
 Chapter 11 Normal and abnormal development of the dentition

Growth
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Before we start are you in need of an:

Abstract?
Organisms developed rigid structures within their bodies to act as levers for muscles to achieve eficient movement and to act as protection around delicate internal organs like brain and gills.
Two types of hard material developed cartilage (which was slightly flexible and can grow internally even under load but cannot grow above a certain size) and bone, which is stronger and more rigid (but cannot grow internally and can’t grow by surface apposition when under load).
A best of both worlds solution developed. Hard structures with a protective function formed directly as bone from periostial membranes. Weight bearing bones form first in cartalage but as they grow the  cartilage is replaced by bone, leaving plates of cartilage at the end, which can grow, even under load. So a childs legs can grow even when they are standing on them.
Severe physical restraint can distort growing bomes. This has generated an interest in the development of abnormal skeletal pattern and the possibilities of altering future growth with appliances (orthopaedics). 

Known growth centres include the epiphyseal plates of long bones, synchondroces in the base of skull especially the Spheno-occipital synchondrosis and the nasal septum.
Brodie looked at serial radiographs and found a predictable linear growth pattern. Professor Bjork used titanium implants in the bone. Since bones can’t grow in the middle but only by surface deposition this allowed an exact superimposition of serial radiographs. It showed that surface deposition and condyar growth cause a rotation of the central part of the jaw with the implants in. But this is masked by surface remodelling.

Typically this is about 7° of closing rotation. Some individuals showed an opening rotation but this was much less common. Unfortunately Bjork’s cases were not randomly selected and many of the cases that showed opening rotations had had arthritis or fractures. Bjork attributed the rotation to variations in the direction of condylar growth. But it seems that the condyle is not a true growth centre.
Housten believes the rotation is caused by a mismatch between growth of the cervical spine and the strap muscles of the neck. In general growh of the jaw tends to reduce class II tendencies and increase class III tendencies. It would help if we could predict these changes but dispite some claims it seems that we can not do so on an individual basis although we can predict average changes.
 It would also help if we could predict the timing of the growth spurt when some appliances work quicker. Cerviacal vertebrae scoring is a popular method since it can be done on the routine lateral cephalogram CV3 id taken to be the peak velocity.
1) What is so important about cartilage?

Cartilage was evolutions first attempt at an internal skeleton. A worm has muscles but their efficiency is limited. Muscles need rigid levers to make the best mechanical advantage of their properties.
Cartilage is a unique substance, strong enough to be load bearing, but able to grow. Bone can also support but it cannot grow except by surface deposition and this surface deposition is prevented by pressure. The body is faced with a problem how can the weight supporting bones grow? The answer is cartilage. However cartilage has a major problem, it is a non-vascular substance. This limits the size of cartilage structures. When the cartilage increases in bulk beyond the region of oxygen diffusion the cells in the cartilage die. This causes the breakdown of the intercellular matrix and the cartilage is replaced by bone. For small animals (or animals that live in water and do not need a skeleton that can support weight) cartilage would be good enough and it is typical of our early evolutionary ancestors. For larger animals it has to be BONE. Bone is weight bearing but vascular, it is stronger and more rigid than cartilage but it is not capable of internal growth. 

Cartilage is found: 
a) In the embryo mapping out the future skeleton.

b) In growing long bones at the epiphyseal plates (Zone of active division. Hypertrophy and secretion of intercellular matrix…matrix calcifies…degeneration…Replacement by bone.

c) The condyle.  Although the condyle has been described as half an epiphyseal plate it differs both in structure (it has fibro not hyaline cartilage) and function (it probably is not a growth centre).

d) Secondary cartilages. These are areas of calcification that occur in very rapid growth, their fate is rapid replacement by bone.

2) Why do some bones form from cartilage while others form in membrane?

Bones which for from cartilage 

A) Tend to be represented in the skeletons of very primitive animals.

B) Tend to be weight bearing.

Bones that form in membrane.

A) Are not weight bearing.

B) Are usually in the skull.

Note, the ossification of the calvarium is a classic picture of ossification in membrane. Its function is protective and not weight bearing. It starts as plates floating on the brain. As the brain grows the plates are pushed apart. The growth is dependent on growth of the brain.

3) Is bone growth under genetic or functional control?
18th century surgeon John Hunter transplanted bits of limb bud on to chick’s heads showing that a normal limb could develop on the head.



Also note the riddle of initial development (There is a problem with function if a bone is shaped by function how does it start. How can a thing function until it is there?)

BUT
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Foot binding, Head binding, Hydrocephalus, ankyloses cause changes in growth. Also see Wolff’s law (Never dress up as a granny and try to eat little girls) also consider would it be possible that a satisfactory occlusion could be maintained without a certain amount of adaptive ability of the alveolus?

(Julius Wolff 1836-1902 also said that the internal structure of bone grows and remodels in response to the forces acting upon it.)

Proffit suggests 3 possible theories:

1. Bone is the primary determinant of its own shape it is under direct genetic control.

2. Cartilage and other structures are under direct genetic control and bone formation follows on from this, it is called “epigenetic”.

3. Growth of both bone and cartilage is the result of influences from other tissues.

It is important to remember that all or none of these theories could be true, but if 3 is true, even if only in part, it gives the exciting possibility that growth could be altered?

4) Brodie (AJ of Anatomy 1941 68, 209-262 )

Brodie looked at the cephalometric radiographs of Broadbent. He seemed to see an orderly predictable change. Growth at the sphenoid bone, Inter sphenoid and Spheno-ethmoidal synchondroses has finished before the age of 10 but growth at the Spheno-occipital synchondrosis will continue long past that. The mandible appears to grow downward and forwards with the Pogonion moving directly away from the Sella down what was known as the Y-axis.

5) Brash & Enlow

Followed up an idea by Hunter that you could achieve vital staining of bones by feeding a dye called Alizarin (later radioactive substances were used, this has advantages in human trials as you don’t have to kill the patients. Which is always a little bit tricky to get past the medical ethics board). This shows a rather different view with areas of surface resorption. In particular the front of the maxilla that is brought forward by growth of the nasal septum and infill growth at the sutures but this is partly offset by remodelling. 

6) Koski and growth centres.

Cut out an epiphyseal plate (Not Mine Please) and you can grow it in tissue culture and its growth is pretty normal. A bit of nasal septum will also grow quite well (Copray). A Spheno-Occipital synchondrosis will grow a bit. It is suggested that these areas are growth centres acting as prime movers in growth. The condyle and the sutures will not grow. It seems that their job is to infill when the bones are translocated. The important lesson from this is that if a suture fuses prematurely or if there is ankylosis of the condyle. More or less normal growth can be achieved by surgically removing the diseased part.
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Professor Koski grows next year’s registrars

7) Bjork

 Bjork and his sidekick Skieler spent the swinging sixties pushing Titanium pins into children’s jaws. The idea is that because bones cannot grow interstitially it is possible to use these pins to superimpose radiographs. By this method they were able to show that growth is not quite as orderly as Brodie had suggested.
 In a typical case the mandible showed a closing rotation but this was masked by surface remodelling. I suppose that this would not matter if the remodelling were complete, except that the internal structures like the ID nerve and the crypts of the developing teeth would be moved. But surface remodelling does not completely obliterate the underlying change. 
An interesting feature is the variability, with a few patients showing opening type of rotation. Where this type of rotation occurs in a high angle class II case growth is unfavourable. 
Why does this happen? 
Read the work of Bjork and Skieler and you will see that they postulate that it results from a variation in the direction of condylar growth. This implies that the condyle is an active growth centre, if we don't believe that it is, we must look for another cause. Where Bjork’s cases are followed up over a long period it is interesting to see that the direction of condylar growth changes.
 Bjork distinguishes between “True” and “Matrix” rotation (true rotation = how much the line of implants move relative to the cranial base) and rotations in the body of the mandible (Intra-matrix rotations).
 The Maxilla also rotates a bit. The degree of rotation is less than the mandible and more variable. It is usually up a little at the front and down at the back. 
The amount of rotation is very variable. The average for the mandible is 7( of closing rotation (range (  22()
 For the maxilla an average of 3(of rotation up at the front range  ( 7(. (Note that the direction of rotation is often given a sign i.e. -7( is the average mandibular rotation and -3( the average for the maxilla. Other people refer to clockwise and anti-clockwise and others to favourable and unfavourable all this is made more difficult by the fact that Bjork took his radiographs looking the opposite way to the Americans. So I would stick to opening and closing)

The ideas of Bjork had a huge effect at the time.
 It certainly made things difficult for Ricketts and others who were claiming to be able to predict the outcome of growth. Looking back it doesn’t seem too surprising that these rotations occur. It would be nice to know how common it was to see significant growth rotation. Bjork claims Ante-gonial notching and a curved ID canal are feature of unfavourable growth rotations.



Treacher Collins syndrome, note the defective Zygomatic arch. Here the muscles of mastication are weaker, so that they only hold the angle of the jaw up, while the strap muscles of the neck twist the front of the mandible down. This situation causes an antegonial notch. The internal structures of the alveolus grow towards the occlusal plane so the id nerve seems to move down neared the lower border as you go forwards.
Does any of this have any clinical significance? If the mandible is growing with an opening (Posterior, Positive sign) rotation the face tends to lengthen the B point move back, the chin drops back and the profile may worsen. Bite planes, class II elastics and Headgear may aggravate the problem and extractions may be required. Closing rotations (Anterior, negative sign) are associated with difficulties in bite opening beware excessive extractions or bite opening will be a problem.

Abstract The classic paper is: -

Normal and Abnormal growth of the Mandible. A Synthesis of longitudinal cephalometric implant studies over a period of 25 years.  

A Bjork, V Skieller. 1983 EJO 5, 1-46

In 1955 Bjork reported that the body of the mandible rotates during growth, but the shape is kept the same by surface remodelling. In most cases the jaw rotates forwards but a few cases show backwards rotation. It is suggested that orthodontic treatment may have an effect on growth rotation.

Forward rotation 

Superimposition on the implants show that the condyle grows upwards and forwards. However, the effects of growth rotation is masked by bone deposition on the lower border on the mandible in the symphysis region. Bone resorption occurs on the anterior border of the ramus. The net result is that the overall shape of the mandible is practically unchanged. The authors suggest three different measures of growth rotation.

1. Total Rotation. This is defined as the movement of a reference line (related to the line of implants) to the cranial base as measured by SN. A forward rotation will reduce the angle so that it is given a negative sign (-).

2. Matrix Rotation. This is the movement of a line which is a tangent to the lower border of the mandible (Bjork calls this the ML1) to the SN line. Because of remodelling this tends to be much less than Total Rotation and can even go the other way.

3. Intra Matrix Rotation. Is the movement of the reference line relative to ML1 it will be the difference between Total rotation and Matrix rotation.
.

Houston tried to explain the importance of growth rotation: -

Abstract

Mandibular growth rotation-their mechanisms and importance.

Houston W.B. 1988 EJO 10 369-373

Mandibular growth rotation merely reflects an imbalance between the anterior and posterior face height.  Increase in posterior face height occurs as a result of vertical descent of the middle cranial fossa and growth of cervical spine. Houston dismisses the alveolus, teeth and the maxilla as determinants of anterior face height. He believes that these respond by providing secondary adjustment to changes in anterior face height. Houston says that the growth of the cervical column is the primary factor determining growth of anterior face height. This acts together with growth in the muscles that are attached to the mandible and pass up to the cranium and below to the hyoid bone and the bones that make up the shoulder girdle. In the normally growing child the head is carried upwards relative to the shoulder girdle due to growth of the cervical vertebrae. At the same time the muscles of the face and neck and their associated soft tissue also grow. It is the balance between cervical and muscular growth that brings about growth rotation. In most cases growth is close to a position of balance and the adaptive properties of the alveolar bone means that a relatively normal occlusion is achieved and maintained throughout growth. Consider a situation where growth of the condyle is deficient. Anterior face height increases due to growth of the cervical vertebrae but the poor growth at the condyles gives a lack of posterior face height. The imbalance results in a posterior rotation of the mandible. Change in mandibular position may also create this imbalance for example if the jaw must be held lower to allow mouth breathing or to accommodate an appliance. The effects of orthodontic appliances that tend to alter mandibular position will be short lived and followed by a period of catch up where growth of the posterior face height re-establishes itself. 

