Chapter 1
Orthodontics from the very beginning.
With thanks to Camilla Newman for correcting this chapter. Camilla developed an interest orthodontics too late to be accepted on a registrar training course, but shows that it is dedication and a desire to do the best for the patients that is really important.

[image: Unfortunately we are unable to provide accessible alternative text for this. If you require assistance to access this image, or to obtain a text description, please contact npg@nature.com]
Keywords
L Andrews 6
R Williams 6
It should have been a draw, but LA won on points.

Let’s begin at the very beginning with the old glory skull. This belonged to Edward Angle (I don’t mean it was his head) and is now the property of the American Orthodontic Society.
Angle felt that it represented an ideal occlusion. (Note, it did not seem to do the original owner much good. Also, I should mention that the term “Old Glory” is something of a can of worms.
[image: https://s3.amazonaws.com/rapgenius/can_of_worms_ahead.jpg]
 It seems it was Angle’s students who called the skull “old Glory”. They probably didn’t mean the old version of the union flag which you will see if you Google “old Glory” but the skull and crossbones flag that has “or Glory” written underneath.) 
Thank goodness that is cleared up and so we can say:
An ideal occlusion is 32 unworn teeth in perfect cuspal harmony.
The chances are you’ll never see one, but I hope you will see lots of normal occlusions because we can say:
A Normal occlusion is one that closely resembles the ideal. It is the treatment goal of orthodontics. (I have seen a definition that suggests it is an occlusion within one standard deviation of the ideal. But I think this is pointless)
We ought to try to lock in Andrew’s six keys to a normal occlusion here because people think it is very important. In 1972 Andrews published the results of an investigation into 120 casts of Non-Orthodontic cases who were selected by him because they had such good occlusions. These were:
· Key I –  Class I Molar Relationship
· Key II – Ideal Crown Angulation (tip)
· Key III – Ideal Crown Inclination (torque)
· Key IV –  No Rotation
· Key V – Tight Contact
· Key VI– Flat curve of Spee
As a dreadful old cynic, I have to say. ” Isn’t that just what you would expect”?  The cases are selected to have good occlusions with no orthodontic treatment or extractions so with a normal overjet and overbite I would expect class I molars. And as they were selected to have good occlusions yes, they would have no spaces or rotations and ideal tip and torque. Finally, because deep bite cases have been excluded the curve of Spee would be quite flat.
Everything else is:
A malocclusion
Malocclusion must be pretty common because I notice in my new patient clinic everyone’s got one. And that is a bit of a problem, so what we need to do is classify malocclusion. We need to do this because:
· It helps description. That is, you don’t need to keep on describing the same features over and over again.
· It groups together cases that are going to need similar treatment
· It helps research
When it comes to classification of malocclusion it seems that we are at odds with the rest of the world.
[image: Image result for little england]
Yes we use Incisor classification and everyone else uses Angle’s classification.
Incisor classification
[image: ]
In a class I malocclusion
The tips of the lower incisor occludes, or would occlude, with the middle third of the palatal surface of the upper incisor.

In a class II division i malocclusion 
The tips of the lower incisor occludes or would occlude palatal to the middle third of the upper incisor and the inclination of the upper incisor is normal or proclined.

In a class II division ii malocclusion 
The tips of the lower incisor occludes, or would occlude, palatal to the middle third of the upper incisor and the inclination of the upper incisor is retroclined.
In a class III malocclusion.
The tips of the lower incisor occludes, or would occlude labial to the middle third of the upper incisor.

In the UK it will always be assumed that you mean the incisor classification unless you say “Angles” class **** malocclusion

Angles classification goes like this:
[image: ]
Angle’s class I malocclusion refers to all malocclusions with class I molars. (In a class I molar relationship the triangular ridge of the mesio-buccal cusp of the upper first molar bites in the buccal groove of the lower first molar)
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Angle’s class II malocclusion refers to all malocclusions with class II molar relationships. (In a class II molar relationship the triangular ridge of the upper first molar occludes anterior to the mesio-buccal cusp of the lower first molar) Angles class II malocclusions are sub-divided into two divisions. Division i has class II molars and an increased overjet.  Division ii has class II molars and a normal overjet

[image: ]
Angle’s class III malocclusion refers to all malocclusions with class III molar relationships. (In a class III molar relationship the triangular ridge of the upper first molar occludes posterior to the disto-buccal cusp of the lower first molars)
So under Angle’s classification if you have a 15mm overjet and class I molars it is a class I malocclusion. If that sounds mad to you.
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Then you should understand that Angle thought his classification was a measure of skeletal discrepancy.
 So we need to stop and think about Dental Base relationships
[image: local cavses001]
This young man has ectodermal dysplasia and anodontia he does not have and has never had any teeth. He doesn’t have any alveolar bone
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But he does have some basal bone of the maxilla and mandible. So, the assumption is that the teeth and alveolar bone sits on these basal bones which are called the dental bases. How the dental bases fit together is one of the aetiological factors in malocclusion and this is called the dental base relationship. Of course, they are related in all three planes of space:
Horizontal actually the widths of the dental arches seem to be quite closely related to the width of the underlying bone. So that orthodontists tend not to spend a lot of time talking about horizontal dental base relationships, but it is important in some cases.
Vertical.   Although you can actually measure the distance between the dental bases in millimetres this is not very helpful because we are dealing with growing children so you would need to keep referring to a set of tables. You could express the face height as a percentage of overall face height. Some people like this but it still involves a bit of maths. So, for most of us the Maxillo- mandibular angle or MM angle suffices for vertical dental base relationships. While the similar Frankfort Mandibular planes angle gives you the vertical relationship of the mandible with the base of skull. Using an angle is very helpful because it does not change if the individual just grows bigger but doesn’t change shape.
 Sagittal.   This is the important one what we want to do is to get a measure of the relationship between the Maxilla and mandible from front to back and it is this that Edward Angle thought he had achieved with his classification. I know it seems silly now but I guess in 1904 in America there were very few cases where the Es were extracted early so if you had class II molars you were likely to have a class II Sagittal dental base relationship.
[image: http://www.islandsinocean.com/images/articles/25/Antillean_Sloths1.jpg]
I, and everyone else, find it hard work typing out sagittal base relationship all of the time, so we use the term Skeletal pattern to mean the same thing.  
Nowadays Angle’s classification and incisor classification are uses as classification of types of malocclusion and we have a separate classification of skeletal pattern:
Class I. The Maxilla has a normal sagittal relationship with the mandible
Class II. The Maxilla is forward in relationship to the mandible
Class III. The Mandible is forward in relationship to the Maxilla
How do you decide? Well we will discuss that when we come to cephalometrics.
For now we need to go on to Clifford Ballard
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Clifford Ballard was professor of orthodontics at the Royal Dental Hospital. He moved the day I started as a student, to become professor of orthodontics at the Eastman. In my first SHO post I used to trace the lateral skull radiographs for the post grads on Wednesday morning because after an hour with Prof Ballard their hands were shaking too much. They thought he was super scary, but in fact he was a nice man and I was rather proud to be invited to give the Ballard lecture a couple of years ago. 
Ballard put order into orthodontics. At that time it was just as common practice to treat a class II div I by proclining the lower incisors as by retroclining the uppers.
Ballard introduced the idea that the lower incisors were the foundation stone of the arch about which you built your orthodontic diagnosis.
He felt that swallowing pattern was important as this determined the position of the teeth. Swallowing is the primary function of the mouth. The lips seal the front and the tongue lifts up and fills the mouth. This forces the content of the mouth backwards.
It is absolutely necessary to seal the front of the mouth when swallowing. Ballard identified the following ways:
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1. The lips are competent and come together sealing the front of the mouth with minimal activity.
2. The lips are incompetent and some activity of the muscles of the lower lip are needed to seal the mouth. You might expect the teeth to be a little upright.
3. Lip trap or potentially competent lips. The lips come together but the upper incisors are between them. Indicating a skeletal II base at least at the age of 7-8. The overjet is increased and the overbite is increased and complete to the palate. The lower incisors may be retroclined so that even though the overjet may be quite large the skeletal pattern may not be very severely class II. Retract the upper incisors and the prospect of stability is good. 
4. A tongue to lower lip swallow. The tongue comes forward to the lower lip, the upper lip plays no part in swallowing. The upper incisors are often proclined and the lower incisors may also be proclined so that the overjet may not be that large even in a severe skeletal II case. The overbite is incomplete. The outlook for stability is not so good.
5. The mandible postures forward to a normal overjet during swallowing. This brings the lips and teeth together.  Note that this could only occur in a skeletal II case. In the postured occlusion the teeth meet but in RCP there will be an incomplete overbite. (I think this must be quite rare)
Ballard says that the patient will swallow using the method that requires the “least physiological activity.”

What he is saying is at the sub-conscious level we are all fundamentally lazy.
BUT IS THIS TRUE
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Bill Proffit says that in order to influence the position of the teeth a force needs to be acting for a long period of time and we just don’t swallow for long enough and that it is the resting position of the tongue and lips that controls the position of the teeth.

Of course, it is possible that the resting position is determined by the need to swallow. So they could both be correct. (I know! I should go into politics)
You should know that it is the LOWER lip that is the active one. The upper lip doesn’t do much. If you look at the pictures of the different ways to swallow you will see that the upper incisor is behind the lower lip in some cases while in others it is in front. While the lower incisor is always tucked between the lower lip and tongue. Ballard felt that this was a position of balance.
His view was that the lower incisor teeth should be kept the same position.
It is time to introduce Clifford Ballard’s second in command James Richard Ewart Mills known to all as Dick Mills. First as Dr Mills and later as Professor taking over from Ballard. He set out to prove Ballard was correct. He selected patients who had had orthodontic treatment where the lower incisors were significantly proclined during orthodontic treatment. They were held for a year and then retention ceased and they were reviewed one year later.
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Well some went back to the original position but some went even further back. On the other hand some stayed put and some proclined.
But Mills expressed the result as an average, so it seemed as if they returned to the original position.
[image: http://static.tvtropes.org/pmwiki/pub/images/piechart.gif]
Hey that’s a little harsh!
Mills showed that teeth that are proclined tend to return to the original position.
We not only have some science to support this but also many years of clinical practice. We can say that using the original lower incisor position as a guide to the final position seems to produce successful clinical outcomes.
So this was very much Mills mantra when he became professor of orthodontics at the Eastman Institute in 1972.
Later on, Mills had to admit that the lower incisors should be moved forward from the start position in:
1. Thumb sucking malocclusions where the lower incisors had been retroclined.
2. Class II div ii malocclusions where the deep bite had prevented the lower incisors coming forward when the mandible had grown favourably.
3. Lip trap malocclusions where the active lower lip had squeezed up behind the upper incisors holding back the lower incisors.
Keeping the lower incisor position in 1972 was easy because most patients had removable appliances. So it was goodbye to flapper springs and Z springs to procline the lower incisors (curiously they have made a sort of comeback with the Inman aligner) and goodbye to the URA with the inclined bite plane (curiously [again] that has made a comeback post functional appliances)
However when we all started to use fixed appliances life became more complicated. Just aligning the lower incisors tends to move them forward and space closure moves them back. SO WE NEED TO KNOW.
Where should the lower incisors be?
Unfortunately to understand that we need to know about Cephalometrics.
Cephalometric Tracings

The cephalostat was invented in Germany by H Hofrath and in USA by H Broadbent in 1931. Unfortunately, this was followed by a certain amount of bad feeling between the UK and Germany. See “Was it something I said?” A Hitler. Followed by additional bad feeling between America, Germany and Japan see “I fancy a trip to Hawaii” E Hirohitto. So Hofrath doesn’t get a mention nowadays and the honour goes to Birdsall Holly Broadbent (yes really!) referred to as Holly. His obituary reads:

BROADBENT, BIRDSALL HOLLY (27 Sept. 1894-23 Dec. 1977), a Cleveland dentist and orthodontist, invented a head positioning device used in taking radiographs of the face and teeth. Born in Lockport, New York, to James F. and Mabel Holly Broadbent, he graduated from Western Reserve University Dental School in 1919 and began specializing in orthodontia. During the 1920s, Broadbent and Dr T. Wingate Todd developed the cephalometer, which holds a patient's head stationary when x-rays are taken. The cephalometer gave dentists a practical method of diagnosing abnormal growth. For his work, Broadbent received the Ohio Dental Association's 1952 John R. Callahan Memorial Award. In 1929, Broadbent became Director of the Bolton Fund of Western Reserve, the world's largest individually endowed fund for dental research. He helped assemble the world's largest collection of serial cephalometric records, and in 1933 the results of his study of facial development were displayed at the Chicago World's Fair. In 1948, Broadbent became clinical professor of dental facial anatomy at WRU. In 1960, Broadbent received an honorary degree from Dublin University; in 1966, he became an honorary fellow in dental surgery at the London Royal College of Surgeons; and in 1967, he received an honorary Doctor of Science from WRU.

