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xxi
Ab stra ct

The Le Fort I osteotomy is a surgical procedure designed to correct certain types

of maxillary deformities. It enables the maxilla to be repositioned within

certain limits in three dimensions. These shifts can be performed leaving the

maxillary arch intact or the arch can be cut into segments and expanded or

compressed. Bone grafts may or may not be required. TLe procedure has gained

world wide acceptance and has been widely performed over the last three

decades . It was however first described last century. The maxilla is shifted into

a preplanned position and fixated via various methods, however over a period

of time relapse has been shown to occur'

Tl1e aim of tl-ris research rvas to measure relapse and to identify the factors that

influence relapse over a long period of time (minimum of one year)' The

incidence and timing of relapse has been documented in many studies. These

have largely been conflictive and inconclusive. r\,Iost of these studies have

been of short duration.

The research is a retrospective study based on cephalometric analysis of pre and

post operative radiographs to determine the extent of relapse. Patients who had

undergone a Le Fort I osteotomy in the period 1984 to 1997 at the Royal

Adelaide Hospital were included if they had a complete set of lateral

cepl'ralograms and other records greater than one year post surgery' Out of 287

patients undergoing this procedure, 100 fulfilled these requirements'

Utilising a standardised approach these cephalograms were analysed to

determine changes in the maxillae from pre to post surgery, and then post

surgery to greater than one year. Tl'ris quantified the amount and direction of

movement with the original surgery and also any long term post surgical



xxii
instability.

After a review of the literature various factors that may influence the stability

of the surgery were identified. These included whether orthodontics were

utilised or not, the direction of movement, the magnitude of movement,

concurrent mandibular surgery, the type of fixation, the use of bone grafts, and

segmental versus non segmental treatments. The age, sex and growth status of

the patient were also assessed for their influence on stability, as was the

experience of the surgeon performing the operation.

A close examination of the errors of method was undertaken and discussed.

This identified limitations that are inherent in this form of study. The maior

factors identified and addressed were accurate landmark identification.

This study showed that all Le Fort I osteotomies have a degree of post surgical

instability. As has been found in other short term studies the direction of

maxillary movement altered the amount of instability post surgery.

Advancement osteotomies are more stable than the superior repositioned

maxilla, which in turn are more stable than the inferior repositioned maxilla.

The occurrence of the instabitity was within the first twelve months after the

operation was performed. After minor early instability the Le Fort I osteotomy

can be considered stable in the long term.

Instability with superior repositioning can occur either in a further superior

direction or relapse in an inferior direction. Identification of aetiological factors

that may aid the recognition of the patients in each of these Sroups prior to

surgery was not achieved.
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No significant difference in stability could be assigned to age or gender'

Whether orthod.ontic treatment was performed or not had no influence on the

stability of the Le Fort I osteotomy. The type of fixation used at surgery

generally had no bearing on the amount of post-surgical instability. In the

inferiorly repositioned group there was a slight improvement in stability

when bone plates were used rather than intra-osseous wiring.

Bone graft use, growth in the patient, and the experience of the surgeon

performing the Le Fort I osteotomy had no effect on the amount of long term

stability. Concurrent mandibular osteotomies performed with the maxillary

osteotomy also had no influence on the long term stability of the Le Fort I

procedure. Segmentalised maxillae, either for transverse or vertical

discrepancies in the maxilla, had similar relapse rates as one piece maxillary

osteotomres.

This study confirms that the Le Fort I osteotomy is versatile, robust and

essentially stable.
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Chapter 1 : The Le Fort osteotomy for the

correction of the maxill aty position in three

dimensions.

1.1 Overview and Aims

Dentofacial d.eformity involving deficiencies or excesses of the maxilla are

common to all populations. These may be of both a cosmetic and functional

concern to the individual irrvolved.

Various possible maxillary problems that can occur in isolation or in

conjunction with other facial deformities can be corrected with a surgical

approach to obtain a more desirable functional and aesthetic unit (Chapter 2 )

The Le Fort 1 osteotomy is a proven surgical technique used rvorld wide to

address these deformities. It can be used to alter the position of the maxilla

within certain limits in three dimensions of space'

The technique, risks and morbidity of this operation are well documented

(Chapter 2). Relapse associated with this technique has been researched in the

short term but long term studies are few in number'

The degree of surgical movement and relapse can be analysed utilising

cephalometric evaluation. Cephalometry, is an extensive subject, and is

discussed in chapter 3, including the use of appropriate land marks' Relapse in

terms of the surgery and final position of the occlusion are discussed in

Chapter 4.

The review of the literature identified a number of variations that may play a

role in the occurrence of relapse and at r,r'hat interval they occur. These factors
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are discussed in chapter 5 , including the role of pre and post surgery

orthodontics.

The biomechanics of bone plates and other fixtures-are discussed in chapter 6.

The material and methods, results and errors are presented in chapters 8 and 9

followed by discussion ,chapters 11 ,72 ,and the conclusions.

The aims of this study were to :

L) Retrieve data from the files of the OMF unit of patients who

had undergone maxillary surgery.

2) To examine lateral head radiographs to help determine the

presence of relapse in 2 planes ,vertical and anteroposteriorly,

over an extended period of time.

3) To establish whether certain variables affect the degree and

timing of relapse. These include:

Gender

Age at the time of operation

Use of bone grafts

Surgeons

Concurrent mandibular surgery

Fixturcs (wirc or plates)

The investigation involved 100 patients who had Le Fort 1 maxillary

osteotomies in isolation or conjunction with other surgical procedures. It

included maxillae repositioned in all 3 planes of space and examined both

horizontal and vertical relapse.
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II

Review of the Literature
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Review of the Literature.

chapter 2 : Dentofacial discrepancies involvitg

the maxilla.

2.'/-. HistorY

The first recorded maxillary osteotomy was performed by Van Langerbeck in

1859. Via an extraoral approach he divided the maxilla horizontally and

displaced it inferiorly to gain access to a tumour. A down fracture of the

maxilla was also performed by Cheever who used it to gain access to a

nasopharyangeal mass in 1864. ( Drommer 1986, The History of the Le Fort I

osteotomy).

Ín I92l Hermann wassmund in Germany attempted to correct a dentofacial

deformity by maxillary osteotomy. He did not fully mobilise the maxilla but

apptied orthopaedic forces post surgically'

In L934 Auxhauser published his method of mobilisatiorr of the maxilla for

correction of an anterior open bite'

schuchardr(1942) further developed the procedure noting that the previous

incomplete osteotomies were not sufficient to enable anterior repositioning of

the maxilla. He advised pterygomaxillary dysfunction to accomplish this'

converse et al in the Journal of Plastic Reconstructive surgery in 1'952

described the use of maxillary osteotomy to correct developmental

malformations of the iaw. They described a retromolar and transpalatal

osteotomy in coniunction with a maxillary dentoalveolar osteotomy'
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Prior to 1965 dentofacial deformities were usually treated by mandibular

procedures alone. The results were often considered less than satisfactory as

they failed to address the actual site of the deformity. Many authors published

their experiences with Le Fort 1 osteotomies in the late 1960's and early L970's

including Obwegeser, Willmar, and Epker et al. Epker reported stable results

with this procedure.

Bell et al was the first to examine the biological basis of Le Fort L osteotomies.

He found the procedure to be based on sound principles with his histological /

microangiographical study.

Epker published in 1983 the results of his research into the vascularisation of

the maxilla and its application to maxillary procedures. He found that the

blood supply to the buccal alveolus, peridontium and teeth are from the

posterior superior alveolar vessels. The palatal blood supply is from the greater

palatine vessels and the buccal labial attached gingiva and adjacent free mucosa

are supplied via the underlying bone.

I\4any comprehensive descriptions of the maxillary osteotomy have been

published since. (Kieh et al 1968, Proffit et aI1970, Nelson et aI1977, Araujo et

aL1978, Epker et al 1980, Maloney et al 1981, Kahnberg et al 1988 etc.)
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2.2 Classifications of Maxillary Discrepancies.

Maxillary components of dentofacial deformities may be associated with

specific facial syndromes and congenital anomalies but these are rare. Most Le

Fort procedures are undertaken on patients with isolated jaw and teeth

discrepancies.

Some cases can be attributed to specific causes such as asymmetries, Treacher

Collins syndrome, clefts and trauma but in most cases it is considered a

complex interaction between hereditary susceptibility, environmental

influences on growth, and cellular and tissue responses to growth promoting

agents.

Classically dentofacial deformities are described according to Angle's

classification (Angle 1907). The Angle classification of malocclusion primarily

refers to characteristics related to the antero-posterior or saggital plane. The

original Angle classification was based entirely on the dental relationships but

was linked to skeletal relationships by reference to the position of the maxillary

first molar. Angle observed that the maxillary first molar is found under the

'key ridge' of the maxilla, which is the lateral buttress of the zygomatic arch.

Angle considered this relationship a biological benchmark and made it the

basis for his classification.

Based on this theory Angle believed the problems of malocclusion related to

the antero-posterior plane of space were due

1. solely to malposition of the teeth within the arches (Class I).

2. Lo a distal position of the mandibular molar (and by inference,

the mandible) (Class II).
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3.to a mesial position of the mandibular molar (c.lass III)

(Belt et al 1986)

class II dentofacial deformities are associated with either a combination of

maxillary prognathism or mandibular retrognathism' These horizontal

discrepancies can also be complicated by vertical discrepancies resulting in a

skeletal open bite or a deep overbite ( class II Div' II )' Transverse discrepancies

can also coexist

Class III dentofacial deformities can be either true or pseudo mandibular

prognathism. Pseudo mandibular prognathism is usually a reflection of a

hypoplastic maxilla in the antero-posterior direction. clinically these patients

present with a concave facial profile with an obtuse nasolabial angle' a

retrusive upPer lip and a narrow alar base'

Vertical maxillary excess can occur in coniunction with the above discrepanctes

or in isolation. It presents in many forms with seven different forms being

described by schendel et.al. (1985) and Delaire et al (1981).

These seven SrouPS included:

L. Maxillary vertical excess (v.M.E.) with vertical chin excess'

2. Patients with short upper lips and no maxillary skeletal

deformities. (Giving an impression of V'tvI'E')'

3. Total maxillary excess withpre maxillary abasement. v.M'E'

with chin excess exaggerated by lowering of the total pre maxilla'
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4.Maxillary excess with palatal rotation (Counter- clockwise or

clockwise).

S.Maxillary excess with'abasement' of the posterior palate. V.M.E

with lowering of the posterior palate.

6.Maxillary excess with pre maxillary elevation. Posterior V.M.E.

is greater . Pre maxillary segment is rotated superiorly.

T.Posterior maxillary deficiency with anterior excess.

All except one are bony related (the exception being individuals with short lips

and vertical excess in the chin). The most common presentation is vertical

excess in the maxillary alveolus (Schendel et al 1985). These broad categories

are clinically useful for vertical maxillary excess with or without an openbite.

