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Skeletal and dental effects of a novel application of the MARA appliance in adolescent 

patients with Class II malocclusions. 

Garrett Rand Criswell, DDS, MBA 

Purpose:  The objectives of this study were to test the hypotheses that there is no 
significant increase in mandibular growth, no significant inhibition of maxillary growth, 
no significant relationship between mandibular inclination and mandibular growth, and 
no significant molar changes in patients treated with the MARA appliance compared to 
subjects who had no treatment intervention.    
 
 Methods:  This is a retrospective longitudinal study of early adolescents with Class II 
malocclusions treated concurrently with the Mandibular Anterior Repositioning 
Appliance (MARA) and fixed Edgewise appliances over an extended duration (mean 3.5 
years).  The study was based on successive lateral cephalometric headfilms of 17 
individuals (10 females and 7 males) from a private orthodontic office and on 9 control 
subjects matched for age, malocclusion, skeletal makeup and adequate records.   
 
Results:  The findings in this study show that concurrent MARA and fixed Edgewise 
appliance treatment did not result in any statistically significant difference in 
mandibular length (Ar-Pg), mandibular prognathism (SN-Pog), or maxillary position 
(SNA)  when compared to the control group either for T1-T2 (mean 13 months) or 
during the overall period from T1-T3.  During the course of treatment, the mandibular 
inclination and lower anterior facial height increased significantly.  Pretreatment 
mandibular inclination did not have any measurable influence on the change in 
mandibular length or mandibular prognathism.  Compared to controls, the maxillary 
molars experienced more distal tip and restricted forward movement, while the 
mandibular molars moved forward and extruded more, though none were statistically 
significant.  

Conclusions:  Treatment of Class II malocclusions with the concurrent use of the MARA 
and Edgewise appliances for an extended duration of time did not result in any 
statistically significant skeletal effects on the maxilla or mandible except for increasing 
the mandibular inclination and lower anterior facial height.   The Class II malocclusion 
was effectively treated to a Class I occlusion in all subjects with the use of the MARA and 
Edgewise appliances largely through dental changes and some skeletal changes that 
were individually not statistically significant.  There was significant individual variation in 
response to treatment.      
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INTRODUCTION 

 

Edward Angle was the first to define the different classes of occlusions based on the 

relationship of the maxillary and mandibular first molars to one another.1  The Class II 

  

occlusion, according to Edward H. Angle, is when “Relative mesio-distal relations of the 

dental arches are abnormal; all the lower teeth occluding distal to normal, producing 

very marked lack of harmony in the incisive region and in the facial lines.”  This 

occlusion is characterized by the mesio-buccal cusp of the maxillary first molar occluding 

mesial to the buccal groove of the mandibular first molar (Figure 1).   

Within the Class II malocclusion, there are two divisions.  The Class II Division 1 

malocclusion is commonly referred to as an “overbite”, in which the maxillary incisors 

are protrusive, proclined and anterior to the mandibular incisors.  The Class II Division 2 

malocclusion has the similar molar relationship, but the maxillary central incisors are 

retroclined, and the maxillary lateral incisors are protrusive and proclined.  

Figure 1: Dental cast showing a Class II 

malocclusion with protrusive incisors.               

Taken from Dental Cosmos1899.
1
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The Class II occlusion, or malocclusion, is very common in the United States and occurs 

in roughly one third of the American population.2,3 Moreover, results from the third 

National Health and Nutrition Examination Survey (NHANES III) show that 38% of the 

American population has an overjet between 3-4 mm and 15% have an overjet greater 

than 4 mm, with the frequency about equal among white, black, and Hispanic 

populations.4-6 Excessive overjet is frequently associated with the Class II malocclusion, 

a malocclusion that is commonly treated in the orthodontic office.    

 

Etiology of Class II Malocclusions 

The Class II malocclusion was originally based solely on the molar relationship without 

consideration for the relationship of the facial components.  The Class II malocclusion 

has since been associated with the underlying discrepancy and is now currently divided 

into those that are primarily dento-alveolar in origin and those that are primarily 

skeletal in origin due to the jaw relationship. The focus of this project is on Class II 

malocclusions that are primarily of skeletal origin and the result of a retrognathic 

mandible with a normal or protrusive maxilla. 

 

Several studies have tried to determine whether a protrusive maxilla or a retrusive 

mandible is the main cause of a Cl. II malocclusion in most cases, and have had mixed 

findings.7-14  Drelich in 1948, compared cephalometric measurements of patients with 

Class II Div.1 malocclusions to patients with Class I occlusions and found that patients 
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with Class II malocclusions had a greater facial convexity, with a posteriorly positioned 

chin and/or a more anterior position of point A.7  Additionally, Rothstein and Yoon-

Tarlie determined that, “The maxillary first permanent molar in Class II, Division 1 

malocclusion is more mesially positioned and the anterior segment of the maxilla is 

more protrusive and superiorly positioned.  The mandible…was found to be identical to 

those of the control subjects in size, form and position for both genders...”8  Contrary to 

these findings, other investigators have reported that the maxilla was either in a normal 

position or even slightly retrusive in patients with Class II malocclusions.  Riedel, in 1952, 

found no difference in maxillary position compared to Class I patients, but the mandible 

was retrognathic, however, “It had a tendency to grow forward with age.9”   Hunter, in 

1967, found that “Class II patients generally had a smaller mandible that was posteriorly 

positioned relative to the maxilla and the cranial base, when compared to their Class I 

counterparts.”  He measured mandibular body length to be 3.7 mm shorter, on 

average.10   Harris confirmed Hunter’s findings and concluded that the mandible is 

smaller in patients with Class II malocclusions.11  Additionally, Hitchcock, in 1973, found 

that the maxilla was in a normal anterior-posterior position, and that the mandible was 

retrognathic in patients with Class II malocclusions.9,10,12 

 

 Other researchers have found that the maxilla is even slightly retrusive in patients with 

Class II malocclusions.  Henry, in 1957, found an average Sella-Nasion-Point A angle 

(SNA) of 78.8o, with the mean being 82o.  Additionally, he found that some patients with 

Class II malocclusions had a mandibular size deficiency whereas others had normal size 
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and shaped mandibles that were retruded due to a posterior displacement in the 

glenoid fossa in relation to the cranial base.13  It seems that depending on which study is 

evaluated, the maxilla can either be retrusive, normal, or protrusive in patients with 

Class II malocclusions.  McNamara, in 1981, studied 277 untreated children with Class II 

malocclusions between the ages of 8-10 years, and found that patients with Class II 

malocclusions exhibit wide variation in maxillary position.14  He reported that the 

majority of patients (47-65%) had the maxilla in a neutral position in relation to the 

cranial base.  In about a quarter of the patients (23-39%), however, the maxilla was 

retrusive.  In only 10-15% of the patients the maxilla was protrusive.  Additionally, the 

majority of individuals (60%) showed mandibular skeletal retrusion, while only 24% 

were “ideal” and 16% showed mandibular protrusion.14   

 

FUNCTIONAL APPLIANCES 

“Functional appliances” are orthopedic appliances originally designed to influence the 

peri-oral musculature that affects facial growth.15  Functional appliances have been 

around since the beginning of the 20th century. Some of these appliances are 

removable while others are fixed to the dentition.  There have been numerous designs 

and approaches to these appliances, but all essentially are based on holding the 

mandible in a forward position.  This postural position is thought to increase the activity 

of the masticatory muscles of the craniofacial complex, leading to changes in both 

skeletal and dental relationships.16,17    
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Whether or not this adaptive growth actually occurs, and whether or not it ultimately 

produces a clinically significant increase in mandibular length, has been at the heart of 

the functional appliance debate for decades.   Several studies on monkeys using 

protrusive appliances have shown that forward positioning of the mandible does, in 

fact, result in an initial increase in mandibular growth of 5-6 mm.18,19  This concept has 

further been supported by histologic studies that showed that there are significant 

cellular increases in the pre-chondroblastic growth layers of the posterior and superior 

condylar head during forward displacement of the mandible. 20,21  In animal 

experiments, it has further been shown that the proliferation of chondrocytes in the 

condylar cartilage increases, and that there is bone deposition in posterior region of the 

glenoid fossa.22,23  

 

Though growth acceleration of the mandible has been well documented in monkeys, 

similar experiments in humans have produced mixed results.  Most clinical studies 

suggest that the use of functional appliances may result in the length of the mandible 

increasing over the short-term, though others have questioned that idea.24-27  Several 

reports have examined the long term stability of early orthopedic changes obtained by 

functional appliances.28-30   In a long-term study on the effects of the Herbst appliance 

by Pancherz, in 1990, he concluded that although these appliances did in fact produce 

increases in condylar and mandibular growth both macroscopically and histologically, 

the growth seemed to not be significantly different from the controls when measured 

three years later.30   Instead of producing a permanent increase in mandibular length, 
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the Herbst appliance seemed to accelerate the rate of growth temporarily but not the 

final amount of growth, as the controls eventually reached similar mandibular 

lengths.31,32 Thus, some opponents of functional appliances indicate that there is no 

increased growth beyond that expected by normal growth.  One explanation may be 

that protraction of the mandible produces a physiological state that is outside the 

confines of the normal musculature and surrounding tissue equilibrium.  Over time, the 

soft tissue gradually produces a restraining force on the mandible and it rebounds back 

to its normal state of equilibrium.   

 

Despite the controversy regarding whether or not functional appliances enhance 

mandibular growth, functional appliances are still widely used because they facilitate 

the correction of a Class II malocclusion.  Vargervik studied the use of the Harvold-

Woodside Activator appliance on patients in the mixed dentition and determined that it 

can predictably correct a Class II molar relationship, and correct the overjet, by reducing 

the forward growth of the maxilla and influencing the dento-alveolar development.15  

Whether or not the process increased mandibular growth could not be determined.  

Vargervik suggested the possibility that multiple small or inconsistent changes in several 

areas of the craniofacial structures could combine to ultimately facilitate the correction 

of the Class II malocclusion.   
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The Vertical Dimension and Class II Malocclusions 

The correction of Class II malocclusions in adolescent patients is typically the result of 

tooth movement and a favorable skeletal response to the orthodontic treatment.  Björk 

found a trend of decreasing facial convexity over time, with the mandible becoming 

more prognathic than the maxilla during the adolescent years.33,34  In order to facilitate 

the most favorable mandibular response during this time of increasing prognathism, 

controlling any vertical interference that may redirect the growth direction will be 

important.  Some investigators advocate maintaining or even reducing the lower 

anterior facial height as a way to successfully control the vertical dimension and 

facilitate correction of a Class II malocclusion.35   The lower anterior facial height is 

largely affected by the amount of molar extrusion.  Extrusion of the molars can greatly 

influence the direction of mandibular growth, since extrusion of the molars will result in 

a down and backward rotation of the mandible.  Thus, controlling the vertical position 

of the molars may be the most important factor determining favorable mandibular 

growth in patients with Class II malocclusions and moderate to high mandibular 

inclinations.36,37    

 

The Mandibular Anterior Repositioning Appliance (MARA) 

The Mandibular Anterior Repositioning Appliance (MARA) is the most recent fixed 

functional appliance to become commercially available through Allese Orthodontic 

Appliances (AOA) (Sturtevant, WI).  The MARA is the result of extensive development 

and testing by Douglas Toll of Germany and James Echkart of California.38  The MARA 
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has a low profile, affixed only to the permanent first molars (Figure 2).  When the 

patient tries to bite together the fixed lower arms of the appliance interfere with closing 

and guide the patient to posture forward towards a Class I relationship.   The maxillary 

parts of the appliance consist of stainless steel crowns on the first molars with tubes  

 

 

soldered to the outside surface.  Currently, there are small wire extensions that rest on 

the biting surface of the second molars to prevent these teeth from over-erupting too 

much while the appliance is in.  However, these extensions were not in place for treated 

subjects in this study.  Pieces called "elbows" slide into the tubes on the sides of the 

stainless steel crowns and are attached to the crown using an elastic band.  The 

mandibular pieces consist of stainless steel crowns on the first molars with loops 

soldered to their outside surface. The loops serve as guides so that the elbows contact 

to guide the lower jaw forward. A side effect of the elbows pushing on the loops is that 

the lower first molars may rotate inward.  To prevent this from happening, a wire 

(lingual arch) connects the two crowns of the mandibular first molars.  Without the 

Figure 2: Lateral view of the MARA affixed to 1
st

 molars. Image taken from www.aoalab.com 



9 
 

elbows in place, the lower jaw can close into its normal position.  With the elbow in 

place, the lower jaw is guided forward.  This appliance can be worn in conjunction with 

full fixed appliances.  The appliance is fixed, thus making patient compliance irrelevant.  

The MARA can provide precise incremental movements of the mandible by the insertion 

of selected shims of varying lengths.   