Functional Matrices

8) Moss (Angle 38, 95-103) (AJO 112, 1997 four articles in this volume) 

The theory of functional matrices works well on the calvarium. The brain gets bigger, the bony plates are pushed apart, the sutures respond to the stretching by depositing bone in the space. The eye could shape the orbit in a similar way.

You could extend the idea to the mouth and postulate that it is the tongue thrashing about that shapes the jaws. Now try to extend this idea to the sinuses!

Abstract

The Primary Role of the Functional Matrices in facial Growth. 

Moss. M. 1969 AJO 55, 566-577.
In the head each function is carried out by a functional cranial component. Each functional cranial component consists of two parts. (A) The functional matrix i.e. the bit with the function. (B) The skeletal unit, which protects and supports. The skeletal unit is bone or cartilage or tendon. It does not have to be a conventional bone as described in the anatomy books. It could be several bones or just part of a bone (a micro-skeletal unit) examples: -

	Functional Matrix
	Skeletal Unit

	Temporalis muscle
	Coronoid Process

	Masseter & Medial Pterygoid
	Angle

	Teeth
	Alveolar Process

	I D Bundle
	Body of mandible


Skeletal units are more dependent on their functional Matrix than on other skeletal units.

Moss differentiates between two types of functional matrices, the type described above he calls Periosteal. But these small units are organised in the form of cranial capsules. He calls these the Capsular Matrices. There are only two the Neuro-cranial capsular matrix where the capsule is the neural mass. And the orofacial capsule which forms around the oro-nasal space. The condyle is not a growth centre and it is in fact the increase in the oro-nasal space, which brings about a translocation of the various periosteal capsular units.

Capsular Matrices act upon functional cranial components in a secondary and indirect manner. They do this by altering the volumes in the capsules in which the functional cranial components are embedded. The effects of such changes are to cause a passive translocation of the cranial components. 

9) Distraction Osteogenesis This Russian invention could develop to become very important. It makes more bone by stretching a repairing fracture. I suspect your friendly neighbourhood maxillo-facial surgeon would love to have a go. I suspect your friendly neighbourhood patient would not. I suppose if you believe in Moss’s theories osteogenic distraction in a growing child would tend to undo itself. (In fact originally suggested by Von Langenbeck who was German it was first carried out by Codivilla who was Italian but really Ilizarov is the important figure. He did thousands of cases.) 
10)  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.
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11) Growth prediction.

It would be very nice if we could predict the amount of future growth because: -

a) We could tell if the patient needed surgery.

b) We could move the teeth into the correct position in advance with the expectation that the bones would develop around them.

c) We would be able to time our treatment to make use of the pubertal growth spurt (which coincides with peak height velocity) because we know that growth speeds up tooth movement with all appliances especially 

Functional appliances, bite opening, RME and distal movement with EOT.

The Americans believe in the use of Wrist X-rays, which are compared with pictures in an atlas like the splendidly named Gruelich & Pyle. Houston spoilt all this by suggesting that this was no better than using chronological age.

Ricketts favours growth prediction and provides this on a commercial basis through “Rocky Mountain.” 

Bjork shows the variability of growth through his work on growth rotation. Generally ANB reduces by 0.7( from 12 to 22 but in 1 in 20 cases it may reduce by 5.2(. This explains some of the unusual cases that have been reported like that of Reynolds where a severe class II division I malocclusion resolved spontaneously while waiting on the Eastman’s waiting list.

d)  All the fuss had died down when along came Prof Tiziano Baccetti. He suggested the use of cervical vertebrae. This is sensible because we can see them on our cephalometric radiographs. Baccetti was interested in finding the maximum growth spurt so he could fit his functionals at the best possible time. Which turns out to be just before CVS 3


(A personal view. I find it a bit hard to get excited about all this. Cooperation and parental support are far more important than the age of the patient)


12)  Tanner the growth spurt.

In the 60’s Tanner published work showing individual growth vectors growth in height is most rapid at the age of 4 months falls of gradually to a low at 8  (girls) to 10 (boys) then shows a spurt for about 3 years before gradually dwindling away to almost nothing at 16 (girls) to 18 (boys). Females may show a tiny pre-pubertal growth spurt. (Woodside)
N.B.  The growth spurt seems to be occurring much younger than it did in my day. Individuals who start their growth spurt younger finish up shorter than those who spurt later. The onset of menstruation is related to the growth spurt.

13) Disorders of Growth. These conditions give some insight into growth mechanisms.

 Achondroplasia. A disorder of cartilage. Long bones and the spine are affected. The calvarium is normal.

Acromegaly. If the condyle is not a growth centre why does this condition give a characteristic overgrowth of the jaw?

Apert’s syndrome one of a group of syndromes where early fusion of sutures distorts growth
Cleidocranial dysostosis. Why is this condition associated with failure of the teeth to erupt?

Craniofacial dysostosis

Mandibulofacial dysostosis

.

14) Embryology. Just in case you have forgotten your embryology. Remember   everything is due to the neural crest cells. They migrate downwards beside the neural tube and then laterally under the ectoderm. These neural crest cells form most of the face and neck including the bone and muscles. (Elsewhere in the body bone and muscles form from mesoderm.) The neural crest is a transient structure dispersing around the time the neural tube closes. Neural crest cells give rise to a huge number of things e.g. (pigmented cells throughout the body, Spinal ganglia, Ganglia of the V, VII, IX and X cranial nerves, A large part of the autonomic nerve system, Some of the brain’s supporting cells such as Schwann cells, Parathyroid and adrenal glands and the walls of the aortic arch)

But our concern is with the neural crest cells, which give rise to the facial mesenchyme cells. Cells from the forebrain and midbrain give rise to the nasal process, palate, and the mesenchyme of the first pharyngeal arch. This forms the mandible and maxilla, the incus and malleus bones of the ear, and a large portion of the facial musculature. The neural crest cells in the anterior hindbrain generate the mesenchyme of the second pharyngeal arch, which generates the stapes bone and the styloid process, much of the cartilage of the face and the muscles of facial expression. The cervical neural crest cells contribute to the third, fourth and sixth pharyngeal arches. (The fifth disappears in humans.) The Hyoid bone is the bone of the third arch while the 4th and 6th contribute to the thyroid and cricoid cartilages.
15) Mills. A Clinician looks at facial growth.  BJO p58

Although 1983 this paper still represents the establishment view of facial growth. Moss (Functional Matrix theory) is described in detail but rejected. The adaptive ability of the alveolar process is noted. The condyle is felt to contribute only a small amount of bone but felt to be of significant importance to the overall length of the mandible.

Abstract

Mills BJO 1983 10, 58-

A Clinician looks at Facial Growth.

The base of the skull derives phylogenetically from the vertebral column and related structures that can be seen in all our vertebrate ancestors. It forms in cartilage in the embryo. Later centres of ossification develop and the cartilage is gradually replaced by bone. Surrounding areas of bone may fuse with each other but usually they meet at sutures and some areas of cartilage remain. In the anterior cranial fossa there is a synchondrosis between the two parts of the sphenoid bone in the mid line and one more each side between the body and the greater wings of the sphenoid. These are important as sites of growth in utero but they fuse at about the time of birth. Cartilage remains in the ethmoid bone anterior and posterior to the cribriform plate until the age of 7. The Spheno-occipital synchondrosis remains until the age of 21 and is important in facial growth because the maxilla and mandible are attached to different sides of this structure.

The maxilla.

In fish the upper jaw is formed from the cartilaginous nasal capsule. In man the maxilla arises from centres of ossification, which form lateral to the nasal capsule and are ossified in membrane. The nasal capsule forms a template for the developing maxilla but does not play any part in its ossification. Growth of the nasal capsule and septum carries the developing maxilla downwards and forwards. The maxilla itself increases in size by surface deposition, but this does not occur at the front of the maxilla but at the sutures between the palatine, pterygoid and zygomatic bones. These sutures may not be active growth centres pushing the bones apart but they are certainly the sites where the growth occurs. Mills reviews the work of Moss. “Moss does not believe that sutures or synchondroses are any more than secondary to the growth process. He suggests two types of matrix. The periosteal matrix is responsible for the shape of the individual items that make up the facial skeleton. For example, the temporalis is responsible for the shape of the coronoid process (Mills agrees with this). The capsular matrix is responsible for the translocation of bones. Whereas it might be quite easy to explain this in terms of the brain and the calvarium, the maxilla, nasal cavity and sinuses becomes more difficult especially as Moss himself says that differences in air pressure cannot be the significant factor.”

The Mandible

In fish the lower jaw is comprised of a number of bones; our jaws derive from the dental armour of primitive fishes. This gave rise to the dentary bone in reptiles. In man the lower jaw is just one bone. Ossification starts just lateral to the cartilaginous predecessor. Rapid growth is associated with the formation of a number of secondary cartilages the most important of which is the condylar cartilage, which lasts well into adult life. It has been suggested that it is no more than slightly modified periosteum. Koski claimed that it is not a growth centre because if transplanted it was not capable of independent growth. However other workers have claimed that transplanted condyles will continue to grow. In fact most of the bulk of mandibular growth is undoubtedly by surface deposition but the growth at the condyle may be the important site which facilitates the increase in mandibular length. Mills sees the mandible as comprising of different zones: -

1. The coronoid processes dependant on the temporalis muscle.

2. The angles dependant on the masseter muscle.

3. The alveolus dependant on the teeth.

4. The central core from condyle to Gnathon.
Mills looks at growth rotation. Moller (1966 Acta Physiologica Scan 69 280- ) found increased biting forces in patients with forward growth rotation and reduced biting forces in patients with backwards rotation. Carlson 1982 showed that when a bite raising appliance was fitted into a monkey the maxilla was pushed up and some of the mandibular teeth were intruded. This period was followed by a migration of the insertions of the muscles until they achieved their original lengths. Muscular dystrophy and mouth breathing have been shown to give rise to backwards rotation while the Milwaukee brace gives a forwards rotation. The effects of the Milwaukee brace reverse if the appliance is removed before the end of active growth. 1968 Logan   EJO 197

16) Are Functional appliances capable of altering facial growth?

This subject is dealt with in the tutorial notes on Functional appliance. But it is the reason why the theories of the functional matrix and the variability of growth described by Bjork are so important. Here we will deal with just two questions: -

i) Is it possible that although the majority of orthodontists seem to believe that functional appliances are capable of modifying mandibular growth, they do in fact produce no such change?

The answer is certainly yes. 

The basis of statistical examination is that the two samples under observation come from the same population.  The gold standard is the randomised clinical trial. Where this has been applied to functional appliances the result has been very disappointing O’Brian found that almost all of the change could be accounted for as tooth movement. While Kitty Tulloch found the increase in SNB to be less than 0.4º. Most of the published trials are on small numbers of successful cases compared with dissimilar controls (for example they are often not class II cases). These trials are open to bias because: (a) The trial cases could have grown more favourably than average anyway, (b) They may have been undergoing a growth spurt while the control cases were pre or post pubertal. (c) The mandible may have been postured forwards. (Chinakanon et al 2000 AJO p494- looked at twin block cases with a MRI they found a forward position of the condyle in 75% of post treated cases.) (d) The control cases might not have similar occlusions.

 In particular you should look to see if patients were removed from the sample “because they did not wear their appliances” If you fit a functional appliance and the overjet reduces how closely do you question the patient about the hours of wear?  Prof Birte Melson reports a case where a successful functional case later confessed that she had never worn her Frankel appliance. Because the success rate with functional appliances is quite low. (Cauldwell and Cook 1999 EJO p533- found a failure rate of 49% with twin blocks, so it is not just old fashioned functional appliances that have a poor success rate. (Incidentally they found that the deeper the overbite the better the appliances work.) It is open to giving biased results. Compare appliance A that works in 100% of cases and produces no growth modification. Viewed from the standpoint of successful cases growth will be average. Now consider appliance B it also produces no growth changes but it is only successful in 50% of cases. It will be more likely to be successful in patients growing favourably so that viewed from the standpoint of successful cases it will appear to bring about favourable growth.