The other main group of patients that nìay require Le Fort osteotomies are

those patients that have severe facial asymmetry. Most of these would be

included in the developmental group, including entities such as hemifacial

hypertrophy, hemifacial microsomia, cleft lips and palates, condylar

hypognathism or hyperplasia leading to secondary asymmetrical growth of the

maxilla. Other asymmetries include patients r,r¡ith Rombergs syndrome, and

growth disturbances secondary to trauma, surgery and irradiation.
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2.3 Incidence.

The prevalence of dentofacial deformities severe enough to warrant surgical

correction has not been systematically studied. Some American data gives an

approximate idea on the extent of the problem.

Proffit et al (1970) estimates the median of the American population that

would benefit from maxillary surgery for skeletal Class II's, III's and anterior

open bite to be 2.6'/r,. This percentage, although it sounds small, would

represent some half a million individuals in the U.S.A. or in Australia 50,000

individuals. These though, are estimates, but do show dentofacial deformities

which could require surgery are prevalent.

Severe crowding of the teeth in the white American population was 27'/o

(Kelly 7e77).

Further analysing this , they found that STt¡ of the population had severe

malocclusion that might be considered handicapping. Of this 5% if. is not

possible to say which would be treatable with surgery rather than orthodontic

camouflaging and also what percentage of the group would require maxillary

surgery as part of their treatment plan.

There are fewer studies on the prevalence of malocclusions in Australian

populations. Eshoko et al (1994) and a similar study by Tod et aI (7997) found

the incidence of malocclusion that required intervention with orthodontic

treatment to be about 6'/u in Australian school children and adults. Again no

specific study has examined the prevalence of patients that would benefit from

adjunctive surgery.
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Extrapolation of American data to Australian circumstances appears to be

iustified. Cons et al (1983) compared malocclusions between Australia, the

German Democratic Republic and the United States of America and found

them to be essentially the same.

2.4 Maxill aty Growth Normal growth patterns

oÍ the maxilla.

The facial skeleton grows downward and forwards from the anterior cranial

base and increases in size sagittally, vertically and transversely. This is partly as

a result of sutural growth and partly as a result of periosteal remodelting.

Sutural growth is important initially , but continues at a fairly slow rate until

after puberty. Subsequently all changes are secondary to periosteal remodelling

Farrer (1984) reviewed the effects of growth on the facial profile:

L.Males tended to grow more in all directions, commencing and

finishing later in life (13 - L8 years). Most female growth occurs

between I - 13 years and stops by 15 years.

2. Males attained relatively longer faces compared to females who

display relatively deeper faces. Facial convexity flattened with age

for both sexes but the effect was greater in males.

3. The faces of 12 year old females did not differ significantly from

those in adulthood except in dimension. In contrast, the faces of

12 year old males underwent marked change by adulthood.

Bjork (1955) inserted small tantallium implants into the maxillae of growing
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children and radiographically monitored their descent, and thus the

movement of the maxillae, relative to the anterior cranial base. The maxillae

exhibits a variable degree of rotation. The rotation of the maxillae is masked by

periosteal activity. Thus the maxillae grows in length, in height and in breadth

by a combination of sutural activity and periosteal remodelling.

The increase in height of the maxilla occurs due to sutural growth at the

frontal and zygomatic bones and appositionally on the lower aspects of the

alveolar process in association with the eruption of teeth' Enlow and Bang

(1965) found that bone was ad.ded to the maxillae superiorly and posteriorly'

The superior additions occulïed on the orbital surfaces as well as the

supramaxillary sutures. The principle posterior addition is in the region of the

maxillary tuberosity. These additions together produce a translocation of the

maxillae downwards and forward.

The maxillary alveolar arch undergoes apposition of bone on the buccal

periosteal surface of the arch and also posteriorly at the tuberosity (the most

active region of deposition) , whereas there is resorption of bone anterior to the

root of the maxill ary zygomatic process. This results in an increase in width

and length of the maxillary arch. The arch also increases in height with

deposition of bone at its inferior surface.

The hard palate is carried downwards and forwards by the above growth

changes of the arch. [t does however undergo growth and remodelling

changes of its own which accentuate this movement and result in a great

enlargement of the height of the nasal cavity. The floor of the nasal caviby and

maxillary sinuses afe resofptive, while the roof of the oral cavity shows

deposition.
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Enlow (1968) concluded that the combined growth patterns of the palate and

alveolar arch result in the growth in the length, width and height of the

alveolar arches, and to the descent of the palate and hence the increase in

height of the nasal cavity. These changes are essentially remodelling growth

that takes place in virtually all parts of the entire bone. The other main growth

force on the maxilla is sutural growth. This occurs with the aid of growth at the

nasal septal cartilage, thrusting the bone downwards and forwards. Moss et al

(1968) has extensively reviewed the role of the nasal septal cartilage in

midfacial growth. He concluded the growth of the cartilage was secondary to

and compensatory for prior passive translation of the midfacial bones. Siegal

(1976), on the contrary, showed septal resection does influence growth of the

face. The effect he found depended upon the amount of septum removed and

the timing of resection during growth. Some limited septal resection can be

undertaken without producing undesirable effects on growth. It is generally

accepted now that the cartilaginous nasal septum is an important factor

influencing vertical and sagittal growth of the maxilla.(Grymer et al. 1997).

The composition of the two growth forces results in downward and forward

movement of the maxilla and regional increases in size.

There is individual variation in the direction of growth. Some it is

predominately forward, others downwards (Scott,1967). There is a tendency for

growth to be downwards in the first decade and more vertical during the

second decade (Bjork 1964). During the first decade, particularly the period of

two to three years of age most active growth is at the sutures. After the end of

the first decade growth is predominately due to surface deposition.

Antero-posterior maxillary growth is largely complete by the initiation of
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puberty and that subsequent growth is in the vertical plane (singh and Savara'

!966,1968). Buschang et al (1986) found that in contrast to mandibular growtfu

maxillary growth does not disptay characteristic acceleration during

adolescence. Bishara et al (1984) found in a review of facial growth that 90 - 95

,/o of. growth was complete in girls at aged 13 -14 years' In boys of the same age

only 75 -85% of gror't'th was complete'

Growth has been recognised as a factor in relapse in mandibular surgery'

(schendel et aI1978). Research into the result of growth on long term relapse

in maxillary procedures has been more in tune with the effect that surgery can

have on growth. Many authors have explored this question with particular

reference to performing surgery earlier during growth' Timing of orthognathic

surgery in the cleft palate patient is controversial. some authors consider that

early surgery restricts potential growth of the malformed maxilla condemning

the patient to further surgery or a deficient middle third' This applies to the

closure of the cleft palate and its affect on transverse gfowth (Fried et al 1980)'

For the non cleft patient completion of the dentition or concurrent

mandibular surgical needs dictate when surgery is undertaken'
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2.5 Surgery for the treatment of maxill ary

discrepancies.

Procedures for mid third facial surgery depend on the diagnosis and obiectives

perceived by the patient and clinician. Numerous maxillary procedures can be

performed ranging from single tooth osteotomies, segmented osteotomies, to

whole jaw osteotomies.These can be done in conjunction with each other

including the use of higher level mid third osteotomies ( High Le Fort I, Le

Fort II, Le Fort III, and also zygomatic osteotomy ). Any of these can be

performed with the range of mandibular procedures and genioplasties. Rapid

maxillary expansion is another maxillary procedure to increase transverse

dimensions.

Certain specific maxillary osteotomies will be described briefly for historic

interest. These osteotomies still have a place in the repertoire of the

orthognathic surgeon.

Wassmund's technique for anterior maxillary subapical osteotomy was

described in 1935. It is designed to adjust the anterior segmental position in

three dimensions maintaining the facial and palatal soft tissue pedicles. Access

to the bone is obtained via a vertical incision between the canine and

premolar. Subperiosteal dissection is carried forward to the nasal aperture. The

same approach is performed on the opposite side and a palatal tunnel is also

created. The bone is then cut through to the palate maintaining the palatal

mucosa; the cuts are easier if a tooth is removed.

The Wunderer technique is similar to the Wassmund except a palatal flap is

made, the anterior segment blood supply being obtained from the labial
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pedical

complications in both these techniques include persistent periodontal defects

at the osteotomy sites between teeth. Devitalisation of the teeth due to the loss

of blood supply is also reported. This leads to tooth death and the possibility of

abscess formation

Posterior maxillary subapical osteotomy is used to correct isolated unilateral

posterior crossbite maxillary transverse excess or deficienry, posterior openbite

or vertical maxillary excess with a posterior comPonent. The surgery is done

completely from the buccal side.Access for the vertical anterior cut is created by

removal of a tooth or use of orthodontically created sPaces ' A horizontal high

vestibule incision is made and tunnels performed to achieve this vertical cut;

horizontal cuts are then performed. Access palatally may not be required but if

necessary runs parallel to the palatine vessels and can be achieved via a

transantral approach to maintain the integrity of the palatal mucosal tissues'

This procedure has been essentially superseded by the Le Fort I osteotomy for

vertical maxillarY excess.

osteotomies of the maxilla are traditionally described by comparison with the

common fracture patterns of the mid third of the facial skeleton named after

the work of Rene' Le Forte (1901). These are called the Le Fort 1, Le Fort 2 and

Le Fort 3 fractures.



17
Figurc 2.1 Le Fort fracturc lcuels

. lnfraorbital loramen

Maxtlla

Le Fort I osteotomY level

Mandible

Mental Foramen

To perform the standard Le Fort I maxillary osteotomy as an elective

osteotomy ,via an intra oral, approach consideration must be given to the

adequate blood supply of the segments'

Bett et al examined the biotogicat basis of low level maxillary mobilisation in a

series of papers commencing in 1969. They studied the vascularisation and

revascularisation of bony heating in a variety of osteotomies performed on

Rhesus monkeYs.

Turvey and Fonseca examined the anatomy of the maxillary artery in cadavers

and found the Le Fort 1 osteotomy could be done safely without compromising'

the blood supply to the bony segments'
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Other works have examined the blood flow as an indication of post operative

change. Nelson et al found a significant reduction in blood flow immediately

following osteotomy but showed rapid re-perfusion in the post surgical phase

In designing access incisions to the maxilla clinical experience has shown that

as long as a reduced supply to the maxillary segments is maintained from at

least one source then the tissue should not be devascularised. This is possible

in the maxilla due to the extensive collateral circulation.

The blood supply to the maxilla is palatal or vestibular in origin rather than

depending on distal branches of the external carotid artery. As long as a broadly

based well attached palatal or vestibular mucogingival pedicle is kept on at

least one side of arìy segment to be mobilised, it should have an adequate

blood supply to ensure the vitality of that segment post surgery. Siebert et al.

(7997) utilising cadaver studies , showed the vascular supply of the mokrilised

Le Fort I maxillary segment is by the ascending palatine branch of the facial

artery and the anterior branch of the ascending pharyngeal artery in addition to

the rich mucosal alveolar anastomotic network overlying the maxilla.

