Chapter two 

Causes of malocclusion
                                     General Causes of Malocclusion.

     1.  The concept of the dental bases.

2. Dental base relationships.

3. Skeletal pattern.

4. Specific genetic conditions.

5. Teratogens.

6. Pierre Robin’s sequence. An example of inter uterine moulding.

7. Cleft lip and Palate.

8. Effects of cleft lip and palate repair.

9. Vomer section.

10. Trauma

11.  Sickle cell anaemia and Thalassemia Major.

12.  Hormonal conditions. 

13.  Ranula

14.  Horizontal dental base relationship

15.  Mouth breathing.

16.  Vertical Dental base relationships.

17.  Abnormalities of muscle fibres

18. Endogenous tongue thrust.

19. Soft tissues, lip posture. The equilibrium theory.

20.  Strap like activity of the lower lip.

21.  Muscle & Nerve abnormalities.

Crowding and spacing dento-alveolar disproportion

1. Genetic consideration.

2. Malocclusion in primate societies.

3. Effects of civilization.

4. Mesial drift and spacing.

5. Evolution & phylo-genetic change.

6. Attrition and crowding.

7. Hypodontia

8. Ectodermal dysplasia.

9. Failure of the teeth to erupt e.g. Cleidocranial dysostosis.

10. Iatrogenic

1. The concept of dental bases.

The idea is that there is a basal part of the body of the upper and lower jaws that is not dependant on the presence of the teeth.

2. Dental base relationship. Now that we have the idea of Dental bases we can have dental base relationships i.e. we can relate the dental bases in all three planes of space so that we have: -

     Horizontal, Vertical and Sagittal dental base relationships. In      Orthodontics we find that we need to talk a lot about sagittal dental base   relationships and that it is a bit of a mouthful so we use the term Skeletal Pattern.
3. Skeletal pattern is the same as sagittal dental base relationship. Up to now it all seemed so easy but here is the problem, if the dental bases do exist they don’t have any obvious landmarks that you can see on a lateral cephalogram. Steiner suggested the use of the A point and the B point but neither really satisfies the definition of a dental base. Assessment of skeletal pattern is always a compromise. In fact it is amazing how well the jaws fit together when you consider that the mandible articulates with the Temporal bone, which is attached to the sphenoid bone which together with the Frontal and Ethmoid bones is linked to the Maxilla. Small genetic variations in any of these bones could affect the skeletal pattern. Even in abnormalities so severe as to require surgery close examination shows that the bones are not far from their normal size. For example most surgical class III cases have a mandible that is just a few mm bigger than normal and a maxilla that is just a few mm smaller. The vast majority of skeletal discrepancies represent small variations around the normal, which could be easily explained as a mixing of the gene pool.
This skeletal discrepancy can be masked by the adaptive behaviour of the alveolar bone. Sorry but we now have to mention the long argument about genetics and function it goes like this:

· Hunter took the limb bud of a chick and implanted it into the head. As a result, a foot grew on the top of the chicks head. Note without any function a normal limb grows. Conclusion the whole growth mechanism is there in the genes.
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·  But the size of the calverium is dependant on the size of the brain. In microcephaly it is small and in hydrocephalus it is big. Conclusion the size of the calverium depends on the size of the soft tissue brain it is dependent on function not on genes. (No, you can’t say that the size of the brain is genetically controlled this would not explain why pathological conditions like hydrocephalus cause alterations in the size of the calverium)


·  Some bones are susceptible to change by function and others are not.  Certainly, the alveolar bones can be altered by function. That is why when you occlude it is most likely that all your teeth will meet together at the same moment. But if you suck your thumb the anterior teeth will not meet.

·  For the basal bone there are 4 possibilities: -

a) The bones of the jaw are under direct genetic control.

b) The control is Epigenetic, that is to say the shape of the bones is a result of the genes acting not directly on the bones but on other tissues such as cartilage.

c) The shape of the bones is controlled mainly by forces generated within the muscles.  (But the muscles may be under genetic control)

d) You have lost interest and want to go on to 4.

4. Specific genetic conditions Aperts syndrome, Crouzons, Trecher Collins, Achondroplasia, Cleidocranial Dysplasia.
5. Pierre Robin’s sequence is caused by intra uterine pressure on the developing mandible and thus restricting its size as well as causing a cleft palate because the tongue could not descend out of the way. Robin went on to conclude that abnormal tongue position was the cause of other diseases and devised an appliance to treat the problem he called it the Monobloc. First described in1910 this appliance looked like a Functional appliance and some people credit Robin with inventing the functional appliance. But the intent was to control tongue position. Pierre Robin was a former dentist of French extraction (sorry) 1867-1949.
6. Teratogens. A number of chemical agents have been linked with clefts including Aspirin and Valium.  Alcohol is associated with mid face deformity. Excess vitamin D may cause premature closure of sutures.

7. The inheritance of cleft lip and palate is multi-genetic, that is, there needs to be a set of predisposing genes in place before a cleft develops.

8.  Note that the features that we associate with a cleft i.e. class III with a narrow palate result from the surgery not the cleft. Un-repaired cleft cases have a wide upper jaw and a class II skeletal pattern. 

9. Sectioning or removal of the Vomer was once advocated as treatment of cleft palate. It seemed to stop all further growth of the maxilla. Imagine the maxilla of a 6-month-old baby with the lower jaw of an adult and you get the picture of the awful result.

10. Trauma. Fracture and fusion of the TMJ causes underdevelopment of the mandible on that side. The centreline moves to the affected side and the occlusal plane tips. As a result, the upper teeth erupt more on the unaffected side and the maxilla becomes abnormal. If the TMJ is cut off the affected side and a false joint is allowed to develop the condition may improve. (Evidence that the condyle is not a true growth centre. However increased growth hormone caused Acromegaly? Is evidence that it is?  )

11.  In Thalassaemia & Sickle cell anaemia all the bone marrow expands as much as possible to try to provide enough red blood cells this can give rise to a maxillary overgrowth.

12.  Some Hormones can cause malocclusions see (a) Growth hormone causes Acromegaly (b) lack of thyroid hormone causes an overgrowth of the tongue (once called cretinism.)
13. Ranulas are associated with a very large mandibular overgrowth.

14. Horizontal Dental base relationship. It is interesting that in the early days of cephalometrics the lateral skull radiograph and the PA were equally common. Now we seldom take PA views. This is because the dental occlusion usually faithfully represents the underlying bony structure. That is to say the cause of a crossbite is usually that the bone of the upper jaw is narrower than the lower. The cause of a scissor bite is usually that the bone of the upper jaw is wider than the lower. However, this is not always the case note Thumb sucking, mouth breathing & Clefts.

15. Linder Aronson has shown that Mouth Breathing has an effect on the teeth and jaws. Because the jaws are held apart and the tongue is dropped to the floor of the mouth the FM angle is likely to increase and the upper arch is likely to narrow. Treatment is a bit more of a problem. Is the average ENT surgeon going to be interested in removing the adenoids? Alternatively, is rapid maxillary expansion capable of widening the nasal floor enough to improve airway? Hass thinks so, but most do not. An interesting aspect of this is that the adenoids were once thought to be a major cause of malocclusion the so called adenoid face was often discussed in the 30’s but by the 60’s was considered to be quite wrong. This is a chicken and egg argument is the upper jaw narrow as a result of the nasal obstruction or is the nose obstructed because the upper jaw (and the floor of the nose) narrow.
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16. Vertical dental base relationship. Again, you can go through the same arguments. Is the vertical shape of the jaws directly under genetic control? Or is the shape dependant on surrounding structures that are themselves under genetic control? (Epigenetic) Or is some of the shape dependant on function? We have already mentioned mouth breathing as a cause of increased facial height. There is a so-called long faced syndrome it is suggested that patients with this condition have muscles of mastication with different types and numbers of muscle spindles. Certainly, Proffit shows that these patients have lower biting forces than the average patient but again this could be the result of the condition rather than the cause of it. Vertical dental base relationships are often measured by using the Frankfort-Mandibular Planes angle (FM angle or FMPA) or the Maxillary-Mandibular Planes angle. (MM angle or MMPA). So that these long-faced individuals are often referred to as High Angle cases. They are important because although it is very difficult to increase the FMPA angle for most patients it seems easy to increase the angle for these high angle cases. That is to say that for patients with normal or low FM angles any increase in facial height which occurs during orthodontics is subject to remodelling for patients who have a FM angle greater than 37º at the start there is a danger that treatment which causes an increase in the FM angle will result in permanent change, which will probably worsen their face and their occlusion. Other measures of facial height are: -
 [a] that the height of the face from the orbital ridges to the lower border of the nose should equal the height of the lower face (base of nose to chin). And
 [b] The distance from Nasion to ANS is about 45% of the face height and ANS to Pogonion is 55%. (This method involves a bit of maths and is not really worthwhile except if you have reason to believe that the FM or MM angle is unreliable.
17. Abnormalities of muscles. Apart from the suggestion that long faced individuals have abnormal muscles there are some other conditions that deserve a place in a list of general causes of malocclusion e.g. muscular dystrophy is associated with a high angle unilateral palsies will cause asymmetry. 
18. Endogenous tongue thrust. Some people doubt that this condition exists and if it does it is definitely not common. The concept is that the tongue behaves in an abnormal way pushing forwards between the teeth with great force. The lips have to respond with equal force so that there is excessive lip activity during swallowing. To be sure that you have an endogenous tongue thrust you should have: - [a] an anterior open bite [b] Proclined upper and lower incisors. [c] A lisp. [d] Excessive lip activity during swallowing and [e] an increased overjet that has been fully reduced retained for a year and has then relapsed. Perhaps this is a good time to offer a general word of warning about the treatment of anterior open bites. There are supposed to be 3 causes of anterior open bite. 1. Thumb sucking. 2. High angle 3. Endogenous Tongue thrust. (A forth might be iatrogenic e.g. someone trying to correct a bilateral crossbite or fitting soft splints that do not cover all the posterior teeth.) Clearly the prognosis for stability is greatest if the cause is a habit which ceases but remember just because a patient sucks their thumb does not mean that they do not have a high angle or an endogenous tongue thrust or both. Never promise stability in the treatment of open bite.
19. The equilibrium theory. The basic theory is easy. We know that a tooth will move when a force is applied to it. That is the basis of orthodontic treatment. We know that if the muscles of the cheek or lips are defective for example in cancrum oris or un-repaired cleft lip the dental arches expand. We know that if a cleft lip is repaired the upper incisors are restrained. We know if the tongue is missing or very small the dental arches collapse whereas if the tongue is too large the arch will expand. So there you have it the equilibrium theory. The teeth are in a position of balance between the tongue on one side and the lips and cheeks on the other. This means that if you move the teeth out of this zone they will relapse back as soon as you take the brace away. 
If only it was all that easy. If you try to measure the forces on the teeth, see Moss and Gould and Picton, you will see that there are very large forces during mastication, quite large forces during swallowing and periods of rest where there is a slight negative pressure on the teeth. There is clearly a mechanism whereby short-term forces are ignored otherwise the teeth would be pushed back in the bone. Long term activity is the most important it seems that the force must be acting for at least 6 hours a day if you suck you thumb (or anyone else’s thumb) for more than 6 hours per day it will move your teeth. (The same is true of playing the saxophone but it makes a horrid noise as well.) One reason why the sums never seem to add up if you measure the forces on the teeth is that the periodontal membrane seems to play a part as well. This is why the overjet increases in some patients who suffer periodontal loss. As well as measuring the force you can try moving the teeth to a position outside the zone of stability to see if they move back. The answer is not always. (Perhaps the soft tissues adapt.) One area where the zone seems best established is the lower canine area. If you increase the lower inter-canine width it will almost certainly relapse. Now that we have said it is the resting position that is most important it is time to go to Ballard’s theory of swallowing pattern. Ballard’s theory goes like this: - If the lips are incompetent the patient still needs to produce an anterior oral seal in order to swallow. He or she could do this in one of 4 different ways; [1] Active contraction of the lip muscles bringing them over the teeth. [2] Bring the lips together squeezing the upper teeth between the upper and lower lip. The term lip trap describes this well. [3] Push the tongue forward to the lower lip to seal the mouth with little or no activity from the upper lip. [4] Posture the mandible forwards so that the lower lip is nearer to the upper. This last method only works in class two cases. Ballard suggested that individuals usually used the method that required the least effort. If this is true it would mean that if you treated a class II division 1 malocclusion where the method of swallowing was 2,3 or 4 and reduced the overjet to 2mm it would become easier to swallow using method 1 and Ballard thought this was the secret of stable overjet reduction. At first sight this does not seem to fit with the idea that it is the rest position that is important but it depends on how long the lips stay in the swallow position. 
Lip Form is a very important aetiological factor in the occlusion. The full fleshy lips of a Negroid face are associated with low lip pressure and this results in bi-maxillary proclination. The tight lips associated with a class II division ii malocclusion are associated with high forces. Extraction of lower teeth in such patients can allow the powerful lips to pull the teeth back in the face a condition known as dishing in. Two useful measures of lip position are the Aesthetic plane and the Holdaway line.

