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Abstract—The prevalence of Class II malocclusion is common inorthodontic practice. 

Functional appliance therapy has become a generally accepted method to treat severe and 

moderate discrepancies of sagittal jaw relations in children. A variety ofdifferent functional 

appliances are available but their selection is of prime importance. The efficacy of functional 

appliances and changes produced by their application are still the subject of controversy. 

Functional appliances encompass a range of removable and fixed devices that are designed to 

create three-dimensional changes in the dentition and development of the jaws. This 

literature review attempts to summarize the skeletal and dentoalveolar changes produced by 

different functional appliances in Class II malocclusion with the help of recent databases 

(2000-2021). 
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I. Introduction 

The prevalence of Class II malocclusion is 

common in orthodontic practice. Mc Namara1 

reported mandibular retrusion as the most common 

characteristic of class II malocclusion. Class II 

division 1 malocclusions with mandibular 

deficiency have been treated with different type of 

functional appliances. 

Functional appliances have been used for over a 

century in themanagement of Class II malocclusion 

being proven to produce acombination of skeletal 

and dental effects during the treatment phaseto 

effectively reduce overjet in growing patients.  

A variety offunctional appliances are available that 

can be broadly categorized intoremovable 

functional and fixed functional appliances. An 

importantdiscriminating factor between the fixed 

functional and removablefunctional appliance is the 

need for patient compliance.However, the degree of 

skeletal versus dentoalveolar change thatunderlies 

these treatment effects is a source of debate. 

Despite theirlong history, functional appliances 

continue to be controversial in theiruse, 
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effectiveness and mode of action. Some researchers 

haveproposed that the Class II correction observed 

with functionalappliances was caused by headgear 

effect by restraining maxillarygrowth.2,3 While 

many of the researchers observed that there 

isstimulation of mandibular growth caused by 

forward positioning ofmandible.4,5 Anterior glenoid 

fossa remodeling and spontaneousanterior 

mandibular displacement that occurs after 

elimination of afunctional retrusion also have been 

cited as contributors to Class IIcorrection.6,7So, this 

review describes the current evidence based on 

various fixed functional appliances and removable 

functional appliances and its effects 

ondentoalveolar and skeletal pattern in Class II 

malocclusion. 

II. Removable Functional Appliances 

A. Activator  

It is a monoblock appliance which is given in 

actively growing individual with favourable 

(horizontal) growth pattern8. Ruf9 showed that there 

was increase in vertical effective condylar growth 

and decrease in sagittal effective condylar growth 

and increase in the vertical development of chin by 

activator therapy. Basciftci et al10showed that ANB 

angle was decreased and the bite was opened with 

reduction in overjet. Ramus height, corpus length, 

anterior and posterior face height all increased 

significantly. The activator appliance caused 

maxillary incisor lingual tipping and mandibular 

incisor labial tipping. The overjet was decreased as 

a result of the increased forward growth of the 

mandible and dentoalveolar changes. 

B. Bionator 

It is an activator derived appliance which enhances 

normal development. Almeida et al11,12 evaluated 

that there was no restriction to maxillary growth 

along with significant increase in mandibular 

length (Co-Gn) by with reduction in ANB angle. 

No significant change was observed in Lower 

AnteriorFacial Height (LAFH) while posterior face 

height (S-Go) was increased. Mandibular plane 

orientation (SN.GoMe) was unaffected while the 

palatal plane rotated significantly more clockwise. 

In dentoalveolar structures changes observed were, 

retroclination of maxillary incisors with 

proclination of mandibular incisors. The lower 

molars were extruded significantly morewhile no 

effect on maxillary molars was seen. It mainly 

producesdentoalveolar effect with a smaller 

skeletal effect.13 

C. Twin Block 

Ehsani et al14reported that maxilla showed a very 

minor restriction in growth while the mandible was 

projected slightly forward with the increase in 

mandibular and the anterior facial dimensions. 

“Headgear effect” was seen with twin block 

appliance as shown by Khan et al15 this appliance 

therapy restricts maxillary growth withmaxillary 

molar distalization. Mills and McCulloch16 and 

Baccetti et al17 attributed most of the overjet 

reduction to the mandibular skeletal changes.73 

percent of overjet correction was due to 

dentoalveolar changes in whichmolar correction 

contributed 59 percent. There was increase in 

mandibular growth with increased proclination of 

lower incisors, reduction of overjet and correction 

of molar relation.18 At the dental level, significant 

changes were identified with reduction in upper 

incisor proclination and increase in the lower 

incisorinclination.  