If you had made you reputation inventing a functional appliance would you be prepared to admit it only moved the teeth?

ii) Is it possible that despite the disappointing results from randomised clinical trials that functional appliances can alter facial growth?

Again the answer is yes.

a) Because of the low success rate the trials may include such a large number of patients who did not wear their appliances that this watered down the results. So that a genuine change was not statistically significant.

b) The changes may be very small but perhaps with modified appliances we could produce a greater change.

c) A very large number of trials have shown some change and a lot of clinicians seem convinced. Could they all be wrong?

17 Anything new in Growth,

Despite Houston concluding that measures of skeletal maturity wee a waste of time the journals are still full of them For example cervical vertebrae maturation B Soegiharto  while T Ozer[AJO 2006 vol 130 p131 is still suggesting hand /wrist x rays as a practical method for determining the pubertal growth spurt. In august 2008 also in AJODO there is a paper suggesting the assessment of skeletal maturity using ”blood spot” insulin-like growth factors.

Perhaps the most sensible recent paper on growth AJDO vol 134 p125 is by F Stahl growth changes in class II division I cases which shows that for class II cases the mandible grows less at the growth spurt . So that class II div I cases do not tend to self-correct as they grow.

My favourite paper is “Growth modification of the mandible with ultrasound in Baboons” AJODO Vol 130 p435 Tarek El-Bialy

Must leave now I am off to catch a baboon [it works just as well in rabbits apparently but I gather baboons are more fun.]. 
Biology of Tooth movement

1880 Norman Kingsley. Thought that tooth movement was possible because of the elasticity of alveolar bone.

1882 Julius Wolff describe Wolff’s law “the internal structure of a bone is determined by the mechanical forces acting upon it”

1904 Carl Sandstedt was the first to examine tooth movement on a histological basis (on dogs). He showed bone formation on the tension side and on the pressure side he showed two different responses. (a) Direct resorption when light forces were used (b) Undermining resorption when heavy forces were used. The description of the rather dead looking area which looks blue in H & E stained slides he called this a hyaline area. This is a masterstroke as is has confused countless numbers of undergraduates into thinking that cartilage is concerned. Hyaline areas do not contain cartilage.

1907 Edward Angle described tooth movement as being the result of bone resorption and deposition but still felt that there was some bending of the bone.

Sider and Weinman showed that there was a forward drift of the teeth throughout life.

1926 Johnson showed that the trabecular arrangement of the bone was related to the direction of the tooth movement.

1928 Brash used vital staining techniques he was able to show the continued eruption of teeth.

1953 Storey described 4 zones (1) newly formed bone. (2) Resorption. (3) Apposition. (4) Apposition of lamina dura.

1993 Mc Donald looked at the piezoelectric theory of tooth movement he concluded that although force application to bone does have a piezoelectric effect the magnitude is to small to have much effect. The piezoelectric effect is that stress on the hydroxyl apatite crystal cause the generation of minute electrical fields which might affect bone formation.  

1993 Sandy wrote two papers in the BJO to prove that he was cleverer than the rest of us. He showed that rounded cells (squashed?)  Show catabolic changes while flattened cells (stretched) show anabolic changes. For what it is worth the Bristol notes say: -

  Distortion of the cell wall causes activation of phospholipase A2, which causes the liberation of Arachidonic acid, which produces prostaglandins, which bind to receptors in the cell, and it is this that causes the release of a secondary messenger, which stimulates the cell nucleus into DNA synthesis.

Magnitude of Forces

1876 Farrar suggested that light forces were desirable.

1926 Mc Keag suggested that the initial force should be 2 ounces per tooth. (That’s 56.7 grams if you have metric teeth)

1950 Moyers suggested that the ideal force should be 15-25 gm with a range of 0.2 mm. 

1952 Storey and Smith published a study of distal movement of canines. A force of 150-200 gm produced the best tooth movement forces below this produced practically no movement while higher forces produced diminished tooth movement over the first week although if you wait a longer period the tooth movement will proceed accompanied by undermining resorption. It is funny that nobody else seems to be able to repeat this. The books always seem to say light forces make the teeth move quicker. But in fact heavier forces seem to work quicker. However, they may cause root damage if too heavy. 
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1957.  Reitan (A name that lives on in the annals of histology) although a histological paper it does suggest 25g as the ideal force to tip a canine.

1962 Burstone describes an initial phase of movement followed by a lag phase and then the movement phase. He gave precise measurements of the fulcrum in tipping movements as 0.4 times the distance from the alveolar crest to the apex.

1967 Andreasen used an asymmetrical headgear, which gave 400g on one side and 200g on the other. Greater tooth movement occurred on the side with 400g.

1968 Utley Investigated tooth movement using light forces (50g) medium force (150g) and heavy (500g) and could find no correlation between force and tooth movement. But these were cat experiments so perhaps 50g is a heavy force on a cats tooth.

Bench 1977 in a whole series of articles on the Ricketts technique gives an insight into the choice of force values. It seems that someone called Brian Lee after reading the work of Storey and Smith suggested that the ideal force would be 100 g per cm² as far as I can see there is no evidence to support this so that it is strange that it became the basis for a whole technique. (Perhaps he was Bruce Lee’s big brother)

1983 Huffman found that the wire size was an important factor 200g moved the canine 3.37 mm on 0.016 wire but only 2.99 mm on 0.020 however there was less tipping.

1985 Quinn and Yoshikawa (AJO 88,252-260) is a worthwhile paper because it review the work of other they conclude that there was no difference between185g and 138g in terms of movement of canines but the heavier force gave more movement of molars. 

1993 Isaacson concludes that it is unrealistic to think that true translocation (bodily movement) occurs in straight wire things tip and then bind.

1996 Owman-Moll compared 50g with 100g on different sides of the same mouth results were inconclusive.

1998 Igarashi found that teeth moved more quickly during their rest periods. (So rats only need to wear their Twin Blocks in bed at night.

2000 Proffit’s book suggests 35-60g to tip an average size tooth, 70-120g is ideal for bodily movement and 50-100g for root uprighting. Proffit suggests that the force for extrusion is 4 to 5 times greater than the ideal force for intrusion but he does not suggest any data to support this after all a tooth will erupt without any force acting upon them. Proffit revisits the Ricketts idea that force is related to the cross sectional area of the root surface. (see Bench) however remember that the fibres of the periodontal membrane slope down at an angle to resist the force.

A personal observation. If depressing the lower incisors requires such light forces why are we not troubled by patients who show root resorption or devitalised lower incisors?

Test yourself.

1. What is the Y axis? How did Brodie suggest it was related to growth?

2. What is the difference between a growth centre and a growth site, give examples of each?

3. What is the difference between True {or total} mandibular rotation and Matrix rotation?

4. Why could nobody see growth rotations before Bjork? How did he show they took place?

5. Why don’t the figures for true rotation minus matrix rotation equal intra matrix rotation?

6. Which is more common anterior or posterior growth rotation?

7. What according to Houston is the cause of backward rotation?

8. What is the periosteal matrix?

9. What is the capsular matrix?

10. What would be the use of growth prediction (if it were possible)?

11. How is it suggested that we predict the timing of the growth spurt? What is the use of doing so?

12.  What were the effects of fitting a Milwaukee brace?

13.  What are the hyaline areas described by Sandstedt?

14.  What is the Piezo-electric theory?

15.  What is meant by a noncompliance appliance?

16.  How does a trans-palatal arch support anchorage?

17.  How is Zygomatic wiring used to support anchorage?

18. What are the skeletal effects of mouth breathing?

Development of the Dentition
DJS in conjunction with the tooth fairy
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Gum Pads stage
This describes the situation between birth and the eruption of the first deciduous tooth. (Usually at the age of 6-8 months) Strictly speaking there is no “occlusion” of the gum pads but the usual arrangement is that the maxillary ridge lies just anterior and lateral to the mandibular ridge with a sort of anterior open bite arrangement. Bishara says this is to improve the efficiency of breast feeding but I don’t know if that is proven (Possible MSc project?)  The developing deciduous teeth are not overlaid with bone and thus appear as ridges on the developing gum pads often demarcated with grooves. Eruption dates are varied and sometimes teeth are present at birth. This may cause problems to the mother during breast feeding but this is not always the case. They do not need to be removed.

Eruption dates of deciduous teeth

	
	Calcification begins
	
	
	Crown complete
	Average eruption date
	
	
	Root complete

	
	MAX
	MAN
	MAX
	MAN
	MAX
	MAN
	MAX
	MAN

	A
	14  w in utero
	14 w in utero
	1.5 months
	2.5 months
	10 months
	8 months
	1.5 years
	1.5

years

	B
	16 w in utero
	16 w in utero
	2.5 months
	3 months
	11 months
	13 months
	2 

years
	1.5

 years

	C
	17 w
	17 w in utero
	9 months
	9 months
	19 months
	20 months
	3.5 years
	3.25

years

	D
	15 w in utero
	15 w in utero
	6 

months
	5.5 months
	16 months
	16 months
	2.5 years
	2.25

years

	E
	19 w in utero
	18 w in utero
	11 months
	10 months
	29 months
	27 months
	3

years
	3

years


Primary dentition

Perhaps the ideal situation is the development of a positive overjet and overbite so that the forward growing mandible caries the maxilla forwards also. The cusps on the teeth guide the posterior teeth into occlusion but later being relatively soft they wear down allowing the gradual development of an edge to edge bite. This allows the lower first molar to come forwards; at first the distal surfaces of the upper and lower deciduous second molars finish flush. (The lower second deciduous molars are bigger than the uppers) to form a class I molar relationship and allow the first permanent molars to erupt into a normal relationship.  The tongue, cheeks and lips mold the teeth into an arch-form. 

This picture is not exactly that reported by Don Foster a former Professor of Orthodontics at Birmingham. He found that: -

 The overbite was normal in only 19% Increased in 20. Reduced in 37 % and open bite in 24%.

 The overjet was normal in 28% and increased in 72%

About 66% of the primary occlusions were spaced and only 3% of children show crowding in the primary dentition.

The Primate Space deserves special mention it can be found in 78% of all primary dentitions between the canines and the lower first deciduous molar. Monkeys and other primates have a space in this region to accommodate the massive upper canine teeth.

Molar relationship in the primary dentition.

The picture described in the introduction is not that of a study of Bishara on 121 Iowa children. He found: -

1. In 10% the terminal surface of the lower e/e were distal to the upper e/e (Distal step)

2. In 29% the distal surfaces were flush. (Flush terminal plane)

3. 42 % had the lower e/e 1mm mesial to upper e/e.

4. 19% had lower e/e more than 1 mm mesial to upper e/e.

Causes of delayed eruption

Late eruption of the deciduous teeth is usually followed by late eruption of the permanent teeth.

Local causes such as: 
Supernumerary teeth

Dilaceration 

Non vital deciduous teeth

Ankylosed deciduous teeth

Persistent fraenae

Early extraction of deciduous teeth.

Cysts and tumors.

General causes

Very often idiopathic but also: -

Pre-mature birth

Illness that causes delayed development

Downs syndrome

Cleidocranial Dysostosis. (Because of all the supernumeries)

Incontinentia Pigmenti (also causes Hypodontia)

And also the small print causes

Addisons disease

Hypo-para-thyroidism

Acro-dysostosis

Cutis laxa syndrome

Epidermolysis Bullosae
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Hi! Don’t I extend time?

While you work out this anagram let’s consider “the mixed dentition” this starts with the eruption of the first permanent molars. Although some books suggest that it starts with the eruption of the lower central incisors. 
	
