibular Advancement [MA] features, and focused on vertical cephalometric changes rather than sagittal Class II orthopedic effects).

	32
	Chen et al., 2024
	Effects of clear aligners and traditional removable appliances on oral microbiome in mixed dentition: a comparative study
	Wrong outcomes & Wrong focus (The study evaluated oral microbiota changes and clinical hygiene indices [PI, GI, DMFT] during interceptive treatment rather than the dentoskeletal or orthopedic treatment effects of Clear Aligner Mandibular Advancement [CAMA] in Class II correction).

	33
	He et al., 2024
	Comparison between clear aligners and twin-block in treating class II malocclusion in children: a retrospective study
	Insufficient quantitative data for meta-analysis (Although the study compared CAMA and Twin-Block, it lacked the specific mean changes and standard deviations [T2-T1] for all essential cephalometric parameters required for the pooled meta-analysis).

	34
	Pamukçu et al., 2024
	Evaluation of maxillary dimensional changes in the mixed dentition: clear aligners vs acrylic expanders
	Wrong intervention & Wrong outcome focus (The study evaluated Invisalign First for transverse maxillary expansion rather than the orthopedic effects of Clear Aligner Mandibular Advancement [CAMA] for sagittal Class II correction).

	35
	Fan et al., 2024
	Transforming Adolescent Smiles: Correcting Skeletal Mandibular Retrusion and Bimaxillary Protrusion with Clear Aligners
	Wrong study design (This is a single case report, which lacks the comparative group and statistical power required for inclusion in a systematic review or meta-analysis).

	36
	Bruni et al., 2024
	Efficacy of clear aligners vs rapid palatal expanders on palatal volume and surface area in mixed dentition patients: A randomized controlled trial
	Wrong intervention & Wrong outcome focus (The study evaluated Invisalign First for transverse maxillary expansion compared to rapid maxillary expanders [RME], rather than the sagittal orthopedic effects of CAMA for skeletal Class II correction).

	37
	Mirzasoleiman et al., 2024
	Evaluation of Mandibular Projection in Class II Division 2 Subjects Following Orthodontic Treatment Using Clear Aligners
	Wrong intervention (The study evaluated the passive unlocking of the mandible through dental movements, rather than the use of specific Mandibular Advancement [MA] features/precision wings for active orthopedic correction).

	38
	Cremonini et al., 2024
	A new functional approach to Class II treatment with clear aligners in growing patients
	Wrong study design (This is a clinical case report/series, which lacks the comparative control group and statistical data required for inclusion in a systematic review or meta-analysis).

	39
	Meng et al., 2024
	Orthodontic treatment of a patient with dentinogenesis imperfecta using a clear aligner system
	Wrong study design & Wrong patient population (A single case report focusing on an adult patient [28 years old] with dentinogenesis imperfecta and Class III malocclusion, rather than a comparative study of CAMA in growing Class II patients).

	40
	Moradinejad et al., 2024
	Effects of clear aligners on the vertical position of the molar teeth and the vertical and sagittal relationships of the face: a preliminary retrospective before-after clinical trial
	Wrong patient population & Wrong study design (The study was conducted on adults [mean age 33.6 years] rather than growing patients, and utilized a before-after design without a traditional functional appliance control group).



Table S3. Summary of characteristics of included studies and main findings
	Author
	Study design
	Sample Size, no. (Intervention/Control)
	Gender, no. (Males/Females)
	Mean (SD) Age, years
	Cervical Vertebral Maturation
	Intervention group
	Control group
	Mean (SD) interventionDuration, mo.

	Al Subaie 2024 [23]
	Retrospective

	70 (50/20)
	23/27; 13/7
	11.98 ± 2.18; 11.75 ± 1.59
	Not specified
	Invisalign with Mandibular Wings
	Untreated

	18.38 ± 5.05; 19.2 ± 9.85

	Behroozian 2025 [25]
	Randomized Clinical Trial
	60 (30/30)
	Not specified
	Not specified
	CVMS2-3
	Clear Twin Block 
	Traditional Twin Block
	6

	Caruso 2021 [30]
	Retrospective Controlled Study
	20 (10/10)
	5/5; 5/5
	10.0±1.03
	CVMS3
	Mandibular Advancement with clear aligners
	Traditional Twin Block
	Not specified

	Feng 2024 [31]
	Prospective Two-Centre Study
	75 (32/32/11)
	17/15; 16/16; 6/5
	12.38± 0.90; 11.17± 1.17; 10.06± 1.28
	CVMS1-2
	Modified Clear Twin Block 
	Traditional Twin Block; Untreated
	Not specified

	He 2024 [32]
	Retrospective
	24 (12/12)
	Not specified
	11.73± 0.33;
11.87± 0.34
	Not specified
	Clear Aligner 
	TTB
	12

	Hosseini 2024 [33]
	Retrospective Comparative Study
	40 (20/20)
	9/11; 9/11
	12.7 ± 1.8; 13.1±1.5
	CVMS2-4
	Clear Aligner Mandibular Advancement 
	Herbst
	14.4; 18.5