D. Frankel Appliance 

There was an improvement of the anteroposterior 

relationship between the maxilla and the mandible 

with no restriction to the growth of maxilla while 

redirecting mandibular growth.11,19,20Janson et al21 

suggested that increase in effectivemandibular 

length is due to an increase in mandibular body 

lengthrather than increase in ramal 

height.Retroclination and retrusion of the maxillary 
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incisors, without any forward movement of the 

maxillary first molars but mesialmovement and 

extrusion of the mandibular first molars were 

observedin addition to the skeletal effects of 

Frankel appliance.19,20,22 

E. Sander Bite Jumping Appliance 

Martina et al23reported that BJA did not appear to 

cause significant maxillary restraint.It produced 

significant increase in the mandibular length with 

51% of the molar relationship correction. It did not 

have a significant effect on the divergence of the 

jaws which aids in maximum advancement.Also, 

the correction of the overjet was due to the increase 

in mandibular length, to the slight pro-inclination 

of the lower incisors and the mild retro-inclination 

of the upper incisors.24 

 

III. Comparison Among Removable 

Functional Appliances 

Toth and McNamara25 reported that Twin Block, as 

compared to Frankel appliance, produced greater 

changes in regard to SNB and ANB angles and 

posterior tipping of the upper incisors. 

Furthermore, in comparison to Bionator, Twin 

Block was more effective in the treatment of Class 

II malocclusion.18 Most of the studies reported that 

the Sander Bite Jumping appliance to be the most 

effective appliance aiming to improve the 

mandibular length, followed by the Twin 

Block.26,27,28 Saima Nizar Hirji et al29 reported a 

significant increase in the mandibular length with 

RFA therapy with an increase in the vertical 

dimension in a short time using Twin-Block 

appliance therapy, followed by Bionator appliance 

therapy. In addition, Frankel appliance 

treatmenteffects are more skeletal in nature, with 

better control in the verticaldimension. However, it 

takes a more extended treatment duration toproduce 

similar effects. 

 

IV. Fixed Functional Appliances 

A. Herbst Appliance 

Most of the studies reported that significant amount 

of Class II correction was achieved by distal 

bodilymovement and tipping of the maxillary first 

molars combined with bodilyforward movement of 

the mandibular first molars.30,31,32Fan et 

al33evaluated that the principal skeletal effect of 

Herbst appliance treatment was due to additional 

gain at the condyles, which contributes to increase 

in the sagittal dimension that aids in Class II 

correction. 

B. Mandibular Protraction Appliance 

Jena et al34 reported that 38.50% of the molar 

correction was contributed by skeletal change due 

to MPA appliance therapy. Thus, the dentoalveolar 

changes have major contribution in Class II 

correction.Siqueira et al35reported that 

increasedpalatal movement of the upper incisors 

with increased proclinationof lower incisors.  

C. Mandibular Anterior Repositioning 

Appliance(MARA) 

Kulbersh et al36reported that this appliance 

restricted the maxillary growth whileno significant 

contribution to mandibular growth for Class II 

correction. However, Ardeshna et al37reported that 

maxilla had no significant headgear effect while the 

maxillary incisor position remained unchanged, 

whereas the distalization of molar was observed 

with increase in anterior lower facial height. 

Thikriat S. Al-Jewair38reported that the total 

mandibular dimensional change was more due 

tovertical development of mandible rather than the 

horizontal growth. 