 It didn’t say, but I would add, he published the Bolton standards of cranio-facial growth in 1975.

In the early days it seemed as likely that PA (back to front) radiographs would be as useful as sagittal ones, and the individuals in the Bolton study a longitudinal study of facial growth were subjected to what seems today a huge number of radiographs including lateral skull and PA every 3 months until the age of 3 and then every 6 months. This study remains an important study of facial growth, but from now on we will restrict ourselves to sagittal lateral skull radiographs taken with the use of a cephalostat which we will call “cephs”
[image: Image result for crocodile crying cartoon]
Sorry. I just heard I need to include Grummonds’ analysis. Published by Duane Grummonds in the JCO in 2010. It is really an analysis of asymmetry but it does use a PA radiograph.

Uses of Cephalometry
 For diagnosis
1.   To measure the relationship of the dental bases Sagitally [Skeletal Pattern]
2.   To measure the relationship of the dental bases vertically.
1. To measure the relationship of the dental bases to the surrounding structures.
1.  To measure the inclination of the anterior teeth.
1. To measure the sagittal position of the anterior teeth.
1. To measure the vertical position of the anterior teeth.

For Research
1. To evaluate treatment & post treatment change.
2. Growth studies (Normal and abnormal)

Landmarks.
[image: Image result for landmarks]
These are points, which can be routinely identified on a lateral skull radiograph. Clearly to work out what is happening, you need to identify certain areas and try to work out how they are moving relative to other areas. You could use linear distances, but this is problematic because the image is magnified and the patient is growing. Angular measurements from a non-growing area are more satisfactory. Fortunately for us, the anterior and middle cranial fossae do not change a significant amount after the age of 7 years.
You should know:
Sella, Nasion, de Coster’s line, Porion, Orbitale, Articulare, Condylion, PNS, ANS, A point, Gonion, Basion, Menton, Pogonion, and B point. There are lots of other points such as Chi point & PM point which are used in some tracing methods.
(See appendix)
The three M’s
[image: Image result for m&ms]
To be worthwhile the landmarks should be meaningful, for example UI tip really represents a part of the dentition that is important to the patient and orthodontist. S and N together with the line between them are quite a good representation of the cranial base. On the other hand Articulare is not a good representation of the condyle. It is not a real position at all, simply the superimposition of two unrelated bones, its position changes if the mandible is moved.
[image: Evil Man stock vector. Illustration of cartoon, business ...]
Fig Articulare is unreliable
The landmark must also be measurable. Sella Nasion and B point are easy to find. Condylion is very hard to find on most radiographs. A point can be difficult, which is a pity because there is not really any alternative.
Ideally the landmark should also be midline.  Again Sella, Nasion and B point score well. The Frankfort plane scores badly, Porion is difficult to find and is not mid line point, so you can usually see 2. Also it can be confused with the internal auditory meatus, so there are usually 4 dark rings spread over a 1 cm area. Orbitale is also not a midline point the two are a considerable distance apart (so the Orbit nearest to the tube will be more enlarged) ; on a repeat film only the orbit closest to the film may show up. It is perhaps surprising that some cephalometric analyses rely heavily on the Frankfort Plane. Also there are perspective & magnification problems. The orbit nearer to the tube will be enlarged and moved forwards.
It is worth mentioning cone beam CTs here. It is possible to derive a sagittal view of the skull from a cone beam CT. This has advantages in that errors due to the greater magnification of the area nearer to the X-ray source are eliminated. So this would seem an advantage for non-midline landmarks. The problem is the much greater dosage of x-rays.
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Orbitale is not a mid-line structure (usually)
Analysis
Comment. The first analysis was Downs’s in 1948 based on 25 adolescents with good occlusions. It introduced S,N,A &,B, Basion and Pogonion. Cecil Steiner used Downs’ landmarks but introduced the angles SNA. SNB and ANB and associated them with skeletal pattern. According to Proffit, Steiner’s analysis was based on a single person described as a Hollywood star(let).
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Fig. Early attempts by Steiner went amiss when he used the wrong Hollywood star
Cecil Steiner . 
In the gold rush Emil Steiner went to California. Later his son Cecil studied dentistry and in 1921 applied to study with Edward Angle in the hopes of being the second student of the great man.
[image: Image result for cecil steiner biography]
Cecil Steiner

 Angle questioned him on Charles Darwin and the native trees of America. 
Steiner knew nothing about either subject, so Angle refused to have him as a student. Angle’s second wife Anna Hopkins Angle took pity on him and gave him a reading list of 20 volumes and Steiner was soon back.

[image: Image result for Mother Angle wife of Edward Angle]
Anna Hopkins Angle, referred to as “Mother Angle”, was a remarkable woman in her own right, and orthodontics owes her much. She started as Angle’s secretary at the age of 21 but decided that she could help him better if she studied dentistry at university. So she took a degree, but never practiced dentistry. She supported Angle, helped to prepare his papers and run his school of Orthodontia. She was a founder member of the orthodontic society and her tireless work maintained his importance after his death. More than anything, she calmed the waters stirred up by her rather difficult husband. 
In fact Steiner stayed with Angle for some time, becoming a teacher on the course. In 1927 he helped Angle file out the first Edgewise brackets. Later he became interested in cephalometrics.
 He used Downs’s Landmarks and developed the concept of SNA, SNB
Steiner uses the angles SNA and SNB. This is an idea similar to that of surveying. You take a fixed point, in this case the base of skull and you use angular measurements to find the relative positions of the maxilla and mandible from this fixed point. Questions to ask about SNA & SNB:
1. Does SN accurately represent some fixed point?
 Yes it is not bad .The anterior part of the cranium does not grow after the age of 7 except by surface deposition. This moves Nasion directly away from Sella so that the SN line does not alter very much. Both Sella and Nasion score well in accuracy of measurement and they are mid line points.
1. Does the A point represent the Basal bone of the Maxilla?
 No. This is a major weakness of the Steiner analysis. The A point is not really an anatomical point at all. In most patients a thin crest of bone runs down from the anterior nasal spine but this does not appear on radiographs. On a dried skull it can be shown that it is the bone overlying the roots of the central incisors which represents the A point. This area remodels when the incisor teeth are moved. The A point can be difficult to find on some radiographs.
1. Does the B point represent Basal bone?
 It is subject to a little remodelling but it is much better than A point it is also easy to measure and a true mid line point.
1.  The normal SNA is 81° and the normal ANB 2 to 4 degrees. Is this true as SNA changes? 
No. As SNA reduces ANB tends to reduce also this means that even a normally related mandible and maxilla will have an ANB of less than 2 to 4 degrees. Conversely if the whole dentition is moved forwards the angle ANB tends to increase so that the angle ANB may exceed 4 degrees even though the relationship of the jaws is normal.
1. What is the Eastman correction? 
Some people seek to modify the significance of ANB by adding half a degree to ANB for every degree SNA is less than 81. Or subtracting half a degree for every degree SNA is more than 81.    (Old copies of Walther’s Orthodontic notes used to suggest a third of a degree) The weakness of this idea is that SNA could also be affected by variations in the position of Sella.  However these would not alter the significance of the angle ANB. Probably the best answer is to say that the Steiner analysis works best for patients where the SNA angle is close to 81 degrees. Perhaps the official answer is that the Eastman correction should only be applied if the angle between S-N and the maxillary plane is 8° + 3° 
(Or 5 -11 degrees)
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Fig.  The significance of the angle ANB varies according to the value of SNA.  Here, in case A the angle is reversed while in B it is zero and in C it is positive in fact the relationship between the maxilla and mandible is the same for each and the difference is caused by the relative anterior posterior position of the jaws. The Eastman correction tries to correct this problem but the degree of correction is not a linear one (Tan SNA) so the correction of half a degree per degree greater or less than 81° works best when SNA is close to 81°
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Fig. A further problem with Eastman correction is that if the Sella were to be in an abnormal position a correction would be applied inappropriately. One of the measures used to limit this problem is not to do an Eastman correction if the angle between SN and the Maxillary plane is not between 5-11 degrees
It must be of concern that most computer software for planning osteotomies relies on the angles SNA and SNB to estimate the skeletal pattern. Here are a few of the problems:
· The A point is very difficult to see on some radiographs
· Its position can be affected by the KV of the machine
· On a computer screen the ease of identification varies with the brightness of the screen and the environment
· The A point does not really represent the mid line of the maxilla and is usually the bone just over the roots of the upper centrals
· Eastman correction problems (just described)
· The B point may be wrong if the patient is not occluding in RCP. This is an important problem in class III cases.
All this must be of significant concern. Imagine a busy registrar has to do a quick plan for an osteotomy. The sun is shining on his /her computer screen, he is eating his lunch so he moves the curser to about where the A point should be and clicks the mouse. On to B point he doesn’t consider that there may be a postured bite he just clicks.
Now these two points are treated as if they were on tablets of stone and the computer will suggest the ideal surgical movements and based on this the patient will be wheeled into theatre. I would suggest if you can’t see the A point you should stop (at least you will enjoy your lunch more)
The original Steiner’s analysis went on to look at the inclination of the upper incisors to the NA plane (Normal = 22 ) and the inclination of the lowers to NB (Normal =25) Do you think that it is logical to look at the inclination of the upper incisors to one plane and the inclination of the lower incisors to another? The anterior posterior position of the   incisors is judged by the position of the tips of the incisor teeth relative to the NA & NB planes. A rather nice touch is the suggestion that Pogonion lies in front of the NB plane by the same amount (4mm) as the incisor tips.
 The idea of camouflage type treatment is built in to the Steiner Analysis. In a normal face ANB = 2 upper incisors to NA = 22 Lower incisors to NB = 25 and the incisors are 4mm in front of NA & NB
This is written            2
                               22 \ 4
                               25 / 4
Steiner worked out compromise arrangements for variations in ANB between 6 and    -6 these are called Steiner’s sticks.

ANB=6       ANB=4       ANB=2      ANB=0     ANB=-2     ANB=-4   ANB=-6
18 \ 0            20 \ 2           22 \ 4          24 \ 6        26 \ 8           28 \ 10     30 \ 12
29 / 5            27 / 4.5        25 / 4          23 / 3.5    21 / 3           19 / 2.5    17 / 2
So what do we think of the Steiner analysis? How does it score on the 3M’s score?
It seems to me that SNA SNB is a meaningful way of looking at the relationship of the maxilla and mandible by comparing them with the base of skull, which has finished growth and is therefore a relatively fixed point. I quite like the idea that lower incisor tips to NB are equal to Pogonion to NB (this is called the Holdaway Ratio) 
Relating the incisor inclination to two separate lines seems less meaningful. A point is not the perfect measure of the basal bone of the maxilla because it remodels as the incisors are retracted but remember that this is not very important in initial assessment although it does become more important when trying to work out the effects of treatment. All of Steiner’s points are midline and with the exception of A point they are all easy to measure.
Comment. Proffit points out that the angle SNA is less convincing as a measure of skeletal pattern if the line SN is not at its usual 6 to the horizontal.



