
 

1 

EFFECTIVENESS OF CVM-BASED TREATMENT TIMING IN CHANGING FACIAL 
BONE SIZE AND POSITION IN CLASS II PATIENTS 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

By 
 

JAMES DANIEL JONES 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

A THESIS PRESENTED TO THE GRADUATE SCHOOL 
OF THE UNIVERSITY OF FLORIDA IN PARTIAL FULFILLMENT 

OF THE REQUIREMENTS FOR THE DEGREE OF 
MASTER OF SCIENCE 

 
UNIVERSITY OF FLORIDA 

 
2008



 

2 

 

 

 

 

© 2008 James Daniel Jones 
 
 

 



 

3 

 

 

 

To Melanie, Daisy, and Isaac 
 
 
 

 



 

4 

ACKNOWLEDGMENTS 

I thank my family. 



 

5 

TABLE OF CONTENTS 
 
 page 

ACKNOWLEDGMENTS ...............................................................................................................4 

LIST OF TABLES...........................................................................................................................6 

LIST OF FIGURES .........................................................................................................................7 

LIST OF ABBREVIATIONS..........................................................................................................8 

ABSTRACT.....................................................................................................................................9 

CHAPTER 

1 INTRODUCTION ..................................................................................................................11 

Introductory Note....................................................................................................................11 
Background.............................................................................................................................11 
The Cervical Vertebral Maturation Method ...........................................................................14 
Objective.................................................................................................................................15 

2 MATERIALS AND METHODS ...........................................................................................16 

Details of Clinical Trial Used For Data Collection ................................................................16 
Calibration ..............................................................................................................................17 
Data Manipulation ..................................................................................................................20 

3 RESULTS...............................................................................................................................22 

4 DISCUSSION.........................................................................................................................29 

“Ultimate”...............................................................................................................................29 
The Ideal Experiment .............................................................................................................31 
General Observations..............................................................................................................32 

5 CONCLUSIONS ....................................................................................................................35 

LIST OF REFERENCES...............................................................................................................36 

BIOGRAPHICAL SKETCH .........................................................................................................40 

 
 
  
 



 

6 

LIST OF TABLES 

Table  page 
 
3-1 Correlations of various maturity indicators with statural height .......................................24 

 



 

7 

LIST OF FIGURES 

Figure  page 
 

1-1 The CVM method ..............................................................................................................14 

3-1 Calibration results ..............................................................................................................22 

3-2 Frequency of problems in the cephalograms not scored....................................................23 

3-3 Average CVM stage at each timepoint ..............................................................................23 

3-5 Overall Johnston analysis comparisons .............................................................................25 

3-6 Johnston analysis comparisons by treatment group...........................................................27 



 

8 

LIST OF ABBREVIATIONS 

CVM Cervical Vertebral Maturation 

 

 

 



 

9 

Abstract of Thesis Presented to the Graduate School 
of the University of Florida in Partial Fulfillment of the 

Requirements for the Degree of Master of Science 
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By 

James Daniel Jones 

May 2008 

Chair: Timothy Wheeler 
Major: Dental Sciences 
 

The purpose of this study was to evaluate skeletal differences in class II patients whose 

orthodontic therapy was begun during, or outside of, CVM stage 3. 

Retrospectively, all cephalometric radiographs for all subjects involved in the University 

of Florida Class II clinical trial were staged using the latest version of the CVM method.  First, 

reliability testing was conducted.  CVM, hand-wrist, age, and weight correlations with statural 

height were then made.  Due to an inability to reliably place an individual in stage 3 at a single 

timepoint, and due to the stringent requirements of longitudinal data acquisition necessary for a 

growth study of this nature, relatively small sample sizes for the desired comparisons were 

acquired. 

Five sets of reliability tests, spanning 12 months time, were necessary to achieve 

acceptable standards of intra-examiner reliability.  Several modifications to the existing method 

were necessary for reliable and consistent staging, including the addition of “half-stages”, i.e. 

“2.5” or “3.5.”  CVM stage 3 could be identified in only 28% of subjects, and often stage 3 

lasted for more than one year.  CVM stage correlated significantly with statural height at all 

timepoints before the end of Phase II, but it did not correlate better than hand-wrist or even age.  
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Class II patients starting treatment in stages 2.5 or 3 did not show ultimate skeletal improvement 

over those starting treatment in a stage other than 2.5 or 3. 

Placing every individual in CVM stage 3 with consistency and accuracy is not possible.  