D. Functional Mandibular Advancer (FMA) 

In a study, it was found that using the FMA in 

phase 1 therapy that did not incorporate the incisors 

into the treatment mechanics caused dentoalveolar 

changes to a lesser extent; thus, the treatment of 

Class II malocclusion resulted in more pronounced 
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mandibular skeletal changes.39The occlusion’s 

improvement in the sagittal dimension wasdue to 

overjet reduction while molar 

relationshipimprovement was achieved by a 

combination ofdental effects (distalization of upper 

teeth, mesialization of lower teeth)and skeletal 

effects (mandibular growth stimulation).40,41 

E. Jasper Jumper 

It effectively corrected Class II malocclusion, but 

the changes were 80% dentoalveolar. The 

appliance therapy had restrictive effect on the 

maxilla along with clockwise rotation of the 

occlusal plane.42,43Both the maxillary incisors and 

molars displayed controlled posterior tipping 

around their apices. There was significant intrusion 

of mandibular incisors that occurred with JJ 

therapy.There wasmild increase in lower anterior 

facial height with limitation on thevertical 

development of the maxillary molars; labial tipping 

and intrusionof the mandibular incisors along with 

extrusion of mandibular molars.43 

F. Forsus Nitinol Flat Spring 

Karacay et al44reported that 66% of the sagittal 

correction was accounted by dental effects. It was 

observed that mandibular length wasincreased to a 

lesser extent with significant posterior rotation in 

theocclusal plane. The maxillary and mandibular 

arches were expanded at the front and rear during 

treatment. It can be activated more on one side than 

on the other, so it excels at correcting midline 

deviations.The sagittal occlusal relations 

wereimproved by approximately 3/4 of a cusp 

width to the mesial on boththe right and left side as 

a result of distal movement of the uppermolars and 

mesial movement of the lower molars. 

Overjetreduction was found due to retrusion of the 

upper and protrusion of thelower incisors while 

intrusion and protrusion of the lower 

incisorsreduced the overbite. 45,46 

G. Eureka Spring 

Stromeyer et al47 reported that 10% of overjet 

correction was contributed by skeletal changes 

while 90% of correction occurred by dental 

compensation. There was neither an increase in the 

mandibular plane angle nor in anterior face height 

is notable. Molar movement was greater in the 

mandible (60%) than in the maxilla (40%). Change 

in the occlusal plane was observed as a result of 

maxillary molar and mandibular incisor intrusion 

with angular changes in the maxillary and 

mandibular incisors. 

H. Powerscope 

There was lengthening of the mandible with no 

restraining effect on maxilla.48 Although there were 

significant skeletal changes but dentoalveolar 

changescontributed mostly to correction of Class II 

relation. Kalra et al49 reported significant changes 

in skeletal parameters such as forward positioning 

of the mandible leading to improved Class II jaw 

base relationship. Also, significant changes were 

reported in dental parameters such as forward 

positioning of mandibular incisors, maxillary molar 

distalization andintrusion with reduction in overbite 

and overjet respectively. 

I. Advansync 

It had a continued restraining effect on maxillary 

growth “headgear effect”. Also, this appliance had 

short-term orthopedic effect on the maxilla and the 

mandible. It affects the skeletal and dentoalveolar 

craniofacial complex and are effective in 

normalizing the Class II malocclusion to Class I in 

patients treated during the skeletal growth 

spurt.50Al-Jewair et al51reported that treatment 

modalities resulted in reduction in the ANB angle 

and the angle of convexity and an increase in the 

anterior and posterior facial height. A significant 

clockwise rotation of the functional occlusal plane 

due to proclination of the mandibular incisors while 

mandibular molars erupted and drifted forward 
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with nonsignificant eruption and distalization of 

maxillary molars was reported. 

 

V. Comparison Among Fixed Functional 

Appliances 

Rigid fixed functional appliances provide better 

skeletal results than flexible and hybrid 

ones.52Flexible and hybrid appliances produce 

greater tooth movement during treatment, in 

comparison torigid ones as they are not moving the 

condyle from the mandibular fossa.53,54Cozza et 

al55showed that mandibular changes produced by 

Herbst appliance showed the highest coefficient of 

efficiency. In a survey study it was evaluated that 

51.5% orthodontistsused rigid fixed functional 

appliances, among them the most preferredwas the 

Herbst appliance with 72%response followed by 

Mandibular Anterior Repositioning 

Appliance(24%) and AdvanSync (4%).56 

 

VI. Fixed versus Removable Functional 

Appliances 

The Herbst appliance had the highest coefficient of 

efficiency (0.28 mm per month) followed by the 

Twin-block (0.23 mm per month). Both the 

bionator and the activator had intermediate scores 

of mandibular growth efficiency (0.17 and 0.12 

mm per month, respectively). The Frankel 

appliancehad the least efficiency (0.09 mm per 

month).55  Long term studies, i.e. 5–10 years 

follow-up, showed that themandible growth 

appears to return to its earlier pattern after 

treatmentand the reason for relapse was the 

changes in tooth position.57 

In accordance to SN Hirzi et al58, skeletal 

corrections achievedwith removable or fixed 

functional appliances seem to be overall stablein 

the long term while the dentoalveolar relapse is 

more frequent.Skeletal corrections, including 

mandibular elongation, may be achievedif 

treatment is performed during the pubertal growth 

phase.  