 

The MARA is similar in function to the Herbst appliance.  However, unlike the Herbst 

appliance, it offers more pleasing esthetics and comfort due to the fact that it located in 

the posterior part of the mouth. Furthermore, there is no plunger arm extending 

anteriorly to the canine region, as there is in the Herbst appliance.  Additionally, 

problems with disengagement do not occur, and breakage from lateral mandibular 

movements occurs less frequently.39  The MARA has several advantages over the Herbst 

appliance.  The MARA can be used in conjunction with full fixed edgewise appliances 

since arch wires can be inserted through the MARA.  The possibility of using the MARA 

and edgewise appliance at the same time may also significantly reduce treatment time. 

The traditional two-phase treatments, with an initial phase of orthopedic correction 

followed by a second phase of full edgewise appliances, can be combined into one 

treatment phase when using the Mara appliance.  This approach may delay the onset of 

treatment until a later age as the clinician waits until the patient is ready for Phase II 

comprehensive orthodontic treatment, and thus delay the implementation of 

orthopedic modification.  However, this approach may lend itself to better retention of 

any orthopedic correction that was obtained.  Pancherz states that “mixed dentition 
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treatment is not recommended, as a stable cuspal interdigitation after therapy is 

difficult to achieve and relapse is prone to occur.”29  Instead, Pancherz recommends 

Herbst appliance treatment in the pubertal and even post-pubertal periods, when 

maximal intercuspation can be obtained with the permanent dentition.  This 

recommendation also works well with the possibility of using the MARA concurrently 

with the Edgewise appliance.39     

 

Additionally, since the MARA is only fixed to the first permanent molars, the appliance 

can be left in place after the Edgewise appliances have been removed.  This active form 

of retention may help retain the Class II correction achieved during MARA/Edgewise 

phase of treatment.   

 

Hypothesis 

It is the aim of this study to test the following hypothesis: 

1) There are no significant changes in mandibular growth and no significant 

retardation of maxillary growth in patients treated with the MARA appliance 

compared to subjects who had no treatment intervention.  

2) There is no significant relationship between the degree of pretreatment 

mandibular inclination and growth of the mandible. 

3) There are no significant molar changes in patients treated with the MARA 

appliance compared to subjects who had no treatment intervention. 
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Purpose 

To evaluate the skeletal and dental effects of the MARA appliance when used in 

conjunction with fixed Edgewise appliances and an extended treatment time.   

 

Specific Aims 

1.  To assess if the appliance and treatment protocol promote mandibular growth. 

2. To assess if the appliance and treatment protocol result in restriction or 

redirection of maxillary growth. 

3. To assess the relationship between mandibular inclination, vertical position of 

the molars and mandibular growth when influenced by the appliance and 

treatment protocol.  

4. To assess the net skeletal and dental effects resulting from the appliance and 

treatment protocol that contribute to correcting a Class II malocclusion. 

 

MATERIALS and METHODS 

Subjects 

This is a retrospective longitudinal study of treatment with the Mara appliance and fixed 

Edgewise appliances based on successive lateral cephalometric headfilms. The material 

consisted of headfilms and study casts of 17 individuals (10 females and 7 males) from a 

private orthodontic office.  The female subjects on average began treatment at age 11.7 

years, about a year young than the male subjects, who began treatment at an average 

age of 12.8 years.  The combined average age of the subjects was 12 years 0 months, 
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with a range between 10.1 and 14.8 years.  After Cephalometric analysis of the female 

and male subjects before treatment it was clear that there were no significant 

differences in their facial morphology so they were combined into one group for further 

analysis (Table 1).  The treatment progress was followed by taking lateral headfilms 

before, during, and after active treatment.  All individuals were treated by one 

orthodontist following the same treatment protocol for everyone. 

Table 1: Pretreatment similarities between females and males in MARA group.  
*Statistically significant at p<0.05 

Pretreatment Cephalometric Measurements for MARA Patients Females and Males 

Sagittal                                                Female n=10                                     Male n=7 

Skeletal      Mean                    SD      Mean                     SD      Sign.* 

SNA (°)  81.11 3.4 82.05 4.56 0.66 

SNB (°)  75.98 3.36 76.07 3.81 0.96 

SNPog (°)  77.53 3.82 76.99 3.55 0.77 

ANB (°)  5.14 1.45 5.98 1.31 0.23 

ANPog (°)  3.59 1.80 5.06 1.57 0.09 

Pog-Ar(mm) 104.52 6.84 104.79 4.14 0.92 

SNP-A(mm)  60.90 5.49 63.16 5.24 0.41 

SNP-B(mm)  48.29 7.38 49.02 7.48 0.84 

                 Dental 

SNP-U6(mm)  31.68 5.94 32.16 5.38 0.86 

SNP-L6(mm)  29.18 6.21 29.06 4.60 0.96 

SN to U6 (°) 69.57 4.39 68.90 3.79 0.74 

Vertical                                                 Female n=10                                     Male n=7 

Skeletal Mean   SD Mean      SD       Sign. 

SN to ML (°)  30.33 5.68 32.61 5.70 0.43 

SN to ANS-PNS (°)  8.98 3.42 7.09 2.66 0.22 

ANS-Me(mm) 63.32 6.56 67.83 4.95 0.13 

Ar-Go (mm) 43.96 1.99 43.49 0.81 0.51 

               Dental 

SN-U6(mm)  72.05 4.41 74.30 2.04 0.18 

SN-L6(mm)  69.48 4.37 72.02 2.14 0.14 
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To distinguish between growth and treatment changes, an untreated control sample 

with Class II malocclusions was obtained and the measurements were compared to the 

treatment group.  A total of nine untreated control subjects, matched for age, skeletal 

makeup and records, were obtained.  Six subjects came from the Michigan Growth 

Study and three from the Mathew’s Growth Study out of the University of the Pacific 

Arthur A. Dugoni School of Dentistry. 

 

The subjects included in this study had no previous orthodontic and had a Class II molar 

occlusion.   The pretreatment cephalometric measurements for the MARA group and 

the control group can be seen in Table 2. 

 

Application of the MARA Appliance 

It was the treating orthodontist’s belief that traditional treatment protocols for 

functional appliances did not hold the mandible in a protracted state long enough for 

the musculature, joints, and surrounding tissues to reach a state of equilibrium.  His 

protocol, therefore, required that the appliance be used for an extended period of time.  

The total average treatment time (Edgewise appliances and MARA) for all subjects was 3 

years and 2 months ± 9 months.  The average treatment time with the MARA was 3 

years 5 months ± 12 months.  A Class I occlusion was obtained in all patients at the end 

of active treatment.   
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Pretreatment: MARA  Patients compared to Control Patients 
Sagittal                                                  MARA n=17                                 Controls n=9 

Skeletal Mean SD Mean   SD     Sign.* 

SNA (°)  81.50  3.81 82.40  2.98 0.566 

SNB (°)  76.02  3.44 76.20  3.00 0.906 

SNPog (°)  77.31  3.60 76.50   2.82 0.578 

ANB (°)  5.48 1.41 6.20   1.71 0.283 

ANPog (°)  4.19 1.82 5.80  2.09 0.049 

Pog-Ar(mm) 104.63  5.73 107.60   5.41 0.212 

SNP-A(mm)  61.33 5.35 63.5 7.58 0.529 

SNP-B(mm)  47.97 7.19 49.20 9.25 0.844 

Dental 

SNP-U6(mm)  31.55 5.55 33.5 7.24 0.538 

SNP-L6(mm)  28.94 5.44 31.30 7.23 0.402 

SN to U6 (°) 69.24 4.04 71.1 4.27 0.287 

Vertical                                                  MARA n=17                                    Controls n=9 

Skeletal       Mean                     SD      Mean                      SD      Sign.* 

SN to ML (°)  31.27  5.63 36.50   5.17 0.029 

SN to PP (°)  8.20  3.19 6.10  4.34 0.2172 

ANS-Me(mm) 65.18   6.21 70.80  6.50 0.040 

Ar-Go (mm) 43.77 1.59 45.05 5.26 0.494 

Dental 

SN-U6(mm)  72.48 3.71 74.00 5.10 0.548 

SN-L6(mm)  70.05 3.76 71.2 4.82 0.717 

Table 2: Comparison of Cephalometric measurements between MARA group and control 
group. *: Statistically significant at p<0.05 
 

 

Treatment Protocol 

Once identified, individuals were informed that their records would be used for research 

purposes and they signed an informed consent form before treatment was initiated.  All 

patients were treated non-extraction with Edgewise appliances and the MARA 
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appliance.  In all but one patient, the Edgewise appliances were placed first, followed by 

an average of 3.3 months.   The MARA was then placed and the patient was treated 

concurrently with Edgewise appliances and the MARA appliance.   Once the patient was 

sufficiently treated to a Class I occlusion and active treatment with Edgewise appliances 

was completed, the Edgewise appliances were removed and the MARA was left in place 

for an average of 11 months.  Lateral headfilms were taken before treatment (T1), one 

year after MARA delivery (T2), and at the time of MARA removal (T3).   

The mean ages and range at the time intervals were: 

 T1:   12.0 years Range 10.1 years to 14.8 years 

 T2:   13.8 years  Range 11.8 years to 17.0 years 

 T3:   16.2 years  Range 14.4 years to 20.4 years 

 

The average age of the controls at each time points were: 

 T1:   12.5 years  Range 11.5 years to 13.8 years 

 T2:   14.1 years  Range 13.2 years to 14.9 years 

 T3:   15.3 years  Range 14.0 years to 16.8 years 

 

 

The lateral headfilms were analyzed by computer using the TIOPS 2005 software (Total 

Interactive Orthodontic Planning Software, Aarhus, Denmark).  The TIOPS program is 

designed for cephalometric morphological analysis and for analysis of growth and 

treatment.  Additionally the TIOPS 2005 program allows for detailed analysis of 

treatment outcomes including the dental changes in all three dimensions using 

occlusograms.40,41  In an attempt to decrease the patient radiation exposure, KVp 

settings were reduced during the taking of the cephalograms and as a result the images 

were of inferior quality and too difficult to visualize and digitize on the computer 
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monitor.  Instead, the individual headfilms were traced on matte acetate and then 

scanned and entered into the TIOPS2005 program for analysis.  The tracings were 

checked for accuracy by another examiner before being scanned.  To ensure correct 

magnification each image was scanned with a millimeter ruler next to the image, which 

enabled the software program to correct for any magnification during the scanning and 

digital uploading process.  The scanned images were then uploaded into the TIOPS2005 

program.  Once incorporated into the program, the traced images were digitized (Figure 

3), all measurements were calculated by the program, and successive films were 

superimposed.         
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Measurements    

The cephalometric analysis was performed using the computer program TIOPS 2005 

with a special regimen or point sequence, designed for this.  There were a total of 16 

measurements, including 11 skeletal measurements and 5 dental measurements (Table 

3, Figure 4).      

 Cephalometric Measurements 
      Sagittal  Description 

Skeletal  

SNA (°)  Maxillary protrusion  

SNB (°)  Mandibular apical base position 

SNPog (°)  Mandibular prognathism 

ANB (°)  Sagittal apical base relationship 

ANPog (°)  Sagittal jaw relationship  

Pog-Ar(mm) Linear distance from Pogonion to Articulare—Mandibular length 

SNP-A(mm)  Linear distance from NSP line to A point  

SNP-B(mm)  Linear distance from NSP line to B point  

Dental  

SNP-U6(mm)  Linear distance from NSP line to upper first molar mesial most prominent 

surface SNP-L6(mm)  Linear Distance from NSP line to lower first molar mesial most prominent 

surface SN to U6 (°) Angle NSL and axis of upper first molar--Maxillary molar inclination to 

cranial base Vertical        Description  

Skeletal  

SN to ML (°)  Mandibular plane inclination 

SN to PP (°)  Maxillary inclination—PP measured as ANS-PNS 

ANS-Me(mm) Linear distance from ANS to Mention—Anterior lower facial height 

Ar-Go (mm) Linear distance from Articulare to Gonion—Posterior facial height 

Dental  

SN-U6(mm)  Linear distance from NSL to upper first molar mesial tip 

SN-L6(mm)  Linear distance from NSL to lower first molar mesial tip 

Table 3: Description of cephalometric measurements. 
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Figure 4: A: Sagittal measurements from line perpendicular to SN at S to cusp tips of first 

molars and point A and B.     B: Vertical measurements from SN downward 
perpendicularly to cusp tips of first molars.  

 

The lateral headfilms were traced and digitized by the same clinician.  The effects of 

facial growth and treatment were evaluated through angular and linear measurements, 

as well as superimposition of the individual headfilms at stage T1, T2 and T3 performed 

on the computer screen.  Due to the fact that an Edgewise appliance was being used 

together with the MARA appliance, the changes in incisal position is expected to be 

highly variable since the Edgewise appliance on its own may have a considerable effect 

on the inclination of these teeth.  Therefore, only the vertical and sagittal molar 

positions were analyzed and used to analyze the degree of dental response in the MARA 

group.   