Ricketts
Robert Murray Ricketts
1920-2003
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He had a tough upbringing in the great depression, worked as a steel worker and in a radio factory. Qualified in dentistry, then he served in the navy. He studied Orthodontics under Alan Brodie (see growth studies and the Y axis). His contribution to orthodontics is huge as well as cephalometrics, he developed the bio-progressive technique 1978. Back in 1980 it seemed just as likely that Bioprogressive would be the way forwards as straight-wire.
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I think you need to see Ricketts analysis as a product of its time. Computers had arrived on the scene so it was possible to increase the number of points used. This picture shows just a few. Add the Aesthetic plane (no-pog soft tissue nasal tip to soft tissue Pogonion) and inclination of lower incisors to NPog
In the Ricketts analysis the main reference plane is the Frankfort plane. The use of this plane dates back to 1882 when a group of anatomists meeting in Frankfort decided that this plane represented a good representation of the natural head position.
(However this does not mean that they were right. Or that it is a good plane to use for a lateral skull tracing. Remember that there are 2 Porions   and there is an internal auditory meatus on each side similar to and close by the Porion. Even if you can see all 4 which is which. If you can only see 1 or 2 which can you see?  Porion & Orbitale are about 75 mm apart if the error in measurement of each is 5 mm this would give an 8  error in the Frankfort plane.)
The base of skull is represented by Basion- Nasion (What do you think of Basion?) The prominence of the chin is represented by the line from Nasion to Pogonion which is called the Facial line. Ricketts says that the angle between the Frankfort plane and the Facial line is the Facial angle and it is almost 90 degrees (89) in a 15 year old. A point lies 2-4 mm in front of the Facial line. (This is quite a useful back up to other measurements because it is so simple to do)
 Note a very similar measurement which I ascribe to McNamara, this is a vertical dropped from Nasion. For a skeletal I A point lies 2-4 mm in front of this line.  Where the line N- Basion crosses Ptm (Pterygo-maxillary fissure) a line is constructed to Gn This angle is the facial axis Rickets says that this is 90 (you will read later that I don’t like Gnathion much because in different papers it has a different definition. Here it is halfway between Menton and Pogonion on the symphysis outline). These measurements seem to be a reasonably meaningful way of locating the chin in space. Other measurements in Ricketts are much harder to understand for example lower face height is measure ANS to Xi to PM (Xi is the middle of the body of the ramus of the mandible and PM is the point where the concavity of the anterior part of the mandible changes to convexity, these two points fail the 3 M’s test with honours) The idea of the Ricketts analysis is that you send your radiograph to Rocky mountain and they send you:
1. An analysis.
1. A modified tracing adding the likely effects of further growth.
1. What a tracing will look like at the end of treatment. This is called a VTO or Visual Treatment Objective. (Many people thought it was a LOC or Load of Cobblers and sent Rickets radiographs of patients who had grown in a non-typical way and had a good laugh when Ricketts could not predict how growth had continued. Ricketts said he had modified his program and if they sent him more money the computer would do better next time. They kept sending and he kept taking the money. Many people call this a NLE or Nice Little Earner )
 As a general rule Ricketts analysis does not score that well on our 3 m’s score. It is complex to do and not often done in the UK.
Harvold Analysis
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Harvold analysis ought to be interesting and useful because it doesn’t use the A point so it would be useful in cases where the A point is difficult to see. However the point TMJ is also very difficult to find and you need a table to understand it.
Harvold measured mandibular length and Maxillary length from the posterior wall of the Glenoid fossa (TMJ) The points are TMJ, Lower ANS (Where the spine is 3 mm thick) and Pogonion .To give a picture of how the jaws are related it is necessary to give a measure of the divergence of these two lines and this is done by measuring the lower face height from upper ANS to Menton. Because linear measurements are used it is necessary to compare the results with a table:


	
	male
	female

	Max length age 12
	92mm sd 3.7
	90 sd 4.1

	Man length age 12
	114 mm sd 4.9
	113 sd 5.1

	Lower Face ht
	64mm sd 4.6
	62mm sd 4.4




[image: ]

I very much like Harvold’s idea and it seems to me that what we need is to express skeletal pattern as the ratio of Maxillary length over Mandibular length (it is about 80% could it be that less than 75% would mean a skeletal class III while more than 85% would indicate skeletal II?. Research needed)





McNamara
[image: Image result for McNamara orthodontist]
James McNamara (it is a name associated with research into Frankel appliance treatment and Monkey experiments in functional appliances)
[image: ]
To this you need to add Harvold analysis and a measure of the protrusion of the incisors that McNamara uses. Essentially this is a line from the tip of the most protruded tooth to a line parallel to the Nasion Perpendicular but through A point
McNamara contains elements of Ricketts and Harvold .It still uses the Frankfort plane but assesses the position of the Maxilla and Mandible by dropping a perpendicular from Nasion at 90 to  the Frankfort plane .This lies a little behind the A point ( 2-4mm in a normal patient ) and hits the Pogonion. If you want to call this the Zero Meridian you can, but this is not McNamara’s term and it could confuse. The real Zero Meridian was a term used by a Mexican Plastic surgeon Mario Gonzalez-Ulloa it is a soft tissue measure. A line from the soft tissue Nasion Perpendicular to the Frankfort Plane and in a normal face it should pass through soft tissue Pogonion.  The length of the jaws is measured using Harvold’s method and the inclination of the incisors is measured to a vertical rather than the horizontal that we are used to. Protrusion of the incisors is measured from upper incisor tips to a vertical through A point and in the lower incisors from the tip to a vertical through B point
I like McNamara as a back-up measure when planning osteotomies. However I do customise it a bit. I feel the use of Frankfort plane is its weakness and unless the maxillary plane takes a bayonet bend at the front I use this as my horizontal. I suppose fans of natural head position could use that as a vertical.
(Note with so few landmarks there gets a stage when everything is the same so in Rickets where the Facial angle is 90° then the Facial Line is the same as McNamara’s Nasion Perpendicular which many people call the Zero Meridian  even though the real Zero Meridian runs parallel to it through soft tissue Nasion
Wits
 In this analysis perpendiculars from A point and B point are projected onto the functional occlusal plane. Normal relationship is less than 1 mm difference.
[image: ]

Although it is popular I do not like Wits analysis. Should a change in the functional occlusal plane alter the skeletal pattern?
Credit goes to the University of the Witwatersrand, Johannesburg.


Vertical analysis Sassouni
 Sassouni’s analysis is based on the idea that the SN plane, the FM plane (Frankfort Mandibular), the Maxillary plane, the occlusal plane and the mandibular plane meet at the same point. (Rome?)



Other measures of face height[image: http://imavex.vo.llnwd.net/o18/clients/johnsdental/images/CEPH/SASSOUNI_ART_Converted_WEB.jpg]
FM angle and MM angles are used as a measure of face height.
Linear measurements of face height are often used Nasion to Maxillary plane is upper face height. Menton to Maxillary plane is lower face height. Lower face height exceeds upper face height. This is expressed as the Facial Proportion, which is lower face height divide by upper plus lower face height times 100. (The normal is 55).
  Computerised Template Analysis 
The increasing complexity of tracing methods and the use of linear measurements which need to be looked up in tables makes computerised tracing more attractive. It is possible to generate a comparison tracing from a selection of “norms” derived from growth studies. For example the COG orthognathic package can superimpose a tracing of Bolton standard of the same age or size. In Birmingham we love Dolphin it does produce some nice pictures, but is it eating all the fish? 
Dolphin gives you a prompt to help you position the landmarks and quite a large choice of different analyses’. The message is very much the results are only as good as the date inserted.
Good things about Dolphin
· It makes a funny noise when you login
· It produces nice tracings 
· It gives a chart of the data
· It stores all your photos and radiographs
· It can assist Osteotomy planning
Bad things about Dolphin
· It is very expensive
· It makes you believe the data is accurate when it may not be
· Some body has got to input all that data
Pitchfork analysis.
 Lyle Johnson was well received when he spoke to the spring meeting of the BOC. See also BJO 23 p 93- This is quite a long paper. Johnson does not like the use of S and N to represent the Base of skull but prefers de Coster’s line (after Lucien de Coster) in the same way he prefers Bjork’s “structural method” of superimposition of the maxilla and mandible. If you remember by using implants Bjork &Skieller were able to show some areas did not remodel very much i.e. the ID canal, the crypt of the 8 before root formation, the lingual surface of the symphysis, the zygomatic process of the maxilla and the curvature of the palate. The problem then arises that this method gives lots of curved lines rather than angles and linear measurements. This is overcome by using scribing lines (FIDUCIAL LINES) and it is the movement of these lines that Johnson uses to assess the change. Using this method it is possible to assess the changes in the dental bases. Then by superimposing on the fiducial lines of each jaw you can access the movement of the teeth in that jaw. Finally it is possible to superimpose the incisal edges of the upper teeth at start and finish and measure the overjet change (what’s new). Pitchfork analysis has the introduction of two new points W or wing point is where the greater wing of sphenoid crosses jugam shenoidale; and the D point which is the centre of the symphysis of the mandible. Superimposition of tracings on the base of skull fiducial line gives a pictorial view of how the maxilla and mandible have changed by translatory movement. Superimposition on the maxillary fiducial lines allows a measurement of maxillary displacement by measuring the change in the W point. Displacement of the mandible relative to the maxilla can be measured by displacement of the D point which is measured parallel to the averaged out functional occlusal plane (Johnston calls this the MFOP). Mandibular growth can be calculated from the formula: Man growth = Apical base change – Max growth.
Pitchfork analysis is important as a method of analysis of the change that has occurred as a result of orthodontic treatment. It is not a tool of treatment planning.
I know some registrars get rather turned off by pitchfork analysis. I think because of the term “fiducial line”, but all this means is a reference line. It could be a cross but if you wanted it could be a picture of a Willie.
So you trace the start and finish radiographs very carefully remember to include de Coster’s line and the Bjork reference points for the maxilla and mandible. Now on the start radiograph draw your reference lines a cross will do (OK, so you have drawn a Willie, no matter)
Now superimpose the two tracings on de Coster’s line and copy the reference line exactly (you wish you had gone for a cross now, don’t you?)
Now superimpose on Maxillary outlines and measure the displacement of the reference lines. This distance is the maxillary growth.
Now superimpose the two radiographs on the upper central incisors and measure the distance the two reference lines are apart. From this you can subtract the maxillary movement and this will give you the tooth movement.
You can repeat this with the mandible firstly superimpose on Bjork’s reference points for the mandible to give mandibular growth and then on the mandibular incisors. Now you have the measure of growth of both jaws and tooth movement. 
Downs analysis.
Described way back in 1948. Downs originated the idea of the facial line N-Pog at right angles to the Frankfort plane. APo also comes from Downs as does the Y axis a line from Sella to Gnathion, Later Brodie was to suggest that this was the direction of growth of the mandible this suggestion of orderly growth along the Y axis was later questioned by Bjork who showed underlying growth rotation.
I know in London they ascribe SNA-SNB as a measure of skeletal pattern to Downs. He certainly did describe the points S, N, A & B but he didn’t really use them as a measure of skeletal pattern. Riedell used SNA as a measure of the position of the maxilla but it was Steiner who used ANB.
Ballard’s method.
 Bill Houston used to hate this method. Basically you reposition the upper incisors to 108 and the lowers to 92 (adjusting this if the MM angle was not 27). The repositioning is done so that the teeth are tipped around the point 1/3 of the way from the root apex. If as a result of this mental repositioning the overjet is 2-4 mm then the patient has a class 1 skeletal pattern (5 or more is skeletal 2. Less than 2 the patient is a skeletal 3). Is the tooth germ of the upper incisor in some fixed position relative to the dental base? Is there any logic in tipping the tooth about a point 1/3 of the way from the apex when the tooth was a different length when it erupted? Perhaps not, but this technique does not require the use of the A and B points so that it can be a useful check if you can’t see A or B.
The Tweed triangle.
 This is either: -
1. A musical instrument made from wool. 
1.  An area of the Scottish borders where a number of orthodontists have disappeared under mysterious circumstances or:
1.  A triangle formed by the maxillary plane, the mandibular plane and the long axis of the lower incisors. 
In either case I would advise you to stay away from it.
[image: ]
Fig. The Tweed Triangle
Actually a good point of the Tweed triangle is that the normal lower incisor inclination is 61° and you don’t have to make an adjustment for the MM angle. The bad thing is it reads backwards so 70 is less proclined than 60

Soft tissue
Ricketts uses the E plane (Most prominent point on the lip to a line from the tip of the nose to the tip of the chin). The Holdaway line runs from the soft tissue chin to the upper lip it should bisect the bridge of the nose. Note up to the age of 12 the nose is pretty standard but later it may grow into a great big hooter. Up to 12 expect the lips to lie on or near the E-plane. After 12 the lips lie progressively further behind the E-plane.(Suggested 2-4 mm)

The Eastman Analysis
At the Eastman and generally over the UK a very simple analysis is used. SNA & SNB are borrowed from Steiner, the Frankfort, maxillary and mandibular planes are used together with the long axes of the incisors. APo, functional occlusal and E planes are also commonly used.
[image: ]
The most important measurements are given below, along with the accepted normal values (Eastman Standard Values).

	
Angle SNA	- 81o +/- 5o
	Angle SNB	- 78o +/- 5o
Angle ANB	- 3o
	Angle of upper incisor of maxillary plane (UIA)	- 109o +/- 5o
	Angle of lower incisor to mandibular plane (LIA)	- 93o +/- 5o
	Inter-incisal angle (IIA)	- 133o +/-10o
	Maxillary-mandibular plane angle (MMPA)	- 27o +/- 5o
	Overjet measured parallel to the occlusal plane)	- 2mm
	Lower incisor tip to A-Pog line	- +1mm    
	
	These values are taken from a Caucasian population; values are available for other racial groups, such as Chinese, Afro-Caribbean and Arabic norms.
	