There is little evidence available, concerning the 

relative effectiveness of fixed and removable 

functional appliances or in relation to patient 

experiences and perceptions of these treatment 

modalities.59,60 

VII. Summary and Conclusion 

- Among the removable functional appliance Sanders 

Bite Jumping appliance was most effective for 

improving the mandibular length followed by Twin 

Block and Bionator. They are mostly associated 

with excessive vertical bite opening and produce 

interference with normal functions and mandibular 

movement,precluding their full-time use. 

- Among thefixed functional appliances, rigid fixed 

functional appliances providebetter skeletal results 

than flexible and hybrid ones. The most preferred 

rigid fixed functional appliances are Herbst 

appliance followed by MARA and AdvanSync. 

 

 

References 

[1] McNamara JA. Components of Class II malocclusion in children 
8- 10 years of age. Angle Orthod. 1981;51(2): 177-202. 

[2] Creekmore TD, Radney LJ. Frankel appliance therapy: 
orthopedicor orthodontic? Am J Orthod. Dentofacial 
Orthop.1983;83(2):89-108. 

[3] Schulof RJ, Engel GA. Result of Class II functional 
appliancetreatment. J.ClinOrthod. 1982;16(2):587-99. 

[4] Meikle MC. Remodelling the dentofacial skeleton: the 
biologicalbasis of orthodontics and dentofacial orthopedics. J 
Dent Res.2007;86(2):12-24. 

[5] Hagg U, Du X, Rabie A. Initial and late treatment effects 
ofheadgear- Herbst appliance with mandibular step-by-
stepadvancement. Am J Orthod Dentofacial Orthop. 
2002;122(2):477-85. 

[6] Barnouti ZP, Owtad P, Shen G, Petocz P, Darendeliler MA. 
Thebiological mechanisms of PCNA and BMP in TMJ 
adaptiveremodeling. Angle Orthod. 2011;81(2):91-9. 

[7] Graber T. Functional appliances Orthodontics: Current 
Principles and Techniques. 4th ed. St. Louis, MO: Elsevier 
Mosby.2005;4(1):493-542. 

[8] Alawadhi S, Bapat SM, Bhardwaj P. Removable Functional 
Appliances. Asian J Dent Res. 2016;1(1):34-57. 

[9] Ruf S, Baltromejus S, Pancherz H. Effective condylar growth 
and chin position changes in activator treatment: a 
cephalometric roentgenographic study. Angle Orthod. 
2001;71(1):4-11. 

[10] Faruk AyhanBasciftci, TancanUysal, Ahmet Büyükerkmen, 
Zafer Sari, The effects of activator treatment on the craniofacial 
structures of Class II division 1 patients, Eur J Orthod. 
2003;25(1):87–93. 



International Journal of Multidisciplinary Research and Explorer (IJMRE)   ISSN: 2833-7298 
 

https://doie.org/10.0525/IJMRE.2023201386                  Volume No. 3, Issue. 4, 2023  Page 28 

[11] De Almeida MR, Henriques JF, Ursi W. Comparative study of 
the Fränkel (FR-2) and bionator appliances in the treatment of 
Class II malocclusion. Am J OrthodDentofacOrthop. 
2002;121(5):458-66. 

[12] Almeida MR, Henriques JF, Almeida RR, Almeida-Pedrin RR, 
Ursi W. Treatment effects produced by the Bionator appliance. 
Comparison with an untreated Class II sample. Eur J Orthod. 
2004 ;26(1):65-72.  

[13] Jungbauer R, Koretsi V, Proff P, Rudzki I, Kirschneck C. 
Twentyyear follow-up of functional treatment with a bionator 
appliance: A retrospective dental cast analysis. Angle Orthod. 
2020;90(2):209-15. 