20.  Strap like activity of the lower lip during expressive behaviour is a bit like the reverse of an endogenous tongue thrust. The idea is that a very few people have this abnormal neuromuscular pattern where the lower lip becomes very tight during smiling which pulls back the lower incisors a very long way. If you ever see one don’t try to retract the upper incisors to the lower incisors they will look awful it is better to leave an increased overjet.

21.  Muscle and nerve abnormalities. Yes, anything that alters the activity of the muscles of mastication, facial expression or the tongue.
CROWDING
Before you read these notes try to answer these questions:

1. Why don’t you find crowding in primitive societies?
2. Why is crowding more common than spacing even excluding the effects of tooth wear?

3. What did Begg feel was the function of cusps on the posterior teeth?

4. Why did Begg not approve of Headgear?

5. How much inter-proximal wear did Begg report by the age of 14 in primitive aborigines?

6. Did skulls from medieval Britain show less crowding than in modern populations?

7. Describe the changes in the dentition of primates during evolution.
8. What is the cause of crowding in the buccal segments?
9. What happens if the impaction of upper 6s is left untreated?
10. How did Edward Angle believe you should treat crowding?

11. What was Charles Tweed’s contribution to the extraction debate?

12.  When the NHS started in 1948 who was entitled to orthodontics, how much did they have to pay and how many trained orthodontists were there?

13. Why were removable appliances less likely to cause dishing in than fixed appliances?

14. Did Moussa find that expansion was stable?

15. Does RME produce orthopaedic change?

16. What is an En Masse appliance? How does it improve headgear safety?

17. What is serial extractions?

18. How do you modify your straight-wire prescription to treat class III cases?

19. What are the dangers of extracting a lower incisor?
Crowding exists when there is insufficient space in the dental arches to allow the teeth to align properly...

Some thoughts on the aetiology of crowding

Is it a simplistic idea just to say that the size of the teeth and the size of the jaws are inherited via different genes?

1. Crowding in primitive societies. True you do not see crowding in primitive societies. Why is this? Well you might be surprised to know that both crowing and spacing are fatal conditions. Before the widespread use of antibiotics impacted third molars were very serious, even in the UK and in a private society such infections have a significant risk of mortality. While the kind of spacing we see in the Hypodontia clinics would not be compatible with primitive diets. In an isolated primitive society such extremes would die out.
2. Crowding is more common than spacing. If the size of the teeth is too big for the jaws you will get crowding. If the teeth are a little too small for the jaws mesial drift will close up any spaces. Only if the teeth are much too small for the jaws will you get spacing. So crowding is more common than spacing

3. Begg’s theory PR Begg was a remarkable man. He paid his way from Australia to the USA by prize fighting on the deck of the ship. [A tradition I understand Mr Turner is planning to introduce to the Registrar training course] He studied Orthodontics under Edward Angle and was probably the first person to actually treat a case with the new “Edgewise Appliance”.  However when he returned to Australia he treated cases with Angle’s previous appliance the “Ribbon arch“ appliance. He replaced the old ribbon arches with new high tensile steel wire made by his friend Wilcox and he turned the bracket upside down [well he was Australian] and this is the Begg technique. His studies of ancient aboriginal skulls led him to the belief that attrition was part of the natural development of the occlusion. In this theory the purpose of the cusps of the teeth was to help guide the teeth into position after this they are supposed to wear down and allow the teeth to move forward. The mesial drift was needed to compensate for the inter-proximal wear. For Begg the provision of more tooth substance than could possibly fit into the mouth {Crowding} was not a bad thing but a compensatory mechanism to allow for the wear that is part of a Stone Age diet. Begg’s researches lead him to conclude that by the age of 14 these ancient aborigines had lost 7mm of inter-proximal tooth substance in each quadrant and he therefore suggested the extraction of upper 4/4 lower 4/4 [Some people have suggested that the mathematics is just a bit too convenient and perhaps he fiddled the figures but who is going to argue with a prize fighter].  The teachings of Begg suggest the importance of forward drifting of teeth he did not approve of headgear and would not be keen on my technique of using Upper Begg with the uprighting springs backwards to distalise the upper arch.

So Begg’s theory is that crowing is a natural beneficial condition to allow humans to cope with the attrition which will occur as a result of eating our natural diet. Or to put it another way our teeth are crowded because we eat a namby-pamby diet. Certainly this arrangement occurs in some animals such as elephants and the aboriginal evidence seems quite convincing. But these were people who lived in a sandy desert are they typical of a natural state? 


Fig. One problem with Begg’s argument is that modern aborigines do not have severe attrition but do not have crowding either

4 Crowding in Medieval England. Yes you see attrition, but not at the same scale as in Begg’s aborigine skulls. It was probably caused by stone ground flour. Some people have suggested that the milled flour available at the time of the industrial revolution caused an increase in crowding. But remember most of the skulls available from the medieval period do not have any incisor teeth in them [being single rooted teeth they fall out] so what you see are well aligned buccal segments and at first glance this seems to be a striking difference from modern occlusions. But crowding in the buccal segments is a result of early loss of deciduous teeth and in turn early loss of deciduous teeth is a result of caries. Which [can you see where we are heading] is a result of refined sugar which became available at the time of the industrial revolution.



Fig. The Mary Rose sank in 1545, this man shows attrition and no crowding in the buccal segments but the anterior teeth fell out so they might have been crowded.
5 Immigration and crowding.  We have already discussed that primitive isolated societies like Begg’s aborigines tend not to have crowding you might like to believe that this is due to their course diet or because they will die of Ludwig’s angina if they have impacted 8’s 

It kind of goes without saying that if you mix these societies together by making them all work at Mac Donald’s in the Mile End road the offspring will have a much larger gene pool with more crowding [and spacing too]

6. Evolution and the dentition

Early primates had 3 incisors and 3 premolars in each quadrant. During evolution the number of teeth have reduced. Monkeys, like us, have only 2 incisors but keep the 3 premolars per quadrant. Apes have the same number of teeth as us but third molars are seldom missing. I am sure that you get the idea evolutionary change is reducing the number of teeth at the same time the dental arches are getting shorter. The suggestion is that the two processes are not quite in step so that the dental bases are shortening faster than the number of teeth is reducing.



Fig Skull of a monkey showing 3 premolars per quadrant. 

7 Crowding in a cold climate. As our ancestors moved from a warm African climate to go and tussle with woolly mammoths up in the frozen north. They needed longer narrower noses to warm the air better before it reached the lungs. Of course, as the internal nasal passages got narrower the maxilla got narrower too. Sounds convincing, but it is only a theory and although Caucasians tend to have narrow dental arches Eskimos do not have very narrow arched.
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Nowadays we think Denisovan genes have given eskimo the ability to withstand cold. Note that in fact the nose is broad.
8 Crowding and refined sugar

The effects of early loss of deciduous teeth are: -

· Forward drifting of the buccal segments

· Shift of centreline to the affected side

· If more than half of the root of the deciduous tooth has been resorbed then it will speed up the eruption of the permanent tooth.

· If less than half of the root of the deciduous tooth has been resorbed then it will slow down the eruption of the permanent tooth.

The effects of early loss depend on the teeth which have been lost. Loss of incisors often has no effect because these teeth are commonly spaced. Loss of Cs has a significant effect on the centreline but does not result in a significant forward movement of the buccal segments [so orthodontic text books suggest the balancing of extraction of Cs.

On the other hand, loss of Es causes a significant forward movement of the buccal segments but very little shift of the centreline {so don’t balance extraction}. 

It goes without saying that Ds are somewhere in the middle there may be a little forward drifting of the buccal segments and a little shift of the centreline. Again, textbooks suggest balancing the extraction of Ds.

I may be out on a limb here, but I feel talk of balancing extractions harks back to a day long ago, when the extractions were done with a quick whiff of gas. Nowadays if you are asked to extract a D it is quite likely to be the very first bit of dental treatment that the child has ever received. Perhaps trying to balance the extraction is pushing you luck a bit.

Also

Maintaining the centreline was of particular importance when doing treatment with removable appliances. With fixed appliances it is easy to shift the centrelines back if they have shifted over to one side.

So, early loss of Es and to a lesser extent Ds allows forward drifting of the first permanent molars and this causes crowding in the buccal segments. Note in normal circumstances you do not see crowding in the buccal segments because the E and D together are always wider than the 5 and 4 that replace them. SO “crowding in the buccal segments is a sign of early loss”

Even more caries and you will start to see loss of 6s. In fact the loss of 6s was suggested as a treatment for crowding as far back as 1948 by Wilkinson. {Note we are not talking about carious 6s in this paper} What Wilkinson observed that since this made the teeth erupt from the front backwards (with a little variability for the upper 3) you did not get crowding. Plus of course you have pulled out 4 bloody great teeth and lost a friend for life! Pedro Leitãu suggests that the extraction of 6s to give you that “Non-extraction look” in your crowded cases.

Appearance of crowding

In the deciduous dentition In general deciduous teeth are everything you could want for. They are small white and straight. What is more, just to please your uncle Begg they often wear down and the occlusion becomes more edge to edge. Sometimes they are spaced but they are not often crowded. If they are crowded it is a sign they the permanent dentition will be crowded.

