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THE DENTAL AND SKELETAL EFFECTS OF THE IINO MOLAR 

DISTALIZATION APPLIANCE IN COMBINATION WITH FIXED 

ORTHODONTIC TREATMENT 

Byron Tindell Smith, DMD 

Introduction:  This retrospective clinical study analyzed the Iino molar distalization 

appliance, as used in the initial phase of the correction of Class II malocclusions and 

subsequently in combination with fixed orthodontic appliance treatment. The specific 

objectives of this study were to evaluate the outcomes of the Iino molar distalization 

appliance with respect to changes in the position of the maxillary 1
st
 molar, maxillary 2

nd
 

premolar, maxillary central incisor, mandibular plane angle and effect on second molar 

eruption. 

 

Methods: Lateral cephalograms of 42 consecutively treated patients (27 female, 15 male) 

taken pretreatment, after distalization and after full fixed orthodontic treatment were 

analyzed by structural superimposition. Mean age at treatment start (T1) was 12.16 years 

(SD = 1.2) with an average distalization time (T2) of 7.56 months (SD = 2.18) and total 

treatment time (T1-T3) of 27.46 months (SD = 5.16). 

 

Results:  The Iino appliance effectively distalized maxillary first molars into a Class I 

position at T2. Significant distal tipping and extrusion were noted of the maxillary first 

molar as well as anchorage loss through mesial protrusion and tipping of the premolar 

and incisors. Additionally, the mandibular plane increased significantly from T1-T3 

which was associated with downward and backward rotation of the mandible. By 

treatment completion (T3), the maxillary molars and premolars had returned to their pre-

treatment position, but the incisors remained significantly more proclined. At the end of 

treatment all patients had achieved a Class I molar relationship. The amount of mesial or 

distal movement by treatment completion was highly variable between patients and 

correlated to the amount of anterior movement of B-point, i.e. anterior mandibular 

growth vector. Furthermore, there were no statistically significantly differences between 

the patients with and without maxillary second molars erupted.  

Conclusions:   
The Iino appliance showed no significant differences with respect to the initial and final 

molar positions. After completion of full fixed appliance treatment, it did effectively 

restrict the normal mesial migration of the maxillary posterior dentition thus in part 

helping the Class II correction. This study showed that the final molar position was 

highly variable between patients but the changes were correlated with the amount of 

anterior movement of the, mandible, as represented by B-point. 
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INTRODUCTION 

 

Development of Class II Malocclusion 

 Edward H. Angle first described and classified dental malocclusions in Dental 

Cosmos in 1899.
1
 The basis of his classification was purely the relationship of the 

maxillary first molar to mandibular first molar. He defined Class I occlusion as being 

present when the mesio-buccal cusp tip of the maxillary first molar occluded in the 

buccal groove of the mandibular first molar. A Class II occlusion occurs when the 

maxillary molar occludes anterior (i.e., mesial) to ideal; conversely, Class III occlusion is 

characterized when the maxillary first molar occludes posterior (i.e., distally) to ideal. 

Since Angle did not have access to radiographs or headfilms of patients, this 

classification was based purely on the interdigitation of the teeth. 

 In the United States, roughly one third of the population has a Class II 

malocclusion.
2,3

 Class II malocclusion can be subdivided into two divisions. Division 1 

malocclusions are associated with protrusive and proclined maxillary incisors with 

accompanying excessive overjet. Division 2 malocclusions are characterized most 

notably by retroclined maxillary incisors. 

 

Maxillary Growth 

 Maxillary growth is an important etiologic factor in the development of Class II 

malocclusions. Some of the most important studies of facial growth and development of 

the craniofacial complex have been carried out by Björk and Skieller.
4-6

 Their findings 

have provided much insight into the facial growth mechanisms and the great individual 

variability in growth patterns. Using metallic radiographic markers or “implants,” as they 
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were previously called, that were placed into the facial bones in important locations in the 

craniofacial complex, Björk and Skieller were able to follow an individual’s growth 

longitudinally by analyzing serial cephalometric headfilms. Their implant studies showed 

that the maxilla increased in height over time, in relation to cranial base, by sutural 

lowering though growth in the frontal and zygomatic sutures as well as by apposition at 

the alveolar processes.
7,8

 Their studies also showed that the nasal floor undergoes 

considerable local remodeling over time, whereas there is apposition on the orbital floor.
8
 

Additionally, they found that in relation to the anterior and median cranial base, the 

maxillary dentition is not only displaced vertically but that also a significant amount of 

mesial migration takes place over time; however, in some cases this mesial movement of 

the teeth is greater than that of the anterior teeth. The maxillary molars were found to 

migrate mesially almost twice as much as the incisor moved forward. In addition, they 

found that the maxillary dental arch increased about 1mm from the mixed dentition to the 

adult dentition, sometimes leading to a Class II malocclusion as well as crowding.
7,9,10

  

 

Mandibular Growth 

 Mandibular growth is another important factor to consider in the etiology and 

development of Class II malocclusions. Enlow and Bjőrk’s studies confirm that 

significant mandibular growth occurs at the condylar head.
11,12

 The average direction of 

condylar growth has been shown by Bjὄrk to be in a primarily vertical direction with 

some forwardly directed growth in some individuals.
5,13,14

 However, the mandibular 

growth pattern varies from patient to patient.
13

 Additionally, the implant studies also 

showed that the bony surfaces of the mandible undergo surface modeling over time. In 



3 

 

most individuals, this consists of apposition under the lower anterior border of the 

mandible and resorptive remodeling of the lower posterior border. This pattern is typical 

for most individuals but some have little or no surface modeling.  

  

Dimensional Components of Class II Malocclusion 

The characteristics of Class II malocclusions are much more complex than Angle 

initially described. Angle’s specific classification is solely based on tooth position, thus it 

is merely a dental diagnosis. A complete diagnosis of a malocclusion must also include 

the relationship of the skeletal components in order determine if the given occlusal 

problem, or malocclusion, is primarily a skeletal or dento-alveolar problem or a 

combination of both. Additional problems may also be involved in the vertical and 

transverse planes that may further contribute to the occlusal problem. A careful analysis 

of the existing malocclusion and the associated skeletal or dental-alveolar components 

through a detailed cephalometric analysis is imperative in order to form a comprehensive 

diagnosis and treatment plan for the individual patient.  

 

Anteroposterior Dimension 

The anteroposterior position of the maxilla and mandible can be assessed by a 

cephalometric analysis of their skeletal and dentoalveolar positions.
15

 Rothstein and 

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

malocclusion is (typically) more mesially positioned and the anterior segment of the 

maxilla is more protrusive and superiorly positioned.  The mandibular position was found 

to be identical to those of the control subjects in size, form for both genders...”
16
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Conversely, Hunter found that “Class II patients generally had a smaller and shorter 

mandible that was posteriorly positioned relative to the maxilla and the cranial base, 

when compared to their Class I counterparts.”  He found that the maxilla was normally 

positioned and measured mandibular body length to be 3.7 mm shorter, on average.
17

 

McNamara found in 277 children 8-10 years of age with Class II malocclusion, the 

maxilla most often was in a neutral position in 47-65%, followed by actual retrusion of 

the maxilla in 23-39%, and only 10-15% had actual protrusion of the maxilla.
15

 Though 

studies are inconclusive as to what the “most common” etiology of the Class II 

malocclusion is undoubtedly important to determine the contributory factor or factors in 

each patient on a case by case basis. 

 

Vertical Dimension 

 The vertical dimension is an important consideration in the etiology of the Class 

II malocclusion. Variations in vertical dimension (facial height) can either camouflage or 

exacerbate the appearance of the malocclusion.  

Individuals with decreased anterior facial height usually have a growth pattern 

that produces an upward and forward rotation of the mandible that can mask a Class II 

malocclusion. Typical characteristics are low mandibular plane angle, deep bites and 

retroclined (Div 2) or proclined (Div 1) maxillary incisors, retroclined mandibular 

incisors, and a strong chin point are also common findings. This decreased facial height is 

present in about 10%  of patients in the mixed dentition.
15

  

Individuals with an increased anterior facial height present with downward and 

backward  or posterior inclination of the mandible that typically tends to make a Class II 
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malocclusion more difficult to treat. This is often associated with a retrognathic 

mandible, a poorly defined chin, mentalis muscle strain, and frequently an anterior open 

bite. In his Class II patient population, Hunter noted a slight increase in anterior facial 

heights.
17

 McNamara, in direct measurement of anterior facial height (ANS to menton), 

found that over half of his patients had a normal upper anterior face height whereas one-

third had excessive lower face height.
15,18

 

 

Transverse Dimension 

 In many Class II patients there is an associated transverse discrepancy that 

presents as a seemingly “normal” relationship. This is a result of transverse dento-

alveolar compensation during the eruption of the teeth. When the lower jaw is postured 

forward, however, to a normal jaw relationship and the teeth are in Class I relationship 

the posterior teeth are often in a crossbite. In some cases a transverse discrepancy of up to 

3-5mm has been noted between the two arches.
19

 If this discrepancy occurs in the 

deciduous dentition it is likely to continue into the mixed and permanent dentition 

resulting in persistence of Class II molar and canine relationship and an increase in 

overjet.
20

 

 

Treatment of Class II Malocclusion 

Extraoral Appliance Therapy 

Most commonly in the past, clinicians have used the so-called Kloehn headgear, a 

type of extraoral traction, to restrict forward maxillary growth and allow mandibular 

growth to “catch-up” and, thus, aid in Class II correction. Many other appliances have 
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been used throughout orthodontic history to restrict maxillary growth in mild to moderate 

Class II correction cases. When used successfully, headgear therapy can be an effective 

and reliable appliance.
21

 However, it is important in each patient to differentiate if the 

Class II malocclusion is skeletal or primarily dento-alveolar so that the proper appliance 

for the correction can be chosen. In some cases an orthopedic effect rather than a 

dentoalveolar effect may be needed.  It has been shown in a study by Melsen and Dalstra 

using cervical headgear that the overall intra-arch movement of the maxillary first molar 

is minimal and did not differ from that of the untreated group, thus usage of the headgear 

(Kloehn type) for intra-arch displacement is questionable when it comes to tooth 

movement in the maxilla.
22

 An additional concern when using headgear is that the 

outcome is greatly dependent upon patient compliance.
23

 As the patients are instructed to 

wear the appliance an average of 12 hours daily, it can be quite difficult for some 

children. Thus, the effectiveness of the therapy is directly related to patient compliance 

but also on the amount of facial growth they have during the treatment period.  

 

Fixed and Removable Functional Orthopedic Appliances 

 Another technique for treating Class II malocclusions is to use either fixed or 

removable functional orthopedic appliances.
24-30

 Examples of fixed appliances are the 

Herbst Appliance and the Mandibular Anterior Repositioning Appliance (MARA). 

Examples of removable functional appliances include the Activator, Twin Block, 

Bionator, and Fränkel Appliance. These appliances forcibly position the mandible in a 

more forward position (Class I). The concept in positioning the mandible more forward is 

to encourage fossa remodeling and mandibular growth at the condylar head. The 
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stretching of the masticatory muscles by forward posturing further has been shown to 

help restrain forward maxillary growth. This can be compared to a so-called “headgear-

like” effect on the maxilla with associated dentoalveolar changes.
24

 However, the long-

term effects of these orthopedic treatments remain controversial and questionable in 

terms of the effect on condylar growth.
24,25,31

 

 

Intraoral Dentoalveolar Appliance Therapy 

In an attempt to improve patient compliance and achieve a better and more 

reliable treatment outcome, appliances have been developed that are designed to 

eliminate or at least reduce patient cooperation during the course of treatment. These 

appliances have either been bonded directly to the teeth or attached to the brackets or 

bands on the teeth. Examples of these appliances include fixed intra-arch appliances (e.g., 

Jones Jig, Wilson Distalizing Arch, Distal Jet, and Pendulum Appliance) and fixed inter-

arch appliances (e.g., Extension Springs, Jasper Jumper, Eureka Spring, and Forsus 

Spring).
32-36

 Several studies have compared these appliances in an attempt to determine 

which one would be the most effective for correcting Class II malocclusion via 

dentoalveolar movement with more of an emphasis on maxillary molar distalization. 