Access incisions used intra orally include horseshoe incisions where a

horizontal cut is made through the buccolabial mucoperiosteum, well above

the attached gingival margin at the level of the maxillary teeth apices. Multiple

vertical vestibular incisions may also be used to maintain multiple pedicles

including an anterior one (eg. Four piece maxillary osteotomies) , or a

combination of palatal and vestibular incisions depending on the

requirements of the surgery.
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2.5.1. South Australian Technique'

In this series of patients the surgery was performed by a number of consultants

and registrars utilising a broadly standardised approach (Refer to Appendix II)'

stage L: The patient was an initialty sent for consultation with the o'M'F'

surgeon. A treatment planned was formulated and presurgical orthodontic

treatment carried out by an orthodontic registrar'

stage 2: As per an established protocol, orthognathic patients receiving

treatment in the oral and Maxillofacial Surgery Unit (University of Adelaide,

south Australia) commenced an eight week lead in time once a surgery date

was established. During this time a final work up is performed which includes

re -examination, clinical photographs (both intra and extraorallY), new

radiographs, and working/ study models mounted on semi adiustable

articulators. The radiographs are analysed and surgical treatment obiectives

(S.T.o.)re-determined.Modelsurgeryisperformeduponthearticulated

models and occlusal wafer/s made'

The patient commences this eight week lead in time in passive orthodontic

retention with surgical wires / high hat pins placed by the treating

orthodontist.

In anticipation of blood loss it had been the policy of this unit for patients to

pre-donate two units of blood,. This practice has been examined by a number of

authors with the result that only the more complicated (segmented)

osteotomy and Le Fort II and III osteotomies via an extra oral approach need

blood transferred post operatively (Dance et al7997 , Moening et al'1995)'
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Informed consent is obtained for the surgery and the patient is reviewed by the

anaesthetist.

Stage 3: The patient is given a hypotensive anaesthetic (by reduction of cardiac

output and peripheral resistance) to help reduce potential blood loss and

improve visibility at the operative field. Haemodilution is also utilised to

reduce blood loss. The patient's head is elevated to reduce systolic blood

pressure. (Anti Trendelenburg position.) (Van De Perre et al 1996).

After draping and preparing the patient, local anaesthetic is used containing

adrenaline (2% lignocaine 1:80,000 adrenaline or I'/o lignocaine 1:100,000

adrenaline) also to minimise bleeding and to improve visibility during the

procedure. This is injected into the mucobuccal tissues of the entire anterior

maxilla.

Stage 4: The incision is made from tooth 15 to 25 just anterior to the zygomatic

buttress. The incision is made with diathermy. This incision leaves the palatal

pedicle intact and vestibular pedicle posterior to the molars.

The incision passes through mucosa, muscle and periosteum, the superior

tissues being elevated to expose the lateral maxillary wall. The inferior tissues

are left attached to bone to maintain vascularity via the posterior pedicle. The

infraorbital neurovascular bundle represents the most superior extent of the

exposure. Posteriorly towards the tuberosity and pterygoids tunnelling under

the mucoperiosteum is performed leaving the vestibular pedicle intact.

The nasal aperture is then exposed by raising the nasal mucosa of the lateral

nasal wall. The floor of the nose, the septopremaxillary ligament and
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transverse nasalis muscle are transected exposing the anterior nasal spine'

stage 5: Once the soft tissue is reflected the bony osteotomy cuts are made. The

nasal spine is protected at the tabial nasal wall and a reciprocating saw is used

to make the osteotomy cut from the buttress to the piriform fossa. The saw is

reversed and the cut extended posteriorly to the back of the maxilla. This is

repeated on the opposite side . If the maxilla is to be superiorly positioned a

second cut is performed the first cut. The required distance being measured in

millimetres

The nasal septum is divided from the nasal floor using the septal osteotome

The osteotomy cuts along the lateral nasal wall are emphasised with an

osteotome. Care must be taken not to damage the greater palatine vessel.

These manoeuvres separate the maxilla centrally, anteriorly and laterally.

Posteriorly two alternatives are used. Pterygomaxillary dysjunction is achieved

by placing a curved osteotome between the maxilla and pterygoid plates

angting it medially and inferiorly and hitting it with a mallet' A finger is

ptaced on the plates for orientation of the hamular notch region enabling

tactile sense of the osteotome passing between the maxilla and pterygoid plates'

This is performed bilaterally. Some surgeons prefer to detach the maxilla via

the maxillary tuberosity using a large osteotome. This minimises the risks of

unfavourabte pterygoid plate fractures (and possible base of skull fractures) and

the involvement of the pterygoid venous plexus'

stage 6: The maxilla is then down fractured using either finger Pressure or

forceps (Rowes disimpaction forceps) designed for the purpose' It is also

mobilised by anterior force applied by placing the curved osteotome behind
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the maxillary tuberosity in conjunction with a wire placed through the

anterior nasal spine.

As the maxilla is mobilised the nasal tissues are dissected from the bony nasal

floor. Bone is removed from the vomer and nasal crest of the maxilla and the

lateral nasal walls. If this is not done free movement of the maxilla is

prevented, or if the maxilla is being repositioned superiorly buckling of the

nasal septum will occur resulting in unaesthetic soft tissue changes in the

nose. The nasal spine is also reduced. Once some movement is obtained the

maxilla can be bought forward fracfuring any remaining posterior attachments

The descending palatine vessels can usually be visualised at this stage.

Bleeding can occur by direct damage to these vessels and also from the

pterygoid plexus associated with the pterygoid muscles. This can be controlled,

if it is excessive ,by local anaesthetic with a vasoconstrictor or by packing. This

is rarely required.

Upper third molars may be removed if it will not compromise the maxillae

vestibular pedicles. Often they can be removed if partially developed when the

maxilla is down fractured via the superior approach.

If the maxilla is to be segmented for expanding transverse discrepancies or for

differential impaction in the treatment of open bite this is performed prior to

placing the maxilla in the splint. with the maxilla down fractured the

appropriate cuts are made superiorly. These can be a horseshoe on the palate or

midline, care being taken not to perforate the palatal mucosa.

Horseshoe shape palatal cuts allow greater expansion and disperses the



23
resulting soft tissue tension. It also places the osteotomy cuts over the thicker

soft tissue of the lateral part of the palate which is less likely to rupture.

Cuts between dentoalveolar segments are then performed as needed and

tunnelling is required under the buccal mucosa between teeth. The roots of the

teeth must be far enough apart to avoid damage. A small osteotome is suitable

for these cuts. If narrowing of a space is required interdental bone needs to be

removed without damaging the adjacent soft tissue and teeth.

Bone removal from the medial and posterior areas needs to be performed in

order to allow free movement of the maxilla. Once the bone has been

mobilised the occlusal splint is positioned and wired with inter-maxillary

fixation to the mandible thus creating a maxillomandibular complex. The

complex is then rotated upwards ensuring the condyles remain in the glenoid

fossa. Premature bony contacts are removed. The vertical position is now

reviewed to ensure the maxilla is in the desired inferior or superior position.

Good bony contact should be obtainable with most maxillary repositioning

Bone grafts are needed for certain movements including large expansions,

inferior repositioning of the maxilla and large advancements.

If on superior repositioning the inferior turbinates prevent movement they

are reduced in height with scissors. Nasal mucosa is inspected for tears and

sutured as needed. Other bleeding points are addressed. Any sinus pathology

(polyps) are removed.

Stage 7: The maxilla is then fixated with wires for earlier cases (1982 - 1986) in

the study. These included wires placed either side of the piriform fossa and
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bilateral circumzygomatic wires. All later cases (1,987 - present day) were fixated

with bone plates and screws (chapter 6). Plates are usually placed over the

zygomatic buttress and just lateral to the piriform fossa making four in total.

Th"y need to be contoured to the bone otherwise they could displace the

maxilla from it's desired new position. Four hole plates are usually used with

two screws on either side of the osteotomy cuts. The screws were all 2 mm

diameter being 5 or 7 mm's long.

Stage 8: Bone grafts are placed as appropriate to ensure bone to bone contact is

present to prevent non union. Autogenous bone when required in this series

of patients was obtained locally from the the osteotomy cuts, chin regiory or if

more bone was required from the ilium.This is performed before the

orthognathic surgery or simultaneously by another surgical team.

A description of bone harvesting from the anterior ilium is given in Appendix

I. All bone used was nonvascularised corticocancellous blocks.

Stage 9: The inter-maxillary fixation is released and the occlusion in the splint

is checked. Closure of soft tissue is then completed. Mandibular and other

procedures are then performed as planned.

Stage 10: Soft tissue closure can involve simple Primary closure of the

vestibular cuts or it may include alar cinching or singte/double V-Y closure of

the lip.V-Y closure of the circumvestibular incision was investigated by

Carlotti et. al.(1986). Benefits are thought to include maintenance of the

vermilion height and elimination of lip shortening.

Maxillary osteotomies result in changes to the external nasal morphology
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Anteriororsuperiorrepositioningofthemaxillacanalterthenasalseptum

andalarbases.Themagnitud.eofchanged.oesnotcorrespond.tothemagnitude

of max'rary shift (Mansour et. ar. 19g1). The changes can sometimes be

beneficiar eg. wid.ening of the arar bases after superior repositioning for vertical

maxillaryexcesswillimproveairflow.lfflaringofthealarsisnotdesirable,

alar cinching is Performed'

Alt patients received antimicrobial prophylaxis using intravenous penicillin or

cepthalothin.TheregimevariesbetweenSurgeonsasshor¡¡nintheliterature

(RugglesandHarlg44,oltenetaI1.991.).Theregimeforcepthalothinwasl-g

perioperativelytheneightdividedd.oses(fourtimesdailyfortwodays).

PatientsalsoreceivedSmgdexamethasoneperioperativelyandthenfour

divided doses post operatively ('mg twice daily for tr,r,o days) aS Per the unit,s

protocol.