CVM may be useful in providing a general estimation of growth remaining, but it may not be 

any more accurate than an estimation based on age and sex.  This fact aside, basing treatment 

timing decisions on CVM stage 3 does not seem to change the ultimate sizes or locations of 

facial bones in Class II patients. 
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CHAPTER 1 
INTRODUCTION 

Introductory Note 

Because growth, relapse, and posturing (please see the “discussion” section for 

descriptions of these terms) can cloud a discussion on the subject of changing the dimension or 

location of the mandible, the term “ultimate” will be used throughout this paper to describe what 

a bone would have looked like if no treatment would have taken place.  This is a theoretical term 

because it assumes we know, for each individual, what the exact size, shape, and location of a 

bone would have been without treatment (and therefore without relapse), after all growth was 

completed, and without posturing.  For example, the statement “the ultimate size of the mandible 

was not changed,” does not mean that the mandible did not change size (even significantly!) 

during the treatment time, but that its size was ultimately no different than it would have been 

without treatment.  

Background 

Many theories exist regarding an orthodontist’s control over the ultimate sizes and 

positions of the mandible and maxillary complex. 

Some believe we cannot, using any of our orthodontic apparatuses, change the ultimate 

size, shape, or position of the facial bones (particularly the mandible).1,2 

Certain ones of our profession, including those who subscribe to the MEAW (Multiloop 

Edgewise ArchWire) philosophy, believe that the shape (as opposed to size), or configuration, of 

facial bones can be changed, even when the bones in question are not in an active growth phase.  

They claim that when an improper vertical dimension and an improper occlusal plane are 

addressed and corrected, proprioceptive inputs and feedback mechanisms from occlusion can 
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initiate remodeling in the mandible and temporal fossa, and bring about slight changes in the 

sutures and bones of the basicranium and nasomaxillary complex.3,4 

Others believe that it is actually possible to move the articulation of the mandible (the 

temporal fossa) closer to the anterior of the maxillary complex (changing the location of the 

mandible).5 

Some hold that one can change the ultimate size of the mandible by using various 

contraptions, if (and only if) these contraptions are used while the mandible is growing. 

For some proponents of the above theory, it is not necessary to treat during the greatest 

growth velocity, but simply while at least some growth is taking place.  For example, these 

clinicians would expect to see a significant ultimate skeletal difference in patients treated before 

ages 16 (for girls) to 18 (for boys), and those treated after 21 years of age (as there would be 

little to no growth taking place in most of the adult individuals).  They would not, however, 

expect to see an ultimate skeletal difference in patients treated at ages 9–10, those treated at ages 

11–12, and those treated at ages 13–15, as all these groups are in growing stages of some kind.6 

For others in the “while bones are growing” camp, it matters a great deal how much a 

patient grows (their intrinsic growth potential) during the time in treatment.7,8,9,10,11,12,13  During a 

time of low intrinsic growth (the amount that would be there with or without treatment), they 

contend, the size of a bone could still be changed, but the net change would not be as large as if 

treatment had occurred during the period of greatest intrinsic growth.  It is logical, then, that 

members of this school of thought would view the adolescent growth spurt as a sort of “holy 

grail,” in which treatment carried out during this period will bring about the greatest change in a 

set amount of time. 



 

13 

An inference can be made that if one subscribes to this philosophy, one must believe that 

the absolute greatest treatment effect would be seen if a patient were treated over the course of 

their entire growth period (up to 20 years).  Five years of treatment (if it included the growth 

spurt) would yield greater changes than two years, and ten years of treatment would yield greater 

changes than five years, and so forth.  From a skeletal standpoint only, the functional appliance 

“two-phasers” fall into this camp.  Few of them would say that they are accomplishing more 

skeletal improvement in the first phase than in the second, circumpubertal phase.  Instead, they 

feel they are simply gaining additional skeletal improvement (on top of what can be gained in the 

second phase) by adding more time in treatment during a life stage in which the patient is 

growing.  It also happens that the typical first phase (around 9–10 years of age) is a time when 

the permanent incisors have typically erupted (and can be easily aligned for esthetic purposes), 

and the permanent molars are in (these are widely recognized as good anchor units for a variety 

of appliances).  Dentoalveolar class II correction can also take place during Phase I, which 

allows young people to have a decreased overjet at an earlier age (a reason for performing Phase 

I treatment which has nothing to do with skeletal targeting). 