	CAUCASIAN
	AFRO-CARIBBEAN
	CHINESE

	SNA
	81°
	88°
	84°

	SNB
	78°
	84°
	80°

	ANB
	3°
	4°
	4°

	MMP
	27°
	28°
	28°

	Ui to Mx
	109°
	118°
	113°

	Li to Mn
	93°
	101°
	98°



 The Eastman standard values are of unclear origin. They are presumably bases on analysis of a number of “normal” faces BUT MacAllister and Rock re-did a calculation using 30 class I occlusions 40 years later in BJO1992 and found that the original values were still valid. Samir Bishara published the Iowa Facial growth studies in AJO 1981 based on 35 subjects. His results are very similar to the Eastman standard.
[image: Image result for cartoon of a Nelson with a telescope]
Can you see what’s happening here?
 Steiner found one face that he thought was so good he wanted all his patients to look like that. (When I was a student it was rumoured that it was this lady. Grace Kelly.)
[image: Related image]
Grace Kelly was said to be so beautiful that everyone fell in love at first sight. (I know, you thought it was just you; but it was Grace Kelly as well.)
 Eastman standard/ McAlister/ Bishara went the other way. They took lots of normal and averaged them, BUT amazingly they came to the same result.
Radney Analysis
This is described by Creekmore in JCO 31 p586 basically this says that the roots of the upper incisors should be in the middle of the cancellous bone and the tips of the lower incisors should be on the NA plane. Creekmore goes on to produce his modification. To an orthodontist brought up on the ideas of Mills it seems strange to base lower incisor position on a line from the nose to A point but it might be of use to you when evaluating how good your finished cases are. Radney derived this from looking at the agreed best cases held by the Tweed foundation.
Bjork
 Not so much an analysis more a method of super-imposition. Some of Bjork’s comments are worthwhile: - antegonial notching is a sign of unfavourable growth rotation, Superimposition on third molar tooth germ, ID canal and posterior part of symphysis is almost as good as superimposing on implants. Also Bjork’s sum of the posterior angles. These 3 angles should add up to 396° +6° if it is higher growth may be vertical if lower horizontal. (Convince me that this is different from SN to Mandibular plane)
[image: ]+
Johnston's Grid
A simplified method of producing growth predictions which Lyle Johnston claims is no less accurate than Ricketts. You lay a piece of clear acetate under your tracing and count squares on the grid this allows you to move Nasion, A point, B Point
 Pogonion etc. to the place you could expect them to grow in a specific period
Jarabak's Gonial Angles.
[image: ]
This is just a line from Nasion to the Gonial angle it divides the Gonial angle into two. If the upper is the larger then expect Horizontal growth if the lower is the larger expect vertical growth. (Again convince me this is  different from the MM angle.)

Pancherz analysis
[image: Image result for Rolf Pancherz orthodontist portrait]
Hans Pancherz best known for many presentations on the Frankel appliance
OK so it is a simple idea you drop a vertical and measure the distance from this line at 90⁰

I wish it was even this easy, there are other versions using S.[image: Related image]
[image: http://www.jorthodr.org/articles/2014/2/3/images/JOrthodRes_2014_2_3_142_140685_u5.jpg]

Pancherz suggests that you first mark NASION N and SELLA. In some cases he seems to use a modified version using the anterior part of Sella which is T point and an alternative to Nasion the FMN. Draw the SN line and both tracings (before and after) are superimposed on the SN plane registered at S (or T to FMN line.)
Now look at the start tracing and draw in the OCCLUSAL LINE OL a tangent from the disto-buccal cusp of the upper first permanent molar which bisects the vertical incisor overbite. From SELLA (or T) drop a perpendicular to the OCCLUSAL LINE OL and this becomes the vertical line that you use for the measurements it is known as the OCCLUSAL LINE PERPENDICULAR or OLp

Note that you have to transfer this vertical reference line from the start radiograph on to subsequent radiographs. In effect this means that the radiographs are superimposed on SN at S (or T) you can see why because if you used the occlusal plane at the end of treatment it would be wildly different in deep overbite cases.
Let’s consider the good and bad points. This method of measurement is usually used in studies to assess the effects of functional appliances, or of reverse headgear, to see if they have orthopaedic effects. So why not use Steiner analysis (SNA-SNB) well you see, as the mandible grows forwards so does the point NASION so that the angle SNB may show no increase even in a case were the mandible grows forward. I feel tempted to say that, since we know the increase in the length of SN, we could find out this change and that if this is the sum of the growth produced by our appliance it is of no clinical significance. The second advantage is it gives a nice simple number to analyse which makes the statistics easier.
BUT here is the bad news
· By using linear measurements instead of angles you run into the problem that “children grow”. So, when in AJO Feb 1984 p126 he says Pogonion to OLp  increases from 73.7 to 78.4 from 11 to 14 years of age, as you see, this in itself means nothing and it is hard for you to conclude anything from this at all except that children aged 14 are bigger than children aged 11.
 Even if I told you that the control group showed growth from 76.8 at aged 11 to 82.8 at aged 14 you still have some un-answered questions. Is this difference clinically significant? Why is the start figure different? Are the groups matched? By contrast we know by long experience that SNB does not change much with growth so that if I told you that one treatment group showed an increase in SNB of 3° you would know exactly what this would mean in terms of treatment.
· It looks at treatment in one plane only; so that increasing the face height would give a reduction in the distance from Pogonion –Olp even though the size of the mandible would remain the same.
· Eliminating the effects of a small amount of forward growth of Nasion seems a bad thing to do. After all when we say the jaw has grown forwards we mean it has grown forwards relative to the rest of the face not relative to the pituitary gland.
There is a concern over errors which will increase as you move along the OLp moving further away from S (or T)
Arnett’s analysis 
This is based on a Vertical line dropped from Subnasale. The vertical is related to the natural head position. In an ideal face this line comes 3mm in front of the soft tissue Pogonion (pog) It is claimed that this line will be 12 mm in front of the ideal position for the tip of the upper incisors in males and 9 mm in front for females The tip of the upper incisor should be 4mm below the resting upper lip in male and 5 in females. So now you can position the tip of the upper incisor. Arnett expresses the ideal inclination of the upper central incisors in terms of the angle with the Maxillary occlusal plane the normal angle being 58º in males and 57º in females. You can now draw the ideal upper incisor position on the tracing and assess the likelihood that you could move the teeth to that position with orthodontics if not you could consider compromise or surgery.

[image: ]
(Since this is described in the MBT book you should know it)
Next step is to position the lower incisors they suggest using Fastlight’s triangle JCO 2000 34: 353-360. It is more like two triangles formed by the maxillary plane, the mandibular plane, the long axis of the upper and lower incisors and divided in two by the occlusal plane. Typical figures are given so that you can select the ideal inclination on the lower incisor. Now that you have the lower incisor position you can again judge if it is feasible to get the teeth to this position with or without surgery. Then from the lower molar position at start you can work out the lower arch changes you need for examples extraction and then extend this to the upper molars.  (Now I like a triangle as much as the next man [I am an orthodontist after all] but I have reservations re Fastlight’s triangle. For a start it isn’t a triangle it is a tetragon max plane-mandibular plane-lower incisor axis to upper incisor axis. Then this is just the same as we always use except the figures are slightly different;
Upper incisors 110⁰
Inter-incisal 130⁰
Lower incisors 90⁰
MM angle 30⁰
These figures are based on a un-numbered group of Mexicans, well I ask you!  Remember the Alamo [6 March 1836, 15000 Mexicans killed the 100 Americans in the fort of Alamo including Davey Crocket, now do you remember?] If you read the paper you will see that there is a triangle with a plane the Pterygo-Orbital plane which run from the Pterygoid fissure to Orbitale. I think there is a point to this and that is, if the Maxillary plane is canted at an angle it is not sensible to use this as a measure for upper incisor inclination. It seems to me it would be better to say that in these circumstances it would be better to use Frankfort plane, or, if you want, the Pterygoid-Orbital plane as an alternative. 
[image: Image result for Fastlight's Triangle]
THE FUTURE?
Professor Ashraf Ayoub with the orthodontist Professor B S Khambay made Glasgow a centre for high tech 4d planning of osteotomies. I went on the course which I enjoyed. Simple, really all you need is:
· A cone beam Ct of the head
· 3D photographs linked to the soft tissue of the cone beam CT
· Laser scan of the study models linked to the cone beam CT
· Video scan of the soft tissue during speech linked to all the other things
· A genius who can make it all work together. (Since Prof Khambay has moved to Birmingham we have this)
And what you get is a system that allows you to see a video of the patient talking and you can move the maxilla forwards or the mandible back and forwards and see a change in the appearance. I have a few questions:
· Does the patient look exactly like this after surgery?
· Is the end result of surgery done at Glasgow better than that done elsewhere?
· How much does it cost?
Why not ask him?





Statistical follies.

[image: http://d.gr-assets.com/books/1329260478l/652112.jpg]
The very influential Professor Kevin O’Brien seems to have moved away from cephalometric studies, saying he has seen enough. I think this is a bit of a pity. But it is true that we are our own worst enemies here. A lot of poor papers have been published with columns of cephalometric results that mean nothing at all. Here are some statistical follies: 
The blunderbuss method
An MSc student is trying to do a research thesis on the effects of chewing gum on skeletal pattern (S)he believes that chewing gum increases the activity in the muscles and that this may lead to a reduction in face height. Fifty gum chewers and fifty non chewers have lateral skull radiographs taken. The null hypothesis is that there is no difference between the groups and the researcher decides that (s)he will need at least 95% certainty in order to reject this hypothesis, This means that there is a 5% chance of a type one error. That is, that a difference is recorded but it is in fact only caused by variation in the sample and not a real difference. Unfortunately (s)he is unable to find a statistically  significant change at this level.
 Another student takes the radiographs and feeds the information into a computer (s)he measures 100 different points and this results in 250 angles and linear measurements  and one of them Basion to Orbitale to Gonion is statistically significant at the 5% level. When (s)he publishes the results (s)he mentions only the significant result to make the paper easier to understand.

Statistical follies Growth

The length of the mandible in 50 functional cases was 91 mm before treatment and 114 mm at the end. The change was significant at the 0.001 level. Yes there really are some papers like this; however the fact that children grow bigger as the years pass has been known for some time.
Correlation
A trick in some older papers is to compare two techniques by expressing the effects in terms of a correlation coefficient for example length of mandibular growth per unit time treatment one r = 0.3 Treatment two r = 0.1  neither of these is significant but there is a mathematically significant difference between the two. Also note that there will be a very high correlation between any cephalometric measurement at say 9 and 12 since most of the skull is there and only a little bit is added on. The analysis should be of the change not of the original.

Why do we still use the APo plane?
I bet your lips are somewhere between your nose and your chin. And that if you draw a triangle from your eyes to your chin your nose lies within that triangle. And that your lower incisors are quite close to the APo plane. That’s just the way humans are made yes it is true that that both A and Po change during treatment and that treatment to APo does not mean that the result will be stable but if you finish with the teeth a long way from APo (or with the nose not somewhere between the eyes and the chin) you are going to get a less than normal result.

[image: https://s-media-cache-ak0.pinimg.com/236x/5f/c9/4f/5fc94f54df98d50bfae9b1807f3c5272.jpg]
Fig now that my tutorial notes contain a Picasso they must be worth something

Which analysis should you use.
If you are doing research into a subject where repeated radiographs are taken of the same subject it looks as if the pitchfork analysis is the best way to make the most from your data.
 For diagnosis you should use the simplest method that will allow you to reach the right diagnosis. For us the Eastman analysis because that’s what we were brought up to use.
 For orthognathic work remember that SNA / SNB only works well when SNA is close to 81 for patients with unusual skeletal appearances ( for example they may have no Sella ) use a variety of different methods as well as your clinical judgement of the patients appearance and if necessary modifications of photographs ( Ideally morphed pictures on the computer ). If you can’t see a landmark don’t put it on the tracing. (This is a big problem with computerised tracings as they will not let you leave out landmarks)

Do you need to sit in a darkened room for this?
If you are using cephalometrics to help diagnosis often a simple measurement on the film or a simple tracing at the chairside will do. (For example, you are asking should a lower tooth be extracted?) If you want to get the maximum information perhaps for research purposes you should: - 
1. Sit in a darkened room.
1. Cover over all the areas of the light box/computer screen not covered by the film, Or on a computer screen out other light sources. 
1. Be prepared to use a hand lens if it helps.
1. If you are tracing the film use thin acetate and a fine hard pencil.
1. Repeat measurements or re-digitise
1. Ignore all points that cannot be clearly seen.
1. Don’t use templates.

Glowing in the dark?