	Calcification
	
	Crown formed
	
	
	eruption
	
	Root complete

	
	max
	man
	max
	man
	max
	man
	max
	man

	1
	3 months
	3 months
	4,6 years
	3,6 years
	7,3 years
	6,3

years
	10,6 years 
	9,6 years

	2
	11 months
	3 months
	5,6 years
	4 

years
	8,3 years
	7,6

years
	11 years
	10 years

	3
	4 months
	4 months
	 6 

years
	5,9 years
	11,6 years
	10,6

years
	13,6 years 
	12,9 years

	4
	20 months
	22 months
	7

years
	6,9 years
	10,3 years
	10,6

years
	13,6 years
	13,6 years

	5
	27 months
	28 months
	7,9

years
	7,6 years
	11 

years
	11,3

years
	14,6 years
	15 years

	6
	32 weeks iu
	32 weeks iu
	4,3 years
	3,9 years
	6,3

years
	6

years
	10,6 years
	10,9 years

	7
	27 months
	27 months
	7,9 years
	7,6 years
	12,6

years
	12

years
	15,9 years
	16 years

	8
	8

 years
	9 

years
	14 years
	14 years
	20

years
	20

years
	22 years
	22 years


Actual eruption dates are quite variable; however it is usual that the same tooth on the other side of the mouth (the antimere) to erupt within 6 months unless the eruption has been altered by the extraction of the deciduous tooth. It is considered that the eruption of the permanent tooth is speeded up if the deciduous predecessor is extracted when more than half of its root has been resorbed. On the other hand the extraction of the deciduous tooth at a very early age will slow the eruption of the permanent tooth.

The lower first molar erupts at the age of 6. The upper molar usually erupts a little later. In crowded cases the first permanent molar may become impacted on the distal bulge of the e. (more common in the upper)

My description of the primary dentition suggested that the idea situation was a forward drifting of the lower arch so that the distal end of the lower arch comes to lie mesial to the upper by 1 or 2 mm. This should allow the development of an Angles class I molar relationship. (The triangular ridge or the mesio-buccal cusp of the upper first molar occludes with the buccal groove of the lower first permanent molar).

Read Bishara and you get a different view his Iowa study give the chances of a class I, II or III molar relationship developing related to the relationship of the deciduous second molars. The figures are not important; fairly obviously the more class II the relationship of the deciduous molars the more likely then 6’s will erupt into a class II molar relationship. Bishara says that in all cases where the deciduous molars have a distal step a class II molar relationship develops. And once the molars do erupt into a class II molar relationship they are unlikely change naturally into a class I despite a greater “Leeway space” in the lower jaw.

The impaction of the first permanent molars. 

 My only comments here are don’t leave it or the 6 will never erupt and remember it is not the end of the world if the E is lost and the 6 drifts forwards. If you need to you can always push it back again.

Diastemas 

We are not allowed to call the “ugly duckling stage” the ugly duckling stage anymore although you could try “The aesthetically challenged swan stage” But if you remember the idea, where there is mild crowding the roots of the anterior teeth are pushed together by the crowns of the developing canine teeth causing a temporary diastema. It is important to see this as a possible indication of crowding rather than spacing.

[image: image14.png]



The Leeway space. 

Upper c,d & e are 0.9 mm per side bigger than 5,4 & 3 (Upper leeway space is 1.8 mm) Lower e,d, & c are 1.8 mm bigger than 5,4 & 3 (lower leeway space is 3.4 mm ) BUT remember this is an average figure and in fact the permanent teeth can be bigger than their deciduous predecessors. Note Because the leeway space is greater in the lower jaw the lower 6 tends to move forwards relative to the upper 6. This is part of the mechanism changing flush terminal planes into a class I molar relationship.

Growth. Again mandibular growth tends to exceed maxillary growth and you might consider this as part of the mechanism to change flush terminal planes to a class I molar relationship BUT Bishara’s Iowa study seems to suggest that factors affecting this were much more complicated.

Normal Mixed dentition: -

Class I molar relationship

Positives Leeway space

No rotations or crowding

Tight contacts in the buccal segments

Flat or mild curve of Spee

Even marginal ridges

Normal torque
The teeth are usually more upright than the permanent teeth.(reduced tip)

Class I incisors.

To this P R Begg would add: That the cusps of the deciduous teeth should wear down and the anterior teeth should space and move towards a reduced overjet and overbite. The upper incisor teeth erupt anterior to the deciduous incisors so that a positive overjet is restored.

Effects of early loss of deciduous teeth in the mixed dentition.

1. Forward drift of the permanent teeth.
2. Shift of the centerline.
3. Early eruption of permanent teeth.
4. Delayed eruption of permanent teeth.

The last two factors are not a contradiction. Loss of the deciduous tooth when 50% or more of the root has resorbed will hasten the eruption of the permanent tooth but earlier loss may cause delayed eruption. A shift of the centre-line was a big problem when most orthodontic treatment was done with removable appliances. If fixed appliances are to be used then perhaps it is less important.

Features of the permanent dentition

Every upper tooth occludes with the same tooth in the lower jaw and the tooth behind except for the third molars where the upper tooth takes up less arch space so that the distal surfaces of both arches finish flush.

Every upper tooth overlaps the lower teeth on the labial/buccal side.

Overjet is between 1 and 3 mm

Overbite is between 10-30%

Mesial tip. Whereas the deciduous teeth tend to be upright the permanent teeth have a mesial tip.

To allow for maximum dental contact when the condyles moves in the fossae the arch needs a gentle curve. The anterior-posterior curve in the lower is called the curve of Spee while its counterpart in the upper is called the compensating curve. Bucco-lingual movement needs a curve, which is called the curve of Monson (or Wilson)

This last may surprise you when you think of Andrews 6 keys which are: -

Andrews 6 Keys

Class I molars

Correct tip

Correct torque

No rotations

Tight contacts

Flat occlusal plane

Archform 

Generally described as a Tri-focal ellipse. But is this just a complicated way of saying that the curvature at the front is different from at the sides.

Jones and Richmond say that a simple ellipse does not adequately describe the archform. A Catenary curve is the shape formed by a length of chain held at both ends and allowed to drop. Proffit says that it does describe the arch from 6-6 but not distal to the first molar. Perhaps more sensibly Brader archform is based on the shape of the resting soft tissues. Note arch form is not a parabola which is the shape that reflects parallel light to a single focus.
(From MBT notes)

Archform. ► Reidel 1969 commented on the stability of the inter-canine width and intermolar width. This was later confirmed by De la Cruz 1995 and Burke 1998. However a little increase in the lower intercanine width may be stable in deep overbite cases Shapiro 1974. In RME cases where the expansion is maintained Sandstrom1988 suggests that 1.1 mm of increase in intercanine width may be stable. Brain et al say that most NiTi wires are expanded by 5.9 mm in the intercanine region. Felton in the AJO 1987 says that no definite archform predominates and you must customise each case. ► MBT suggest the use of 3 arch forms: - The Square or wide arch form used by Roth is only applicable in 10% of cases. The ovoid arch form (The Euroform type) is applicable in 45% of cases and the Tapered arch form which is narrow in the canine region and wide in the molar region is applicable in 45% of cases. ► MBT suggest the use of clear templates to select the correct archform from the start study models. They suggest that round wires should be stocked in the ovoid form only but rectangular wires should be stocked in all 3 arch forms (although you could just buy the ovoid steel wires and modify them yourself). ► The upper archform should superimpose on the lower but 3 mm wider. ► If you are using RME in the upper arch you should widen the lower just a little so that if the expansion settles just a little the contacts will remain ideal. Remember to hold the expansion with an auxiliary wire in the EOT tube. MBT call this a Jockey arch. 

Late changes in the permanent dentition

Because the lips become more retruded the nose and chin become more prominent the mandibular inter-canine width tends to reduce and the arch length shortens.

This means that the Maxillary intercanine width increases by 6 mm between 3 and 13 years and then by a further 1.7mm between the ages of 13-45. whereas in the lower jaw the intercanine width increases by an average of 3.7 mm between 3 and 13 but then reduces by 1.2 mm between 13 and 45.

Maxillary Inter-molar width increases by 2mm in the deciduous dentition and with the eruption of the 6’s it expands a further 2.2 mm between 8 and 13 but then there is a very slight decrease by 1mm between 13 and 45.

Mandibular deciduous molars increase by 1.5mm the 6’s expand by a further 1 mm between 8 and 13 and then reduce by 1mm so that at 45 the inter-molar width is the same as at aged 8.

Just in case this seems a little confusing remember that the increase in intercanine width between 3 and 13 years is because deciduous canines are lost and replaced by permanent teeth. After the permanent occlusion is fully developed the molar and inter-canine widths reduce slightly except for the upper canines. This increase is because of a trend where the overbite tends to increase and the teeth crowd this forces the upper canines a little buccal and the lower canines in a little.

Basically from the time we see patients say at 12 years there is almost no change in arch width or intercanine width.

A story of dental development
Newborn babies all look like Winston Churchill with little receding chins. When the gum pads touch there is a sort of class II relationship with a space at the front. The deciduous teeth lie in their crypts not covered by bone and appear as separate lumps divided by grooves. Although teeth can erupt at birth the usual eruption date for the first tooth is 8 months (lower A) followed a few months later by the upper A. The receding lower jaw allows the occlusion to start with a positive overjet. The erupting teeth are pushed into position by the tongue and cheeks so that the lower incisors lie just behind the uppers. Because the teeth erupt from the front back the deciduous teeth are usually straight and are often spaced particularly in the incisor region and distal to the lower canines. The teeth form an arch shape determined by the shape of the tongue. The cusps serve to guide the teeth into occlusion but later wear down. At first the distal surfaces of the second deciduous molars are flush but the combination of wear and forward mandibular growth relative to the upper jaw means that the lower second deciduous molars comes forward. The overjet tends to reduce and may become edge to edge. This forward movement of the lower second deciduous molar facilitates the eruption of the lower first permanent molar at about the age of 6. The upper molar erupts about 3 months later. At first their distal surfaces are flush but the lower molar will drift forwards into the leeway space later.

The eruption of the permanent incisors occurs into an arch whose length is already fixed by the eruption of the first permanent molars. The crypts of the teeth are stacked in the bone with the lateral palatal/lingual to the central and the canines Labialy placed. However the upper incisors are generally in front of the deciduous teeth so that a positive overjet is restored. Because the permanent incisors are larger than the deciduous incisors an appearance of crowding is common at this stage especially if some of the deciduous teeth fail to exfoliate. It is unwise to extract permanent teeth on the basis of this appearance without an accurate measurement of the crowding. 

Providing there has not been early loss of the deciduous molars the premolar teeth should not be short of space. In fact the permanent teeth are smaller than their deciduous predecessors by about 0.9mm per side in the upper and 1.8 mm per side in the lower. This is the Leeway space, it may allow a little resolution of crowding and forward movement of the lower first permanent molars converting the buccal segments into class I. The maxillary canines are the last successional teeth to erupt and because the space available is fixed by the eruption of the 6’s they are often short of space. This can occur even in “non-crowded” occlusions because as the 3 is trying to erupt the D and E may be present using up extra space. (This explains why canines can be displaced into the palate in non-crowded cases) Fortunately the erupting canine usually erupts into a buccal position and if space subsequently becomes available (the leeway space) may drop into line. Sometimes the crypts of the canines can push the roots of the upper incisor together causing a diastema to develop.

The eruption of further molar teeth and mesial drift tend to crowd the labial segments. The lips mature and the mandible tends to grow forwards relative to the maxilla. The overbite may increase a little moving the lower canines in a fraction and the uppers out but the basic archform remains the same.

Unfortunately this is just a story and Foster and Bishara show a wide variation.

Space maintainers

WHEN YOU HAVE 11 YEAR OLD CHILDREN OF YOUR OWN YOU MIGHT LIKE TO GIVE A THOUGHT TO SPACE MAINTAINERS.

· They are simple

· Painless

· Easy to do

· By holding open the leeway space they allow the treatment of mid crowding

· If just placed in the upper arch they can hold back the upper molars and help correct the molar relationship.

OK you decide to go for it and fit an upper space maintainer what do you choose:

1. A URA (forget it, the bastard won’t   wear it)

2. Bands and EOT night only ( I admire you for trying)

3. A TPA (yes but they don’t really do anything, we just ask you SpRs to fit them for a laugh why should this hold the leeway space, remember it is only 1.8mm).

