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Abstract 

This study investigates the twin block appliance's abifïty to correct overbite. Lateral 

cephaiometric radiographs at time-l and time-2 were scanned and digitized for patients 

treated with the twin biock appliance and a control group. The twin block group was 

divided based on dxerent treatments for the correction of overbite- The deep bite 

treatment group expenenced overbite correction of4mm while the open bite treatment 

group did not change significandy from the control group. Regression analysis identified 

the most important variables in the overbite correction for the deep group as increased 

lower face height of 2 S m q  downward movement of pogonion and gnathion by 2.0mm, 

restriction of mandibular hcisor eruption by 1 . 7 m  and proclination of the lower incisor 

by 4.5 degrees. Cornparison of the two treatment groups showed that there was no 

difference in the anteropostenor correction; both groups nnished treatment with ANB 

angles of 4 degrees and ove jets of 2.2mm. 
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Introduction 

7.1 Research Problem 
Functional appliance therapy and the treatment of vertical problems are both 

current areas of interest in orthodontics. Functional appliance therapy is controversial in 

its ability to produce real and stable skeletal changes. There are many conflicting reports 

in the iiterature. Some investigators contend that these appliances produce dramatic and 

stable results while others have found Iittle Merence over normal growth. The vertical 

dimension is an area of orthodontics that is diff~cult to manage clinically and the treatment 

options available are somewhat limited. This study investigates the ability of the twin 

block appliance to correct vertical problems in open bite and deep bite cases. The cument 

litcrature on the twin block appliance has been focused on the achievement of 

anteropostenor correction of malocclusions and the abiiity of this functional appliance to 

produce vertical corrections has not been M l y  explored. 

The vertical aspect of maloccIusions is often dif6icult to correct fiom a mechanical 

point of view for both extremes of deep and open bites. Treatment options are liniited for 

vertical problems and once treated, vertical discrepancies are also subject to higher relapse 

rates than other orthodontie corrections. It may prove that growth modification is the best 

method for achieving stable results. 

Growth modification with f'unctional appliances is stiU a controversial topic despite 

their use since the beginning of the century. The issues debated surround the existence of 

an a c t d  alteration of skeletal growth to correct the skeletal discrepancy. In Class II 

treatment this debate is largely whether increase of mandibular length occurs and whether 

the long term resuit represents the same total growth as wodd have occurred without 



treatment. Most investigators show evidence of positionai changes of the mandible. 

These results may represent actual increase in the size of the mandible, or remodeling of 

the temporomandibular joint in a more forward position or muscuiar positioning of the 

rnandible in a forward posture. The basis of the correction is the issue. Muscular 

posturing as a mechanism for correction would not be thought to be stable in the long 

term. Remodeling of the temporomandibuIar joint to a more anterior position may or may 

not be desirable in any individual case. Increase in mandibular growth causùig the 

mandible to become Iarger relative to the rest of the face is the most favorable explanation 

but it is still questionable whether the increased growth is maintained with nomai growth 

rates after treatment. It is difEcdt to ascertain that the mandibIe has actually increased in 

length because on lateral cephalograrns the condyle is very often obsnired by structures of 

the cranid base so it becomes difEcult to measure mandibular length accurately. To 

M e r  cornplicate the issue the observed changes may also be due to a combination of 

some or alI of these methods. 

Long t e m  properly randomized dinical trials are required to provide the concrete 

answers to some of these problems, ifthey can be proven at ail. It is valuable though to 

investigate the effects of treatment with the Twin Block appliance as it has recently been 

gaining popularity and showing some good clinical results in Phase 1 treatment. Hopefully 

investigating the changes that occur as the immediate effects of treatment wili increase 

understanding of the method of action of this appliance. 

The Twin Block appliance is similar to many other functional appliances in holding 

the mandible in a forward position to appreciate an anteroposterior change. It is by design 

also able ta address the vertical and transverse aspects of the occlusion. It is the purpose 



of this study to focus on the vertical control ability of this appliance. The relationship of 

vertical changes and anteropostenor correction will be commented upon. 

1.2 Functional Appliance History 

Functional appliance therapy is a current area of interest in the North Amencan 

orthodontic community. These appliances are used to guide facial growth and d o w  

dental development. Functional appliances have been used for a long tune in Europe. 

They have provided an affordable way to correct or improve even severe dentofacial 

defomities. In North America there has been much skepticism of fûnctional appliances 

but opinions have slowiy been changing and these appliances have enjoyed increasing use 

and popdarity over the past twenty years. (J'roEt, 1993) 

Many designs have been used but the main feature of these appliances is posturing 

of the mandible in a more favorable position. The fùnctional matrix theory of Moss 

(1 969) wouid suggest that creathg hctional  forces in this position should stimulate the 

craniofacial growth centers to accommodate with alteration in form. It is believed that to 

maxïmize the potentid for skeletal changes in growth the appliance design should 

minimize contact with the teeth. Posturing the mandible requires muscular activity. As 

the muscles fatigue the jaw tends to lean on the appliance. This creates forces which tend 

to move the teeth to camouflage the skeletal discrepancy. The advantage of using a 

removable appliance is that the design of acrylic extensions d o w  the possibility of large 

areas of mucosal contact. The contact on the mucosa can help absorb some of the forces 



as the muscles fatigue and therefore reduce the forces expenenced by the teeth. The less 

orthodontic aiteration that occurs the greater the potentid for orthopedic effects. 

Most fllnctional appliances can be constructed to posture the rnandible forward for 

Class II correction or create posterior pressure pushing the mandible back for Class III 

correction In the discussion of appliances that foliows, the Class II designs will be 

described. Many fiinctional appbances also incorporate design features to alter pressures 

experienced by individual teeth to accomplish M t e d  tooth movements. These 

modifications can be tailored to individual cases as required. 

Functional appliance treaûnent has been proposed by individuals since early this 

century or even the late 1 9'h century. Over time there has been an evolution in designs. 

Catlan frorn Spain and Kingsley in the United States both used an inclined anterior bite 

plane to induce the mandible to assume a forward posture and ''jump" the bite. Robin in 

1902 advocated the monoblock appliance to expand the upper and lower arches and 

posture the mandible forward with a single removable appliance. By 1910, Andresen had 

developed his appliance which is derived from the one piece monoblock design with 

inclined planes almg the lingual flanges that the teeth slide dong to guide the mandible 

into protnision. (Ahtin et al, 2984) 

The advator is a derivative of the Andresen appliance and was probably most 

popularized by Harvold (Hmold, 1974). The main modifications of tbis appliance are: 

acrylic capping of the lower incisors, extension of the lingual flanges to contact as much of 

the mucopenosteurn of the mandible as possible with smooth surfaces and considerable 

occlusal bite shelves which are flat to the cusp tips. 



In the 1950's and 60's other examples of removable one piece appliances were 

introduced încluding: the bionator and the Frankel. The bionator is a smdler version of an 

activator. This appliance was developed by Balters. An acrylic lingual flange is used to 

guide the mandible with a wire labial bow and buccinator bow ofken included in the 

design. (Proffit, 1993) The Frankel appliance m e r s  nom the other functional appliances 

in design and philosophy. It is made to contact mucosal surfaces with ody minimal tooth 

contact. Acrylic shields in the vestibule are constructed to remove the lower lip, and 

cheek pressures which d o w s  expansion into these areas. The lingual acrylic flange 

contacts the mucosa lingual to the lower incisors posturing the mandible forward. The 

acrylic shields are c o ~ e c t e d  with wires. (Frankel 1982) 

Functional appliances have commonly encountered problems with cooperation as 

they are generaIly very bullcy and interfere with speech. Children h d  them difi5cdt to 

accommodate to and most designs must be removed for eating. This often lead to part- 

tirne Wear schedules recommended for many of the appliances. 

Recently a new generation of fixed hct ional  appliances has become popdar. 

This avoids the issue of cornpliance. These appliances are more streamlined than the 

removable types and do not interfere with speech. Some examples include the Herbst, 

Mar% and Jasper Jumper. The Herbst appliance has been studied most extensively by Ruf 

and Pancherz. The main disadvantage with these appliances is that they are attached only 

to the teeth. Consequently the dentition is exposed to greater forces and is far more likely 

to displace. The greater displacement of the teeth iimits the skeletal correction which may 

be generated. 



The design of the twin bIock appliance is a system of two interlocking plates and 

has been most promoted by Clark since 1982. The m z d q  appliance is constnicted with 

palatal coverage and clasps for retention. The mandibular appliance has a lingual flange 

at the anterior and also clasps the teeth. The two pieces f i t  together via bite blocks 

covering the occlusal surfaces of the postenor t e e h  The bite blocks meet dong an 

inciïned plane of approximately 70 degrees. It is this fit dong the inclined plane that 

postures the mandible fornard. The bite blocks present in this design d o w  convenient 

adjustment for vertical changes to occur simultaneously with anteroposterior changes. 

This appliance is reported to be better tolerated than the other removable functional 

appliances as it interferes less with speech and d o w s  nearly a full range of mandibular 

rnovement. 

Al1 of these appliances hold the mandible in a forward posture but they di&r in 

key ways. Appliance bulk, ease of accommodation, degree of vertical control and impact 

on the dentition are essential considerations in appliance selection. 

1.3 Funcfional Appliance Research in Animais 
The research on fixnctional appliances is voluminous. In the past few decades a 

quantity of research has examined the effects of changes to the fiinctional environment on 

the growth of the mandible in animals. These studies used rats and monkeys with 

functional appliances that were fixed in place for varybg periods of tirne. Monkey 

experiments by Baume and Derichsweiler(l961), Elgoyhen et al (1972) and Woodside et 

ai (1983, 1987) have ail demonstrated condylar growth in response to fonvard positionhg 

splint S. Kinton and McNamara (1 9 84) showed temporal bone adaptations, specifically 

deposition of bone, in the postenor of the glenoid fossa in juvede monkeys in response to 



protrusive firnction. Meikle (1970) investigated use of intermaxillary force applied to 

fixed spiints in monkeys. He found significant dentofacial changes but minimal change at 

the temporornandibular joint. 

Some other relevant studies examine the changes that other hctional alterations 

to the rnasticatory system, apart eom fixed appliances, c m  produce in animais. Ghafari 

and HeeIey (1982) perfiormed a study of condylar adaptation to alteration of muscle 

k c t i o n  in rats. They detached the masseters and repositioned them or left them to heai 

on their own and found that changes in condylar morphology occurred rapidly. 

Conversely work by Awn, Goret-Nicaise and Dhem (1 987) showed no changes in 

condylar growth after sectioning of the lateral pterygoid muscle unilaterally in rats. 

Animal experiments have also demonstrated dental and skeletal changes in 

response to fiinction with bite blocks that do not alter anteroposterior position. A 1995 

study by Ferrari and H e r ~ g  showed intrusion of maxillary and mandibular postenor teeth 

and supraeruption and retroclination of anterior teeth in pigs wearing bite opening 

appfiances over a period of approximately eight weeks. They also found changes in 

condylar morp hology and temporomandibular joint disc remodeling. Melsen, McNamara 

and Hoenie also (1995) showed evidence of skeletal changes in the maxilla with bite 

blocks placed in monkeys for twenty-four weeks. 

The evidence of skeletal changes which occur in animals when forced to h c t i o n  

in altered positions is compelling. Petrovic (1985) states that the increase in mandibular 

lengths demonstrated in his animal research is stable in the long term ifthe fimctionai 

appliances are removed after the growth of the animal is complete or ifthere is good 



intercuspation. Based on the these results the possibility of using these techniques to alter 

human growth and thereby facial pattern seems enticing. 

7.4 Functional Appliance Clinical Investigations 
There have been many studies which attempt to reveal such treatment effects of 

these appliances on human subjects. A selection will be reviewed. 

Baumrind and associates (1 983) reported the results of superimpositional 

cephaiometric analysis of 23 8 cases of CIass II subjects. Their supenmpositions were 

designed to examine only the changes in the mandible. The sample was divided 

approximately evenly between three treatment groups and a control group . The 

treatment groups were ceMcal headgear, highpull headgear, and activator. They found 

that ceMcal headgear and activator groups experienced increased growth rate of the 

mandible and the activator produced significantly greater forward displacement while the 

ceMcal headgear produced significantly greater downward displacement. The third 

treatment group - high puli headgear - showed no statistically signifiant merence in 

mandibdar growth rate or direction from the control group. 

In 1985 McNamara, Bookstein and Shaughnessy looked at changes in the growth 

of 1 00 patients treated with Frankel functionai regulators. McNamara and colleagues 

found that advancement of the mandible did occur in amounts averaging 3mm of increased 

length. This was not ail expressed as forward movement, in fact approxhately two thirds 

of the increase was vertical and demonstrated as increased Iower face height. There was 

little effect on the maxilla but the maxillary moiars did show a decreased forward 

movement and the maxillq incisors tipped distaily an average of 2mm. The rnandibular 

molars had increased eruption and the mandibular incisors showed minimal anterior 



tipping. This was a retrospective study fiom ;private practice records of patients that had 

been deemed to have cooperated. The authors state this assessment was not based on the 

success of the treatment but by report from parents and objective tissue signs. Their 

control group was a Class PI group matched ffor age. 

Later in 1985, Vagervik and Harvold published a prospective study including 83 

subjects treated with activator appliances. TBiey matched controls for age and sex for 

thirty six of their sarnple subjects. They also compared longitudinal changes tiom the 

pretreatment growth of the sample group. Faom the tbîrty-six matched pairs analysis they 

found inhibition of maxiLlary growth, uprightnng of the maxillary incisors, leveling of the 

mandibular occlusal plane, downward and fornard relocation of the glenoid fossa, 

advancement of al1 mandibular structures and increased lower face height . Oblique laterd 

n Ims  were taken at the same t h e  as the latenai cephalograms and there were deemed to be 

no changes in condyle position within the fossa in any subjects. 

DeVincenzo, in 1987, investigated a functional appliance constnicted d e r  the 

protnisive jaw positioning apparatus used in the monkey experiments. The description 

given is similar to the twin block in that it is comprised of two removable bite plates 

separated by a vertical interface that only diows closure in protrusive mandibular position. 

He had thirty-five consecutively treated cases and compared them to controls matched for 

age, sex and mandibular plane angle to SN. The control group was mainly Class II with 

approxhately one thkd having some phase -1 treatment. He also compared the gowth 

rates to the published standards fiom the MEchigan, Bolton and Burlington studies. His 

resdts showed significant increases in growth rates for the mandible as measured h m  

articulare. The dentoalveolar changes included posterior rnovement of the m a d a r y  



incisors (tipping) and rnesiai migration ( tipping and possible bodily movement although 

these were not quantified with a tooth axis) of the mandibular dentition. He estimated an 

increase of 2.2n-m in mandibular growth over the normal expected amount for the average 

9.4 month treatment tirne. DeVincenzo then followed up this study in 1991with a long 

term study. He assessed the effects of functional appfiance treatment for the same group 

as in the previous study, two and four years after the completion of the therapy. He 

selected those who had best responded to phase 1 treatment. During the post hctional 

appliance time the subjects received ftdl edgewise treatment. They were compared with 

matched controls from the Burhgton growth study. The control group was selected 

based on age, sex and mandibular plane angle as in the previous investigation. In the 

control group unfortunately approximately seventy percent had some form of growth 

modification treatment before beùig used in this control group. ( 26% bite planes, 23% 

cervical headgear, 21% monoblock ). The data suggest that despite early treatment 

success with the functional appliance under investigation after four years there was no 

difference between the treatment and "control" groups. The rate of growth of the 

mandible slowed signifïcantly fiom the observed f'unctional appfiance treatment spurt and 

the overd resulting dimensions achieved were not sigdïcantly different. The author 

spedates that possibly the more orthopedic changes obtained, the more potential for 

relapse. 

In 1993, Nelson, Harkness and Herbison published a prospective clinical triai with 

a control group and two treatment groups. The entire sample of forty-two children with 

CIass II div. 1 maLocclusions were matched in triads for age and sex and then randomly 

assigned to one of the three groups. One treatment group used a Frankel appliance and 



the other a Harvold activator. It should be noted that the appliances used differed 

markedly in their degree of activation, The Harvold activators were constmcted such that 

the bite was opened 10.5mm and advanced 7.0m on average while the Frankel 

appliances were fabricated to 6.4- verticaily open and 4.8m.m advanced on average. 

The results were analyzed after eighteen months. They found signifïcant inmeases in the 

gonial angle and in the articulare to pogonion length in the actîvator group. They attribute 

this to a downward and forward position of the mandible- They did not dernonstrate any 

increase in the overall mandibular length as measured fiom condyiion. The articdare to 

pogonion length dso s i@cdy  increased in the Frankel group yet again no merence in 

the condylion to pogonion Iength could be dernonstrated. Both treatment groups had 

increased eruption of lower fïrst rnolars that signincantly correlated with increased anterior 

face height. They conclude that there was no evidence to support claims of increase in 

mandibular length fiom fùnctional appliance treatment. 

A study in 1993 by Wmdmiller was based on an acrylic-splint Herbst removable 

appliance. This appliance used a Herbst mechanism to connect two separate acrylic 

splints. The splints fit over the m d l a r y  postenor dentition and the entire mandibular 

dentition but did not extend over the mucosa. Forty-six subjects were selected h m  

available records according to specific exclusion criteria ( not given in the article). The 

control group was the same Class II group fi-om the McNamara, Bookstein and 

Shaughnessy study, selected for age and extrapolated for a twelve month period. The 

study subjects were then classified by FH to MP 123  for horizontal 23-28 for normal and 

>28 for vertical facial patterns. Their results showed correction to Class 1 post treatment 

with no change in the vertical skeletal pattern. They found signincantly more growth of 



the mandible - as measured £kom condylion to gnathion - than in the untreated Class II 

control and significantly less forward maxiliary growth as well. They also found that 

verticai pattern cases had greater correction of Class II indicators (ANB, SNB, 

maxillornandibular differential). This study found no significant change in the sagittal 

position of the condyle. 