A Lateral skull Radiograph with collimation to expose the facial bones only exposes the patient to 0.002-0.003 millisieverts mSv which is about  4 days of background radiation (unless you have to wait 5 days in the X-ray department to get it done )
It is about a third of the radiation given for an OPG. You should read Orthodontic radiographic guidelines a publication from the BOS. It says
1. If you take a lateral skull radiograph you should make use of it so trace it and measure it.
2. Don’t take radiographs unless the patient benefits.
3. Radiographs before deband are more use that after, so that if you see something wrong you can correct it.

Errors.
Errors can systematic (i.e. where all measurements are consistently over or under estimated.) or random.

Errors of projection. There is always some magnification usually about 10% there should be a scale on the film. Most machines allow a certain amount of variation so that it is important that in any one institution a standardised set up is used. The longer the film tube distance the less the errors of projection. Variations in head position can give significant projection errors. In theory you should go down and supervise each lateral skull radiograph but in practice this would not be possible. One simple method that has been suggested is to have the patient looking at the reflection of their own eyes in a full-length mirror. This gives a reproducible head position.
Perspective errors will distort objects that are not in the mid sagittal plane angular measurements become more obtuse linear measurements are shortened.

Landmark errors. Every landmark has an envelope of error. To reduce error; improve quality of the film, Define landmark exactly, use landmarks, which are easy to identify like Sella.

Abstracts.
Sources of error in measurements from cephalometric radiographs

EJO 8 p149-151 Houston et al
Intro
Many studies done to evaluate errors in obtaining measurements. Errors in head positioning found even with cephalostat usage. Projection errors in linear measurements are not a serious problem. (Ahlqvist et al 1986). Random errors from obtaining radiographs are negligible. (Bjork 1947, Solow 1966, Mitgard et al 1974), but Hatton and Grainger 1958 found that the error in taking the radiograph was almost as great as the errors of tracing and measuring.
Objectives.
An investigation designed to evaluate the errors at various stages of cephalometric measurements.
Method
Two lateral skull radiographs taken on the same occasion. Radiographs traced and digitised (same person) on 2 occasions a week apart. ANOVA for stats.
Results 
The greatest error was in landmark identification, variance between radiographs was small. (But beware sloppy technique)
Discussion.
Reduction of error by precise definition of landmarks, Calibration of tracers and repeating the tracing.

Reproducibility of Cephalometric radiographs.
BJO 15 p 105-111   P.J. Sandler.

Intro
Experiment to compare errors in taking linear and angular measurements from [1] hand tracings,[2] direct digitisation , [3] digitisation of tracings.
Method. 
 25 subjects radiographs traced & hand measured twice, traced and digitised twice and direct digitised twice. Measurements were checked. Stats t test.
Results & Conclusions.
1. There is an appreciable error in taking measurements from radiographs whichever method is used.
1. Certain measurements had consistently high errors including the angulation of the incisor teeth.
1. Hand measurements compared well with digitising.
1. Direct digitising performed well for most measurements but not when bilateral structures such as Gonion or Articulare were used.


Yes, now Duane Grummonds
[image: Image result for dr. duane grummons]
I mentioned earlier that evaluation of the PA radiograph is less common. Grummonds analysis attempts to evaluate asymmetry.
You normally have to flip the film. But it may be done already check the left right markings.

Hey you want some new points?
The mid sagittal reference line MSR
Try Cg or Crista galli (it is the upper part of the vertical plate of the ethmoid bone and comes from the Latin meaning the crest of a rooster) I hope this is not going to be all:
[image: Image result for cockerel cartoon images]



Or you could bisect the Nasal bones Na (Nasion)
Also bisect the Anterior Nasal spine and draw a line from Cg through ANS extend it right down through the mandible this is the MSR.
Next draw the occlusal plane OP Grummonds has some tips to mark the molars with wire or foil to make them easier to measure. Now you can relate OP to MSR and various other points which are measured as perpendiculars to MSR
Co…Condylion (most superior part of the condyle)
J….. Jugal Process this is where the maxilla and lower border of the Zygomatic arch meet (my understanding is that the jugal bone is a real thing in dinosaur skulls but in humans it is just another name for the Zygomatic bone)
Ag… Antegonial notch
Fr….. Foramen Rotundum
Me… Menton  (is it me?)
Z….Zygoma where it connects to frontal bone
ZA… Zygomatic arch

[image: PARAMETE
RS
RIGHT SIDE LEFT SIDE Difference
Co-Ag linear 69mm 70mm 1
Ag-Me linear 54mm 41mm 13
Co-Me linear 119mm 100mm 19...]

[image: Parameter Right side Left side Difference
Co-MSR 54 52 2
Nc-MSR 18 12 6
J-MSR 34 29 5
Ag-MSR 43 37 6
 ]
There are some very good slide shares on this on the internet. Severe asymmetry can be difficult to assess. One way is to get a print out of a CT scan, expensive but worth doing before extensive surgery

Dosage
[image: Image result for dosage cartoon]
Living in the UK you can expect an average dose of radiation from the background of 2.2mSv per year. In some areas with granite rocks, such as Cornwall, it can go up to 8mSv per year. This is because of Radon gas in the granite. You might think that by comparison a lateral cephalogram with a dose of 0.003mSv is tiny (it is about a tenth of what you would receive if you had a chest X-ray. Which is also the dose of a 7hour jet flight.)
BUT
You should know that there is no such thing as a safe X-ray dosage.
Don’t ask for a Ceph if you don’t need it
Never Never order a film and don’t look at it.
Incidentally a full cone beam CT has a dose of 1mSv 300 times that of a Lateral skull so we are a long way from using CBCT as an alternative to a Lateral skull. 






Last word
I have just received a bill for £500 for this year’s membership of the BOS. Considering you have to pay so much to go to the meetings it leaves you with the question what do I get for this? What I would like to get is a system where the Society compiles a list of the BIG questions it wants answering. I would suggest:
· Can implants intrude the molars so that the MM angle reduces by more than 4°.
· Can implants distalise the upper molars by one unit (7mm)
· Does facemask therapy produce significant increased growth of the Maxilla
· Does implant borne RMA give advantages over conventional
· What causes condylar resorption
Then having compiled a list, give help as to the measures required and how to set up the study. And finally how about a prize and a medal. It would cost so little and make me feel a lot better about paying my subscription

[image: http://static.merchnow.com/images/89598/938x940.jpg]

 Oh yes I remember. We talked about classification of malocclusion. Dental base relationships. Ballard’s theory on lip seal and Proffit’s ideas as to the stability of the lower labial segment.
We went on to mention Dick Mills and his paper which suggests that the lower incisors are best left in the original position except were they have been held back by thumb sucking, class I div ii bite or a lip trap. 
Then I suggested it was all fine to say we will leave the lower incisors alone when we used removable appliances but with fixed appliances it is very hard not to move them.
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So we ought to talk about “round tripping “. The idea is that if the lower incisors are crowded and you extract lower 5/5 the lower incisors will move forward when you align and then back to the correct position as you close the extraction space.
Some people think this is just dandy, after all the lower incisors finish where you want them.
Some people consider it the worst thing that has ever happened. There is a suggestion that it might be associated with root resorption although I have never seen any research that suggested that.
Is there any science to support a decision between the two?
Not much, Goonewardne gave a paper to the BOC which looked at cone beam CT of the lower incisors and showed after round tripping the lower incisors the bone levels were un-changed and so was the periodontal margin.

Who cares about stability?
The ideas of Mills and Ballard that we should leave the lower incisors where they were are related to stability. But what if that doesn’t matter and what if we are going to say that the patient will need to wear retainers for the rest of their lives. Does this affect the ideas of lower incisor position? Well now we need to think about a strange discovery by a West Midlands genius Francis Galton.
[image: ]
Mathematician, statistician, linguist and loads of other things (he invented Correlation, the questionnaire, the weather map and hearing tests for the deaf) He also experimented with photography. He tried to average photographs of known criminals to see if he could produce a “criminal face” presumably you could then go and round them up and pop them on the next boat to Van Diemen’s Land. However what he found was that the more photos he averaged the better looking the resultant photograph.
Just in case the examiners are not impressed by references in the 19th century the work was redone in 1990 by Langolis J H & Roggman L A Psychological Science 1 115-121 “Composite faces were judged more attractive than the individual faces that comprised the composites. A strong linear trend also revealed that the composite faces became more attractive as more faces were entered. Some people believe that when selecting a mate you want to eliminate any abnormalities so you go for the average. To be really attractive you want to be average but exhibit a special feature which separates humans from almost all animals, the smile. Animals show their teeth when the want to frighten you. But to humans a smile is a strongly attractive feature. So you want to be average with a perfect smile. 
[image: http://thebeautyrules.com/wp-content/uploads/2011/03/what-makes-a-beautiful-face.jpg]
Fig “My dear, you look so average”
Baby Face

[image: http://cdn1.theodysseyonline.com/files/2014/12/26/635552093569217431214714097_baby_face.imgopt1000x70.jpg]
If you have suffered my tutorial notes on class II div ii you may remember the suggestion that Class II div ii is associated with an attractive face because the reduced facial height makes the eyes look bigger and the face more childlike.
(I assume the theory here is that we are programmed to find childlike faces more attractive to make us look after our children more carefully and not anything unsavoury.)(P.S. and the hat is adorable.)
So it is best to be average or slightly low angle with a perfect smile
Now I think we can think about planning our lower incisor position
We want:
1. The lower incisors at the start position (Mills)
2. The roots of the lower incisors in the middle of the cancellous bone.
3. The inclination of the lower incisors to be average. This might be 92° to the mandibular plane if the MM angle is 27° but remember it has to be adjusted so that MM angle and lower incisors add up to 119° (the figures vary a little so some books may use 120°) or you could look at the Tweed angle which is lower incisor to Maxillary plane which should be 61°.
4. The lower incisor tip should be close to the APo plane.(Nowadays APo +1 is often quoted) This is an observation by R Williams (1985) eliminating lower incisor retention (abstract later) you may find you examiner doesn’t think much of APo and is adamant that 92° to mandibular plane is better but I know someone who always stands at 92° (she’s called Eileen Slightly) but it doesn’t mean she is always standing in the same place.
5. The lower incisor should be on the N-A line. This Radney analysis as described by Creekmore. That in cases judged to be excellent by the Tweed foundation the lower incisors were close to that line.
6. Lower incisors to give ideal support to the lower lip. A line from Soft tissue Pogonion through the most anterior point on the lower lip should bisect the lower border of the nose. (Holdaway) this holds true for 15 year olds plus but the nose is a late growing feature of the face so for 12 year olds the lower lip should be on the Aesthetic plane of Ricketts (soft tissue Pogonion to tip of nose.
OK so I have planned my lower incisor position what do I do NEXT?
 You need to match the desired lower incisor position with the crowding / spacing in the lower arch.
I am sure you get the idea. If the plan is to move the lower incisors 2mm forwards then you get 4mm space (2mm each side) if you are planning to move them back 2mm you need 4mm of space in the lower arch. You need to add these space requirements to the space required to relieve crowding.
London Space Analysis tries to do this in detail but I prefer a simple way ask these questions: What would the lower incisor position be if I
1.  Aligned non extraction
2. Aligned with the extraction of lower 5s (about 2/3 of the space is lost by lower 6 coming forwards)
3. Aligned with the extraction of lower 4s (about 1/3 space is lost)
4. Aligned with loss of lower 6s (this will give a lot of space unless you extract  early and let nature do some space closure for you)
Can’t decide?
Align non extraction and then re-assess (called therapeutic Diagnosis)