4. A Nance button yes a proper one with two separate pieces of wire joined by acrylic. (Invented By Haynes Nance in 1948 specifically to hold the leeway space)
Deciduous teeth failure to erupt and submerging teeth

From time to time I get sent patients where a lower E has failed to erupt. My advice is to wait until at least aged 10. I am not happy with very young children having a GA. It is true that the lower 6 may drift forwards a bit but you can always move it back. The ideal thing would be to wait until a decision can be made leading to a definitive treatment plan.

With submerged teeth:

· If they are going right under the gum they should be extracted

· You don’t need to remove the roots if the tooth breaks they dissolve by themselves

· If there is no permanent tooth then the removal of the tooth can be considered as part of the overall plan

· A submerged tooth provides absolute anchorage (because it is ankylosed) and this can be used in tooth movement

· Note if a lower E is submerged the opposing 5 never over erupts

· Providing the tooth does not go too far down it can be built up with light cured composite and may last many years.

How long does a deciduous tooth last?
I have seen upper Cs in 60 year olds but 30-40 seems to be a typical age for their loss.
Cleft Lip and Palate

 (I am most grateful to Shanthi Thiyagarajah for the abstract of the CSAG report)

Incidence.

It is wise to consider cleft of the lip with or without cleft palate separately from clefting of the palate only. In the UK it is about 1 in 800 live births born with a cleft of the lip or both lip and palate. There is evidence of mothers requesting termination of pregnancy where a cleft has been diagnosed by ultrasound (20-25 weeks) and this may affect the incidence. Clefts of the palate only are rarer 1 in 1500-2000

Variations by race

Cleft lip and palate and cleft lip only is most  common in native Americans 1 in 300 live births,

1 in 500-600 oriental

1 in 800-1000 Caucasian

1 in 3000 American blacks

………………………………………………………………………………………….

Genetics

50-75% of cases appear to arise spontaneously and therefore cannot be predicted by family history. However most cases probably do have a genetic predisposition. This may be a single recessive gene with a low penetrance or there may be more than one gene (multifactorial). Certainly clefts of the lip (+ or – palate) are twice as common in males as females and twice as common on the left side compared with the right. Surprisingly clefts of the palate only are twice as common in females. In one Icelandic family clefting was shown to be X linked.

A gene (BCL3) on chromosome 19 may be a candidate gene.

Chances of having baby with cleft lip and palate.

Both parents have a cleft 60%

One parent has a cleft 2%

One parent and first child have clefts 6%

Classifications

1. Nowadays we use descriptive e.g. cleft lip alveolus palate.

2. Veau classification. Seemed logical at the time: -

Bifid uvula 

Cleft soft palate

Cleft hard and soft palate

Unilateral cleft of lip and palate

Bilateral cleft of the lip and palate.

3. Distinguishes between cleft of primary and secondary palate.

Other aetiological factors

There is a positive relationship with smoking during pregnancy. This may be because of its effects on an enzyme called NADH dehydrogenase. The anti-epileptic drug Epanutin (phenytoin) is associated with increased risk, as is the anti-acne drug Roaccutane (isotretinoin.). High doses of vitamin A can cause clefting in experimental animals. A deficiency of Folic acid gives an increased risk of clefting.

Syndromes

At least 10% of Cleft lip + or - palate are associated with syndromes this may rise to 30% for clefts of the palate only. Actually the commonest “syndrome” Pierre Robins Syndrome is not a true syndrome and should be called Pierre Robins Sequence. One theory is that it is caused by a lack of amniotic fluid leading to increased pressure that restricts the growth of the mandible. This in turn prevents the tongue from dropping down and allowing the palatal shelves to elevate and fuse. The cleft of the palate is associated with micrognathia and feeding and respiratory difficulties. However during the first 5 years of life there is often a remarkable catch up in mandibular growth.

Cerebro-costo-mandibular syndrome

Sticklers syndrome-Associated with retinal detachment/blindness

Velo-Cardio-facial syndrome

DiGeorge Sequence

Vander Woude Syndrome

Treacher Collins / Mandibulofacial dysostosis

 ………………………………………………………………………………….

Embryology

Day 1. The ovum and sperm fuse to form the ZYGOTE

Day 3. The zygote has now formed into the BLASTOMERE, which is just a ball of cells which adhere together. By day 6 a central cavity has formed surrounded by two layers of cells. This is referred to as a BLASTOCYST. The outer layer of cells is the covering layer and only the inner cells go on to form the embryo.

DAY 7 and the blastocyst starts to adhere to the surface of the endometrium and is now called a TROPHOBLAST (from the Greek a nourished bud) as it sinks into the endometrium it develops an outer layer the Syncytio-trophoblast which surrounds the placental blood vessels and it is from this body that the developing embryo derives nourishment.

Inside the Syncytio-trophoblast is the CYTO-TROPHOBLAST a distinct layer of cells in the form of a hollow ball surrounding the EXTRA EMBRYONIC MESODERM in the very centre is the YOLK SAC.

It is the cyto-trophoblast that develops the BILAMINAR disc a two layered disc in the central space connected to the cyto-trophoblast by a stalk that later will become the umbilical cord.

DAY 13. An area at one end of the bilaminar disc thickens forming the PROCHORDAL plate indicating the cranial end of the developing embryo

WEEK 3 An extra layer of cells appear so it is now a TRI-LAMINAR disc a shallow groove appears the PRIMATIVE streak at the base of this trough the cells migrate down forming the ENDODERM and MESODERM.

At this stage the primitive streak is separated from the pro-chordal plate but it grows towards it forming a rod of cells the NOTOCHORDAL PROCESS.  This hollow rod has a central space called the NOTOCHORDAL canal.

By the end of the third week the endoderm forms a primitive gut. The ectoderm will go on to form not only the skin but also the nervous system, sensory epithelium of the eye ,ear and nose, the pituitary and mammary glands, enamel and via the neural crest cells the branchial arches forming the face ,neck, muscles of mastication and facial expression, dentine and cementum.

The tri-laminar disc over the notochord folds to form a trough. The cells on the ridge are called the NEURAL CREST. Although the sides of the ridge grow up and fuse to form the NEURAL TUBE the neural crest cells migrate away forming the face and the branchial arches

On either side of the notochord 48 pairs of mesodermal blocks appear these are the SOMITES they will later form skeletal muscle and cartilage (later bone)

WEEK 4

Now the disc like embryo begins to fold. It becomes cylindrical and curved into a “C” shape with an enlarged head end.

It appears as if five finger like projections develop either side just below the head. You could call these the “gill arches” or use the Greek “pharyngeal” arches or the Latin “Branchial” arches but it is all the same. Developmentally the first two are from a splitting of the first arch into the maxillary process and the mandibular process. The second third and fourth arches develop but in humans the fifth and sixth are poorly developed and not visible. In fact the fifth arch does not give rise to any structures in the growing child.

Each arch has the same basic structure:

· A central rod of cartilage

· A block of muscle

· Nerve supply to that muscle

· An artery

· Covering of skin 

For the first arch the cartilage is Meckel’s cartilage and the muscle forms the muscles of mastication while the nerve is the trigeminal nerve.

Meckel’s cartilage does not form the mandible, (which forms membranous development from other neural crest cells) however parts persist as the spheno-mandibular ligament the malleus and incus. The artery of the first arch is the Maxillary artery

The cartilage of the second arch is called Reichert’s cartilage it persists as the stylo-hyoid ligament, part of the Hyoid bone and the Stapes bone in the ear. The nerve of the second arch is the Facial Nerve and the muscle forms the muscles of facial expression. The arterial component forms the Hyoid and Stapedial arteries,

Between the branchial arches a pouch forms on the inner surface and a cleft or groove on the outer. So the first brachial pouch forms between the first and second arches It forms the tympanic cavity, the auditory tube and the mastoid antrum.

The second pouch forms the Palatine tonsil and the third the inferior parathyroid glands and the thymus

The first groove forms the external auditory meatus.

Development of the face weeks 4-8

At 4 weeks the FRONTO NASAL Prominence forms with the two distinctive nasal placodes. Below lie the 4 pairs of branchial arches with the first arch divided into two, the Maxillary and Mandibular arches. The mandibular arches cross to the midline and fuse to form the chin. The skin either side of the nasal placodes thickens and the central area drops to form the nasal pits which later give rise to the nasal cavities and nostrils.

The median nasal processes move together and fuse to form the Inter-maxillary segment which will give rise to the central section of the upper lip (the PHILTRUM) the 4 upper incisor teeth and local alveolar bone and the primary palate

From weeks 6-8 the maxillary processes grow forward and fuse with the median nasal process, forming the upper lip (except the philtrum). Lateral palatine shelves develop on the deep surface of the maxillary processes at the front they start to fuse with the primary palate then to each other and the nasal septum. The fusion process works from the front extending backwards

Development of the bones of the face

Neuro-cranium

Cartilaginous Neurocranium

The bones of the base of skull form in cartilage Ethmoid, Sphenoid and Occipital form as cartilage blocks as bone forms cartilage remains between them forming synchondroses. Also includes the nasal septum and the Vomer, the petrous part of the Temporal bone and part of the Mastoid bones

Membranous Neurocranium

Is an area of intra membranous ossification which surrounds the brain. Between the boney plates are sutures and fontanelles

The viscera-cranium  forms the facial skeleton only a minor part is played by the Cartilagenous Viscero cranium derived from Meckel’s and Reichert’s cartilage the major part is the membranous viscera-cranium  as the name suggests it largely forms by intra-membranous ossification except for the appearance of cartilage in the condyles and secondary cartilage formation near the midline
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Growth

Embryology  (again?)
The nasal process divides into two as it surrounds the nasal pit. Thus, it forms the medial and lateral nasal processes. The two medial nasal processes combine to form the fronto-nasal process. Originally, these processes have separate bases but as mesenchyme continues to flow into them their bases merge. As the tips come into contact the epithelial cover breaks down and the processes fuse.
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The maxillary processes from each side fuse in front of the medial nasal process so that the fronto-nasal process does not contribute to central part of the lip but it develops into the primary palate or pre-maxilla and the primary nasal septum. The fusion of the maxillary process takes place from above and works down so that the mildest cleft is a notch on the vermilion border of the lip more severe cleft involve the whole lip and then lip and alveolus as far back as the incisive foramen. In bilateral clefts a tiny piece of abnormal lip tissue is attached to the separated premaxilla, this is called the pro-labium. 
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At first the palatal shelves hang vertically down but as the neck extends the tongue drops down in the mouth Ferguson has shown that the shelves build up an intrinsic tension. At the same time jaw and tongue movements start to occur and this may assist the process. If shelf elevation is delayed lateral growth of the jaws may mean that the shelves cannot meet and fuse. Shelf elevation appears to occur later in girls than boys and this may explain the increased incidence of cleft palate in girls.

Management of Cleft Infants

Initial visits

At one time it was the role of the orthodontist to visit the mothers of newly born cleft babies. We used to go armed with photographs of clefts before and after repair; discus treatment surgical as well as orthodontic and then arrange for a plastic surgery appointment. We also gave advice re feeding. At Burton we kept a supply of soft bottles and soft teats which seemed to be the most successful when feeding. We also arranged for the mother to join the cleft lip and palate association CLAPA if they wanted to. Often the plastic surgeons wanted pre-surgical plates and lip strapping which meant impressions and lap work. Time passed and new pediatricians and plastic surgeons came along. The general view was that pre-surgical treatment was of little value. In Birmingham the Children’s Hospital has developed a team of specialist nurses to give feeding advice and link the patients in with a centralised treatment service. The role of the orthodontist in this initial phase is diminished. (I am not sure that I regret this too much it can be very time consuming.)

Just in case you want to take a cleft palate baby out for a good meal I suggest you use a soft bottle e.g. from Chicco or Rosti with a NUK size 2 orthodontic shaped latex teat. It is the soft bottle which is of great importance. If you have every feed a baby with a normal rigid bottle you will know that they continue to suck until they have built up a substantial suction. Cleft palate babies cannot do this and as a consequence do badly if breast fed or fed with a rigid bottle. The ideal solution is to use breast milk expressed with a pump but fed from a soft bottle.   …………………………………………………………………………………………………………….