One division of this school of thought believes the mandibular and maxillary growth spurts 

coincide with the statural (long bones) growth spurt,14,15,16,17 while another division is convinced 

that it does not.18,19,20,21,22  For those who believe it does not, it is obviously inconsequential to 

determine when the statural growth spurt will occur, but essential to find markers or predictors of 

the mandibular or maxillary growth spurt.  The proponents of the CVM (Cervical Vertebral 

Maturation) method for determining optimal treatment timing for Class II appliances are among 

this group.23,24,25,26,27,28 
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The CVM method was originated by Dr. Lamparski in a 1972 Master’s thesis dissertation 

in Pittsburgh, Pennsylvania, and later published by O’Reilly and Yaniello in 1988.29  Though 

several modifications have been made over 35 years,30,31,32 it remains surprisingly unchanged 

from its original version. 

Since the inception of the method, a plethora of research has been conducted to show 

correlation between CVM and long bones (statural height),33 and hand-wrist 

maturation.14,15,34,35,36,37,38,39,40,41  These types of correlations give us little to no information 

regarding the correlation or predictive capabilities of CVM with facial bones, which many 

believe to follow different growth patterns than other body bones (as previously referenced).  

Those who claim that CVM correlates well with mandibular growth,28,32,42 however, generally 

agree that when a patient is in stage 3, the peak in mandibular growth will occur during the year 

following this time, and therefore treatment in a class II patient (for example, with a functional 

appliance) should be initiated immediately. 

The Cervical Vertebral Maturation Method 

The currently proposed CVM method32 for determining skeletal maturity is presented in 

Figure 1. 

 

Figure 1-1.  The Cervical Vertebral Maturation method32 

According to this system, at CVM stage 1, C2–C4 are flat, and C3 and C4 are trapezoid.  

At stage 2, there is a C2 concavity, and C3 and C4 are trapezoid.  At stage 3, C2 and C3 have 
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convavities, and C3 and C4 are either trapezoid or rectangular horizontal.  At stage 4, C2, C3, 

and C4 all still have concavities, and C3 and C4 are both rectangular horizontal.  At stage 5, C2, 

C3, and C4 have concavities, and C3 and C4 are both squared or one is rectangular horizontal.  

Finally, at stage 6, C2, C3, and C4 all still have concavities, and C3 and C4 are either both 

rectangular vertical or one is squared.32 

Concerning clinical relevance of the system, proponents of the method hold that at stage 1, 

the peak in mandibular growth will occur on average 2 years after this stage.  At stage 2, the 

peak in mandibular growth will occur on average 1 year after this stage.  At stage 3, the peak in 

mandibular growth will occur during the year after this stage.  At stage 4, the peak in mandibular 

growth has occurred within 1 or 2 years before this stage.  At stage 5, the peak in mandibular 

growth has ended at least 1 year before this stage.  And at stage 6, the peak in mandibular growth 

has ended at least 2 years before this stage.32 

Objective 

This study will investigate if treating a class II occlusion in the “ideal” CVM stage will 

result in the mandible being significantly larger or more anteriorly displaced than it would have 

been if no treatment would have taken place. 
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CHAPTER 2 
MATERIALS AND METHODS 

Details of Clinical Trial Used For Data Collection 

Cephalograms and data from the Florida Class II clinical trial were used.  This was a large, 

prospective trial in which 325 randomized Class II patients underwent either two-phase treatment 

with a bionator, two-phase treatment with a headgear/biteplane combination, or one post-

pubertal treatment phase (second phase only).  For the clinical portion of the trial, 6303 third and 

fourth grade public school children from Alachua County, Florida were screened.  1226 students 

qualified to participate in the study, and from these 325 were randomized and divided as 

previously described.  The inclusion criteria consisted of positive overbite and overjet, intact 

mixed dentition (>3 deciduous molars), bilateral (>1/2 cusp) Class II molar, all permanent first 

molars, less than 3 permanent canines or premolars present and good general health.  The 

exclusion criteria included the presence of periodontal problems or dental decay, unwillingness 

to be randomly assigned to treatment group and failure to sign informed consent. 

For the bionator and headgear/biteplane groups, half of the subjects were randomly 

assigned to six months of retention after Phase I treatment.  This consisted of wearing the 

bionator only at night or wearing the headgear/biteplane every other night.  Another six months 

after this retention period, all subjects were given the most appropriate orthodontic treatment 

(“Phase II treatment”). 

Fourth grade children were chosen because of the average age for pre-growth spurt Phase I 

treatment initiation of approximately ten years old, and because children in this age group are 

most likely to be in the appropriate dental condition for inclusion in treatment (intact mixed 

dentition, all permanent first molars, and less than 3 permanent canines or premolars present).  