A B 
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Intra examiner reliability was assessed by replicate measurements of all three time 

points on 10 randomly selected patients. Differences between repeated measurements 

showed no statistically significant differences.   

 

Superimpositions 

After the cephalometric measurements were calculated, the lateral headfilms were 

superimposed on stable structures in the anterior and median base on the computer 

display in order to evaluate the overall changes and development of the craniofacial 

complex.  The tracings were oriented according to a “best fit” strategy using the 

following structures: (1) the contour of the anterior wall of sella turcica, (2) the anterior 

contours of the middle cranial fossa, (3) the intersection of the lower contours of the 

anterior clinoid process and the contour of the anterior wall of sella, (4) the inner 

surface of the frontal bone, (5) the contour of the cribiform plate, and (6) the inner 

contour of the frontal bone.33   

 

Mandibular superimpositions, on stable structures in the mandible,42,43 were used to 

measure the true mandibular rotation, mandibular dental movements (eruption and 

migration), and amount of condylar growth.  Mandibular superimposition of the 

timepoints T1, T2 and T3 was done on the following structures: (1) the anterior contour 

of the chin, (2) the inner contour of the cortical plate at the lower border of the 

symphysis, (3) distinct trabecular structures in the symphysis, and (4) the contour of the 

mandibular canal.43 On the initial headfilms for each patient an arbitrary reference line 
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was traced from within the symphysis to below the mandibular canal. This line was then 

transferred to the subsequent headfilms in a series after superimposing on the stable 

structures.  

 

 Maxillary superimposition, on stable structures in the maxilla,42 was used to measure 

the true maxillary rotation, maxillary dental movements (eruption and migration), and 

the amount of maxillary growth.  Maxillary superimposition of the timepoints T1, T2 and 

T3 was done on the anterior contour of the zygomatic process, accounting for 

apposition on the orbital floor and resorptive lowering of the nasal floor at the ratio of 

3:2 between apposition and resorption, as described by Nielsen.42,44  On the initial 

headfilms of each patient an arbitrary reference line was traced through the zygomatic 

process, along a line connecting the anterior nasal spine to Sella.  This line was then 

transferred to the subsequent headfilms in a series after superimposing on the stable 

structures.     

 

Statistical Analysis 

Selected measurements were compared between the control group and the 

experimental group to test the null hypothesis that there would be no difference in 

vertical growth and tooth movement between the two groups using a two-tailed t test 

with the level of significance of P <0.05. 
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RESULTS 

The MARA subjects showed a wide variation in response to treatment (Tables 4 and 5).  

It can be expected that the combined use of the MARA appliance with an Edgewise 

appliance to some degree may hide the true effect of the MARA appliance.  At the end 

of treatment all patients had a Class I occlusion, and it is expected that our analysis will 

clarify which components changed during treatment.   

Pre and Post Treatment Facial Morphology of Mara Patients 

Sagittal                         T1 T2 T1-T2 T3 T1-T3 

Skeletal   Mean         

SD 

   Mean           SD    Sign.* Mean           SD Sign.* 

SNA (°)  81.50 3.81 80.45 3.47 0.013 79.46 4.32 0.005 

SNB (°)  76.02 3.44 76.28 3.79 0.501 75.88 4.23 0.422 

SNPog (°)  77.31 3.60 77.50 3.86 0.619 77.15 4.23 0.308 

ANB (°)  5.48 1.41 4.17 1.71 0.001 3.58 1.98 0.000 

ANPog (°)  4.19 1.82 2.95 2.17 0.000 2.31 2.70 0.000 

Pog-Ar(mm) 104.63 5.73 109.70 6.25 0.000 113.31 7.59 0.000 

SNP-A(mm)  61.33 5.35 61.22 5.46 0.108 60.78 5.59 0.480 

SNP-B(mm)  47.97 7.19 48.14 8.29 0.388 47.98 8.72 0.280 

Dental 

SNP-U6(mm)  31.55 5.55 31.12 5.56 0.050 31.64 5.66 0.353 

SNP-L6(mm)  28.94 5.44 32.79 5.94 0.000 33.13 5.79 0.000 

SN to U6 (°) 69.24 4.04 76.52 3.45 0.867 69.05 4.60 0.754 

Vertical                               T1                              T2                 T1-T2                       T3                  T1-

T3 Skeletal Mean        SD Mean        SD Sign.* Mean              SD Sign.* 

SN to ML (°)  31.27 5.63 32.90 5.92 0.007 33.20 6.74 0.157 

SN to PP (°)  8.20 3.19 8.57 3.13 0.277 8.65 3.12 0.186 

ANS-Me(mm) 65.18 6.21 71.50 4.71 0.000 72.57 5.64 0.000 

Ar-Go (mm) 43.77 1.59 46.92 3.21 0.000 49.05 4.64 0.000 

Dental 

SN-U6(mm)  72.48 3.71 76.52 3.45 0.000 78.09 3.71 0.000 

SN-L6(mm)  70.05 3.76 75.58 3.45 0.000 77.63 3.49 0.000 

Table 4: Pre and Post Treatment cephalometric measurements, T1, T2, and T3, for 
MARA group. *: Statistically significant at p<0.05 
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Changes in Facial Morphology for Mara and Control Groups 
Sagittal                                    T1-T2        

                                MARA                      CONTROL                                                   

              T 1-T3 

MARA                CONTROL Skeletal Mean      

SD 

Mean      SD Sign.   Mean        

SD       

 Mean      

SD 

Sign. 

SNA (°)  -

1.04 

1.5

4 

-0.76 1.38 0.64 -1.72 2.16 -0.82 0.9

0 

0. 15 

SNB (°)  0.27 1.6

1 

0.49 1.01 0.71 0.36 1.78 0.45 1.4

2 

0.89 

SNPog (°)  -

0.20 

1.6

1 

0.83 1.04 0.30 0.43 1.70 0.92 1.5

0 

0.47 

ANB (°)  -

1.31 

1.2

9 

-1.24 1.19 0.90 -2.08 1.56 -1.27 1.2

2 

0.19 

ANPog (°)  -

1.24 

1.1

7 

-1.58 1.26 0.50 -2.15 1.77 -1.75 1.2

4 

0.54 

Pog-Ar(mm) 5.07 2.8

9 

5.48 2.39 0.72 8.68 5.06 7.97 3.8

7 

0.72 

SNP-A(mm)  -

0.61 

1.4

8 

-0.05 2.36 0.46 -0.37 2.13 0.69 2.3

9 

0.26 

SNP-B(mm)  -

0.45 

2.1

1 

0.85 2.48 0.17 0.63 2.32 1.48 2.1

4 

0.37 

          Dental 

SNP-

U6(mm)  

-

0.76 

1.4

8 

1.01 2.66 0.09 0.30 1.30 2.17 3.2

1 

0.13 

SNP-L6(mm)  3.67 1.7

1 

2.79 3.20 0.46 4.69 2.04 4.07 3.7

3 

0.65 

SN to U6 (°) -

0.20 

4.8

1 

1.23 4.08 0.46 0.27 3.47 2.20 2.4

1 

0.15 

Vertical                                     T1-T2 

                                     MARA                     

CONTROL                                               

                         T1-T3 

      MARA                      CONTROL  Skeletal   Mean      

SD 

  Mean       

SD 

Sign   Mean       

SD 

  Mean    

SD 

 Sign. 

SN to ML (°)  1.63 2.1

5 

-0.93 1.47 0.00

4 

0.84 2.34 -1.20 1.8

0 

0.032 

SN to PP (°)  0.37 1.3

5 

0.07 1.76 0.57 0.48 1.43 0.35 1.8

1 

0.84 

ANS-Me(mm) 6.32 2.5

4 

1.72 2.08 0.00

0 

7.39 2.93 3.36 2.7

6 

0.002 

Ar-Go (mm) 3.16 2.7

1 

3.69 2.36 0.63 5.28 4.07 5.69 3.30 0.80 

           Dental 

SN-U6(mm)  3.54 2.6

3 

4.01 1.55 0.63 5.52 4.26 5.76 2.9

6 

0.88 

SN-L6(mm)  5.25 2.8

0 

4.54 1.76 0.50 7.61 3.91 6.32 3.2

7 

0.40 

Table 5: Average changes from T1-T2 and T1-T3 for MARA group and Control group.  
*: Statistically significant at p<0.05 
 
 
SAGITTAL CHANGES 

Skeletal Measurements 

Figure 5 shows the individual sagittal skeletal changes in 17 subjects treated with the 

Mara Appliance as assessed by five measurements and recorded between T1 and T3, 

and then compared to 5 control subjects (Figure 6).  
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Figure 5: Overall changes in sagittal skeletal measurements for Mara patients from timepoint T1-T3. Red: SNA (Mean -
1.72 ± 2.16). Green: SNB (Mean 0.36 ± 1.78). Dark Blue: SNPg (Mean 0.43 ± 1.70). Light Blue: ANB (Mean -2.08 ± 1.56).  
Purple: ANPg (Mean -2.15 ± 1.77). 

 

 
Figure 6: Overall changes in sagittal skeletal measurements for Control patients from timepoint T1-T3. Red: SNA 
(Mean -0.80 ±0.90). Green: SNB (Mean 0.40 ± 1.42). Dark Blue: SNPg (Mean 0.90 ± 1.50). Light Blue: ANB (Mean -1.30 
± 1.22).  Purple: ANPg (Mean -1.70 ± 1.24). 
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The correction of the Class II malocclusions in growing patients mostly takes place by 

restraining forward maxillary growth while mandibular growth supposedly occurs 

naturally.  The influence on maxillary growth by the Mara appliance on 17 individual 

patients was measured as the change in the SNA angle and the results are seen in Figure 

5.   The skeletal changes of the mandible can also be seen in this figure and are 

expressed by the angles SNB and SNPg. Furthermore, the change in the sagittal apical 

base relationship ANB and the sagittal jaw relationship ANPg are also illustrated. 

 

Maxillary Protrusion (SNA) 

The MARA appliance exerts a distal force on the maxillary molars.  With the addition of 

the Edgewise appliance the entire arch is essentially locked together and this distal force 

on the molars is, as a result, distributed to the rest of the arch.  The MARA group had an 

average pretreatment SNA angle of 81.50 ± 3.81, almost identical to the norm of 82 

degrees for that measurement (Figure 7).  The wide variation in maxillary response to 

the MARA appliance is evident when looking at Figure 5.   However, there was an overall 

average decrease in SNA of 1.72 degrees ± 2.16, with 82% of the subjects experiencing a 

decrease.  Only 18% of subjects experienced an increase in SNA.  The control group 

showed essentially no growth in the maxilla, with all subjects showing decreases in SNA 

except for one who increased 0.07 degrees (Figure 6).  When compared to the control 

group, the MARA group experienced a greater reduction in SNA of almost 1 degree.  The 

larger variation in response in the MARA group could be a result of the Edgewise 

appliances and the movement of the maxillary incisors.   
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Figure 7: Pretreatment maxillary protrusion in the MARA group, SNA.  

 

Mandibular Prognathism (SNB and SNPg) 

The degree of mandibular prognathism has a large effect on the Class II malocclusion; 

with more retrognathic subjects having a more severe Class II malocclusion.  Mandibular 

prognathism is assessed by two measurements that relate the location of the mandible 

to the anterior cranial base: SNB and SNPg.  Figure 8 shows the pretreatment 

mandibular prognathism of the MARA group, as measured by the SNPg angle.  Overall, 

the MARA group had a retrognathic mandible with an average of 77. 31o ± 3.60 as 

determined by the SNPg angle.  
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Figure 8: Pretreatment mandibular prognathism as measured by SNPg in MARA group. 

 

The average pretreatment SNB for the MARA group was 76.02o ± 3.44, compared to a 

population mean of 80 degrees.  Nearly half of the MARA subjects had a decrease and 

half an increase in mandibular prognathism (Figure 5).  In the subjects experiencing a 

decrease, all were less than two degrees.  In subjects showing an increase, all were less 

than two degrees except for one patient where the increase was 5 degrees.  However, 

in the control group one-third of the individuals experienced a decrease in both 

measurements and two-thirds experienced an increase (Figure 6).  The average change 

in prognathism for the control group was similar to those of the MARA group as well.    

 

To determine the possible association between pretreatment mandibular prognathism 

and the change during Mara treatment, the pretreatment values (T1) were compared to 

the change in prognathism during treatment (T3) (Figure 9).  The graph shows wide 
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variability with no clear tendency. The coefficient of determination was R2 = 0.03.  Thus 

mandibular prognathism pretreatment cannot be used as a predictor of the mandibular 

change during treatment with the Mara appliance.  