There is a phase 1 treatment study under way at the present time in North Carolina 

(Tulloch, PhilIips, and Proffit, 1997, 1998). They are using a prospective randomized 

design for this cluùcal trial with groups consisting of combination headgear, bionator and 

control(no treatment). This is a large scale study with 166 patients completing phase 1. 

These patients were assigned to either headgear, bionator or control groups. The results of 

the treatment were evaluated at 15 months. The headgear and bionator treatment groups 

showed an improvement in the skeletal discrepancy after phase 1. The headgear group had 

a greater tendency for restricted maxiUary growth whiie the bionator group had improved 

mandibular length and chin position. The authors are quick to stress that there is great 

variability in the responses with about a seventy-five percent chance that the individuai will 

respond favorably to such early treatment. Some preIiminary results have been published 

after completion of both phase I and phase II treatment (107 patients having completed 

both stages of treatment) and they show very little difference between the three groups in 

parameters such as mandibdar lengîh and ANB angles. It is found that the degree of 

skeletai discrepancy is not signincantly difFerent between the three groups and the changes 

in dental occlusion were also similar between the groups. There were some diBeremes in 

the consideration for surgery as an option for phase JI. This option was considered more 

often in the control group and least often for the functiond appliance group but the 



authors suggest this might also be due to some bias in consideration of the severity of the 

malocclusion in the control group and the lessened available growth time due to the later 

start treatment age for this group. 

The literature shows that short term studies of growth modification seem to 

provide good treatment outcornes with skeletal and dental contribution to the corrections 

but the longer studies are less than compeliing. It may be that growth modification 

changes make only temporary Herences in growth and the genetic propensity for growth 

of any area of the face W l s  its potential regardless of temporary environmental 

alterations. If this is tnie then perhaps growth modification does not really occur in the 

long tenn. To provide the best chance at permanent change it may be that growth 

modification should be maintained throughout the penod that the patients are growing to 

continue the stimulus for a higher growth rate and maintain the skeletal correction. 

1.5 Twin BIock Clinical Investigations 
The Twin Block is a recently popdarized removable fùnctional appliance which 

Clark has d e n  extensively about over the last two decades. In bis 1995 textbook, he 

claims to have perfonned clinical tnds and gives r e d t s  compared to an age matched 

control group but provides no methods or data. As descnbed previously, the basic design 

of the appliance is a two piece system of bite blocks with sloping vertical ramps that 

encourage forward positioning of the mandible. This appliance is intended for full time 

Wear, even during eating. This would be impossible with the other removable functional 

appliances. Full time Wear of this nature would be expected to produce greater changes 

over shorter periods of time analogous to the fixed style appliances with the advantage of 

the acrylic to mucosal coverage to increase the orthopedic effects. The cornpliance with 



the twin block has been reported to be very good, due in part to the inconspicuous nature 

of the design and the lack of impact to daily activities such as eating and speech- 

Previous studies by Lund and Sandler (1998) as weII as Mills and McCullough 

(1998) have shown this appliance to be an effective method for correction of Class II 

malocclusions. The Lund and Sandler study was a controiled prospective study. The 

treatment group consisted of --six patients and the control group 27 patients awaiting 

orthodontic treatment- Both the treatment and control groups were deterniined to meet 

the following inclusion criteria; skeletal and dental Class II, 10- 14 years of age and 

Caucasian. The appliances were fabricated with 7-8mm of protrusion and 6-7mm of 

vertical opening. Pre and post treatment cephalograms were measued to determine the 

source of the corrections. The W s  and McCulloch study was a retrospective analysis of 

28 consecutively treated cases. The treatment group met selection critena for skeletal and 

dental Class LI malocclusion. The control group, also 28 cases, was selected 5orn 

available records at the Burlington Growth Study, matched for overbite depth, age and 

sex Unfortunately due to the limited records of untreated individuais, the control group 

was statistically signifïcantly less Class II than the treatment group. Appiiances were 

made to a construction bite of approximately 6mm protrusion and 5mm of vertical 

opening. Pretreatment and post treatment laterai cephalograms were measured and 

compared to the measured time 1 and time 2 radiographs for the control group. 

These studies had relatively similar findings. They demonstrated reduction of 

ove jet, increase in SNB, decrease in ANB, and improved molar relationship. Both 

studies show that these corrections are effected partiaily by means of dentoalveolar change 

with some skeletal contribution. The degree of skeletal versus dental contribution to the 



overail correction is quite different between the two studies. The appliance design 

between the two studies may have contributed to the discrepancy in the degree of dental 

versus skeletal changes seen- The Lund and Sandler study used appliances incorporating a 

maxillary labial bow and constnicted them with 1-2 mm more protnisive and vertical 

activation. The Lund and Sandler study showed relatively large changes in incisor 

angulations. Maxillary incisors retroclined on average 10.8 degrees and mandibular 

incisors proched 7.9 degrees. The MïIIs and McCdoch study  reported that the maxiUary 

incisors of their treatment group oniy retroclined 2.5 degrees on average and the 

mandibdar incisors proched 5.2 degrees. It is not surpnsing then to find that the two 

studies reported Werent amounts of skeletal changes. Lund and Sander found small 

skeletal effects - on average a 2.4mm increase in mandibdar length fiom articulari to 

pogonion, while Mills and McCulloch showed 4.2mm of uicreased mandibular length. The 

Mills and McCulIoch study also demonstrated an inhibition of m d a r y  forward growth 

while the Lund and Sander study showed no effect here. 

Another prospective dinical trial has been reported by Illing, Morris and Lee 

(1998). They compared the Twin block appliance to the Bass appliance with high pull 

headgear and the bionator. They had forty-seven patients assigned to the three groups and 

an untreated control group of twenty patients. They conducted the study over nhe 

months of treatment thne. The treatment and growth effects were measured eom pre and 

post treatment cephalograms. There were clifferences in the design of the appliances and 

the amounts of initial activation incorporated. The correction of the malocclusions was 

not complete for al1 subjects at the time of analysis. The skeletal findhgs include 

statistically significant ùicreases in mandibular length produced by both the twin block and 



bionator appliances. The twin bIock group showed a restriction of the fonvard movement 

of point A and downward tipping of the maxillary plane. Lower face height was also 

increased for all of the appliances used compared to the controi group. They state that the 

increase in lower antenor face height %as the most marked facial change found in the 

study". They M e r  propose that future studies should be constructed with groups sub- 

divided according to facial height. 

The niin& Morris and Lee study also showed dental changes with the twin block 

group demonstrating 9.1 degrees of retroclining for the maxillary incisors and 2 degrees of 

proclining of the lower incisors (note: This value was not signincantly different fkom the 

control group which retroclined 1.7 degrees). The bionator group showed statistically 

significant changes for tooth angulations with maxillary incisors retroclining 7.6 degrees 

and rnandibular incisors proclining 4.0 degrees. 

These investigators state that they perceive the twin block appliance to be the most 

effective in this study at producing the saggital and vertical changes required for 

correction of Class II maIocclusions. They make this conclusion based on their 

obsenration that the twin block appliance produced the greatest amount of anterior 

movement of the rnandible as well as the greatest increase in lower facial height. 

In December 1999 a new study by Toth and McNarnara looked retrospectively at 

the effects of Twin-block and Frankel FR-2 appliance therap y. They cornpared the lateral 

cephalograms of one hundred and twenty cases, forty in each treatment group and forty in 

a control group. The treatment and control groups were matched for age and sex. The 

measurements of treatment changes were standardized to the sixteen month treatment time 

of the Twin-block group. They found that the Twin-block and Frankel appliances both 



produced similar effects in correction of the Class II condition. They reported statistically 

significant increases in mandibular length of 3 -0rnm for the Twin-bIock group and 2.9rnm 

for the Frankel group. They did not find significant inhibition of maxiiiw growth in either 

treatment group. There were greater dentodveolar changes apparent in the Twin-block 

group which was expected as this appliance is tooth borne uniike the Frankel. This study 

does indicate the need for M e r  investigation of the vertical effects of the Twin-block 

appliance. They report the vertical changes with generalized increases in vertical 

development in both the Twin-block and the Frankel patients but it is noted that the Twin- 

block patients were treated differently based on the requirement to increase or decrease 

vertical development in individual cases. 

No studies of the twin block thus far have addressed the effects of this appliance 

on dBering vertical facial pattern. Authors of the previously reviewed articles do mention 

the ability of the appiiance to be used in this manner but have not d ~ d e d  their treatment 

groups to look at this aspect. The bite blocks offer a convenient method for changing the 

vertical constraints on the dentition. In vertical or open bite cases the bite blocks are left 

full height. In deep bite cases the posterior (max.iIlary) blocks are trimmed to allow 

differential eruption of the mandibular molars. The eruption of the mandibular molars also 

improves their anteropostenor relationship to the m d a r y  molars. This would suggest 

that the rnolar relationship might be more difficult to correct for the vertical cases. This 

might be reflected in increased treatment times. Unlike some other CIass II correction 

methods though, the prevention of maxillary molar eruption afforded by the presence of 

the bite blocks offers the possibility of A-P correction without autorotation of the 

mandible distally . 



7.6 Discussion of Vedical Facial Pattern 
The impact of vertical considerations was dearly described by Sassouni in 1969. 

He stressed the need for orthodontists to consider the four bony planes of the face 

(supraorbitai, palatai, occlusal and mandibular) and their relationship to each other. In a 

patient with abnormal vertical proportions these planes, if extended on the tracing, will 

intersect at a point behind the face that is either very close as in open bites or far away as 

in deep bites. The etiology of these disharmonies appears to be multifactorial. In 1969 

Richardson reported that increased lower face height was correlated with the open bite 

cases and the jaw angles and joint angles were also signincantly larger in the open bite 

patients. His study included 110 subject pairs (openldeep cases) matched for age and sex. 

Nahourn in 1971 studied open bite versus normal cases and found that the palatal plane 

had a significant effect. If the palatal plane was canted upward in the antenor it would 

cause a decreased upper face height with a correspondingly increased lower face height. 

Isaacson and coIleagues also in 1971 studied a group of patients selected by steep 

mandibular plane angles. They reported that they found three morphologically causative 

factors for the development of a steep mandibular plane: increased height of the postenor 

alveolar process of the m a d a ,  decreased mandiblilar ramus height, and increased height 

of the mandibular posterior alveolar process. Schendel et a l  in 1976 studied the 

morp hological differences between open bite high rnandibular plane cases and non-o pen 

but still high mandibular plane cases. They found that the ramus height was increased - 

achidy above normal - in the closed cases. They also agreed with Isaacson's study 

finding an increased dimension of the posterior alveolus of both jaws for the open cases. 



Observations have been made by Sassouni and others that vertical pattem patients 

seemed to have decreased bite force compared to the horizontal patients. Ln 1980, 

Throckmorton, Finn and Bell used a two dimensional mode1 to calculate the mechanical 

advantage of the temporalis and masseter muscles to see if this might explain some of 

these observations. They s b w e d  that increasing the maxillary height and the gonial angle 

both reduced the mechanicd .advantage of these muscles. The reduced rarnus height dso 

reduced the mechanical advamtage of temporalis but increased the advantage of masseter. 

The morphoIogica1 merences  observed in the vertical dimension are influentid in the 

amount of force that can be generated by the muscles of mastication. The fact that 

muscular function is dtered b y  vertical pattern suggests a linIr in form and firnction but it is 

impossibIe to determine which if any factor is causative. Does the geneticdly determined 

pattern result in lirnited musc-ular ability or does decreased muscle function encourage 

dtered g r o d  and change t h e  morphology of the bony structures? 

It would seem that patients may present with disharmony in one or a number of 

areas that cause a skeletal aniterior open bite. The ability to address the problem may 

depend on the panicular arear involved for that patient. 

The orthodontie metinods available for treatment of vertical probIems are 

somewhat limited. Schudy, k a  1968, examined the control of overbite. He suggests that 

the objective in deep bite cases is to move all the molar teeth occlusally and avoid 

intruding the lower incisors. Thompson (1979) suppùrts this advice finding that lower 

rnolar extrusion showed no relapse but lower incisor intrusion relapsed by 50%. Often 

this may be accomplished with use of a removable bite plane that allows differential 

eruption of the mandibular nmolar teeth. Pearson in 1978 examined vertical control for 



patients with vertical growth tendencies. He recommends using extractions, high pull 

headgear and vertical pull chui cups. Proffit (2993) recommends the use of functional 

appliances with bite blocks covering al1 the posterior teeth that is made to a vertical 

dimension exceeding the patient's normal fieeway space. If the patient has a severe 

skeletal open pattern or is past growth, surgery is often the only adequate solution- 

There are relatively few studies of appliances for vertical control. A recent article 

by Iscan and Sarisoy (1 997) examined the effects of placing posterior passive bite blocks 

of varying thickness in patients with skeletal open bites. Patients were selected with 

mandibulm plane angles (to SN) of 37degrees or more and negative overbite with no 

recent history of a sucking habit. Two treatment groups (n= 13,12) and one control group 

(n=I4) were matched for age and sex. The treatment groups were then given the passive 

acrylic positioning appliances constmcted to 5mm of vertical height for one treatment 

group and lOmm for the other. The patients in the treatment groups were instructed to 

Wear their appliances 18 hours per day. The results showed an improvement in overbite 

with both treatment groups; the mandible rotated upward and forward. This differed from 

the control group which contùiued to grow in a downward and backward rotationai 

pattern. The thickness of the blocks could be shown to affect the gonial angle and the 

rama1 inclination with larger changes in these angles occurring with the larger bite 

opening. Interestingly, there was Iittle difference in treatment time between the two 

groups and the reduction of open bite was comparable. 

Uner and Yucel-EnogIu (1996) used a splint with anterior hi&-pull headgear for 

phase 1 treatment of Class II div 1 patients. They stated that the bite block effect of the 

splint caused an anterior rotation in the growth of the mandible with condylar growth 



direction change fiom backward to upward. The study had srnall sarnple size and no way 

of distinguishing the effects of the headgear from the splïnt effects. 

7.7 Research Recommendafions 
Orthodonties has been practiced since the beginning of the century and gained 

huge popularity in public demand. Many of the techniques are obviously very successful 

in producing desired changes but scientifïc andysis of the variety of techniques employed 

by the profession is lacking. Baumrind (1988) discusses that many widely held beliefs 

pervade the profession without substantive scientinc support. He suggests more research 

should be aimed at determining exactly which areas of the craniofacial complex we are 

iduencing and to what degree. Ln 1990 'kiloch, Meciland and Tuncay reviewed articles 

f?om 1980 to 1987 on the treatment of Class II malocclusions. They felt that much of the 

research they reviewed was not well designed or reported and did not provide reaciily 

comparable results fiom one study to another. This resulted in much uncertainty over the 

validity of the investigated techniques. They produced some recommendations as to the 

design and reporting of fùture studies. Some oftheir suggestions included; evduation of 

the treatment and controt groups for pretreatment equivalence, full discloçure of inclusion 

and exclusion criteria, mention of where and by whom the treatment was performed, 

completion criteria for treatment, appropriate statistical analysis including an estimate of 

type II error and randornization of prospective studies. These important parameters will 

d o w  a better understanding of the tools we are using and the variability of response that 

we are fikely to encounter. 



One aspect of scientSc assessment of treatment outcornes is the objectivity of 

measurement of lateral cephalometric radiographs. Baumrind(l988) suggests a grid 

format for analysis of lateral cephalometric landmarks in horizontal and vertical planes 

with superimposition at the anterior craaial base. The coordinates are parallel to time 1 

anatomic FranlGort horizontal pIane and the origin is place at the t h e  1 point of interest. 

Mamandras and Men  used a similar reference structure in their 1990 study of Bionator 

patients. They measured landmarks on the IateraI cephalograms to a constmcted 

Frankfort Horizontal reference, eight degrees fiom anatomic SN. This adjustment 

removes the error associated with the dificuit landmarks required for anatomic Fradfort 

Horizontal but provides a reproducible horizontal reference. The vertical reference is then 

perpendicular through sella. This method has since been repeated in an investigation by 

Ellen, Schneider and Sellke (1998) examining treatment effects with Class II fixed 

appliance therapy and W g ,  Moms and Lee (1998) used this method to asses their laterai 

cephalolgrams in evaiuating the hctional ap pliances discussed earlier. These two studies 

chose to use their constmcted FH as seven degrees fiom SN. 

Current investigations are stiving to meet scientific criteria to create solid 

evidence for treatment procedures and dispel some of the popular myths which may 

limiting the effectiveness of ortho dontic pr actice. 