	Lombardo 2024 [26]
	Retrospective controlled clinical trial
	56 (21/35)
	9/12;
18/17
	11.2 ± 1.1; 12.0 ± 1.3;
	CVMS3
	Mandibular Advancement
	Traditional Twin Block; Untreated
	Not specified

	Sun 2022 [34]
	Retrospective comparative cohort study
	46 (23/23)
	11/12; 12/11
	12.07± 2.63; 15.25± 4.93
	Not specified
	A6 appliance
	Traditional Twin Block
	10.23 ± 3.27;
9.40 ± 4.23

	Wu 2023 [24]
	Retrospective study
	63 (MA:14, Vanbeek:14, Herbst:11, TB:12, Untreated:12)

	MA:12/2; Vanbeek:7/7; Herbst:4/7; TB:7/5; Untreated:7/5

	MA: 12.11±1.16; Vanbeek: 10.71±1.44; Herbst: 11.55±0.69; TB: 11.00±1.04; Untreated: 10.41±0.90
	CVMS2
	Mandibular Advancement with clear aligners
	Vanbeek Activator, Herbst, Traditional Twin Block,Untreated
	Vanbeek: 7.28 ± 2.30
Herbst: 10.18 ± 3.06
Traditional Twin Block: 10.16 ± 5.46
Mandibular Advancement with clear aligners: 22.84 ± 8.98
Untreated: 10.25 ± 3.74



Table S4. Treatment Protocol Details
	Author
	Pre-treatment Alignment
	Pre-treatment Arch Expansion
	Pre-treatment Anterior Intrusion
	Auxiliary Appliances Used
	Aligner Change Frequency
	Daily Wear Time
	Total Wear Time 
	Worn While Eating

	Al Subaie 2024 [23]
	No/Simultaneous
	Not specified
	No/Simultaneous
	No
	Not specified
	Not specified
	18.38 ± 5.06 mos
	No

	Behroozian 2025 [25]
	No
	Not specified
	No
	No
	Not specified
	Full-time wear
	6 mos
	No

	Caruso 2021 [30]
	No/Simultaneous
	Not specified
	No/Simultaneous
	No
	Not specified
	Not specified
	1.2 ± 0.5 yrs
	No

	Feng 2024 [31]
	No
	Not specified
	No
	No
	Not specified
	Full-time wear
	7.5 ± 0.7 mos
	No

	He 2024 [32]
	No/Simultaneous
	Not specified
	No/Simultaneous
	No
	Not specified
	Not specified
	1.5 ± 0.3 yrs
	No

	Hosseini 2024 [33]
	No/Simultaneous
	Not specified
	No/Simultaneous
	No
	Not specified
	Not specified
	11.8 ± 4.5 mos
	No

	Lombardo 2024 [26]
	No/Simultaneous
	Not specified
	No/Simultaneous
	No
	Not specified
	Not specified
	8.9 ± 2.2 mos
	No

	Sun 2022 [34]
	No/Simultaneous
	Not specified
	Yes
	No
	Not specified
	Not specified
	9.82 ± 3.52 mos
	No

	Wu 2023 [24]
	No/Simultaneous
	Not specified
	No/Simultaneous
	No
	Not specified
	Not specified
	11.5 ± 3.6 mos
	No



Table S5. Risk of bias assessment (RoB 2.0)
	Author(s)/y
	Bias arising from the randomization process
	Bias due to deviations from intended interventions
	Bias due
to missing data outcome
	Bias in measurement of the outcome
	Bias in selection of the reported result
	Overall assessment

	Behroozian 2025 [25]
	Some concerns
	High
	Low
	Low
	Some concerns
	High



Table S6. Risk of Bias Assessment (ROBINS-I)
	Author(s)/y
	Bias due to confounding
	Bias in selection of participants into the study
	Bias in classification of interventions
	Bias due to deviations from intended interventions
	Bias due to missing data
	Bias in measurement of outcomes
	Bias in selection of the reported result
	Overall assessment

	Al Subaie 2024 [23]
	High
	Moderate
	Low
	Moderate
	Low
	Low
	Moderate
	High

	Caruso 2021 [30]
	High
	Moderate
	Low
	Moderate
	Low
	Low
	Moderate
	High

	Feng 2024 [31]
	Moderate
	Moderate
	Low
	Moderate
	Low
	Low
	Low
	Moderate

	He 2024 [32]
	High
	High
	Low
	High
	Low
	Low
	Moderate
	High

	Lombardo 2024 [26]
	Moderate
	Moderate
	Low
	Low
	Low
	Low
	Moderate
	Moderate

	Hosseini 2024 [33]
	Moderate
	Moderate
	Low
	High
	Low
	Low
	Low
	Moderate

	Sun 2022 [34]
	High
	Moderate
	Low
	Moderate
	Low
	Low
	Low
	High

	Wu 2023 [24]
	High
	Moderate
	Low
	Moderate
	Low
	Low
	Low
	High
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