Impaction of 6s. Don’t just sit there do something!  Your choice, separators if the impaction is mild, or if the tooth is partly erupted but too high for separators bond a bracket on the occlusal surface and use a URA to push the tooth back. If the tooth is completely un-erupted then extract the E.
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 If you do nothing the 6 will not erupt at 12 when the E is lost instead the patient will use his/her tongue to push through the gap to allow swallowing. This can result in a huge posterior open bite which extend from the 4 right back to the 8 and is almost impossible to treat. This condition is often called a localised failure of alveolar bone. It is possible that such a condition exists but I think most cases are caused by the impaction of 6s. 
(A brief note on treatment. The typical picture is a 12 year old with a lateral open bite extending back from the lateral incisor. 6 to 3 are compound to the mouth but at the gingival level. Step one bond the normal side and the anterior teeth. When aligned do composite build ups on the first molars on the affected side bringing them right up into occlusion and bond the tubes as occlusal as possible. Then bond 3, 4 & 5 in the normal position and place NiTi wires. Then expose and bond the 7s pulling them into occlusion. Finally consider removal of the 6s and space closure. You need a good surgeon for this as the roots will be right down at the lower border of the mandible or in the sinus in the maxilla.)
Crowding in the mixed dentition. You can see crowding in the incisors in the mixed dentition even in patients who subsequently go on to develop normal occlusions. This is because 5+4 are smaller than E+D by the so called leeway space.
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Often the lateral incisors remain in their developmental position. Giving the “look he’s got two rows of teeth” look. GDPs can get great praise from mums by extracting the Cs which is followed by rapid alignment. However if there is underlying crowding this will not be treated by the loss of Cs. [it might still be worth doing. For example if there was a need to try to avoid the use of fixed appliances if at all possible. (For example a cornet playing rugby player who is allergic to stainless steel and goes away to Hogwarts school)]
(If you thought the idea of Leeway space was introduce by Hayes Nance in 1947 you would be right on the button)

4. Lateral incisors behind the bite. This is a sign of crowding the developmental position of the lateral is palatal, so if there is crowding it will come behind the bite. It is easy to push lateral incisors over the bite……….badly……….so make sure you do it well. Maintain a positive overbite or he tooth will relapse back again. This is done by including a thin posterior bite platform in the design. It also serves to reduce the risk of trauma to the incisor tooth as it is pushed over the bite. I like cribs on upper 6/6 and the z spring made in 0.5mm wire. Some text books suggest 0.35mm but this just distorts. The appliance must have anterior retention or it will just drop down at the front. I find the best thing is a modified Southend clasp not on the centrals but on the central and lateral away from the Z spring. Fit the appliance first and let the child get used to it then 3 weeks later activate the Z spring so that the front of the appliance is just dropping down a little. Then see the patient again after 3 weeks and the tooth should be over the bite.
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Don’t miss the boat. Leave it too late and the canine will come down in front of the lateral.  If you can feel it then it is too late and you will have to wait until the canine has erupted.

5. Impaction of canines and crowding. Text books tell you that you can get impaction of canines when there is no crowding. This is true, but remember: -
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Although not crowded at 12 when 4 and 5
have erupted at 11 there was no enough
space for he canine to pass between 2
and 4 so it was deflected into the palate




Remember also Leonardi who found in a RCT that extraction of Cs did not help eruption but extraction of C’s and opening up space did.

Treatment of crowding

1. Arch development

A. in general

This is really treatment of crowding by expansion. Remember that expansion can be in an anterior posterior direction as well as laterally. There is nothing new about this idea. Indeed it was very strongly promoted by Edward Angle His influence on orthodontics was so great that this was the usual treatment carried out in the USA in the first half of the twentieth century. Angle believed that you could bend bone with orthodontic treatment. His first appliance was the “E arch” a stout archwire attached to the molars. The other teeth were expanded into the arch by tying them in with ligature wire. The effect was really lateral and forward expansion of the arch. Angle did not invent Extra Oral Traction [Kingsley did in 1890.  See I bring you all the latest information] but he did use EOT and class II elastics [at that time called Baker Anchorage] for overjet reduction.

Angle’s subsequent appliances were the Pin and Tube, the Ribbon Arch appliance and the edgewise appliance. These gave improvement in the movement of teeth but the basic treatment remained the same.

Angle had a forceful character and denounced those who suggested extractions. In his 1908 book he shows a picture of a face that he claims was “ruined by the extraction of a permanent tooth.”

You can see the problem with this type of treatment. If the teeth were in a position of balance then moving them a long way towards the lips and cheeks will increase the chances of post treatment relapse. In particular increasing the lower canine width is prone to relapse. As the teeth are moved forward the lips strain to produce a seal and the overbite reduces perhaps giving an anterior open bite. 
Rapid post treatment relapse was experienced by many orthodontists carrying out treatment using Angle’s methods.

In the 1950’s there was a new interest in extractions lead by two of Angle’s pupils.

Charles Tweed Showed cases treated by expansion that had relapsed they were then treated by extractions and fixed appliances and this time the treatment was stable.

P R Begg showed his collection of skulls and suggested that in a natural dentition 7mm of attrition would occur in each quadrant by the age of 14

Radiographs became available in the 1950’s disproving Angle’s suggestion that you could bend or grow bone by expansion. Now we have cone beam CT which shows buccal and labial bone will thin or even disappear with excessive expansion.

And so in the 1960’s and 70’s the pendulum swung [be fair, if you’re a pendulum what else can you do] towards extraction.
In England a little bit of unpleasantness which lasted from 1939 to 1945 left us with a ban on imports that made it difficult to get edgewise brackets until the mid-1960’s. In 1950 C P Adams developed the Universal arrowhead clasp that we now call the Adams crib. At the same time acrylic replaced vulcanite as a baseplate material.  With the newly formed NHS everybody was entitled to have free treatment. However there were very very few trained orthodontists who could use Angle’s fixed appliances. (In fact the first orthodontic specialist in the UK was Ernest Sheldon Friel who trained with Angle in 1908 and set up practice in Dublin in 1909. Ireland was part of the UK until 6 December 1921)
(In 1948 there were about 150 members of the BSSO the original orthodontic society started by Northcroft in 1907. Most of them lived in the London area and I suspect very few used any kind of fixed appliance. The first DOrth exam was in Glasgow in 1949 the candidates were Elizabeth Webster who was examined by James Aitchison and James Aitchison who was examined by Elizabeth Webster they were both successful.) 



James Aitchison

Add all these things together and you get the reason why the UK had a twenty year love affair with the removable appliance. 
Actually you can do quite good treatment with URAs but it is actually quite hard to do. For the most part they tip teeth but we even found ways to rotate teeth and produce apical torque on the upper incisors. But while a few people were getting good results the many were doing treatment to very low standard and creaming money from the NHS. The extraction of upper 4/4 URA to retract upper 3/3 and a second appliance to retract upper 21/12  was the norm  and if the lower arch was a bit crowded you extracted lower 4/4. Lots of teeth got taken out and lots of spaces were left. But the spaces closed up eventually (see Bob Little).
Fixed appliance treatment of the period was very difficult to use. In 1970 I did my first case, it was a big deal as I was still a student. I was given 3 feet of dental tape and I had to pull up a band for each tooth out of tape, and then make the bracket out of tape using a special pair of pliers. Then you had to weld the bracket to the band and cement it to the tooth we used a gauge just like the MBT gauge to make sure that the band was cemented at the right height [you can still buy these Boon bite gauges]. The molar bands were in thicker tape with the tubes soldered into place. It took about 5 visits and a lot of separators to get the fixed appliances in place.  All the rest was done with wire; no modules just ligature wire no NiTi; just steel wire. With such primitive equipment it was a labour of love to achieve a good result and it is no surprise that many of those who attempted to use these appliances in NHS practice produce poor results.

The development first of preformed pre-welded bands and then in the late 1970’s of bondable brackets made orthodontics much easier. This means it was easier to achieve satisfactory results. In 1976 Andrews published his 6 keys which included full space closure. These changes allowed orthodontists to become more critical of the results that they achieved. 

It was noticed that excessive extractions in the lower arch allowed the dentition to move too far back in the face. This allowed the lips to drop back producing what was first referred to as a dishpan face [interesting that my spell check recognises the word dishpan because I don’t know what one is] so I [just looked it up on Google, it is a washing up bowl. How dull] Now we call this dishing in. Dishing in does not occur so much with removable appliances because you don’t close the space you just wait for mesial drift to occur.  So we were frightened of dishing in. In addition: -

GAs were discouraged for orthodontic extraction.

There was a suggestion that premolar extractions increased the risk of TMJ dysfunction.

Thanks to fluoride in water and toothpaste orthodontics was often the first experience that a child had of dentistry and lots of extractions seemed a bad start

Functional appliances had been improved and were becoming a sensible alternative to extractions for reducing the overjet.



So now the pendulum is swinging back the other way and it is all beginning to look a bit nasty.

A few years ago a programme on mainstream British TV had an “exposé” on how British orthodontists are asking for excessive teeth to be removed. They were encouraged to do this by the supporters of “arch development” so here I include a description of “arch development” which is also in the tutorial on Mixed Dentition/Interceptive Treatment.

 Perhaps we should rehearse what we should say to patients and parents who ask why we cannot do the treatment without extractions. This is one of the reasons why you should include treatment with EOT in your list of possible treatments even in patients where you find it hard to believe they would contemplate EOT 12-14 hours a day. I find the BOS leaflet very good at persuading patients that they do not want to wear EOT and would rather have extractions. (I don’t think that was its proper purpose but still)

Just a comment on MOrth you may hear Registrars telling you that the examiners don’t like candidates who give a list of treatment options. This is not true. The examiners don’t like candidates who cannot make up their mind. They do like candidates who say the best option is.. α

.. The second best is …β. 

And a compromise treatment would be…. µ

Arch development also in “mixed dentition/interceptive treatment” but just in case you have a life and don’t want to sit and read another load of tedious notes can I remind you a typical Arch development treatment might be: -

Start in the mixed dentition and fit a URA to expand the upper arch

Fit a lip bumper in the lower to allow the lower incisors to come forward. The lip bumper must be expanded or the URA will produce a scissorbite.

After a couple of years replace with a functional or EOT to correct the overjet and/or buccal segments.

Change to full fixed non extraction alignment

Hold with fixed for a long period

Debond and retain for ever

My feeling is the important thing is, does the patient and the parents know what they are buying in to? This is very long and very expensive treatment.

What the papers say
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Bishara AJO 1997 p639- compared the profile of extraction and non-extraction patients. He found favourable changes in both groups (but did this just mean he could spot the patients who needed extractions if he could go back again and do extractions in the non-extraction group and open up the spaces in the extraction group would it make both groups worse?)

Drobocky and Smith AJO Vol 95 220- Suggest that the extraction of upper 4/4 lower 4/4 cause a 5.2º increase in the Naso-Labial angle.

Luppanapornlarp and Johnson Angle Vol 63 257-found that although extraction cases had more retraction un treatment the non-extraction cases had a flatter profile in the long run due to their inherent soft tissue pattern. (So, like Bishara’s paper we are dealing with an experienced orthodontist who only extracts teeth where there is no danger of causing damage to the profile. Good news for the patients but it doesn’t help in evaluating the effects of extraction.)

Perhaps a more helpful way is to look at borderline cases and this was done by

Parquette AJO Vol 102 1-14. In these cases the extraction cases did finish with flatter profiles but there was no difference in patient satisfaction between the two groups.