Treatment initiation time was therefore based on chronologic and dental age. 
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Phase II treatment was determined as follows: Orthodontic records at the end of Phase I 

treatment were made into videos and sent randomly to orthodontists selected from the American 

Association of Orthodontists (AAO) directory.  An average of four orthodontists reviewed and 

proposed treatment plans for each case.  (A 72% overall agreement was found between the 

various orthodontists’ opinions on treatment need, approach, and extraction protocol.)  Based on 

their responses, a consensus plan was formulated for Phase II, with treatment usually involving 

full fixed orthodontic appliances. 

All lateral cephalograms were made on a cephalostat with a standard cathode-to-ear rod 

distance of 60 inches and an ear rod-to-film distance of 15 cm using Kodak Lanex X-D 600 

speed film with X-O MATIC intensifying screens.  These were exposed for 1 second at 80–85 

kVP and 15 mA. 

Calibration 

For reliability testing, a set of approximately 100 cephalograms were staged once, then at 

least two weeks later were staged again.  Five sets of these reliability tests were necessary in 

order to achieve 97% relibility to within ½ of a stage (achieved at the final set). 

 In order to achieve 97% reliability, several modifications and additions to the current 

method (Baccetti, etc.) were necessary. 

Cephalograms were eliminated for darkness, blurriness, or anatomical superimpositions on 

necessary landmarks. 

The concavities at the lower borders of the vertebrae were measured with a straight edge 

and a standard ABO ruler.  If the concavity was greater than 1mm in depth, measured from a line 

through the posterior-inferior and anterior-inferior corners to the point on the inferior border 

furthest perpendicularly from that line, then a concavity was deemed to exist and the 

cephalogram was staged as such.  If it was less than 1mm in depth, the concavity was not scored.  
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If it was exactly 1mm in depth, it was given a “0.5” rating.  For example, if there was exactly a 

1mm concavity at the lower border of C3, and no concavity at the lower border of C4, the 

cephalogram was labeled “2.5.” 

If there was a concavity at C3 but not at C2, the cephalogram was scored as stage 3. 

If there were concavities at C3 and C4, but both were trapezoid in shape (not rectangular 

horizontal), the cephalogram was labeled stage 4. 

If there was a concavity at C4 but not C3 (with or without a concavity at C2), the shapes of 

C3 and C4 were assessed.  If both were definitely trapezoid and not rectangular horizontal, the 

concavity was not counted.  If at least one was rectangular horizontal, the concavity was counted, 

and the stage was assessed based on the shape of the one which was most mature. 

If there was no concavity at C4 but both C3 and C4 were squared or rectangular vertical, 

the concavity at C4 was assumed, and the cephalogram was staged according to the shape of the 

vertebral body (of C3 and C4) which was most mature. 

The shapes of the vertebrae were measured with a standard millimeter ruler.  Specifically, 

if the vertical dimension (from the anterior-inferior corner to the anterior-superior corner) was 

less than the horizontal dimension (measured from the middle of the posterior border to the 

middle of the anterior border) minus 1mm, then the shape was determined to be rectangular 

horizontal.  If the vertical dimension was greater than the horizontal dimension plus 1mm, then 

the shape was determined to be rectangular vertical.  If they were within 1mm, the shape was 

determined to be square. 

When the vertebral bodies presented with a double border, the examiner generally used the 

most anterior line if it occurred in the posterior border, the most inferior line if in the posterior 

part of inferior border, the most superior line if in the anterior part of inferior border, and the 
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most inferior line if in the anterior part of superior border.  However, if both lines were of 

exactly equal distinctness and opacity, the cephalogram was scored twice using the two different 

lines.  If the cephalogram could have been labeled two different stages which were greater than 1 

stage apart, it was thrown out. 

Once stage 4 was reached, whichever vertebral body (between C3 and C4) was farther 

along (more rectangular vertical) was used for staging, and the other not used.  If the one used 

for staging had a double border, and assessments using both of the borders produced stages that 

were more than 1 stage apart (for example “4” and “6”), the cephalogram was thrown out.  If the 

assessed stages using both borders were within 1 stage. 

“0.5” numbers were used, giving staging possibilities of 1, 1.5, 2, 2.5, 3, 3.5, 4, 4.5, 5, 5.5, 

and 6.  In all staging, the assessor decided on the highest and the lowest possible stage that the 

cephalogram could be labeled.  If those two numbers were off by 1, the average of the two was 

the score.  If those two numbers were off by 0.5, the assessor’s best judgment was used to choose 

between the two numbers.  If the two numbers were off by more than 1, the cephalogram was 

thrown out. 