OK now we have done the lower arch we move to the upper. First we look at the molar relationships. You should know Molar relationships seldom change unless you apply mechanics to change them (and a bit of class II elastics is seldom enough) so here are you possibilities:
· The molars are class I and you have not extracted in the lower> great so non-extraction in the upper.
· The molars are class I and you have extracted a premolar each side in the lower> great extract premolars in the upper
· The molars are class III and you have extracted a premolar each side in the lower> great non-extraction in the upper.
All the other possibilities are a problem
The commonest is class II molars but you need to extract a premolar each side in the lower. The solution is YOU HAVE TO CHANGE THE MOLAR RELATIONSHIPS
Here are some methods of changing class II molar relationships to class I:
· Functional appliances
· Headgear
· Non-compliance appliances
· Implant borne appliances
· Begg
· Tip edge
· Bone plates
· Zygomatic wires
· Surgery
· Taking out upper 6/6 so that the 7s become the first molars
· People tell me you can do it with TADs, but I am not sure I have seen a case yet except where the TADs are part of a non-compliance appliance like the Frog appliance.
· Sometimes very strong class II elastics work but this is too unreliable.
· Pedro mechanics ( a sneaky way of getting lower molars to come forward)
Ok now we have decided on the extractions and the appliances one final problem. Do we need to open the bite and if so how are we going to do it?
· Surgery moves the bones so no problem.
· Begg and Tip-Edge use highly resilient wire with 30° anchor bends and class II elastics this opens the bite and distalises the upper molars
· Ricketts (Bioprogressive) uses utility arches
· You could try Tads/ implants utilising submerged teeth etc. 
· Fixed bite planes are horrid for the patient although they work very well. Only use them for the most difficult cases and patients with scissor bites
BUT for most straight-wire cases you are left with 3 methods:
1. Start with a removable appliance with an anterior bite plane.
2. Curve of Spee in the upper, reverse curve of Spee in the lower.
3. Cement on the 7s
During your training I hope you will try all 3 methods and decide for yourself which is the best.  My own view is that a removable appliance works well for well brought up children who do as they are told. But not all my patients fall into this category. So consider the downside, the initial cost plus the cost of the frequent repairs and the arguments when they are lost. So I don’t use this method. In General practice you get paid when you start treatment. So if you fit a URA and it is lost and the patient refuses to pay for another you have been paid for nothing! (I disapprove of this and believe it has been changed)
I was brought up with the curve of Spee, reverse curve of Spee method
.[image: ]
So I worked up to 0.019 x 0.025 stainless steel wire with a curve of Spee in the upper and a reverse curve of Spee in the lower.
Put on class II traction and found:
· The upper incisors did not want to move back because the lowers were in their way and the curved wire inhibited free sliding.
· I was hoping the lower molars would move forwards but they did not because they were locked.
· The lower incisors were pushed forwards by the class II and the curve of the wire so I got unwanted proclination of the lower incisors.
· The incisors were hammered together so I got root resorption in some cases
· I could not close extraction spaces because the curved wires inhibited free sliding
 So in 1995 I started putting cement on 7s.
[image: ]
For me that seemed so much better.
· Class II elastics gave rapid overjet reduction because the wires were flat, so no friction, and the upper incisors were out of occlusion so they could move back.
· The lower occlusal plane tipped up at the back and down at the front with very little proclination of the lower incisors.
· I stopped seeing root resorption.
· All my cases were treated in less time.
To me it seemed a wonderful idea, I was keen to tell everyone. I wrote it up for the Journal (they rejected it)  So I wrote it up and entered it for the Chapman essay prize, they didn’t even acknowledge that I had sent it in and it certainly did not win the prize; which was for it to be published in the journal. In 2001 I won the Orthoworld prize for showing cases at conference and the prize was a 30 minutes lecture at the next conference. So at last I was able to show my cases and advocate cement of the 7s. I suppose I expected people to try it. Now I am much older and wiser. The good news is that it makes my life much easier.
Do we need to reinforce anchorage?
If the extractions planned give you only just enough space you might like to stabilise the position of the upper molars ideally before you have the extractions done. You could consider:
1. Headgear
2. TADs
3. Trans palatal arch (TPA)
4. Nance Button
5. Implants
6. Bone plate
7. Zygomatic wiring.
Bonding up
I am trying to avoid repeating my notes on fixed appliances which you will find in Chapter 8. My suggestion is to band first molars in children where it is a full course of treatment.  We have already come across Dr Lawrence Andrews and his 6 keys to a normal occlusion. He went on from this to measure the torque to the labial surface of all the teeth and the tip in his ideal cases and he used this data to produce a set of pre-torqued pre-angulated edgewise brackets which were sold commercially under the trade name Straight-Wire ®. Andrews was not the first person to use pre-adjusted brackets but he added science and selling power to the idea.
 He also added the suggestion that humans could not estimate angles very well but we are brilliant at estimating the middle, right angles and parallel lines. Yes we can tell if the pictures at up on the wall correctly.
[image: http://www.wizzed.com/wp-content/uploads/2015/01/Hold-Frames-with-Duct-Tape1.jpg]

Andrews makes use of this.  The Straight-Wire brackets were designed to give the right torque when placed on the true centre of the tooth from amelo-cementinal junction to the tip and with the sides of the bracket parallel to the long axis. Larry Andrews called this the LA point. Later he called it the FA point but it is the same thing.
These first Straight-Wire brackets based on his normal occlusion are called “Andrew’s Value” brackets. Use of these brackets by Ronald Roth suggested that cases finished with under torqued upper incisors and various modifications have been made including MBT values. 
When bonding up use a bracket height gauge at least in the upper arch. This is recommended by MBT. They say this helps you get the brackets on the LA point but I am not sure it does this.
[image: ]
But what I find is that in many cases the LA point makes the canines too long and the laterals too short and if you get the canines class I then you have a space between canine and lateral that is impossible to close. An additional advantage of using the gauge is that you seem always to get the curve following the lower lip that is advocated by Zachrisson. (Consonant curve)

	Central incisor
	Lateral 
incisor
	canine
	First premolar
	Second 
premolar
	First molar
	Upper arch

	5.5
	5
	5.5
	5
	4.5
	4
	large

	5mm
	4.5mm
	5mm
	4.5mm
	4mm
	3.5mm
	average

	4.5
	4
	4.5
	4
	3.5
	3
	small



You get the idea you use the gauge to see which row is going to fit that is the one row which comes closest to the LA point on most teeth. It is almost always the middle one.
The sequence goes like this:
· Place the bracket on the tooth just a little incisal to what you think will be the correct position.
· Then use the gauge to give you the correct height
· Now use the mouth mirror to get the bracket in the middle of the tooth anterior-posteriorly (mesially-distally)
· Finally get the sides of the bracket parallel to the long axis 

[image: ]
In the buccal segments 3-6 the gauge is used parallel to the occlusal plane
[image: ]
For incisors the gauge is held at right-angles to the labial surface.

You want to buy a gauge? Don’t buy the MBT / Unitek ones they are very expensive and only 2 gauges per instrument so difficult to use. Buy steel ones with 4 gauges and if possible go for the 0.018 rather than the 0.022 (sometimes a speck of adhesive gets on the gauge and when you pull it off it lifts the bracket. This doesn’t occur with the 0.018 because you have a tiny margin of clearance) When I bond up I usually put a tiny bit of Poly F cement on the 6s to stop the brackets being bitten off. If the bite is very deep then you need to put a big bit of cement on each lower 6. If you are planning to open the bite using a reverse curve of Spee in the lower you need to bond the 7s early on.
I’m not going to tell you which wires to use
Yes work through the NiTi wires. Different makes of NiTi have quite different properties. The very cheap OSL wires I used in Burton are a lot more butch than the expensive Unitek ones at the Dental Hospital. And also you have Super-elastic Heat activated and Copper Niti. You need to establish a sequence that works for you.
My advice always try to get 0.016 x 0.022 wire somewhere in the sequence as it is this wire more than any other that gives you the very good alignment
ALSO Gather the incisors upper 2-2, lower 3-3 it is just silly to work up to 0.019 x 0.025 wire and then try to close the anterior spacing. Time is money my friend.
[image: http://www.yankodesign.com/images/design_news/2012/06/07/time_is_money_01.jpg]
Lacebacks Racebacks Bend-backs or Nothing
Lacebacks. .In the early days of straight wire it seemed that lacebacks (a piece of ligature wire around 6, 5, 4 and 3 attachments) was a very important part of treatment. The idea was that this ligature would stop the canine coming forwards as it uprighted. This is probably not true. At the next visit you will see the wire is very loose whereas if it is restraining the canine you would expect it to be tight. Also if you neglect to put in lacebacks on one side it doesn’t seem to have an effect BUT if the 5 is missing a laceback does reduce the incidence of wires pulling out of the tube and this is of considerable value. So to recap Good news. If the 5 has been extracted or is missing they reduce the chance of the wire pulling out of the tube and they may restrain the canine a little. Bad news they use up your time, collect plaque and are something else to break.
Quote Fleming, Johal and Pandis JO 2013 a meta-analysis “lacebacks have no effect on the sagittal position of the incisors during alignment”
Racebacks. These are my idea and don’t expect your examiner to know about them. They are just lacebacks but instead of being tied back to the 6 there is a module over the 6 hook.
[image: SP_k_0054]
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Fig raceback after 6 and 12 weeks

I have heard people say you can’t use racebacks because they dump the 6s forward. You might expect this, but it doesn’t seem to happen. What is true is that you must only use them where you have too much space and the classic example is where extraction of lower 5/5 gives you more space than you need and you would like the lower 6/6 to move a little forward.
Bend-backs
You bend down the end of the wire. We always used to do this with steel wires and twistflex but with NiTi it’s a problem. It is a memory wire so the bend tends to straighten out and can stick in the patient. You can heat the wire to red heat[image: http://thestorysofarca.com/wp/wp-content/uploads/2015/03/PNE168_Cover.jpg]for example with a cigarette lighter and this anneals the wire destroying the memory effect. But now it is very soft so doesn’t restrain the wire very well. It is also difficult to judge exactly which bit of wire to anneal. You can buy special pliers that bend the back of the wire called hammerhead pliers. They are £126
[image: Hu-Friedy Niti Hammerhead Plier]

Do Nothing
OK nobody was injured (you have just saved £126) 
Steel wires
So now we have worked up to 0.019 x 0.025 NiTi wire and we have gathered upper 2-2 and lower 3-3.
We need to put our working wires in. They are steel. I favour posted wires they are cheap and always symmetrical as an alternative you can crimp hooks on. (Honestly if you have money to just throw away I know an elderly orthodontist you could give it to)
 Now you have the wires you need to match the lower to the original arch width of the lower and match the upper to the lower.
Now there are two separate ways to go firstly if you are opening the bite with cement on the 7s secondly if you are going to use curved archwires.
Cement on 7s
Mix a ball of poly F cement so thick that it does not stick to your glove and place it on the occlusal surface of each lower 7. Then get the patient to bite until the overbite is zero and while you are placing the archwires the cement will set hard. Blue glue is a good alternative cement but it does not wear down so well so you must remember to remove it. Glass Ionomer works but it is hard to remove. Thin the ends of the archwire so you can place them without distorting the archwires. Place the wires carefully and put figure of 8 tied modules on the upper incisors. The first stage is to correct the overjet and overbite. This is done using ¼ inch 4 oz. Class II elastics (TP orange) I expect the overjet to reduce by 5mm per visit. It is important to stress how important it is to wear the elastics all the time except tooth brushing but including for meals and I ask patients to change the elastics 3 times a day (morning, approx. 4pm and bedtime)
[image: https://mypollitos.files.wordpress.com/2012/06/stop.jpg]
Yes in most cases you just need orange class II elastics, but the only absolute requirement is that elastics with a vertical component are applied to the lower molar some of the time so you could:
· Use lighter class II on one side
· User night only class II on one side
· Use vertical elastics on one side
In this way it is possible to alter the centreline. Be guided by the canines. If they are class II, use class II elastics. If they are class I on one side use vertical elastics on that side. 
In addition if you have extracted in the upper only and you want the molars to go from half a unit class II to a whole unit class II you can put intra traction in the upper arch.
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All the above are good advice, but in particular you must never space close in the lower arch until the overjet and overbite are fully reduced because lower arch space closure increases the overjet and overbite.
In one or two visits the overjet and overbite will be fully reduced and the canines class I
Now you can close spaces while maintaining the class II elastics for as long as there is space in the lower arch (because space closure in the lower arch increases overjet and overbite). There are lots of different methods of space closing try a few and pick the one you like:
· E-links (simple but slow)
· Lig a mods ( cheap and effective, but depends which modules you use)
· Elastic chain (slow and a plaque trap but easy)
· NiTi pull coils (works better if space is in the 5 region, long range of action)
· There is a steel version of the same called a Fletcher spring (why would you want to use this?)
· Closing loops (again why because this will mean going back to more flexible wire)
· elastic thread (don’t be silly you’ll be mentioning magnets next)
· magnets (told you so)

[image: ]
Fig Bite opening with cement an adult with a class II div ii malocclusion and a deep bite. The molars are class II so simple treatment involves the extraction of a premolar each side maintaining the class II buccal segments.
[image: 09.09.03.10 :: OT :: SC Study Series 1]
Fig. Bite opening with cement (continued) after working up to flat 0.019 x 0.025 wire. Cement is placed on the lower 7/7 and class II elastics placed. Only where spaces are limited to the upper arch only can intra elastics be placed in the upper at this stage. In other cases you must wait until a normal overjet and overbite have been achieved before space closing elastics are placed. 
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Fig Bite opening (continued) the class II elastics bring the first molars into occlusion. Now the cement must be removed from lower7/7
[image: ]
Fig bite opening with cement (continued). Despite suggestions that the overbite will be unstable the result is reasonable 2 years post treatment

Reverse curve of Spee method
Have a good look at the lower incisors. Can you afford for them to come considerably forwards? If the answer is yes then go for counterforce archwires (also called reflex and rocking horse archwires) if no:
You need to bond the lower 7s as early as possible now you are in 0.019 x 0.025 steel wipe a reverse curve in the lower but first you need to put in 7°-14° of reverse torque in the lower archwire in the incisor region to counteract the proclination that you archwire will try to cause. (Because the curve will put in positive torque)
If the anterior teeth are in occlusion use light class II to start with until you have an incomplete overbite. During this stage you can put in a curve of Spee in the upper. Do not try to close space during this stage as the curves in the wire will inhibit space closure.
After 6-12 weeks the overbite should become incomplete. Now put in a new flat upper arch that will slide and increase the force of the class II. If there are no spaces and no extractions in the lower you can also put in intra space closing traction in the upper. Again you must remember that you must not start space closure in the lower until you have a normal overjet and overbite.
When you have a normal overjet and overbite make a new flat lower wire (do not include the 7 that increases friction and slows space closure) and close space with class II support if you have any space left in the lower arch. Except in older patients the 7s will follow when you close the space but you can pick them up again with the final wires.