But if non extraction did not seem to give much advantage in terms of profile was there a difference in terms of stability?

Little AJO Vol 97 393 looked at non-extraction treatment with arch expansion. He concluded that 21 out of 26 cases showed severe relapse.

Arnott thesis showed 53 of 56 cases relapsed and concluded that post treatment irregularity was greater than with any other form of treatment

Moussa AJO Vol 108 478- looked at 55 patients who had had RME expansion in the upper arch. He concluded that expansion in the upper arch was more stable than in the lower which showed significant relapse.
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Glyn  AJO Vol 92 p331- showed that cases where the treatment involved expansion showed significant relapse 3 years out of retention.

Sadowsky AJO 1994 V0l 106 p243- suggests that he relapse rate diminishes if the retention is over 5 years

B, Rapid Maxillary Expansion. 
The term orthopaedics or orthopedics implies a type of treatment that will alter the basal bone. In orthodontics you will find four types of treatment that claim to do that they are: -

· Headgear. Weislander showed that high forces from headgear angled to produce an upwards and backwards force can restrict the downwards and forwards growth of the maxilla. The rather disappointing thing about his is how seldom you see a true overgrowth of the maxilla. It is much more likely that the mandible is too small. Even if the maxilla is too big you don’t have to go to al that trouble because if you extract upper 4/4 and retract the upper incisors the front of the maxilla will remodel to give the same change in profile.
· Functional appliances; despite many claims it seems likely that these appliances do not change the basal bone at all; but this is the subject of further tutorials.
· Face mask therapy for class III malocclusions. (again I am dubious) 

· RME. The idea behind RME is that a heavy force is used to move the two halves of the maxilla bodily apart. This force opens up the mid-palatal suture at this site extra bone is deposited. This is good news for the promoters of arch development because you cannot say that this treatment is just expanding the arch, because the bone is getting wider too. Consider the area of the mid-palatal suture. In the first phase of treatment the two halves of the maxilla are pulled apart using considerable force. The area in between fills up with fluid and later granulation tissue. After two weeks the patient stops turning the screw bone starts to form. Now the force from the appliance is replaced by force from all the soft tissue that has been pulled apart. The teeth move through the maxillary bone to allow the two halves of the maxilla to move together so if you achieve 7mm of expansion most of it is probably dental change. In fact there is no real evidence that any of this orthopaedic change lasts. You will have noticed that there is another problem. If there is no crossbite at the start there will be a scissorbite now. Followers of arch expansion say that there is evidence that if you expand the upper the lower will also expand a bit. They use this as an excuse to fit an appliance [a screw plate or an expanded lip bumper] to help it on its way.

C. Lip Bumpers. We will be discussing the Denholtz appliance a little later (It does tend to break and patients don’t like it much, but it does work.) here I mean an ordinary lip bumper a piece of stout wire from the lower molars with a plastic shield that holds the lower lip away from the lower incisors. It does two jobs: - 1. By holding the lip away from the lower incisors the position of muscle balance is altered and the lower incisors may come forward. 2. The force from the lip may be transferred back to the molars and this may distalise the molars. I am sceptical that it really does distalise the molars and you have to ask will the proclination of the lower incisors be stable when the lip bumper is removed. I have already mentioned a rather cynical use of a lip bumper when used in conjunction with RME to expand the lower arch. Here people are using an appliance, which has a claim to be in the family of functional or orthopaedic appliances, but in fact they are just using a 0.9 mm expansion arch.



D. Space Maintaining. Although many people consider arch development to be a rather disreputable type of treatment SPACE MAINTAINING is quite a proper kind of treatment. The idea behind space maintainers is to make use of the Leeway space that is the 2.4 mm given by the increased size of the E & D over the size of the 5 & 4. The space maintainer must be in place before the deciduous molars are lost. You should be aware of two problems: -1. Stopping the first permanent molars from coming forward increases the risk of impaction of the second molars. 2. Stopping the lower molars from coming forward may hold a class II molar relationship that would otherwise have changed spontaneously into class I.

Lingual and Palatal arches. An upper Nance appliance makes an excellent space maintainer. I have not seen any long term adverse mucosal change to the palate as a result of wearing one although I suppose it is a good idea not to leave it there too long. The biggest problem is that a molar band may become loose and that the enamel may decalcify. Lingual arches are less good, unless they fit closely around the lower incisors they are not very efficient but if they are a close fit they prevent alignment. They are also uncomfortable and tend to work loose.


Fig Nance button note the two wires are separate and joined by the button
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 Fig Hayes Nance promoted the idea of the leeway space and invented the Nance button

Removable appliances. You can ask the GDP to fit a removable space maintainer and there are no bands to work loose. Night time wear will suffice but co-operation is poor. These appliances have their place (and their place is usually not in the patient’s mouth.)

Individual space maintainers. Are silly. The textbook will show a band round a 6 and a loop of wire to the distal of the d. But the d will fall out and the 5 will probably become impacted on the wire loop the band will work loose and there will be decalcification on the 6. If the patient is that co-operative why not put a stainless steel crown on the E.



Fig Single tooth space maintainer. Note the tooth is in fact impacted on the space maintainer.
E Distalisation of buccal segments. Crowded upper arch with class II molars look no further than EOT but it is not so useful if the lower arch is crowded (you could try a Denholtz) and if the third molars are present then there are additional problems.

Headgear on molar bands + or – a nudger appliance. A URA with cribs upper 4/4 and a labial bow with springs to distalise the molars. David Lewis has shown that this works ok but it is better if used in conjunction with EOT. The idea is that the EOT moves the molars back at night while the nudger prevents it from relapsing during the day.

En Masse appliances. Cribs on upper 64/46 with a mid-line screw or a Coffin spring, together with an EOT bow that is embedded in the acrylic makes an en masse appliance. You don’t need to worry about headgear safety as the bow cannot be detached but you cannot open the bite because the appliance is not worn full time. The en masse appliance is ok, but it dates back to a long ago time where patients wore removable appliances if you asked them to and the nurses made up the headgear out of black knicker elastic and bra fasteners. (We made our own entertainment in those days.) 

The Denholtz appliance. Imagine a patient with mild crowding in both arches and class I molars, all teeth are present except the third molars. Extracting a premolar in each quadrant will give too much space and risk dishing in. Simple alignment will bring the lower incisors too far forward. The answer either, full fixed with EOT and class III elastics to pull the lowers back or Mr Denholtz’s method, which was EOT to the upper 6/6, and a lower lip bumper with hooks for class III elastics. (Worn only when the EOT is in place). The idea is that the lower molars are pushed back by a combination of lip pressure and class III elastics at the same time as the upper molars are being distalised using EOT. If the 8’s are present you can extract 7’s, which is why Denholtz gets his name in 4c as well. 

Treatment of crowding by Extraction

Extraction of upper 7/7 and EOT.
 Yes, if you want to distalise the upper molars with EOT then taking out the second molars will make it much easier, BUT do remember to start the headgear going and assess co-operation before requesting the extractions; because once the 7’s are gone you cannot ask for premolar extractions if the patient does not wear the headgear well enough. Note the difference between treating this sort of problem with upper 7/7 and EOT and going for 4/4 is that in the premolar extraction case you will have class II molars and therefore will not have achieved Andrews 6 keys. Remember this only one guy’s opinion, it may turn out that it is possible to lead a reasonable existence without having possessing all 6 keys. Also note that you can extract upper 6/6 and finish with upper 7/7 class I to lower 6/6.
Non-compliance appliances.  This brings us to the subject of a whole new tutorial which, if you’re unlucky, you may have with me. Here I am thinking of the type of appliance where there is a palatal button and some kind of flexible spring to move back the molars [e.g. distal jet or the pendulum appliance]. There is no doubt that they can give a little bit of distal movement but it is poor compared with the effects of EOT when the wearer is really enthusiastic.

Unilateral Distalisation of a molar. A screw plate with EOT support, a sliding jig or you can try using a longer facebow arm on that side and pulling it out further from the face. 

The extraction of second molars.

Extractions only. Cryer suggests that not only does the extraction of 7’s reduce late incisor crowding; it may also allow a little alignment of the incisors. The dentition drops back a tiny amount. Does the extraction of 7’s allow the normal eruption of the wisdom teeth?  Well it does in Northern Ireland. In 96% of cases according to Margaret Richardson. (Keep taking out the 7’s Maggie they need all the wisdom they can get out there.)

Effect of extraction of second molars, Cryer Dental Prac,1967 17p405-Lehman EJO 1: p119- 1979, But really  Richardson AJO 98: p242- 1990 is one of a number of papers reporting on the effects of extracting 7’s. She showed that the loss of lower 7/7 was followed by a drop back of the lower 6/6 by 0.5 mm compared with a forward movement of the lower 6/6 of 2mm in the non-extraction cases. A similar effect was noted by Hart. J Dent Research 68: p571- 1989.

For impacted 5’s. It’s like this, if the 5’s are a little short of space and you extract 7’s before the age of 14 then the 6’s will probably drop back and the 5’s will probably erupt. But always keep an appliance up your sleeve in case it doesn’t. A screw plate works quite well even in the lower or you can go for fixed with a push coil.

Headgear (& Denholtz) cases. (Ironic that this almost obsolete appliance keeps coming up.)
After treatment. The extraction of 7’s allows a little reduction of the pressure to crowd and a little dropping back of the dentition. The idea here is you align non-extraction then extract 7’s and everything works out fine. Good idea for mild cases but still long retention and don’t promise that the 8’s will erupt.

Premolar extractions

Extractions only.


Old fashioned treatments

Extractions only (driftadontics)

  Before 2006 it was common practice to extract four premolars and wait a year or two. This works for Class I malocclusion, class I molars with moderate crowding and skeletal I bases. The lips are on or in front of the aesthetic plane. When the upper 3/3 are erupting extract upper 4/4 lower 4/4 and wait two years. Why did this valuable method die out? Because if the teeth do not fully align they may drop from an IOTN 4 and therefore would no longer be eligible for treatment under the NHS 
Serial extractions.
 Serial extraction is the treatment of crowding by the timely removal of selected permanent and deciduous teeth. (Quote B Kjellgren 1896-1981) It could go something like this: - 

 1. Aged 8½ extract upper c/c lower c/c to allow the incisor teeth to align.

 2. When half of the roots of the lower d/d are resorbed extract upper d/d lower d/d 

 3. When the 4’s are erupting extract upper 4/4 lower 4/4. 

 4. Sorry that is all we have time for, tune in next week

The problem with serial extractions.
 i. You need to do a lot of extractions. 

ii You need to take a lot of radiographs. 

iii The teeth might have straightened anyway if you had just waited and extracted 4’s.

 iv The loss of space when the d’s and c’s are extracted may have allowed the molars to drift forward producing crowding in a case where the leeway space may have been enough to align the teeth.

 v. The canines may not erupt.

 vi the 6’s might go bad. 

 vii If there is true rotation or a diastema you might need full fixed anyway
 viii The teeth may not align.

  ix The extraction of lower c/c makes it possible that the lower 3/3 will erupt before 4/4 and this may impact the premolar teeth. With all these drawbacks you are now asking if there is any point in serial extraction and in most cases the answer is no. But there is no doubt that serial extraction does treat mild or moderate crowding when there are no rotations. So if the patient is very keen to avoid appliance therapy or if their co-operation is too poor to contemplate it then you should remember serial extraction. 
Serial extractions and functional appliances. Goes down very well in Scandinavia. The idea is that functional appliances can treat overjet and overbite but cannot treat moderately severe crowding so you combine functional appliances with serial extraction. Yes it works, but it still has all the disadvantages of serial extractions to which you must now add the disadvantages of functionals namely; - difficult to wear appliances, a tendency to procline the lower incisors to an unstable position and a tendency to cause the mandible to be held in a forward posture. All this and you still can’t treat rotations!