After staging each cephalogram individually, every series of cephalograms from each 

individual subject was made to ascend numerically (in stage) with time.  For example, if one 

timepoint was labeled stage 4 and the next two timepoints were labeled stage 3, the 4 was 

changed to 3 for the sake of chronology.  If the stages, in order, were 3, 3, 4, 3, 4, 4, then the 

assessor’s best judgment was used to modify the sequence for ascending order.  (These rules 

were necessary 2% of the time). 

If there was a marked inconsistency in stage signs such that the assessor was unable to use 

the CVM method to score the cephalogram, it was eliminated. 
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After the fifth calibration exercise using the above rules, the assessor rescored the 

cephalograms which he scored one time but did not score the other time in order to eliminate 

quality disagreements. 

The entire set of radiographs from all patients was then scored according to the new 

system.  A general analysis of the distribution of data (CVM stage over time) was made, and 

correlations of CVM, hand-wrist, age, and weight with statural height were assessed. 

Data Manipulation 

In our study, only 3 subjects in the headgear group, 4 subjects in the bionator group, and 5 

subjects in the control group were assessed as “CVM stage 3” at the first timepoint (DC-1).  If 

we included those who started as stages 2.5 and 3.5 also, more subjects could be included.  

However, our calibration exercises indicated that staging, at least for this examiner, could only 

be accurate to within 0.5 (not exact match).  Therefore, including subjects in stages 2.5 and 3.5 

would in essence be including subjects who might well be in stage 2 or 4. 

After looking at the timepoint data available for these 12 patients, it was found that only 2 

patients in each group could be found who had data at almost exactly the same length of time 

after the initial timepoint (which happened to be a range from 4 yrs 1 month to 4 yrs 3 months 

after timepoint 1).  Co-Gn and Ar-Gn measurements and percentage increase in mandibular 

length data were obtained for these subjects, but this data will not be presented due to obvious 

sample size problems. 

The search was then expanded to include any subject whose treatment, whether Phase I 

headgear, Phase I bionator, or Phase II, was begun in either stage 2.5 or 3.  (2.5 indicates a stage 

where either the concavity at C3 is 1mm but not more, or there is equal reason to believe the 

cephalogram should be staged “2” as “3”.)  Seven subjects were found to be in either of these 

stages at the start of Phase II treatment, and 29 were found at the start of Phase I treatment (16 
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bionator and 13 headgear).  Johnston’s cephalometric analysis43 was used to compare anterior 

displacement of maxilla relative to cranial base, anterior displacement of mandible relative to 

cranial base, and apical base change (mandible relative to maxilla) from timepoint 1 to F (final) 

in two groups: those started in stages 2.5 or 3 (n=36), and those started in a stage other than 2.5 

or 3 (n=81). 

In the same way, each individual treatment group (bionator, headgear, control) was divided 

into those started at the “correct” CVM stage (stages 2.5 or 3), and those started in any stage 

other than these. 
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CHAPTER 3 
RESULTS 

 
As seen Figure 3-1, for calibration attempts 1 and 3 the examiner used only whole numbers 

for staging (as the current method proposes).  In both instances, inconsistent scoring of greater 

than or equal to 1 stage was seen one quarter of the time.  This was decided to be unacceptable 

for later data interpretation. After the fifth calibration exercise, the examiner rescored the quality 

disagreements (those which were marked “cannot score” one time, but scored the other).  The 

results shown are after including the rescored data, and counting those not scored both times as 

exact matches.  This brought the reliability of scoring within .5 stages to an acceptable 97%.  It is 

also important to remember that this acceptable level of calibration was only attained if the 

examiner could eliminate the cephalograms which were illegible (see calibration section of 

methods chapter). 
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Figure 3-1.  Calibration results 
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 The total number of cephalograms staged for the calibration exercises was approximately 

1200, and the total number of cephalograms staged for the study itself was 2470.  Of those 2470, 

530 (or 21%) were not scored due to one of the problems mentioned in the methods section.  The 

problems encountered for those that were not scored and their frequency are seen in Figure 3-2. 
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Figure 3-2.  Frequency of problems in the cephalograms not scored (some cephalograms had 
more than one problem).  The total number of cephalograms not scored was 530 out 
of 2470, or 21%. 
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Figure 3-3.  Average CVM stage at each timepoint, using data from as many subjects as possible 
at each timepoint 
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As seen in Figure 3-3, a relatively smooth increase in CVM is seen over the early 

timepoints until R3, when CVM stage levels at around 5.  Some timepoints had a greater number 

of radiographs than others.  Timepoints 11 and 12 were particularly low, with n values of 4 and 

1, respectively, and could account for the variation observed. 