 
Figure 9: Pretreatment MARA SNPg compared to the change in SNPg from T1-T3. 

 

Sagittal Jaw Relationship (ANB and ANPg) 

The sagittal jaw relationship helps to quantify the position of the maxilla compared to 

the mandible, in relation to the anterior cranial base.  It is determined cephalometrically 

by relating A point and B point to the anterior cranial base (SN line).  Figure 10 shows 

the pretreatment SNA and SNPg measurements side-by-side for each individual patient 

in the MARA group.  The difference between SNA and SNPg, or SNA and SNB, 

determines the sagittal jaw relationship, and is expressed as either ANPg or ANB.   

Subjects with Class II malocclusions due either fully or in part to a skeletal discrepancy, 

y = 0.3459x + 77.155
R² = 0.0266
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will have an increased sagittal jaw relationship.  A decrease in the relationship will be 

beneficial during the correction of a Class II malocclusion.   

 

 
Figure10: Pretreatment maxillary protrusion (SNA Blue) with mean 81.13o ± 3.81.  

Pretreatment mandibular prognathism (SNPg Red) with mean 76.90o ± 3.60.  
 

The normal sagittal jaw relationship in the general population is commonly cited as two 

degrees.45  Characteristically the MARA subjects all had an increased sagittal jaw 

relationship at the start of treatment, with an average ANB of 5.48o ± 1.41 and an 

average ANPg of 4.19o ± 1.82.  This increased relationship was due to mandibular 

retrognathism as seen by an average SNPg angle of 77.3o ± 3.6 degrees. At the same 

time the average SNA 81.50 degrees was almost identical to the population mean of 82 

degrees.   
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Figure 5 shows the similarity in response of both measurements to each other.  Ninety-

four percent of the MARA subjects had decreases in ANPg, while 88% had decreases in 

ANB during the T1-T3 treatment period.  Additionally, both measurements decreased by 

more than two degrees in 65% of the subjects.  The average change in ANB was -1.85 ± 

1.56 while the average change in ANPg was -1.91 ± 1.71.   

 

The MARA group was very similar in response to the control group, which had 89% of 

subjects experience decreases in ANB and ANPg (Figure 6).  However, only 35% of the 

control group had decreases greater than two degrees, illustrating the more 

pronounced changes that occurred in some MARA subjects.  When looking at the overall 

difference in treatment effects between the MARA group and the controls, the MARA 

group showed greater reductions in the ANB and ANPg angles of 0.59 degrees 0.17 

degrees, respectively.   

 

Mandibular Length 

In order to assess if the MARA appliance had any effect on the length of the mandible, 

the distance from articulare to pogonion was measured.  This measurement is the 

hypotenuse of the mandibular corpus length and the mandibular ramus length. Because 

of the reduced quality of the headfilms condylion was in several cases difficult to reliably 

indentify, so direct measurement of the condylion to pogonion distance could not be 

made.   
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Figure 11 shows pretreatment mandibular lengths for the MARA group.  The graph 

shows a large variation in the pretreatment lengths and a range of 20 mm, with an 

average length of 104mm ± 5.73.  Figure 12 illustrates the change in mandibular length 

from T1-T3.  All Mara subjects had an increase in mandibular length (mean 8.63 mm ± 

5.06).  However, 24% had 4 mm or less of mandibular growth, while nearly 30% of the 

group experienced an increase of over 12mm.    

 

The control group had a similar variation in pretreatment mandibular length, but 

showed greater average length than the MARA group (Figure13).  The variability 

between the MARA and control groups was essentially the same, with a standard 

deviation of the MARA and control groups at 5.73 mm and 5.41 mm, respectively.  The 

MARA group had a slightly larger response in mandibular length, with an average 

increase of 0.68mm over the control groups’ response (Figure 14).  The control group 

had only 11% of the subjects experience a gain of more than 12mm, while 22% of the 

subjects experienced an increase of less than 4mm.  The MARA group did have one 

individual who experienced an increase of 20mm of mandibular length.  If this 

remarkable subject is not included, the average for the MARA group is 7.96 mm of 

change, almost identical to the control group.   
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Figure 11: Pretreatment mandibular length for MARA group. 

 

 
Figure 12: Change in mandibular length for MARA group, T1-T3.  
 

85

90

95

100

105

110

115

120

6 12 18 24 29 35 41 47 50 59 65 71 76 82 88 94 100

M
ill

im
e

te
rs

Percentile

Pretreatment Mandibular Length in the MARA Patients 
(Ar-Pg) (Mean 104.63mm +/- 5.73)

0.00
2.00
4.00
6.00
8.00

10.00
12.00
14.00
16.00
18.00
20.00
22.00

6 12 18 24 29 35 41 47 50 59 65 71 76 82 88 94 100

M
ill

im
e

te
rs

Percentile

Change in Mandibular Length in Mara Patients 
(Ar-Pg) (Mean 8.68mm +/- 5.06)



32 
 

 
Figure 13: Pretreatment mandibular lengths in control group.  

 

 

 
Figure14: Change in mandibular length (Ar-Pg) for control group, T1-T3. 

  

Sagittal Movement of Maxilla and Mandible 

The change in sagittal position of the maxilla and mandible was measured as the linear 
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headfilms in each patient after superimposing the headfilms on stable structures in the 

anterior and median cranial base. The distance to respectively point A and point B was 

then measured.  

 

Correction of a Class II malocclusion is aided by a reduction in the distance from NSP to 

point-A and an increase in NSP to point-B during treatment.  Figure 15 illustrates the 

effects of the MARA appliance on the sagittal position of the maxillary and mandibular 

complexes.  In the MARA group the maxilla on average maintained its sagittal position 

with an average change of 0.37mm ± 2.13.  In the control group the maxilla came 

forward on average 0.70 mm ± 2.39 (Figure 16).  The mean difference between the 

average change for this measurement of the MARA group and control group was 

1.07mm.  However, within the MARA group there was considerable individual variation, 

with half the subjects experiencing anterior movement and half posterior movement.  

Twelve percent of the MARA group had more than 2mm of maxillary anterior 

movement whereas 18% had at least 3mm of maxillary posterior movement.   

 

The mandibular skeletal response to the MARA appliance, on average, was a mesial 

movement of 0.63mm ± 2.32 (Figure 15).  This is considerably less mesial movement 

than observed in the control group, that on average moved mesially 1.5mm ± 2.14.  

However, both groups had considerable individual variation in response.  Half of the 

MARA subjects showed mesial movement of the mandible, while the other half showed 
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distal movement.  Twenty-nine percent of the MARA subjects experienced about 2mm 

of mesial movement or more, while 24% experienced at least 1mm of distal movement.  

In the control sample, nearly half of the subjects showed mesial movement of the 

maxilla, while 66% showed mesial movement of the mandible.   

 

The skeletal correction of the Class II malocclusion can result entirely from maxillary 

movement, mandibular movement, or a combination of the two.  To assess if there is a 

relationship between the amounts of correction of one component compared to the 

other, the sagittal movement of the maxilla was plotted against that of the mandible 

(Figure 17).   There was in general a positive association between the two skeletal 

components; when the maxilla moved forward, the mandible also came forward.  Never 

the less, the R2 value of only 0.27, indicates that changes in mandibular position is only 

associated with similar changes in the maxilla 25% of the time.   
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Figure 15: T1-T3 linear changes in maxilla and mandible for MARA Group.  Blue: Change 
in SN Perpendicular to A point (maxilla: mean -0.37 ± 2.13) Red: Change in SN 
perpendicular to B point (mandible: mean 0.63 ± 2.32) 

 
Figure 16:  T1-T3 linear changes in maxilla and mandible for Control Group.  Blue: 
Maxilla (mean 0.70mm ± 2.39)  Red: Mandible (mean 1.5mm ± 2.14). 
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Figure 17: Relationship between linear sagittal change in the Mandible and the Maxilla in 
MARA Group. 
 

Sagittal Dento-Alveolar Changes 
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Sagittal Molar Movement 

The MARA appliance is connected directly to the molars in each arch.  When the patient 

bites down to obtain occlusal contact between the arches, a force is generated in distal 

direction on the maxillary molars and a mesial direction on the mandibular molars.  

These movements facilitate the correction of a Class II malocclusion.   

 

The MARA group had an overall mesial movement of 0.30 mm ± 1.30 of the maxillary 

molars, and an overall 4.69 mm ± 2.04 mesial movement of the mandibular molars 

(Figure 18).  All mandibular molars experienced a mesial movement over T1-T3,  with 

41% of the subjects experiencing mesialization of 5 mm or more.  The maxillary molars 

showed more variation, with 53% experiencing mesial movement of 2mm or less and 

the rest either staying the same or moving distally.  Twelve percent showed distal 

movement of the maxillary molar of more than 2 mm.   

 

Maxillary and Mandibular Molar Relationship  

To better understand the relationship between the sagittal change in maxillary and 

mandibular molars, the two were plotted against each other.   Figure 19 clearly shows a 

positive correlation between the movements of both molars, with an R2 value of 0.47.  

Thus, as the maxillary molar moves mesially, the amount of mesial movement of the 

mandibular molar increases.  Conversely, as the maxillary molar moves distally, the 

amount of mesial mandibular molar movement decreases.    
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Figure 20 displays the sagittal movement of the molars for the control group.   The 

control group experienced more mesial movement of the maxillary molars on average, 

with a mean of 2.20mm ± 3.21.  This is nearly 2mm more than the average for the MARA 

group.  Individual variation was evident in the controls as well, as two subjects had a 

mesial movement beyond 6 mm while one had a distalization of over 1 mm.  The 

mandibular molars responded similarly to the MARA subjects with all subjects 

experiencing a mesial movement, though with more variation amongst the group.   

 

 
Figure 18: Sagittal movement of first molars in the MARA subjects T1-T3.  Blue: Maxillary 
molar (mean 0.30mm ± 1.30).  Red: Mandibular molar (mean 4.69mm ± 2.04) 
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Figure 19: Relationship between maxillary and mandibular sagittal molar movement.  
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Figure 20:  Sagittal movement of first molars in the control subjects T1-T3.  Blue: 
Maxillary molar (mean 2.20mm ± 3.21).  Red: Mandibular molar (mean 4.10mm ± 3.73) 

 

 
Figure 21: Relationship between sagittal change in maxillary and mandibular molars for 
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Sagittal Skeletal and Dental Relationship 

To assess whether a decreased skeletal response to the MARA appliance would result in 

a more dramatic dental response, the net sagittal dental differential was plotted against 

the net sagittal skeletal differential.  The net differential measurements were obtained 

by subtracting the mandibular movement (SNP-B) from the maxillary movements (SNP-

A) for the skeletal and dental (SNP-U6 and SNP-L6) measurements.  This would give the 

net change that would be beneficial for a Class II correction.  Figure 22 shows a positive 

correlation between the two, but a low R2 value of only 0.27.  Thus, the more the 

maxillary and mandibular complexes move to facilitate correction of the Class II 

malocclusion, so does the dentition.   

 

 
Fig 22: Relationship between net sagittal dental response and net sagittal skeletal 
response in MARA Group. 
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Inclination of the Maxillary Molars 

The forces exerted on the maxillary molars with the MARA appliance in place are in a 

distal direction when the subject occludes the teeth.  The distal tip of the molar is 

represented as a decrease in the SN to U6 angle.  Figure 23 shows the percentile 

distribution of the angular changes of the maxillary molar.  The mean angular change 

was 0.27o ± 3.47, showing a slight mesial tip of these teeth.  However, as seen in Fig. 23, 

50% of the subjects showed a distal tip of the molars (negative change) the other half a 

mesial tip (positive change).  In those subjects with a mesial tip of the molars, 41% 

tipped more than 2 degrees and 12% more than 4 degrees.  Of those subjects 

experiencing a distal tip, 24% had a distal tip of greater than 3 degrees. This large 

degree of individual variation exemplifies the great amount of individual response 

subjects have to the MARA appliance.   

 

The control group had an average change of 2.20o ± 2.41, representing a mesial tip to 

the molars.  This average mesial tip is considerably greater than in the MARA group, 

with the controls showing almost 2 degrees more of mesial tip.  This distal tip of the 

molars in the Mara group helps correcting a Class II malocclusion.  
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Figure 23: T1-T3 change in inclination of maxillary first molar in MARA Group.  Negative 
values indicate distal crown tip and positive values indicate mesial crown tip. 
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Figure 24 shows the individual pretreatment inclination of the mandible in the MARA 

subjects.  Inclinations ranging from the lower 20s to the mid 40s are present.  Figure 25 

shows the change in mandibular inclinations from T1-T3 for the MARA group.  Only 24% 

of the patients showed a decrease in mandibular inclination, a change that would be 

beneficial to the correction of the Class II malocclusion.  Seventy-five percent of the 

patients showed an increase in mandibular inclination, and 50% had an increase of 1 

degree or more. One--third of the subjects showed an increase of as much as 2 degrees 

or more.  The average change in inclination was 0.84 degrees with a standard deviation 

of 2.34 degrees.  This increase in mandibular inclination in the treated group is in 

contrast to the overall decrease in inclination in the control group (Figure 26).  On 

average, the control group experienced a decrease in inclination of 1.20o ± 1.80 with 

78% of the individuals experiencing a decrease and only one individual experiencing an 

increase.  This overall decrease in the control group contributes to a net difference 

between the two groups of 2.04 degrees.  The large variation in treatment response, 

with some subjects showing an increase andothers showing a decrease, suggests lack of 

vertical control of the dentition in general in the MARA group.   
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Figure 24: Pretreatment Mandibular Inclination (SN-MP) for MARA subjects. 