2.6 Bone Grafting

Bonegraftsareanessentialad'luncttoorthognathicSurgery,stabilisingthe

bony fragments and encouraging bone growth and healing' They act as

scaffording for the growth of new bone. Epker suggested they served three basic

purposes:toaccelerateosseoushealing'toserveasaphysicalstepandto

provide a matrix for seconclaly reconstruction'

Boneisauniqueconnectivetissueinthatithealsandrepairsnotbyscar

formationbutbycellularregeneration.Itregeneratesfromosteoprogenitor

cellsfoundwithinbonernarrow/endosteum,andinperiosteum.Thebone

marrowcellsarestemcellprecursofsthatcandifferentiateintoanyofthe
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connective tissue lineages. This population of cells diminishes with age' thus

bone graft survival is influenced by age'

Bone is formed from osteogenesis, osteoconduction and osteoinduction'

Osteogenesis is the formation of bone from osteoprogenitor cells' This is

achieved in the adult orthognathic patient by transptanting these cells'

osteoconduction is defined. as the formation of new bone from host derived or

transplanted osteoprogenitor cells allowing a biological or alloplastic

framework.Thisisofin.tportanceinorthognathicSurgerywhen

corticocancellous grafts are placed, at the osteotomy site' Osteoinduction

involves the formation of bone heterotrophically by allowing undifferentiated

mesenchymal cells , under the influence of bone morphogenetic proteins

(B.M.P.'s), to transform into osteoblasts that can produce bone' Autogenesis

bone contains B.M.P.',s but in recent years B.M'P''s have also been isolated and

reproduced utilising genetic recombinant techniques' This may be the

technique of choice in the future of providing new bone at osteotomy sites

(Elima 1993, Solheim 1998)'

Orthognathic surgery utilises bone grafts in two main fashions

L) cancellous cellular marrow grafts ' or

2) corticocancellous block grafts'

Cancellous cellular grafts are essentially transplantation of osteoprogenitor

cells in concentration. It consists of endosteal 0steoblasts and marrow stem

cells. Because of their particular nature they survive initial grafting obtaining

their oxygen and nutrients by diffusion and then in growth of capillaries

provides for their ongoing requirements. osteoid production then commences

It is proposed that the release of B.M.P. (bone morphogenetic proteins) also
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hastens this process. This "phase one" bone is replaced by lamellar bone with a

greater mineral content (Urist 1965' Marx et al 1998)'

Corticocancellous bone is usually harvested from the iliac crest (Van der Wal

et al 1986). This includes cortical and adiacent cancellous bone' This is often

used in orthognathic surgery as it provides instant rigidity and thus early

stability. Ifs one main drawback is it's inherent lack of osteoprogenitor cells

and it's solid mass prevents early revascularisation' It',s main use as previously

mentioned is as an osteoconduction framework for bone formation from cells

derived from the host bone'

Bone from the ribs, clavicle, tibia and calvarium have all been documented for

craniofacialreconstruction(Marxetal].988,Laurieetal1984)

The ilium has many advantages over the other sites, particularly the ability to

transplant large concentrations of osteocompetant cells' In Le Fort osteotomy

sites particular bone and cancellous marrow grafts are difficult to use due to

their lack of form.

Bone grafts placed should be mechanically locked into position particularly in

the buttress areas with wed Sins,wires or scfew fixation' Bone plates alone are

not considered adequate to promote good bone healing'

Care must alr.t ays be taken not to place bone grafts where they can be displaced

into the sinus leading to sequestration formation, associated nasal discharge

and foul odour

Allogenic bone grafts, due to the risk of infection and poor patient acceptance'
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are not indicated in elective orthognathic surgery (Luyk et al L985' Holmes et al

19gg, Waite et at L996). Altoplastic material such as hydroxyapatite has been

used and does stabilise the osteotomy sites, but is not replaced by bone' It is

also associated with a greater incidence of tissue d'ehiscence' Allogenic bone

grafts were not used in this studY'

2.7 Complications or Maxill aty Procedures

Complications for maxillary procedures can be divided into three main grouPs

thesebeingintraoperativecomplications,immediatepostoperative

complications,and delayed post operative complications'

An excellent review by van De perre et al (1996) examined the perioperative

morbidity in orthognathic surgery for some tr't'o thousand and forty nine

patients . of the patients having maxillary procedures the major complication

wasseverehaemorrhage(about2%).orhercomplicationsinthisseries

,including aseptic necrosis, were minimal'

2.7 .L Intraoperative complications'

Intraoperative complications in Le Fort I osteotomies have been reported as

a) Airway loss

In all maxillofacial procedures the airway can be compromised' In Van de Perre

study, two patients required urgent tracheotomy due to respiratory distress'

Both patients had undergone subapical osteotomies of the mandible whilst one

had also had an anterior segmental osteotomy of the maxilla' In these cases
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respifatory distress was caused by excessive swelling of the floor of the mouth'

b) Haemorrhage at the time of surgery

This is of major concern with maxillary surgery. In Van de Perre's study twenty

two patients ( one percent of the study population, being two percent of the

maxillary group) suffered maior blood loss requiring transfusion of two or

more units of packed cells. All of these patients had Le Fort I or posterior supra

apical maxillarY osteotomies'

Bleeding can be minimised by the use of controlled hypotensive general

anaesthesia, positioning the patient in a slight anti- trendelenburg position'

and the use of local anaesthetic containing adrenaline' Blood transfusion

should be avoided in young healthy patients undergoing elective surgery due

to the associated morbidity (Jeter and Spivey 1'995 )' When anticipating

maxillary surgery the option of pre-donating autologous blood should be

discussed with the Patient.

Turvey et al suggested that the vessels at greatest risk of damage are the

internal maxillary artery, the posterior superior alveolar artery and the greater

palatine arteries. There is a theoretical risk to the major vessels entering the

base of skull. when the pterygoid plates are fractured this can lead to base of

skull fractures leading to the tearing of the great veins. This has not been

recorded in the literature as occurring during orthognathic surgery'

c) Loss of vascularitY.

Loss of vascularity to the osteotomised segment is a constant and real risk' It

can lead can lead to pulpal necrosis, periodontal defects, loss of bony segments
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or the worst possible sequela, the complete aseptic necrosis of the entire

maxilla (Lanighan et al. 1990).

The greater the number of segments the maxilla is divided into, the greater the

chance of disruption of its blood supply. The greatest number of fragments is

considered to be four. Great care must be observed when handling the tissues

during segmentalisation including copious amounts of irrigation when

sectioning the bone. Damage to the palatal mucosa is considered an important

contributing factor to avascular necrosis. Compromised vascularity can occur

in a one piece maxilla if it is excessively intruded, advanced or retruded.

Splints with palatal bars left in situ post expansion of the palate can obstruct

the blood supply particularly after post operative swelling. This must be taken

into consideration when constructing the splint.

Loss of large segments of both hard and soft tissue have been recorded in the

literature. Minor vascular compromise can lead to loss of the interdental

papilla, loss of gingival attachment and bony defects. Kinking of the pedicles

and hence the blood supply has been suggested as the cause of greater tissue

loss (Sher et al. 1984).

If vascularity is compromised, kinking or constriction of the soft tissue pedicles

should be considered. If notecl irnmediately the maxilla may havc to be

returned to its original position. If noted post operatively exposed bone from

soft tissue loss should be irrigated several times daily. If it is mobile it should

be stabilised. Hyperbaric oxygen could be of some benefit. It does not prevent or

reverse the development of aseptic necrosis once it has started , but may limit

its ultimate extent.
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Lanighan et al (1990) review of avascular necrosis of the maxilla after

orthognathic surgery made the following recommendations.

l.Preserve the descending palatine arteries when ever possible.

Bell in his studies did show these can be ligated with minimal

change to the vascularity of the maxilla (supported by research by

Bays 1993, Dodson et aI1997) but it will decrease the overall

supply. These vessels can also be kinked when intruding the

maxilla.

2. Divide the maxilla into as few segments as possible.Try to

avoids small segments anteriorly.

3. Avoid compression of the palatal mucosa with a splint or

palatal bar.

4. Avoid significant transverse expansions. Consider using

surgically assisted orthodontic palatal expansion. Also

consider constriction in the mandible.Use a horseshoe shape cut

instead of a mid palatal cut.

5. Have good preoperative orthodontic separation of the teeth

when segmentalising to avoid damaging teeth and interdental

bone.

6. Avoid disimpaction forceps as they can crush/ damage palatal

mucosa.
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7. Other suggestions made to avoid comPromising the maxilla's

vascular supply include minimising the degree of hypotensive

anaesthetic, avoiding electrocautery and having patients stop

smoking in the post operative period'

d) Intraoperative cardiac problems'

If cardiac problems ocfllr during surgery in young patients they are usually due

tothetrigemino-vagalreflexwhichcausesextremebradycardia'This

necessitatesimmediateanticholinergictherapywithatropinetoavoidthe

possibilityofasystole.(Aitkenheadeta|1996).Thisisextremelyrarein

orthognathic surgery but may occur'

e) Unfavourable fracture / Osteotomy Pattern'

This is a poorly described sequela in maxillary osteotomies' The fragile labial

maxillary bone often'shatters' on sectioning with no detrimental effect on the

osteotomY outcome'

poor dysjunction of the posterior maxilla can delay down fracturing of the

maxillabutifthemaxillaisproperlymobiliseditwillnotaffectthefinal

positioningofthemaxillaFracturesatthepterygoidplatesandeventhecranial

base do occur. The posterior dysjunction of the pterygoid plates is essentially

performecl blindly. As such unfavourable fracture patterns can occur involving

highfracturesofthepterygoidplates,fracturesofthepterygopalatinecanals,or

via the superior part of the maxillary sinus (Wikkety et al' 1975)'

Several studies have examined the incidence of these fractures' Langihan et al

(1993&1995)foundlowlevelpterygoidplatefracturesin26outof32sides
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during Le Fort I osteotomies. None lead to base of skull fractures. FIe uses a

micro-oscillating saw in preference to an osteotome . Precious et al (1993)

found a high incidence of pterygoid plate fractures with what ever technique

used. Renick et al (1991) utilising post surgical computerised tomography

found an incidence of pterygoid plate fractures to be 58.4%.8% of these were

multiple fractures. 37.5 % were low level and 25% were high. None lead to

undue complications such as major bleeding, C.S.F. leak or orbital

compartment syndrome.

If the pterygoid plates fracture inappropriately it makes mobilisation more

difficult and can lead to inadvertent poor positioning , stability and hence

increase the likelihood of relapse. It also increases the chance of neurovascular

insult.

Difficulty repositioning the maxilla once mobilised can be due to bony

interferences due to unfavourable fracture patterns. Interference can be found

in the lateral maxillary wall, nasal walls, septum or tuberosity region.Impacted

third molars could also impede the planned movement. Movements planned

on the model surgery may not be able to be replicated in surgery eg. posterior

repositioning.

The most likely interferences will occur when the maxilla is being superiorly

or posteriorly positioned. Superior repositioning can cause buckling of the

septum or be prevented by the inferior turbinates. Hence they need to be

reduced. Posterior repositioning of the whole maxillae is prevented by the

technical difficulties of removing bone to allow this movement and the very

high risk of causing avascular necrosis by 'crimping' the blood supply.
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Widening of the maxilla for transverse deficiencies is often restricted by the

tough palatal soft tissue. Horseshoe palatal cuts rather than a midline palatal

cut allow greater exPansions.

Maxillary over-impaction can occur due to injudicious bone removal; lack of

bony contact and. extreme masticatory forces post-operatively.Poor surgical

planning is probably the most common cause'

f) Dentoalveolar Injuries.

Trauma to the teeth and their periodontal support occurs most often during

segmentalisation of the maxilla but root tips can be cut with poorly placed low

Le Fort I bony cuts.

Damaged teeth may need extraction or post operative endodontic therapy.

Damage to teeth can be minimised with pre-surgery orthodontic treatment to

create sufficient space between teeth, periapical radiographs to determine the

direction of the roots, and the use of chisels rather than saws or burrs to

section the bone.