Whichever way you opened the bite NOW
· Because you stuck the brackets on correctly the teeth are well aligned
· Because you diagnosis allowed for the existing buccal segment relationship (or took measures to change the buccal segments) everything fits together 
· Because you controlled the use of class II elastics to get the canines class I the overjet is normal and the centrelines are correct
· Because you opened the bite the overbite is normal.
· After the intra traction you have no spaces left

So are you finished?

Finishing with Orthodontics

Once upon a time it was good enough to get the teeth line up with a normal overjet and overbite and then Andrews described his 6 keys. This unlocked the floodgates and now we have more keys than Dartmoor prison. Here are 43.

· Lower incisors should be in the original start position. (Mills)
· Normal overjet.
· Normal overbite.
· Lower incisors occlude with the cingulum plateau of the upper incisors.
· Class I buccal segments. (Andrews)
· Tight contact points. (Andrews)
· No rotations (Andrews)
· Ideal Mesial Inclination. (Andrews)
· Ideal Torque (Andrews)
· Flat occlusal plane(Andrews)
· Centric occlusion coincident with centric relationship. (Roth)
· Shimstock clearance of incisors. (Roth)
· Maximum contact of all posterior teeth in centric occlusion. (Roth)
· Gentle lifting of buccal segments as jaw moves into working or non-working lateral movements (Roth)
· All the anterior teeth touch as the jaw moves into protrusion. (Roth)
· All the posterior teeth gently separated as the jaw moves into protrusion. (Roth)
· The smile line should curve to approximate with the inner surface of the lower lip called a consonant smile. (Zachrisson)
· 3.4 mm of the upper incisors should show when the upper lip is at rest in patients under 30. (Zachrisson)
· Perfect upper arch alignment as judged by the incisal edges and palatal surfaces of the upper incisors and the mesio-distal central groove of the premolars and molars. (US board)
· Perfect alignment of the lower arch as judged by incisal edge and labial surface of the incisors and the buccal cusps of the molars and premolars. (US board)
· Marginal ridges at the same height. (US board)
· Ideal root angulation as judged by a panoramic radiograph. (US board).
· Lower incisor tips on or 1mm in front of the APo plane. (Raleigh Williams)
· Lower incisor roots distal to the crown. (Raleigh Williams)
· Apicies of the cuspids should be distal to the crown. (Raleigh Williams)
· Lower incisor apicies must be in the same plane. (Raleigh Williams)
· Lower canine roots must be buccal to the crown. (Raleigh Williams)
· Broad contact points in the lower labial segments. (Raleigh Williams)
· A line from Pogonion through the most anterior point on the lower lip should bisect the lower border of the nose. (Holdaway)
· Lower lip on the Aesthetic plane. (Ricketts)
· Lower incisor positioned on the N-A plane (Creekmore “Radney analysis”)
· Lower intercanine and molar width remains the same
· Lower incisor root in the centre of the cancellous bone. (Ballard)
· Lower incisors at 92º to the mandibular plane if FM angle is 27º.
· Tweed angle is 69º (Tweed)
· Upper incisors at 108º
· Inter-incisal angle 135º.
· Coincident centrelines.
· Upper incisor tip 12 mm behind a vertical dropped from sub-nasale in males 9mm in females Arnetts analysis
· Upper incisor tip 4mm below the resting lip line in males 5mm in females
· Position the lower incisors as MBT suggest using Fastlight’s triangle JCO 2000 34: 353-360. it is more like two triangles formed by the maxillary plane, the mandibular plane, the long axis of the upper and lower incisors and divided in two by the occlusal plane Use a chart to select the correct lower incisor inclination.
· Teeth related to the “Golden proportion”
· Filled buccal corridors.
How about finishing procedures
Just in case they are not perfect 
These include:
· Reposition brackets
· Adjustment bends, I would advise you to get the torque correct first and then to use round wires to do any adjustment bends
· Debond the premolars and allow them to erupt
· Use a Hawley retainer or Begg retainer in the upper to allow settling
· Use a positioner or a pre-finisher (these are soft rubber retainers made to an ideal occlusion, either based on the actual teeth [a positioner] or measured teeth to be the same size [a pre finisher]. The idea was to wear them at night and 3 hours in each day biting into them. If the patient put in the effort the results were stunning but a significant number failed to wear them with the inevitable results
· Fit an upper Hawley but leave 654 upper brackets on and remove the wire from 7654 in the lower but leave it in lower 3-3. Then use elastics zig-zag from upper 654to lower 7654 to guide in the buccal segments after 8 weeks Debond and Essix type retainers.










Debonding
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There are three ways:
A.  For ordinary steel brackets squeeze the slot shut slightly using bracket removers or ligature cutters at the same time twist a little to move the gingival edge of the bracket away from the tooth. The sort 18:80 steel will bend just slightly and fall off the tooth.
B. For ceramic brackets the cutter has to be against the enamel surface. this is more difficult
C. Metal slot Clarity brackets [ceramic with a metal slot] and Detaurum discovery bracket have an internal vertical cleft and so you debond by squeezing the brackets from side to side. It is very easy as long as you approach them from 90° to the tooth surface. But you do need to remove the archwire first.
What happens if none of these work? Use a high speed drill cut a slot vertically down the mid line of the bracket almost but not quite to the enamel and then squeeze as in C
Appendix
Landmarks
[bookmark: _GoBack]You might be surprised to know that there isn’t 100% agreement on what the landmarks are or what initials to use. (For this reason I would steer clear of Gnathion. I was taught it was half way between Menton and Pogonion but this is not the definition used by Martin and Saller in 1956 Graig constructs it in a similar way to Gonion while Muzi, May and Schwartz say it is the same as Menton)
I think we can agree on:
· S==Sella the midpoint of the hypophysial fossa. It is worth constructing it carefully draw a horizontal across the widest part of the fossa and bisect it. Sella is a true midline point.
· N==Nasion the point of junction of the Frontal bone and the nasal bone. The most anterior point of the naso-frontal suture in the median plane
· Or==Orbitale the lowest part pf the orbit. There are two so you may need to average the position
· Po==Porion the upper border of the external auditory meatus. This can be a problem to find and there are two so again you need to average them. Also look out for the internal auditory meatus which is above and distal. Sometimes it helps to look at the condyle a line from Orbitale to Porion ( Frankfort Plane) usually clips the top of the condyle 

[image: ]

· Co== Condylion (alsoCd)  the upper border of the condyle is a point that is almost impossible to see in most radiographs and it is not a mid-line point so you should try to find both and average them out keep this in mind if you read a paper that use condylion
· Ar== Articulare(  also ar) A constructed point invented by Bjork where the posterior border of the mandible (Acending ramus) crosses outer margin of the cranial base. It is used in some papers as an alternative to Condylion because the latter is so hard to see. The problem is obvious if you have two radiographs of the same patient on with the mandible postured forwards and measure Articulare to Pogonion on each. You will see that Articulare is affected by posture.
· Anterior Nasal spine== ANS Note also Harvold’s idea that you should use the lower border of the spine where it is 3mm thick. This overcomes the problem that when you alter the Kv of the machine the very end of the spine alters a little
· Posterior Nasal spine==PNS
· SubNasale==Sn is a soft tissue point with its own name. the sudden change of curvature under the nose. You may also see no For the tip of nose n for soft tissue Nasion and pog for soft tissue Pogonion
· A-point to find A point position the radiograph with the Maxillary plane horizontal and find the most distal point on the line from ANS to the alveolar rim of the maxilla (which is also called Pr Prosthion
· B-Point to  find B point place the radiograph with the Maxillary plane horizontal it is the most posterior point on  a line from Pogonion to the alveolar rim of the mandible which is also called Id Infradentale 
· Pogonion== Pog the Most anterior point of the bony chin
· Menton the lowest point on the symphysis
· Gonion. For Gonion you have to construct a tangent to the lower border and the posterior border bisect the angle between them. Because it is not a mid-line structure this line will cross over both outlines of the mandible. Gonion is the middle of the two. 
Now the planes
· SN  From S to N used as a measure of the base of skull
· Frankfort  Pre-dates Cephalometrics a group of anatomists met in Frankfort and decided this line represented the natural head position
· Maxillary ANS-PNS every student loves this” the anus  penis line”
· Mandibular from Menton to Gonion
· APog A point to Pogonion
· Aesthetic plane (Ricketts) soft tissue Pogonion to tip  of nose (pog-no)
 You can work out the Angles yourself
· SNA
· SNB
· ANB
· Upper incisor tip to apex to max plane
· Lower incisor to man pane
· FM planes angle ( Frankfort to mandibular plane)
· MM maxillary to mandibular plane
[image: ]For the American Boards examination
Objective Grading System for Dental Casts and Panoramic Radiographs.

Abstract of paper by Vaden, J. L.; Kokich, V, G and Cangialosi, T. J.; AJO-DO, 1998, Nov, 589-599.   

Aim – To produce an ‘objective tool’ to assess the adequacy of finished orthodontic results on study models and panoral radiographs to be used by examiners of the Board exams or by candidates prior to submission.
Produced by the American Board of Orthodontics. 
in the February 1999 exam. 
The variables assessed were:- 
From models
1. Alignment.  
2. Marginal ridges.
3. Bucco-lingual inclination.
4. Overjet.
5. Occlusal relationships.
6. Occlusal contacts.
7. Interproximal contacts.

From radiograph
1. Root angulation. 

Points are subtracted for inadequacies in each section and then collated to produce a total.  
Methods of assessment and grading.
Alignment.
Anteriorly. 
Incisal edges and lingual surfaces of max. ants.
Incisal edges and labio-incisal surfaces of mand.  ants . 
Posteriorly
Mesiodistal central groove of premolars and molars in maxilla.
Buccal cusps premolars and molars in mandible
Field tests revealed malalignment of max and mandibular lateral incisors and 7’s accounted for nearly 80% of mistakes.
Grading – 
Teeth are within 0.5mm of proper alignment then no points are subtracted.
Greater than 0.5mm but less than 1mm, 1 point is deducted for each tooth malpositioned.
Greater than 1mm, 2 points max. per tooth. 
Deductions are subtracted from 64 to give score for alignment.
Marginal Ridges.
All teeth marginal ridges should be within 0.5mm of adjacent ridge.
Field tests revealed common problem between lower 6’s and 7’s.
Grading – Same as for alignment.
Deductions are subtracted from 32 to produce marginal ridges score.
Bucco-lingual Inclination.
Assessed by using a flat surface extended between the occlusal surfaces of the right and left posterior teeth.  
Mandible - The straight edge should contact the buccal cusps of contralateral molars and the lingual cusps should be within 1mm of the straight edge.
Maxilla – The straight edge contact the palatal cusps and the buccal cusps should be within 1mm.
Grading –
Cusps more than 1mm but less than 2mm, 1 point is deducted per tooth.  Greater than 2mm, 2 points deducted. 
Deductions are subtracted from 40 to give a score for posterior inclination. 
Occlusal Contacts.
Buccal cusps of the mandibular premolars and molars and the lingual cusps of the maxillary premolars and molars should contact the occlusal surfaces of the opposing teeth. Premolars have one functioning cusp and molars two, the exception being if the maxillary molar has a diminutive disto-palatal cusp this should be exempt from scoring..
Grading  
Cusps in contact no points deducted. 
Less than 1mm space, 1 point is deducted ( no note is made of scoring if two cusps in one tooth are out by less than 1mm).
Greater than 1mm space, 2 points deducted maximum per tooth.
Deductions are subtracted from 64 to produce score for occlusal contacts.
Occlusal Relationship.
Angle Class I i.e.  
Ideally maxillary canine tip within 1mm of lower 3-4 embrasure.  Maxillary premolars should align or be within 1mm of lower interproximal contacts.  Mesio-buccal cusps of max molars align with buccal grooves of lower molars.
Grading
Maxillary buccal cusps deviate 1-2mm, 1 point deducted.
If more than 2mm, 2 points deducted. 2 points maximum per tooth.
Deductions are subtracted from 24 to produce score for occlusal relationship.
Depending on extraction pattern Class III or III molars may be acceptable.
Class II – Buccal cusp of upper 6 align with embrasure lower 5-6.  Buccal cusp upper 7 align with embrasure lower 6-7.
Class III – Buccal cusp of upper 5 align buccal groove of lower 6.
Overjet
Calculated with models on trimmed back (therefore relies upon trimming) or mounted on an articulator.
If the proper overjet has been established then:-
Posteriorly 
Buccal cusps of mandibular premolars and molars contact the centre of the occlusal surfaces, bucco-lingually, of the upper posterior teeth. 
Anteriorly
Lower 3-3 contact lingual surface of upper 3-3.
Common problem areas upper and lower incisors and 7’s.
Grading 