Removable appliances

British orthodontics in 1960s and 1970s consisted largely of extraction of upper 4/4 lower 4/4 then a URA to retract upper 3/3 followed by a second with a flexible labial bow (for example a Roberts retractor) Did loss of lower 4/4 cause dishing in? Usually not because there was no attempt made to close the space. In years mesial drift occurred and the 5 moved up to the 3.
Fixed appliances and class I, II & III malocclusions. This could be a very long section but in fact I will include only a few points.

 1. In class III cases the extraction of upper 5/5 lower 4/4 is a useful treatment ploy as it allows the lower incisors to drop back and this helps to correct the reverse overjet. IN MBT prescription cases you swap the left and right lower canine brackets to give a 3º distal tip and you could consider putting canine brackets on the upper premolars to tip them mesially (you will remember the premolars have minus 7° of torque and the canine has either zero or minus 7°. It doesn’t matter if it is a zero bracket as there is an argument for a little extra buccal root torque)  In Roth cases, use premolar brackets on the lower canines as the mesial tip built into the system tends to bring the upper arch forward. In a really borderline surgical case you may have to use canine brackets but swap sides so that the canines are distally inclined. However the 7° tip in a Roth prescription does look a bit drastic. It is also important not to use a thick rectangular wire in the lower, as this will bring the lower arch forward. If the patient has a definite class III dental base relationship then there has to be some compromise in the system because you cannot bodily retract the lower incisors. You have to let them tip back a bit. Again things are easier for MBT users as there is 6° of reverse torque built into the lower incisor brackets.( you may be advised not to use 019x025 wire but in fact this will allow the lower incisors to retrocline to 80° before the torque kicks in)
 In borderline surgical case you can buttress the upper arch forward by putting canine brackets on the upper premolars this tips them forwards. (You may see this referred to as tent pegging. Here the zero torque brackets are really helpful) Note the difference between the way you work through the archwires in the lower arch in class III cases. Start with 0.014 NiTi but then work up through steel wires with intra traction. (I use elastics and circle hooks but if you must you could use elastic chain) so the space should be closed by the time you get into rectangular wire.

  2. The bone in the upper jaw seems to be of quite a different nature to the bone of the lower jaw. In the upper, the molar teeth seem to come forward with alarming ease; there is seldom any difficulty in closing excessive space in the upper. In the lower jaw the molar teeth are reluctant to come forward and attempts at space closure often result in a dropping back of the lower incisors. This means that if you extract upper 4/4 lower 4/4 and use fixed appliances to close the space the overjet tends to increase as the lower incisors drop back and the upper molars come forwards. This is why you are always having to put in class II elastics and you almost never seem to need class III elastics.

 3. For this reason the extraction of upper 4/4 lower 5/5 is a useful treatment ploy in class I and II cases.

 4. Try to avoid asymmetrical extractions unless the patient has a skeletal asymmetry that you plan to accept (for example if they have been offered surgery and refused) or there has been asymmetrical space loss.  But beware if for example a lower deciduous molar has been lost on one side and the molar has tipped forward this space may be regained when the tooth is uprighted. The Begg technique is not very good at dealing with asymmetrical extractions as it is difficult to burn up anchorage with Begg.

Loss of canine teeth.

Canines of poor prognosis.

We see a lot of unerupted canines that have gone astray. When there is sufficient space in the arch to bring the tooth down you should try to get it down. If there is significant crowding so that a tooth needs to be removed always ask should we remove the canine?
Upper 3/3 and a lower incisor. The mathematics goes like this; an upper canine is 9.5 mm wide that is 2.5 mm wider than the first premolar. So, if the patient has class II molars and you extract upper canines rather than first premolars you will have 2 x 2.5 mm = 5 mm of excess space. A lower central incisor is 5 mm wide so all is in perfect balance loss of upper 3/3 lower 1/ can work very well but you must keep the premolar as a premolar if you want to put a Roth canine bracket on it the extra tip will use up the space and you should not extract the lower incisor. So you have two alternative treatments and you can decide on the best treatment depending on the amount of lower arch crowding.

Patients with poor predicted co-operation. Imagine a high angle II division I with a little lower arch crowding and a 14 mm overjet. The combination of poor lip cover and mediocre tooth brushing makes the gums as red as a baboons bottom. You can change this patient’s life. Upper Nance and extract upper 3/3 followed by straight wire with intra traction to retract the upper incisors. With no canines the retraction is quick and easy. There is no need for class II elastics and as soon as the upper incisors are in lip control you will start to see the gums improve. Yes surgery is an alternative but don’t give up on the patients who don’t want to have surgery you can get a good result in less than a year.

Indication for loss of a lower incisor.

Dangers of lower incisor extraction. It goes like this: at 12 Maria Delores has a very nice occlusion, technically it is a class II div ii with well aligned arches but it looks great. At 14 the lower incisors have crowded a bit and one lower incisor has been almost pushed out of the arch so the dentist extracts it. At 15 Maria has nice straight teeth again although the overbite has increased a little, the dentist is a hero.
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 At 16 there is a lot of crowding in the upper and the overbite is now seriously deep. “No trouble” says our hero dentist, I will send you off to the orthodontist and he will do the upper for you. Maria’s mother looks shocked after hearing the treatment plan “Our dentist dealt with a similar problem in the lower just by extracting a tooth, you can’t expect her to have all that done now she is 16!”

Indication for loss of a lower incisor:

1. A tooth of poor long-term prognosis

2. Peg laterals in the upper where it is decided not to widen them with build ups

3. Some class III cases where surgery is definitely ruled out

4. In conjunction with loss of upper canines

5. Where one lower incisor has already been lost

6. Upper 3/3 and a lower incisor already described

Loss of two lower incisors. One of the ways you can deal with a Maria Delores is to extract another lower incisor and upper 4/4 the lower canines have to be lower lateral incisors but you should find that you can slot everything together to get a normal overjet and overbite and well slotted in buccal segments.

Peg laterals. Sometimes you do see a nice upper arch with small upper lateral incisors. The reduced upper canine width fit with a crowded lower labial segment. In this case it is not a crime to extract a lower incisor but I would still retain for a long time. Look out for these cases opening space and putting on a veneer is not a good solution when the lateral incisors have a very thin root.
Class III cases with distally inclined lower canines. I expect you have noticed that most patients with mild class III malocclusions have class I buccal segments. And you often see class III cases with nice buccal segments where the lower incisors are fanned out and the canines are distally inclined.  In the moderately severe cases it is best to wait until they are 15 [♀] or 16 [♂] because the loss of a lower incisor is unhelpful if the patient subsequently wants surgical correction. In most mild cases the patients will usually rule out any chance that they would be prepared for surgery. 

.

Lower incisor Reidel JCO 10: p454- 1974 found some evidence that it was more stable than premolar extraction in treating lower arch crowding

Loss of first permanent molars.



Early loss. 
The extraction of an upper first molar tooth before the age of 10.5 does surprisingly little damage in most cases indeed sometimes the 7 erupts into such a good position that you have to look at the OPG to be sure that the 6 has gone.  The lower molar is quite different, loss before the age of 10.5 can do a great deal of damage with over eruption of the upper molar stopping the lower 7 from coming forwards. In the end, function can be lost from the 5’s, 6’s, 7’s and 8’s. The rule is if you need to extract a lower molar before the age of 10.5 you should always ask why you shouldn’t extract the upper. Wilkinson suggested the loss of all four first molars between the ages of 9.5 to 10.5 as a treatment for crowding. Note this was not just for patients with carious teeth.  However nowadays this is reserved for cases where the prognosis of the molars is poor. Remember to check that all other teeth are present and look out for abnormal positions of unerupted teeth especially the maxillary canines.

Functional appliances and loss of molars. 
Twin block and MOA’s are out when you extract the upper 6’s unless upper 7/7 have erupted. Although you could take lower 6/6 fit a Twin block, reduce the overjet and then extract upper 6/6. On the other had why not fit a Bionator. For some reason I have always had a great deal of success with Bionators in molar extraction cases.

Removable appliances and 6s extraction. Said to “double the treatment time and half the prognosis”. This remark attributed to Prof Mills compares extraction upper 4/4 and URA to retract upper 3/3 then a Roberts’s retractor with similar treatment following loss of upper 6/6. Having just said that URA’s are not good in 6’s extraction cases I am going to follow up by suggesting that they have an important place as an adjunct to fixed appliance treatment. It is a very good idea to fit a URA with cribs on the upper 7/7 before requesting the extraction of upper 6/6 in these cases the upper 7’s can drift forward very quickly in the few weeks following extractions. It is also a big help to open the bite with a URA as this can be more difficult to do in a 6’s extraction case.

Fixed appliances and 6s extraction. Back in the days when dinosaurs ruled the earth. I gave a paper at the orthodontic conference in Torquay about 20 matched pairs of 6’s and 4’s extraction Begg cases. In addition Peter Goodman and I showed all the cases. The message was that Begg coped well with class II cases where the first molars were lost.  This is because it is so frugal with anchorage. On the other hand Straight Wire is fantastic in 6’s extraction cases with class I incisors and only moderate crowding; because it is so good at burning up anchorage. If you treat such a case it is often best to bond 5-5 only and work up to 0.019 x 0.025 NiTi wire before banding the 7’s during this time the molars may have drifted forwards spontaneously. Note also, the president EOS 2008 P Leitao
Is a great fan of 6s extraction and fixed appliances because it gives a “Non-extraction look” to finished cases. He uses an interesting method. At the start molar tubes are placed which allows the lower 7s to tip forward [the tubes are at a 30º angle then when the 7 is in contact with the 5 the tube is rebounded tipped slightly the other way. At Burton we called this Pedro mechanics.

First molar extraction in Osteotomy cases. The message here is “yes you can take out the 6’s and bring forward the 7’s and let the 8’s erupt and then bring them forward. If you do this, the surgeon can do a sagittal split without removing the 8’s BUT remember to tell the patient that this will take a long time”.