Unfortunately all of these appliances have been found to be associated with some adverse 

side effects. A systematic review by Antonarakis showed that the molar distalization is 

associated with distal crown tipping, that in most instances is undesirable and leads to 

relapse.
35

  

All molar distalization appliances used in the maxilla (without skeletal anchors) to 

correct Class II molar relationships have been reported to be associated with a 
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concomitant and unavoidable loss of anchorage.  The anchorage loss occurs through 

mesial movements of the premolars and incisors.  Furthermore, buccal acting and palatal 

acting appliances show similar results. However, the palatal appliances act more closely 

to the center of resistance of the teeth and should result in less tipping movement.  One 

such appliance is the Pendulum Appliance that should be able to provide a great amount 

of distal molar movement but unfortunately is associated with a concomitant substantial 

degree of tipping if no therapeutic uprighting activation is applied.
35

 This has been 

demonstrated by Chiu et al. who showed that during molar distalization, subjects treated 

with the Pendulum Appliance had significantly more distal molar movement and 

significantly less anchorage loss of both the premolars and the maxillary incisors than 

patients treated with the Distal Jet.
37

 The available data seems to support that the 

Pendulum appliance is still one of the more effective non-compliance distalizing 

appliances. However, this appliance still has some adverse effects to be considered. 

The Pendulum appliance was developed by Hilgers
34

 and in a subsequent 

publication he claims that as much as 5mm of distalization movement of molars can be 

achieved in 3-4 months.
34

 Significant distal tipping of the molars was noted. To avoid this 

unwanted movement uprighting bends of 10-15 degrees can be added to the appliance.
38

 

The issue of anchorage loss is also of great concern as during the molar distalization 

process the premolars tend to mesialize.  Furthermore, there is increased incisor 

proclination as an additional side effect to molar distalization.
38-40

 Since the appliance is 

fixed oral hygiene is compromised while the appliance is in place. This is a significant 

problem and palatal tissue irritations or ulcerations are commonly seen, forcing many to 

prematurely limit or discontinue the use of the appliance before it has finished its task.
40   
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Before discontinuing the appliance, a “Super” Class I first molar occlusion must ideally 

be achieved; however, the rest of the maxillary teeth must then be retracted with possible 

anchorage loss of the molars. Few studies have prospectively carried their evaluations to 

completion of treatment. Two studies indicate limited to no statistically significant 

change in the molar position at completion of treatment when the post and pre-treatment 

molar positions were compared.
37,41

 

 

Distalization followed by Full Fixed Appliance Treatment 

 There have been many studies of the effects of distalization appliances and 

outcomes from T1 to T2 (post distalization). However, few studies have compared 

measurements from the end of the distalization period with completion of treatment. 

Those studies that have continued until treatment was complete have shown significant 

variability with respect to the final position of the molars. Burkhardt et al., found that on 

average 87% of the distalization of the maxillary molars was lost during fixed 

orthodontic treatment.
42

 Similarly, Ngantung et al., observe a 100% loss of distalization, 

in addition to 1.8 mm of mesialization during fixed appliances.
43

 Angelieri et al., found 

similar results, namely after fixed orthodontic treatment, the maxillary incisors and the 

maxillary first premolars and first molars returned to their pretreatment anteroposterior 

positions within the maxilla.
41

 However, in all of these studies at the completion of 

treatment the subjects all had Class I occlusion. The authors explained the Class I 

occlusion obtained by stating that favorable growth and dentoalveolar compensation 

(intercuspation and Class II mechanics) had occurred,  and that upon establishing a Class 

I molar relationship the mandible typically outgrows the maxilla.
41-44

 Johnston reported 
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that regardless of treatment (extraction or nonextraction), 9 out of 10 patients showed a 

pattern of change in which the mandible advanced relative to the maxilla.
45

  

 

Temporary Skeletal Anchorage (TSAD) Used with Distalization Appliances 

 Though the focus of this thesis is on tooth/tissue borne appliances, it is important 

to mention that with the advent of skeletal anchorage devices, there are distalization 

protocols that take advantage of bone-borne anchorage for distalization.  Kircellie et al., 

used two intraosseous screws to distalize maxillary first molars an average of 6.4 +/- 1.3 

mm, tipping distally an average of 10.9 degrees +/- 2.8 degrees. Also, the maxillary 

second premolar and first premolar moved distally an average of 5.4 +/- 1.3 mm and 3.8 

+/- 1.1 mm, respectively.
46

  Polat-Ozsoy compared the conventional pendulum appliance 

(CPA) and the bone-anchored pendulum appliance (BAPA), and found that the amount of 

distal molar movement was similar between the BAPA and the CPA. However, no 

anchorage loss or spontaneous distal premolar and incisor movement was seen with the 

BAPA, which they state might decrease total treatment time.
47

  

Bone-anchored distalization appliances are a much different biomechanical 

system compared to the tooth born appliances. These new appliances require advanced 

appliance design and fabrication that, at this point in time, the average orthodontic 

practitioner may not be willing to use. Undoubtedly, in the years to come this approach 

may become a much more frequently used. 

 

Eruption of Maxillary 2
nd

 Molars 
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In terms of factors that could influence maxillary first molar distalization it could 

be expected that the presence or absence of the maxillary second molars can affect the 

outcome. Karlsson and Bondemark determined that it is more effective to distalize the 

maxillary first molars before the second molars have erupted.
48

 Similarly, Gianelly found 

in his study of NiTi coil-springs for distalization of posterior teeth that this treatment 

approach seemed to be more effective in the late mixed dentition.
49

  

Kinzinger et al.,  also reported that distalization was more efficient when second  

molars were not erupted. However, distal movement was still possible when the second 

molars were fully erupted. Interestingly, Kinzinger reported more bodily movement and 

less tipping when the second molars were present.
50

 Finally, Gosh found that the eruption 

of the maxillary second molars had minimal effect on the distalization of the first molars. 

51
 It seems with these conflicting results that it has yet to be determined to what extend 

the presence or absence of the maxillary second molar affects overall maxillary first 

molar distalization. 

 

Iino Appliance 

An alternative approach to molar distalization has been developed by “Berkeley 

Orthodontics,” which is a private group practice in Berkeley, California, in order to 

overcome some of the negative aspects of previous distalization appliances. Previously, 

the practice used a modified Cetlin distalization approach described by Ferro in 2000 in 

cases for which molar distalization was indicated.
52

 This approach utilized a Cetlin plate 

with an anterior bite plate together with a transpalatal arch to simultaneously distalize and 

rotate the maxillary first molars, until a “super Class I” molar relationship was achieved.  
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Kim et al., in a previous prospective study, evaluated the treatment outcomes of the 

Cetlin appliance.
53

 Distalization of maxillary molars was seen, however, significant distal 

molar tipping of 9-11º was also observed. An additional important clinical finding was 

significant bite opening and unwanted anterior anchorage loss with increased incisor 

proclination. The major results seen from this study were a mandibular plane opening of 

on average 1.24° (±1.38°). Whereas, the overbite on average decreased by 4.08 mm with 

a concurrent maxillary incisor protrusion increase of 3.30 mm and 8.20° of proclination.  

In response to some of the negative clinical observations substantiated by the 

aforementioned study, the clinicians in the orthodontic practice decided to limit the use of 

the Cetlin appliance only to cases for which some of these observed side effects would be 

tolerated or perhaps even welcomed such as in cases with Class II division 2 

malocclusions and a significant deep bite.   After testing and evaluating the use of the 

Pendulum appliance as a substitute for the Cetlin appliance, the practice made 

modifications to the Pendulum Appliance and developed an alternative molar 

distalization appliance called the “Iino Appliance.”  The appliance was named after 

Terrie Iino who has been the lab technician and a valued team member at Berkeley 

Orthodontics for almost thirty years.  This appliance is somewhat similar to the Pendulum 

appliance as it attempts to maintain the positive effects of the Pendulum appliance, while 

attempting to its most adverse side effects which is palatal irritation and inflammation.  

Since the conventional Pendulum appliance is permanently cemented to the first 

premolars, there is lack of access to clean the palatal tissue. In order to reduce the oral 

hygiene problem, the Iino appliance is not bonded to the premolars, but, instead, is 

secured to the first premolars with Adam’s clasps.  The advantage of this modification is 
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that the patient is able to partially remove the appliance anteriorly so as to get adequate 

access and clean the palatal tissues and the appliance itself (Figure 1).  The appliance has 

an acrylic occlusal coverage over first and second premolars which discludes the 

maxillary molars from occlusal forces and facilitates distalization.  There is no contact 

between the appliance and the anterior teeth from cuspid-to-cuspid. Without contact, it 

was the clinician’s belief that anterior proclination would be decreased.  Distal and 

intrusive forces are provided by round .032” TMA springs activated at 30-45º once 

inserted into the .036“ lingual sheaths of the maxillary first molar bands and secured by 

bending the distal end. Once inserted, the appliance is only partially removable by the 

patient to perform oral hygiene, but otherwise the appliance is in place at all the times 

(Figure 1). In most cases, mandibular fixed appliances are placed at the same time as the 

Iino appliance to help level the lower occlusal plane.  The Iino appliance is checked and 

re-activated as needed every 4-6 weeks until an overcorrected Class I molar relationship 

is achieved, at which point, the appliance is discontinued and a Nance holding arch 

inserted. At this time point full fixed appliances are placed in the maxillary arch, and 

distalization and space closure of the rest of the arch is initiated. 

 

 
 

Figure 1: The Iino Appliance 
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Despite the many favorable clinical observations, since the appliance was first 

introduced in the practice in 2006, a systematic study of the tooth movements and  the 

skeletal changes of the Iino appliance has not been undertaken. The aim of this study is to 

evaluate the dental and skeletal effects of the Iino appliance. 

 

Aims of the Study 

To evaluate the skeletal and dental effects of the Iino Appliance used in 

conjunction with fixed mandibular appliances immediately after distalization, and to 

further evaluate the net dental and skeletal changes immediately after completion of 

orthodontic treatment compared to pre-treatment as well as post distalization. In order to 

fully evaluate the effects and possible side effects of the Iino appliance, the following 

null hypotheses will be tested through multiple skeletal and dentoalveolar measurements: 

1. The Iino appliance has no effect on altering the position of maxillary 1st molar 

2. The Iino appliance has no effect on altering the position of maxillary central 

incisor 

3. The Iino appliance has no effect on altering the position of maxillary 2nd 

premolar 

4. The appliance has no effect on the mandibular plane angle 

5. The presence of maxillary 2nd molar does not affect treatment time. 

6. The presence of maxillary 2nd molar does not affect any skeletal or dentoalveolar 

measurements – specifically distalization 

 

MATERIALS AND METHODS 
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Sample 

This retrospective clinical study included 42 consecutively treated patients.  Pre-

treatment (T1) records (Photos, lateral headfilms and maxillary casts) were compared 

with immediate post-distalization (T2) records and with records at treatment completion 

(T3) records.  All patients were treated with a non-extraction approach using the Iino 

appliance that included banded maxillary first molars provided with lingual sheaths and 

simultaneous placement of full fixed appliances in the mandibular arch (Figure 2). Once 

a “super Class I” molar relationship had been achieved, a Nance appliance was placed, 

maxillary appliances were added, and all 2
nd

 molars banded.  