7.8 Statement of Objectives 

It is the object of this study to assess the Twin Block fimctional appliance in its 

ability to create favourable skeletal and dentoalveolar changes in verticai dimension in 

moderate to severe Class II division 1 patients. The recommendations as described in the 

Tulloch, Medland and Tuncay paper are foliowed as much as possible in this study. The 

retrospective nature of this project presents some limitations to ideal experimental design, 

these will be explored in the individual papers and in the general discussion 

Anaiysis of pre and post treatment laterd cephalogram provides the data The 

changes in the anteroposterior and vertical position of the incisors, molars and the jaws are 

examined. These landmark measurements are taken fkom a constructed reference 

coordinate system foflowing thc design of Mamandras and Allen (2990). Pilot studies 

were performed to ensure the accuacy of the methods. There are two treatment groups 

based on the treatment they received. The open bite group had treatment with bite blocks 

remainhg at full height of approximately 5mm. The deep bite group had the m d a r y  bite 

block reduced at each visit to allow eruption of the postenor mandibdar teeth. The 

treatment groups are compared to a control group to determine the changes attributable to 

growth versus those due to appliance Wear. The control groups were selected to match the 

treittment groups according to age, sex, vertical skeletal pattern and severity of Class II 

fiom the available records at the Bolton-Bmsh Growth Study Center. Dental and skeletal 

effects are examined to detennine their relative contribution to the observed treatment 

effect. A comparative observation is made between the two treatment groups as to the 

outcornes of cases, especially with respect to post treatment overbite and ovejet. 



1.9 References 

Ahlin, J, H., White, G. E., T s ~ ~ ~ s o u ~ s ,  A, Saadia, M. (1 984). MmiIZofacial 
Urthopedics: A Clinical Approach for the Graving Child, Chicago, Iihois :Quintessence 
Publishing Company. 

Awn, M., Goret-Nicake, M., & Dhem, A. (1987). Unilaterd Section of the 
Lateral Pterygoid Muscle in the Growing Rat does not Alter Condylar Growth. Europem 
Journal of Orthodontics, 9, 122- 128. 

Baume, L. J. & Derkhsweiler, H. (1 96 1)- 1s the Condylar Growth Center 
Responsive to Orthodontic Therapy? An Experirnental Shldy in Macaca mulatta. Oral 
Surgery, Oral Medicine and Oral Pathology, 14 (3), 347-3 62. 

Baumrind, S. (1 98 8). Unbiased Quantitative Testing of Conventional Orthodontic 
B eliefs. Serninars in Orthodontics, 4 ( l), 3 - f 6. 

Baumrind, S., Kom, E. L., Isaacson, R J., West, E. E., & Molthen, R (1 983). 
Superimpositional Assessrnent of Treatment-Associated Changes in the 
Temporomandibular Joint and the Mandibular Symphysis. Arnerican JournaI of 
Orrhodontics, 84 (6), 443 -465. 

Clark W. 1. (1995). Twin BZock Functional Therapy AppZications in Dentofaciui 
Orthopaedics. London, England :Times Mirror International Publishers Limited. 

Clark W. J. (1988). The Twin Block Technique a Functional Orthopedic 
A p pliance S y st em American Journal of Orthodontics md Dento facial Orthopedics, 93 
(11, 1-18. 

DeVicenzo, I. P. (199 1). Changes in Mandibular Length Before, During, and 
After Successful Orthopedic Correction of Class II Malocclusions, Using a Functional 
Ap pliance. Ameriean Jounal  of Orthodonties and Deniofacial Orthopedics, 99 (3), 24 1 - 
257, 

DeVrncenzo, J. P., Huffer, R A., & Winn, M. W. (1987). A Study in Human 
Subjects Using a New Device Designed to Mimic the Protrusive Functional Appliances 
Used Previously in Monkeys. American J o d  of Orthodontics and Dentofacial 
Orthopedics, 9 1 (3), 2 13 -224. 

Elgoyhen, J. C., Moyers, R E., McNarnara, J. C., & Riolo, M. L. (1972). 
Craniofacial Adaptation to Protmsive Function in Young Rhesus Monkeys. American 
Journal of Orfhodontics, 62 (5 ) ,  469-48 0. 

Ferrari, C .  S. & Hemng, S W (1995). Use of a Bite-Opening Appliance in the 
Miniature Pig: Modification of Craniofacial Growth. Ac& Anatomica, 154, 205-2 15. 



Frankel, R (1 982) Biomechanicd Aspects of the F o d u n c t i o n  Reiationship in 
Craniofacial Morphogenesis: A Chnician' s Approach. In McNamara, J. A Ir., Rib bens, 
K. A, & Howe, R P. (Editors) Clinical Alteration of the Grwing Face, @p. 107-1 3 0). 
Monograph Number 14, Craniofacial Growth Series, A m  Arbor: Center for Human 
Growth and Development, The University of Michigan. 

Ghafari, J. & Heeley, J. D. (1982). Condylar Adaptation to Muscle Alteration in 
the Rat. The Angle Orthodontist, 52 (l), 26-3 7. 

Graber, T. M. (1 985). PhysioZogic Principles of Functional Applimces. S t. 
Louis, Missouri : C.V. Mosby Company. 

Karvold, E. P. (1 974) m e  Activaior in Infercepive Orthodonrics. S t. Louis, 
Missouri : C. V. Mosby Company. 

Hintoq R J. & McNamara, J. A. Jr. (1 984). Temporal Bone Adaptations in 
Response to Protrusive Funcion in Jwenile and Young Adult Rhesus Monkeys ( Macaca 
mulatta). European JO& of Orthodontics, 6, 1 55- 174. 

Illing, H. M., Moms, D. O., & Lee, R T. (1998). A Prospective Evaluation of 
Bass, Bionator and Twin Block Appliances. Part 1- The Hard Tissues. European Journal 
of Orthodontics, 20, 50 1 -5 1 6 .  

Isaacson, K. G., Reed, R T., & Stephens, C. D. (1990). Functional Orthodonfic 
Appliunces. Oxford, England : BlackweU Scientific Publications. 

Iscaq H.N. & Sarisoy, L. (1997). Cornparison of the Effects of Passive Posterior 
Bite-BIocks with DEerent Construction Bites on the Craniofacial and Dentoalveolar 
Structures. American Jmrnal  of Orrhodontics and DentofacïaZ Orfhopedics, 1 2 2 (2), 
171-178. 

Lund, D. I., & Sandler, P. J. (1 998). The Effects of Twin Blocks: A Prospective 
Controlled Study. American Journal of Orthodontics und Dentofacial Orthopedics, 1 13 
(11, 104-1 10. 

Mamandras, A. H. & M e n ,  L. P. (1 990). Mandibular Response to the Bionator 
Ap pliance. Americun Journal of Orthodoniics and Dentofacial Orthopedics, 97, 1 13 - 
120. 

McNamara, J. A. Jr., Bookstein, F. L., & Shaughnessy, T .  G. (1985). Skeletai and 
Dental Changes Following Functional Regulator Therapy on Class II Patients. Americm 
Journal of Orthodontics, 88 (21, 9 1-1 1 O. 



Meikle, M. C. (1970). The Effect of a Class II Intennaxillary Force on the 
Dentofacial Cornplex in the Adult Macaca mulatta Monkey. American Journal of 
Orrhodontics, 58 (4), 323-340. 

Melsen, B., McNamara, J. A Jr., & Hoenie, D. C. (1995). The Effects o f  Bite- 
blocks with and without Repelhg Magnets Studied Histomorp hometricaily in the Rhesus 
Monkey ( Macaca mullata). Arnerican Journal of Orthodontics and Denlofacial 
Orfhopedics, 108 (5), 500-509- 

m s ,  C. M., & McCdoch, K. J. (1998). Treatment Effects of die Twin Block 
Appliance: A Cephalometric Study. Americm Journal of Orihodontics and Denlofacial 
Orfhopedics, 114 (l), 15-24. 

Moss, M.L., & Salentijn, L. (1969). The Primary Role of Functional Matrices in 
Facial Growth. Americm Journal of Orthodontics, 55(6), 566-5 77. 

Nahoum, H. 1. (1971). Vertical Proportions and the Palatal Plane in Anterior 
Open-bite. American Journal of Orthodontics, 59 (3), 273-282. 

Nelson, C., Harkness, M., & Herbison, P. (1993). Mandibular Changes During 
Functional Ap pliance Treatment . Arnericm Journal of Orthodontics and Dento facial 
Orthopedics, 104 (2), 153-161. 

Pearson, L. E. (1978). Vertical Control in Treatment of Patients Having Backward 
Rotational Growth Tendencies. The Angle Orthodontist, 48, 1 3 2- 140. 

Petrovic, A. G. ( 1  98 5). Research Findings in Craniofacial Growth and the Modus 
Operandi of Functional Appliances. In: Graber, T. M., Rakosi, T. & Petrovic, A. G. 
Dentofacid Orthopedics with FuncfionaZ Apphces ,  St . Louis Missouri: C. V. Mo sb y 
Company. 

Pro ffit, W. R ( 1993). Contemporary Orthodontics Second Edition. S t. Louis 
Missouri: Mosby- Year Book hc. 

Richardson, A. (1969). Skeletal Factors in Anterior Open-bite and Deep Overbite. 
Americm Journal of Orthodontics, 56 (2), 1 14- 127. 

S assouni, V. (1 969). A Classification of Skeletal Facial Types. American Journal 
of Orthodontics, 55 (2), 109- 123. 

Schendel, S. A., Eisenfeld, J., Bell, W. H., Epker, B. N., & Mishelevich, D. J. ( 
1 976). The Long Face Syndrome: Vertical Maxillary Excess. American Journal of 
Orthodontics, 70 (4), 398-408. 



Schudy, F. F. (1968)- The Control of Vertical Overbite in C h c a l  Orthodontics. 
The AngIe Orthodontist, 3, 19-3 9. 

Thompson, W. J. (1 979). Occlusal Plane and Overbite. The Angle Orthoduntist, 
49,47-55. 

Throckmorton, G. S., Fian, R A, & Bell, W. H. (1980). Biomechanics of 
DEerences in Lower Facial Height. Arnerican Journal of Orthodontics rmd Dentofacial 
Orthopedics, 77 (4), 410420- 

Toth, L. R & McNamara, J. A (1999)- Treatment Effects Produced by the Twin- 
block Appliance and the FR-2 Appliance of Frankel Compared with an Untreated Class II 
Sample. Americm Journul of Orrhodontics and DentofaciaZ Orthopedics, 1 1 6 (6), 597- 
609. 

Tulloch, J.F.C., Phillips, C., Toch, G., & Proffit, W.R (1997). The Effect of Early 
Intervention on Skeletd Pattern in Class II Malocclusion: A Randomîzed Clinical Triai- 
American Journal of Orthdon fics and Dentofacial Orthopedics, 1 1 1 (4), 3 9 1 -40 0. 

Tulloch, J. F. C., Phillips, C., & Proffit, W. R (1998). Benefits of Early Class II 
Treatment: Progress Report of a Two-Phase Randornized Clinical Trial. Americcm 
Journal of Orrhodonrics and Dentofacial Orthupedics, 1 2 3 (1 ), 62-72. 

Tdoch, J. F. C., Medland, W., & Tuncay, O. C. (1990). Methods Used to 
Evaluate Growth Modification in Class II Malocclusion. Arnerican Journal of 
Orfhodontics and Dentofacial Or fhopedics, 98 (4), 3 40-3 47. 

Uner, O., Yucel-Eroglu, E. (1996). Effects of a ModSed Maxillary Orthopaedic 
Sptint: A Cephaiometric Evaluation. European Journal of Orthodontics, 1 8,269-286. 

Varge* K-, & Harvold, E. P. (1985). Response to Activator Treatment in Class 
II Malocclusions. American Journal of Orthodontics, 88 (3), 242-25 1. 

WuidmiIler, E. C. (1 993). The Acrylic-Splint Herbst Appliance: A Cephalometric 
Evaluation. American Journal of Orthodontics and Dentofacial Orthopedics, 1 04 (l), 73 - 
84. 

Woodside, D. G., Metaxas, A., & Altuna, G. (1987). The Infiuence of Functionai 
Appliance Therapy on Glenoid Fossa Remodeling. Americm Journal of Orthodontics and 
Dentufacial Orthopedics, 92 (3), 1 8 1 - 198. 

Woodside, D. G., Altuna, G., Harvold, E., Herbert, M., & Metaxas, A (1983). 
Primate Experiments in Malocclusion and Bone Induction Americrm Journal of 
Orthodontics and Dentofacial Orthopedics, 83 (6), 460-468. 



Chapter 2 

Pilot Study I 

Scanned Radiographs Using Custom Cephalometric Analysis 



2.f Introduction 
This pilot study was undertaken to investigate the reproducibzty of the measurement of 

distances and angles with scanned cephdograms digitized with a customized analysis 

program. The reproducibility of the measurements obtained by this method needed to be 

proven prior to using this method to mesure treatment and growth changes in M e r  

investigations. 

2.2 Materials and Methods 
The custom cephalometric analysis was designed to provide information to conveniently 

allow cornparison of the horizontal and vertical movements of landmarks of interest over 

time. The custom cornputer program measured cephalometric distances and angles 

according to a constructed grid. The grid was patterned f i e r  the style used by 

Mamandras and Allen (1 990) with the horizontal reference at eight degrees kom Sella - 

Nasion, approximating F r d o r t  horizontal. The vertical reference was a perpendicular 

Lne through Sella. See Figures 2.1 and 2.2. This provides a convenient method for 

measuring the anteroposterior as well as the vertical location of the landmarks with q y  

coordinates. See Tables 2.1 and 2.2 for descriptions of the landmarks and linear 

measurements, S ee Table 2.3 for the definitions of angular measurements. 



Table 2.1 Cephalometnc Landmark Identification Definitions 

Table 2.2 Distances Definitions for Landmark Distances and CalcuIated 
Measurements 

PNS-Y vertical distance between PNS and the constructed x-axis 

PNS-X horizontal distance between PNS and the constructed y-axis 
- - - - - . - . - - - 

ANS-Y ve&cal distance between  ANS%^ the constmcted x-axis 

ANS-X horizontal distance between ANS and the constructed y- 
axis 

A point-Y vertical distance between A point and the constnicted x-axis 
- -  - -  

A point-X horizontal distance between A point and the constructed y- 



verticai distance between B point and the constructed x-axis 

B point-X horizontal distance between B point and the constructed y- 
axis 

pg-y vertical distance between Pg and the constmcted x-axis 

pg-x horizontal distance between Pg and the constructed y-axis 

(%y vertical distance between Gn and the constructed x-axis 

GLX horizontal distance between Gn and the constnicted y-axis 

MeY vertical distance between Me and the constructed x-axis 

Me-X horizontal distance between Me and the constructed y-axis 

0-y vertical distance between O and the constriicted x-axk 

0-x horizontal distance berneen O and the constmcted y-axis 

vertical distance between Po and the constructed x-axis 

Po-X horizontal distance between Po and the constmcted y-axis 

M x  1-Y vertical distance between Mx 1 and the constmcted x-axis 

Mx I X  horizontal distance between Mx 1 and the constructed y- 
axis 

Md 1-Y vertical distance between Md 1 and the constmcted x-axis 

Md 1-X horizontal distance between Md 1 and the constructed y- 
ax is  

M x  6-Y vertical distance between Mx 6 and the constructed x-axÎs 

Mx 6-X horizontal distance between Mx 6 and the constructed y- 
axis 

Md 6-Y vertical distance between Md 6 and the constructed x-axis 

Md 6 X  horizontal distance between Md 6 and the constnicted y- 
a x i s  

PFH : AFH The ratio of the distance fiom Seila to Gonion to the 
distance fiom Nasion to Menton 

Overbite The vertical Merence between the mandibular incisor cusp 
tip and the maxillary incisor cusp tip on the reference grid 



Overjet The horizontal distance between the maxiilary and 
mandîbular incisor cusp tips on the reference grid 

Lower Face Height (Lw The vertical distance on the reference grid between ANS 
and Menton 

Figure 2.1 Distance Measurements 

1) Lower face height 



Table 2.3 Angular Measurement Definitions 

5ieiruvemcnt Dcfiaitiail 
Mx I to M i P I  The angle of the rnaxillary central incisor to the maxillary plane 
Mx 6 to Mx Pl The angle of the maxillary first molar to the maxillary plane 
Md 1 to Md Pl The angle of the mandibdar central incisor to the mandibula. plane 
Md 6 to Md Pl The angle of the mandibular first molar to the mandibuiar plane 
Occlusal Plane The best fit of a line through the premolar and molar teeth to the 

horizontal axis of the reference grid. 
Palatal Plane The line between ANS and PNS to the horizontal axk of the 

reference grid 
Mandibulu Plane The fine between the points menton and gonion to the horizontal 

axis of the reference grid- 
Y-axis The angle between Seila-Nasion Lue and Sella-Gnathion 

Figure 2.2 Angular Measurements 

1) ANB 2) SNA 3)SNB 
4) m W q  inciser to palatal plane 

5 )  rnandibuiar incisor to mandi'bular plane 
6 )  maxüiary mol= to maxîllary plane 

7) mandrbuiar molar to mandi'buiar plane 



Prior to use in this study the cephalometric program was checked to insure that the 

measurements it was recording were calculated correctly. Once the program had been 

checked for accuracy, the values generated by the program agreed with the values 

generated by band tracing and measuring within the error of hand measurements. 

Five cephdograms were randody selected by lottery fiom the treatment groups 

for inclusion in this pilot study. The cephalograms had previously been scanned into the 

cornputer for digitization on an HP laserjet 600 scanner. The radiographs were digitized 

five separate times and the custom cephalometrîc analysis program computed the distance 

and angular measurements as needed for the study. The digitizations were performed with 

a minimum of twenty-four hours between to ensure that each trial was as independent as 

possible. 

The data was subject to statistical analysis to determine the standard error of the 

measurements and reliability. The standard error was computed to provide a estimate of 

the numerical error that can be expected with each measurement. The reliability is an 

assessrnent of the accuracy of the method by cornparhg the error within repetitions on a 

single subject versus the variability across subjects. 

It should be noted that the error analysis performed here includes both the 

landmark identification error and the measurement error associated with each of the 

measurements. 