It must be remembered that teeth that do not respond to pulp testing (thermal

or electrical ) do not necessarily need endodontics as their nerve supply has

been altered by the surgery but not there blood supply' Al-Din et al (1996) in

thcir study of sensory nerve disturbances following Le Fort I osteotomy found

that after six months 78% of teeth that had positive vitality prior to surgery to

an electric pulp testing had regained their response to the test.

Degenerative and atrophic pulpal changes have been demonstrated in animal

studies, utilising microangiographic and histological investigations, after
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repositioning of dento-osseous segments (Scheideman et al 1985). Di et al

(19S8) examined human teeth after Le fort I osteotomy. They removed third

molars an average of forty months post - surgery. They showed the maiority of

teeth had an intact pulpal circulation and normal pulpal histology up to 6.5

years after the surgery. A very small number of teeth showed asymptomatic

dystrophic degeneration. This included the formation of multiple pulpal

stones, diffuse radicular calcification and fibrosis of the pulp. They suggested

these changes may be secondary to transient ischaemia during surgery or

simple variation from normal.

g)Anaesthetic problems are less common with modern techniques. In

maxillary surgery with an airway shared by the surgeon and anaesthetisÇ

inadvertent damage to the endotracheal tube can occur. Usually this can be

corrected with packing around the tube. Occasionally the tube may need to be

replaced. This can be difficult if the maxilla has been mobilised and

intraoperative bleeding restricts visibility.

The anaesthetist must also be aware of potential injury to the alar rim from

pressure necrosis from the endotracheal tube.

There have been several reports of emphysema in the head and neck tissues

following orthognathic surgery. (Nanini et al 1986, Edwards et al. 1986 ) This is

probably due to patients increasing intranasal pressure post-operatively rather

than during surgery.

Subcutaneous air should be treated with antibiotics and observation. The more

serious pneumomediastinus is treated initially in a similar fashion but with

cardiac monitoring, pulmonary physiotherapy , oxygen and intravenous
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fluids. occasionally chest drains in the mediastinum may be necessary

(Edwards et al 1986).

2.7 .2 Imme diate postop erative complications

a) Haemorrhage

Haemorrhage can be a problem in the early recovery phase- It can become

profuse as the patient's blood pressure returns to physiological levels or higher

when the local anaesthetic wears off. In this event the immediate diagnosis of

the site and extent is difficult. Posterior/anterior nasal packing may be all that

is needed to control bleeding. Returning the patient to theatre and re exploring

the osteotomy sites with packing is rarely required but is preferably done earlier

rather than later. Embolisation of a bleeding vessel via an angiogram may be

occasionally indicated.

Delayed (Second,ary) haemorrhage up to 9 days post operatively has been

recorded (Langihan et al 1984). Bleeding is most likely from the greater palatine

artery, the maxillary artery, or the pterygoid plexus of veins. secondary

haemorrhage occurred usually day 5 to 7 post surgery (Langihan L984)'

b) Neurosensory /motor deficit .

Nerve lesions post maxillary surgery afe less problematic than those related to

mandibular surgery. Careful surgical technique is the best measurc of avoiding

nerve infury. sectioning of the nasopalatine nerve and possibly the anterior

and middle superior alveolar nerves will occur but is of minimal consequence

to the patient.
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Injury to the maxillary division of the trigeminal nerve has not been as well

studied in it's relationship to maxitlary orthognathic surgery as mandibular

surgery. In comparison studies related to nerve injury associated with

mandibular surgery is comprehensive (Westermark et al1,998, August et al

1998, Blomquist et al 1998). There are no reported incidence of facial nerve

palsy following maxillary osteotomies. [n mandibular osteotomies it has been

reported particularly after extra-oral approaches but also during large

mandibular setbacks (Piecuch eL al1982, Jones et al. 1991).

Many patients will experience decreased sensation following a standard Le Fort

I osteotomy over the anterior teeth, oral mucosa, and the distribution of the

infraorbital nerve sensory supply. This particular nerve is easily visualised

during the procedure but is subject to traction injuries. This will lead to a

neuropraxia and recovery is normally complete by one month. Al- Din et al

(1996) stated all of their patients had complete return of cold sensation, pin

prick sensation and fine touch after 6 weeks. Higher osteotomies involving the

orbital rims can lead to a neuropraxia or axonotmesis of the infraorbital

dermatome.

c) Fistulas- oronasal or oroantral.

Fistulas are relatively rare but if they do occur are related to soft tissue iniury

during surgery. Burrs , chisels and saws can perforate the mucosa. They usually

will close spontaneously with supportive therapy, including antibiotics and

decongestants which prevent sinus and nasal infections. A coverage splint to

prevent food contamination may be of benefit. If these things fail further

surgery is indicated.
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d) Septal deviation Septal deviation after maxittary intrusion can occur if

insufficient bone is removed from the palate and vomer. If septal deviation is

noted post surgery it can be manipulated immediately, re-operated on, or a

formal septoplasty should be performed at a latter date.

e) Changes in nasal anatomy.

Flaring of the alar bases will occur which creates an unaesthetic nose on

impaction of the maxilla. Nasal cinching will overcome this cosmetic problem.

Logically, superior repositioning of the maxilla would lead to diminished

nasal air space. Turvey et. al. (1984) and other authors have shown the opposite

to be true because resistance within the nasal passages has found to be a

function of size, shape, and length of the cavity. The primary determinate to

the magnitude of resistance is the smallest cross-sectional area of the airway.

Thus the most cons[ricted area can be the result of enlarged turbinates, septal

deviations, the presence of polyps, adenoidal tissue and the shape of the

anterior n¿ìres. Superior repositioning of the maxilla has a direct effect on the

anterior nares. It causes flaring from the usual narrow slits seen in patients

particularly with long face syndrome, preoperatively , to a more ovoid form

post surgery. They found this increase in nasal aperture allowed decreased

resistance to ventilation. Other nasal changes resulting in decreased resistance

included changes in the septum and turbinates.
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2.7.3 Delayed Post Operative Complications.

a)Nonunion of the Maxilla

Delayed or nonunion of the maxilla after surgery is the result of similar factors

that cause nonunion at traumatic fracture sites. Compromised blood supply

due to poor tissue handling, very large shifts, particularly in the inferior

direction, or because of previous surgery, such as in the cleft patient, may delay

healing. Patients may subject the maxilla to early loading post surgery or

parafunctional activity.This can also be a problem when post operative

premature contacts concentrates forces in one region. If there is insufficient

bone contact healing may also be impaired. This is often the case in large

movements. Hence the need for bone grafting. Although non union is

uncommon in the maxilla, when it does occur its early recognition can

remove the cause and return the patient to a normal post operative course. If it

is still a problem re-operation with aggressive removal of fibrous tissue , bone

grafts and rigid internal fixation is required (Van Sickels et al 1990).

b) Epiphora.

Tearing of the eye or epiphora may occur after maxillary osteotomy surgery. It

is usually temporary caused by soft tissue swelling of the nasolacrimal duct. If

the duct is directly damaged by the surgery , that is, damage to its exit beneath

the inferior turbinate or within its bony canal with a high bony cut , it could be

permanent. This is usually the case if it persists for longer than three weeks.

Persistent epiphora can lead to recurrent dacryocystitis and conjunctivitis. A

surgical shunt may be needed to correct this problem .(Dacrocystorhinotomy)

(Della Rocca et al 1988).
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c) Post operative hypomobility.

Restricted movement of the temperomandibular joint is uncommon after

isolated maxillary surgery but does occur after mandibular surgery. It is

suggested this is due to scarring, atrophy of the muscles of mastication after

prolonged maxillo-mandibular fixation (MMF) or if excessive posterior

maxillary inferior repositioning. These problems are avoided with early

mobilisation, jaw exercises or physiotherapy.

d)Temperomandibular joint dysfunction.

The relationship between patients with dentofacial deformities and TMJ

disorders has not been fully elucidated. Upton et al. (1984) studied L02 patients

with dental class II, and III relationships with and without open bite

malocclusions and found no increase in the incidence of TMj problems as

compared rvith class I relationshipt.

When the malocclusion is related to an underlying skeletal abnormality severe

enough to warrant orthognathic surgery the incidence of TMJ disorders is

higher than the normal population. White et al. (1992) examined 75

orthognathic patients and found 49.3% had TMD pre-surgery. Interestingly

89%, of these patients improved post surgically, but some got worse and some

previously asymptomatic patients developed symptoms.

Condylar remodelling or resorption is often thought to be related only to

mandibular surgery. It is of concern because of related TMJ dysfunction and

symptoms. It is also a cause for postsurgical relapse. Hoppenreijs et al (1998)

examined this problem in a large series of 259 patients undergoing

orthognathic surgery. Various variables were examined to determine risk

groups more likely to suffer this complication. They found females with
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anterior openbite associated with a high mandibular plane angle, short ramus

height, low ratio of posterior to anterior facial height, finger or spike shaped

condyles, or condyles with a posterior inclination of the condylar neck were in

the high risk group for condylar resorption. There was also increased risk if

these patients were having a bilateral sagittal split osteotomy as part of a

bimaxillary procedure.

It was interesting to note that condylar remodelling and resorption did occur in

isolated Le Fort I osteotomies. It occurred ín 9/o of patients having this

operation alone. They suggested that biomechanical loading due to

autorotation of the mandible is probably the main cause in this group of

patients. In comparison, patients having two jaw surgery , the incidence of

condylar resorption was 23%.

e) Post- surgical relapse.

Relapse post surgery was originally discussed by Proffit in1970. This is

discussed in greater detail in Chapter 5 and in the Discussion, chapter 12.

f) Social factors.

Dickerson et al examined recovery after isolated Le fort I osteotomies compared

to isolated mandibular saggital split osteotomies . They found that patients

who had a maxillary procedure took longer to return to school or work (50% by

4 weeks). This was probably due to the greater estimated blood loss and length

of the operation than their mandibular counterparts who returned to work

and full activity on average 'L- 2 weeks earlier.

g) Psychological factors.

Psychological problems are a relative contraindication to surgery . Screening
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for patients with potential problems maybe achieved by interview and

questionnaires. Patients identified as having particular problems can be

referred for further psychological evaluation . This can minimise some

unfavourable post surgery problems and litigation. ( P.f. Sambrook, 1989)

The psychological assessment of patients requesting orthognathic treatment is

now considered a vital and integral part of the overall assessment procedure

(Cunningham et al 1998). It allows identification of potential problems at an

early stage before irreversible decisions have been made. Particularly patients

suffering from body dysmorphic disorder (DSM - IV). These are individuals

with a normal appearance who present requesting treatment, usually to

multíple surgeons, because they believe they have a defect. The majority of

these patients have a body image identity problem focused on facial features'

Phittips et at (1998), found patients with dentofacial disharmony seeking

treatment experienced a high level of psychological stress that warrants

intervention.