 

 
 
Figure 2: Iino appliance in combination with mandibular fixed appliances as used with all subjects 

included in this study 

 

Inclusion and Exclusion Criteria 

The patients in this study were treated by four orthodontists in three different 

offices but belonging to the same private group practice.  The treating orthodontists all 

used the same treatment protocol, had similar treatment goals and philosophies, and the 
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same level of experience and familiarity with the appliance.  Patients included in the 

study had the following characteristics: 

 

1) Mild Class II malocclusion, ranging from Class II tendency (mesially rotated 

maxillary first molars) to half cusp Class II molar/canine relationship  

2) Mild to moderate maxillary crowding with labially displaced maxillary cuspids, 

and mesial displacement of posterior teeth 

3) Normal or deep overbite 

4) Normal or retroclined maxillary incisor inclination 

5) Need for bilateral molar distalization 

Patients were excluded for the following reasons: 

1) Only unilateral molar distalization was needed (though the appliance is capable of 

this) 

2) Poor quality radiograph at any time point 

3) Had significant skeletal asymmetries 

 

Sample Statistics 

The study population is shown in Table 1. A total of 42 patients with an average 

age of 12.16y ± 1.2, comprised of 27 females and 15 males were included in the study.  

The average treatment time to achieve the desired molar distalization (T1-T2) was 7.56 

months + 2.18. The total treatment time from initial to final (T1-T3) was 27.46 months ± 

5.16. Subgroups of the population divided by gender, second molar eruption stage and 

vertical growth pattern are also shown. Of the 42 subjects, 27 had maxillary second 
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molars erupted and 15 did not.  Presence or absence of the maxillary second molar was 

purely based on clinical observation of whether the second molar was erupting into the 

oral cavity at the start of treatment (i.e. T1).  To minimize complexity of data 

interpretation, there was no distinction made regarding extent of eruption of the second 

molars. Vertical growth patterns were divided into Brachyfacial (less than 27º MPA – 

N=4), Mesofacial (between 27- 37º MPA – N=33) and Dolicofacial (greater than 37º 

MPA – N=5).  

Figure 3 shows the distribution of patient population in the study, based on 

gender, for treatment initiation (T1), Iino appliance discontinuation (T2) and finally 

treatment completion (T3). Notable is that females on average were treated slightly 

earlier that males.   

 

Table 1: Sample Distribution of 42 Iino Patients 

 
Age at T1 (year) 

  

Mean SD Maximum Minimum 

12.16y 1.2 14.58 9.67 

 

Treatment time (months) 

  

Treatment period Mean SD Maximum Minimum 

T1-T2 7.56 2.18 13.54 3.97 

T2-T3 19.90 5.05 30.52 7.25 

T1-T3 27.46 5.16 38.16 16.62 

 
Sub-groups 

Gender 2nd Molar Eruption Vertical Growth 

27 Female 15 Unerupted 4 Brachyfacial 

15 Male 27 Erupted 33 Mesofacial 

  5 Dolicofacial 
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Figure 3: Duration of treatment for each individual patient (N=42) 

 

Cephalometric Evaluation 

Patient consent and acceptance to be in study was obtained prior to records being 

taken. A lateral cephalometric digital headfilm was taken before any appliances had been 

inserted (T1); immediately after discontinuation of Iino appliance (T2), and immediately 

after treatment completion (T3)  in all patients. The headfilms were then digitally 

transferred into the Total Interactive Orthodontic Planning System (Tiops2005, Roskilde, 

Denmark) and calibrated using a millimeter ruler incorporated on the cephalometric 

headfilm.  The headfilms were then digitized and superimposed on the computer by one 

investigator, as illustrated in  Figure 4. Once traced and superimposed, it was checked by 

another examiner for accuracy of landmark location and superimposition accuracy. Any 
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disparities were resolved by mutual agreement between the investigator and examiner.  

Reference lines used in the initial tracing were the Sella-Nasion line (SNL) and the Sella-

Nasion Perpendicular line (SNP).  The reference lines were carried forward from the 

initial headfilm after superimposing on the stable structures in the anterior and median 

cranial base (Figure 4).   

The cephalometric lines and points used in this study are illustrated on the 

tracings and tabulated in Tables 2-5. As before, reference lines used in the initial tracing 

were the Sella-Nasion line (SNL) and the Sella-Nasion Perpendicular line (SNP). The 

reference lines were carried forward from the initial headfilm after superimposing on the 

stable structures in the anterior and median cranial base (Figure 3). Angular, horizontal, 

and vertical measurements were then made from these reference lines at T1, T2 and T3 as 

listed in Table 5. Maxillary superimpositions were made on  the anterior surface of the 

zygomatic process of the maxilla and the images were aligned with the apposition of the 

orbital floor and the resorptive lowering of the nasal floor at a ratio of 3 to 2 as described 

by Nielsen.
54

 The maxillary occlusal plane was used to measure the eruption of the 

anterior and posterior teeth in the maxilla.  Maxillary specific measurements are shown in 

Table 6.   

In order to ensure reliability and reproducibility, lateral headfilms were digitized 

twice in 20 patients at both T1 and T2. These digitized lateral headfilms were 

superimposed on two occasions about 4-6 weeks apart. They were again checked for 

accuracy of landmark identification and consistency of superimposition. 
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A) B) C)  
 

Figure 4- (A) Reference lines used in the initial tracing were the Sella-Nasion line (SN) 

and Sella-Nasion Perpendicular line (SNP). (B) The reference lines were carried forward 

from the initial headfilm after superimposing on the stable structures in the anterior and 

median cranial base. (C) All measurements from T1-T3 were based on the T1 Sella-

Nasion line (SN) and Sella-Nasion Perpendicular line (SNP). 
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Table 2: Angular References 

 
# Measurement Description 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

SN (ref) 

SNP (ref) 

PP 

ML 

NA 

NB 

NPog 

L1 

Opi 

Ops 

U1 

U5 

U6 

Sella-Nasion Reference Line – Reference from T1 

Sella-Nasion-Perpendicular Reference Line – Reference from T1 

Palatal plane 

Mandibular line (plane) 

Nasion-A point 

Nasion-B point 

Nasion-Pogonion 

Axis of lower incisor 

Lower occlusal plane  

Upper occlusal plane 

Axis of upper incisor 

Axis of upper 2nd premolar 

Axis of upper first molar 
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Table 3: Linear Horizontal References 

 
# Measurement Description 

1 

2 

3 

4 

5 

6 

7 

8 

9 

 

SN (ref) 

SNP (ref) 

SNP-A 

SNP-U6 

SNP-U5 

SNP-L6 

SNP-L1 

SNP-U1 

SNP-B 

 

Sella-Nasion Reference Line – Reference from T1 

Sella-Nasion-Perpendicular Reference Line – Reference from T1 

Sella-Nasion-perpendicular line to A point 

Sella-Nasion-perpendicular line to upper first molar mesial most prominent surface 

Sella-Nasion-perpendicular line to upper 2nd premolar distal most prominent surface 

Sella-Nasion-perpendicular line to lower first molar mesial most prominent surface 

Sella-Nasion perpendicular line to lower incisor tip 

Sella-Nasion perpendicular line to upper incisor tip 

Sella-Nasion-perpendicular line to B point 
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Table 4: Linear Vertical References 
 

# Measurement Description 

1 

2 

3 

4 

5 

6 

7 

8 

9 

 

SN (ref) 

SNP (ref) 

SN-A 

SN-U1 

SN-L1 

SN-B 

SN-U5 

SN-L6 

SN-U6 

 

Sella-Nasion Reference Line – Reference from T1 

Sella-Nasion-Perpendicular Reference Line – Reference from T1 

Sella-Nasion line to A point 

Sella-Nasion line to upper incisor tip 

Sella-Nasion line to lower incisor tip 

Sella-Nasion line to B point 

Sella-Nasion line to Upper 2nd premolar tip 

Sella-Nasion line to lower first molar mesial tip  

Sella-Nasion line to upper first molar mesial tip 
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Table 5: Angular and Linear (horizontal and vertical) Measurements used in the Study 
Measurement Description 

SNA (°) Angle between Sella-Nasion and Nasion-A point 

SNB (°) Angle between Sella-Nasion and Nasion-B point 

SNPog (°) Angle between Sella-Nasion and Nasion-Pogonion 

ANB (°) Angle between A point-Nasion and Nasion- B point 

ANPog (°) Angle between A point-Nasion and Nasion- Pogonion 

SNP-A(mm) Distance from Sella-Nasion- Perpendicular line to A point 

SNP-B(mm) Distance from Sella-Nasion- Perpendicular line to B point 

SN-A(mm) Distance from Sella-Nasion line to A point 

SN-B(mm) Distance from Sella-Nasion line to B point 

SN to ML (°) Angle between Sell-Nasion and Mandibular plane 

SN to PP (°) Angle between Sella-Nasion and palatal plane 

PP to ML (°) Angle between palatal plane and mandibular plane 

SNP-U1(mm) Distance from Sella-Nasion Perpendicular line to upper incisor tip 

SNP-L1(mm) Distance from Sella-Nasion Perpendicular line to lower incisor tip 

SNP-U5 (mm) Distance from Sella-Nasion- Perpendicular line to upper 2nd premolar distal most prominent 

surface 

SNP-U6(mm) Distance from Sella-Nasion- Perpendicular line to upper first molar mesial most prominent 

surface 

SNP-L6(mm) Distance from Sella-Nasion- Perpendicular line to lower first molar mesial most prominent 

surface 

SN-U1(mm) Distance from Sella-Nasion line to upper incisor tip 

SN-L1(mm) Distance from Sella-Nasion line to lower incisor tip 

SN-U5(mm) Distance from Sella-Nasion line to Upper 2nd premolar tip 

SN-U6(mm) Distance from Sella-Nasion line to upper first molar mesial tip 

SN-L6(mm) Distance from Sella-Nasion line to lower first molar mesial tip 

SN to U1 (°) Angle between Sella-Nasion line and axis of upper incisor 

SN to U5 (°) Angle between Sella-Nasion line and axis of upper 2nd premolar 

SN to U6 (°) Angle between Sella-Nasion line and axis of upper first molar 

ML to L1 (°) Angle between mandibular line and axis of lower incisor 

PP to Ops (°) Angle between palatal plane and upper occlusal plane 

ML to Opi (°) Angle between mandibular plane and lower occlusal plane 

OB (mm) Vertical distance between upper and lower incisor tips 

OJ (mm) Horizontal distance between upper and lower incisor tips 
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Table 6: Maxillary Specific Measurements 

 

Measurement Description 

H6 (mm) Net horizontal movement of the upper fist molar along the mean oclusal plane 

(+) Mesial movement  (-) Distal movement 

V6(mm) Net vertical movement of the upper first molar in relation to the mean occlusal plane 

(-) Intrusion  (+) Extrusion 

Ang 6 (º) Net angular change of the upper first molar 

(+) Mesial tipping  (-) Distal tipping 

  

H5 (mm) Net horizontal movement of the upper second  premolar along the mean oclusal plane 

(+) Mesial movement  (-) Distal movement 

V5 (mm) Net vertical movement of the upper second premolar in relation to the mean occlusal plane 

(-) Intrusion  (+) Extrusion 

Ang 5 (°) Net angular change of the second  premolar 

(+) Mesial tipping  (-) Distal tipping 

  

H1 (mm) Net horizontal movement of the upper incisor along the mean oclusal plane 

(+) Mesial movement  (-) Distal movement 

V1 (mm) 

 

Ang 1 (°) 

 

Net vertical movement of the upper incisor in relation to the mean occlusal plane 

(-) Intrusion  (+) Extrusion 

Net angular change of the upper incisor 

(+) Proclination  (-) Retroclination 
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Statistical Analysis 

Descriptive statistics including means and standard deviations were calculated for 

all cephalometric measurements. In order to determine whether significant changes had 

occurred with the appliance the following statistical methods and tests were used: 

1. Paired T-tests 

a. Comparison of Pretreatment (T1) and Post Appliance (T2)  

cephalometric measurements 

b. Comparison of Pretreatment (T1) and Final (T3)  cephalometric 

measurements 

c. Comparison of Post Appliance (T2) and Final (T3)  cephalometric 

measurements 

2. Unpaired t-test 

a. Comparison of T1, T2 and T3 treatment times in cases with 

Presences or Absence of Maxillary second molars. 

b. Comparison of T1, T2 and T3 cephalometric measurements in 

cases with Presences or Absence of Maxillary second molars. 