Table 3-1.  Correlations of various maturity indicators with statural height at various timepoints.  
Timepoint 1 is the beginning of Phase I treatment, 3 is the end of Phase I treatment, 5 
is an observation timepoint, 7 marks the beginning of Phase II, and F is the end of 
Phase II.  Hand-wrist radiographs were not exposed after timepoint 5.  “Stage” 
represents CVM stage.  * indicates statistical significance at the .01 level (Pearson 
Coefficients used) 

  Timepoint 1  Timepoint 3 Timepoint 5 Timepoint 7 Timepoint F 
Stage/Height  0.45*  0.50* 0.47* 0.47* 0.13 

H-W 1/Height 0.63* 0.65* 0.67*    

H-W 2/Height 0.48* 0.50* 0.48*    

Age/Height 0.52* 0.52* 0.51* 0.56* 0.46* 

Weight/Height 0.70* 0.69* 0.68* 0.59* 0.46* 

 
As seen in Table 3-1, CVM stage correlates significantly with statural height until 

timepoint F, at which point the correlation is not statistically significant.  However, at no time 

does CVM stage correlate better with height than any of the other maturity indicators, including 

age. 

 In searching for CVM stage 3 in all patients, it was found that only 28% of the 276 

patients in the study were scored stage 3 at least once along their entire timeline (timepoint 1 to 

their last retention timepoint).  Of these, one third had more than one score of stage 3 along their 

timeline, and the average time span that they remained in stage 3 was 14 months.  The longest 

recorded period of time in stage 3 was 77 months. 
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A 

B 

C 

Figure 3-5.  Overall Johnston analysis43 comparisons from timepoint 1 (beginning of Phase 1) to 
timepoint F (end of Phase II) for patients who started treatment in the “ideal” stage 
(2.5–3) and those who started treatment outside of the “ideal” stage.  * p<.05, 
parametric (t-test) and non-parametric (Wilcoxon Rank Sum) tests. A) apical base 
change.  B) maxillary skeletal change with respect to cranial base.  C) mandibular 
skeletal change with respect to cranial base. 
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As seen in Figure 3-5, the only significant finding was that the maxillary complex moved 

anteriorly more in the group which was started in stages 2.5 or 3 than in the other group.  It 

should be noted that of the 36 subjects in the group which started treatment in stages 2.5 or 3, 

seven were Phase II only patients.  Phase II treatment was based on majority opinions from 

various AAO orthodontists.  Therefore, some received upper premolar extractions, a treatment 

plan in which the maxilla and mandible would likely receive far less Class II-type forces than 

most other class II treatment protocols. 

When data were examined by treatment group, mandibular skeletal change with respect to 

cranial base in the control group was the only measurement found to be significantly different 

between those whose treatment was started in stages 2.5 or 3 and those whose treatment was 

started in another stage (Figure 6).  However, this difference was only significant using a 

parametric test (t-test), and not using a non-parametric test (Wilcoxon Rank Sum test), a test 

which might be more appropriate given the sample sizes. 
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Figure 3-6.  Johnston analysis43 comparisons by treatment group from timepoint 1 (beginning of 
Phase 1) to timepoint F (end of Phase II) for patients who started treatment in the 
“ideal” stage (2.5–3) and those who started treatment outside of the “ideal” stage.       
* p<.05, parametric (t-test) only.  A) apical base change.  B) maxillary skeletal 
change with respect to cranial base.  C) mandibular skeletal change with respect to 
cranial base. 
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CHAPTER 4 
DISCUSSION 

“Ultimate” 

In discussing the manipulation of the mandible for the purpose of making it larger antero-

posteriorly, or making it occupy a more anterior location with respect to the maxillary complex, 

it is important to completely remove four factors from the discussion. 

First, we must remove the teeth.  This may seem obvious, but it is disconcerting how many 

studies aimed at discovering skeletal changes will present changes seen in the dentition.  As 

difficult as it may be, overjet, molar/canine classification, and mesial/distal movement of teeth 

should not be mentioned. 

Second, we must remove growth.  For the most part, any two orthodontists can agree on 

the average size, from  Co to Gn, of a 12 year old mandible (Bolton norms and others).  