The extraction of upper 6/6 only.
 The perfect case for this would be: - A class II division I malocclusion with class II molars and a well-aligned lower arch. Under these circumstances you would normally go for the loss of upper 4/4 and finish with class II molars but you could go for extraction of upper 6/6 and let the upper 7/7 come into a class I relationship with the lower 6/6. Of course if the upper 6/6 are heavily filled and the lower 8/8 are missing this would make this treatment even more attractive. The other indication for the loss of upper 6/6 would be in a patient where the upper 4/4 lower 4/4 (or lower 5/5) have already been lost and all the space has closed if the overjet is still increased perhaps the loss of upper 6’s would be a good idea.
Loss of upper 21/12 lower 3/3 (not all of them silly)
  If you have to extract any of these teeth you should only do so because the prognosis is very bad or there is a good reason for going for a compromise treatment. I think it is a pity that our restorative and paedodontic colleagues have already made up their minds that the extraction of an upper incisor and space closure is a bad thing. I think I have seen more poor results from space opening and bridgework than from space closure. However I don’t think we should try to influence our patients. I try to show pictures of a similar case treated both ways. At the same time I feel obliged to say that the majority of dentists seem to favour space opening. One case deserves special mention here that is where the lateral incisor is behind the bite and the canine has erupted almost up to the central. I see cases where the GDP has extracted 4’s or the 3 and tried to push the lateral over the bite only to find the child would not wear the appliance. The answer is to fit the appliance first and confirm satisfactory co-operation before the extractions. If this is not achieved extract the lateral that is behind the bite. You get a result even if not much of one.

6 & 8 unit extraction cases. 
For me the extraction of upper 64/46 lower 64/46 at the start of treatment is an unnecessarily frightening start to treatment. But you do see a very few patients who need to lose 8 units. I think it is good practice to: - Explain at the beginning that they may need the loss of 8 teeth but only extract 4 at the start. An example might be a patient where all the e’s had been lost early and the 6’s come forward. If the 8’s were forming it might be a good idea to extract the 6’s at the age of 10 to let the 5’s erupt. Sometime later it might still be desirable to extract premolars as part of a course of fixed appliance treatment. In a very few cases the crowding is so severe at the age of 12 that you need to lose 8 units but I would always suggest the loss of 4 to start with then align using the available space before considering further loss. You can always ask for further extractions but you cannot put the teeth back. 
The loss of upper 64/46 lower 4/4 is suitable for cases where the upper arch is severely crowded and the overjet is increased. I still think you should restrict the extractions to 4 teeth at the start and then consider asking for the last two when alignment has been achieved. 

Inter-dental Stripping. (Inter-proximal reduction, IPR)

 You can remove up to 0.5 mm from each contacting tooth surface but you would need a more abrasive strip than they have at the dental hospital to achieve this. You can also buy a high speed bur with a very slender end for stripping and I remember you could buy a device that fitted onto an ultra-sonic scaler. Some people soften the enamel with phosphoric acid to assist stripping. I think this is a bad idea.

 Indication? 3 mm of crowding. Shortcomings? 3 mm.

 Peck and Peck. Angle 42:148- 1972 suggest a formulaic reduction in the size of teeth. But this paper has been criticised by Gilmore and Little AJO 86: p493- 1984 who decided that the mismatch of tooth size explained less than 6% of lower incisor crowding.
Rotation of upper molars the Pseudo class I molar. 
When allowed to the upper molar rotates forward. This means that you can get a tiny amount of space by de-rotating the tooth. 

Early removal of third molars. In 1971 a paper was published suggesting it would be a good idea to remove third molars early by lateral trephination but……………………………………………………….…...    it wasn’t.  

Does the presence of third molars make a difference? Kaplan AJO 66: 411- 1974 Suggests that individuals without third molars also show similar late incisor crowding and where third molars are present on one side and not the other there does not seem to be a related increase in crowding. However, I don’t think anyone claims that just the presence of third molars causes crowding they would have to be pushing up into occlusion. Lindqvist AJO 81: 130- 1982 feels that third molars do contribute to late incisor crowding. Karhl-Nieke BJO 22: 249- 1995 found a positive relationship between late incisor crowding and third molars but this was not statistically significant.)
The mathematical approach to treatment planning.

Best seen from this example: -

  1. Crowding expressed in mm per quadrant

	    5
	    5

	    3
	    4


  2. But lower incisors are APo –3 so to treat to APo +1 the space required: -

	    5
	    5

	    -1
	    0         


But to flatten the occlusal plane the lower incisors must be depressed by 3 mm. This moves the lower incisors forward by a third of a mm for each mm of flattening. So now the space required is: -

	    5
	    5

	    0
	    1


4. The overjet was 8 but remember the lower incisors have moved forward from APo –3 to APo +1 so that the overjet is now only 4. This means you only need 2 mm of space each side to produce a normal (2mm) overjet. So now the space requirement is: - 

	    7
	    7

	    0
	    1


5. So our treatment could be extract the upper first premolar to achieve the 7 mm each side in the upper. And strip 1 mm from the lower labial segment.



The latest development in this approach may be Kirshen et al the Royal London Space planning. 2000 AJO 118: 448- & 456-. Features of this analysis worthy of note: -

The authors accept that it is easier to measure crowding using a clear ruler held against a study model rather than measure the width of each tooth and calculate the length of the archform.

Special allowances are made if the Es are present.
Allowances are made when RME is used (0.7mm extra space for every 1mm of expansion.) and when conventional expansion is used.
An extra 0.5 mm of space in the upper labial segment may be needed to produce mesial tip when the maxillary incisor are upright.
I mm of space may be needed to produce 5º of extra torque on all 4 upper incisors. (0.5 mm if the torque is just on the centrals)
Allowances are made for stripping or building up teeth.
Allowances are made for molar movement either forward drifting or distal movement.
Allowances are made for growth.
One of the problems with this idea is. Does the appearance of accuracy mislead?

 For example, if you give a patient a headgear and ask them to wear it for 3 months how much distal movement will be achieved? My guess is that you could expect anything from a couple of mm forward movement (if the EOT is not worn) to 6 mm backward movement if it is worn exceptionally well. The extraction of 4’s is said to yield 40 to 65% of space for alignment of the labial segment. If all the figures used have a margin of error of 25% then is hard to see that all the effort of this analysis is worthwhile. A further problem is that there is no definite agreed end point for orthodontics. If you treat twins and finish with the lower incisors on APo +2 and at 90º to the mandibular plane for one. And on APo and at 92º for the other, which had the better treatment? Finally there are a limited number of extraction options in orthodontics. One seldom considers 1’s, 2’s 3’s or 8’s and the extractions of 6’s is usually determined by their carious state. In each quadrant that leaves only the 4s, 5s or 7s; would it be easier to consider the likely effects of extraction of each tooth in turn on the existing occlusion?
 Clearly it is a good idea to look carefully at the records and use all the data available to reach a treatment plan. If this method helps you then it is worthwhile. But as the authors explain you can’t expect it to produce an exact answer to what the finished case will look like.

Therapeutic diagnosis
Deferring extractions until after alignment and bite opening. This is such a useful thing to do. You warn the patient that they may need extractions but you go ahead and start the treatments non extraction. When you have aligned and levelled you can take another lateral skull radiograph and see if the dentition has been moved too far forwards in the face.

Late lower incisor crowding.
 If a patient presents complaining of the effects of late lower incisor crowding you can: - 
1. Warn them it will probably get worse and may spread to the upper incisor region.
 2. Extract 7’s this may stop it worsening and even allow a little improvement.

 3. Give them a pressure formed retainer. If worn one night per week it will stop the crowding getting worse. 
4. Place a lingual bonded retainer 
5. Strip and align and then place a retainer.
6. Extract an incisor and retain the uppers to prevent the reduction in lower inter canine width reducing the upper inter-canine width and thus crowd the upper incisors.

The Barrer appliance and split Trutains. Harry Barrer’s appliance is made by casting a model of the teeth. Cut off the rotated teeth and re glue them on in an aligned position. The appliance itself consists of a lingual and labial acrylic facing held together with a spring. It was expensive to make and easy to swallow. For a number of years I pointed out that you could do a similar kind of tooth movement by modifying pressure formed retainers. This was even published in the BJO as “Split Trutains a simple answer to a common problem”. This paper points out the modest abilities of this type of appliance in particular it cannot make space and you need to strip the teeth or move them a little forward. You will be aware that this idea has recently been reinvented as Invisalign where the patient is given a series of 40 or so pressure formed retainers each to be worn for a 2 week period. The appliances are generated by a computer. Each one represents a small change in the occlusion.
ELSA appliances for crossed upper centrals. Crossing over upper centrals? Fit an ELSA expansion screw labial arch appliance and remember just to trim a little bit of acrylic away from just behind the incisors. Turn the screw about 12 times and it will make a little space and as it does so the labial bow will tighten and uncross the centrals. Just 12 turns will not create a cross-bite as the lower arch will also expand a little. But it will require very long Growth
Crowding and Anterior growth rotation. 
Bjork 1972 AJO 62 339. Suggests this closing rotation of the body of the mandible increases crowding and deepens the bite.
Stability. 
De La Cruz AJO 107:p518- 1995 looked at cases 10+ years out of retention. There was considerable individual variation but in general the archform tended to return to the original shape. However using an archform based on the original shape of the arch was not a guarantee of stability. Yes sad but true, crowding increases after orthodontics when you stop wearing the retainers. Bad news in Burton on Trent where many retainers get stolen by aliens or eaten by pet aardvarks. 
Everyone seems to agree to this Stacklev Angle 28: 108- 1958, Lombardi AJO 61: 374- 1972, Shields AJO 87: 27- 1985. Bob Little is best known for his grim documentation of post orthodontic relapse in the lower incisor region AJO 80: 349- 1981 or nearer to home in the BJO 17;235- 1990 he found that 20% of cases showed marked crowing 10 years post retention and a mere 30 % were successful.  Margaret Richardson AJO 1997 showed 1.3 mm increase in crowding in males and 1.6 mm increase in crowding in females. The lower incisors retroclined slightly in the females but procline slightly in males. However most other workers including Bjork found about 2º retroclination in both sexes. Lower intercanine width has proved to be the most enduring feature of the occlusion if it is expanded during treatment it relapses Kahl-Nieke BJO 22: 249- 1995.

Late lower incisor crowding. 

Perhaps it is unfair to categorise the changes just described as relapse, the truth is that most individuals show a gradual increase in crowding after the eruption of the second molars (untreated cases) Siattkowski AJO 66: 398- 1974, Sakuda Trans EOS 93- 1976, Moorrees Int Ass Dent Research 276- 1979, Richardson EJO 1: 219 1979, Lundstrom Dent Pract 19: 218 1969 and Sinclair and Little AJO 83: 114- 1983. 

Proffit describes this as being caused by Mesial Drift, the push of erupting third molars, maturation of the lip muscles and forward growth of the mandible exceeding growth of the maxilla. He suggests that growth may have 3 effects:-

I. The condyle may be pushed back into the glenoid fossa. 

II The upper incisors may procline allowing the lower incisors to move forward. 

III The lower incisors are forced to retrocline increasing the crowding. He feels that this last option is the most common.

Bob Little and the Irregularity Index (abstract of paper)

AJO Nov 1975 p554

Bob Little says that an index of lower incisor crowding would be helpful. It would help Public health workers evaluating the need for treatment, Research worker and clinicians. He reminds us that there is evidence of progressive instability post orthodontics an increase in lower arch crowding may be the precursor to an increase in maxillary crowding and Overbite increase.

A descriptive measure such as mild, moderate or severe is not adequate. Numerical indices are needed.

Barrow and White Angle 1952 described a measurement system based on fractions of the width of a lower central incisor.

Moorees and Reed1954 suggested the difference between the width of the tooth and the width of the space available.

Van Kirk and Pennel Amer Journal Public health 1959 did devise a numerical system but it was not truly qualitative which diminishes its usefulness for research. 