Pre-surgical Orthopaedics

At one time it was believed that this greatly reduced the size of the cleft, and there was even a hope that the cleft might heal over. McNeil & Burston 1950. In Liverpool wards were set aside specifically for this treatment. Certainly it moves the edges of the cleft closer together and you would think that this would make the surgery easier and therefore better. But babies are made of very soft stuff and probably it makes no difference. Also there is no evidence that it makes a long term difference.

But if you are asked to how do you take an impression of a newborn baby?

1. Go and see Ward sister, she knows a lot about babies and she will not want you going on her ward messing about with her patients without her knowledge.

2. Contact the pediatrician in charge.

3. If the baby is in an incubator is intubated or has feeding tubes in place discus with sister what you need to do, you may need a Paediatric SHO.

4. You need a nurse and suction. You need to tell them what is going to happen.

5. Special trays are a problem. When I first started at Burton there were no trays and we made the first ones by hammering flat a set of teaspoons and re shaping them and drilling perforations to hold the impression material. They were only so-so as impression trays but they were hallmarked silver, after a while we built up a large collection of trays based on impressions of cleft palates so the silver ones became redundant. For your first impression use silicone putty only. John Chadwick advises the use of impression compound as he feels that silicone putty can go into an undercut and be difficult to remove interestingly this is the same reason why I prefer silicone putty. Have the baby lying flat on nurse’s knee with the head towards you and lower than the body. Sensible nurses wear aprons for this and they or another nurse need a suction line. Don’t push the tray up too hard; don’t be frightened if the baby screams or vomits that’s what babies do. Now you have your first impression go to the lab cast it and get a special tray made if you want to be safe use Impression compound or silicone putty again but a lighter body material is better. At Great Ormond Street we used to use alginate and it was ok but it did go a long way up in the nose I bet they don’t use it nowadays.

Should mum and dad be present?

Explain that it does not hurt the baby but it does alarm them and they will cry, say that they are welcome to watch but I think it is better if the nurse holds the baby. 

For prem babies in incubators you can leave them lying on their backs they still need to be held still.

Orthopaedic plates

Type 1 is a well-fitting plate but spaced from the palatal shelves the idea is that the palatal shelves are being pushed up into the nose by the tongue this plate allows them to drop down and this narrows the cleft. They need either an eyelet onto which you can tie a ribbon and pin it to baby’s clothes or you can add wire whiskers like a baby sized EOT plate these whiskers are taped to the child’s cheeks. Some people say that they don’t believe a baby could swallow an orthopaedic plate and don’t put in either of these safety devices. John Chadwick favours the 

Type 2 you duplicate the model cut and reposition the model to re-align the lesser and greater segments. Generally you do this in two stages. It works but does not seem to do any long term good.

Lip Strapping

In a bilateral cleft of the lip the small piece of lip on the lower end of the septum (the prolabium) sticks right out on the end of the nose. This is because the circle of muscles in the lip is broken, so that instead of pulling the lips together muscle activity pulls the segment of the lip apart. Strapping can be used to pull this segment back into the right place two types were in use: -
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Evidence for the use of these techniques is discouraging  Huddard and Crabb could not find evidence for any extra palatal tissue produced by these appliances and Shaw et al found that these appliances did not assist feeding despite the term “feeding plates” which is commonly ascribed to them. Mars et al could not find any improvement in arch alignment confirmed by pre-surgical orthopaedics. In the Eurocleft study the two best performing centres did not use pre-surgical orthopaedics. However one paper Ball & Di Biase Cleft Palate Craniofacial Journal 32:483-488 does seem to show improved results using pre-surgical orthopaedics. A controlled trial of pre-surgical orthopaedics is being carried out by Prahl-Anderson & Kujpers-Jagtman until the results are published it seems wise to suggest that this treatment is a burden to the parent and the health service that we can do without. 

Primary repair of the lip

Timing

Traditionally 3 months. Delaire prefers to leave until 6 months (but the lip and soft palate are closed at the first op). There has always been a school of thought that suggested neo-natal closure was desirable but there are risks in giving such a long GA on a baby who may have other pathology including cardiac defects.

Types of repair

Straight line repair

Simple with a short scar. But because of the nature of scaring it will produce a severe notch on the lip so all widely used repairs are forms of Z-plasty.

Tennison repair (1952)

Is a Z-plasty with the horizontal portion low. It interrupts the philtral groove and leaves an obvious scar. It gives good fullness of the lower part of the lip.

Millard repair (1957)

A Z-plasty with the horizontal portion hidden in the base of the nostril so that there is no scar across the philtrum. However the lip is tighter and less full.
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Delaire repair (1975)

A more complex and rather controversial procedure involves dissecting out and re-joining the muscle layers. Advocates claim it gives a more normal development.

The problem is that the Delaire team have not allowed their results to be scrutinised.

The incision is a wavy line there is no incision across the philtrum, but extensive undermining of periosteum to allow advancement of lateral tissue. Initially the lip looks fairly bunched up and short but with growth lengthens to normal.

In The future

Ferguson suggests that in the future it may be possible to repair clefts before birth when repair occurs without scarring.

………………………………………………………………………………….

Repair of the palate

Alveolar repair

A single layer vomerine flap can be used to close the anterior part of the palate and repair the alveolus. This can be done at the same time as lip repair. Some people believe it may have a detrimental effect on growth. But it is routinely carried out in Oslo which seems to be a world leader in terms of results.

Main palatal repair

Traditionally done between 6 and 18 months. Late closure may give less scarring but speech may suffer. There are a number of surgical techniques but the principle is that you need relieving incisions on the hard palate to allow the tissue available to be moved towards the midline. The result is that areas of the harh palate are left just covered by periostium. In the mouth these areas heel well but they do scar. Non repaired clefts in third world countries have wide arches. So we know that it is the repair not the cleft that causes the narrow upper arch that we associate with cleft palate.

The Von Langenbeck technique (1861) uses two A-P relieving incisions so that the palatal tissue can be moved to the midline the edges are cut and sutured in 3 layers nasal, muscular and oral as well as the relieving incisions there is a midline scar. But the overall scarring effects are not too bad. A criticism is that it does not lengthen the palate. This may cause speech problems.

The Veau technique (1931)
Is a three flap technique that can lengthen the palate but causes excessive scarring.

 Delaire technique (1987)

Like the lip repair it emphasises functional repair. It is done in two stages. The soft palate is closed at the same time as the lip repair. The hard palate is closed a t 12 months by which time the size of the cleft has reduced considerably making the closure easier and less traumatic. This may have benefits in better growth later.
The von Langenbeck Procedure (Palatoplasty) 
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………………………………………………………………………………….

Alveolar bone grafts

Aims

Supports the alar base of the nose.

Provides alveolar bone into which teeth may be moved or implants placed.

Stabilises the loose prolabium in bilateral cases.

At the same time fistulae can be closed and supernumerary teeth removed.

First described in 1972 by Boyne and Sands it is now routine. The ideal timing is 8-10 years. The procedure is as follows: -

· The arches are expanded A-P and laterally to move the dental arches into the best possible position. (It is suggested that you do not de-rotate the incisors prior to bone graft as this will reduce the alveolar bone on the root surface? is this proven?) Mars says this should only take about 6 weeks. He says incisors in crossbite should be proclined and the arches expanded laterally because of the narrowness of the arches it is often necessary to modify the quad helix appliance to form a tri helix. Conventional buccal fixed appliances are also used. The aim is to provide good surgical access to the grafting site. There is no need for orthodontic treatment in cases where good access already exists. In bilateral cases the pro-labium with the two upper central incisors is often very mobile. Because the repaired lip is tight the lip pressure causes marked retroclination of the upper incisors. They should be moved forwards and secured with a stout archwire which is removed during surgery and then replaced to splint the incisors in place. Care should be taken when aligning the incisors often the bone covering the roots of the teeth is very thin. When placing the brackets it is wise to accept the distal inclination of these teeth rather than try to upright them and move the roots of the teeth out of the bone and into the cleft space. After the bone graft the brackets can be replaced and the roots moved into the correct position.

· Just to remind you the surgeon will need the Quad or labial arch to be removed during surgery. After all, if the idea is to allow him to get better access to the cleft it is not logical to put an orthodontic appliance in the way. However, the appliance should be replaced in theatre after the graft is completed. One solution is to go into theatre and do it yourself. Another is to change to a labial archwire held in with modules the surgeon can remove the archwire and (hopefully) replace it after the surgery. For unilateral clefts you can place a trans-palatal arch and soldered arms on the palatal surface of the teeth. This does not work for bilateral clefts as it will not support the pre-maxilla.

· Three to four weeks before the bone graft it is a good idea to remove the deciduous canines and any supernumerary teeth so that at the time of surgery it is possible to raise an intact muco-periosteal flap. The flap should have no holes. It must include the attached gingivae and the periostium or it will not support the underlying bone or allow the eruption of teeth.

· A flap is raised and the defect is packed with cancellous bone usually from the iliac crest. It is important to pack the bone in well and this may be easier if the primary repair of the lip was done with an alveolar repair (vomerine flap)

· The packed cancellous bone must be in good contact with the alveolar bone. The iliac bone will re-vascularise and be replace by fresh bone teeth can erupt into the grafted bone.

Cleft Palate Journal July 1986 Vol 23 p175-205

Bergland Olav Professor of Orthodontics university of Oslo, Gunvor Semb and Frank Abyholm.

Their abstract

A combined surgical/orthodontic procedure to eliminate the residual alveolar cleft by secondary bone grafting and subsequent orthodontic treatment is described. The operation as have been carried out on 378 patients: 240 males and 138 females. 72 patients had bilateral secondary bone grafting making a total of 450 grafted clefts. The optimal age for this secondary bone grafting was found to be 8-11 years. In 292 of the cases, the canine had reached its final position in the arch, which allowed a four group semi-quantitative assessment of the newly attained interdental septum on radiographs. The best results have been achieved in cases where the bone graft was carried out prior to the eruption of the canine. In this group a normal interdental septum height was achieved in 64% of cases and a slightly less good result achieved in 32%. This means that an acceptable result was achieved in 96% of cases. This was true of both unilateral and bilateral cases. When the same procedure was carried out after the eruption of the canine a less favourable result was achieved.

In the early days of cleft palate treatment the primary surgery was extremely mutilating and the resultant scar tissue inhibited facial growth and caused severe defects. In some cleft centres this type of surgery was replace with more cautious procedures based on principles derived from plastic surgery (Bergland 1967 changes in cleft palate malocclusion after the introduction of improved surgery EOJ Trans 43:383) Prior to secondary bone grafting the need for prosthetic teeth hampered orthodontic treatment and in bilateral cases the anterior segment was mobile making bridgework almost impossible. A lack of support for the alar base made the appearance poor and the function was limited by poor vestibular mucosal recesses often with narrow fistulae which could trap food, Sometimes there was nasal reflux. These problems can be solved by bone grafting a procedure first introduced by Axhausen 1952 .  Primary bone grafting (at the time of the primary repair) was shown not to be successful it resulted in a long term inhibition of maxillary growth as a consequence it has been abandoned in most centres but Rostenstein et al 1982 Plas Reconst Surg  70:297 and Nordin et al 1983 Scan J Plas Reconst Surgery 17:33  suggest that in some centres the growth was not seriously impeded. However primary bone grafting did lead to bony repair of the alveolar defect. Johanson and Ohlson 1961 reported that a significant number of teeth drifted into the grafted sites.Boyne and Sands 1975 AJO 70:20 showed that grafted bone was capable of responding physiologically to orthodontic movement of teeth.

Berglands study was of 378 patients including 72 with bilateral clefts.

Primary surgery

At 3 months lip closure using Millard’s procedure with the hard palate closed by a single layer Vomer flap. In bilateral cases one side is closed at a time. The soft palate is closed at 18 months using a Von Langenbacks procedure. 

Orthodontics prior to secondary bone grafting

Is required where there is a dislocation of the segments and in bilateral cases where the pre-maxilla is mobile, as this mobility may jeopardize the healing of the graft. A heavy archwire is needed to stabilize the pre-maxilla for 3 months postoperatively.