However, they often disagree on whether this particular mandible is ahead of the growth curve, 

behind it, or just about average.  One orthodontist, therefore, will state that the mandible is of 

“normal” size and position (based on a certain amount expected growth remaining), and the other 

will state that the mandible is of “abnormal” size and position (based on a different amount of 

expected growth remaining). 

Unfortunately for researchers in this field, the natural process by which a human mandible 

grows is to increase in antero-posterior size (as well other dimensions and shape changes), and to 

occupy a more anterior location with respect to the maxillary complex.  Because these two 

changes are the exact changes orthodontists are trying to bring about, it is surprisingly difficult to 

look at a mandible which after two years of our “treatment” has grown larger and has come to 

occupy a more anterior location with respect to the maxillary complex, and say “I did not change 
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anything.”  In order for our treatment to have “changed” something, the mandibular size increase 

and location difference will need to be greater than that which “would have happened anyway.” 

Even more complicated is the fact that there is a time during adolescent growth, the 

“adolescent growth spurt,” in which bone growth occurs with a relatively greater velocity than at 

other times.  If the “treatment” we carry out happens to take place during this time, therefore, we 

are held to an even higher standard of demonstrating significant results than if it does not.  This 

is because the mandible, during two years which include the adolescent growth spurt, should take 

on a significantly more favorable size and location when compared to two years before or after 

this time, regardless of whether any treatment has taken place. 

Third, we must remove relapse, particularly with regards to functional appliances.  It 

makes sense that a bone which has been disengaged from its joint socket for a period of a year 

will “settle” back into its housing, at least to some extent, after the dislodging force is removed.  

Therefore we cannot be satisfied in treatment results that are obtained from data taken 

immediately, or even soon after, appliance removal. 

Fourth, we must remove posturing.  Again, this applies mostly to functional appliance 

therapy.  Although posturing should not affect size measurements obtained from a cephalogram, 

it will certainly affect clinical profile assessments and location measurements with respect to the 

maxillary complex or the cranial base.  Again, it simply makes sense that someone whose 

mandible has been denied the ability to seat in its anatomical position for a period of a year or 

more will have adapted to the new, awkward way of opening and closing their jaw.  During 

treatment, these individuals have been accomplishing rotational jaw movements not in the 

condylar fossa, but somewhere on the articular eminence, a location usually reserved for 

translation.  Their muscles have now been trained on the involuntary level to accomplish opening 
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and closing movements in this new position.  When given the chance to go back to a normal 

anatomical relationship, some time may be required for the masticatory muscles to be re-trained. 

As explained in the note in the introduction section, these are the reasons for the need to 

use and define the term “ultimate.”  The term “ultimate” is used throughout this paper to mean 

the exact size, shape, and location that a bone would assume if it were never treated (thereby 

removing external influences and relapse), after all growth was completed, and without 

posturing. 

The Ideal Experiment 

In order to explain our data manipulation, and to put our study in proper perspective, a 

summary of the “ideal” experiment, which we were hoping to perform, will be presented. 

To determine whether or not CVM is a better predictor of the mandibular growth spurt 

than chronologic age, a large sample of longitudinal cephalometric data should be obtained, such 

as the Burlington, Bolton, or Michigan norms.  Ideally, the records would extend out to 21 years, 

to make sure all growth has stopped (the Bolton study goes to age 18).  For each individual, the 

exact age of the beginning of the mandibular growth spurt (which may last up to two years) 

should be obtained.  Next, the exact age at the beginning of CVM stage 3 should also be 

obtained.  The ages of the subjects selected in CVM stage 3 should ideally span a wide age 

range, in order to more distinctly divide the two comparison groups, age and CVM.  The average 

age at which one would expect the mandibular growth spurt to begin (11 for girls, 13 for boys) 

should be compared with the actual beginning of each individual’s growth spurt.  Finally, the age 

at the beginning of CVM stage 3 should be compared with the actual beginning of each 

individual’s growth spurt.  An assessment could then be made regarding which method predicted 

the peak more accurately, age or CVM.  Unfortunately, the data from this clinical trial was found 

to be insufficient in producing this kind of comparison.  Individuals in the trial were all 
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eventually treated, therefore there only exist control data (untreated patients) for a period of 

about 4–5 years, when other subjects were undergoing Phase I treatment.  In addition, missing 

data points for some patients and long timepoint intervals made for an inability to accurately 

chart mandibular growth (to determine the mandibular growth spurt). 