Idea scored 0

Less than 1.5 mm of crowding and or a rotation of less than 45 degrees scored 1

Greater crowding or rotation scored 2

Bjork et al Acta Odont Scand 1964 used a modified Van Kirk scoring

Draker AJO 1960 Used the HLD index which measured the labio-lingual spread of thr teeth to assess the degree of crowding.

Proffit and Ackerman AJO 1973 described a subjective scoring system from 0-5 

Little goes on to describe his irregularity index. It measures the distance between the anatomical contact points between lower 3/ and lower 2/and then between lower 2/ and lower 1/ and so on to lower /3 so you get 5 results which are then added together. The measurements must be done on study models rather than in the mouth and you must look from directly above and do the measurements parallel with the occlusal plane. He suggests a dial calliper is best and the measurements should be to a tenth of a mm. (now I suspect he would say a digital calliper but they did not have these in 1975)

If there is a localised space but still an irregularity the measurement is done from the contact point to the line of the arch.

Having described the index little goes on to describe a study comparing a subjective measure of crowding with the use of the Irregularity index. & Orthodontists took part they measure 50 models and repeated the measurement after 1 month this was compared with a subjective scoring of the same models by the same orthodontist. The results showed that the Irregularity Index was consistently more reliable than the subjective scoring method.

Little. Riedel and Wallen 

Stability and relapse of mandibular anterior alignment AJO 1981 80: 349

Concluded

Long-term alignment was variable and unpredictable.

No descriptive characteristics-such as Angles Class, length of retention, age of the patient at the initial treatment, or gender were of value in predicting the long term results.

No measured variables such as initial or end of active treatment alignment, overbite, overjet, arch width or arch length were of any value in predicting the long term results.

Arch length and width typically reduced after retention

Crowding increased. (This occurred despite maintaining inter-canine width, treatment expansion, or constriction.

Less than 30% of cases maintained satisfactory mandibular anterior alignment.

Nearly 20% of cases showed marked crowding many years after the removal of the retainers.

An evaluation of changes in mandibular anterior alignment from 10 to 20 years post retention

Robert Little and Jon Artun AJODO 1988 p423

Looking over an even longer period Bob Little showed that things got even worse. Crowding got even worse during the 10 to 20 year period but at a lesser rate with only 10% of cases judged to have an acceptable alignment 20 years after the completion of retention.

So what is Bob Little saying?

If you have crowding at the start of treatment (remember all the cases were extraction cases) then there is a high chance that it will return after treatment.

Why does it happen?

I think you should see crowding as a property of the periodontal membrane. There is something here which causes the teeth to drift mesially. If you align the teeth and close all the contacts tight then at the end of treatment the mesial drift is still there and so the crowding will gradually increase.

What causes mesial drift?

A property of the periodontal membrane itself

Push from behind (erupting 7s and 8s

The mesial inclination of the teeth

The hinge type activity of the jaw

Is mesial drift a bad thing?

The importance is to close any gaps between the posterior teeth which would cause food to be packed between the teeth. Unfortunately most people eating a Western Diet do not wear down their teeth so the useful mesial drift turns into a harmful cause of crowding.

Can you stop mesial drift?

Well you can for example extract upper 4/4 lower 4/4 and leave some of the extraction space the posterior teeth will gradually drift forwards until the space is closed and then the lower labial segment crowding will start to increase. This is the reason why a lot of the rubbish URA cases treated in the 1970s looked better than you might expect 20 years after.  

Does Bob Little’s work suggest that all cases show late crowding of the labial segment?

No. Remember these cases had crowding to start with if the teeth are spaced or well aligned then they are certainly less likely to show late incisor crowding  But unfortunately there are other causes. They are: -

Mesial drift. Yes even non crowded cases have some mesial drift so in time this can cause a slow increase in crowding.
Lower intercanine width has been increased during treatment. We know that this is one of the most consistent feature and if increased during treatment it will tend to relapse after retainers are removed.
Proclination of the lower incisors. Yes we know teeth occupy a zone between the lips and cheeks on one side and the tongue on the other. Push them forwards and they tend to drop back. As they move back the room for them reduces and so they crowd.
Overbite increases pushing the lower incisors back. To prevent this you need a near normal inter incisal angle
     Late mandibular growth Behrents Adult Growth

     Behrents contacted patients in Bolton’s original study and took another        

Lateral skull radiograph 40+ years later. He showed that the jaws continue to grow forwards and down a little and worst of all, your nose gets bigger. Forsberg thinks that the change is mainly in face height and suggests that the total increase in anterior face height in an adult is 1.6 mm.

Growth rotation. A closing rotation increases the overbite and thus increases lower incisor crowding
Teeth upright and thus move back.
Is there any way of preventing late lower incisor crowding?

Retention. Essix retainers every night for a year and hen one night per week for many years.

Retention. Fixed; but I think it is then your responsibility to scale and polish the teeth every 6 months.

Extracting 7s might reduce late incisor crowding

Stripping the teeth to provide broad contact points and reducing the size of the teeth.

And what if it has happened 

 A Barrer appliance. This little removable appliance was the first appliance that offered a way of aligning mildly crowded lower incisors.

Split Trutain. A paper by me in 1995 predated Invisalign showed you could move teeth with modified plastic formers like the Barrer appliance you need to strip the teeth to make space.

Invisalign or similar.

 LRA. Don’t knock it, a lower removable appliance with a screw behind the lower incisors can open a little space but if there is no scissor bite you may have to expand the upper arch as well. Or flapper spring can push the lower incisors from behind and a labial bow can pull them back working together this can give a remarkable improvement in lower arch alignment.

An Inman aligner does just the same as the appliance described above. It is interesting that this is just the type of appliance that was in use when I started to do orthodontics as a student in 1969 but because it uses NiTi coil springs instead of loops in the archwire it is hailed as a “new thing”

True or False?

To earn you CPD points you must say if these statements are true or false: -

Immigration has caused crowding in England

Little Bob was one of Robin Hood’s merry men

There is very little space left in London to analyse.

Losing deciduous teeth is careless

Attrition is very wearing.
Measuring Crowding 

The problem of measurements along a curve. Divide into 4 straight sections.

But what do you do if you have unerupted teeth? 
(a) Use the equation Real size of deciduous tooth divided by size on OPT equals real size of unerupted tooth divided by size on OPT        (b) Use Tanaka & Johnston Prediction values. Measure the width of the 4 lower incisors and divide by 2. To this figure you add 10.5 to find the width of lower 3, 4 & 5. Or 11 to find the width of upper 3, 4, & 5. 

(c) Use Moyers prediction Table.

	Width of lower incisors
	Width of upper canine and premolars
	Width of lower canine and premolars

	19.5
	20.6
	20.1

	20
	20.9(
	20.4

	20.5
	21.2
	20.7

	21
	21.3
	21

	21.5
	21.8
	21.3

	22
	22
	21.6

	22.5
	22.3
	21.9


The problem with this is it will predict the average but not the unusual. Is this any better than saying most patients could have upper 4/4 lower 5/5 and straight wire appliances.

(d) Staley, Kerber graph. This is the same idea but uses different data including corrected sizes from radiographs it is the best predictor but not worth the extra effort.

NOTE ALL THREE ARE FOR WHITE CAUCASIAN POPULATIONS ONLY.

Ricketts popularised the use of the APo plane as a predictor for lower incisor position in the A-P plane and the Functional occlusal plane as a suitable measure for the position of the lower incisor tip in the vertical direction. He pointed out that as you flatten out the curve of Spee you will reduce the amount of space available for the teeth and went on to calculate that you will lose 0.33 mm of space for every 1mm you depress the lower incisors. THE IDEA IS THAT YOU CAN MEASURE THE TOTAL CROWDING IN THE LOWER ARCH AND DIVIDE BY TWO. This will give you the crowding on each side. You can now predict on the tracing the effect of aligning the teeth to remove the crowding by moving the incisors forwards by the same amount as the crowding on each side. You now need to measure the position of the tip to the functional occlusal plane and move the predicted position of the lower incisor forward by on third of that amount. The relative position of this predicted lower incisor with the APo plane gives an indication of the need for extraction.
It is a good time to remember that the lower incisor position is seen by many as the foundation stone of orthodontic diagnosis. Mills felt that the lower incisor position should be the same at the end of orthodontics as at the start but he did acknowledge that in some situations the lower incisors could be moved forwards. These included class II division ii, lips traps and thumb sucking. As already mentioned Ricketts favours the APo line as a predictor of the ideal position. It is a useful observation of Raleigh Williams that lower incisors moved towards this line tend to be more stable than those moved away from it. But the problem is that the A point remodels during treatment and the Pogonion grows forward so that the APo line at the end of treatment is not the same as the APo line at the start. A simplistic response to the APo plane is to compare it with a triangle formed between the eyes and the chin you would expect the tip of the nose to be near the middle of that triangle and if it were nowhere near it you would conclude that there was something rather odd about the face. So too with the APo line, you would expect the lower incisor tip to be close to that line and the face would be rather unusual if it was not. Some more useful measures would include at 92º to the mandibular plane, at 61º to the maxillary plane and with the root in the middle of the cancellous bone. Radney observes that for a nice face the lower incisor tip should be near to the NA line but this is not a measure of stability. The support for the lower lip is seen as an important measure by some. Ricketts uses the Aesthetic or esthetic or E plane (3 tittles just one plane). This goes from the tip of the nose to the soft tissue Pogonion and has the advantage that you don’t need a radiograph to asses it. At the age of 10 the lower lip should be close to the aesthetic plane but then as growth of the nose continues the lip falls a little behind this line. Holdaway uses a line from the soft tissue Pogonion touching the lower lip when continued it touches the lower border of the nose for an adult it should bisect the lower border.

 BOLTON ANALYSIS

	Upper3-3
	Lower 3-3
	Upper 3-3
	Lower 3-3

	40
	30.9
	47
	36.3

	41
	31.7
	48
	37.1

	42
	32.4
	49
	37.8

	43
	33.2
	50
	38.6

	44
	34
	51
	39.4

	45
	34.7
	52
	40.1

	46
	35.5
	53
	40.9


NO DOUBT YOU GET THE BASIC IDEA. You measure the side of the upper teeth from 3/ to /3 let us suppose this comes to 44 mm. Then you measure the lower 3/ to /3 if this is 34 then the teeth should fit together. If the lower 3/ to /3 is greater than 34 then you may finish up with spacing in the upper arch or crowding in the lower. On the other hand if it is less than 34 you will finish with spacing in the lower arch or crowding in the upper.

Crosby and Alexander AJO 95: p457- 1989 reported that a high number of patients had disproportions of tooth size using Bolton’s analysis.

Pinar Saatçi AJO 111:p428- 1997.  Describes the effects of various combinations of premolar extractions on Bolton’s analysis. In general the extractions of upper 4/4 lower 4/4 is most likely to cause discrepancies the extraction of upper 4/4 lower 5/5 is ok but the extraction of upper 5/5 lower 5/5 is often the best.

77.2% 

Guess what you can express the Bolton’s formula as a percentage. The lower widths over the upper. And surprise surprise not everyone agrees what the normal should be. I think it is about 77% (Does that include VAT?) 