3. ANOVA 

a. Comparison of T1 and T3 cephalometric measurements in different 

Vertical Growth Patterns. 
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RESULTS 

Intra-rater Reliability 

To assess error in location of landmarks and repeatability of landmark 

identification, 20 randomly selected headfilms were retraced and remeasured by the same 

examiner.  Intra-class Correlation Coefficient was used to assess intra-rater reliability, 

shown in Table 7. The highest correlation is at 1.00. Thus, all points were highly 

correlated and retracing was reproducible and no significant errors were found. 

 

Table 7: Intraclass correlation coefficients between redigitized headfilms 

 

Variable 

Intraclass Correlation 

Coefficient 

SNA (°) 0.9961 

SNB (°)  0.9942 

SNPOG (°) 0.9918 

ANB (°)  0.9948 

ANPOG (°) 0.9919 

SNP-A (mm) 0.9995 

SNP-B (mm) 0.9996 

SN-A (mm) 0.9977 

SN-B (mm) 0.9983 

SN to ML (°) 0.9978 

SN to PP (°) 0.9949 

PP to ML (°) 0.9997 

SNP-U1 (mm) 0.9993 

SNP-L1 (mm) 0.9988 

SNP-U5 (mm) 0.9994 

SNP-U6 (mm) 0.9997 

SNP-L6 (mm) 0.9991 

SN-U1 (mm) 0.9995 

SN-L1 (mm) 0.9996 

SN-U5 (mm) 0.9994 

SN-U6 (mm) 0.9990 



28 

 

 

 

 

 

 

 

The means, standard deviations, and changes in the skeletal and dental measurements are 

summarized in data Tables 8-14. 

 

Analysis of Pre-Treatment Measurements  

 Initial measurements of all 42 patients are shown in Table 8. Skeletally, SNA and 

SNB values of 79.62º±3.74 and 76.78º±3.18, respectively, indicated slight retrognathia. 

However, the average ANB value of 2.84º±2.05 was within normal limits for a skeletal 

Class I. Vertically, the average SN-ML values were 31.36º±4.71.  Dentally, average 

maxillary incisor inclination (SN-U1) was measured at 100.6º±5.85. Cephalometric 

means and standard deviations that have been established for measurements are shown in 

the Table 8 (obtained from Dolphin 11). However, not all measurements have established 

normal values. In this study, females and males were combined. There were small 

differences in some of the measurements but these were not statistically significant 

enough to justify grouping the patients by sex. 

 

SN-L6 (mm) 0.9972 

SN to U1 (°) 0.9793 

SN to U5 (°) 0.9545 

SN to U6 (°) 0.9764 

ML to L1 (°) 0.9810 

PP to OPs (°) 0.9919 

ML to OPi (°) 0.9862 
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Table 8: Initial Measurements (T1) 

Time Point 1  Ceph Norms  

Measurements N Mean SD Mean SD 

SNA (°) 42 79.62 3.74 82.0 3.5 

SNB (°)  42 76.78 3.18 80.0 3.0 

SNPOG (°) 42 77.62 3.20 80.0 3.5 

ANB (°)  42 2.84 2.05 3.0 2.5 

ANPOG (°) 42 2.00 2.42 2.0 2.5 

SNP-A (mm) 42 52.18 4.93   

SNP-B (mm) 42 41.18 6.37   

SN-A (mm) 42 52.41 2.61   

SN-B (mm) 42 86.72 5.17   

SN to ML (°) 42 31.36 4.71 33.0 6.0 

SN to PP (°) 42 8.48 3.22 7.3 3.5 

PP to ML (°) 42 22.88 4.50 25.0 6.0 

SNP-U1 (mm) 42 52.45 5.72   

SNP-L1 (mm) 42 49.30 5.32   

SNP-U5 (mm) 42 27.22 4.82   

SNP-U6 (mm) 42 27.03 4.75   

SNP-L6 (mm) 42 25.68 4.82   

SN-U1 (mm) 42 74.90 3.84   

SN-L1 (mm) 42 69.78 3.90   

SN-U5 (mm) 42 66.71 3.63   

SN-U6 (mm) 42 64.69 3.82   

SN-L6 (mm) 42 62.63 3.82   

SN to U1 (°) 42 100.62 5.85 102.3 5.5 

SN to U5 (°) 42 75.79 4.31   

SN to U6 (°) 42 67.66 3.31   

ML to L1 (°) 42 98.50 42 95.0 7.0 

PP to OPs (°) 42 10.86 42 10.0 4.0 

ML to OPi (°) 42 17.98 42 20..0 5.0 

OB (mm) 42 3.76 42 2.5 2.0 

OJ (mm) 42 4.71 42 2.5 2.5 

 

 

 



30 

 

Overall Superimposition 

 Figure 5 depicts the average overall superimposition of all 42 patients. 

 

Figure 5: Overall Superimposition - T1 (Black); T2 (Blue); T3 (Red) 

 

Angular Measurements 

The two skeletal angular points (Table 9) that proved most interesting in the 

sagittal plane were the changes in SNAº and SNBº. We noted that from T1-T2 there was 

no statistically significant change in SNAº, but from T2-T3 there was a notable average 

decreased of 0.66º in this measurement. Conversely, SNBº had a significant decrease of 

0.32º from T1-T2. However, it was found that from T1-T3, overall, there was no 
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significant change. ANBº significantly increased 0.38º from T1-T2, then decreased 1.14º 

from T2-T3, and overall decreased 0.76º from T1-T3. Vertically, the most important 

measurement was the change in the mandibular plane angle (SN-MLº). Significant 

posterior rotation of on average1.03º was noted from T1-T2, only insignificant change 

was seen from T2-T3. As a result, the final change between T1 and T3 patients was that 

on average patients remained significantly more open by 0.66 º. In summarizing these 

findings, we found that during distalization (T1-T2), the mandibular plane angle tends to 

open thus rotating the mandible downward and backwards leading to a decrease in SNBº. 

However, during the subsequent full fixed appliance phase (T2-T3), the mandibular plane 

does not significantly change whereas SNAº decreases during premolar/incisor retraction 

and SNBº increases, leading to an overall decrease in ANBº. 

 

TABLE 9: Angular Skeletal Measurements 

          T1             T2     T3 

                  

Significance  

Measurements N Mean SD Mean SD Mean SD T1-T2 T2-T3 T1-T3 

SNA (°) 42 79.62 3.74 79.68 3.43 79.02 3.74 NS * * 

SNB (°) 42 76.78 3.18 76.46 3.15 76.94 3.53 * * NS 

SNPog (°) 42 77.62 3.20 77.32 3.30 77.92 3.68 * * NS 

ANB (°) 42 2.84 2.05 3.22 1.98 2.08 1.95 * ** * 

ANPog (º) 42 2.00 2.42 2.36 2.28 1.10 2.53 * ** * 

SN to ML (°) 42 31.36 4.71 32.39 4.84 32.02 5.47 ** NS * 

SN to PP (°) 42 8.48 3.22 8.36 3.34 8.35 3.22 NS NS NS 

PP to ML (°) 42 22.88 4.50 24.03 4.62 23.68 4.55 ** NS * 

NS (Not Significant) ; * (p < 0.05) ; ** (p < 0.0001) 

 

 

Dentoalveolar measurements that increased in value indicate mesial tipping and a 

decrease in value indicate distal tipping movement (Table 10). SN to maxillary 1
st
 molar 
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showed distal angular changes from T1-T2 of 9.05°. However, from T2-T3, significant 

molar uprighting was seen and is likely due to molar tube prescription with a resultant 

T1-T3 change of 3.01º mesial angulation. Conversely, mesial angular changes were seen 

in SN to maxillary incisor 2.85° (proclination), and the 2
nd

 premolar, 5.89° from T1-T2. 

At treatment completion, only the maxillary incisors showed a significant change from 

T1-T3 with an increase in proclination of 2.10º.  Throughout treatment, it is noted that the 

lower incisors continued to procline at all stages, with an overall change from T1-T3 of 

4.50º which was likely associated leveling mandibular curve of Spee to correct the 

overbite, crowding and usage of Class II elastics after Iino removal. 

 

TABLE 10: Angular Dentoalveolar Measurements 
 

          T1             T2     T3 

                  

Significance  

Measurements N Mean SD Mean SD Mean SD T1-T2 T2-T3 T1-T3 

SN to U1 (°) 42 100.62 5.85 103.47 6.01 102.73 5.99 ** NS * 

SN to U5 (°) 42 75.79 4.31 81.68 4.83 74.62 4.22 ** ** NS 

SN to U6 (°) 42 67.66 3.31 58.61 5.20 70.67 3.66 ** ** ** 

ML to L1 (°) 42 98.50 4.98 100.94 4.91 103.00 6.37 ** * ** 

PP to Ops (°) 42 10.86 2.87 9.37 2.89 9.37 2.85 ** NS * 

ML to Opi (°) 42 17.98 3.74 17.00 3.19 15.80 4.40 * * ** 

NS (Not Significant) ; * (p < 0.05) ; ** (p < 0.0001) 

 

 

Linear Horizontal Measurements 

The horizontal linear measurements as listed in Table 11 were measured to the 

Sella-Nasion Perpendicular (SNP) line transferred from the initial headfilm. Positive 

values were indicative of mesial movements and negative values of distal movements. 

Though A-point did decrease slightly from T2-T3, the overall change from T1-T3 was 

not large enough to demonstrate a statistically significant change. However, point B 
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significantly decreased from T1-T2 0.95mm due to downward/backward rotation of the 

mandible, this significantly recovered (forward growth) from T2-T3 by increasing 0.67m. 

Thus, linearly B-point from T1-T3 showed a net decrease of only 0.28mm which was 

both statistically and clinically insignificant. Additionally, the maxillary incisors showed 

a similar response by becoming more protrusive from T1-T2 by 1.24mm, but the incisors 

were retracted on average 0.73mm from T2-T3 with only a 0.5mm increase in protrusion 

from T1-T3 that was not found to be statistically significant. Of note is that the overjet 

(OJ) decreased significantly from T2-T3 by 1.70mm and overall (T1-T3), 1.84mm, and 

this is believed to be due to the 1.53mm horizontal change of the lower incisors (SNP-L1) 

that added to this correction. The maxillary premolars exhibited responses similar to the 

incisors in that there was 1.03mm mesial movement follow by 1.47mm of retraction 

netting from T1-T3 a non-significant change in premolar position. Conversely, the 

maxillary molars distalized 2.89mm from T1-T2. However, this was all lost from T2-T3 

by mesial movement of 2.85mm leaving an insignificant net change of the maxillary 

molar position. The total space that opened up of 3.92mm and was in part due to 

premolar mesial movements (26.2%) and in part to molar distal movements (73.8%). 

However, this is counteracted by the later return of about 100% of the distalization of the 

molar during the T2-T3 phase and on average  no remarkable distalization remained at 

treatment completion. 

A more interesting finding is that the mandibular molar continually moved 

forward from T1-T3, with a total mesial movement of 1.95mm as well as the lower 

incisor moving forward a total of 1.53mm. There are several reasons why this occurred. 