Several studies have examined patients satisfaction levels post orthognathic

surgery. Cunningham et al (1995) found most patients were highly satisfied

with the results of surgery. Most stating they would reelect to have the

surgery. Most of the studies found that patients had improved self confidence

and social skilts after treatment. Pogrel et al (1994) found it was impossible to

identify psychologically "bad risk" orthognathic patients pre-operatively. They

also stated that it may be unnecessary since most patients do well

psychologically after orthognathic surgery, regardless of their preoperative

psychological profile. There have been several studies to try and predict which

patients may be unsatisfied with orthognathic surgical outcomes, even though
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the surgeon and orthodontist perceive the treatment as successful. Van

Steenbergen et al (1996) found only one variant could suggest post operative

dissatisfaction. This was in patients that showed evidence in pre-operative

screens of poor self concept. Self conceptualisation had no bearing on the

severity of facial disharmony as assessed by the surgeon and orthodontist.

More recently Hatch et al (L999) examined psychological function in class II

orthognathic patients. They also found that pre surgical psychological function

does not determine satisfaction with surgical outcome. They found those that

were initially dissatisfied, improved up to two years post surgery.

If there is concern further psychiatric assessment and counselling should be

undertaken
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Chapter 3 : Cephalometry.

3.1- Introduction.

Cephalometry is scientific measurement of the head (Broder 1955). The aim

of cephalometrics is to provide a repeatable, standardised means of assessing

and recording the facial skeleton in relationship to the cranial base.

They are used to

1) classify facial abnormalities related to the dentition

2) as a means of projecting growth and developmental patterns of

the facial comPonents by utilising serial radiographs'

3) as an aid in treatment Planning

4) to aid in comparison of the before, active and after phases of

treatment.

The first lateral head radiographs were performed in the 1920's. Their practical

use in orthodontics commenced in the 1930's. Broadbent et al published his

standardised methods for producing cephalometric radiographs utilising a

special holder called a cephalostat. The cephalostat makes it possible to position

and reposition the patient's head in a predetermined relationship of the x-ray

beam and Frankfort plane.

The most commonly used cephalometric examination is the lateral view. The

posteroanterior skull projection is useful in facial asymmetries and lateral

skull growth.

Qualitative measurements are obtained based on certain landmarks and lines
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of references. The measurements of angles and lengths made are compared to

'average ' values in an aid to diagnosis facial irregularities. These 'average'

values are determined by cross sectional studies of people of similar age and

racial background.

Cephalometrics gained popularity initially in the 1950's and 1960's as a research

tool and then as a clinical tool by orthodontists. Its usefulness in orthognathic

surgery was first shown by Brodie (1955). He found it was an acceptable means

of monitoring the progress of surgical manipulation of the facial skeleton.

Since cephalometics have been used in the planning of orthognathic surgery,

to help in diagnosis, and to predict both hard and soft tissue post surgical

outcomes. Serial cephalometrics have been routinely used to determine long

term outcome and to review possible relapse. (Proffit et al 1996).

The science of cephalometrics depends on the stabitity of the cranial base. It is

used as a point of reference as it shows little change after 7 years of age. The rest

of the facial skeleton is related to these points of reference particularly the

maxilla and mandible.

It must always be remembered that cephalometrics is only one component of

treatment planning being an important adjunct to the clinical examination.

They are limited by the fact that they are a two dimensional representation of a

three dimensional situation. In treating the individual the obiectives of

surgery should not be to create normal cephalometric values, but to provide a

functioning interlocking occlusion with a harmonious facial balance.

Many analysis have been published through the 60's, 70's and 80's including

Ricketts analysis, Steiners and lvlcNamaras analysis. With the rapid
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development of computers over the same three decades and the more recent

development of digitisers and scanners computerised cephalometrics is readily

available and provides rapid analysis'

The accuracy of cephalograms is relative and not absolute' According to

Houston (1983) if any study using measurements is to be of value, it is

imperative that error analysis be undertaken and reported' Many sources of

errors appear in the literature, as do the techniques needed to reduce these

errors. (Midghart et al, Martinoni et al, Houston, and seppo.)

Houston (1983) and Bushang et al (1987) divided error into systemic and

random patterns. systematic errors are those introduced by the effects of the

observer analysing the cephalomat and the equipment used' These errors will

occur if there is a permanent fault in the apparatus or if its calibration is

incorrect. Brown et al. (1970) minimised these errors by standardising the

equipment and technique of analysis'

observer bias occurs from subconscious weighting of data collection.As an

example when measurements are repeated several times, a range of values

that cluster about a particular value are obtained. The variations between

values can be considered random errors. These errors will occur due to

difficulties in landmark identification and equivocal landmark definition'

The conventional Process of recording data from lateral cephalometrics

involves several steps which will be subject to potential sources of error' These

steps include the taking of the lateral head radiograph, its tracing and

identification of landmarks, the recording of observations and measuring the

observation
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Gravely and Murray Benzies 097a) classified errors into two broad categories-

projection errors and tracing errors. Proiection errors being those that occur

when converting a three dimensional object (the skull) into a two dimensional

radiograph. Potential errors will occur in relation to the relative position of the

x-ray tube, the object and the film.

Tracing errors arise primarily from incorrect landmark identification due to

loss of clarity of the landmarks, blurring of the image and poor film contrast

and emulsion grain.

Hing (1989) summarises the potential errors in the obtaining and recording of

cephalometric data into six categories including

l.Errors of projection.

2.Errors of landmark identification.

3.Errors of digibising

4.Errors of measurements.

5.Errors attributable to operator variability

6.Errors of superimposition.

3.2 Errors of Proiection

Errors of projection will occur when a three dimensional obiect is projected

onto a two dimensional film. This problem has been well documented in the

literature. (Van Aken et al 1963 , Moyers and Bookstein 1979, Ahlqvist et al

1983). Baumrind and Frantz (197I) described lateral cephalograms as distorted

enlargements.

Carlson (1967) divided the potential errors of taking cephalograms into
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geometric and non Seometric errors' Non geometric errors included those

resulting form the positioning of the patient into the cephalostat, operator

errors generally and also those relating to the radiographic film properties'

Geometric errors are specifically related to the distortion associated with

projecting a 3D object onto a 2D film. The inherent property of x-rays to travel

along straight lines diverging from their source ( the cone,which is essentially

a small area or point) results in enlargement and distortion in cephalometry.

carlson explained the departures from parallelism between the median

(centre of the object- imaginary line through the ear rods) and the periphery

.This results in areas of " geometric unsharpness". Eliasson et al. (1982) and

Ahlqvist et al. (1983) agreed that major errors would occur if there was

misalignment between the x-ray source , the cephalostat, the film or the

subject. (Fig 7.1).

several studies have examined and quantified the relative precision and

accuracy of the projection. Hallert (1964) defined precision as a quality

associated with a class of observations and referring to the closeness of

replicated or repeated observations around a mean. Accuracy is the closeness of

observations , computations or estimates to the true values or values assumed

to be true

To compensate for the proiection errors tables have been formulated to

accommodate potential enlargement ( Bergenson 1980')

These projection errors have the potential to be significant but are reduced to

an insignificant level by attention to detail. They are of lesser importance than

other forms of error (Cadson 1967 , Houston 1986). Ahlqvist studied the
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magnitude of projection errors on length measurements in cephalometry and

concluded that if a rotation of the object (the skull ) was less than 5 degrees the

error of measurements extrapolated to less than L\o.

3.3 Errors of Landmark ldentification.

Imprecise landmark identification and inaccuracy of landmark definition are

considered the greatest source of random erïor in cephalometrics.( Graber 1958,

Miller et al7966, Broch et al L981, Houston 1983, and Chate 1,987) Broch et al

extends this to say if a digitiser is used it is " the only source of ettot"l

The reliability of landmark identification depends on five factors according to

Broch et al (1981).

l.Characteristics of the cranial structures;

2.The general quality of the head plate

3- Degree of blurring of the anatomical structures caused by secondary radiation

or movement of the subject during exPosure;

4. Precision of the recording method.

5. Accurary of the operator.

The magnitude of error was noted to vary greatly from landmark to landmark

but fortunately , the distribution of error for given landmarks which having

been extensively studied, have their own characteristics usually following an

elliptical envelop of error which varied from 0.25 mm to several millimetres.

(Richardson,1966; Baumind and Frantz I977; Broch et al 1981) Savara et al

(1966) reports the error of larrdmark identification to be five times that due to

measurement.
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The difference between landmark identification probably reflects the

complexity of the regional anatomy. Superimposition of other structures

interferes with the clarity. The better the contrast the easier and more accurate

landmark identification is. (Baumrind et al 1971 and Vincent and West I1BT).

Another major problem of landmark identification is the use of vague

definitions that are prone to varying interpretations. Baumind et al used

gonion point as a good example of this. It is defined as the point where the

ramus and body of the mandible meet. When different observers were asked to

plot this point, tremendous inter observer variation was found. Savage et al

(7987) agrees with this observation and suggests more precise landmark

definitions but the problem then is acquiring universal acceptance.

Landmarks were divided into two broad groups by Moyers and Bookstein

(1979)- They refer firstly to'anatomical' landmarks that are true biological foci

identified by some feature of the local morphology. These can usualty be

located with minimal inter observer variability. The other landmark type is

referred to as 'extremal'. These points are defined by the maximum or

minimum of some geometric point. Mentorr or pogonion are examples . They

will change position depending on the horizontal reference plarre and the

amount of jaw opening. This jaw 'movement ' may be relative being caused by

improper orientation of the cephalogram or in longitudinal studies being

caused by growth or surgery.

Baumrind and Frantz (197r) found machine porion, sella and the upper

incisal edge were the most reproducible landmarks. Gonion and lower incisal

root apex were considered the least reliable.
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To reduce errors in the identification of landmarks, Flouston (1983)

recommended that duplicate tracings be made and to average the landmarks

identified on each tracing rather than the measurements replicated and

averaged. Baumrind and Millar (1980) suggested that tracings be repeated four

times which would halve the random error.

Eriksen and Solow (1991) encourage more thorough definitions of the

reference points. They emphasis the rteed for the observer to have a good

knowledge of radiographic anatomy and to use radiographic films with high

quality images.

Gravely and Murray Benzies $97a) felt that image quality was not so

important, they noted that clarity often varied from one anatomical site to

another on the same film. Hurst et al (1978) compared landmark identification

using xeroradiographic cephalograms and conventional cephalograms. He

compared the identification accuracy of fourteen landmarks. He found only

four (point A,upper incisal tip , infradental, and menton) landmarks were

more accurately determined on the xeroradiogram, while two landmarks on

the conventional cephalogram ( point B and condylion) were more accurately

determined.

The suggestion of using multiple tracings to reduce the random error of

landmark identification was disputed by Brown (1973). He suggests it is

probably not necessary provided that the measuring techniques were carefully

scrutinised and an intra observer replicability study was performed to assess

the variability of error.
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Liou et al (1998) examined the validity of using fixation screws / wires as

alternative landmarks for cephalometric evaluation after Le Fort I osteotomies.