 

 
Figure 25: T1-T3 changes in mandibular inclination (SN-MP) for MARA Group. 

 

0.00

5.00

10.00

15.00

20.00

25.00

30.00

35.00

40.00

45.00

50.00

6 12 18 24 29 35 41 47 50 59 65 71 76 82 88 94 100

Pretreatment Mandibular Inclination for MARA Group
(Mean 32.27o +/- 5.63) 

-6.00

-5.00

-4.00

-3.00

-2.00

-1.00

0.00

1.00

2.00

3.00

4.00

5.00

6 12 18 24 29 35 41 47 50 59 65 71 76 82 88 94 100

D
e

gr
e

e
s

Percentile

Change in Mandibular Inclination for MARA Group 
(Mean 0.84o +/- 2.34)



46 
 

 
Figure 26: T1-T3 changes in mandibular inclination (SN-MP) for Control Group. 
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Figure 27: Relationship between pretreatment mandibular inclination and the change from T1-
T3 in mandibular inclination for the MARA Group.    
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Figure 28 displays the changes in LAFH for the MARA group from T1-T3 while Figure 29 

displays the changes in the control group over the same time period. In both groups, all 

subjects experienced an increase in LAFH.  The MARA group experienced a mean 

increase in LAFH of 7.39mm ± 2.93, nearly 4 mm greater than the control group’s 

increase of 3.4mm ± 2.76.  Both groups had similar variation and showed a wide array of 

individual responses.  The increases in LAFH ranged from 3.06mm to 11.87 mm in the 

MARA group, while the range for the control group was 0.87mm to 9.32mm.   

 
Figure 28: T1-T3 change in lower anterior facial height (ANS-Me) for MARA Group. 
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Figure 29: T1-T3 change in lower anterior facial height (ANS-Me) for Control Group. 

 

To determine any relationship between the change mandibular inclination and the 

overall increase in LAFH, the change in mandibular inclination was plotted against the 

change in LAFH (Figure 30).  Those subjects who experienced the least increase in 

inclination experienced more increase in LAFH.  The correlation is minimal though, as in 

both cases the R2 value is around 10% or less.  There is significant variation in response, 

with some patients experiencing a decrease in mandibular inclination from T1-T3 while 

others experienced an increase in LAFH in excess of 10 mm.  Some patients had an 

increase in mandibular inclination and a corresponding increase in LAFH.   The opposite 

was also noted, with minimal increase in inclination and LAFH, while others had minimal 

increases in inclination with large increases in LAFH.   

 

0.00

2.00

4.00

6.00

8.00

10.00

34 43 47 52 50 58 66 72 72

M
ill

im
e

te
rs

Percentile

Change in Lower Anterior Facial Height for Control Group
(Mean 3.4mm +/- 2.76)



50 
 

 
Figure 30: Relationship between T1-T3 change in mandibular inclination and change in LAFH for 
MARA Group. 
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Figure 31: Relationship between change in LAFH (ANS-Me) and maxillary molar eruption 
for MARA Group. 

 

 
Figure 32: Relationship between change in LAFH (ANS-Me) and mandibular molar 
eruption for MARA Group. 
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excessive anterior facial height development, which is usually associated with a down 

and backward growth of the mandible and a dolicho cephalic facial morphology.  A high 

value indicates more posterior facial height development, which is usually associated 

with a down and forward growth of the mandible and a brachy cephalic facial 

morphology.  The average pretreatment ratio for the MARA group was 0.68 ± 0.07, 

which is within the limits of published population means of 0.65 to 0.75.   

 

 
Figure 33: Pretreatment posterior facial height to anterior facial height ratio (AR-
Go/ANS-Me) for MARA Group. 
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Figure 35 shows the same changes in the control group during the same time period.  As 

it can be seen, the overall changes were small.  The mean change in the MARA group 

was 0.48o ± 1.43 and only 0.30o ± 1.78 in the control group.  About half of the subjects in 

the MARA and control groups experienced a decrease in inclination, although the 

decrease was minimal (</- 0.50o) in all but one subject.  However, 35% of the MARA 

group experienced an increased inclination beyond 1 degree, while only 11% of the 

control group had a similar increase.   This increase represents a clockwise rotation of 

the maxilla, a movement that is similar to the clockwise rotation of the mandibular 

plane.   

 

 
Figure 34: T1-T3 change in palatal plane inclination (ANS-PNS) for the MARA Group. 
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Figure 35: T1-T3 change in palatal plane inclination (ANS-PNS) for the MARA Group. 

 

 
Figure 36: T1-T3 change in vertical jaw relationship (ANS-PNS/MP) for the MARA Group. 
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Vertical Dento-Alveolar Changes  

Molar Control in Vertical Dimension 

Vertical control of the eruption of the posterior teeth is important during treatment of 

all types of malocclusions, especially Class II malocclusions.  Too much eruption of the 

molars can result in downward and posterior rotation of the mandible with an increase 

in the mandibular inclination, and an increase in the sagittal jaw relationship.  In the 

correction of a Class II malocclusion, the molars need to be restricted in their vertical 

eruption so that any change in mandibular position can occur in the downward and 

forward direction.   

 

As the maxillary and mandibular processes grow downward and forward, there is a 

normal amount of eruption that occurs between the maxillary and mandibular molars so 

that the dentition can maintain contact with its opposing arch.  Figures 37 and 38 show 

the relationships in the control sample between the maxillary molar eruption and 

mandibular molar eruption.   The eruption is balanced and consistent, with the 

mandibular molars erupting slightly more than their maxillary counterparts in all but 

one subject.   
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Figure 37:  Control subjects vertical changes in maxillary and mandibular molars from T1-T3, 

measured from perpendicular line from SN to the mesial buccal cusp of molar.  Blue is 

mandibular molar (mean 6.3mm ± 3.27).  Red is maxillary first molar (mean 5.8mm ± 2.96). 

 

 
Figure 38: Relationship between T1-T3 changes in maxillary and mandibular molar eruption for 

Control Group.  
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Figures 39 and 40 show the same relationship between molar eruption in opposing 

arches for the MARA sample.  In comparison to the control sample, the relationship 

between maxillary molar eruption and mandibular molar eruption is fairly similar.  

Figure 40 shows the R2 relationship between the maxillary and mandibular molar 

vertical eruption to be quite high at 0.91, representing a highly positive correlation.  

When the mandibular molars erupt, so did the maxillary molars so as to maintain 

occlusion.  Figure 39 shows the overall vertical molar changes in the MARA subjects, a 

trend similar to that seen in the control sample.  The mandibular molars did extrude an 

average of 1.3 mm more than the control sample and had similar variation among the 

subjects.  

 

Figure 39:  MARA subject vertical changes in maxillary and mandibular molars from T1-T3, 
measured from perpendicular line from SN to the mesial buccal cusp of molar.  Blue is 
mandibular molar (mean 7.61mm ± 3.91).  Red is maxillary first molar (mean 5.52mm ± 4.26).  
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The maxillary molars did not extrude quite as much in the MARA sample compared to 

the control sample, with average extrusion of 5.8 mm in the controls and 5.5 mm in the 

MARA sample.  The MARA sample did have more variation in the maxillary molar 

change, with a standard deviation of 4.26 mm compared to only 2.96 mm in the 

controls.  This variation in maxillary molar movement, combined with more overall 

mandibular extrusion, could result in over-extrusion and increases in the vertical 

dimension (i.e. mandibular inclination).  The result would be a decrease in mandibular 

prognathism and chin projection 

 

 
Figure 40: Relationship between T1-T3 changes in maxillary and mandibular molar eruption for 

MARA Group.   
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Figure 41 illustrates the relationship between the degree of pretreatment mandibular 

inclination and the amount of vertical molar change.  A negative relationship is seen, 

with an R2 of 0.24 showing that the amount of molar extrusion cannot be reliably 

determined based on the initial mandibular inclination.  There was substantial variation, 

with some subjects with lower pretreatment mandibular inclinations experiencing 

minimal levels of extrusion while others experienced very large levels of extrusion.  

Conversely, other subjects with high mandibular inclinations experienced minimal 

extrusion of the molars, while others had more moderate amounts of extrusion.    

 

 
Figure 41: Pretreatment mandibular inclination in MARA subjects compared to vertical change 

of maxillary first molar from T1-T3.   
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AVERAGE RESPONSES 

Figure 42 shows the combined effect of the MARA appliance and normal growth on 

mandibular prognathism.  In this figure, the mean pretreatment and post treatment 

headfilms of the Mara patients have been superimposed on stable structures in the 

anterior and median cranial base.   

 

 
Figure 42: Composite superimposition of T1, T2 and T3 for all MARA patients.  
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Figure 43 shows the effect of normal growth on mandibular prognathism in individuals 

with a Class II malocclusion.  In this figure, the mean pretreatment and post treatment 

headfilms of the control group have been superimposed on stable structures in the 

anterior and median cranial base.  When compared to figure 44, it is evident that in 

general the MARA subjects responded similarly to the controls.   

 
 

 
Figure 43: Composite superimposition of T1, T2 and T3 for all control patients. 
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INDIVIDUAL RESPONSES 

Subject BW-0002 illustrates the deleterious effects that inadequate vertical molar 

control can have on the patient’s growth and profile (Figure 44).  The subject had all of 

Björk’s36 mandibular predictive signs and morphology of a “forward” grower, but yet 

showed no skeletal improvement in the sagittal dimension.   

 

 
Figure 44:  Superimposition of T1, T2 and T3 for MARA subject BW-0002.  This patient is 
an example of vertical growth associated with excessive molar eruption resulting in 
downward growth despite the mandibular morphological signs suggesting that growth 
rotation was to be expected.  
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The patient experienced 13.72mm of maxillary molar eruption and 15.30mm of 

mandibular molar eruption, in addition to a 14.48mm increase in mandibular length.  

Despite the very large increase in mandibular length, mandibular prognathism only 

increased by 0.13 degrees as almost all of the growth was directed downward.  As a 

result, the profile experienced no improvement.  The subject finished treatment with a 

Class I occlusion due to a combination of maxillary restriction (-2.57 degrees), maxillary 

molar tipback (5.25 degrees), and 3.75 mm of mesial mandibular molar movement.   

 

 

 
Figure 45:  Superimposition of T1, T2 and T3 for MARA subject AL-0003.  This patient 
had excellent vertical control of the maxillary molars resulting in a favorable forward 
growth direction of the mandible. 
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The patient seen in Fig. 45, AL-0003 in contrast, exemplifies excellent vertical control of 

the molars.  During treatment this subject had minimal condylar growth with an 

increase of only 3.68mm in mandibular length.  Despite this minimal increase in length, 

the subject’s mandibular prognathism increased 1.93 degrees, well above the group 

average of 0.24 degrees.  The increase in prognathism was the result of maxillary molar 

eruption of only 0.81mm and mandibular molar eruption of 3.26 mm which allowed 

maximum expression of the condylar growth.  
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 DISCUSSION 

 The effects of extended use of concurrent MARA and Edgewise appliance have been 

examined in a group of early adolescent subjects with Class II malocclusions and 

compared to a group of matched control subjects who were untreated and exhibit a 

Class II malocclusion primarily of skeletal etiology.  Each MARA subject finished 

treatment with a Class I occlusion, so the aim of this study was to examine how the 

corrections were achieved.  Additionally, it was the aim to determine if the corrections 

were primarily skeletal, dental-alveolar or a combination of the two.    

 

Validity of Hypothesis 

The null hypothesis that there are no significant skeletal changes in patients treated 

with the MARA appliance compared to control subjects without treatment cannot be 

rejected.   

 

The second hypothesis that there is no significant relationship between the degree of 

pretreatment mandibular inclination and growth of the mandible during treatment 

cannot be rejected. 

 

The third hypothesis that there is no significant difference in the molar changes in 

patients treated with the MARA appliance compared to subjects with no treatment 

cannot be rejected. 
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Treatment effects on the Mandible  

The current study focused on linear measurements to assess changes in mandibular 

length and sagittal movement, while angular measurements were used to assess the 

change in the mandibular position in relation to the anterior cranial base.   