[14] Ehsani S, Nebbe B, Normando D, Lagravere MO, Flores-Mir C. 
Short-term treatment effects produced by the Twin-block 
appliance: a systematic review and meta-analysis. Eur J Orthod. 
2015;37(2):170-6. 

[15] Khan MI, Neela PK, Jaiswal AK, Ahmed N, Purkayastha A. 
Dentoskeletal effects of Twin Block appliance in patients with 
Class II malocclusion. Med. Pharm. Rep.2003;(4):20-47. 

[16] Mills, C.M. and McCulloch, K.J. Posttreatment changes after 
successful correction of class II malocclusions with the twin 
block appliance. Am J Orthod Dentofacial Orthop. 
2000;118(4),24–33. 

[17] Baccetti, T., Franchi, L., Toth, L.R. and McNamara, J.A., Jr 
Treatment timing for twin-block therapy. Am J Orthod 
Dentofacial Orthop. 2000;118(2),159–70. 

[18] Jena AK, Duggal R, Parkash H. Skeletal and dentoalveolar 
effects of Twin-block and bionator appliances in the treatment 
of Class II malocclusion: a comparative study. Am J Orthod 
Dentofacial Orthop. 2006 ;130(5):594-602. 

[19] Freeman DC, McNamara Jr JA, Baccetti T, Franchi L, Fränkel 
C. Long-term treatment effects of the FR-2 appliance of Fränkel. 
Am J Orthod Dentofacial Orthop. 2009; 135(5): 570–1. 

[20] Angelieri F, Franchi L, Cevidanes LH, Scanavini MA, 
McNamara Jr JA. Long-term treatment effects of the FR-2 
appliance: a prospective evalution 7 years post-treatment. Eur J 
Orthod. 2014; 36 (2):92-9. 

[21] Janson GR, Toruno JL, Martins DR, Henriques JF, De Freitas 
MR. Class II treatment effects of the Frankel appliance. Eur J 
Orthod. 2003;25(3):301-9. 

[22] Cevidanes LH, Franco AA, Scanavini MA, Vigorito JW, Enlow 
DH, Proffit WR. Clinical outcomes of Fränkel appliance therapy 
assessed with a counterpart analysis. Am J Orthod Dentofacial 
Orthop. 2003; 123(04):379-87. 

[23] Martina R, Cioffi I, Galeotti A, Tagliaferri R, Cimino R, 
Michelotti A, Valletta R, Farella M, Paduano S. Efficacy of the 
Sander bitejumping appliance in growing patients with 
mandibular retrusion: a randomized controlled trial. 
OrthodCraniofac Res 2013 ;16(2):116-26. 

[24] Faccioni P, De Santis D, Sinigaglia S, Zarantonello M, 
ZottiF,Pancera P, Iurlaro A, Finotti M, Marchiori M, Bazzanella 
S, Alberti C. Effects of the sander bite jumping appliance in 
patients with class ii malocclusion before growth peak. J 
BiolRegul Homeost.2020;34(6):1-7. 

[25] Toth LR, McNamara JA Jr. Treatment effects produced by the 
Twin-block appliance and the FR-2 appliance of Frankel 
compared with an untreated Class II sample. Am J Orthod 
Dentofacial Orthop. 1999;116(4):597-609. 

[26] Santamaría-Villegas A, Manrique-Hernandez R, Alvarez-Varela 
E, Restrepo-Serna C. Effect of removable functional appliances 
on mandibular length in patients with class II with 
retrognathism: systematic review and meta-analysis. BMC Oral 
Health. 2017;17(1):1-9. 

[27] Martina R, Cioffi I, Galeotti A, Tagliaferri R, Cimino R, 
Michelotti A, Valletta R, Farella M, Paduano S. Efficacy of the 
Sander bitejumping appliance in growing patients with 
mandibular retrusion: a randomized controlled trial. 
OrthodCraniofac Res 2013;16(2):116-26. 

[28] O‟Brien K, Wright J, Conboy F, et al. Effectiveness of early 
orthodontic treatment with the Twin-block appliance: a 
multicenter, randomized, controlled trial. Part 1: dental and 
skeletal effects. Am J Orthod Dentofacial Orthop. 
2003;124(3):234–43. 