Mandibular growth continued throughout treatment thus moving the molar into a more 
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forward position. Additionally, upon completion of Iino appliance Class II elastics were 

used to help maintain the class II correction which can lead to additional mesial 

movement of mandibular molars and incisors. Mandibular values were the only values 

noted at T3 to be significantly different from those at T1 with the exception of the overjet 

 

 

TABLE 11: Linear Horizontal Measurements from Sella-Nasion perpendicular 

(SNP) Line 
 

          T1             T2     T3 

                  

Significance  

Measurements N Mean SD Mean SD Mean SD T1-T2 T2-T3 T1-T3 

SNP-A (mm) 42 52.18 4.93 52.46 4.86 52.05 4.92 NS * NS 

SNP-B (mm) 42 41.18 6.37 40.23 6.86 40.90 7.17 * * NS 

SNP-U1 (mm) 42 52.45 5.72 53.69 5.87 52.96 6.01 ** * NS 

SNP-L1 (mm) 42 49.30 5.32 49.87 5.61 50.83 5.88 * * ** 

SNP-U5 (mm) 42 27.22 4.82 28.25 5.01 26.78 5.08 ** ** NS 

SNP-U6 (mm) 42 27.03 4.75 24.14 4.97 26.99 5.06 ** ** NS 

SNP-L6 (mm) 42 25.68 4.82 26.04 5.04 27.63 5.24 NS ** ** 

OJ (mm) 42 4.71 1.08 4.57 1.16 2.87 0.71 NS ** ** 

NS (Not Significant) ; * (p < 0.05) ; ** (p < 0.0001) 

 

 

Linear Vertical Measurements 

Linear vertical measurements (Table 12) were determined from of the stable 

Sella-Nasion Line (SN) with positive values indicating an increased distance (extrusion) 

from SN and negative values indicating decreased distance (intrusion) in relation to SN 

line. No values showed a decrease value from SN. SN-A and SN-B points both showed 

an increase. There were differential changes in the maxilla versus the mandible that are of 

interest. The T1-T3 increase in SN to B-point of 5.59mm is almost twice that of the 

increase of SN to A-point of 2.85mm. Again, this downward backward rotation of the 

mandible is supported and was believed to be responsible for the overall decrease in 
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overbite (OB) of 1.90mm. Additionally, all maxillary dentoalveolar measurements 

indicate downward/extrusive movements. 

 

TABLE 12: Linear Vertical Measurements from Sella-Nasion (SN) Line 
 

          T1             T2     T3 

                  

Significance  

Measurements N Mean SD Mean SD Mean SD T1-T2 T2-T3 T1-T3 

SN-A (mm) 42 52.41 2.61 53.55 2.66 55.26 3.05 ** ** ** 

SN-B (mm) 42 86.72 5.17 89.85 5.56 92.31 6.30 ** ** ** 

SN-U1 (mm) 42 74.90 3.84 76.20 4.23 78.33 4.73 ** ** ** 

SN-L1 (mm) 42 69.78 3.90 73.23 4.55 75.67 4.50 ** ** ** 

SN-U5 (mm) 42 66.71 3.63 68.36 3.96 70.87 4.49 ** ** ** 

SN-U6 (mm) 42 64.69 3.82 65.38 4.17 68.69 4.49 * ** ** 

SN-L6 (mm) 42 62.63 3.82 64.83 4.29 66.82 4.56 ** ** ** 

OB (mm) 42 3.76 1.22 1.64 1.46 1.86 0.62 ** NS ** 

NS (Not Significant) ; * (p < 0.05) ; ** (p < 0.0001) 

 

 

Maxillary Specific Measurement: Maxillary Superimposition 

Analyzing the dento-alveolar changes on maxillary superimpositions, 

measurement in horizontal movement are positive value representing mesial movements 

and negative value representing distal movement. Vertical movements were given a 

positive value representing eruption and negative if they indicated intrusion. Angular 

changes of the molars and bicuspids were also measured and were positive when the teeth 

tipped distally and negative when they tipped mesially (Figure 6). 
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Figure 6: Directional Movement within the Maxilla 

  

Results for overall maxillary superimposition of the 42 patients are show in Table 

13.  Our horizontal tooth movements support the previously seen SNP measurements that 

both the maxillary incisors and premolars moved mesially suggesting anterior anchorage 

loss at the incisors and at the 2
nd

 premolar, concomitant with the distalization of the 

maxillary molars.  

Vertical measurements are similar to what were noted in measurements from the 

SN line with all teeth erupting during treatment. Most notably, 3.02mm of 1
st
 molar 

eruption from T1-T3. As a result this caused bite opening, decreased OB, and an 

associated increase in MPA. Overbite would be expected to decrease much more with 

this amount of extrusion in the posterior; however, extrusion of the maxillary incisor 

could possibly have masked the overall decrease in OB. 

 Our study also showed that the maxillary molars show almost 10° of distal tipping 

with full recovery and even mesial tipping at the completion of treatment (T3). This 

amount of tipping demonstrates the lack of bodily distalization of the maxillary molars 

and eventual return to original pre-treatment position by T3. (Figure 7) Keep in mind 

that during normal growth mesial migration of the molar would be expected in non-

treated individuals.  
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TABLE 13: Maxillary Specific Measurements (Maxillary Superimposition) 
 

          T1             T2     T3 

                  

Significance  

Measurements N Mean SD Mean SD Mean SD T1-T2 T2-T3 T1-T3 

Horizontal 6 (mm) 42 0.00 0.00 2.14 1.09 -1.33 1.48 ** ** ** 

Vertical 6 (mm) 42 0.00 0.00 1.99 0.87 3.02 1.12 ** ** ** 

Angulation  6 (°) 42 0.00 0.00 -9.22 4.59 2.79 3.54 ** ** ** 

           

Horizontal 5 (mm) 42 0.00 0.00 1.28 1.07 0.09 1.87 ** * NS 

Vertical 5 (mm) 42 0.00 0.00 0.97 0.93 3.49 1.31 ** ** ** 

Angulation  5 (°) 42 0.00 0.00 5.71 4.00 -1.39 4.60 ** ** * 

           

Horizontal 1 (mm) 42 0.00 0.00 0.99 1.01 0.78 1.81 ** NS * 

Vertical 1 (mm) 42 0.00 0.00 0.81 1.14 2.62 1.65 ** ** ** 

Angulation  1 (°) 42 0.00 0.00 2.68 3.28 1.90 6.50 ** NS NS 

NS (Not Significant) ; * (p < 0.05) ; ** (p < 0.0001) 

 
Figure 7: Average Maxillary Superimposition 
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Patient Specific Measurements 

 Of particular interest are the specific movements seen in the individual patients, 

not just mean changes of the patients. The individual patient changes for some selected 

parameters are shown in Figures 8-11. 

 Figure 8 depicts overall maxillary first molar movement from T1-T3. The most 

interesting finding is that of the 42 patients almost half showed remaining distalization 

and the other half showed mesial movement of maxillary first molar by treatment 

completion. Though this netted and overall average of no change in molar position, some 

patients did have distalization remaining however others did not. 
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  Figure 8: Maxillary 1
st
 molar movement in each individual subject 

 
 

Figure 9 depicts the change in mandibular plane angle (SN-ML) in 42 patients. 

Though on average the MPA increased 0.66º, 1/3 of the patients showed bite closure 

while 2/3 showed bite opening with a max value of almost 4º.  
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  Figure 9: Mandibular plane change in each individual subject 

 

 

Figure 10 depicts overall overbite changes seen in the 42 patients. Of note is that 

throughout treatment overbite decreased in all patients from T1-T2 (overbite in 4 patients 

during stage T2 actually treated to an open bite indicating the bite opening effect this 

appliance can create especially during the distalization phase from T1-T2. The effects 

from T2-T3 seen in the graph are negligible with most changes coming from the T1-T2 

stage. The overall overbite by treatment completion on average was 1.86mm. 
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 Figure 10: Overbite changes in each subject 
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Figure 11 shows the overall overjet changes that occurred in 42 patients from T1-T3. 

Most notable is that overjet in the majority of patient changes very little and is somewhat 

variable with increases and decreases shown from T1-T2. This is very beneficial in that 

the patient does not go through the “ugly duckling” stage that can happen during 

orthodontic treatment. A 1-2mm change is not notable to most patients and parents so the 

adverse effect of the “ugly duckling” stage is avoided. Most overjet decreased occurs 

from T2-T3 with a final average of 2.87mm. It is believed that the majority of this OJ 

change occurs due to mesial migration of mandibular dentition because there is little (if 

any) retraction of the maxillary dentition by treatment completion 

Figure 11: Overjet changes in each subject 
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Figure 11: Overjet change in each subject 
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Effect of Second Molar Presence 

 The differences in treatment time between patients with presences and absence of 

the 2
nd

 molars can be seen in Tables 14-17. 

The treatment time as seen varies between the different phases of treatment 

(Table 14). Though there are non-significant differences between overall treatment times 

(T1-T3), statistical analysis showed that there was an increased amount of time spent in 

the T2-T3 stage in unerupted molars versus erupted molars by 3.69months. This could 

possibly be due to the fact that practitioners had to wait longer in order to include second 

molars into the appliance. 

 

Table 14: Treatment time of Erupted vs. Unerupted 
 

 

Full Eruption Unerupted Difference  

Stage N Mean SD N Mean SD Unerupt-Erupt Significant 

T1-T2 27 7.85 2.30 15 7.05 1.92 -0.80 NS 

T1-T3 27 26.43 5.11 15 29.32 4.87 2.89 NS 

T2-T3 27 18.58 4.36 15 22.27 5.47 3.69 * 

NS (Not Significant) ; * (p < 0.05) ; ** (p < 0.0001) 

 

 

Pretreatment (T1) 

At pretreatment (T1), there are no significant differences in measurements seen 

between the two groups with or without erupted second molars (Table 15).  Thus, the 

groups can be accurately compared in the statistical analysis. 

 

Table 15: Comparison of Measurements at T1 
 

 Erupted Unerupted Difference  

Measurements 

at T1 N Mean SD N Mean SD 

Unerupted-

Erupted Significant 

SNA (°) 27 79.48 3.40 15 79.87 4.41 0.39 NS 

SNB (°) 27 76.92 2.82 15 76.52 3.84 -0.41 NS 
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NS (Not Significant) ; * (p < 0.05) ; ** (p < 0.0001) 

 

 

Pretreatment versus Post Distalization (T1-T2) 

After distalization (T2) there were no measurements that were noted as being 

significant (Table 16).Though no values were noted as being statistically significant, 

attention can be called to the inclinational changes of the maxillary 5's and 6's. With full 

SNPOG (°) 27 77.68 2.95 15 77.51 3.70 -0.17 NS 

ANB (°) 27 2.56 2.05 15 3.35 2.04 0.80 NS 

ANPOG (°) 27 1.80 2.43 15 2.36 2.44 0.56 NS 

SNP-A (mm) 27 52.07 4.63 15 52.37 5.59 0.30 NS 

SNP-B (mm) 27 41.38 5.64 15 40.82 7.72 -0.56 NS 

SN-A (mm) 27 52.55 2.64 15 52.15 2.64 -0.40 NS 

SN-B (mm) 27 87.19 5.15 15 85.88 5.29 -1.32 NS 

SN to ML (°) 27 31.33 4.36 15 31.43 5.45 0.10 NS 

SN to PP (°) 27 8.38 3.57 15 8.66 2.59 0.29 NS 

PP to ML (°) 27 22.95 4.63 15 22.76 4.40 -0.18 NS 

SNP-U1 (mm) 27 52.50 5.37 15 52.35 6.51 -0.15 NS 

SNP-L1 (mm) 27 49.41 4.94 15 49.10 6.12 -0.31 NS 

SNP-U5 (mm) 27 27.58 4.41 15 26.57 5.59 -1.01 NS 

SNP-U6 (mm) 27 27.43 4.44 15 26.31 5.35 -1.11 NS 

SNP-L6 (mm) 27 26.17 4.52 15 24.80 5.37 -1.37 NS 

SN-U1 (mm) 27 75.16 3.82 15 74.43 3.99 -0.73 NS 

SN-L1 (mm) 27 70.25 3.63 15 68.93 4.33 -1.32 NS 

SN-U5 (mm) 27 67.41 3.57 15 65.46 3.50 -1.94 NS 

SN-U6 (mm) 27 65.33 3.79 15 63.53 3.72 -1.79 NS 

SN-L6 (mm) 27 63.28 3.68 15 61.46 3.91 -1.82 NS 

SN to U1 (°) 27 100.78 5.35 15 100.32 6.85 -0.47 NS 

SN to U5 (°) 27 75.64 4.18 15 76.07 4.67 0.43 NS 

SN to U6 (°) 27 67.27 2.91 15 68.35 3.94 1.08 NS 

ML to L1 (°) 27 98.73 4.92 15 98.10 5.23 -0.63 NS 

PP to OPs (°) 27 10.55 2.63 15 11.43 3.28 0.88 NS 

ML to OPi (°) 27 18.06 3.57 15 17.82 3.41 -0.24 NS 

OB (mm) 27 3.61 1.23 15 4.03 1.21 0.42 NS 

OJ (mm) 27 4.56 1.04 15 4.99 1.14 0.43 NS 



45 

 

eruption of second molars, there was less molar tipping. However, there was an increase 

in the amount of premolar mesial angulation. Conversely, with unerupted second molars, 

the exact opposite is true, more molar distal angulation and less premolar mesial 

angulation changes. Though the p-values were not found to be significant, this was an 

interesting observation and could be indicative of more anchorage concerns with second 

premolar eruption. 