 

The mandibular length change can be assessed primarily from measuring Ar-Pg.  

Articulare, a highly reproducible and reliable point46,47 was chosen over condylion due to 

the decreased quality of cephalograms and the inability to clearly visualize the condyles.  

Baughan et al. 48 reported a coefficient of reliability for articulare of 0.95 and found it to 

be similar to that of sella, while it was considerably less for condylion.  

 

In DeVincenzo’s  198749 and 199128 studies of subjects very similar to those in this study, 

he found a significant increase in Ar-Pg during the 10 month active functional appliance 

treatment period.  Additionally, Pangrazio50 studied the treatment effects of the MARA 

appliance over a 10.7 month period in 11-12 year old subjects, and found significant 

increases in Co-Gn during the short active treatment interval.50  

 

The present study showed that mandibular length (Ar-Pg) of the MARA patients was not 

significantly different from the controls for the time period T1-T2 (mean 13 months) or 

for T1-T3.  However, when the increase in mandibular length from T1-T2 was 

annualized, the average length increase was 3.26 mm ± 2.89 and in the control group 

3.33 mm ± 2.39 for the same time period.  The increase in length in the MARA group 
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was less than reported previously by DeVincenzo49 in 1987 (4.2 mm ± 2.1 over a 9.4 

month interval) and his 1991 study28 (4.6mm ± 1.7 during a 10.3 month period).  

Moreover, in the study by Pangrazio50 mandibular growth was also annualized and an 

annual increase of 4.8 mm ± 4.4 was seen in the patient group whereas the control 

group increased only 2.1 mm ± 1.0.   

 

The short term (less than one year) measurements of mandibular length were 

statistically significant when compared to untreated control subjects. The DeVincenzo28 

study included a follow-up period of four years which was compared to 47 control 

subjects matched for age and sex, as well as mandibular inclination.  After four years, he 

concluded that “despite larger gains during the 10.3 months of functional appliance 

activation, during the post functional appliance phases, the growth rate never reached 

that of the control group. So the conclusion was that in the final analysis, there was no 

long-term increase in mandibular length over controls.28  Moreover, Siara, et.al.51 also 

found no significant difference between MARA subjects and controls over the long term.  

The generally smaller increase in mandibular length in this study is well suited for 

comparison to the patients previously studied by DeVincenzo since the subjects also 

were patients in the same office with similar malocclusions and demographics. Also, 

Dr.DeVincenzo performed all of the clinical work himself. The appliance, however, was 

different as he used a functional appliance similar in design to the Twin Block, and he 

used this appliance for a period of time before inserting fixed Edgewise appliances, and 

after discontinuing the functional appliance.  Moreover, the Pangrazio and Siara studies 
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used the same design of the MARA appliance but a different treatment protocol.  These 

differences may have contributed to the difference in response in the short term.  

Additionally, there were twice as many subjects in the treatment and control groups in 

the DeVincenzo, Pangrazio and Siara studies compared to the present study.  The 

smaller sample size in the current study may account for a grouping of subjects who 

happened to have less response in the short term.   Additionally, in this study the 

clinician used fixed appliances in combination with the MARA appliance which may have 

caused changes that altered the response of the mandible.  However, in the present 

study and the aforementioned studies, it should be noted that there was a high level of 

individual variation. 

 

Assessment of the sagittal displacement of the mandible, as measured from SN 

Perpendicular to B point, showed that the mandible experienced an average initial slight 

posterior rotation which moved B point distally 0.76 mm during the time period from 

T1-T2.  This distal movement was temporary though, and from T1-T3 the mandible 

moved mesially an average of 0.32 mm.  These changes were small and neither time 

periods showed statistically significant differences compared to the control group.  

 

When comparing mandibular changes in relation to the anterior cranial base, this study 

showed no significant differences in mandibular prognathism from T1-2 and T1-T3.  

Also, pretreatment prognathism made no difference in the amount of change in 

prognathism during MARA treatment.   This finding  is in contrast to those of Pangrazio50 
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and  DeVincenzo49 who found a significant difference in the increase in SNB when 

compared to controls in the short term. DeVincenzo did not analyze any long term 

effects on prognathism. Siara, et.al51using the MARA appliance did not observe any 

significant differences in mandibular prognathism over the long term. However, 

assessing changes in mandibular prognathism as an angular measurement (S-N-Pg) does 

not fully describe the sagittal changes as nasion also undergoes appositional changes at 

the same time.  So to determine the actual sagittal positional change of the maxilla and 

mandible the linear distances (mm) from NSP to the respective reference points on 

maxilla and mandible were measured as well. Also a millimeter of increased lower 

anterior facial height camouflages a millimeter of increased mandibular length,6  so the 

forward movement of the chin point (Pg) may not be evident if the vertical dimension at 

the same time is increased along with a mandibular length increase , which was 

observed in this study.  

 

Effects on the Maxilla 

Several researchers have suggested that the Class II correction observed with functional 

appliances is caused by a so-called “headgear” effect that restrains forward maxillary 

growth.52-54    In a study of the Mara appliance in early adolescent patients,  Pangrazio,50 

however, found no maxillary skeletal effect.   Additionally, Almeida, et.al.55 in 2005 

reported no change in the maxilla when comparing controls to patients treated with the 

Herbst appliance.   In the present study, we found an average posterior movement of A 

point of 0.37 mm ± 2.13 mm in the MARA group compared to a 0.69 mm ± 2.39 forward 
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movement of point A in the control group from T1-T3.  The total sagittal difference 

between the groups was 1.06 mm, but was not statistically significant.  However, 

clinically a difference of 1.06 mm can make a significant difference in the correction of a 

Class II malocclusion.   

 

When the effect of the MARA on the maxilla is analyzed via changes in SNA, the MARA 

group showed a decrease of 0.90o more than the control group.  This finding is larger 

than that found in the Siara51 2010 study, which showed only a 0.73o difference.  Despite 

the differences in the MARA group compared to the control groups, neither change in 

the sagittal position of the maxilla was statistically significant.   These findings are similar 

to those of Pangrazio50 and Almeida, et.al55, who found no statistically significant 

difference in SNA.  In his study, SNA decreased 0.40o ± 1.4 while the control group 

experienced an average of 0.00o ± 0.80.  Though they used different linear 

measurements than the ones in this current study, no statistically significant differences 

were found in either linear or angular measurements. Thus, there was no significant 

retardation of maxillary growth during treatment.  

 

The Vertical Dimension     

The mandibular inclination is a valuable measurement for assessing the vertical 

development of the face and can significantly contribute to a Class II malocclusion.  

When the mandibular inclination increases it is associated with the mandible rotating 

backwards, which exacerbates the Class II malocclusion.  This type of rotation is usually 
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seen in cases with a steep mandibular plane angle. In this study there were few patients 

with increased mandibualr plane angles, the so-called “high” angle cases.  The average 

mandibular inclination was 32.27o ± 5.6, which is nearly identical to the population 

mean of 33o ± 6 according to the Björk  Cephalometric analysis.  The current study had 

47% of subjects with inclinations less than 30 degrees, and 88% of the subjects had a 

mandibular inclination less than 38 degrees.  According to Riedel, a high-angle 

malocclusion is present in individuals who have a mandibular inclination greater than 38 

degrees.45   Thus, it may be possible that a selection bias was present and subjects with 

excessive mandibular inclinations were not selected for treatment with the MARA 

appliance.  The control group had almost half of the subjects with a mandibular 

inclination greater than 38 degrees, with an overall average of 36.5o ± 5.17.   

 

With the fairly normal mandibular inclinations of this study in mind, the mandibular 

inclination increased a statistically significant amount in both the short term (T1-T2) and 

long term (T1-T3), with the mandibular inclination increasing over the long term nearly 2 

degrees more than the controls.  This finding is in contrast to other investigators.  Siara 

et.al.51in 2010 found no statistically significant changes in mandibular inclination during 

the long term after MARA treatment followed by Edgewise appliances, though they did 

report a statistically significant change in the short term.  Nielsen56 in 1991, however, 

studied the effects of the Teuscher appliance on early adolescents and found no 

statistically significant change in mandibular inclination occurring in the short term.  

Other investigators had similar findings to those of Nielsen.27,57-59   
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The increase in mandibular inclination could result from extrusion of the molars or a 

counterclockwise rotation of the maxilla.  The change in inclination during treatment 

was not related to any pretreatment inclinations, and pretreatment inclination had no 

relationship with change in prognathism.  The rotation of the maxilla was positively 

related to increases in mandibular inclination, and the change in maxillary to mandibular 

inclination (PP-MP) was statistically significant.   

 

There was also a statistically significant increase in lower anterior facial height (LAFH).   

However, when comparing the increase in mandibular inclination to LAFH, the two were 

very weakly negatively related.   The rotation of the maxilla was also not associated with 

increases in LAFH.  The statistically significant increase in LAFH was found both at T1-T2 

and at T1-T3.  The annualized increase in the short term of 5.75 mm ± 2.54 compared to 

the control group’s increase of 1.04 mm ± 2.08 is significantly larger than that found by 

Pangrazio50 in 2003, who showed a statistically significant annualized increase of only 

2.5 mm ± 2.0 compared to the control of 1.0 mm ± 0.8.  The concurrent use of Edgewise 

appliance may have aided in increasing the vertical dimension and increasing the LAFH.  

These findings associated with the MARA, however, are in contrast to the findings of 

other investigators, who found no statistically significant change in LAFH compared to 

matched controls for other types of functional appliances.55,59-61   

 

The relationship between the posterior facial height (PFH) and LAFH is considered by 

some to be of critical importance in evaluating the treatment patients with Class II 
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malocclusions.  In a growing patient with a Class II malocclusion, ramal growth change 

and its relationship to LAFH in both proportion and volume is critical.  In Class II 

treatment, it is essential to limit the increase in LAFH by controlling maxillary and 

mandibular molar extrusion.62  Merrifield and Gebeck62,64 found that a ratio of two 

times as much posterior facial height increase as anterior facial height increase was 

ideal for Class II malocclusion correction.63,64  Though the ratio of change between the 

two components is important, the volume change between the two is even more 

important.62  The normal PFH to AFH ratio was found to be between 0.65 and 0.75.65  

Ratios outside of this norm significantly increased the treatment complexity.  In the 

current study, 53% of the subjects had ratios within this normal range, while 35% had 

ratios of less than 0.65, and 12% had ratios above 0.75.  Would the subjects have 

responded differently to the MARA treatment if they had higher mandibular inclinations 

and lower PFH/LAFH ratios at the start of treatment?  The answer is unclear since the 

current subjects showed little correlation between pretreatment inclinations and 

change in inclination during treatment (R2 = 0.098).  The 35% of subjects with low 

PFH/LAFH ratio would be expected to have less change in inclination, but that was not 

observed.  Both low angle cases and high angle cases experienced varying degrees of 

change in mandibular inclination.  

 

The amount of vertical molar eruption can be influenced in many ways, especially in 

patients with concurrent utilization of two types of orthodontic appliances, as in this 

study.  The MARA, with occlusal covered crowns on the first molars, would seem to act 
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as an intrusive force and help control the vertical displacement of the molars.  In 

contrast, the Edgewise appliances will tend to have an extrusive effect on the molars.  

Additionally, the vertical skeletal phenotype of the subject may influence the amount of 

vertical molar change.  Dolichocephalic patients have increased mandibular inclinations 

and typically have reduced small cross-sectional areas of their jaw closing muscles 

compared to brachycephalic patients with highly developed muscles of mastication.66,67  

The dolichocephalic patients, with a decreased bite force, may not be able to resist the 

extrusive forces of the Edgewise appliances and thus experience more extrusion of the 

molars compared to brachycephalic patients.   

 

Results of this current study show a tendency for subjects with a lower pretreatment 

mandibular inclination to have a larger amount of maxillary molar eruption.  An average 

decrease in mandibular inclination of 0.64o resulted in eruption of the molars by 1 mm.  

This finding seems counter-intuitive since one could expect brachy cephalic subjects to 

have an occlusion that more effectively resists molar eruption.  One possible 

explanation is that the Edgewise appliances produced an extrusive force, possibly in 

association with the correction of an increased overbite, which overpowered any 

occlusal resistance to eruption.  In that case, it could be expected that all molars erupt 

in a similar fashion, which was not seen.  Higher angle subjects experienced, on average, 

less molar eruption.  However, the R2 of 0.24 indicates a fairly low predictive value.  