They found that the reproducibility of the hardware as landmarks was higher

than that of skeletal landmarks. They suggest that when the skeletal landmarks

are altered or no longer exist after the operation, the fixation screws /wires

could be used as alternatives to measure the maxillary postoperative stability.

This is only useful if the hardware has not already been removed.

3.4 Errors of superimposition

Superimposition is used in two ways in cephalometrics. It is used in

longitudinal studies of individual patients cephalograms , comparing changes

in individual landmarks with time. This is achieved by utilising an anatomical

plane and superimposing the films or their tracings.

Superimposition is also used when multiple tracings of the same master

lateral cephalogram are made. The tracings are then cornpared to determine

variation and thus error in landmark identification. Several studies (Vincent

and West L987, Broch 1,981, and Baumrind et aI I97l) have examined the

potential error of landmark identification utilising multiple tracings. Methods

used of registering the tracings to the radiograph include marking points, pin

pricks, or punching holes and then using the pins to register the position.

Broch (1981) investigated the error associated with superimposition of tracings

on cephalograms. He measured the difference between two registrations of the

SN line relative to a third point. With the use of a digitiser the difference or

error betrveen the two rvas 0.03 mm. in both the X and Y directions.
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Superimposition is a well recognised technique for comparing serial lateral

cephalograms of an individual patient over time. Biork (1963) described how

cephalograms could be superimposed by sliding one over the other using

predetermined reference points. He used the 'best fit' cranial base as the

reference point.

With this technique relative displacement of structures with time can be

assessed. The planes most commonly used include the anterior cranial base,

the line sella- nasion, the palatal plane, and the mandibular border.

Houston and Lee (1985) examined the accuracy of five different methods of

superimposition orl cranial base structures.

l.Direct superimposition of the lateral cephalograms.

2. The Adams Blink Comparator ( a device which produces a virtual

superimposition by looking through a vieu¡er with the two films placed side by

side.)

3.The subtraction technique.

 .Registrations of tracing on the cranial base.

S.Tracings on the S-N line, registered at sella.

Atl techniques had appreciable errors but the method with the least was

superimposing on sella- nasion. They cautioned the operator that nasion with

growth may drift vertically. They hence expressed the importance of

calculating and expressing Lhe rnethod error when superimposing serial

cephalograms. Battaget (1993) agreed with these findings and supported the

idea of performing and quantifying an error study for all cephalometric

investigations.
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Baumrind (7977) investigating errors in superimposition divided them into

primary or secondary errors. Primary errors are biologically induced fudgment

errors resulting from an attempt to obtain biological best fit. Hence the

landmarks are not correctly aligned. Secondary errors are the result of the effect

of the primary error on distant landmarks. They give the example of a

landmark that lies 100 mm. from the centre of rotation . With a rotational

error of only L degree, the displacement of this distant point is 1.74 mm.

A number of authors have addressed the problem of superimposition elror

and have proposed techniques to minimise it. The use of punching holes at

selected fiducial points (, that is, assumed as fixed basis of comparison) on the

radiograph, and transferring them to the other radiograph is accepted by many

authors ( Baumrind et al 1977 Znd paper, Broch et al. 1981 , Strabun and

Danielsen 1982, Vincent and West ,1987).

Bjork and Solow (1962) suggested marking the reference points on the

radiograph prior to performing the measurements. They found that this did

not improve the accuracy of registering the landmarks.

Sluiter et al (1985) used computers in superimposing cephalograms. They

eliminated the use of punch holes serving as fiducial landmarks by employing

the physical dimensions of each radiograph or tracing itself and using

computer transformations to calculate the vector of displacement and rotation

of the second film compared to the first. The magnitude of error was found to

be much lower than other methods used.

Superimposition is not the only technique for comparing serial cephalograms

of patients over time (Baumrind et al1976) . Each of the individuals films are
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measured separately identifying the same set of landmarks and performing the
same measurements. These are then compared and the difference is the change
that has occurred with time. Baumrind states that this individual film method
and the superimpositional method are not mutually exclusive and as such can
both be used.

3.5 Errors of digitisirg.
Errors associated with digitising are considered minimal. Several authors
(Bergin et aL1978, Broch et al 1981, Bondevik et al 1981, and Richardson 19g1.)

have stated that the only source of error when using a digitiser is in landmark
identification. Both Broch et al (1981) and Savage et al. (1987) found the error
associated with replicating the coordinate system to be negligible for both axes.
(about 0'03 mm') Bondevik et al (1981) found erïors of digitisation to be in the
order of less than 0'1 mm. whereas manual tracing was in the order of 0.5 mm.
in the two planes of space.

Richardson (1981) compared hand tracing to computerised digitisation. He
found the computerised technique to be quicker but both had similar
precision' Bergin et al (1978) and Broch et al (1981) found digitising to be more
accurate than measuring distances manually.

Erikson and solow (1991,) examined the precision and linearity of the digitising
tablet

Errors of linearity are caused by the distortion of the x and y coordinates of the
digitising tablet due to electromagnetic fields over the entire surface not being
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uniform. If a digitiser is not linear, a given line segment will be recorded as

having different lengths depending on where it is placed on the digitising

surface.

Nimkarn et al (1995) compared computer cephalometrics to conventional

tracings. This study included the use of scanners. They found the

measurements found with computer methodology were reproducible for most

parameters studied. (although point B was found to be unreliable in the

vertical plane.) The combined errors for video imaging, digitising of the

image and the software were not significant. Of interest is they did find that the

parameters related to the horizontal plane from the computerised method

were 0.7 to 1.0 mm greater than those obtained from the hand tracing. They

believe this to be due to some horizontal magnification.

The use of scanners and the abitity to scan cephalograms directly has created a

new step into cephalometrics. Oliver (1,991) compared five different methods of

analysing cephalograms. He used two computerised methods, one utilising

direct digitisation of the radiograph, and the other digitising an enhanced

video image of the radiograph. These were compared with each other but also

to single manual tracing. This tracing was also digitised via both the computer

techniques. He found that direct digitisation is less precise than both the

traditional method and digitisation of the tracing. The use of enhancing

capabilities of computer software packages was found not to produce any

significant improvement in the precision of the cephalometric variables

studied.

Forsyth et al (L996) assessed an automated computer system and found the

accuracy was less than that of manual tracing. Of particular probleln was
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landmark identification of poorly defined structures where there was a poor

signal to noise ratio. In another paper in 1.996 he does see the future of

digitising cephalograms to be computer based. Advantages stated include

storage of images and analysis, enhancement of images for more accurate

landmark identification, reduced exposure of patients to radiation, and the

potential for future automated cephalometric analysis.

3.6 Errors of Measurements.

The basic units of analysis are angles measured in degrees and distances or

lines measured in millimetres. Measurements in degrees or millimetres can be

treated as absolute or relative, or they may be related to each other to express

proportional correlations. (Rakosi 1982).

In measuring distances and angles errors will occur. As most authors believe

the main source of error in cephalometrics is landmark identification the

technique of manual tracing or digitising the radiograph should have little

influence on the values obtained (Cohen,1984 ; Sandler 1988). Other authors

may agree with this but have found that digitising procedures will have less

associated error (Broch et al 1981; Bondevik er, al ,199\). Gravely and Murray-

Benzies (1974) found measurement error associated with the thickness of the

pencil line and the perceptive limit of the operators eye. Bjork back in 1.947

included mechanical errors associated with the use of the protractors, rulers

and line drawing. Callipers for line measurements are significantly more

accurate .(Carlsson 1967).It has been previously discussed under Errors of

digitisation the advantages and disadvantages of computerised analysis.
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Baumrind and Frantz (1971) believed that measurement error was frequently

underestimated but could be reduced by using digitising, performing a second

independent series of measurements and calculating the mean.

Bergersen (1980) discussed the importance of enlargement compensation and

described. a method to accurately calculate distances based on structures that did

not lie on the midsagittal plane. He combined a lateral and frontal

cephalogram and used triangulated areas to obtain the desired measurement.

Errors in atl measured planes did not exceed 0.7%.from these findings

Bergersen was able to construct compensation tables for accurate interpretation.

9.7 Selection of a Suitable Line of Reference.

Cephalometry involves the comparison of either serial or longitudinal

radiographs. This is achieved by superimposition of either the radiographs or

the tracings of these radiographs. (Manually or via digitisation.) Th"y can also

be compared by taking standardised measurements of landmarks and

comparing them to the mean of a similar population group or by comparing

them to that individuals previous films taken at a previous time. Changes

being found being related to growth, orthodontics, surgery or possibly errors

,that have been discussed previously.

To compare films either by superimposition or on an individual basis a

standard line of reference is needed. Many lines of reference have been

proposed over the years but no one line has fitted the ideal. According to

steiner (1953) and Wei (1968) the ideal line of reference should:
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L. Superimpose easily.

2. Remain perfectly stable despite growth so that craniofacial

variations elsewhere can be clearly demonstrated.

3. Be based on reference points with an infinitesimal envelop of

error which does not vary when the head deviates from the true

profile position.

No one line can fit all of these requirements completely. Some lines however

are more reliable than others. One major problem is that there are no

absolutely fixed points in the growing human skull (face or cranium). There

are however relatively stable landmarks.(Krogman,!951).

Most recent orthognathic literature utilises the planes Frankfort horizontal or

sella- nasion. Frankfort horizontal represents bilateral points (, that is,. not

midline structures) and is thus more subject to error. Sella-nasion, being two

median landmarks is considered more reliable. An alternative is the SN-7 tine

which is a variant of SN. It was proposed by Burstone (1978).

N¡tron-Sella l-rrre

SN-7 Lr¡trS

l'o ( )r Fre¡rklort l-lortz<rlrl¡l

Figure 3. 1 reference lines
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The Frankfort horizontal line is defined as a line passing through the upper

periphery of the external auditory canals and the lowest point of the orbit.

(Krogman 1957).It was first described by Vow Ihering in 1872 and is firmly a

part of cephalometric analysis. Its wide acceptance relates to its of use in the

clinical setting and its close approximation to the natural head position.

(Bjerin, 1957).

It does however have certain limitations. One particular problem is the

unreliability of porion. Downs (1952) was one of the first to point out the

inaccuracies of this landmark. It is poorly distinguishable radiographically and

is often a substantial distance from the ear rods of the cephalostat. Also the

external auditory meati are not always symmetrical.

Ricketts (1981) stressed the problems of using machine porion, , that is,. the

position of the ear rods and that true porion was often located a great distance

away (often up to 1.0 cm.). Even true porion is difficult to locate due to possible

misinterpretation, relating to the complexity of the underlying middle ear.

(Koski et al, 1956; Chate L987)

The nasion sella line extends from nasion, being defined as the most anterior

point on the nasofrontal suture, to sella, the midpoint of sella turcica

(Krogman 1951). This line has been considered the most reliable as it changes

least in the growing human skull.