 

Table 16: Unpaired t-tests of difference from T1 to T2 by Eruption Status 

 
 Full Eruption Unerupted Difference 

 
Measurements N Mean SD N Mean SD Unerupt-Erupt Significant 

SNA (°) 27 -0.01 0.96 15 0.19 0.86 0.21 NS 

SNB (°) 27 -0.33 0.97 15 -0.30 0.85 0.03 NS 

SNPOG (°) 27 -0.30 0.88 15 -0.30 0.85 -0.00 NS 

ANB (°) 27 0.32 0.82 15 0.50 0.67 0.18 NS 

ANPOG (°) 27 0.28 0.83 15 0.49 0.79 0.21 NS 

SNP-A (mm) 27 0.20 1.08 15 0.44 0.68 0.24 NS 

SNP-B (mm) 27 -0.87 1.78 15 -1.10 1.18 -0.22 NS 

SN-A (mm) 27 1.12 1.05 15 1.20 0.84 0.09 NS 

SN-B (mm) 27 2.98 1.77 15 3.40 1.64 0.42 NS 

SN to ML (°) 27 1.09 1.24 15 0.92 1.03 -0.17 NS 

SN to PP (°) 27 -0.01 1.27 15 -0.31 1.22 -0.30 NS 

PP to ML (°) 27 1.09 1.33 15 1.23 0.67 0.14 NS 

SNP-U1 (mm) 27 1.26 1.54 15 1.20 0.78 -0.06 NS 

SNP-L1 (mm) 27 0.61 1.56 15 0.52 1.26 -0.09 NS 

SNP-U5 (mm) 27 1.05 1.49 15 1.00 1.04 -0.05 NS 

SNP-U6 (mm) 27 -2.91 1.36 15 -2.84 1.44 0.08 NS 

SNP-L6 (mm) 27 0.31 1.40 15 0.45 1.61 0.14 NS 

SN-U1 (mm) 27 1.21 0.95 15 1.45 1.36 0.23 NS 

SN-L1 (mm) 27 3.26 1.64 15 3.78 1.33 0.52 NS 

SN-U5 (mm) 27 1.48 1.01 15 1.96 1.43 0.48 NS 

SN-U6 (mm) 27 0.71 1.07 15 0.67 1.66 -0.04 NS 

SN-L6 (mm) 27 2.22 1.06 15 2.17 1.52 -0.05 NS 

SN to U1 (°) 27 3.03 3.19 15 2.54 3.32 -0.50 NS 

SN to U5 (°) 27 6.44 4.31 15 4.89 3.17 -1.55 NS 
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SN to U6 (°) 27 -8.12 4.44 15 -10.71 4.72 -2.59 NS 

ML to L1 (°) 27 1.92 3.11 15 3.36 3.27 1.43 NS 

PP to OPs (°) 27 -1.59 1.79 15 -1.33 1.76 0.25 NS 

ML to OPi (°) 27 -0.68 2.21 15 -1.52 1.76 -0.84 NS 

OB (mm) 27 -2.01 1.15 15 -2.32 0.72 -0.30 NS 

OJ (mm) 27 -0.11 1.00 15 -0.21 0.96 -0.10 NS 

NS (Not Significant) ; * (p < 0.05) ; ** (p < 0.0001) 

 

Pretreatment versus Treatment Completion (T1-T3) 

After treatment completion (T3), there was only one measurement that was noted 

as being significant (Table 17).  SNP to maxillary first molar showed that with second 

molars absent, the first molar migrated more mesially than with second molars present. 

The reason is difficult to explain but could be due to a statistical fluke or error.  

 

Table 17: Unpaired t-tests of difference from T1 to T3 by Eruption Status 
 

 Full Eruption Unerupted Difference 
 

Measurements N Mean SD N Mean SD Unerupt-Erupt Significant 

SNA (°) 27 -0.51 1.28 15 -0.76 1.29 -0.25 NS 

SNB (°) 27 0.09 1.14 15 0.28 1.38 0.20 NS 

SNPOG (°) 27 0.24 1.30 15 0.40 1.42 0.16 NS 

ANB (°) 27 -0.60 1.29 15 -1.05 1.29 -0.45 NS 

ANPOG (°) 27 -0.75 1.57 15 -1.16 1.30 -0.41 NS 

SNP-A (mm) 27 -0.20 1.28 15 0.01 1.50 0.22 NS 

SNP-B (mm) 27 -0.49 2.14 15 0.09 2.00 0.58 NS 

SN-A (mm) 27 2.84 1.83 15 2.88 2.16 0.04 NS 

SN-B (mm) 27 5.43 2.41 15 5.87 2.71 0.44 NS 

SN to ML (°) 27 0.74 1.67 15 0.51 2.18 -0.24 NS 

SN to PP (°) 27 -0.17 1.49 15 -0.08 1.87 0.09 NS 

PP to ML (°) 27 0.91 1.90 15 0.58 1.01 -0.33 NS 

SNP-U1 (mm) 27 0.36 2.26 15 0.79 2.32 0.43 NS 

SNP-L1 (mm) 27 1.24 1.94 15 2.05 2.11 0.81 NS 

SNP-U5 (mm) 27 -0.81 1.93 15 0.23 1.46 1.04 NS 

SNP-U6 (mm) 27 -0.46 1.83 15 0.71 1.43 1.17 * 

SNP-L6 (mm) 27 1.50 1.92 15 2.75 2.08 1.25 NS 
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SN-U1 (mm) 27 3.37 2.08 15 3.55 2.25 0.18 NS 

SN-L1 (mm) 27 5.48 1.90 15 6.61 2.34 1.14 NS 

SN-U5 (mm) 27 3.76 1.60 15 4.86 2.37 1.10 NS 

SN-U6 (mm) 27 3.78 1.51 15 4.40 2.10 0.63 NS 

SN-L6 (mm) 27 3.96 1.73 15 4.60 2.19 0.64 NS 

SN to U1 (°) 27 2.04 6.32 15 2.25 6.78 0.21 NS 

SN to U5 (°) 27 -0.91 4.95 15 -1.64 3.56 -0.74 NS 

SN to U6 (°) 27 3.48 3.33 15 2.16 3.79 -1.33 NS 

ML to L1 (°) 27 3.19 5.56 15 6.84 6.80 3.65 NS 

PP to OPs (°) 27 -1.30 2.89 15 -1.84 1.78 -0.54 NS 

ML to OPi (°) 27 -1.76 2.46 15 -2.94 2.81 -1.19 NS 

OB (mm) 27 -1.63 1.28 15 -2.41 1.11 -0.78 NS 

OJ (mm) 27 -1.59 1.21 15 -2.30 1.17 -0.71 NS 

NS (Not Significant) ; * (p < 0.05) ; ** (p < 0.0001) 

 

 

Vertical Growth Pattern 

 The patients in this study were classified according to the expected facial growth 

patterns based on their initial SN-ML angle. We unfortunately had only limited sample 

sizes in two of the three, Brachyfacial and Dolicofacial, so the findings are somewhat 

under powered and difficult to draw overall conclusions from; however, we feel it was 

still worthwhile to investigate further. The results are shown in Table 18 and Figure 12. 

Though only 2 measurements were significant, it is an interesting finding. ANBº was 

significantly different between the groups. Both brachycephalic and mesocephalic 

patients showed a decrease in ANBº of 0.54º and 0.94º respectively; whereas, in 

dolichocephalic patients the ANBº increased 0.32 degrees. A similar result is seen with 

ANPogº. Though not significant, it is also an interesting finding that both the upper and 

lower first molars (SNP-U6 and SNP-L6) came forward the most in the mesocephalic 

patients possibly showing more forward movement of the dentition in these patients. 

Table 18: Vertical Growth Differences at T1 vs. T3 
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Measurement 

Brachy 

(N=4) 

 

SD 

Meso 

(N=33) 

 

SD 

Dolicho 

(N=5) 

 

SD Significant 

SNA (°) -0.42 0.61 -0.62 1.41 -0.56 0.74 NS 

SNB (°) 0.111 0.85 0.32 1.27 -0.88 0.54 NS 

SNPOG (°) 0.29 1.11 0.49 1.35 -0.98 0.46 NS 

ANB (°) -0.54 0.25 -0.94 1.38 0.32 0.38 * 

ANPOG (°) -0.714 0.58 -1.12 1.55 0.42 0.43 * 

SNP-A (mm) -0.428 0.77 -0.09 1.47 -0.07 0.80 NS 

SNP-B (mm) -0.708 0.96 0.04 2.13 -2.11 1.51 NS 

SN-A (mm) 1.62 0.56 2.95 1.96 3.17 2.34 NS 

SN-B (mm) 3.92 2.86 5.83 2.43 5.38 2.66 NS 

SN to ML (°) 0.79 1.37 0.41 1.89 2.16 1.26 NS 

SN to PP (°) -0.01 1.31 -0.36 1.53 1.25 1.92 NS 

PP to ML (°) 0.797 1.05 0.77 1.76 0.92 1.34 NS 

SNP-U1 (mm) -0.91 0.69 0.88 2.23 -0.75 2.68 NS 

SNP-L1 (mm) 0.32 1.08 1.83 2.03 0.49 2.00 NS 

SNP-U5 (mm) -0.53 0.82 -0.36 2.01 -0.87 0.94 NS 

SNP-U6 (mm) -0.16 0.75 0.08 1.93 -0.69 1.09 NS 

SNP-L6 (mm) 1.03 1.39 2.16 2.20 1.26 0.89 NS 

SN-U1 (mm) 2.11 2.01 3.53 2.17 3.84 1.75 NS 

SN-L1 (mm) 5.51 2.14 5.96 2.12 5.65 2.50 NS 

SN-U5 (mm) 3.28 1.73 4.25 2.05 4.24 1.59 NS 

SN-U6 (mm) 2.98 1.45 4.15 1.82 3.84 1.36 NS 

SN-L6 (mm) 2.72 1.42 4.35 1.95 4.29 1.67 NS 

SN to U1 (°) 0.94 8.74 2.96 5.86 -2.49 7.38 NS 

SN to U5 (°) -2.48 3.00 -0.81 4.85 -2.53 2.21 NS 

SN to U6 (°) 1.09 4.39 3.50 3.50 1.34 2.31 NS 

ML to L1 (°) 5.91 8.53 4.65 6.41 2.37 2.03 NS 

PP to OPs (°) -1.73 1.67 -1.48 2.52 -1.36 3.60 NS 

ML to OPi (°) -4.07 2.29 -2.23 2.42 -0.34 3.41 NS 

OB (mm) -2.83 1.60 -1.91 1.18 -1.16 1.34 NS 

OJ (mm) -2.31 0.75 -1.78 1.22 -1.89 1.72 NS 

NS (Not Significant) ; * (p < 0.05) ; ** (p < 0.0001) 