[29] Hirji SN, Qamruddin I, Mudassar MA, Khurshid Z, 
AlamMK.Treatment of Class II Malocclusion with Removable 

Functional Appliances: A Narrative Review. Eur. J Dent. 
2021;5(2):34-78. 

[30] Yang X, Zhu Y, Long H, Zhou Y, Jian F, Ye N, Gao M, Lai W. 
The effectiveness of the Herbst appliance for patients with Class 
II malocclusion: a meta-analysis. Eur J Orthod. 2016;38(3):324-
33. 

[31] Phan KL, Bendeus M, Hägg U, Hansen K, Rabie AB. 
Comparison of the headgear activator and Herbst appliance—
effects and post-treatment changes. Eur J Orthod. 
2006;28(6):594-604. 

[32] Barnett GA, Higgins DW, Major PW, Flores-Mir C. Immediate 
Skeletal and Dentoalveolar Effects of the Crown-or Banded 
Type Herbst Appliance on Class II division 1 Malocclusion: A 
Systematic Review. Angle Orthod. 2008;78(2):361-9. 

[33] Fan Y, Schneider P, Matthews H, Roberts WE, Xu T, Wei 
R,Claes P, Clement J, Kilpatrick N, Penington A. 3D assessment 
of mandibular skeletal effects produced by the Herbst appliance. 
BMC oral health. 2020;20(1):1-9. 

[34] Jena AK, Duggal R. Treatment effects of twin-block and 
mandibular protraction appliance-IV in the correction of class II 
malocclusion. Angle Orthod. 2010;80(3): 485-91. 

[35] Siqueira DF, de Almeira RR, Janson G, Branda˜o AG, Coelho 
Filho CM. Dentoskeletal and soft-tissue changes with cervical 
headgear and mandibular protraction appliance therapy in the 
treatment of Class II malocclusions. Am J Orthod Dentofacial 
Orthop. 2007;131(3):21–30. 

[36] Pangrazio-Kulbersh V, Berger JL, Chermak DS, Kaczynski R, 
Simon ES,Haerian A. Treatment effects of the mandibular 
anterior repositioning appliance on patients with Class II 
malocclusion. Am J Orthod Dentofacial Orthop. 
2003;123(3):286-95. 

[37] Ardeshna A, Bogdan F, Jiang S. Class II correction in 
orthodontic patients utilizing the Mandibular Anterior 
Repositioning Appliance (MARA). Angle Orthod. 
2019;89(3):404-10. 

[38] Al-Jewair TS. Meta-analysis on the mandibular dimension 
effects of the MARA appliance in patients with Class II 
malocclusions. Angle Orthod. 2015 ;85(4):706-14. 

[39] Bozkurt AP, Aras I, Othman E, Aras A. Comparison of 2 
treatment protocols using fixed functional appliances in Class II 
malocclusion: Treatment results and stability. Am J 
OrthodDentofacOrthoped. 2020;157(4):474-80. 

[40] Kinzinger G, Diedrich P. Skeletal effects in class II treatment 
with the functional mandibular advancer (FMA)? J 
OrofacOrthop. 2005 ;66(6):469-90. 

[41] Aras I, Pasaoglu A, Olmez S, Unal I, Tuncer AV, Aras A. 
Comparison of stepwise vs single-step advancement with the 
functional mandibular advancer in Class II division 1 
treatment.AngleOrthod. 2017;87(1):82-7. 

[42] Kucukkeleş N, İlhan I, Orgun İA. Treatment efficiency in 
skeletal Class II patients treated with the Jasper jumper: a 
cephalometric evaluation. Angle Orthod. 2007;77(3):449-56. 

[43] Pupulim DC, Henriques JF, Freitas KM, Fontes FP, Fernandes 
TM. Class II treatment effects with fixed functional appliances: 
Jasper jumper vs. Forsus fatigue resistant device. 
OrthodCraniofac Res. 2021;(6):36-48. 

[44] Karacay S, Akin E, Olmez H, Gurton AU, Sagdic D. Forsus 
nitinol flat spring and Jasper jumper corrections of Class II 
division 1 malocclusions. Angle Orthod. 2006;76(4):666-72. 

[45] Heinig N, Goz G. Clinical Application and effects of the Forsus 
spring. J OrofacOrthop. 2001;62(6):436-50. 