Secondary bone grafting.
1. Raise buccal and palatal flaps based on the gingival margin.

2. Extend the incisions into the palate so that mucoperiosteal flaps are raised along the edges of the cleft. Trim the margins to fit together neatly.

3. Push the nasal mucoperiostium upwards and repair any defects. The extent of the alveolar defect is now exposed.

4. The donor site is the hip. The iliac crest is exposed and a trap door of cortical bone is raised and hinged back so that chips of cancellous bone can be removed when sufficient bone has been removed the “trap door” can be pushed back so that the configuration of the iliac bone is not damaged.

5. The defect is completely filled with small chips of cancellous bone. It is important to pack the area under the alar base.

6. The flaps are sutured back taking care that the attached gingivae covers the area where the canine will erupt.

Studies by Albrektsson 1979 show that revascularization occurs in 3 weeks but a radiographically normal appearance does not occur for 3 months. 

As well as the benefits described in the abstract the authors noted an improvement in nasal symmetry and a big reduction in fistulae. The results show both lateral incisors and canines moved successfully into the cleft site.

Complications

1. After the operation you walk with a L.I.M.P (pronounced limp) for three weeks but full recovery is achieved in 6 weeks and there is no permanent deformity of the iliac crest.

2. 15 teeth showed external cervical root resorption (remember 450 grafts were placed). This phenomenon has been described in periodontal surgery and it seems to occur when bone is packed around the cementum of teeth in adults it is probably due to mechanical trauma to the cementum. The cases which showed root resorption were all cases where the graft had been placed after the eruption of the canine. 

3. Ten out of 450 grafts failed completely two of these may have been infected by spread from gingivitis. Most of the others were early cases and the authors attribute the failure to poor technique. They recommend the routine administration of antibiotics at the time of the surgery. 

………………………………………………………………………………….

Orthodontics

Problem list: -

· Maxillary under-development which may get more severe with growth.

· The deciduous lateral incisor may be missing in 12-14% of cases but the permanent lateral incisor is missing in 50% of cases. Where present the lateral incisor can form on either side of the cleft line or in the case of supernumerary incisors on both sides of the cleft. Supernumerary lateral incisors are common especially in the deciduous dentition.

· The central incisor on the cleft side may be a little (10%) smaller.

· Missing teeth are more common (excluding 2’s and 8’s)

· Generally there may be late dental development in particular the development of the second premolars may be delayed.

· Impaction of upper first molars may be more common.

· Mars has shown that in un-repaired clefts a wide maxillary arch develops. But in repaired clefts the arch is restrained in width and length. This restriction of growth is caused by the surgery. Scar tissue in the midline of the palate contracts the arch. In a typical case the molars are not too narrow and may not even be in crossbite but the narrowness increases as you go forwards. The narrowness of the arch may be worsened by crowding and early loss. Scar tissue in the lips retroclines the upper incisors causing a restriction in arch length and further worsening the crowding.

Clearly cases with a definite class III dental base of surgical proportions are best seen with a surgeon at an early stage to consider the possibility of osteogenic distraction. For the other cases I believe it is best to allow a rest period after secondary bone grafting. Then plan and carry out the orthodontic treatment in one definitive course of treatment. In particular try to avoid prolonged mixed dentition treatments pushing incisors over the bite or expanding the arch. It is important to put the patient first if they want joint restorative and surgical appointments these should be arranged BUT if their other health problems are such that the parents have become professional hospital visitors’ preliminary advice from photographs, models and radiographs can save long visits to distant hospitals. Very often the decision concerns whether to replace a missing lateral incisor or to advance the canine. This is a very common orthodontic problem I believe it is important to build up a library of treated cases with the space opened and closed to help the patient decide.

……………………………………………………………………………….

Orthognathic surgery 

  Usually at the Le Fort 1 level negative overjets of up to 15 mm can be corrected. Where there is severe scarring the Converse and Shapiro technique can be used, this is a transverse palatal osteotomy at the junction of the maxillary and palatine bones. It may decrease the incidence of postoperative velopharyngeal dysfunction. In the cleft patient with successful secondary bone grafting the technique is similar to that in a non-cleft patient but greater care is needed because of the poor vascularity. It is possible to carry out an osteotomy in the non-grafted case at the same time as bone grafting. This allows differential movement of both parts but the procedure is more complex. The occlusal wafer must have deep insets for the maxillary teeth. The upper teeth and appliance are wired to the wafer and the lower teeth to support the teeth and prevent collapse of the maxillary segments. A very stout orthodontic archwire is needed.

Distraction Osteogenesis.

Introduced by Illizarov has advantages that soft tissue may be generated. Secondary bone grafting and orthodontic alignment must be done first. The surgical procedure is similar a Le Fort 1 osteotomy but no movement is carried out. The patient is discharged with a clinically loose maxilla. The patient needs a soft diet and antibiotics. Daily checks are needed. When the maxilla becomes less mobile (J.C. says 1 week.) distraction begins at a rate of 1-2 mm per day using a halo type frame or an appropriate intra-oral device. When the desired position of the maxilla is achieved retain and use intra-oral elastics to establish cuspal inter-digitation.
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Pictures here are of the RED II system Rigid External Distractor From KLS MARTIN  wwwmartin-med com
I have a feeling that distraction has become much less popular.
The view from Mars

Prof Mike Mars and I trained at the same time. He was brave enough to tell the plastic surgeons at Great Ormond Street that they were rubbish at their job, and cleft repair in Oslo was better. He also headed a team who went to Sri-Lanka and offered surgery. Measurements of unrepaired clefts showed wide arches and no tendency to class III malocclusions. He quotes Bruce-Ross conclusions on facial growth.

1. The intrinsic defect in an individual is mild except in the immediate area of the cleft.

2. The potential for growth in the maxilla is adequate to produce harmonious skeletal relationships.

3. The teeth and alveolar bone have the capacity to overcome deficiencies in the Maxillary complex and produce a satisfactory occlusion.

4. Surgery produces scar tissue that interferes with maxillary growth. It is not necessary that this is a severe restriction. Any reduction in maxillary growth can be significant for children with cleft lip and palate.

5. Surgery produces scar tissue in the palate that prevents the free adjustment of the teeth and causes distortion of the dental arch by deflecting the eruption of teeth.

6. Secondary changes in tongue position cause displacement and deformation of the mandible.

7. The most important variable in cleft palate surgery is the surgeon. The traditional techniques do not exert appreciably different influences on facial growth.

8. The timing of hard palate repair within the first decade is not critical there is no advantage in delaying the repair for up to four to seven years.

Mars also concludes that in cleft patients, during the pubertal growth spurt, the maxilla fails to grow at the same pace as the mandible. As a result a progressive mid face deformity may develop. Mars introduced a simple measure of success in cleft palate treatment The Goslon Yardstick. This grades result as 1 excellent, 2 good, 3satisfactory, 4 poor, 5 very poor.

In 1987 Mars published a comparison between Oslo and Great Ormond Street using the Goslon Yardstick. It showed the results were poorer in GOS than in Oslo. The euro cleft project was originated in papers by Shaw et al, 1992, Mars et al 1992, Asher-Mc Dade et al 1992 but a more complete project was carried out and published by Shaw et al 2001. These investigations show a very varied outcome at different centres.

The Eurocleft Project 1996-2000

A project aimed at developing a network of cleft palate teams within the EU and in eastern Europe . The original Eurocleft project developed a methodology for comparing results of treatment. It exposed the variability of outcome at different centres generating an impetus for improvement. It brought about collaboration and research. The project has been enlarged to cover all Europe 

Approaches to cleft care vary considerably, in the Nordic countries cleft care has been traditionally centralised, while in France, Germany and Italy (and until recently in the UK) provision of cleft care has been via a large number of small centres. The original Eurocleft project suggested that low volume operators produced poorer results. Indeed the comparison between the poorest centres and the best was striking.

This project started with a systematic review of the literature with methodology of the Cochrane Collaboration from 5474 titles 189 were found to be relevant but of these only 3 described clinical trials. One of these showed a detrimental effect of alveolar bone grafting at the time of lip repair Robertson and Jolleys 1968 All other findings were either negative of potentially biased.

By setting up a Europe wide register of cleft palate teams the diversity of different treatment regimes has been revealed in fact no two centres were using the same protocol. Problems highlighted include: -

· Personal egotism of surgeons.

· Competition between different specialities

· Lack of clinical leadership

· Lack of responsiveness from health authorities at local and national levels.

In the UK these problems led the government to instigate a national review. The Clinical Standards Advisory Group (CSAG) 1998 concluded that the fragmented services in the UK were achieving a low standard of care. It instruct the formation of regional centres each one seeing a minimum of 40 new cases each year.

The overwhelming number of centres in the Eurocleft register have expressed a wish to become involved in research. A number of centres have already started randomised controlled trials.

Shanthi Thiyagarajah wrote this excellent abstract.
CSAG Abstract

In May 1996, an ambitious study was commissioned by the UK health commissioners to advise on standards of clinical care and outcomes for children with congenital cleft lip and/or palate.

Concern had arisen about variations in the standards of treatment for these patients both within the UK and when compared to centres in Europe.  Mars et al (1987) did a study, which demonstrated U.K. shortcomings in a comparison between an English and Norwegian centre and the Eurocleft study comparing 6 European centres in 1987 showed that the 2 U.K. centres were weakest in almost every aspect of care.  The project, supervised by the Clinical Standards Advisory Group (CSAG) officially commenced in March 1996 with funding for 15 months.  The CSAG cleft lip and palate committee had representations from all the main disciplines involved in cleft care including speech and language therapy, plastic surgery, oral and maxillofacial surgery, paediatric dentistry, nursing, and orthodontics.

After consideration of all the data produced by the research team together with supporting visits to a number of units by the main cleft lip and palate committee, the report was delivered and accepted at it’s first presentation in June 1997.

Aims

This study aimed to assess the quality of care for children in the U.K. born with complete unilateral cleft lip and palate and the training of those health professionals providing this care

Methods

Research Team

Two part-time research workers were appointed to act as lead co-ordinators for the project together with a network of Regional Cleft Co-ordinators 

Sample

Children included in the study were only those with a complete unilateral bony cleft of the lip and palate.  This group was large enough in number to enable an assessment of total cleft care to be undertaken as well as allow a meaningful comparison to be made with other multi- centre studies.

Two cohorts of children (5-year-olds and 12-year-olds) were examined.

The age of 5 is the first point at which the outcome of primary surgery could be assessed and the second age cohort showed the results of secondary alveolar surgery.

Subjects were identified by looking through operating books relevant to cleft surgeons, contacting leaders of cleft teams currently operating in the U.K for details of their patients and finally if further corroboration was required, orthodontists and speech and language therapists were asked to provide lists of children under their care.

647 children were identified to the research teams, 326 5-year olds and 321 12-year-olds who were being cared for by 50 cleft lip and palate teams.  A total of 601 children were invited to attend data collection days.

Cleft Teams
57 active cleft teams were identified in the UK with 105 consultant orthodontists involved in the care of these children.  Seven cleft teams did not participate in the outcome study.  Cleft teams were contracted to provide services for a mean of 4.2 purchasers and received referrals from an average of 5 maternity units.  A total of 75 cleft surgeons were undertaking primary cleft care and there were 70 speech and language therapists.  

Outcome records

The following outcome records were collected:

· Dental study models

· Lateral cephalometric radiographs

· Anterior occlusal radiographs

· Photographs

· Oral health assessment

· Speech

· Patient satisfaction

Training

A sample of recently appointed cleft surgeons and orthodontists were surveyed to evaluate experience in cleft care.  The senior cleft surgeons and orthodontists were invited to give their opinion on the organization of training in the future.

Results

Dentofacial outcomes and patient satisfaction

The results of the outcome measures reported give cause for concern, with an overall low quality of outcome achieved.

The 5-year-old index and GOSLON index were used to rank the study models. A poor dental arch relationship was found in over a third of patients in both age cohorts reflecting an underlying skeletal discrepancy that was likely to require orthognathic surgery for correction in late teenage years.