 

http://ctspedia.org/do/view/CTSpedia/StatTestPValue
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Figure 12: Overall Superimposition of Different Facial Types 

A) Brachyfacial 

 

 

B) Mesofacial 
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C) Dolicofacial 

 

 

DISCUSSION 

 

 Numerous studies have examined different methods for Class II correction and 

the skeletal and dental components by which the correction was achieved. The present 

study of 42 patients shows that correction of Class II malocclusion can be obtained 

through molar distalization into a “super” Class I molar relationship follow by fixed 

orthodontic appliances. This distalization did produce desired effects; i.e. correction of 

deep bite via bite opening, molar correction, and space to alleviate crowding. However, 

some unwanted side effects did occur, ie increasing mandibular plane angle, significant 

distal molar tipping, and anterior anchorage loss through premolar mesial movement and 

tipping. Additionally, by treatment completion on average 100% of the molar 
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distalization was lost as an average finding; however, there were great individual 

variations of this result (Figure 8). Why are the variations occurring? The most obvious 

answer is that once the patient has been corrected into Class I occlusion during the 

distalization phase, what happens after is greatly determined by how much and what 

direction growth will manifest.  If significant growth, especially in mandible, remains 

then significant compensation (i.e. mesial movement of upper molar) must occur in order 

to stay in a Class I relationship. Conversely, if minimal growth is expected then the molar 

could tend to stay in a more distalized position compared to initial and maintain the same 

Class I molar relationship. No significant differences were noted in total (T1-T3) 

treatment times between patients with and without maxillary second molars present 

 

Effect on altering the Position of Maxillary 1st Molar 

 The Iino appliance was able to effectively distalize maxillary 1
st
 molars. 

However, by treatment completion the amount that remained was negligible. In 42 cases 

evaluated, the average distalization from T1 to T2 was noted to be 2.89 mm. In 

comparison to other studies, Gosh found mean maxillary first molar distalization was 

3.37 mm
51

 and Bussick found distalization of 5.7mm
39

 The exact numerical value of 

distalization is not of the utmost significance, what was important was that all patients 

achieve a super Class I molar position upon completion of appliance therapy.  

With distalization, other vertical and angular changes occurred as well. Vertically, 

the maxillary first molar was noted to extrude from T1-T2 by 0.69 mm and tip distally 

9.05º. Similarly, Gosh found mean distal tipping of 8.36 degrees
51

 and Bussick showed 

about 11 degrees of distal tipping.
39

 However, in the present study though extrusion was 
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noted, other studies have noted the opposite with Gosh finding about 0.1 mm intrusion 

and Bussick noted 0.7 mm intrusion. Interestingly, in both Gosh and McNamara’s 

studies, bite opening and increase in lower facial heights were seen which is somewhat 

different then would be expected with molar intrusion.
39,51

 In the present study, molar 

extrusion is believed to be due to two factors, overall general growth and development of 

the maxilla with eruptive force of the 1
st
 molar as well as possible appliance force leading 

to additional extrusion. 

Upon treatment completion, the maxillary first molars had insignificant remaining 

molar distalization, and ultimately returned to their original position (excluding vertical 

eruption/extrusion and tipping). This is very similar to what has been previously reported 

in other articles. Burkhardt et al., reported 87% loss of molar distalization,
42

  Angelieri et 

al., reported first molars were returned to their pretreatment anteroposterior positions
41

 

and finally  Ngantung et al., observed 100% loss of distalization in addition to 1.8mm of 

mesialization.
43

 

Ultimately, the null hypothesis that the Iino appliance has no effect on molar 

position, with respect to distalization, could not be rejected. However, there were 

significant positional changes with respect to extrusion and tipping. 

  

Effect on Altering the position of Maxillary Central Incisor 

 Although care was taken during appliance fabrication to not place direct force on 

the incisors, the maxillary incisors did show positional changes that can be considered as 

anterior anchorage loss due to molar distalization. 
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The Iino appliance did show significant effects on the position of the maxillary 

incisor. From T1-T2, the central incisor moved via proclination of 2.85º with combined 

mesial movement of 1.24mm and extrusion of 1.30mm. Comparative studies show this is 

somewhat similar to the Pendulum appliance with 0.74mm incisor movement labially and 

1.71 degree incisor labial tipping.
40

  

However, at treatment completion these numbers decreased with the final central 

incisor movement from T1-T3 exhibiting 2.11º proclination of and 3.43mm extrusion. 

Additionally, there was an insignificant A–P incisor positional change of 0.51 mm more 

protrusive. Again, these values are similar other studies by Burkhardt, Angelieri, and 

Ngantung.
41-43

 

The extrusion and tipping values are interesting findings from T1-T2 due to 

absence of direct forces from the Iino appliance, itself. The extrusion could possibly be a 

result of capping the premolars with bit disclusion on molars as well as incisors. This 

disclusion of incisors results in no incisor contact, and eruptive forces could be at fault 

for the additional extrusion of the incisors. The proclination is believed to be due to 

indirect forces placed on the anterior maxillary teeth through the palatal, posterior dental 

(premolar) anchorage of the appliance, and, possibly, the active force of the tongue to aid 

in swallowing during appliance usage. 

The null hypothesis that the Iino appliance has no effect on altering the position of 

the maxillary central incisor cannot be rejected in regards to A-P positional change. 

However, in relation to extrusion and proclination the appliance does significantly affect 

the final position. 
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Effect on Altering the Position of Maxillary 2
nd

 Premolar 

 The Iino appliance did show significant effects at T2 on the position of the 

maxillary 2
nd

 premolar. The premolar moved via mesial tipping of 5.89º. However, by 

treatment completion (T3), the premolar had returned to its original inclination. 

Additionally, the premolars exhibited 1.03 mm mesial movement from T1-T2 followed 

by 1.47 mm of retraction netting from T1-T3 a non-significant change in premolar 

position. 

The total space that opened of 3.92 mm was 26.2% due to premolar mesial 

movements and 73.8% due to molar distal movements. This percentage space 

development is somewhat similar to previous studies in that Byloff found values of 

between 61-71% of space development due to molar distalization.
38,40

 However, this is 

negligible due to the fact that basically 100% of distalization of the molar was lost from 

T2-T3, and no remarkable distalization remained at treatment completion.  

Again, the null hypothesis that the Iino appliance has no effect on altering the 

position of maxillary 2nd premolar could not be rejected in regards to A-P position as 

well as tipping. However, regarding extrusion, the maxillary second premolars were 

significantly extruded in relation to initial position. 

 

Effect on the Mandibular Plane Angle 

 The appliance did have a significant effect on opening of mandibular plane angle. 

Seen in Figure 5 are the average movements seen in 42 patients. Vertically, the most 

important measurement of value was the change in SN-MLº. Significant open rotation of 

1.03º was noted from T1-T2, a minor decrease was seen from T2-T3, and, thus, the final 
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change from T1-T3 patients on average remained significantly more open by 0.66 º as 

compared to initial. A measurement showing significant change was most notably the 

mandibular angular measurement suggesting bite opening leading to downward and 

backward mandibular rotation. Noteworthy findings were that during distalization (T1-

T2) mandibular plane opens thus rotating the mandible downward and backwards leading 

to a decrease in B-point values horizontally and increased vertically from SN. These 

values are supported in other studies that showed very similar bite opening and increase 

in mandibular plane angle (lower facial heights). 
38-43

 Though 0.66 º Mandibular Plane 

opening may not be clinically significant, it is important to note that any amount of 

opening (downward backward rotation) makes the Class II correction as well as forward 

growth potential more difficult. Additionally, this can limit the overall skeletal change of 

the Class II correction. 

 Therefore, the null hypothesis that the Iino appliance has no effect on the 

mandibular plane angle can be rejected due to the finding that the angle does increases 

significantly from T1-T3. 

 

Presence of Maxillary 2
nd

 Molar and Treatment Time 

The presence of the maxillary 2
nd

 molar was shown to have no effect on the 

treatment time from T1-T3 (Table 14). On average treatment time on 15 patients with 

unerupted second molars was 29.32 months which was slightly longer, but not 

significant, than the 26.43 months for those 27 patients with erupted second molars. 

Statistics showed that there was an increased amount of time spent in the T2-T3 stage in 

unerupted molars versus erupted molars by 3.69 months. This is likely attributed to the 
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fact that practitioners had to wait more time in order to add second molars into the 

appliance. 

 Some authors have shown that distalizing in the presence of maxillary second 

molars leads to increased treatment time.
48,50

 This study can show no such result. 

However, it does seem reasonable that distalizing a fully erupted 2
nd

 molar in addition to 

the 1
st
 molar would require at least an increased amount of force, and therefore time, in 

order to counteract the surface area that must be changed to distalize the 1
st
 and 2

nd
 molar 

vs. just the 1
st
 molars. If this force is sufficiently added to the appliance in order to 

produce distalization of both 1
st
 and 2

nd
 molars, than the treatment time could possibly be 

similar. 

 In the end, the null hypothesis that the presence of maxillary 2
nd

 molars does not 

affect treatment time could not be rejected due to the fact that from T1-T3 treatment 

times were insignificantly different. 

 

The Presence of Maxillary 2
nd

 Molar had Minimal Effect on Skeletal or 

Dentoalveolar Measurements 

 Few measurements were affected by the eruption status of the second molars. 

Though no values were noted as being statistically significant from T1-T2, attention was 

called to the inclinational changes of the maxillary premolars and molars. With full 

eruption of second molars, there was less molar tipping. However, there was an increase 

in the amount of premolar mesial angulation. Conversely, with unerupted second molars, 

the exact opposite is true: more molar distal angulation and less premolar mesial 

angulation changes. This supports the study by Kinzinger
50

 that showed that, in the 



57 

 

direction of distalization, a tooth bud acts on the mesial neighboring tooth like a fulcrum, 

and that tipping of the first molars in patients in whom the second molar was still at the 

budding stage was greater. In patients whose second molars had erupted completely, the 

degree of tipping was greater again when a third molar bud was located in the direction of 

movement. After completed germectomy of the wisdom teeth, bodily distalization of both 

molars is possible, even without bands being applied to the second molars. Though the 

statistical tests found the amount of tipping between the groups to be relatively 

insignificant, it is noted that the degree of distal tipping of first molars was less in 

patients with erupted second molars than in those whose second molars were not yet 

erupted that was similar to other studies.
50

 

 Consequently, in the present study, the null hypothesis that the presence of 

maxillary second molar does not affect any skeletal or dentoalveolar measurements 

cannot be rejected. All measurements were found to be similar and insignificant from T1-

T3. 

 

How were Class II Corrected and Class I Maintained? Why a “Non-significant” 

finding is important! 

 As all 42 patients started with end-on Class II at T1 and few significant changes 

were seen at treatment completion (T3) of maxillary molar position compared to T1, how 

was the Class II corrected and Class I maintained? 

 Many studies have seen the same results after distalization that for all intents and 

purposes showed minimal to no distalization remains or even in some cases maxillary 

first molars end up more mesial than they began. 
41-43

 There are a few different 
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hypotheses as to why this occurs. One of the most quoted is from Solow who stated that 

maintenance of the Class I molar relationship and improvement of overjet in adolescents 

can be explained by favorable growth pattern (skeletal changes) and dentoalveolar 

compensation (intercuspation and Class II mechanics). 
44

 It is important to remember the 

patients in the sample are on average 12.16 years old and at the height of their growth 

potential. Additionally, it is important to note the mandible will tend to outgrow the 

maxilla and become more prognathic relative to the cranial base during normal growth. 