2.3 Results 

The measurement tool investigated yielded consistent measurements. It c m  be 

seen that generally the mean measurements of standard deviation for each variable in the 



distance measurements fall within 1.0mm and the angles within 1 degree. See Table 2.4- 

The main exception to this being for orbitale and porion for the distance measurements 

and the tooth angulations in the angular measurements. The maximum error estimates are 

given by the upper boundary of the 95% confidence interval for the mean. This value is an 

indication of the maximum error that is likely to be associated with each rneasurement. 

These values also al1 feu within the Imrn or ldegree range with the same exceptions noted 

above. In addition PNS in the horizontal dimension, the mandibdar rnolar fiircation point 

in the vertical dimension and the occlusal plane showed maximum error estimates just over 

lmm or ldegree. 

Table 2.4: Mean Errors and Maximum Error in Distance and Angular 
Meas uremen t s  

Maximum Error 
95% CI for the mean error 

upper Iimit 
1.2254 
0.4331 
0,6387 
0.4891 
0.3998 

Landmark 

PNS-X (mm) 
PNS-Y (mm) 
ANS-X (mm) 
ANS-Y (mm) 
A-X (mm) 

Mean Error 

0.87064 
0.33798 
0.44828 
0.32678 
0.25435 

Std. Error 

0.127769 
0.034242 
0.06858 

0.058468 
0.052381, 

A-Y (mm) 
, L x  (mm) 
,B-y (mm) 
MX1-X (mm) 
MXi-Y (mm) 
MDI-X (mm) 
MDI-Y (mm) 
MX6-X (mm) 
MX6-Y (mm) 
MD6-X (mm) 
M D6-Y (mm) 
PG-X (mm) 
PG-Y (mm) 
G ~ x ( r n m )  
GN-Y (mm) 
MEX (mm) 
MEY (mm) 
LFH (mm) 
OB (mm) 

Minimum 

0.4779 
0.241 6 
0.2758 
0.1 982 

0.05595 
0.43816 
0.42492 
0.43852 
0.541 98 
0.40524 
0.36876 
0.341 12 
0,3739 

0.31 096 
0.571 54 

0.490602 
0.48344 

- 0.4689 
0.50746 
0.38022 
0.49526 
0.29342 
0.21 35 

0.1 5203 

Maximum 

1 -1 638 
0.4558 
0.6425 
0,4744 
0.3276 

0 -222 
0.2807 
0.2268 
0.331 3 
O.? 396 
0.1 75 

0-1 339 
0.1 977 

0.6549 
0.6476 
0.6048 
1.2731 
0.6901 
0.4953 
0.521 9 
0.5745 

0.09221 1 
0.063459 
0.071512 
0.1 83201 
0.1 05083 
0.055001 
0.068405 
0.062234 
0.058609 
0.0751 33 
0.21 2654 
0.063373 

0.08589 
0.082668 
0.052603 
0.055528 
0.040598 
0.025806 
0.048247 

0.6942 
0.601 1 
0.6371 
0.51 31 
0.697 
0.52i 5 
0.531 
0.5467 
0.4736 
0.7801 
1 .O81 

0.6594 
0.7074 
0.737 
0.5263 
0.6494 
0,4061 
0.2851 
0.286 

O. 1 756 
0.369 

0.0931 1 
0.3223 
0.2353 
0.3289 
0.233 

0.41 03 
0.1 982 
0.1 171 
0.0503 

0.5257 
0.8231 
1 -31 41 
0.6899 
0.7357 
0.7277 
0.5499 
0.71 31 
0.4303 
0.2681 
0.2774 



0.751 
3.0439 
0.759 
2.025 
2.2034 

OJ (mm) 
0-x (mm) 
0-Y (mm) 
PO-X (mm) 
PO-Y (mm) 

(degrees) 
Md1 to Md PI 
(degrees) 
Mx6 to Mx Pl 
(degrees) 
Md6 to Md PI 
(deg rees) 
SNA (degrees) 
SNB (degrees) 
PaIatal plane 

ANB (degrees) 
Mx1 to Mx PI 

0.06465 
0,341 5 
0.3479 
0.51 08 
0,5457 

0.81 89 

1.2536 

0.5047 

(degrees) 
OcclusaI plane 

0.2597 
0.1683 
0.1 954 

(deg rees) 
Mandibular plane 

A reliability analysis was performed. The values for alpha were d0.99 or better for the 

0.1 057 
0.3784 

0.9448 
2,8237 
0 -778 1 
2.273 

2-1 866 

1.573 

2.3384 

2.4995 

0.3364 

(degrees) 
Y-axis (degrees) 
PFH:AFH 

distances with the exception of porion, orbitale and PNS in the anteroposterior dimension 

0.6889 
0.51 04 
O -6536 

O -27 1 

ie. X values. See Table 2.5. 

0.4991 
2-43 

0.29793 
1.65726 
0.55726 

1.1 9426 

1 -49906 

1.1 9052 

1.8852 

0.1 056 

0,1631 95 
0,499421 
0,072667 

0.46312 
0.35048 
0.39528 

0.4816 

0.2242 
1,001 14 

0.1 38671 

0.21 0553 

0.99976 

0 -4733 

0.071 9981 O ,4241 
0.3713841 2.0323 

1-1 5206 
1.30032 

1.5793 

2.0837 

0.069406 
0.069304 
0.08701 

0.37866 

0.0044721 0.0054771 0.004874 

0.31 4397 
0,325281 

0.3877591 2.2671 

0.6558 
O S429 
0.6369 

0.255229 

0.30066 

1.7084 

0.043503 

0.000246 

0.4994 

0.005557 
0.065545 0.482642 



Table 2.5: Reliability Analysis for Distance Measurements 

Table 2.6 The asurements 



The reliamisr anaiysis far the angles shows good consistency with the error 

analysis by the mean of the standard deviations.(Table 2.6) The reliabilities for the lower 

molar, the rnaxillary incisor and the occlusal plane again are slightly below 0.99 as are 

ANEi angle and the mandibular plane angle. The values are s t d l  very good with none 

below 0-98. 

2.4 Discussion 
The error analysis in this pilot study demonstrates that the scanned radiographs 

that were digitized and measured with the custom cephalometic aDalysis program used for 

this study yield acceptable accuracy for use in research. 

The finding that porion and orbitale were not as reliable as the other landmarks 

present is not surpnsing and indeed agrees with the findings of other researchers. 

Iacobson (1 990) found these m o  landmarks particularly subject to b etween investigator 

identification emor. Baumiïnd and Frantz (1971) similarly found that orbitale is subject to 

higher error in location than many other cephalometric landmarks. They used a machine 

porion which significantly improved the reliability of the identification for this point. The 

same factors that make a landmark subject to high inter-investigator variability may also 

increase the error found with a single investigator performing repeated measures. For 

these points in partidar, anatomy often limits the visibility of the landmark and an 

estimate of the expected position is chosen. Orbitale is often indistinct due to 

overexposure in this portion of the face and porion is subject to superimposition of the 

petrous ridge and sometimes the mastoid air ceus. 

The anatomy surrounding some other specific landmarks is also influentid on the 

investigator's abiiity to reproducibly identify the same point. In the age group used for 



this study the maxillary second moIars were often unerupted, especiaily on the time one 

films. This tooth in many individuals wiU be superimposed on the lateral cephalogram 

over PNS- This is likely to be responsible for the increased error associated with the 

measurements for this landmark. 

The obscming effect of superimposition of bilateral structures is particdarly 

increased in the area of the dentition. The tooth angulation measures demonstrate a 

slightly higher variability. It is likeiy that a large part of the error seen in the angdation 

measurements of the incisor teeth again relates to superimposition problems. The age of 

the patients in the sample is such that, at tirne one the maxiilary and sometimes the 

rnandibular cuspids are unerupted and superimposed over the roots of their respective 

incisors. This leads to estimation of the position of the root tip to determùie the anguiar 

measmement and the error is hcreased. Baurnrind and Frantz (1971) also found an 

increased variability in this rneasurement in their investigation between operators. They 

state that the estimate required in locating such obscured points depends on the incihidual 

operators perception of dental anatomy and experience with this type of interpretive 

estimation from radiographs. The molar angulation variability may occur because it is 

dficuit to iden* enough Iandmarlcs on a tooth that are not obscured by superimposition 

of bilateral or adjacent teeth, to compute an angulation. The greater error associated with 

the anguiar measurements of the teeth will have to be taken into account with any future 

use of these measures. 

Most of the landmarks demonstrate excellent reproducibility for the distance 

measurements with mean errors less than 0.5mm. Four points were shghtly greater but 

still less than 1 .Omm for estimated error. Orbitale and porion were included in fhis study 



to investigate the possibility of using Frankfort Horizontai as a reference line for another 

study. Orbitale and porion both show mean errors of greater than 1 -0- in at least one 

dimension. The Level of error associated with these landmarks indicates that the increase 

in variability introduced by using Frankfort Horizontal as a reference line would be 

significant . 

T t  is important to consider that within the error estimates of ail of the landmark 

points measwed in this investigation is the error associated with the identification of the 

landmarks for the reference lines construction. The reference lines are constnicted fkom 

the Sella-Nasion line as discussed in the methods. The error involved with identification 

of these two landmarks must be quite s m d  as any Merences here wodd increase the 

variability of aU points measured in the study. 

The meamernent tools tested in this pilot study are appropriate for use in research 

measuring laterai cep halometric radiographs. 
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Chapter 3 

Pilot Study for Mandibular Superimposition 



3.1 Introduction 
Superimposition of tracings of lateral cephalometrk radiographs has become an 

indispensable tool in the evduation of growth and treatment changes on laterd 

cephaiomeîric radiographs. The partial superimposition of single jaws aiiows much 

improved visuaiization of the dental changes occuning within this localized area. This is 

vital to understanding the complexity of the multiple areas of modification that occur in 

the growing face. The influence of one changing area upon another compounds as one 

considers the areas of the face fkom the cranial base down verticaily to the mandible. 

Therefore it is most cnticai to consider the regional superimposition of the mandible as the 

effects of treatment and/or growth have interplayed all the way down the face. The 

interpretation of tooth rnovements here will be aEected by di of the other changes and cm 

ody clearly be seen with localized superimposition. 

The most accurate method of mandibular superimposition has been controversid. 

Springgate and Jones (1 998)investigated some recommended methods of superimposition. 

They used subjects with implants to check the validity of their methods. They concluded 

that the anatomic superimposition on the interna1 architecture at the symphysis and the 

inner cortical structure of the lower border of the symphysis with orientation dong the 

mandibular canal and the inferior contour of the third molar crypt provided the results 

closest to those obtained in implant superimposition This was the method adopted for 

this pilot study. The purpose of this study is to investigate the error that occws within the 

act of superimposition tracing for the specific investigator. 



3.2 Methods 
The vertical and horizontal movements of the landmarks was determined f?om 

coordinates measured by the grid constructed on the One one radiograph See Figure 3.1 

and Table 3.1 for description and definition of the measurements Similarly the angular 

changes for the teeth were measured with respect to the x-axis of the reference grid. The 

grid is designed with the x-axis at 8 degrees down nom the Sella-Nasion line, 

approxknating Fraakfort Horizontal. This design was as used by Mamandras and 

Allen(l99O). 

Figure 3.1 Mandibular Superimposition 



Table 3.1 Superimposition Measurement Definitions 

Measurement Definition 

Incisor X The horizontal distance of the mandibdar incisor cusp tip from the 
vertical reference axis 

hcisor Y The vertical distance of the rnandibular incisor cusp tip fiom the 
horizontal reference axis 

Molar X The horizontal distance of the mandibular first moIar fimation point 
fkom the vertical reference axis 

Molar Y The vertical distance of the mandibular Eirst rnolar fiircation point fiom 
the horizontal reference axis 

Gonion X The horizontal distance of gonion to the vertical reference axis 
Gonion Y The vertical distance of gonion to the horizontal reference axis 
Incisor Angle The angle of the mandibular incisor to the horizontal axis of the 

reference grid 
Molar Angle The angle of the mandibular molar to the horizontal axis of the 

reference grid 

Five cases were randomly selected by lottery to participate in the pilot study. 

These cases had the superimposition tracings repeated five times each. The repeats were 

performed with a minimum of twenty-four hours between to diminish the influence of the 

repeated nature of the investigation. The tracings were then digitized and the custom 

cephalometnc analysis measured the distances and angles of interest. 

The data was subject to statistical analysis to determine the standard error of the 

measurements and reliability. The standard error was computed to provide a estimate of 

the numerical error that cm be expected with each measurement. The reliability is an 

assessrnent of the accuracy of the method by comparing the error within repetitions on a 

single subject versus the variability across subjects. 

It should be noted that the error anaiysis performed here includes both the 

landmark identification error and the measurement errcr associated with each of the 

measurements . 



3.3 Results 
The superimposition pilot demonstrates that the distance measurements are highly 

reproducible but the anylar  measurements are very sensitive to small differences in the 

placement of the superimposition See Tables 3.2 and 3.3. 

Table 3.2: Descriptives for the Standard Deviation of Supenmposition 
Measurements 

(deg rees) 
Molar Angle 
(degrees) 

3.4 Discussion 
The superimpositional error that occurs between investigators has been 

Maximum Error 
95% CI for the mean error 

upper limit 
0.6855 
0.7656 
0.8665 
1 S396 
1.1 078 
1.1271 
3.3354 

Table 3.3: Reliability Values for Superimposition Measurements 

investigated by Baumrind, Miller and Molthen(1976). They found that between 

2 -0475 

Landmark 
Incisor X 
Incisor Y 
Molar X 
Molar Y 

investigators superimposing on the mandibular border with registration at the inner 

Maximum 

0.6531 
0.7271 
0.8779 
1 -7752 
1.0655 
1.0923 
3.5576 

Landmark 

Incisor X (mm) 
Incisor Y (mm) 
Molar X (mm) 
MoIar Y (mm) 
Gonion X (mm) 
Gonion Y (mm) 
lncisor Angle 

Mean Error I ~ t d .  Error 

Alpha Level 
0.9874 
0.9862 
0.9074 
O. 7662 

Minimum 

0.2331 
O. 1264 
0.3343 
0.4337 
0.721 4 
0.5773 
0.9663 

0.44232 
0.41 344 
0.62626 
0.89596 
0.92622 
0.87442 
2.00952 

3.5342 

0.087598 
0.1 2685 
0.086531 
0.231 805 
0.06541 3 
0.091 003 
0.47753 

3.541 5 2.1 31 08 0.508009 



cortical wal1 of the symphysis a rotational error of f -23 degrees occurs which translated to 

0.49mm to 0.80mm of exor in the horizontal and vertical Iocations of tooth landmarks 

The reliability and error anaiysis for the superimposition are consistent with these 

findings indicating that there is significant variabïiity that occurs in this activity. The 

anguiar measurements are shown to be more sensitive to the change in superimpositioa 

This is not a surprising tindîng as any change in the axis of orientation will directly 

translate its fiill extent into the anguiar measurement. mth the errors identified by this 

pilot study kept in mind the superimposition still provides a valuable insight into the tooth 

movements in the mandible. 
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Chapter 4 

Paper 1 : 

A Cephalometric Analysis of Twin Block Treatment of Overbite 



4.1 introduction 

Control of the vertical dimension is fiequently one of the most challenging aspects of 

correcting a malocclusion. There are relatively M t e d  treatment alternatives to address 

this aspect of mdocclusions especially the extremes of open bite and deep bite cases. The 

open bite cases also experïence high rates of relapse. (Proffit, 1993) Severe Class I I  cases 

with excess vertical development are among the most difficult cases to treat as the 

tendency for the mandible to grow d o m  and back can out Pace the efforts to correct the 

aoteropostenor discrepancy. In these extrerne cases surgery may become the only method 

available to correct the problem. (McNamara, 1999) Growth modification with fùnctional 

appliances is a comrnon method for Class II treatment and has the potential for controllhg 

patients' vertical development. 

The Twin Block appliance is a currently popular functional appliance for correction of 

Class II patients and is also capable of concurrent transverse and vertical changes. This 

appliance, which was developed by Dr. WiIliam Clark (1988), is comprised of two 

separate removable appliances with inter-locking bite blocks. The flexibility provided by 

the bite blocks is the key to controlling the vertical dimension with this appliance. 

Recent articles by Lund and Sandler(2998), Mills and McCulloch(1998), Illing, Morris and 

Lee(1998) and Toth and McNamara(l999) have al1 reveaied the dental and skeletal effects 

of twin block appliances in the correction of Class II malocclusions. They have aii also 

mentioned the ability of the twin block to create vertical changes and noted that these 

changes may also be i m p a c ~ g  the results that are achieved. The forward component of 

the added eruption that occurs with the treatment to increase the vertical development has 



been speculated to contribute to the anteroposterior correction of the malocclusion. Lund 

and Sander( 1 998) 

This study investigates the vertical correction this appiiance provides with the two 

dserent treatment protocols as compared to untreated control groups. The relationship 

between the correction of deep bite accomplished and the movements of the teeth and 

jaws is explored to determine which factors are most infiuential in this outcome. 

4.2 Methods and Materials 

Subjects 
The patient pool in this retrospective study was a series of consecutively treated cases 

firom the private practice of  one of the authors. These patients were treated wÏth this 

appliance based on presentation with significant Class II malocclusions. The patients had 

at least one molar fiil Class Il and the patient showed improved facial balance when 

postured into a Class I relationship. The groups for analysis in this study were selected 

based on cutoff criteria for deep bite and open bite fiom this patient pool. The deep bite 

patients were identsed as al1 patients with an Uiitiai overbite of greater than 4mm and 

open bite patients were all patients with an initiai ùverbite of less than Imm. The cases in 

these categories that were treated to open and close the bite respectively were used for the 

anaiysis in this study. 