[46] William V. A new fixed interarch device for class II correction. 
J Clin Orthod. 2003;379(1):36-41. 

[47] Stromeyer EL, Caruso JM, DeVincenzo JP. A cephalometric 
study of the Class II correction effects of the Eureka Spring. 
Angle Orthod. 2002;72(3):203-10. 

[48] Malhotra A, Negi KS, Kaundal JR, Negi N, Mahajan M, 
ChaintaD.Cephalometric evaluation of dentoskeletal and soft-
tissue changes with Powerscope Class II corrector. J Indian 
Orthod. Soc. 2018 ;52(3):167-73. 

[49] Kalra A, Swami V, Bhosale V. Treatment Effects of" 
PowerScope" Fixed Functional Appliance–a Clinical Study. 
Folia Med. 2021;63(2):253-63. 

[50] Ghaffar F, Jan A, Akhtar O, Mughal AT, Shahid R, Shafique 
HZ, Bibi K, Mehmood S, Afgan N, Zaheer R. Comparative 



International Journal of Multidisciplinary Research and Explorer (IJMRE)   ISSN: 2833-7298 
 

https://doie.org/10.0525/IJMRE.2023201386                  Volume No. 3, Issue. 4, 2023  Page 29 

Analysis of Dentoskeletal Changes of the Twin Block Appliance 
and the AdvanSync2 Appliance in Treatment of Skeletal Class-
II Malocclusion in Pakistani Population: A Randomized Clinical 
Trial.Eur. J Dent. 2021;2(1):56-67. 

[51] Al-Jewair TS, Preston CB, Moll EM, Dischinger T. A 
comparison of the MARA and the AdvanSync functional 
appliances in the treatment of Class II malocclusion. Angle 
Orthod. 2012;82(5):907-14. 

[52] Moro A, Borges SW, Spada PP, Morais ND, Correr GM, 
Chaves CM, Cevidanes LH. Twenty-year clinical experience 
with fixed functional appliances. Dental Press J Orthod. 2018 
;23(6):87-109. 

[53] Zymperdikas VF, Koretsi V, Papageorgiou SN, Papadopoulos 
MA. Treatment effects of fixed functional appliances in patients 
with Class II malocclusion: a systematic review and meta-
analysis. Eur J Orthod. 2016;38(2):113-26. 

[54] Ishaq RA, AlHammadi MS, Fayed MM, El-Ezz AA, Mostafa Y. 
Fixed functional appliances with multibracket appliances have 
no skeletal effect on the mandible: A systematic review and 
metaanalysis.Am J Orthod Dentofacial Orthop. 
2016;149(5):612-24. 

[55] Cozza P, Baccetti T, Franchi L, De Toffol L, McNamara Jr JA. 
Mandibular changes produced by functional appliances in Class 
II malocclusion: a systematic review. Am J Orthod Dentofacial 
Orthop. 2006 ;129(5):599-620. 

[56] Borghei S, Broadbent J, Stevens R, Chaudhry K, Subramani K. 
Orthodontists' preference on type of rigid fixed functional 
appliance for skeletal Class II correction: A survey study. J Clin 
Exp Dent. 2020;12(10):958-63. 

[57] Shen G, Hägg U, Darendeliler MA. Skeletal effects of bite 
jumping 

[58] therapy on the mandible–removable vs. fixed functional 
appliances. OrthodCraniofac Res. 2005;8(1):2-10. 

[59] Moro A, Mattos CFP, Borges SW, Flores-Mir C, 
TopolskiF.Stability of Class II corrections with removable and 
fixed functional appliances: A literature review. J World Fed 
Orthod. 2020;9(2):56-67. 

[60] Madurantakam P. Fixed or removable function appliances for 
Class II malocclusions.J. Evid. Based dent. 2016;17(2):52-3. 

[61] Pacha MM, Fleming PS, Johal A. A comparison of the efficacy 
of fixed versus removable functional appliances in children with 
Class II malocclusion: A systematic review. Eur J Orthod. 2016 
;38(6):621-30. 

[62] Vaid NR, Doshi VM, Vandekar MJ. Class II treatment with 
functional appliances: a meta-analysis of short-term treatment 
effects. Semin Orthod. 2014;20(6): 324-38 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