Johnston has shown that 9 out of 10 Class II patients have a favorable growth pattern in 

which the mandible outgrows the maxilla.
45

 Moreover, mandibular growth was found to 

be a major component for the maintenance of a Class I molar relationship, and this 

explains the difficulty and the highly variable failure rate with the pendulum appliance in 

adults described by Gianelly. 
49

 

 Why would “non-significant” finding be important? In Figure 5, seen previously, 

one can appreciate the overall changes that occurred throughout treatment. It is 

interesting to look more closely at what is occurring in the maxilla and compare that to 

Figure 13 in which one can see the average mandibular superimposition of the 42 

patients and the amount of growth that occurred. What is possibly most indicative of the 

treatment outcomes of this appliance would be the importance of the minimal to no 

change seen in the maxilla with the growth seen in the mandible. Bjork and Skieller 

showed in their implant studies that the maxilla and maxillary dentition continues a 

forward movement through growth if untreated.
5
 The importance of this is that in the 

present study the maxilla and maxillary dentition show a somewhat non-significant 

change, which in itself seems easily dismissed. However, through growth and time one 
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would expect a significant change in these positions.
5,8

 Therefore, the Iino’s “non-

significant” change in maxillary skeletal and dental position can actually be viewed as an 

important treatment finding that helps correct Class II by restricting the forward 

movement of the maxilla and dentition. In addition, one can see in Figure 13 the amount 

of growth that occurred as well as the mesial movement of the dentition that further aids 

in the correction of the Class II and maintenance of Class I occlusion. So it is in the 

restriction of the forward movement of the maxilla and maxillary dentition in 

combination with the mandible’s continued growth that the true correction of the Class II 

can be understood. 

 

 

Figure 13: Overall average mandibular superimposition from the 42 treated 

subjects 
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In previous studies they have hypothesized that mandibular growth and coupling of the 

molars lead to the eventual mesial movement of the maxillary first molar. .
41-44

 However, 

they have not directly shown this relationship. In the present study, the author believed it 

was of value to graphically compare the horizontal movement of B-point (thought of 

“mandibular forward growth”) and compare this to the amount of distalization that was 

lost in each case. In Figure 14, one can clearly see the relationship that if B-point 

decreases (negative values); distalization of the maxillary 1
st
 molar tends to remain 

(positive values). The exact opposite is true when B-point moves forward (positive 

values); distalization is lost (negative values) and the maxillary molar moves forward 

with mandibular horizontal movement. This shows clear evidence that the Iino 

distalization appliance, as with other distalization appliances, drives the maxillary molar 

back until it “couples” with the mandibular molar, at which point, the molars stay 

coupled and final position will be determined by mandibular growth amount and 

direction. 

  

Figure 14: Linear regression of B-point horizontal movement to molar distalization 

that remains at treatment completion. 
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Is the Iino Appliance Worthwhile? 

 Orthodontists evaluate treatment outcomes and assess whether the results 

achieved were the desired ones or somewhat of a compromise on the anticipated 

outcome. It is precisely this review of one’s own patients that can lead to learning and 

modification of the orthodontist’s mechanics in order to make treatment more effective 

and efficient.  

In response to the negative observations seen with the Cetlin Appliance, Berkeley 

Orthodontics decided to pursue a different and possibly more beneficial distalization 

protocol.
53

 The practice made modifications to the Pendulum appliance and developed a 

unique molar distalizing appliance called the Iino Appliance. This appliance is similar to 

the pendulum appliance as it attempts to maintain the positive results of the Pendulum 

appliance, while minimizing its adverse side effects (in particular the oral hygiene 

problem with a permanently bonded appliance). In order to reduce the oral hygiene 

problems, the Iino appliance is not bonded to the premolars, but removable and attached 

with Adam’s clasps to first premolars. This investigator believes that the improved ability 

of the patient to perform oral hygiene procedures is one of the most beneficial aspects of 

the Iino appliance.  

Additionally, the practitioner must consider whether the Iino appliance performs 

on par with the Pendulum appliance. In 42 Iino cases evaluated, on average the amount of 

distalization was noted to be 2.89mm compared to the Pendulum appliance reported 

values between 3.37-5.70mm.
39,51

 Though at treatment completion, on average 100% of 

distalization was lost on average which is very similar to other studies that followed 
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distalization through treatment completion. .
41-43

 The exact numerical value of 

distalization is not of the utmost significance. What was important was that all patients 

achieved a Class I molar position upon completion of distalization and maintained 

through treatment as with the Pendulum appliance. With distalization other vertical and 

angular changes occurred as well. While using the Iino appliance, the maxillary first 

molar was noted to extrude and tip distally. Similarly, Gosh and Bussick found mean 

distal tipping.
39,51

 However, in the present study extrusion was noted, while other studies 

have noted intrusion.
39,51

 Interestingly, in both studies, bite opening and increase in lower 

facial heights were seen which is somewhat different then would be expected with molar 

intrusion.
39,51

 In the present study, molar extrusion is believed to be due to at least two 

factors, overall general growth and development of the maxilla and eruptive force on the 

1
st
 molar as well as possible appliance force leading to additional extrusion. 

In regards to skeletal changes with the Iino appliance, SN-MLº significantly 

opened 1.03º from T1-T2 with slight rebound noted from T2-T3, and thus the final 

change from T1-T3 patients on average remained significantly more open by 0.66 º as 

compared to the initial value. Though 0.66º is rather clinically insignificant, the variations 

of bite opening might be the most interesting with 2/3 of the population showing bite 

opening and conversely 1/3 showing bite closure (Figure 9). Probably most significant is 

that some patients opened 3-4º which can make correction of Class II much more difficult 

due to downward and backward rotation of the mandible as well as negating any forward 

growth potential that may occur. Additionally, this increase in MPA and lower facial 

heights can be unesthetic due to producing a more retrognathic facial appearance. These 
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values are supported in other studies that showed similar bite opening and increase in 

mandibular plane angle in the Pendulum appliance (lower facial heights).
38-43

 

The Iino appliance did show significant effects on the anterior anchorage units. 

The position of the maxillary incisor moved via proclination, mesial movement and 

extrusion. Comparative studies show this is somewhat similar to the Pendulum appliance 

with incisor movement labially and incisor labial tipping.
40

 

 

Iino Appliance Recommendations: 

Overall, this investigator believes that considering previous Pendulum studies and 

the current Iino study, the results achieved with the Iino appliance, both positive and 

negative, are on par with results seen in the Pendulum appliance. Thus with the obvious 

benefit of increase patient oral hygiene through a non-bonded appliance and the ability of 

the practitioner/auxiliary staff to easily remove the appliance for additional activations or 

adjustments, the Iino appliance could be viewed as having an additional benefit over the 

Pendulum.  

Some possible recommendations to improve the overall patient selection are 

important topics to discuss. In patient selection, it is again important to reinforce the 

initial diagnosis. A “dental” Class II, with minimal to no skeletal discrepancies would be 

most ideal. Vertically, those patients that are brachycephalic and tending towards 

mesocephalic would be good candidates. Conversely, treating dolichocephalic type 

patients would cautioned due to the possibility of significantly increasing mandibular 

plane angle leading to increased lower facial heights and unesthetic outcomes. 

Additionally, those patients that have deep overbites with normal to retroclined maxillary 
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incisors would be ideal. Those patients that already have significantly protrusive incisors 

would more than likely not benefit from alternative treatment approaches. 

There are several recommendations for the Iino appliance and protocol. In order 

to reduce the bite opening seen, one possible suggestion is to decrease the amount of 

occlusal coverage on the premolars. At present, upwards of 2-3mm of acrylic cover the 

premolars prop the bite open. However, this amount is believed to be more than need and 

could be decreased to only prop the bite open just enough to discludes the molars and this 

may decrease the amount of extrusion seen in the posterior segment. Thus be decreasing 

the amount of overall extrusion, one would not negate the forward growth of the 

mandibular complex. Additionally, better molar anchorage control post distalization 

could help overall outcomes. If the molar were to be held more securely in its distal 

position, through TAD, palatal bar, etc., less post distalization Class II mechanics would 

be need and mandibular dental extrusion and proclination could be decreased. 

 

Individual Cases 

 The author believes it is of importance to view a selected number of cases that 

used the Iino distalization appliance followed by fixed orthodontic treatment in order to 

view the significant individual variation in these patients. Most notable is the growth 

amount and direction that changes within each patient and what effect this seems to have 

on the resulting maxillary molar position.  
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Figure 15: Case 1: Male patient 12y4m at T1 and 14y2m by treatment completion. 

Patient had 2.75mm of distalization from T1-T2; however, by treatment completion all 

distalization is lost and the mandible has significantly grown in a downward and forward 

direction (possibly predicted by shape of mandibular landmarks). 

 



66 

 

Figure 16: Case 2: Male 13y10m at T1 and 15y7m at T2. From T1-T2 patient had 

3.25mm of molar distalization; however, it was noted this patient had some of the most 

significant bite opening of all patients. Upon treatment completion, 2.00mm of molar 

distalization remained and the mandible almost completely dropped in a vertical 

direction. Thus upon correction to Class I in at T2, molar was “coupled” with mandibular 

molar and stayed in the Class I position with minimal horizontal mandibular growth 

(growth pattern of mandible could possibly be predicted by structural signs). 
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Figure 17: Case 3: Female 12y4m at T1 and 15y2m at T3. This patient had 2.00mm of 

molar distalization from T1-T2; however, this patient showed the largest amount of molar 

mesialization from T1-T3 with 3.50mm of mesial movement by the time fixed appliances 

were removed. Most notable in this case is the significant amount of forward growth seen 

in the mandible. Thus again, once the maxillary molar is coupled with the mandibular 

molar they seem to function as a unit and the amount of mesial migration of the upper 

molar is determined at least in part by the amount of mandibular growth and direction 

that remains for the patient.  
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CONCLUSIONS 

 Null hypotheses 

o The null hypothesis that the Iino appliance has no effect on molar position, 

with respect to distalization, could not be rejected. However, there were 

significant positional changes with respect to extrusion and tipping 

o The null hypothesis that the Iino appliance has no effect on altering the 

position of the maxillary central incisor cannot be rejected in regards to A-

P positional change. However, in relation to extrusion and proclination the 

appliance does significantly affect the final position. 

o The null hypothesis that the Iino appliance has no effect on altering the 

position of maxillary 2nd premolar could not be rejected in regards to A-P 

position as well as tipping. However, in relation to extrusion, the maxillary 

second premolars were significantly extruded in relation to initial position. 

o The null hypothesis that the Iino appliance has no effect on the mandibular 

plane angle can be rejected due to the finding that the angle does increases 

significantly from T1-T3. 

o The null hypothesis that the presence of maxillary 2nd molars does not 

affect treatment time cannot be rejected due to the fact that from T1-T3 

treatment times were not significantly different. 

o The null hypothesis that the presence of maxillary second molar does not 

affect any skeletal or dentoalveolar measurements cannot be rejected. 

None of the measurements for these parameters were found to be 

significantly different from T1-T3. 
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 The Iino Distalization Appliance followed by fixed orthodontic treatment is an 

effective method to correct certain types of Class II malocclusions. 

o All patients had acceptable Class I finish. 

 Increased MPA can be a possible negative outcome in mesocephalic and 

dolichocephalic patients. 

 The Iino Appliance is an effective distalization appliance from T1-T2. However, 

the amount of distalization that remains at T3 is rather insignificant and patient 

dependent. 

o Although T3 values were insignificant compared to T1, the restricted 

forward movement of the maxillary dentition compared to normal growth 

is an important consideration. 

 Individual variations and growth pattern seem to be a contributing factor in the 

final position of the maxillary first molar. 

o There seems to be a clear association between forward movement of B-

point and the maxillary molar to maintain Class I relationship. 
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