The treatment protocol for decreasing overbite and encouraging the vertical development 

involved regular adjustment of the appliance to reduce the bite block. The clhician 

trimmed the upper bite block selectively to permit eruption of the lower molar. See Figure 

4.1. This added eruption is thought to contribute to increasing the vertical development of 



the face- In cases with antenor open bite where inhibition of vertical developrnent was 

desired the bite blocks are not trimmed and remain fidiy covering aii of the posterior teeth 

at the original height of about 5mm. This p-rotocol is thought to inhibit the eruption of the 

posterior teefh and may affect the vertical sfkeletal developrnent 

Figure 4.1 : Treatment to increase the v e r t i d  dimension The two interlocking bite blocks are 

constructed such that the man&LbIe is maintained En a forward posture while the npper bite block is 

reduced to provide space for the lower molar to eraipt, 

The design of the Twin Block appliance used in this study was modined slightly fiom the 

original design by Clark(1988). The modifications included an acrylic labial bow added to 

the lower portion of the appliance to aid in retention and elastic hooks soldered to the 

delta clasps on the upper and lower appliamce portions to d o w  Wear of vertical elastics at 

night. The night time elastic Wear was to aid in maintenance of the closed forward posture 

while sleeping. As advocated by Clark(l9*95), there were no labial bows on the m d a r y  

appliance to rninimize the lingual tipping Wrces applied to the upper incisors. The 

maxiliary portion of the appliance aiso included an expansion screw which was used to 



correct the transverse relationships as the saggital correction progressed. The lower 

appliance did not inchde any expansion screws. 

A control group was selected from the available records at the Bolton-Brush growth 

study. The control group was selected to correspond as closely as possible to the age, 

se& and skeletd pattern, bo th saginally and verticdy, of the study group( Table 4.1). 

The same overbite criteria were appiied to generate the groups for cornparison. The deep 

control subjects had overbites greater than 4.0mm and the open control subjects had 

overbites Iess than 1.Omm at the t h e  one cephalogram. 

Table 4.1: Growth Indicators Used to Select Control Subjects 

Cephalomefric Analysis 

The radiographs were scanned into the cornputer using HP 600 Scanjet scanner and a 

custom software program was developed to provide the necessary measurements. 

The data was gathered f?om digitization of the lateral cephalograms before and after 

completion of phase 1 treatment for the treated groups. The control group had time 1 and 

t h e  2 laterai cephdogram digitized. 

Vertical Skeletal hdicators' 

Y-axis 

Mandibular Plane 

P m  AFH 

Palatal Plane 

i Ckiss' XX .fndimtcrrs ' . Other . . VakWes 

ANB 

Overjet 

a s  

sex 



Landmarks of interest were selected to show the movements of the m d a ,  mandible, 

incisors and molars both in terms of iinear and angular changes (Table 4.2). 

Table 4.2 Cephalometric Landrnark Identification Definitions 

The custom computer program rneaswed cephalometric distances and angles according to 

a constructed grid. The grid was as described by Mamandras and M e n  (1990)with the 

horizontal reference at eight degrees fiom Sella - Nasion, approximating Fraakfort 

horizontal. The vertical reference was a perpendicuiar Iine through Sella. This grid design 

provides a convenient method for measuring the anteroposterior changes as weii as the 

vertical changes by comparing the merence in x,y coordinates for the landmarks on the 

Grne 1 and time 2 cephalograms. Ail points anterior and infenm to the reference axis are 

designated as positive values. The distance measurements are vertical and horizontal 



distances Eom the landmark to the reference axes. The changes at time two are caIcuIated 

as the difference in the linear measurements - time two minus time one. Definitions for the 

liaear distance for the Iandmarks and caiculated distance measurements are found in Table 

Table 4.3 Distances Definitions for Landmark Distances and Calculated 
Measurements 
$1 e;~sutwrrcri t Dett u ition 

PNS verticai vertical distance between PNS and the constructed x-axis 

PNS horizontal horizontal distance between PNS and the constructed y-axis 

ANS vertical vertical distance between ANS and the constmcted x-axis 

ANS horizontal horizontal distance between ANS and the constructed y- 
axIS 

A point vertical vertical distance between A point and the comtnicted x-axis 

- - 

A point horizontal horizontal distance between A point and the constnicted y- 
axis 

B point vertical vertical distance between B point and the constnicted x-axis 

B point horizontal horizontal distance between B point and the constnicted y- 
arcis 

Pg vertical vertical distance between Pg and the constructed x-axis 

Pg horizontal horizontal distance between Pg and the constructed y-axis 

Gn vertical vertical distance between Gn and the constructed x-axis 

Gn horizontal horizontal distance between Gn and the constmcted y-axis 

- - - -  

Me vertical 
- - -  

vertical distance between Me and the constmcted x-axis 

Me horizontal horizontal distance between Me and the constructed y-axis 

Mx 1 vertical vertical distance between Mx 1 and the constmcted x-axïs 

Mx 1 horizontal horizontal distance between Mx 1 and the constructed y- 



Md 1 vertical vertical distance between Md 1 and the constructed x-axis 

Md 1 horizontal horizontal distance between Md 1 and the constructed y- 
axk 

M x  6 vertical vertical distance between Mx 6 and the constructed x-axis 

Mx 6 horizontal horizontal distance between Mx 6 and the constructed y- 
axls 

Md 6 vertical vertical distance between Md 6 and the constnicted x-aràs 

Md 6 horizontal horizontal distance between Md 6 and the constructed y- 

PFH : AFH The ratio of the distance from Sella to Gonion to the 
distance from Nasion to Menton 

Overbite The vertical Merence between the mandibular incisor cusp 
tip and the m d a r y  incisor cusp tip on the reference grid 

Ove jet The horizontal distance between the rnaxiUary and 
mandibular hcisor cusp tips on the reference grid 

Lower Face Height (LFH) The vertical distance on the reference grid between ANS 
and Menton 



Figure 4.2: Distance Measurements 

1) Lower face height 2) Overbite 3) Ovejet 



The custom cephalometric analysis program also recorded angular changes. Conventional 

angular measurements were used to investigate relational changes of the teeth and jaws. 

The molar angles were taken by construction of an axis iine. The axis being detined as 

perpendicular to a line joining the mesial and distal heights of contour ofthe crown taken 

through the furcation point of the tooth See Table 4.4 and Figure 4.3 for description of 

angular measurernents. 

Table 4.4 Angular Measurement Definitions 

Mx 1 to Mx Plane The angle of the maxiliary central incisor to the m d a r y  plane 
Mx 6 to Mx Plane The angle of the maxiIiary fist moiar to the rnaxillary plane 
Md 1 to Md Plane The angle of the mandibula. central incisor to the mandibular plane 
Md 6 to Md Plane The ande of the rnandibular first molar to the rnandibular ulane 

b / 

Occlusal Plane The best fit of a line through the premolar and molar teeth to the 
horizontal a i s  of the reference grid. 

Palatal Plane The line between ANS and PNS to the horizontal axis of the 
reference grid 

Mandibdar Plane The iine between the points menton and gonion to the horizontal 
axis of the reference grid. 

Y-axïs The angle between Sella-Nasion lïne and Sella-Gnathion 



Figure 4.3 : Angular Measurements 

1) ANB 2)SNA 3) SNB 
4) d â r y  incisor to palatal plane 

5 )  mandibular incisor to mandiiular plane 
6 )  maxillary moiax to maxiiby plane 

7l rnandiiular molar to mandibdar plane 



Superimposition of the mandible was performed to better visualize the tooth movements 

with respect to the jaw in this arch. See Figure 4.4 and Table 4.5 for the measurements. 

The cephalograms were panially traced with 0.Sm.m HB pend  on acetate tracing paper to 

d o w  superimposition of the mandible on anatomic structures. The intemal anatomy at 

the symphysis and the mandïbular canal were used to d e t e d e  the orientation of the 

superimposition as this has been reported to be the most consistent with implant studies in 

approximabng the true orientation. ( Springate and Jones, 1998). The tracings were then 

scanned and digitized. The measurements were taken fiom the reference grid from the 

tirne one cephalogram which was included on the tracing. 

Figure 4.4: Mandibular Superimposition Measurernents 



Table 4.5 Superimposition Definitions 

Incisor X The horizontal distance of the mandibular incisor cusp tip fjcom the 
vertical reference axis 

Incisor Y The vertical distance of the mandibular incisor cusp tip Eom the 
horizontal reference axis 

Molar X The horizontal distance of the mandibuiar kst molar fircation point 
fiom the verticai reference axis 

MoIar Y The vertical distance of the mandibular first molar fixation point fkom 
the horizontal reference axis 

Gonion X The horizontal distance of gonion to the vertical reference 

Gonion Y The vertical distance of gonion to the horizontal reference 

Incisor Angle The angle of the mandibular incisor ta the horizontal axis of the 
reference grid 

Molar Angle The angle of the mandibular molar to the horizontal axis of the 
reference grid 

For both the tracings and radiographs digitized in this study the magnincation was known 

and entered into the computer such that the measured values are corrected to actual 

Pilot studies were performed to determine the reproducibility of the digitinng as well as 

the reproducibitity of the superimposition tracings. The scanned and digitized 

cephalogram yielded reliability measurements of 0.98 or better for ail of the laricimarks 

used in this study. The mean error associated with the Linear and angular measurements 

was less than 1 .O mm or 1 .O degrees for all m e m e s  except the tooth angulations which 

were less than 1.5 degrees. The superimposition tracing gave slightly higher error values 

with the distance measurements having a mean error of less than 1.Om.m and the angular 

measurements having mean errors of approxknately 2 degrees. The reliability for these 



measures was better than 0.82 for all measurements except the rnolar verti--cal which was 

0.76. The action of superimposition tracing increased the error associatedi with these 

measurements but they are stïil valuabie in c1-g the movements of the  teeth within the 

Iower jaw by removing the influence of the changes occurring elsewhere irn the face. 

The digitkations were repeated twice for each cephalogram and tracing a n d  checked for 

accuracy. Where discrepancies of greater than 2mm or 2 degrees were found a third 

digitization was performed to determine the most accurate values. The diapikate 

measurements were then averaged to provide the data. 

The groups were compared to their controIs to determine pretreatment dwerences in the 

group composition, including the initial age, gender distribution and time Enterval between 

radiographs. T-tests were used to compare the pretreatment measurememts of the 

variables. T-tests were used again to compare the treatment changes produced fiom time 

one to time two. The assumptions of nomai distribution and equal standard deviations 

were investigated. The assumption of equality of standard deviation was mot met and the t 

statistic was adjusted accordingly whereas the assumption of normality appeared to be 

correct. For the deep bite groups the information fi-om the t-tests is impo7tant in the 

analysis of the regressions that follow. The deep group was fùrther invesitigated with 

multiple Linear regression analysis in order to iden* which dental and skœletal factors 

were the most influentid in the outcome of the change in overbite. A kr the r  multiple 

linear regression analysis was perfomed with the combined group of variables to ident@ 

the relative importance of the dental and skeletal factors. These regressicrn analyses were 

produced with the age and treatment duration removed as these factors were found to be 

correlated with the change in overbite and the other variables of interest im the regression. 



Marginal R-squared values were calculated for the variables to allow better interpretation 

of their role in the change in the overbite observed. 

4.3 Resufts 

Group Composition 
There were 4 1 cases in the deep bite treatment group and 24 in the deep bite control. The 

open bite group was considerably smaller with 8 treated cases and 7 control. The 

following Tables 4.6 - 4.9 show the age, treatment duration and gender statistics for group 

compositions of the treatment versus the control for the open bite and deep bite groups. 

The deep groups compare very weil for group composition The open groups are much 

less than equivalent. They are significantly Merent for all  of the group composition 

parameters- 

Table 4.6 Open Bite Treatment and Control Group Composition 

*2= open bite treatment **3 = control 

Table 4.7 Open Bite Treatment and Control Group Composition for 
Gender 

p-value (2-tailed) 
0.01 3 

0.008 

*2= open bite treatment **? = control 

Mean Difference 
14.464 

-1 1.304 

Treatment group 

Std, Deviation 
10.996 

6-34i 
2.573 

8.741 

Age at time 1 in 
months 

Treatment 
duration(months) 

female 
5(71%) 
3(38%) 

Total 

7 
8 

*2 
"3 

Treatment group 
2 

"3 
2 

3 

Sex 
male 
2(29%) 
5(63%) 

Mean 
107.714 

93.250 
11.571 

22.875 



Table 4.8 Deep Bite Treatment and Control Gronp Composition 

Table 4.9 Deep Bite and Deep Bite Control Groups Gender Composition 

* 1= deep bite treatment * *3= control 

i 

Treatment group 

Pretreahnent Differences 
T-tests were performed to investigate the pretreatment clifferences of all of the 

* 1= deep bite treatment **3= control 

pvalue (2-tailed) ' 
0.597 

0.205 

Total Sex 
male 

measurements used in this study. The signincant variables are Listed in the foilowing 

female 

Tables 4.10 - 4.13 for the complete tables see Appendix 1. 

Std. Deviation 
12-21 2 

11 -877 
4,749 

9.063 

Mean 
108.610 

110.250 
14.585 

17,167 

Age at time 1 in 
months 

Treatment 
duration(months) 

1 

The open group showed a more severe Class II relationship for the treatment goup than 

Mean Difference 
-1 -640 

-2.581 

Treatment group 
"1 

"3 
1 

3 

23(56%) 
t2(50%) 

'1 
"3 

the control. The groups for the open cornparison were very srnail and many of the 

41 
24 

18(44%) 
12(50%) 

variables with clinically sigmficant merences in the mean values did not reach statistical 

significance due to the relatively large standard deviations. The main pretreatment 

dzerence for the deep bite group is that the maxilla and maxillaq dentition are positioned 

about 2mm lower in the face for the treatment group as compared to the control. The 

overjet and ANS horizontal also indicate a more severe CLass II relationship for the 

treatment group. 



Table 4.10 Dental Pretreatment T-tests Open Treatment Group Venus 
Control 

Statis tically Signincant Variables Only 
p-value (2-tailed) 

1 

(mm) I 
3 

Mean Difference 
Vertical 

45,056 
40.440 

8.516 

MX6 (mm) 

Horizontal 
OVERJET 

Table 4.11 Skeletal Pretreatment T-tests Open Treatment Group 
Versus Control 

Statistically Signincant Variables Only 

*2 
"3 

2 

*2= open bite treatment **3= control 
5.037 

Table 4.12 Dental Pretreatment T-test Deep Treatment Group Versus 
Control 

Statistically Si<gnificant Variables Only 

2.51 O 

p-value (2-tailed) 

0-01 1 

A 

Std, Deviation Treatment Group 

0.009 

0.007 

1.878 
3 -625 

1,587 

*2= open bite treatment **3= control 

Mean Difference 

-3.793 

l 

Angular 
I SNB 
l (degrees) 

Vertical 
MX1 (mm) 

MX6(rn m) 

MDG(mm) 

OVERBITE 
(mm) 

Horizontal 
OVERJET 
I(mrn) 

Mean 

4.61 6 

3.480 

* 1= deep bite treatment **3= control 

p-value (2-tailed) 

0.01 4 

0.002 

0.026 

0.002 

0.001 

Std. Deviation 

3.31 2 
3.045 
2.941 
2.666 
3.255 
3.042 
1 -21 7 

0.862 

2.356 

1.890 

Treatrnent Group 

'1 
"3 

1 
3 
1 
3 
1 

3 

1 

3 

Std. Deviation 

2,574 

2.31 6, 

Treatrnent Group 

*2 

"3 

Mean Difference 

2.063 

2.280 

1.837 

0.823 

1.873 

Mean 

62,705 
60.642 
44.015 
41-735 
61.492 
59.655 
6,011 

5.188 

6,804 

4.931 

Mean 

73.047 

76-841 



Table 4.13 Skeletal Pretreatment T-tests Deep Treatment Group Versus 
Control 

Statis t i c d y  Significant 
Treatment Group Mean Std. Deviation 

Vertical 
PNS (mm) '1 37,143 1.978 

Variables On1 
pvalue 

Difference 2-taile 

Horizontal 
ANS (mm) 

Post Trea frnent Results 
The open bite group did not show any significant difference in the change in overbite with 

treatment. See Table 4.14. The mean values indicate that on average the control 6ad 

* l= deep bite treatment **3= control 

1 
3 

more bite closing than the treated group. The Merence was not statistically significant 

though with these small group sizes. 

66.397 
64.097 

Table 4.14 Open bite Change in Overbite Compared to Control 
ltreatrnent JN lMean ) ~ t d .  T~ean ISig. 2-tailed 1 

4.427 
4.369 

change in 
overbite 

There was found to be a significant difference between the change in overbite in the deep 

bite treatment group and the deep bite control group. See Table 4.15. This clifference 

was signincant even when corrected for pretreatment merences in overbite and 

controlled for age, gender, and treatment duration. The correction for these factors was 

performed with a regression analysis. The regression analysis used the information fiom 

the control group to create a model for the overbite at time 2 based on the overbite at time 

1 and the gender, age, and treatment duration. This provided a model that was used to 

(mm) 
, 

group 
open 
treatment 

control 

7 

8 

-0.75286 

-2.72833 

Deviation 
1.222872 

2.4934 

Difference 
1.975476 

I 

p-value 
0.074039 



recalibrate the data fiom the treatment group. The recalibrated data was compared to the 

acnial treatment group overbite at time 2 with a paired sample t-test to generate the 

corrected p-value. The detds  of this regression analysis correction can be found in 

Time - one measurements were subtracted fYom the time two measurements to give the 

change occumng in that landmark. T-tests were performed on the measured changes in 

the variables over the treatment tirne. These tests identfi variables that changed 

signincantiy as compared to the control and give the mean Werences observed. The t- 

tests for the open bite groups are presented in Tables 4.16 and 4.17. The dental t-tests for 

the changes in the deep bite groups over the treatment period are found in Table 4.18 and 

the skeletai t-tests are found in Table 4- 19. 