Correct, no deduction.
Lower buccal cusps deviate 1mm or less, 1 point deducted.
If more than 1mm, 2 points deducted.  Maximum 2 points per tooth.
Anteriorly if no contact but space 1mm or less, 1 point deducted per tooth.
Greater than 1mm, 2 points deducted.
Deductions are subtracted from 32 to produce score for overjet.
Interproximal Contacts.
View casts from occlusal.  Mesial and distal surfaces should be in contact.
Grading
Correct, no deductions.
1mm or less spacing, 1 point deducted per contact point.
More than 1mm, 2 points deducted (maximum).
Deductions from 60 produce score for interproximal contacts.
Spacing not a big problem in field trials.  So why include it in the 8.
Root Angulation
Ideal roots should be parallel to each other and perpendicular to occlusal plane.
Grading
Apex within 1mm of ideal, no points deducted.
Apex less than 2mm from ideal, 1 point deducted per tooth.
Greater than 2mm, 2 points deducted.
Deductions subtracted from 64 to produce score for root angulation.
Passing Score
Lose more than 30 points and fail.
Lose less than 20 points and pass.  
Other components make up the phase III exam :- quality of records, TP, objectives for positioning maxilla, mandible jaws and dentitions, and facial profile are all assessed. 

Abstract

Williams R. (1985)
Eliminating lower retention,
JCO 19, 342 – 349.

Introduction.  Williams suggests that the frequency with which lower retainers are used after treatment to prevent lower incisor or canine collapse indicates a lack of understanding as to how to avoid relapse.  He suggests that several steps can be taken during fixed appliance treatment to eliminate the need for retention in the lower arch.  His study began 21 years previously.  For the patients followed, all lower retention was eliminated and he identified the following six treatment keys that he considered essential if the need for lower retention were to be eliminated:

1.        The incisal edge of the lower incisor should be placed on or up to 1mm in front of the APog line.  He considers that this is the optimum position for lower incisor stability.  He also considers that it creates optimum balance of soft tissues in the lower third of the face for all the variations in apical base differences within the normal range.  What normal range?  He states that ‘the angulation of lower incisors has not proven to be relevant to their stability.  A lower incisor angulation of 90 to the mandibular plane …. may be aesthetically appropriate and stable for those who have optimal Northern European skeletal configurations, but not for members of other ethnic groups’.  He suggests that advancement of the lower incisor too far beyond the APog line will lead to relapse and crowding.  Also that lower incisors overly proclined by treatment – beyond one SD – are only maintainable by the use of a fixed retainer.

2.        The lower incisor apices should be spread distally to the crowns more than is generally considered appropriate and the apices of the lower lateral incisors should be spread more than those of the central incisors.  He suggests that when the lower incisor roots are left convergent, or even parallel, the crowns tend to bunch up and a fixed retainer is usually needed to prevent post-treatment relapse.

3.        The lower canine apex should be positioned distal to the crown using the occlusal plane as a positioning guide.  He states that this angulation is important because it reduces the tendency of the canine crown to tip forward into the incisor area.  Distal inclination of the canine should be a standard treatment objective.

4.        All 4 lower incisor apices must be in the same labiolingual plane.

5.        The lower canine apex should be positioned slightly buccal to the crown apex, reducing the likelihood of occlusal forces moving the crown lingualy towards the space reserved for the lower incisors.  He suggests that the concept that lower intercanine width cannot be increased permanently is only true some of the time.  The newly acquired intercanine width will be maintained after treatment if the lower canine crowns are moved distally into a wider part of the mandible and if their apices are moved buccaly so that they are at least under the crown.

6.        The lower incisors should be slenderized as needed after treatment.  He suggests that lower incisors that have no proximal wear have round, small contact points that are accentuated if the apices have been spread for stability.  Consequently the slightest amount of continuous mesial pressure can cause collapse of the lower incisors.  He further suggests that there are 2 sources of post-treatment pressure, the molars and an adverse tooth-jaw relationship, but is unclear as to how these cause pressure.  He states that flattening lower incisor contact points by stripping creates flat contact surfaces that help resist labiolingual crown displacement and helps eliminate the need for lower incisor retention.

He suggests that depth of the overbite and prodigious mandibular growth carrying the lower incisors forward against the upper incisors and tipping them out do not seem to have a detrimental effect on lower incisor stability.  He states that ‘experience has shown that neither of these requires the protection of a lower retainer’.

Summary.	Williams states that ‘by observing the 6 treatment keys, it is possible to eliminate lower incisor retention following fixed appliance therapy.  Clinicians who want to eliminate lower retention may find that they have to increase their extraction percentage in order to achieve the 6 keys adequately’.

Why have I included this abstract? Well not because I believe it works, although it seems likely that if you do not for example put all the roots of the lower incisor in the same plane it increases the risk of relapse. I think we should try to do these things but still fit a r


Williams R. (1969)
The diagnostic line,
AJO 55, 458 – 476. Williams sets out his views on the importance of the lower incisor tip to the APo line.
[image: Image result for cartoon plane crash]
All the lower incisor roots were in the same plane
Questions 
Just cover over the right side of the page and check you know the answers to these questions…
	1. Define an ideal occlusion
	32 unworn teeth in perfect cuspal harmony

	2. How were Andrew’s 6 keys derived
	Examination of 120 untreated individuals judged to have a normal occlusion

	3. What are Andrew’s 6 keys
	Class I molars, ideal tip, ideal torque, no rotations, no space flat curve of Spee

	4. Why can a patient with an Angles class I malocclusion have a big overjet 
	Angle’s classification is based on molar relationship

	5. How did Clifford Ballard believe we select the method by which we seal the front of the mouth during swallowing
	The principle of least physiological effort

	6,  Why does Proffit not agree with Ballard’s view on the aetiology of malocclusion
	He says the forces on the teeth during swallowing do not act for long enough

	7. What are the three Ms in cephalometric landmarks
	Meaningful, measurable and midline

	8,  Why are angles better than linear measurements
	They are not affected by growth

	9. How did Cecil Steiner advocate assessment of skeletal pattern
	SNA, SNB and ANB

	10, What does the Eastman correction do
	It adjusts ANB in cases where the dental bases lie in front or behind Nasion. Reducing 0.5 of a degree for every degree SNA is over 81° and adding 0.5 of a degree for every degree it is under 81°

	11, When can you not apply the Eastman correction
	When SN to Maxillary plane is not between 5-11°

	12.What are the disadvantages of the Frankfort plane
	There are two Porions and they are both quite difficult to see .There also two Orbitale so reproducibility is poor

	13. What point does Harvold use instead of the A point
	Lower ANS , where the spine is 3mm thick

	14. What is the most used part of McNamara’s analysis
	A line at 90° to the Frankfort plane dropped from Nasion. It should pass 2-4mm behind the A Point and tough Pogonion

	15. Is this the Zero Meridian?
	Strictly speaking no, that is very similar but from soft tissue Nasion at 90° to Frankfort and should reach soft tissue Pogonion, BUT McNamara’s line is often called Zero Meridian

	16. What is the average SNA in different ethnic groups
	88° in afro-Caribbean 84° in Chinese anb is 4 in both groups 

	17, what is the incisor inclination in these two groups
	Afro –Caribbean UI 118° LI 101°
Chinese UI 101° LI 98°

	18. In Panchez analysis how do you derive the occlusal line perpendicular OLp
	From Sella a line at 90° to the occlusal plane
You could use T point instead of S. T is the anterior part of the Sella

	19. How does Panchez differ from other analyses 
	It uses linear measurements

	20 What is the radiation dosage of a lateral ceph
	 0.002-0.003 millisieverts mSv

	21 What did Langolis and Roggman find when they averaged facial photographs
	Averaging pictures makes more attractive faces
The composite was judged more attractive than any of the constituent parts 

	22 why did Andrews believe that his LA point was reproducible  
	Andrews says we can judge right angles, parallel and the centre but little else when it comes to positioning

	23. What criticism do MBT make of the results of using the LA point
	Often the upper laterals are too short and the canines too long with excess space in the lateral incisor region

	24.  What is a consonant smile
	Where the lower border of the upper anterior teeth curves like the lower lip

	25. How do you debond metal slot Clarity ceramic brackets and Dentauram Discovery brackets
	Squeeze them side to side
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In memoriam

Sidney Asher

Asher, and Addienne Asher Halpem. He was
blesscd with six grandchildren and a great-
grandehild.

Egil Peter Harvold

Egil Peter Harvold passed avay suddealy and
quietly in Oslo, Norway, on Nov. 17, 1992. Dr.
Harvold studied medicine and dentistry in Ger-
many and Norway. He then became a practicing
orthodontist in Norway in 1937. He seccived his
PAD in anatomy in Osto in 1954. He was, through-
out his life, especlly interested in the treatment of
cleft palate and other eraniofecial anomalics and
thus became  rescarch fellow at the Dental Insti-
tute in Oslo. In 1952 he initiaed the cleft palate
treatment centre at The Hospital for Sick Children
in Toronto. After this he spent a period of me at
the University of Michigan. He became professor
and head of the Othodontic Department at the.
Unisersity of Toronto in 1959, a position he held
until 1961

Afer 2 period us professor of orthodonties at
the University of Aarhus ia Denmark, he became
professor of orthodontics and dirctor of the Cene
ter for Craniofacial Anomalics, University of Cali-
i S Bruschcs 1 1565, pos

Clblished the bass for radical improvemon's i
the treatment of orofacial clefl, and he received

SSriAiianall oo sokes St Sostiien e e g

N .
T oy

Peter Harvold

He was also almost single handedly responsible for
the introduction f functional appliance therapy
into North American orthodontis.

Other aspecs of Dr. Hervold's rescarch inter-
ess included the relationship between genetic and
environmental fuctors in the development of (he
head and face. His experimental research created
changes in oronasal functions and mandibulas pos-
ure that resulcd in development of various (ypes
of malocclusions. His rescarch findings improsed
our understanding of factors and mechaniss in-
fucncing normal and abnormal craniofucial devel-
opment. His work resulted in @ number of sciniific
publcations, and e was a much sought aftr lec-
urer in many countrcs.

Dr. Harvold's achicvements camed him many
international honors; among_ thom an_ honorary
doctorate at the University of Torontd and the
University of Wales; presidency of the Interna.
tional Socicty of Craniofacial Biology; member of
the Department of Medicine and Surgery, Veter
an's Adminisiration (US A.), Board of Scienifc
Counsellos, NIDR; honorary member of the Pa-
cific Coast Sociey of Orthodontics; honorary men-
ber of The Royal Callege of Dentists of Canad:
honorary member of the Nocgian Orthodontic
Sociy

Dr. Harvold was an exceptionally gifed teacher
who inspired students and colleagues around the
world, and he shared his time, ideas and knowedge
with unreserved gencrosity. He will be. missed
decply by many who feel privileged (0 have known
him a5 a riend and colleague. He was 80 years old
a1 the taae of Bic death
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The original analysis The modified Analysis
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Construction of Horizontal Planes

— One connecting the medial
aspects of the
zygomaticofrontal sutures
();

— One connecting the centres
of the zygomatic arches
(ZA);

— One connecting the medial
aspects of the jugal i
processes (J); and

— One parallel to the Z-plane
through menton.
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Volumetric Comparison

«+ Four connected points determine
an area, and here a connection is
made between the points:

— condylion (Co);
~ antegonial notch (Ag);
— menton (Me)

~ the intersection with a
perpendicular from Co to MSR

The two polygons (leftsided and
rightsided) that are defined by
these points can be superimposex
with the aid of a computer
program, and a percentile value of
symmetry can be obtained
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Using MBT gauge
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