W.A Bolton AJO 48: 504- 1962

Bolton was not the first to carry out tooth size analysis Tonn had described quite a similar analysis in 1937  Neff had carried out a bigger study with 200 cases his method was very similar except that he divided the upper tooth size by the lower. He suggested 1.17-1.41 mean 1.29. (To see how closely the figures of our two heroes are type 1 in your calculator and divide by 1.29 now press % and you get 77.5)

Boltons study was carried out on 55 cases chosen for their perfect occlusions. The tooth widths were measured with dividers and expressed as: -

 The overall ratio = Man 6-6 = mean 91.3 sd 1.91

                               Max 6-6

The anterior ratio= Man 3-3 = mean77.2 sd 1.65

                              Max 3-3

Bolton looked at 100 patients in his practice and found that 29% had a tooth size discrepancy of over 1 standard deviation. Washington found 33%. Washington’s study suggested 91.1 and 77.6 were the ideal ratio’s

SO why don’t we all use Bolton analysis?

· Error in measurement. If you measure the teeth to an error of 0.5 mm and there are 6 teeth the total error could be 3mm so when you say the lowers are 35.5 mm wide it could be anything from 32.5 to 38.5 allow for the same error in the upper this means that anything from 39 to 53 in the upper could be correct. Actually this is very unfair because the errors of measurement tend to cancel each other out BUT let us all measure the same models and see what error there is. Wouldn’t it be great if there was a computer to do it all for us. I hope it is on its way.

· TIP & TORQUE. If the incisor teeth are retroclined they take up less space than if they are proclined. If they are tipped mesially or distally they will also take up more space. This is to do with the shape of the teeth. SO if you do a Bolton analysis you should take into consideration the tip and the torque of the teeth. NOTE this also means that you can compensate for small differences in the size of the upper or lower teeth by altering the tip and torque of the incisors.

· The upper lateral. The assumption from Bolton analysis is that the upper teeth are the wrong size to fit onto the lowers but the most common problem is that the upper laterals are too small. YOU DON’T NEED TO DO A BOLTON ANALYSIS TO SPOT A PEG SHAPED LATERAL INCISOR. 

· SO WHAT! You find that the upper teeth are slightly too big to fit onto the lowers what are you going to do about it? Yes it is nice to know in advance but it does not often change the treatment plan.

· We are too lazy. This is not a good excuse you are made to do Bolton’s analysis on your patients. How difficult is it? Is it worthwhile? If you repeat it what kind of error do you see?
Do you want the overall ratio table
Tough, you’re going to get it anyway.

	Max 12
	Man 12
	Max 12 
	Man 12
	Max 12
	Man 12

	85
	77.6
	93
	84.9
	101
	92.2

	86
	78.5
	94
	85.8
	102
	93.1

	87
	79.4
	95
	86.7
	103
	94

	88
	80.3
	96
	88.6
	104
	95

	89
	81.3
	97
	89.5
	105
	95.9

	90
	82.1
	98
	90.4
	106
	96.8

	91
	83.1
	99
	91.3
	107
	97.8

	92
	84
	100
	92.2
	108
	98.6


London space analysis is good because: -

It does take you through some [but not all] of the factors that are relevant to treatment planning.

It suggests a methodical approach.
BUT

It suggests that there is a definite right answer to treatment planning.

It ignores individual variety

It requires a lot of measurement and takes a long time.

It implies an accuracy that does not exist [for example a first premolar can be 5 to 9 mm across so if 40-65% is available for alignment it could be anything from 2mm to 5.85mm  so on both sides of the mouth the difference could be between 4 and 11.7mm]

It is true that if the upper anterior teeth are “barrel shaped “ if you alter the tip then it alters the space they need but this is not true if the teeth are triangular in shape.

How spaces close depends on many factors for example upper 6s come forward very easily if the 7s are  just erupting and there are crowded upper 8s while lower 6s are very reluctant to come forward especially in non-crowded cases. In other words you cannot just look at a space and treat it the same in all cases.
Local causes of malocclusion
1. Too few teeth

2. Too many teeth

3. One or more teeth is too small.
4. One or more teeth are too big
5. One or more teeth are the wrong shape

6. One or more teeth have crypts in the wrong place

7. One or more teeth have an abnormal path of eruption.

8. One or more deciduous teeth are lost too early

9. One or more deciduous teeth fail to shed normally 

10. Persistent fraenae.

11. Loss of permanent teeth due to caries or trauma

12. Damage to permanent teeth due to trauma

13. Digit or Dummy sucking

14. Iatrogenic

15. Pathology.

Now try these write a description of each picture.
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Answers

1. This is an extra tooth (a supernumerary). It is in the true mid line and therefore can be called a mesiodens. Academics get enthusiastic about different types of supernumerary. But to me there are only two types: those that prevent the eruption of the permanent teeth and therefore need to be removed as soon as possible and those like this one that can be left a while if the child is too nervous to have it removed.
2. Typical supernumeraries. Top of the list comes the little peg shaped inverted one that prevents the eruption of the central but the multi-cuspal ones are not so rare

3. More supernumeraries, in this case they look exactly like the adjacent teeth and can be called supplemental teeth. Supplemental teeth are most common in the lateral incisor region. Remember you don’t have to remove them. In this case you could extract lower right 6 and have four premolars in a row.

4. Teeth of abnormal shape. The commonest example is the peg shaped lateral incisor.
5. Thumb, finger and dummy sucking produce:

· Narrow upper jaw

· Intruded upper incisors. Reduced incisal show in speech and smiling.
· ?proclined upper incisors
· ? retroclined lower incisors

· Anterior open bite.
6. Dilacerated tooth. Caused by trauma to the deciduous tooth. It becomes pushed up into the bone and displaces the tooth germ of the incisor. The hard part moves but the soft tissue remains so that from this point onwards the root will be at an abnormal angle to the crown. Hopelessly deformed teeth have to be removed. Teeth with less severe dilacerations can   be brought down sometimes it is necessary to put in a post crown to achieve a satisfactory result.

7. Persistent labial fraenum. My personal belief you should correct the malocclusion first. Place a palatal bonded retainer and offer a fraenectomy. If you do offer a fraenectomy before treatment don’t suggest that it will close the diastema because it probably will not. Never offer a fraenectomy in the time frame before the canines have erupted (what used to be called the ugly duckling stage) as the diastema will close without surgery.
8. Geminated teeth. If they are not too huge you can restore the notch.
If they are huge I have seen

1. The teeth root filled and sectioned with the distal segment removed (that worked)

2. The tooth sectioned with the distal section removed but with no root filling (that also worked but the geminated tooth had two separate pulp chambers.) 

3. The crown reduced in size (that didn’t work because the root was so wide

4. The teeth extracted and the lateral moved together.

Judge the result for yourself
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Fig laterals as centrals with temp build ups

          5.Teeth extracted and implants place. (they had that done privately, it worked)

9. A Leong premolar after M O Leong. It is usually a lower 5 and there is this tiny extra cusp on the occlusal surface into which the pulp chamber extends. It can wear down and the tooth looks sound but is in fact non-vital.

10. Crowding in the buccal segments is almost always caused by early loss. Because the 4 &5 are smaller than the E & D. Now you mention it, it is obvious. 

11. Dens in Dente or Dens invaginatus. Scares the life out of Paedodontists. They have a whole classification (Oehler’s classification) see one you need professional advice re long term prognosis.

12. Abnormal crypt position. Again, this is typically a lower 5 the tooth germ is just in a funny position.

13.  Abnormal path of eruption. Canines usually start in the right place and then wander off in the wrong direction.
14. Failure to shed of a deciduous tooth. Most commonly a traumatised anterior tooth. See a nice black A or B, then ask for its extraction.

15 Knock the tips off the central incisors and they are out of lip control. So they move forwards. Hey GDPs you should repair these broken teeth.
16. Missing upper lateral and lower 5s are the most common and the books say that 4s cannot be missing without 5 being missing and that canines and 6s are seldom missing. But the real world is a bit more complex.

17. Dentigerous cyst used as an example of pathology. A good point to remind you that there are two serious conditions that you must know about: Gorlin and Goltz syndrome and Gardner’s syndrome. You may think that Gardner’s syndrome is all about osteomas but they start as a kind of cystic area which calcifies.


Don’t believe everything you see on the internet.

Questions on chapter 2

Cover the left side and try these questions

	1. Describe the occlusion of the population of 5000 year old population studied by Begg.
	Well aligned teeth with no crowding. Severe attrition. Amounting to 7mm per quadrant by the age of 14. Begg used this to justify extractions

	2. How did Edward Angle treat crowding
	By expansion. Teeth were tied to a widened arch. Angle believe you could bend or grow bone.

	3. Why does crowding not occur in primitive societies
	Because impaction of third molars could cause Ludwig’s angina a fatal condition.

	4. If you see impaction of an upper first molar what should you do?
	You must do something, if you leave the tooth until the E is shed it will not be possible to bring the 6 down

	5. If an upper E is extracted and the 6 moves forward. Does this do great harm to the patient?
	Space will be lost. If there is severe crowding this means you are best to extract. However the crowding is not severe remember you can move the molars back.

	6. What was Charles Tweeds contribution to orthodontics?
	He treated cases non-extraction using the methods described by Angle. They relapsed he retreated using extraction therapy and they were stable. He also founded the Tweed foundation and established the famous typodont course. 

	7. What is Arch development
	 Treatment of crowding by expansion (Laterally and A-P) 

	8. What is Hayes Nance contribution
	Described the Leeway space derived from loss  of e&d which are larger than 4&5 He described an appliance now called the Nance button

	9. How does a Nudger appliance improve the efficiency of EOT 
	EOT will move the molar back during the period of wear. But in the day it will move forward. The idea of a nudger appliance is to stop the movement during the day

	10 What is serial extraction
	The treatment of crowding by the timely removal of various deciduous and permanent teeth.

	11. What are the disadvantages of serial extraction
	Lots of extractions Lots of X-rays

	12. What are the problems with the extraction of lower 4/4 and lower fixed appliances
	Lower incisors like to move back and lower molars don’t like to move forwards. The result is the dishing in 

	13. What are the indication for the extraction of a lower incisor
	1. Tooth of poor prognosis 2.Narrow lateral incisor where no build up desired. 3. Class 3 cases where no surgery desired 4. Upper 3/3 lower incisor treatment of severe class II cases. 5. Mild lower arch crowding (maintaining uppers with a retainer.)

	14. What are the likely effects of the loss of an upper first molar in a 10 year old child
	Very little the 7 will come right forwards lower 6 will not overerupted

	15. What are the likely effects of the loss of a lower first molar in a 10 year old child  
	If the upper molar is present it will over-erupt and this will interfere with the eruption of lower 5 and 7

	16. What is London space analysis
	A  way of trying to mathematical assessment of crowding to improve diagnosis

	17. What are -you supposed to find out by Bolton’s analysis
	A disparity in size between the upper and lower teeth

	18. What are the effects of digit sucking?
	1. AOB, 2 upper incisors are intruded and may be proclined. 3. Lower incisors are retroclined 4 the upper arch is narrowed 5 the lower arch is widened

	19. What is a Leong premolar
	 Usually an Oriental person with a lower 5 with an extra cusp which has an extension of the pulp chamber

	20.What are the early signs of Gorlin’s syndrome
	Dentigerous cysts sometimes this is a new diagnosis
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