70 % of the 12-year-old patients had a skeletal Class III relationship. Since these children were prepubertal and skeletal III tendencies usually worsen with growth, this may be an underestimate of the future needs of orthognathic surgery.

A further cause for concern was the low success rate of alveolar bone grafts.  42% of bone grafts were seriously deficient or failed.  This compares to 3% of children in one of the European centres in the Eurocleft study.  In clinical terms, this means that the majority of British children born with UCLP are likely to need a repeat operation or risk being left with a compromised dentition as a result of a failed bone graft.  Grafts undertaken later than 11 years have been shown to have a worse prognosis (Enemark et al 1988).  15% of the UK sample had not received a bone graft.

Dental health in this sample is no better than in the general population – which is poor - and suggests that cleft teams are neglecting this aspect of care.

In spite of the disappointing results in terms of clinical outcome for the U.K. sample, there was widespread appreciation of care received by parents and children.  This was similar to previous studies in the UK (Thomas et al.,1997 ;Turner et al., 1997).  Not surprisingly, dental appearance and associated teasing caused the most concern for parents and children as orthodontics for such children is usually not completed till after 12 years of age.  However, the present study represents only another cross sectional view and currently, true longitudinal data is lacking.
Speech outcomes

Less than 20% of 5-year olds and only 47% of the 12-year-olds had entirely normal intelligibility.

This study strongly suggests that, in general, the primary surgery for cleft children in the United Kingdom is producing poor speech outcomes and that the current provision of speech therapy to this group of children is not meeting their needs.

Clinical care

A highly specialised multi-disciplinary service is required from diagnosis to maturity and continuity of care is essential.  Co-ordination of treatment is made much easier if record keeping, treatment planning and audit can be carried out from one regional centre.

Surgical technique, timing and sequencing should conform to established protocols but be open to change on the basis of any new sound scientific evidence.  Any decision making process should be restricted to a multidisciplinary forum.

Record keeping

There was widespread evidence of poor record keeping.

70% of cleft teams claimed to have active databases but more than half were unable to provide evidence that the information was accurate. Only 36 teams could provide basic data such as patient’s names.  Inefficient database management makes the process of audit and research much more problematic

It is alarming that no details of bone grafting were available for 15% of the 12-year-olds.

Proficiency

An issue which has not been resolved by this study, is the relationship between volume of the operator and the outcome.  Shaw et al (1996) suggested that a minimum caseload of 30 patients is required to maintain competency and proficiency for both surgeons and orthodontists and their skills can only be allowed to develop if a high standard of record keeping is maintained. CSAG rightly point out however, that volume alone is not enough – one must also consider the skill and experience of the surgeon and the surroundings in which care is delivered.

The majority of operators in this study were low volume operators (Only 7 surgeons carried out 5 or more UCLP repairs per year).  However a lack of high volume operators and overall poor standard of results did not allow a thorough analysis of the relation between outcome and volume in this study. The key point is that unless there is sufficient volume of patients being treated in a centre with appropriate records, quality of cleft care can never be verified over a reasonable time period.

Audit and Research

Providers did not collect records on a sufficiently systematic basis to enable them to to monitor the quality of care.  Only one unit provided evidence of clinical audit over a 12 year period.  Small samples, anecdotal and biased reporting and lack of multi-centre collaboration, have limited the advancement of clinical knowledge for cleft lip and palate.

Training

There was wide variation in the clinical experience in cleft care obtained by newly appointed consultants.  There was lack of experience or formalised training in all aspects of cleft care.  The majority of consultants were of the opinion that training of future cleft teams should take place in high-volume units.

Recommendations

As a result of the CSAG report, the following recommendations were made:

· Centralised cleft units should be formed, so that the resources within the 57 units is reorganised into 8-15 units.

· Service specifications for cleft care should be clearly outlined and commissioners should only purchase services from these units.

· Trusts should start to amalgamate services to form designated cleft centres and ensure their services fulfil the recommendations of the CSAG report regarding the range of skills available

· A central database should be set up specifying standards for record keeping and this information should be made available for the purposes of audit and research.

· A training pathway should be set up for the surgical trainees specialising in cleft care and these should be approved only in high volume centres.

·  The completeness of recording of cleft births in the UK should be improved.

Was it worthwhile?

CSAG was one of the most comprehensive and exhaustive investigations ever undertaken and showed that many aspects of treatment in the UK are inadequate.  A review of the system was obviously long overdue.

However, one has to appreciate the structure of the NHS and the complexity of delivering healthcare to a population of 56 million.  Norway with a population of 5.5 million and only 2 cleft centres was recognised in the Eurocleft study as having higher standards of cleft care than in the U.K.

Clearly, the recommendations have implications for orthodontists, mainly that a centralised service would require involvement of fewer consultant orthodontists.  Although a centralised service may be desirable to improve outcomes, it does limit access for patients.  Arrangements on a ‘hub and spoke’ service would be workable under the current NHS system.

The public health care system in the UK has enabled this government-sponsored study to be completed but it may be relevant to other countries in which cleft care has evolved in an uncoordinated manner.  The CSAG report has demonstrated, that it is possible to undertake a critical appraisal of services for health care on a national basis and provide evidence that is sufficiently robust to enable the government to implement major restructuring. 

Without changes to the present fragmented arrangements, it is unlikely that the UK will be a significant player in cleft research, including the case control studies and preventative trials that will in time reduce the occurrence of cleft lip and palat
The big answer may be smaller than you think.

Ferguson is approaching the problem at a cellular level scarring following surgery does not occur following surgery to embryos  his researches may lead to an understanding of the biochemical events that lead to scarring and eventually scar free surgery.(or you might envisage in utero surgery.)

Early diagnosis with the new generation of 3d ultrasound scans may lead to higher termination rates. It seems very variable with some centres reporting much higher rates than others.

Research continues into the complex genetics of CLP if the problem could be fully understood genetic screening might lead to a reduction in cleft births.
 Mr Ferguson a Tribute

By Victoria & David Beckham.

Mr Ferguson first became known to us because of his Alligator studies published in the BDJ. (Since alligator studies are comparatively rare in the BDJ they tend to jump out at you) he is now Professor at the school of biological sciences in Manchester. He is an excellent and exciting speaker and if you get the chance to hear him, you should not let it pass you by.

 Although his work includes direct studies into clefting:  Genetically in particular the TGF-beta3 gene, bio-chemically with the effects of transforming growth factors 1,2 and 3 and at a cellular level with the investigation of Filopodia which seem be generated by TGF-beta3 these develop on the medial edge epithelial cells of the palatal shelf. It seems that these filopodia play a part in palatal shelf fusion and in mice with no TGF-beta3 gene injection of TGF-beta3 can treat embryological cleft palate.

 In fact, it is his work into scarring which is most interesting. Wound repair in mammals is characterised by scarring. It is postulated that this is an adaptation to give rapid repair and reduce the risk of infection. Specialised tissue is replaced by scar tissue. This is in contra-distinction from “lower” forms of life such as reptiles and amphibia. They can regenerate specialised tissue and even re-grow entire limbs. Interestingly the mammalian foetus will heal without scarring in the early stages. Mark Ferguson has carried out experiments grafting adult skin to a foetus and shown that this will scar even in utero. That means it is a property of the skin of the embryo and not of the uterine environment. 

In the future, it may be possible to restore the embryonic regenerative response by altering the regulatory growth factor cascades involved in wound healing for example the ratio of cytokines such as TGF-beta3 relative to TGF-beta1 and TGF-beta 2.

Clearly the development of scar free surgery would be of benefit to almost all surgeons but since we have established that it is the scaring that is the particular problem in cleft palate surgery this development would revolutionise cleft palate treatment.

Speech problems

10% to 25% of cleft palate patients have speech problems resulting from Velopharyngeal insufficiency. But other problems can affect speech: -

1. Poor movement in the muscles of the soft palate.

2. The size and shape of the muscular and skeletal structures.

3. Poor hearing

4. Problems with the tonsils or adenoids

5. Neuromuscular problems

6. Abnormal position of the teeth may create speech problems.

If the palate is not repaired it is unlikely that normal speech will develop. But even if a repair is carried out. Late repair increases the chance of speech problems.

Since the problem with cleft palate speech is largely escape of air (and sound) through the nose sounds with high nasal resonance such as “n” and “m” can be produced with no difficulty. Sounds that normally have no nasal resonance (such as p,b,t,d,f,v,s and z ) are difficult to pronounce. Poor speech gives rise to poor language development and communication skills.

Children who are unable to obtain velo pharyngeal closure may use inappropriate muscles in the throat to produce sounds instead of using the lips and tongue. The commonest of these compensatory articulations are glottal stop which are hissing or lisping sounds made at the back of the throat to substitute for s,z,f,v, sh and ch.

The speech therapist may ask you to make a palatal training device a removable appliance with an arm that extends over the soft palate. In one design this arm consists of 2 low voltage electrodes when the palate is lifted a light (which is connected to the URA) goes out.

Hearing problems

Muscles that help the Eustachian tube function properly may not function properly or may be missing. This causes poor drainage of the middle ear and subsequent infection. Because these changes can occur early in life the child may learn to live with the problems and moderate hearing loss may go undiagnosed for some time. Poor hearing leads to poor speech development.

	What is the special property of cartilage?
	Able to grow in the middle even when weight bearing

	What is the feature of bone grown in membrane
	Not weight bearing ,usually in the skull, protective

	What ideas did Koski introduce
	He evaluated growth centres. In animal experiments he removed growth centre and tried to grow them in vitro. He found that the speno-occipital synchondrosis was a growth centre but the condyle was not

	What did Bjork discover
	Using implants in the mandible. He showed a rotating movement (usually closing) during growth. It was masked by surface remodeling.

	What was Melvin Moss’s theory
	Functional Matrices. Believable when you say that the size of the calvarium is dependent on the size of the brain. Less believable when we get to the size of the sinuses

	What did Ilizarov discover 
	apply traction across a repairing fracture and  you can grow the bone even in adults

	What did Baccetti use for prediction of future growth
	Shape of cervical vertebrae of a lateral cephalogram

	What is a hyaline area in tooth movement
	An avascular area due to compression it does not contain cartilage

	In 1952 Storey and Smith found high forces slowed down tooth movement has any further research confirmed this
	no

	What is the ugly duckling stage?
	Approx age 9 in crowded cases the canines push the roots of the upper incisors together producing a diastema

	What is the incidence of cleft lip and palate in the UK
	1 in 800 live births

	Who first described alveolar bone grafts in cleft palate treatment
	Boyne and Sand 1972

	What is the ideal age for this procedure
	8-10 years

	What are the benefits of alveolar bone grafting
	1. supports base of nose
2. teeth can be moved into the graft

3.In bilateral cases supports the prolabium

	Do you need to align the teeth prior to alveolar bone grafting
	No best not to as the bone around the roots is very thin just expand laterally and AP



	What is the aim of orthodontics prior to Alveolar bone grafting?
	To provide good surgical access

	How is it done
	In unilateral cases expand with a Tri-helix palatal expanded. In bilateral cases  bond incisors and molars and push incisors forward

	What were the principle recommendation of the CSAG report
	Centralised cleft units
Central Database

Organized training pathways
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Figure 1.4. Development of the palate. (Adapted from Patten, Human Embryology 3rd
edition, 1968, by permission of McGraw-Hill Book Company.)
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Ficure 9-10. Upper one-third triangular flap operation (4, B, C and D) (see also Figure 1, C). Point a is
chosen at the midpoint of the base of the columella. It may be moved onto the normal side if necessary for ade-
quate length. Point b is the point chosen for the peak of the cupid’s bow. The triangular flap c is marked out
on the normal side of the cleft in its upper portion. The extensive triangular flap d is marked out with its short
arm commencing under the ala of the cleft side and its long arm running from the floor of the nose to the point
b’ on the vermilion border. This point can be moved more laterally if necessary to give adequate lip length. In-
cisions are made full thickness through the lip, as in Figure 2, B. The triangular flap c is rotated laterally to the
point beneath the ala. The curved line a b straightens out by rotation and advancement as b and b’ are approxi-
mated. The triangular flap d is rotated medially to the point a beneath the columella.