Table 4.15 Deep bite Change in Overbite Compared to Control 

change in 
overbite 
(mm) 

treatment 
QrouP 

deep 
treatment 

control 

Adjusted one ' 
tailed 

p-value 
0-000 

N 

41 

24 

Mean 

3.988049 

-0.31 056 

Std- 
Deviation 

1.657277 

0-934523 

Mean 
Difference 

4.298604 



Table 4.16 T-tests of Dental Measurement Changes over Treatment 



*2= open bite treatment **3= control 
A two tailed p-value one tailed p-value 

Table 4.17 T-tests for Skeletal Measurement Changes over Treatment 



*2= open bite treatment **3= control 
A two taiied p-value one tailed p-value 

Table 4.18 T-tests of Dental Measurement Changes over Treatment 



* l= deep bite treatment **3= control 
A two taiied p-value one tailed p-value 

Table 4.19 T-tests for Skeletal Measarement Changes over Treatment 



* 1= deep bite treatment **3= control - 
* two tailed p-value one tailed p-walue 

In order to explore the overbite redudon produced with the deep bite treatment, 

regressions were used to determine thee contributions of the changes in the dentai and 

skeletd variables to the change in ovehite. The age and treatment duration factors had 

been identified as highly correlated wirth the change in overbite and the changes in the 



other variables examined were removed to c l a m  the regressions for dental, skeletal and 

cornbined dentai and skeletd factors. 

The dental regression model (Table 4.20) shows that the most important factors 

contributing to the change in overbite are the maxillary molar vertical position, the 

angulation of the lower incisor to the rnandibular plane and the lower incisor position in 

the vertical and saggital dimensions. Despite the multiple other variables identifïed as 

statisticaily significant in this regression, they are probably not clinicdy signincant given 

their low marginal R-squared values. The overaü regression model is significant and gives 

an adjusted R-squared value of 49.9%. 

Table 4.20 Regression Mode1 for Dental Factors on the Change in 
Overbite 

* Superimp osition measurements 

The skeletal regression mode1 is s h o w  in Table 4.21. The most important skeletai 

factors responsible for the change in overbite are the lower face height, the pogonion 

vertical and gnathion vertical positions as well as the smaller contribution of the posterior 

nasal spine sagittally. As with the dental model other skeletal variables are statistically 

significant and contnbute to the overaü model despite an apparent lack of clinical 



sigdicance. The model is successflll in accounting for 64.2 % of the variation associated 

with the change in overbite and the adjusted R-squared is 57.9%. 

Table 4.21 Mode1 of Regression of Skeletal Factors on the Change in 
Overbite 

The combined model includes both skeletal and dental variables in order to determine thek 

relative sigdicance on the outcome of overbite. See Table 4.22. The most important 

factors in this regression are the anterior mandibular points vertically - B point, pogonioq 

gnathion - the dental measwements including the maxillary molar vertical, the angulation 

of the lower incisor as weil as its vertical position, and the combined measures that 

incorporate both skeletal and dental components such as the iower face height and 

mandibular molar vertical position. There are also some more modest contributors which 

include the mandibular incisor sagittal position ( incorporating skeletal effects on this 

point) and the ove jet. The overail model gives an R-squared of 0.92, explainhg 92% of 

the variation in the change in overbite observed. The adjusted R squared is 86.1%. 



Table 4.22 Combined Model of Dental and Skeletal Factars in 
Regression on the Change in Overbite 

* Superimposition measurernents 

4.4 Discussion 

The two treatment protocols investigated in this study are designed t o  adjust the vertical 

dimension while simultaneously correcting a Class II anteroposterior relationship. The 

protocol for the deep bite treatment with selective trimming of the bite block to allow the 

eruption of the mandibula. molar produced a clinically and statistically signiscant decrease 

in the overbite for this group. The protocol for the open bite treatment with the 

maintenance of the bite blocks at the fidl height of 5mm throughout the treatment time did 

not produce any statistically signincant change in the overbite. 



A post hoc power analysis was perfonned for the open bite group. It showed that the 

power with these s m d l  samples and the high variation observed in the sample was ody 

27,6%. 

Clinically speaking it is interesting to note that the control group experienced greater 

overbite dosure by almost 2mm than the treatment group. This may be partiaily due to 

the young ages of the control group with a mean time one age of 7 3/4 years. It may be 

that some of the patients had incompletely erupted incisors at the t h e  1 cephalogram, 

whereas the treatment group had a rnean time one age of aimost 9 years. Although the 

open bite appliance did not close the overbite; it did not M e r  reduce the overbite during 

the overjet correction The contrd group was not well matched for this group. In 

addition to the younger time one age they were &O observed for a longer time interval 

between radiographs and they did not match weii in terrns of gender. The findings in this 

group must be interpreted with these issues in mind. 

The t-tests on the changes in the variables over the treatment time ( observation time for 

the control group) demonstrate the specific change of each landmark. The landmarks 

chosen account for the movement of the teeth and jaws to provide a complete facial 

analysis. The examination of the t-tests for the open bite group further reinforces the 

suspected cause for the overbite changes noted between this treatment group and their 

control. It is observed that the treatment sipficantly restricts the eruption of the 

m d a q  molar 2.9 mm and the lower molar moves down vertically 3.2mm, the same 

amount as the control. This is possible given the forward movement of the Lower molar as 

the mandible is positioned fonvard. The control group experienced equal movement of 

the maxillary and rnandibular molar maintainhg the vertical relationship. The incisors in 



the control group erupted h m  more than the treatment group to close the overbite 

approximately S m .  It is interesting to observe the Iack of vertical dserence skeletdly 

both statistically and in the magnitude of the a m a l  measurements. At the same time 

statistically and clinically appreciable dif5erences are noted in the horizontal skeletal 

landmarks. A point is restncted by a si@cant 1.4 mm and B point is forward (though 

not statistically sigdicant) 1. lmrn giving a 2Smm differential change and statisticaliy 

significant decrease in ANB of 2.0 degrees. This change in the ANB angle is equd in 

magnitude to the findings of Lund and Sander (1 998) although they found that there was 

very iittie or no restriction of m d w  growth and forward movement of B point was 

M y  responsible for the correction. Mdfs and McCulloch (1 998) and Toth and McNarnara 

(1 999) both also found ANB differences of approximately 2 degrees. While 

dernonstrating significant mandibular movement in addition these investigators found some 

restriction of m d a r y  forward growth. There were no attempts in these studies to 

separate the patients based on the type ofvertical treatment that they received and it 

would appear fiom the results in this investigation that the degree of contribution Grom the 

m d a  and mandible may be dependent on the type of vertical treatment delivered. This 

observation is made with caution however given the very s m d  group sizes in this portion 

of the study. Regardless of the mechanism, the horizontal skeletal changes combined with 

the horizontal and rotational changes of the dentition create substantial ove jet  correction. 

The vertical reiationship was maintained as the saggital changes were accomplished. 

The deep bite treatment group had many signiscant changes over the treatment penod as 

compared to their control group. The horizontal changes were similar to those of the 

open bite group while substantial vertical changes were noted as well. There was a 5.0mm 



ove je t  correction with dental and skeletal contribution. The skeletal horizontal changes 

remarkably similar to the open group with A point significantly restricted 1. lmm and B 

point significantiy positioned forward 1.6 mm Leading to a significant ANB decrease of 2.3 

degrees. The vertical changes were also highly statistically signiticant and created overbite 

decrease of 4.3mm for the treatment group over the control group. The skeletal vertical 

changes were also sigdlcant in creating a 2Smm increase in lower face height for the 

treatment group. The other large change apparent f?om the t-tests is the change in the 

occlusal plane which rotates downward by 5 -2 degrees. These findings are generdy in 

agreement with the findings from previous twin block studies by Lund and SandIer(1998), 

Miils and McCdoch(1998) and Toth and McNamara(l999) although not all of these 

studies measured al l  of the vertical indicators investigated here. These previous studies ai i  

mention an increased lower molar eruption and increased vertical development skeletdyY 

The dramatic change in overbite that was produced for the deep group in this study was 

m e r  investigated to determine which dental and skeletal factors were most influentid in 

the correction. The regressions were corrected to remove the linear and quadratic effects 

of age and treatment duration. This was necessary due to the significant correlation that 

these factors had on the other variables included in the regression and on the outcome of 

the change in overbite. The removal of age and duration of treatment allowed the 

contributions of the other variables to be observed. This issue of correlation of variables is 

also important in interpreting the regressions. Variables were included in the regressions 

and due to their correlations with ottier included variables they appear as statisticaily 

significant despite the marginal R-squared values being very low. 



The dentai regression presented is the best mode1 that codd be derived incIuding ody the 

dental variables. It is clear that several dental variables are cIinîcaUy sigdicant to the 

changes in overbite. In particular the m d a r y  molar vertical position and the mandibular 

incisor vertical and horizontal position The nmdiary molar vertical position is somewhat 

paradoxïcal in its relationship to the change in overbite. There is a sigdicant difference in 

the change in position of this tooth compared to the control group but the mean ciifference 

is opposite to what would be expected. It is expected that added vertical eruption would 

be desirable in the molar area for efficient overbite correction but the treatment group 

shows a mean restriction of vertical eruption of about 2mm for this tooth. This lack of 

eruption must be compensated for by the lower molar eruption. The rnandibdar molar 

vertical is also included in the dental regressioe It appears as both the isolated dental 

change fiom the superimposition and as the change on the overall measurement which 

includes some skeletal contribution Not surprisingly the measurement with the skeletal 

contribution has the more signiscant contribution to the overbite correction. Both 

measurements though are relatively small in t e m  of the mean merence fkom the control. 

The superimposition measurement shows an increased eruption of O . 8 m  and the overali 

measurement shows a vertically lowered position for the treatment group of O.7mm. 

Again the vertically lowered position on the overall measurements seems contradictory 

when taken in isolation but the fact that this tooth has also moved 2.6mm horizontally ( 

fiom the overail rneasurements) such that it is on a lower portion of the occlusal plane is 

likely responsible for this outcome. The changes associated with the lower incisor are a 

littie clearer to interpret. The lower ùicisor moves forward by 1.7mm compared to the 

control and is restrained in eruption verticaily by 1.7mm. The vertical portion of these 



changes accounts for approxhately half of the overbite correction. The horizontal 

portion is probably also related to angular change for this tooth. The mandibular incisor 

proclines 4-5 degrees more in the treatment group than the control. As the prochation 

occurs the horizontal position of the cusp tip is brought forward and the vertical position 

is lowered. This is the case ifthe center of rotation of the tooth is located at any point 

below the incisa1 edge of the tooth, which is likely given the appliance design. There is 

contact of the acrylic portion of the mandibular appliance about half way up the lingual 

surface of the incisor crowns. The angular measurements for the teeth in this study were 

subject to higher measurement errors with mean errors of approlamately 1.1 degrees and 

maximum errors up to 2.2 degrees which should be taken into account when interpreting 

these results. 

The skeletal regression gave fewer significant variables. The largest contributor is clearly 

the lower face height which increased by 2Smm over the control group. This 

measurement includes a lot of the skeletal and dental changes that are occurring in 

individual landmarks. It is a summq measurement of the postenor skeletal and dental 

and anterior skeletal changes. This finding of increased lower face height agrees with 

Ilhg, Morris and Lee(1998) who found 2.7mm over nine months of treatment with the 

twin block appliance. Similarly Toth and McNamara(l999) found increase in lower face 

height of 3.Omm. Other variables that are important for the skeletal change are the 

vertical changes at pogonion and gnathion. These two points both move downward by 

2mm in the treatment group as compared to the control. This measure of the downward 

displacement of the anterior mandible would account for approxhately half of the 4.3mm 

overbite correction observed. 



The cornbined regression is  used to cl- the relative contribution of the various dental 

and skeletal factors. The summary measurernent of the lower face height is again the most 

important single measurement with skeletal components of pogonion vertical and gnathion 

vertical. The dental measurements with most significant contribution approxhately equal 

to that of the individual skeletal variables are the mandibular incisor vertical and the 

angulation of the mandibular incisor. Reappearing also is the m a x i h y  molar vertical 

positioe The dBerence in the position of this tooth between the treatment and control 

groups remains important to the overbite correction, likely due to its effect on the occlusal 

plane. 

The t-tests are very instructive in examiDing the precise differences between the treatment 

and control groups. They demonstrate many signifïcant but smail changes in the 

movements of the teeth and jaws. The large significant ciifferences occur in the measures 

such as the overbite, lower face height and occlusal plane where the dental and skeletal 

contributions are consolidated. The regressions are used to determine ifthere are 

particular idenaable dental or skeletal points that can be held largely responsible for the 

change in vertical dimension. It seems that there are a few clearly identifiable factors. 

The most cntical factors appear to be the downward displacement of the anterior mandible 

and the combined dental movements including restriction of the maxillary molar vertical 

and proclination of the lower incisor, creating a steepening of the occlusal plane. It is also 

evident that there are many other skeletal and dental effects which are involved with the 

overbite correction and the sirnultaneous overjet correction that cannot be easily 

distinguis hed. 



4.5 Appendix 1 
Pretreatment Dental T-tests Deep Bite Group Versus Deep Bite Control Group 

l~reatment l ~ e a n  I ~ t d .  Deviation [ ~ e a n  Difference Isig. (2-tailed) 1 
Vertical 
MX1 (mm) 

MD1 (mm) 

MX6 (mm) 

MD6 (mm) 

OVERBITE (mm) 

Horizontal 
MX1 (mm) 

MD1 (mm) 

MX6 (mm) 

MD6 (mm) 

OVERJET (mm) 
l 

Angular 
MX1-MXPL 
(degrees) 

MD?-MDPL 

'1 
"3 

1 
3 
1 
3 
4 
3 
1 
3 

1 
3 
1 
3 
1 

(deg rees) 

8 

MX6-MXPL 
(degrees) l 

MD6-MDPL 
(degrees) 

1 

3 
1 

1 (degrees) 

-62.705 
-60,642 
-56-698 
-55.485 
-44.015 
-41.735 
-61-492 
-59.655 

- -6-011 
-5.188 

65.387 
63.901 
58.580 
58.996 
33.180 

~ c c l u s a l  plane I 11 12.6791 5 .246 1 -0,7301 0.5701 

3 
1 

3 
1 

3 

110.914 

110.761 
96.121 

* 1 = deep bite treatment group **3 = deep bite control g r o q  
3 

3.312 
3.045 
2.9UI4 

3 
1 
3 
1 
3 

96.958 
64.138 

65.512 
78.615 

4.1138 
4.G65 
4.724 
2.356 
1.890 

32.612 
24.905 
25,891 
6.804 
4.931 

7.964 

4,994 
6.279 

13.409 

(treatment - control) 

-2.063 

-1 -21 3 

6.443 
3.578 

5.368 
4.358 

0.014 

0-1 31 

-0.986 

1.873 

0.1 53 

-0.837 

79.325 

4.;803 

0.002 

0.026 

3-1 56 
2.941 
2-666 
3.2.55 
3 .O42 

0.41 8 

0.001 

0.924 

0.622 

-1 -374 

-0.71 0 

6.8082 

1 

-2.280 

-1 -837 

0,272 

0.61 9 

1.211 7 
0.862 

5 -5; 92 
5.6i94 
5.705 
5.271 
4.11 00 

-0.823) 0.002 

1.486 

-0.41 6 

0.569 

0.31 2 

0.767 

0.594 



Pretreatment Skeietal T-tests Dee-, Bite Group Versus Deep Bite Control Group 
Treatment 

Vertical 
PNS (mm) '1 

"3 

Sig. (2-tailed) Mean Difference 
(treatrnent - 
control) 

Mean 

-37.143 
-35.263 

2.790 

A (mm) 1 41.750 2-71 6 

Std. Deviation 

-1 -1 30 
-11 

-1 -708 

-1 -31 6 

-0.450 

-1 -1 95 

-1 -693 

-0.496 

-0.005 

0.502 

2.300 

1,978 
2.191 

0.091 

0.014 

0.1 50 

O .646 

0.21 9 

0.094 

0.534 

0.595 

0.570 

0.047 

- 
0.275 

,B (mm) 

PG (mm) 

GN (mm) 

ME (mm) 

LFH (mm) 

PFH-AFH 

Horizontal 
PNS (mm) 

ANS (mm) 

7 63.038 

3 
1 
3 
1 
3 
1 
3 
1 
3 
1 
3 
1 
3 

f 
3 
1 
3 

-40.041 
-73.391 
-72,075 
-85,363 
-84,914 
-88.672 
-87.477 
-90.610 
-88.916 
-53.142 
-52.647 

0.634 
0.638 

20.227 
19.725 
66.397 
64.097 

B (mm) 

PG (mm) 

GN (mm) 

ME (mm) 

Angular 
ANB (degrees) 

SNA (degrees) 

-1 -880 

2.567 
3.709 
3.384 
4.261 
3.477 
4.024 
3.560 
4.01 2 
3.773 
3.435 
2.848 
0.034 
0.035 

3.368 
3.440 
4.427 
4.369 

61.698 
52.587 
52.167 
52.382 
51.315 
50.910 
50.395 
48.109 
48.120 

6.618 
6.394 

80.548 
81.104 
73.931 
74,724 

0.445 
1.459 

26.790 

3 
1 
3 
1 
3 
1 
3 
1 
3 

1 
3 
1 
3 

0,001 

4.864 
6.237 
5.756 
7.069 
6.488 
7.341 
6.337 
7.337 
6.304 

1,734 
1.756 
3.41 7 
4.1 08 
3.234 
3.266 
2.963 
3.306 
4.456 

SN6 (degrees) 

Palatal plane (degrees) 

Mandibular plane 
(degrees) 

1 
3 
1 
3 
1 

0.421 

1 .O67 

0.51 5 

-0.01 1 

O -224 

-0.556 

-0.792 

-1 .O1 4 

0.292 

0.784 

0.539 

0.767 

0.995 

0.621 

0.579 

0.348 

0.222 

0.804 



0,999 

(deg rees) 

MD?-MDPL 
(d eg rees) 

MX6-MXPL 
(degrees) 

MD6-MDPL 
(deg rees) 

Occlusal plane 
(degrees) 

* 1 = deep bite trament group **3 = deep bite confml gmup 

-0.001 
4.61 2 
4.070 
3.487 

*2 = open bite treament group **3 = open bite control gmup 

3 
2 

3 
2 

3 
2 

3 
2 

3 

26,498 
68.215 
68.216 

Y axis (degrees) 
3 
1 
3 

116.431 
94.376 

100.459 
63.518 

65.273 
77.572 

78.943 
12.999 

11.968 

7.982 
8 -772 

9.503 
5.1 1 O 

8.563 
4-41 3 

7.231 
4.766 

3,039 

-6.084 

-1 -755 

-1 -371 

1 .O32 

0.220 

0.634 

O -662 

0.633 

. 