To determine whether or not treatment in stage 3 makes a difference in ultimate 

mandibular size, excellent long-term (and longitudinal) cephalometric data must again be used.  

This would require a large sample of patients treated exactly at CVM stage 3 with a consistent 

treatment protocol and whose final mandibular size (in adulthood) is known. 

Alternatively, if control group data only existed for a short period, a time interval (such as 

2 years) after the first sign of CVM stage 3, as long as all subjects had data at exactly that time (2 

years), could be selected.  For each individual in the control group, the mandibular length at the 

beginning of CVM stage 3 could be subtracted from the mandibular length exactly 2 years after 

that time.  This amount could then be expressed as a percentage of original mandibular size at 

CVM stage 3 (to eliminate differences due to the subjects themselves being tall or small).  This 

percentage would represent the average size increase (without treatment) of a mandible from the 

beginning of the growth spurt (assuming CVM accurately predicts the growth spurt) to exactly 

two years after that.  The same percentage could be found in all the treated subjects, and then the 

two percentages could be compared to see if the treated subjects had a greater percent size 

increase than the untreated subjects. 

General Observations 

Unfortunately, as explained in the methods section, our study was unable to meet the 

above requirements for determining an individual’s ultimate jaw bone size and position within 

the face.  We can, however, make several observations regarding the CVM method as a growth 

assessor and predictor. 
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As a human grows, the bodies of the cervical vertebrae tend to become longer vertically, 

and “cupping” occurs on their inferior borders.  From person to person, however, there is great 

variation in the “markedness” or depth of the concavities throughout growth, the individual 

“underlying” shapes of the vertebral bodies, and the sequence in which “events” such as shape 

changes in certain vertebrae take place.  Because of this, it is extremely difficult to choose a 

certain “step” in the process which can be easily and consistently labeled, and which occurs at a 

certain point in growth (ideally, just prior to the mandibular growth spurt) in all individuals.  The 

CVM method does seem to be reliable in giving a general idea of how much growth remains or 

has already taken place in an individual (it follows a general growth curve relatively well), but it 

may not be any more reliable than an estimate based on sex and age. 

If the CVM method correlated better with the growth of the mandible than does the hand-

wrist method, and if in addition it contained a reliable predictor of the mandibular growth spurt, 

it would have the distinct advantage over hand-wrist of being assessed from a cephalogram, 

which would be convenient, and would eliminate the need for extra radiation exposure to the 

patient.  Perhaps it is reasoned that because neck bones are closer to the mandible (and other 

facial bones) than hand bones, they should correlate more similarly in growth.  (The cervical 

vertebrae do not have a more similar formational origin, i.e. intramembranous vs. endochondral, 

than do the bones of the hand and wrist.)  Due to the stringent longitudinal requirements of a 

study investigating growth spurts, our experiment could not definitively state whether or not the 

CVM method matched or could predict mandibular growth.  It is the author’s opinion that neck 

bone growth, in the general population, correlates with facial bone growth about as well as all 

other bones of the body (which, much of the time, is not very well).  It is very possible, however, 
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that in certain individuals, certain vertebral maturity indicators match (or precede) the peak in 

mandibular growth. 

 If we assume that CVM stage 3 does immediately precede the mandibular growth spurt, 

then our investigation (though severely crippled from small sample sizes) does not show any 

indication that class II patients (treated in various ways) benefit from an ultimate mandibular size 

increase or anterior relocation.  This would indicate (again, if CVM accurately predicts the 

mandibular growth spurt) that putting an anterior force on the mandible by way of the teeth does 

not change its ultimate size. 
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CHAPTER 5 
CONCLUSIONS 

Human cervical vertebral bodies, as they grow and mature, take on a more vertically 

rectangular shape, and show “cupping” at their inferior borders, when viewed from a lateral 

perspective.  The process occurs gradually, however, and varies widely from person to person.  It 

does not occur in distinct steps which can be easily followed in each individual, even with 

closely successive cephalograms. 

In early growth stages, CVM stage correlates highly with statural height (growth of long 

bones).  However, at no time does it correlate more strongly than hand-wrist maturation or age. 

A specific marker in the cervical vertebrae which could accurately predict a time when 

facial bones will undergo greater growth velocity was found to be elusive and highly variable 

among individuals. 

Many problems with legibility of cephalograms were found, making reliable CVM staging 

difficult. 

Class II patients with treatment starting in CVM stages 2.5 or 3 were not found to have any 

significant ultimate skeletal improvement over those with treatment starting in a stage other than 

stage 2.5 or 3.
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