Thus, not all patients with high angels experienced large amounts of vertical eruption, 

and vice versa.   
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The degree of molar extrusion for the MARA group had an average similar to the control 

group, with no statistically significant difference between the two groups.  However, 

some cases exhibited large amounts of molar extrusion.  Though there was no 

difference, the amount of extrusion in both MARA and control groups was very large 

compared to other studies.50  This current study showed MARA patients experiencing an 

average of 5.52 mm ± 4.26 of extrusion of the maxillary molars and 7.61 mm ± 3.91 of 

extrusion of the mandibular molars.  The mandibular extrusion was 1.30 mm more than 

the control group.   Though this amount is not statistically significant, it would be 

considered clinically significant and could result in an increase in the mandibular 

inclination, LAFH, and a worsening of the Class II malocclusion and profile of the 

individual.   

 

The amount of extrusion found in the current study is markedly different than the 

amount of extrusion found in other studies, which had levels of maxillary molar 

extrusion around 1mm or even slight intrusion,50,55,68  and levels of mandibular molar 

extrusion around 1.5mm.50,55,69 

 

In the current study, the increase in LAFH was positively related to extrusion of both the 

maxillary and mandibular molars, with R2 predictive values of 0.70 and 0.65, 

respectively.  Thus, it seems logical that as the molars erupt, they may serve to wedge 

the occlusion open, resulting in a down and back rotation of the mandible and a 

resulting increase in LAFH.   
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Correcting the Class II Malocclusion  

The Class II malocclusion was effectively treated to a Class I occlusion in all subjects with 

the use of the MARA appliance and Edgewise appliances.  The correction came from 

various changes among the different skeletal and dental components.   It is known from 

other investigators, such as Nielsen in 1991, that the maxillary and mandibular molars 

will tend to move together in either mesial or distal direction, maintaining the same 

relationship during growth and development.56  The same observation was found in the 

control group of the current study, with the molars maintaining a linear relationship 

with one another.  Thus, in order to correct a Class II malocclusion, there needs to be an 

alteration to this movement.  

 

In the current study, there were large individual variations in the amount of sagittal 

molar movement since the molars may have started in different positions relative to a 

Class I.  From T1-T2, maxillary molars in the MARA group moved distal 0.76 mm ± 1.48 

while the control group experienced mesial movement of 1.01 mm ± 2.66, for an 

annualized change of 1.10 mm distal and 0.61 mm mesial movement, respectively.  The 

net annualized difference between the MARA group and control group was 1.71 mm.  

Pangrazio50 in 2003 found similar but more pronounced results in the maxillary molar.  

In their MARA treatment group, the annualized maxillary molar movement was distal 

1.1 mm ± 2.1 on average compared to a 1.3mm ± 0.70 mesial movement in the control 

group.  Their net difference was 2.4mm of annualized change, higher than the 1.71mm 

found in this study.  However, both studies show that in the short term, the MARA does 
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have an inhibitory effect on the maxillary molars.  These findings are in contrast to those 

of Vargervik15 in 1985, who found that after six months and after one year of treatment 

with the Activator appliance, there was essentially no inhibition of mesial migration of 

maxillary molars in all treated persons.   

 

Upon examining the same movements over a longer time period T1-T3, the maxillary 

molars in the MARA group moved mesially 0.30 mm ± 1.30 while the control group 

experienced mesial movement of 2.17 mm ± 3.21, for an overall net difference of 1.87 

mm.   Thus, the MARA appliance did effectively restrain the maxillary molars in the short 

term and long term.  Although this difference was not statistically significant, 1.87mm 

could make a clinically significant difference in the correcting a Class II malocclusion.    

 

The mandibular molars moved forward an average of 3.67 mm ± 1.71 in the MARA 

group from T1-T2, for an annualized change of 2.74 mm.  This is 0.88 mm more mesial 

movement than the control group for the same time period, which moved forward 

2.79mm ± 3.20, for an annualized change of 1.69 mm.  This difference was not 

statistically significant.  In contrast the Pangrazio50 2003 study showed a statistically 

significant greater mesial movement of the mandibular molar in the experimental group 

compared with the control group.  They found that in their MARA group, the annualized 

mandibular molar movement was forward 1.2 mm ± 1.3 versus the control group of 

0.50mm ± 0.70, for a total difference of 0.70 mm.  Though the current study showed a 

larger net difference between the MARA group and control groups, the larger variation 
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in the control sample may have decreased the statistical significance of the net 

difference.   

 

Looking at the change in mandibular molars over a longer period, from T1-T3, the 

difference between the MARA group and control group is not as large.  In the MARA 

group, the mandibular molars moved forward 4.69mm ± 2.04, only 0.62mm more than 

the control group, which moved mesially 4.07 mm ± 3.73.  This difference was not 

statistically significant, and at close to half a millimeter, the difference may not be too 

clinically significant either.   

 

Movement of the maxillary molar distally and the mandibular molar mesially will help in 

the correction of a Class II malocclusion, but if the molars do not move much and a Class 

I occlusion is obtained, does the rest of the correction then come from skeletal 

movement?  This study showed that as the maxilla and mandible moved towards 

correcting the Class II malocclusion the molars followed that direction.  

 

In addition to the sagittal bodily movement of the molars, tip and angulation changes of 

the maxillary molars can also aid in the correction of a Class II malocclusion.  During the 

time from T1-T2 the molar tipped distally 0.20o ± 4.81, but from T1-T3, the molar tipped 

mesially 0.27o ± 3.47.  In comparison, the control sample tipped mesially for both time 

points (1.23o ± 4.08 for T1-T2 and 2.20o ± 2.41 for T1-T3).  Thus, the lack of mesial tip 

from T1-T3 would contribute to the correction of a Class II malocclusion.  Though the 
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net difference compared to the controls at T1-T2 was 1.43o and at T1-T3 was 1.94o, the 

differences were not statistically significant due to the large variation found within both 

the MARA group and control group.   Whether or not the net difference in tip would 

make a clinically significant difference is questionable and unlikely.   

 

In clinical orthodontics, the correction of a Class II malocclusion is the result of the final 

rearrangement of many skeletal and dental components.  The aggregate total of 

multiple changes can ultimately produce a significant change in the subject, i.e. the 

correction of the malocclusion, without producing any significant changes in any one 

variable.  Consequently, the positive or negative variation of any one measure can never 

explain by itself the correction of the whole occlusion. Additionally, the analysis of two-

dimensional headfilms is not sufficiently powerful to take into account the interactions 

between measurements or to effectively draw comparisons between angular and linear 

measurements and vertical and sagittal measurements.  Thus, some patients 

experienced correction of their Class II malocclusion with little significant differences in 

individual measurements.  Additionally, the large scope of variation in treatment 

response makes the grouping of subjects and the quantification of an “average” 

response to MARA treatment very difficult.   
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CONCLUSIONS 

1.  Treatment of Class II malocclusions with the combined use of the MARA appliance 

and Edgewise appliances for an extended duration of time does not result in statistically 

significant skeletal effects on the maxilla or mandible except for increasing the 

mandibular inclination and lower anterior facial height.  There is a mild restriction of 

forward maxillary growth that is not statistically significant but may be clinically 

significant. 

 

2.  Treatment of Class II malocclusions with the concurrent use of the MARA appliance 

and Edgewise appliances for an extended duration of time causes an increase in the 

eruption of the molar teeth compared to controls.  The increase is not statistically 

significant; however, the increased extrusion of the mandibular molar may be clinically 

significant. 

 

3. Treatment of Class II malocclusions with the concurrent use of the MARA appliance 

and Edgewise appliances for an extended duration of time causes a noticeable 

restriction of maxillary molar forward movement.  However, this difference is not 

statistically significant, but it may have clinical significance.  
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APPENDIX 

Statistics Comparing T1-T2 and T1-T3 

** Below are the source files for the Tables 2a, 2b, 2c, 3a, 3b, and 3c *** 

Table 3a_source. Unpaired t-tests of difference from T1 to T2 by case 

 

Variable 

cla

ss N Mean SD 

Lower 

95% CI 

Upper 

95% CI 

Media

n 

Media

n 

Lower 

95% CI 

Media

n 

Upper 

95% CI 
Min Max 

T-Test 

P-

Value 

Mann-

Whitney 

P-Value 

SNA_DIF

F_T1VST

2 

0 9 -0.76 1.38 -1.82 0.31 -0.74 -2.27 0.83 -

2.42 

1.54 0.64 0.59 

SNA_DIF

F_T1VST

2 

1 17 -1.04 1.54 -1.83 -0.25 -1.15 -1.81 -0.08 -

4.21 

2.46   

SNA_DIF

F_T1VST

2 

Dif

f 

 0.29 1.49 -0.98 1.55    _ _   

              

SNB_DIF

F_T1VST

2 

0 9 0.49 1.01 -0.29 1.27 0.60 -0.78 1.37 -

0.81 

2.03 0.71 0.59 

SNB_DIF

F_T1VST

2 

1 17 0.27 1.61 -0.56 1.09 0.39 -0.11 0.84 -

2.33 

4.39   

SNB_DIF

F_T1VST

2 

Dif

f 

 0.22 1.44 -1.00 1.44    _ _   

              

SNPOG_

DIFF_T1

VST2 

0 9 0.83 1.04 0.03 1.63 0.94 -0.35 1.93 -

0.48 

2.30 0.30 0.20 

SNPOG_

DIFF_T1

VST2 

1 17 0.20 1.61 -0.63 1.03 0.38 -0.31 0.47 -

2.79 

4.39   

SNPOG_

DIFF_T1

VST2 

Dif

f 

 0.63 1.44 -0.60 1.86    _ _   

              

ANB_DIF

F_T1VST

2 

0 9 -1.24 1.19 -2.16 -0.33 -1.40 -1.67 -0.35 -

3.72 

0.66 0.90 0.71 

ANB_DIF

F_T1VST

2 

1 17 -1.31 1.29 -1.98 -0.65 -1.48 -2.11 -0.04 -

3.55 

0.63   

ANB_DIF

F_T1VST

2 

Dif

f 

 0.07 1.26 -1.00 1.14    _ _   

              

ANPOG_

DIFF_T1

VST2 

0 9 -1.58 1.26 -2.55 -0.62 -1.71 -2.23 -0.49 -

4.22 

0.21 0.50 0.71 

ANPOG_

DIFF_T1

VST2 

1 17 -1.24 1.17 -1.84 -0.64 -1.42 -2.16 -0.15 -

3.20 

0.53   

ANPOG_

DIFF_T1

VST2 

Dif

f 

 -0.34 1.20 -1.36 0.68    _ _   

              

SNP_A_D

IFF_T1VS

T2 

0 9 -0.05 2.36 -1.87 1.76 -1.00 -2.25 3.26 -

2.75 

3.87 0.46 0.87 

SNP_A_D

IFF_T1VS

T2 

1 17 -0.61 1.48 -1.37 0.15 -0.75 -1.50 0.12 -

3.25 

2.50   

SNP_A_D

IFF_T1VS

T2 

Dif

f 

 0.56 1.82 -0.99 2.11    _ _   

              

SNP_B_D

IFF_T1VS

T2 

0 9 0.85 2.48 -1.06 2.76 0.25 -1.50 2.75 -

2.75 

5.24 0.17 0.18 

SNP_B_D

IFF_T1VS

T2 

1 17 -0.45 2.11 -1.54 0.63 -0.58 -1.66 1.13 -

3.75 

4.25   

SNP_B_D

IFF_T1VS

T2 

Dif

f 

 1.31 2.24 -0.60 3.21    _ _   

              

              

SNTOML

_DIFF_T1

VST2 

0 9 -0.93 1.47 -2.06 0.20 -0.91 -2.32 0.18 -

3.56 

1.05 0.0040 0.0060 

SNTOML

_DIFF_T1

VST2 

1 17 1.63 2.15 0.52 2.74 1.81 0.16 3.25 -

3.15 

5.50   

SNTOML

_DIFF_T1

VST2 

Dif

f 

 -2.56 1.95 -4.22 -0.90    _ _   

              

http://ctspedia.org/do/view/CTSpedia/StatTestPValue
http://ctspedia.org/do/view/CTSpedia/StatTestPValue
http://ctspedia.org/do/view/CTSpedia/StatTestPValue
http://ctspedia.org/do/view/CTSpedia/StatTestPValue
http://ctspedia.org/do/view/CTSpedia/StatTestPValue
http://ctspedia.org/do/view/CTSpedia/StatTestPValue
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SNTOPP_

DIFF_T1

VST2 

0 9 0.07 1.01 -0.71 0.85 0.39 -1.04 0.96 -

1.42 

1.72 0.57 0.59 

SNTOPP_

DIFF_T1

VST2 

1 17 0.37 1.35 -0.33 1.06 0.32 -0.24 1.08 -

1.97 

3.02   

SNTOPP_

DIFF_T1

VST2 

Dif

f 

 -0.30 1.25 -1.36 0.77    _ _   

           

POG_A

R_DIFF

_T1VST

2 

0 9 5.48 2.39 3.64 7.32 5.30 2.85 8.53 2.84 8.6

1 

0.72 0.47 

POG_A

R_DIFF

_T1VST

2 

1 17 5.07 2.89 3.58 6.56 4.85 2.69 6.85 1.37 10.