Pretreatment Skeletal T-tests Open Bite Group Versus Open Bite Control Group 
Treatment Mean Std. Deviation Mean Difference Sig, (2-tailed) 

(treatment - control) 
- 

Vertical 1 
PNS (mm) 

ANS (mm) 

GN (mm) 1 
1 

ME-Y (mm) 2 
3 

LFH (mm) l 2 
9 

~~orÏzonta1 - 

PNS (mm) 

ANS (mm) 
3 

6 (mm) 2 50.309 4.696 -2.235 0.375 
3 52.544 4.694 

PG (mm) 2 50.134 5.1 83 -1 -208 0.663 
3 51.342 5.292 

I I 

GN (mm) 2 48.991 5.421 -1 262 0.651 
3 50.253 5.074 

ME (mm) 2 46.696 5 -728 -1 -492 0.590 
3 48.188 4.510 1 

[ ~ n g u l a r  
ANB (degrees 

I 

I 

SNA (degrees) 

L 

~d eq reès) 

Mandibular plane 
(degrees) 

2.362 
1.241 

2 
3 

80.179 
83.786 

2 
3 

73.047 
76.841 
-0.144 

SNE (degrees) 

Paiatal plane 

7.132 
6.946 

-3.606 4.376 
2.372 

2 
3 
2 

3 
2 

-- .- 

0.1 86 

0.084 

2.574 
2.316 
2.1 05 

0.856 

-0.889 
29.244 

-3.793 

0.746 

0.01 1 

0.685 

4.524 
4.034 2.089 0.365 



0.275 

*2 = open bite ueatment group **3 = open bite control group 

1 
0.275 2.1 05 I 2-1 051 

4.591 
3.391 
3,757 

4.591 1 
R %QI 

27,155 
69,829 
67,723 

Y-axis (degrees) 
27,155 
69,829 
67,723 

3 
2 
3 

Y-axis (degrees) 
3 
2 
3 



Appendix Il 
A regression anaiysis was used to correct for pretreatment difference in the overbite in 

order to generate the corrected p-value for the t-test. This was done by mnning a 

regression for the control group with the overbite at time two as the outcome variable and 

includhg the time one overbite, se& age, treatment duration and age and treatment 

duration interaction as the indep endent variables. 

Regression of Time Two Overbite for Control Group 

This generated a set of regression coefficients. The coefficients fiom the control were 

1 1 - 1 I 

multiplieci to their respective variables in the regression equation to generate a new 

p-value 1 
0.337 
0.033 
0.876 

Model 
1 

variable the calculated overbite at time two. Then a paired t-test was performed on the 

0.482 
0.406 
0.41 5 

actual overbite at t h e  two for the treatment group and the calculated overbite at time two 

Unstandardized Coefficients 

0.053 
0-31 1 
0,003 

age at Tl in months 
treatment duration 
AGE-TXDR 

for the treatment group to give the corrected p-value. See the following table. 

0,038 
0.264 
-0.002 

Paired T-test of the Deep Treatment Group T h e  - Two Overbite Versus 

Std. Error 
6,656 
0.273 
0-41 8 

6 
(Constant) 
OVERBITE 
SU( 

-6.572 
0.631 
-0.066 

the Calculated Time Two Overbite 
Std. Deviation 

1 -450 
0.770 

OB2 
Mean 
-2.023 

p-value (2-tailed) 
0.000 

CAL-OB2 

Mean difference 
4.040 

-6.0631 
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Chapter 5 

Paper 2: 

Investigation of Treatment Effects for Bite Opening and Non Bite 
Opening Twin Block Treatment Regimes 



5.7 Introduction 

The Twin Block appliance is a curently popular treatment choice for correction of Class 

II patients and is dso designed to be capable of concurrent vertical changes. This 

appliance was developed by Dr. William CIark (1988). It is comprised of two separate 

removable appliances with inter-locking bite blocks which afford a convenient route for 

the correction of the vertical dimension. 

Recent articles by Lund and Sandler(1998), Milis and McCdoch(l998), IUing, Morris and 

Lee(1998) and Toth and McNamara(l999) have all revealed the dental and skeletal effects 

of twin block appliances in the correction of Class II maiocclusions. They have all also 

mentioned the ability of the twin block to create vertical changes and noted that these 

changes may be irnpacting the saggitd correction that is achieved. The fonvard 

component of the added eruption that occurs with the seiective trimming of the upper bite 

block has been specuiated to contribute to the anteroposterior correction of the 

malocciusion. ( Lund and Sander, 1998) The twin block treatment groups in these 

previous studies were not evaluated based on their vertical treatment. AU cases were 

included in examining the anterop O sterior correction. 

This investigation compares the treatment and growth changes observed with the two 

different treatment regimes for vertical dimension. The purpose of the cornparison is to 

i d e n e  the factors that respond to produce the vertical changes and to identiQ any 

difference that may exist in the correction of the anteropostenor discrepancies between the 

two groups- 



5.2 Methods and Materials 

Subjects 
The patient pool in this retrospectïve study was a series of consecutively treated cases 

£tom the private practice of one of the authors. These patients were treated with this 

appiiance based on presentation with significant Class II malocclusions. The patients had 

at least one molar full Class II and the patient showed improved facial balance when 

postured into a Class 1 relationship. The groups for analysis in this study were selected 

based on the cut off critena of an initial overbite greater than 4mm for the deep bite group 

and an initial overbite less than 2mm for the "preservation" of overbite group. The f5st 

group consisted of 41 cases treated to correct the deep bite. This group will be referred to 

as the deep group. The second group consisted of 12 cases treated to preserve or close 

the overbite. This will be referred to as the open group. 

The design of the Twin Block appliance used in this study was modifïed slightiy f?om the 

original design by Clark (1988). The modifications included an acrylic labial bow added to 

the lower portion of the appliance to aid in retention and elastic hooks soldered to the 

delta clasps on the upper and lower appliance portions to allow Wear of vertical elastics at 

night. The night time elastic Wear was to aid in maintenance of the closed forward posture 

while sleeping. As advocated by Clark(1995), there were no labial bows on the m d a r y  

appliance to minimize the lingual tipping forces applied to the upper incisors. The 

m d a r y  portion of the appliance also included an expansion screw which was used to 

correct the transverse relationships as the saggital correction progressed. The lower 

appliance did not include any expansion screws. The bite blocks were fabricated to open 

the vertical by about 5mm. 



In the deep cases where increased vertical development was desirable, the appiiance was 

adjusted during treatment. FollowÏng the methods described by Clark(1995), the ciinician 

rrimmed the upper bite btock selectively to permit differentiai eruption of the lower molar. 

This added eruption was expected to contribute to an increase in the vertical development 

of the face. 

Figure 5.1 : Treatment to Uicrease the vertical dimension The two interlocking bite blocks are 

constructeci snch that the mandiile is mainriiined in a forward posture while the upper bite block is 

reduced to provide space for the lower molar to erupt 

In the open cases the bite blocks were not trimmed and remained fXly covering all of the 

posterior teeth The M coverage of the occlusal d a c e  of these teeth was expected to 

maintain or inhibit their vertical eruption. It may be that some inhibition of vertical 

skeletal development may have occurred as well. (Iscan and Sarisoy, 1997) 

Analysis 
The pretreatment and post treatment lateral cephalogram were analyzed to provide the 

data for cornparison of the treatment and growth effects. The lateral cephaiograms were 

ail taken on the same machine with an anode to midsubject distance of 5.0 feet(152.4cm). 



There was an 1 1% enlargement factor on the films which was accounted for in the 

cephalometric analysis program- 

AU lateral cephalograms were scanned with an HP 600 Scanjet scanner and the scanned 

images were digitized using a custom cephalometric anaiysis. Landmarks of interest 

(Table 5.1) were selected to show the movements of the m d a ,  mandible, incisors and 

molars in terms of linear and angular changes. 

Linear measurernents were obtained using a constmcted grid as described by Mamandras 

and Men (1990). The horizontal reference line was eight degrees fiom Sella-Nasion, 

approxhnting Frankfort Horizontal. The vertical reference was a h e  drawn perpendicular 

to the horizontal reference line, passing through Sella This provided a convenient method 

for measuring vertical and anterior posterior landmark position changes by cornparhg the 



pretreatment to post treatment difference in %y Landmark coordinates. A positive value 

was assigned to landmark coordinates located anterior and iderior to the reference Lines. 

Figure 5.2 Distance Measurements 

1) Lower face height 2) Overbite 3) Overjet 



Table 5.2 Distances Definitions for Landmark Distances and Calculated 
Measurements 

r;tw :-etneri t Deilnition 

PNS vertical vertical distance between PNS and the constructed x-axis 

PNS horizontal horizontal distance between PNS and the constnicted y-axis 

ANS vertical vertical distance between ANS and the constructed x-axis 

horizontal horizontal distance between ANS and the constructed y- 
axis 

A point vertical vertical distance between A point and the constmcted x-axis 

A point horizontal horizontal distance between A point and the constructed y- 
axis 

B point vertical vertical distance between B point and the constructed x-axis 

B point horizontal horizontal distance between B point and the constnicted y- 
axis 

Pg vertical vertical distance between Pg and the constnicted x-axis 

Pg horizontal horizontal distance between Pg and the constructed y-axis 
-. - -- 

Gn v e r t i c a l  vertical distance between Gn and the constructed x-axis 

Gn horizontal horizontal distance between Gn and the constnicted y-axis 

Me vertical vertical distance between Me and the constmcted x-axis 

Me horizontal horizontal distance between Me and the constnicted y-axis 

Mx I vertical vertical distance between Mx I and the constmcted x-axis 

n/ix 1 horizontal horizontal distance between M i  1 and the constnicted y- 
axis 

Md 1 vertical vertical distance between Md I and the constructed x-axis 

Md 1 horizontal horizontai distance between Md 1 and the constructeci y- 

Mx 6 vertical vertical dhance between A k  6 and the constructed x-axis 

Mx 6 horizontal horizontal distance between Mx 6 and the constnicted y- 
axis 



Md 6 vertical vertical distance between Md 6 and the constmcted x-axis 

Md 6 horizontal horizontal distance between Md 6 and the constructed y- 

PFH : AFH The ratio of the distance fiom Sella to Gonion to the 
distance fkom Nasion to Menton 

Overbite The vertical Merence between the mandibular incisor cusp 
tip and the maxillary incisor cusp tip on the reference grid 

Ove j e t  The horizontal distance between the maxiliary and 
rnandibular incisor cusp tips on the reference grid 

Lower Face Height (LFH) The vertical distance on the reference grid between ANS 

Conventional angular measurernents (Figure 5.3 and Table 5.3) were also obtained to 

demonstrate relational change in facial pattern Rotational change of the Long axïs of the 

incisors and molars relative to the respective jaw bases were measured. The long axis of 

the molars was defined as being perpendicular to a line joining the mesial and distal 

heights of contour of the crown, taken through the tùrcation point of the tooth. 



Figure 5.3 Angular Measurements 

1) ANB 2)SNA 3)SNB 
4) mxxillary incisor to palatal plane 

5) rnandii5uIa.r incisor to mdi'bular pIane 
6) m d h x y  moIar to plane 

7) mandïbrtlar molar to mand'bular plane 



Table 5.3 Angular Measurement Definitions 

Measurement Definition 
Mx 1 to Mx Plane The angIe of the maxillary central incisor to the maxillary plane 
Mx 6 to Mx Plane The angle of the maxiUary first molar to the rnaxiUar-y plane 
Md 1 to Md Plane The angle of the mandibular central incisor to the mandibular plane 
Md 6 to Md Plane The angle of the mandibdar fkst molar to the mandibular plane 
Occlusal Plane The best fit of a line through the premolar and molar teeth to the 

horizontal axis of the reference grid- 
Pdatal Plane The line between A N S  and PNS to the horizontal axis of the 

reference grid 
Mandibular Plane The line between the points menton and gonion to the horizontal 

axis of the reference grid- 
Y-axis The angle between Sella-Nasion iine and Sella-Gnathion 

Superimposition of the mandible was performed to better visualize the tooth movements 

with respect to the body of the mandible (Figure 5.4 and Table 5.4). The cephalogram 

were partially traced with 0.5mm HB pend  on acetate tracing paper to allow 

superimposition of the mandible on anatomic structures. The horizontal and vertical 

reference lines fkom the initial cephalogram were transferred to the tracing. The interna1 

anatomy at the symphysis and the mandibular canal were used to determine the orientation 

of the superimposition as this has been reported to be the most consistent with implant 

studies in approximating the true orientation ( S p ~ g a t e  and Jones, 1998). The tracings 

were then scanned and digitized. 



Figure 5.4 Mandibular Superimposition Measurements 

Table 5.4 Superimposition Measurement Definitions 

Md 1 horizontal The horizontal distance of the mandibular incisor cusp tip fiom the 
vertical reference axis 

Md 1 vertical The vertical distance of the rnandibular incisor cusp tip f?om the 
horizontal reference axis 

Md 1 angulation The angle of the madibular incisor to the horizontal axis of the 
reference grid 

Md 6 horizontal The horizontal distance of the mandibular fkst molar furcation point 
&om the vertical reference axis 

Md 6 verticai The vertical distance of the mandibular fust molar fimaiion point fiom 
the horizontal reference axis 

Md 6 angulation The angle of the mandibular molar to the horizontal axis of the 
reference g i d  

Pilot studies were performed to investigate the error associated with the technique for 

d y s i s .  The scanned and digitized cephalograms yielded reliability measurements of 0.98 

or better for all of the landmarks used in tbis study. The mean error associated with the 

linear and angular measurements was less than 1.0 mm or 1.0 degrees for al1 measures 



except the tooth angulations which were less than 1 -5 degrees. The superimposition 

tracing gave slightly higher error values with the distance measurements having a mean 

error of less than 1 -0mm and the angular measurements having mean errors of 

approxiniately 2 degrees. The reliability for these measures was better than 0.82 for aiI 

measurements except the molar vertical which was 0 -76. The action of superimposition 

tracing increased the error associated with these rneasurements but they are stiu valuable 

in c l m g  the movements of the teeth with in the lower jaw by removing the influence of 

the changes o c c u ~ g  elsewhere in the face. 

Ail digitkations were repeated twice for each cephalogram and tracing and checked for 

accuracy. Where discrepancies of more than 2 mm or 2 degrees were found a third 

digitkation was performed to determine the most accurate values. The duplicate 

measurements were then averaged to provide the data for mdysis. 

The groups were compared for pretreatment equivalence of ali  measurements using 

unpaired t-tests. The analysis was carried out with t-tests after checking that the 

measurements appeared to foliow a normal distribution. The assumption of equality of the 

standard deviations was not valid for many of the measurements so this was adjusted for in 

the cdculation of the statistic. The merence in the measwed values over the treatment 

time (ie: t h e  two measurement minus the time one measurement) were then compared 

dso with the same types of t-tests, to expIore the Merences in the effects of the two 

treatment protocols. 



5.3 Resulfs 
The two treatment groups were compared to determine ifthere were any daerences in 

group composition. The groups were not statisticaliy Merent  in terms of age, gender, or 

Iength of treatrnent ( Table 5.5 and 5 -6)- 

Table 5.5 Group Composition Characteristics 

*l=deep group; **2=open group; significant at p<O.OS; simiificant at pC0.01 

Pretreatment differences 

Table 5.6 Group Composition for Gender 

Skeletal Measurements 
There were some merences in the pretreatment skeietd measurernents for the two 

SU( 

Total 

groups (Table 5.7). The mandibular vertical measurements at B point, Pogonion, 

Gnathion and Menton, show that the antenor region of the mandible is in a lower vertical 

position in the open group by approximately 3.4rn.m (ps0.005). The lower mandibular 

male 
female 

position also corresponded with a larger lower face height 4.09mm greater @=0.000), in 

this group prior to treatment. 

treatment group 
deep 

18 (44%) 
23 (56%) 
41 (100%) 

open 
5 (42%) 
7 (58%) 

12 (100%) 





* 1 =deep group; **2=open group 

Dental Measurements 
There were selected differences in the pretreatment dental measurements (Table 5.8). The 

overbite is of course significantly different ( 5.69mm mean difference; p=0.000) as this 

was the ba i s  of selection for the groups. The mandibdar incisor is lower in the open 

group 4.1 8mm @=0.00 1) as is the maxillary molar 2.0 lm @=0.009), both of these likely 

contributhg to the diEerence in overbite. The overjet also happens to be greater in the 

open group by 1 -73mm @=0.005). 



* 1 =deep group; **2=open group 



Treatrnent Effects 

Skeletal Measurements 
There were significant differences in the skeletal changes between the two treatment 

groups (Table 5 -9). The manciibular points B point, Pogonion, Gnathion, and Menton are 

aLl signiticantly lowered verticdy by 2-3mm in the deep group as compared to the open. 

Change in y-axis and rnandibular plane was signiticantly different between the two 

treatment groups. The deep bite group showed slight increase whde the open bite group 

showed a slight decrease with the net difference being about 1 to 1.5 degrees between the 

two groups. These factors combine to provide a highly signiscant 2.4mm greater increase 

in lower face height for the deep group. 

There were no significant differences between the deep bite and open bite groups in 

pretreatment to post treatment change in any horizontal measurements. 



Table 5.9 Skeletal Measurements Changes with Treatment 



* l=deep group; **2=open group 
A two tailed p-value; one taifed p-value 

Dental Measurernents 

There were significant merences in dental changes with the two treatments (Table 5.10). 

The overbite opened by 3 -99mm in the deep treatment group and closed by 0.7mm in the 

open group. This gave a mean merence of 4.69mm which was highly si&cant 

(p=-0.000)- The rnaxillaxy incisor moved significantly differently in these two groups. The 

open group showed a 0.9mm greater downward vertical movement of the rnaxiflary 

incisor cusp tip. The mandibular incisor also gave a significantly different vertical change 

between these groups. The deep group showing a 6.37mm lowering of the vertical 

position of this incisor cusp tip. This is partiaily related to the significant change in the 

angulation of this tooth with the deep group having proched 2.9 degrees more than the 

open bite group. It is also due to the significant merences in the skeletal changes 

(lowering the vertical position of the anterior rnandible). The occlusal plane reflects the 

vertical changes in the dental and skeletai landmarks with a differential steepening in the 

deep group of 3.9 degrees. 

The mandibular superimposition was used to aid in clarification of the dental changes in 

this jaw with the skeletal effects removed (Table 5.8). The superimposition results show 

significant differences in the movements of the lower incisor and molar. The lower incisor 

proclines in both groups but 3 -5 degrees more in the deep group. The nisp tip of the 

lower incisor is more forward and more downward by 0.7mm and 0.8mm respectively in 



this group- The moiar is higher verticaily by 2.2mm in the deep group with no difference 

in the change in angulation between groups. 

There are few statisticaily significant Merences horizontdy in the dental measures. On 

the superimposition analysis the mandibdar incisor moves more forward by 0.7mm in the 

deep group and proclines 3 -5 degrees more in this group @oth measures p<0.05). Other 

trends are the change in ove j e t  which showed about lmm greater redudon p=0.097 in 

the open group. There was dso a trend toward greater retrochation of the maxillaxy 

incisors in this group by about 3.3 degrees p4.067. There was a trend toward more 

forward movement of the mandibular molar fiom the superimposition anaiysis in the deep 

group of 0.6mm with p4 .051 .  



* 1 =deep group; **2=open group 
A two tailed p-value; one tailed p-value 



*l=deep groq; **2=open group; A signincant at p<O.OS; signifiant at peO.0 1 

5.4 Discussion 

The a b  of Phase 1 treatment with growth modification is to correct the skeletai and dental 

relationships. This goai - the correction of the anteroposterior Class II relationship and 

achievement of normal overbite and ove jet  - defhes the end point of treatment. While 

aiming for the same endpoints, the treatment groups in this study had considerably 

different starting malocc~usions yet the two treatment protocols appear effective in 

controllhg the necessary parameters to achieve the goal. 

The patients in this study were finished with mean ANB angle of 4. l degrees for the deep 

bite group and 3.8 for the open bite group and ove jets of 1.9mm and 2Smm respectively. 

Neither of these values are statistically or ciinicaily significantly different. The observation 

that there was a trend for the open group to expenence a greater ove jet correction is 



likely an artifact of the pretreatment diifference. A significmt pretreatment difference 

when treated to essentiaily the same endpoint will reappear as a significant change simply 

because both groups are fully treated. The overbites post-treatment are aimost statisticdy 

significantly different (p=0.055) but not clinically signincantly Werent. The deep bite 

group finished with a 2.0mm mean overbite and the open group finished with I.Omm mean 

overbite. The many skeletal and dental changes that occur with treatment seem to 

combine in the right manner to produce the desired outcome for both treatment groups. 

The skeletal differences are dramaticaiiy different in the vertical and horizontal 

components. The deep bite treatment moves the mandible down vertically generating a 

modest but statistically and clinicdy signi6cant dZFerentia1 increase in lower face height of 

about 2.4mm. This also contributes to s m d  changes in the y-axis and rnandibular plane 

angles with both increasing slightly. These changes are too s m d  to be considered 

clinically significant but they do show changes in a beneficial direction. In the horizontal 

dimension there were no dinerences in any of the skeletal rneasurements for the two 

groups. This indicates that the iduence of the appliance in the anteroposterior dimension 

was unaf5ected by the modifications designed for the vertical changes. 

The difference in the dental changes were most numerous for the incisors. The maxillary 

and mandibular incisor cusp tips were moved differentially. The open group had the 

r n d a r y  incisor move down verticaily by 0.9mm more than the deep group while the 

lower incisor moved down verticaiiy 0.8mm more in the deep bite group than the open. 

These movements combined to create a more nonnalized over bite for both groups. 

Considering only these significant dental changes the Merential change in overbite wodd 

be 1 -7mm. This indicates the large contribution of the skeletal changes in the deep group 



to reduce the overbite as the true differential change in overbite between the two groups 

was 4.7mrn. The deep experienced 3 -99mm of reduction in overbite while the open group 

closed 0.7mm. 

The difference Li the overbite for the deep bite group is clinically impressive but the 

change for the open bite group is less so. It should be noted that the open bite group was 

based on a cutoff critena of  bite depth fess thaa 2mm on the pretreatment cephalogram. 

About halfof the patients in this group had overbites between 1 and 2 mm at time one; 

that is they were clinicaily within normal range of overbite. It is possible that these 

patients may have had less emphasis on construction of the appliance to a vertical 

dimension exceeding their mtural fkeeway space. 

The molars did not move differentiy between the two groups on the overd measurements 

but when the mandibular superimposition removes the effects of changes elsewhere in the 

face the differences in manaibular molar movement become apparent. The molar moved 

more forward by 0.6mm and erupted 1.2mm more in the deep group. These arnounts are 

small but do indicate a relationship in the anteroposterior and vertical correction that was 

suspected. The small amount of added eruption of the molar generates a very significant 

anterior contribution to the change in overbite and the increased Iower face height due to 

the hinge effect of the mandible. 

The dental meamments also demonstrated S e r e m e s  in the change in the anguiation of 

the lower incisor. The deep bite group had a greater proclination of the lower incisor by 

about 3 degrees. This rnay be due to  the anterior component of the molar eruption 

contributing to the mesiaikation of the mandibular dentition in this group. The deep 

group does appear to have significantly more mesial movement of the mandibular 



dentition, The amount is small however at less than h m  and thus the horizontal skeletal 

changes are not signiflcantly different for the two treatment groups. 

The twin bIock appliance as used in this study to correct a deep overbite or preserve a 

s W o w  overbite seems to generate a sïmiiar anteroposterior correction in both the skeIetal 

and dental parameters. The correction of the deep bite appears eficiently addressed while 

the shallow overbite is not opened with appropriate treatment. The dental compensation 

that occurs with this appliance appears to be slightiy greater in the group treated to 

increase the vertical dimension. This may be related to the greater anterior movement of 

the mandibular molar as it is permitted to empt. The twin block appliance corrects the 

vertical aspect of the malocclusion both dentaiiy and skeletally as it has been shown to do 

in previous investigations of the anteropostenos corrections. 
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Chapter 6 

General Discussion 



6.1 introduction 

The purpose of this thesis is to investigate the dental and skeletal effects of the twin bIock 

appliance on the vertical dimension. This is a retrospective study of two difEerent 

treatment protocols which were used to alter the vertical aspect of patients' malocclusions 

at the sarne time that the anteroposterior correction was undertaken 

The vertical dimension is often one of the most chaiienging aspects of a maiocclusion to 

correct. It c m  complicate the correction of a Class ZI relationship for both horizontal and 

vertical skeletal pattern patients. In p d c u l a r  the combination of Class II malocclusion 

and verticai skeletal growth pattern can be beyond the range of correction with 

orthodontics aione and surgery is required. Wh3e patients with horizontal type growth 

patterns benefit fiom downward movement of the mandible to correct the shortened lower 

facial height, at the same time this swings the maodible backward worsening the Class II 

relationship. 

The twin block appliance has gained popuiarity recently for correction of CIass II 

malocclusions. This appliance has been used by the pracfitoner supplying the cases to 

effecfvely manage the vertical dimension while stiu generating the necessary 

anteroposterior correction. This ability to alter the vertical component of a malocclusion 

while creating anteroposterior change is an advantage in the efficiency of phase 1 

treatment. This advantage invites investigation to look at how the correction of the 

vertical is accomplished as well as what if'any interaction may be occurring with the 

vertical and anteroposterior correction. The sp eculation that this ap pliance, like other 

fùnctional appliances, may alter the growth of the facial skeleton to reduce the severity of 



the skeletai discrepancy is ais0 very appeahg- The hope wouid be that such skeletal 

changes in the vertical dimension might be more stable than simply dental changes. 

This study does not attempt to determine the long tenn effects of treatment with the twin 

block appliance but it does endeavor to explore the immediate changes that are apparent 

&er treatment. 

6.2 Major Conclusions 

The major findings fkom this investigation relate to the convincing ability of the treatment 

protocols to produce the desired changes in the vertical dimension while d l  producing 

very efficient saggital correction of moderate to severe Class II malocc~usions. The data 

in this study indicate that when the twin block appliance is used with the bite blocks 

adjusted throughout treatment to ailow eruption of the rnandibular molar, the lower face 

height is increased by about 2.4mm and the overbite is reduced by about 4.0mm. If the 

second protocol is foilowed where there is no adjustment of the vertical height of the bite 

blocks during treatment the lower face height and overbite are not significantly changed. 

These effects are seen to occur simultaneously with similar correction of ove je t  between 

the two treatment groups. 

The f3st study isolated the change in overbite and investigated the ability of the treatment 

to successfbliy change the overbite as compared to a control group. The deep bite 

treatment was successfil in creating a sigdicant difference in the overbite as compared to 

their control group. The open bite group did not show significant ditference in the change 

in overbite as compared to their control group. The lack of diEerence in the open bite 

group limited the ability to explore the treatment resuits in a more in depth way for this 



treatment protocol. It was &ortunate that the group size was so s m d .  Perhaps a larger 

sample would have generated data that could have been more revealing- 

The overbite correction that was observed for the deep bite group was then studied in 

order to reveal the contribution of the various skeletal and dental components involved in 

the correction. Regressions were used to explore the factors dent* and skeletdy 

responsible for the outcome of the change in overbite. The major factors identified by the 

regressions for the change in overbite were the restriction of maxiliary molar eruption, 

restriction of mandibular incisor eruption and the Iowered position of the anterior 

mandible. It was very diEcult to i d e n e  and interpret the responsible factors as many of 

the dental changes influenced the skeletal movements and vice versa. For example, the 

signincant increase in lower face height that is the single factor identifïed as the most 

responsible for the change in overbite occurs presumably due to an increased posterior 

dental eruption but the movements of the molar teeth themselves are substantidy less 

si@cant. This occurs partially because the small movements in the posterior dentition 

are amplined in the antenor face due to the hinging effect of the mandible. The regession 

should be able to discem this. It may be that the vertical and horizontal changes in the 

molar positions on the occlusal plane are al l  contributhg smail amounts. The s d  up and 

back movernent of the rnd la ry  moIar and the small forward and d o m  movement of the 

mandibular molar are preventing any single factor fkom standing out. The regressions 

seem to indicate that the small changes in multiple landmarks are al1 vital in creating the 

outcome. These hdings are in agreement with Naumanq Behrents and Buschang (2000) 

in their investigation of the normal changes in overbite. They found that on average only 

very smail amounts of overbite change were seen in non-treated subjects between the ages 



of 10 and 15 years. In attempting to identiS, the components responsible for the observed 

changes it was impossible to ident* single variables that accounted for any large portion. 

When they used a multivarïate approach the rnandibular vertical growth and lower incisor 

eruption were determined to be the most important variables. 

T-tests were used to explore many individual dental and skeletal changes in facial 

landmarks for both papers. There were determined to be sigdicant differences between 

the compared groups for many of the variables. The mean differences in most of the 

landmarks are smaU values and the pilot studies indicate that the mean and maximum 

errors likely for these measurements is large proportionately and it is with caution that 

these values are considered. In particular the angular measurements of the dentition and 

the mandibular superimp O sition values demonstr ated higher error values. The summaxy 

measuements of overbite, ove jet and lower face height were found to be quite accurate 

and the substantial changes observed here indicate that the treatment protocols were 

successfid in the desired outcorne. 

The second paper compares the deep bite treatment directly to the open bite protocol. 

The purpose of this cornparison is to demonstrate the difference between the two 

treatments. The findiogs of t h i s  paper indicate that both treatment methods are efficient in 

correction of the Class II relationship and the treatments do differ in their vertical results. 

The deep bite treatment is successfil in opening the bite and the open bite treatment does 

not change the bite depth. The vertical difFerences do appear to impact the horizontal 

correction slightly with a greater mesialization of the mandibular dentition in the deep bite 

group. 



6.3 Limitations 

This study is a retrospective observational design and as such has many limitations. The 

retrospective nature of the study means that the delivery of treatment was uncontroUed, 

The need for division of patients into groups for analysis lead to the generation of cutoff 

criteria for the pretreatment overbite. This criteria resulted in some groups with very 

srnail numbers. In paper 1 these smail sample sizes limited the power of the statistical 

investigation The power was evaluated as only 27.6% for the ability to detect a 1 -9mm 

merence in overbite for the open bite treatment and control groups with the numbers in 

this group and the standard deviation present. The srnail numbers would also have 

restricted the number of variables that couid be investigated in a regression analysis had a 

dzerence in the overbite been found. 

The lack of pretreatment equivalence is also an important consideration in paper 1. The 

treatment groups had more significant malocclusions than the control groups even though 

the most severe cases available fiom the growth study were selected. It may be that the 

control and treatment groups wodd have gown Merently due to the discrepancy in the 

severity of the Class Il relationslip. The Merences in the ages and the length of time 

between radiographs for the open bite treatment and control groups was also sigdicant- 

These groups might show difference due to these important factors as well. 

The patients in the control group also belong to a different population. The Bolton-Bmsh 

growth study was conducted fiom the 1930's to the 1950's on children in the Cleveland, 

Ohio area, while the treatment groups are composed of children treated within the 1st ten 

years that living in Vancouver, British Columbia. Partïcularly important in this respect 



might be an effect of the general increasing size of the population in North America over 

the past 50 to 100 years. This eEect while probably present is also probably not large. 

The retrospective design of this study and the need to find a control group to compare to 

dso created limitations to the scientific design of the data gathering. The lateral 

cephalogram had obviously been taken on different machines and it was impossible to 

trace or digitize the radiographs without knowledge of the group to which the radiograph 

belonged. AU of the meanuements in this study are included in this Limitation, the overall 

measurements as wefl as the measurements for the superimpositions. This is a large 

sacrifice in the proper scientific method to rigorously test the questions of interest. The 

older cephaiostat design used for the growth study fihm dso prevented the investigation 

of some measurements which were of interest. It may have been enlightening to look at 

the positional changes of articulari and to investigate the changes in the angular 

rneasurements for the articular and gonial angles. The gonial angle was particularly of 

interest as previous researchers had found signiiicant changes there when using bite blocks 

to treat open bite cases. (Iscan and Sarisoy, 1997). 

6.4 Future Study 

A prospective randomized dinical triai would of course b e the m ost desirable type of 

study to further investigate the effects of tbis appliance. Ideaiiy the patients wodd be 

assigned randornly to treatme~t or control and the treatment group would be M e r  

selected to undergo the deep or open protocol based on the presentation of initial bite 

depth. This would remove many of the limitations associated with the current study. The 

ideal situation would have larger sample sizes such that three skeletal vertical categories - 



horizontal, neutral and vertical - could be examined and statistical analysis could determine 

the degree of influence the many s m d  dental and skeletal changes have on the outcorne of 

treatment. It would be very interesting to look at the changes produced by the two 

diierent treatment protocols on the various skeletat pattern. Using a pan hoc power 

analysis the sampie size would need to be about 21 to 35 patients per group to ailow 

power of 70 to90% respectîvely for the standard deviations and merences detected in 

this study. The study would be immediately post treatment with a long tenn follow up 

a£ter phase two and completion of growth. Any study that might follow is likely to only 

address some of the design aspects considered here. It would be enlightening to follow 

this treatment group to see how well the treatment changes are maintained through 

growth. This is especialiy interesting for this group as they have been treated at relatively 

young ages and have a long period over which the previous g r 0 6  pattern might re- 

express itself. 
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