44 

  

POG_A

R_DIFF

_T1VST

2 

Dif

f 

 0.41 2.74 -1.92 2.74    _ _   

              

AR_GO

_DIFF_T

1VST2 

0 9 3.69 2.36 1.87 5.50 2.55 1.97 6.86 1.08 7.2

5 

0.63 0.96 

AR_GO

_DIFF_T

1VST2 

1 17 3.16 2.71 1.76 4.55 3.68 0.47 4.70 -0.98 8.6

8 

  

AR_GO

_DIFF_T

1VST2 

Dif

f 

 0.53 2.60 -1.68 2.74    _ _   

              

ANS_M

E_DIFF_

T1VST2 

0 9 1.72 2.08 0.12 3.32 1.06 0.14 3.77 -1.40 5.1

2 

<.0001 0.0002 

ANS_M

E_DIFF_

T1VST2 

1 17 6.32 2.54 5.02 7.62 5.58 4.84 7.05 3.92 13.

97 

  

ANS_M

E_DIFF_

T1VST2 

Dif

f 

 -4.60 2.39 -6.64 -2.56    _ _   

              

SNP_U6

M_DIFF

_T1VST

2 

0 9 1.01 2.66 -1.03 3.05 1.25 -2.00 4.74 -2.25 5.1

2 

0.091 0.12 

SNP_U6

M_DIFF

_T1VST

2 

1 17 -0.76 1.48 -1.53 0.00 -0.69 -1.50 0.25 -3.32 1.7

5 

  

SNP_U6

M_DIFF

_T1VST

2 

Dif

f 

 1.78 1.95 0.11 3.44    _ _   

              

SNP_L6

M_DIFF

_T1VST

2 

0 9 2.79 3.20 0.33 5.25 2.75 -0.75 5.87 -1.50 8.7

4 

0.46 0.39 

SNP_L6

M_DIFF

_T1VST

2 

1 17 3.67 1.71 2.79 4.54 3.50 2.03 4.75 1.38 7.2

5 

  

SNP_L6

M_DIFF

_T1VST

2 

Dif

f 

 -0.88 2.32 -2.85 1.09    _ _   

SN_U6_

DIFF_T1

VST2 

0 9 4.01 1.55 2.82 5.19 3.16 2.67 5.95 2.12 6.2

4 

0.63 0.55 

SN_U6_

DIFF_T1

VST2 

1 17 3.54 2.63 2.19 4.90 3.02 1.58 6.37 -0.12 7.5

0 

  

SN_U6_

DIFF_T1

VST2 

Dif

f 

 0.46 2.33 -1.52 2.45    _ _   

              

SN_L6_

DIFF_T1

VST2 

0 9 4.54 1.76 3.19 5.89 3.87 2.72 7.00 2.36 7.1

6 

0.50 0.45 

SN_L6_

DIFF_T1

VST2 

1 17 5.25 2.80 3.81 6.69 4.94 2.84 7.52 0.36 9.4

9 

  

SN_L6_

DIFF_T1

VST2 

Dif

f 

 -0.71 2.50 -2.84 1.41    _ _   

              

SNTOU

6_DIFF_

T1VST2 

0 9 1.23 4.08 -1.91 4.36 1.99 -1.77 5.14 -7.02 6.1

7 

0.46 0.33 

SNTOU

6_DIFF_

T1VST2 

1 17 -0.20 4.81 -2.67 2.28 -0.12 -3.73 3.32 -10.36 9.3

4 

  

SNTOU

6_DIFF_

T1VST2 

Dif

f 

 1.43 4.58 -2.47 5.32    _ _   

              

Pink cells indicate effects with p<0.05 

L:\201387 Criswell Mara\SASJobs\TTest_Paired_Ttest_051111.sas 

Please acknowledge CTSA grant # UL1 RR024131; see http://ctsi.ucsf.edu/cite. 
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** Below are the source files for the Tables 2a, 2b, 2c, 3a, 3b, and 3c *** 

Table 3b_source. Unpaired t-tests of difference from T1 to T3 by case 

 

Variable 

cla

ss N Mean SD 

Lower 

95% CI 

Upper 

95% CI 

Media

n 

Median 

Lower 

95% CI 

Median 

Upper 

95% CI Min Max 

T-Test 

P-

Value 

Mann-

Whitney 

P-Value 

SNA_DIFF_

T1VST3 

0 9 -0.82 0.90 -1.51 -0.13 -0.56 -1.68 -0.12 -2.69 0.07 0.15 0.18 

SNA_DIFF_

T1VST3 

1 17 -1.72 2.16 -2.83 -0.61 -1.50 -2.57 -0.50 -6.43 2.84   

SNA_DIFF_

T1VST3 

Dif

f 

 0.90 1.84 -0.66 2.46    _ _   

              

SNB_DIFF_

T1VST3 

0 9 0.45 1.42 -0.64 1.54 0.27 -1.04 1.73 -1.39 2.92 0.89 0.75 

SNB_DIFF_

T1VST3 

1 17 0.36 1.78 -0.56 1.27 0.19 -0.76 0.99 -1.74 5.73   

SNB_DIFF_

T1VST3 

Dif

f 

 0.09 1.67 -1.33 1.51    _ _   

              

SNPOG_DIF

F_T1VST3 

0 9 0.92 1.50 -0.23 2.07 0.75 -0.52 2.34 -0.75 3.68 0.47 0.28 

SNPOG_DIF

F_T1VST3 

1 17 0.43 1.70 -0.44 1.31 0.13 -0.89 1.12 -1.42 5.49   

SNPOG_DIF

F_T1VST3 

Dif

f 

 0.49 1.63 -0.90 1.88    _ _   

              

ANB_DIFF_

T1VST3 

0 9 -1.27 1.22 -2.21 -0.33 -1.62 -2.35 -0.45 -3.10 1.02 0.19 0.15 

ANB_DIFF_

T1VST3 

1 17 -2.08 1.56 -2.88 -1.27 -2.41 -2.87 -0.94 -5.87 0.94   

ANB_DIFF_

T1VST3 

Dif

f 

 0.81 1.46 -0.43 2.05    _ _   

              

ANPOG_DI

FF_T1VST3 

0 9 -1.75 1.24 -2.70 -0.79 -1.94 -2.96 -0.75 -3.86 0.14 0.54 0.55 

ANPOG_DI

FF_T1VST3 

1 17 -2.15 1.77 -3.06 -1.24 -2.28 -2.70 -1.29 -7.34 1.01   

ANPOG_DI

FF_T1VST3 

Dif

f 

 0.41 1.61 -0.96 1.78    _ _   

              

SNP_A_DIF

F_T1VST3 

0 9 0.69 2.39 -1.15 2.52 -0.50 -0.97 3.89 -1.25 5.55 0.26 0.73 

SNP_A_DIF

F_T1VST3 

1 17 -0.37 2.13 -1.47 0.72 -0.23 -0.97 0.75 -5.29 2.75   

SNP_A_DIF

F_T1VST3 

Dif

f 

 1.06 2.22 -0.83 2.95    _ _   

              

SNP_B_DIF

F_T1VST3 

0 9 1.48 2.14 -0.16 3.13 0.75 -0.47 3.25 -0.50 6.08 0.37 0.42 

SNP_B_DIF

F_T1VST3 

1 17 0.63 2.32 -0.56 1.82 0.17 -0.49 2.00 -2.98 6.25   

SNP_B_DIF

F_T1VST3 

Dif

f 

 0.85 2.26 -1.07 2.78    _ _   

              

SNTOML_D

IFF_T1VST3 

0 9 -1.20 1.80 -2.58 0.18 -0.89 -3.13 -0.29 -3.82 2.23 0.032 0.020 

SNTOML_D

IFF_T1VST3 

1 17 0.84 2.34 -0.36 2.05 0.96 0.04 2.11 -5.06 4.41   

SNTOML_D

IFF_T1VST3 

Dif

f 

 -2.04 2.17 -3.89 -0.19    _ _   

              

SNTOPP_DI

FF_T1VST3 

0 9 0.35 1.78 -1.02 1.72 0.02 -1.35 1.23 -1.80 4.29 0.84 0.55 

SNTOPP_DI

FF_T1VST3 

1 17 0.48 1.43 -0.26 1.22 0.17 -0.30 1.28 -2.76 3.80   

SNTOPP_DI

FF_T1VST3 

Dif

f 

 -0.13 1.56 -1.46 1.19    _ _   

              

POG_AR_D

IFF_T1VST3 

0 9 7.97 3.87 5.00 10.95 7.39 3.54 10.55 2.77 14.85 0.72 0.79 

http://ctspedia.org/do/view/CTSpedia/StatTestPValue
http://ctspedia.org/do/view/CTSpedia/StatTestPValue
http://ctspedia.org/do/view/CTSpedia/StatTestPValue
http://ctspedia.org/do/view/CTSpedia/StatTestPValue
http://ctspedia.org/do/view/CTSpedia/StatTestPValue
http://ctspedia.org/do/view/CTSpedia/StatTestPValue
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Variable 

cla

ss N Mean SD 

Lower 

95% CI 

Upper 

95% CI 

Media

n 

Median 

Lower 

95% CI 

Median 

Upper 

95% CI Min Max 

T-Test 

P-

Value 

Mann-

Whitney 

P-Value 

POG_AR_D

IFF_T1VST3 

1 17 8.68 5.06 6.07 11.28 7.58 6.02 12.51 0.29 20.13   

POG_AR_D

IFF_T1VST3 

Dif

f 

 -0.70 4.70 -4.70 3.30    _ _   

              

AR_GO_DIF

F_T1VST3 

0 9 5.69 3.30 3.16 8.23 4.07 3.01 8.45 2.50 12.55 0.80 0.75 

AR_GO_DIF

F_T1VST3 

1 17 5.28 4.07 3.19 7.38 4.18 2.66 6.74 -0.85 13.36   

AR_GO_DIF

F_T1VST3 

Dif

f 

 0.41 3.83 -2.85 3.67    _ _   

              

ANS_ME_D

IFF_T1VST3 

0 9 3.36 2.76 1.24 5.48 2.31 1.00 5.68 0.87 9.32 0.0024 0.0030 

ANS_ME_D

IFF_T1VST3 

1 17 7.39 2.93 5.88 8.90 6.48 5.09 10.18 3.06 11.87   

ANS_ME_D

IFF_T1VST3 

Dif

f 

 -4.03 2.88 -6.48 -1.58    _ _   

              

SNP_U6M_

DIFF_T1VS

T3 

0 9 2.17 3.21 -0.30 4.63 1.21 0.00 7.18 -1.50 7.95 0.13 0.15 

SNP_U6M_

DIFF_T1VS

T3 

1 17 0.30 1.30 -0.37 0.97 0.47 -0.25 1.40 -2.35 2.00   

SNP_U6M_

DIFF_T1VS

T3 

Dif

f 

 1.87 2.14 0.05 3.68    _ _   

              

SNP_L6M_

DIFF_T1VS

T3 

0 9 4.07 3.73 1.20 6.94 2.75 1.78 8.22 0.25 12.14 0.65 0.27 

SNP_L6M_

DIFF_T1VS

T3 

1 17 4.69 2.04 3.64 5.74 3.75 2.91 6.36 1.95 8.00   

SNP_L6M_

DIFF_T1VS

T3 

Dif

f 

 -0.62 2.73 -2.94 1.70    _ _   

              

SN_U6_DIF

F_T1VST3 

0 9 5.76 2.96 3.48 8.04 4.94 2.18 9.02 2.06 10.89 0.88 0.83 

SN_U6_DIF

F_T1VST3 

1 17 5.52 4.26 3.33 7.71 5.63 1.32 8.50 -1.00 13.72   

SN_U6_DIF

F_T1VST3 

Dif

f 

 0.24 3.88 -3.06 3.54    _ _   

              

SN_L6_DIF

F_T1VST3 

0 9 6.32 3.27 3.80 8.83 5.77 2.75 9.10 2.31 12.20 0.40 0.39 

SN_L6_DIF

F_T1VST3 

1 17 7.61 3.91 5.60 9.62 7.87 3.95 10.04 2.92 15.30   

SN_L6_DIF

F_T1VST3 

Dif

f 

 -1.30 3.71 -4.45 1.86    _ _   

              

SNTOU6_DI

FF_T1VST3 

0 9 2.20 2.41 0.35 4.06 2.22 0.03 5.94 -0.66 6.14 0.15 0.33 

SNTOU6_DI

FF_T1VST3 

1 17 0.27 3.47 -1.52 2.06 -0.09 -2.53 2.88 -5.25 5.34   

SNTOU6_DI

FF_T1VST3 

Dif

f 

 1.94 3.16 -0.75 4.62    _ _   

               

Pink cells indicate effects with p<0.05 
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