(Wei, 1968).

Steiner (1953) agrees with many other authors and added that its other great

benefits include the ease of recognising the landmarks, there reproducibiliry,

the fact that the landmarks are midline structures.
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There have been several authors that have shown displacement of both

nasion and sella with growth. Bjork and Skieller's (1983) in a longitudinal

study showed an upward displacement of nasion, which they suggested was

growth at the frontonasal suture. They also suggested that enlargement of the

pituitary gland could cause downward displacement of sella.

Bjork (1955) found the growth of the outer surface of the frontal bone which

caused forward extension of the anterior cranial fossa was complete by 10 years

of age and the shape of the fossa remained stable from then on. SN thus being

stable in the adolescent years .

Baumrind and Frantz (197I- 76.) showed some unreliability of nasion. In the

horizontal plane it is a very easy and accurate landmark to locate. However

large errors can occur in the vertical plane. This gives it an elliptical envelope

of error that r,t'hen compared to other landmarks is relatively low.

Other researchers have compared the accuracy of superimposing cranial base

structures to nasion-sella line. Ghafari et al (1987) found minimal differences

between the two. In contrast Pancherz et al (1984) found superimposition of the

cranial base to be less accurate when compared to nasion-sella line. They

suggested the difference being related to the difficulties of identi$ring the

cranial base due to intricate anatomy, variation in film density,and distortion.

The nasion-sella line has distinct advantages over the Frankfort horizontal

line. Unfortunately it does not orientate the cephalogram to the postural

horizontal of the patient. Hence to address this Burstone (1978) proposed the

SN-7 line . The aim of this line is to exploit the advantages of the nasion-sella

line whilst orientating the cephalostat to the natural head position ( that is,
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taking advantage of the positive attributes of the Frankfort horizontal). This

reorientates the head so that the influence of extremal landmarks is

minimised. The number of 7 degrees is the average value between the SN line

and Frankfurt horizontal. Several studies have shown this (Bjerin ,1957: ÍNei,

1e68.).

No single line fulfils the ideal criteria. Nasion-sella is the best compromtse

having several distinct advantages including ease of location and its low

method error when it is used for superimposition. (Houston and Lee, 1985)

In summary the suitability of cephalometry for the analysis of segment

migration following orthognathic surgery has been questioned. Some authors

have suggested that the sum of method errors discussed above may in fact

approach or even exceed the magnitude of the therapeutic change obtained by

surgery (Broadway et al L963, Houston 1983). Cephalometrics does have certain

limitations with regards to both precision and accurary and this fact must be

born in mind when interpreting results of studies using these techniques

(Wall et al 1.996).
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Chapter 4 Relapse followit",g Orthognathic

Surgery.

4.1 Defining post surgical relapse.

Relapse is defined by Reichenbach (cited by Lindorf 1986) as "a postoperative

approximation of the teeth to the preoperative state". Paulus (cited by Lindorf

1986) considered relapse to be present whenever changes in the occlusion,such

as open bite , occur during the postoperative period.

These definitions describe changes in the occlusion only but ignore the

underlying skeletal bases. Reitzik (1988) addresses this by interpreting relapse as

a 'return to the preoperative state'. This is probably the better definition as it

encompasses both the skeletal and occlusal changes.

Stability has always been of concern to the orthognathic surgeon. Postsurgical

relapse has been one of the more discussed complications of orthognathic

surgery. Reichenbach and Paulus considered relapse as an unfavourable

change at the occlusal level that brought the postoperative occlusion back-

4.2 Measurement of Post Surgical Relapse.

Relapse following maxillary osteotomy has been the subject of several studies

(Carlotti eT al1987, Larsen et al 1.989, Wardrop et al L989, Proffit et al 1987.)

Surgical changes of the the osseous components of the midface disrupt the

preoperative homeostasis. The reestablishrnent of the steady state occurs after

surgery with adaptation of the involved soft tissues.
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No ideal method of quantifying relapse exists. This relates more to the

anatornical complexiry of the region being studied as well as the multitude of

potential variables that would affect relapse. Some of these may mask or be

mistaken for relapse eg. growth.

Researchers in the literature have generally assessed relapse by looking at

occlusal changes (both clinically and in the analysis of study models) and

assessing both dental changes and skeletal changes on radiographs

(cephalograms) . This gives a quantifiable record of pre surgery anatomy, the

changes that have occurred with surgery and also long terrn postsurgical

changes. Maclntosh (1981) included a study of occlusal casts in conjunction

with cephalometric soft tissue profile to assess relapse but however found that

this method was not satisfactory.

The other documented method is the placement of metallic implants into

patients jaws to act as a stable landmark for serial cephalograms (Wade 19gg).

This has the ethical implications of inserting alloplastic implants into patients

jaws. Generally this is ethically unacceptable in Australia. Rosenquist et al

(1986) also reports using implanted markers to assess relapse.

Relapse is often expressed as a percentage change of the initial surgical

movement. Some researchers have reported a figure as being average relapse

for a sample. This is sometimes expressed as a lincar measurement antì

sometimes as a percentage of the average advancement. As Kierl (1990) noted

relapse can potentially occur in either clirection so the commonly used method

of reporting average relapse can be misleading. Other studies foçus on the

number of patients within a sample who experienced relapse.
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Burstone et al. (1978) describes a cephalornetric analysis specifically for use in

orthognathic surgery. Its use is threefold; as an aid in diagnosis, as a tool for

simulating surgery, and to evaluate surgical changes. With cephalometrics

researchers have looked at a variety of landmarks and even at markers

implanted at the time of surgery. Results have been expressed in many

different forms either as linear measurements, relapse as a percentage of the

advancement or the percentage of patients experiencing relapse. This makes it

difficult to compare the results of different studies.

Cephalometrics has become the most widely accepted method of assessing

relapse although no standard system of landmarks has been universally

accepted.

Ayoub et al. (1993) report on the use of finite element analysis for the

evaluation stability following genioplasty. Finite elernent analysis is a systern

of mathematical modelling best known for its application in engineering. The

authors report that this method of analysis is capable of separating changes due

to repositioning from those of remodelling. They define repositioníng as

failure of a bone segment to maintain its position in relation to adiacent bones,

whereas remodelling is a combination of bone resorption and apposition

causing shape changes rather than positional changes. Generally the

mathematics involved in finite element analysis are extremely complex,

however Sameshima and Melnick (1995) describe a computer programme

wlúch greatly simplifies the concept for use in cephalometric analysis.
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4.3 Early, Intermediate and long term relapse.
Many studies of the timing of relapse in mandibular osteotomies have been

undertaken (Carlotti et al 1987, Larsen et al 1989, Proffit et aI 1987, Wardrop et

al1989, Wolford et al 1981, Bell et al 1981).

Skeletal relapse of the mandible was found to occur early when the patient was

in maxillo -mandibular fixation (MMF) . This being reduced with the

introduction of rigid internal fixation. Most studies show that relapse after this

6 week period is minimal with very little change by 6 months . Much fewer

studies extend past 12 months. Relapse studies of the maxilla generally make

little comment on when post surgical relapse occurs . This probably reflects the

fact that few studies extend longer than 12 months also. Most relapse in these

studies occurring in the first 6 months.

It is worth noting that the definition of short and long term relapse varies.

The Americans consider 6 months or more as long term whereas European

studies define 5 years as or more as long term . This particular study

incorporated reviews greater than 12 months as long term. This period was

chosen as postsurgical orthodontics has usually concluded so that any

morphological changes will be independent of any active treatment.

carlotti et al (1987) examined 18 patients who underwent maxillary

advancement. Those who showed skeletal changes post surgery had done so in
the first 5 months.Patients having inferior repositioning of the maxilla also

had most of their relapse in the first 3 months (Quejada et al 19g7,Bell et al

1981), stabilising by 6 months .None of these studies went longer than a year.

with superior repositioning of the maxilla most ,,unstable ,, patients had
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continued movement in the direction of the surgical change , that is,. further

intrusion in the first 6 weeks , then inferior movement over the next 11

months back to the surgical position. (Proffit et al 1996).
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chapter 5 Factors associated with post surgical

relapse followirg Le Fort I osteotomy.

5.L Introduction.

Bell et al. (1986) commented that there were three essential criteria that need

to be fulfilled to achieve a successful outcome from orthognathic surgery.

These are the restoration of normal jaw function, the creation of optimal facial

aesthetics, and the maintenance of long term stability.

Proffit and White (1970) were among the first to mention relapse after surgical-

orthodontic therapy. They felt that relapse could be avoided by concentrating

on eliminating the original causes contributing to the presenting

malocclusion as much as possible, and by not operating r,r,hile the patients are

growing.

The causes of relapse are considered to be multi factorial. Stability after surgical

repositioning of the jaws varies a great deal. Proffit et al (1,996) suggests the

most important factors in order of severity to be the direction of movement,

the hype of fixation used and the surgical technique that was employed. There

are probably many other factors at play some as yet are probably unrecognised.

Wardrop and Wolford listed factors contributing to instability of maxillary

osteotomies including inappropriate pre surgical orthod"ontics,perioperative

complications, inadequate maxillary mobilisation during down fracture,

inadequate stabilisation techniques and lack of bone grafts or poor bone graft

technique.
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Schmitz et al. (1995) suggests a multiple of factors can be implicated in affecting

the stability of maxillary osteotomies. These being categorised into dental,

osseous , surgical and experimental components.

Dental component involves the tooth position and is influenced by both the

orthodontic positioning and the surgical repositioning. The osseous

component of relapse involves movement of internal maxillary landmarks.

In their study this was an anterior- superior movement of the anterior maxilla,
but the other landmarks were stable. surgical component of relapse

encompasses demographic factors associated with patient selection,as well as

procedural events eg. the use of rigid fixation or bone grafts, growth or

osteoplasty of maxillary landmarks. Growth was found not to influence

stability.Experimental component of relapse includes all the factors desig¡ed
to assess and control the outcome of the data. He emphasises the importance of
critically reviewing the design components and possible source of errors. This

is particularly true of for the cephalometric landmarks of ANS, and pNS.

Factors implicated will be discussed under the following headings.

l.Orthodontics.

2.Direction of repositioning.

3.Magnitude of shift of the maxilla.

4.Influence of bimaxillary surgery.

S.Plating versus wire fixation.

6.Segmental versus single piece osteotomy.

T.Muscular interaction.

S.Vascular considerations of the osseous segments

9.Growth of skeletal structures.
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5.2 Orthodontics and Occlusion.
Treatment planning of the orthognathic patient requires close cooperation

between the orthodontist and surgeon. Pre surgical orthodontics should

include elimination of dental compensations and alignment of the individual

arches . This often results in an initial worsening of the occlusion .

Pre surgical orthodontics has been found to be one of the factors affecting

stability of orthognathic surgery (Welch, 1989). Overall stability will be

enhanced when the surgically moved segments fit well at the time of surgery

because major orthodontic changes are avoided following surgery (Epker et al

Tees).

Orthodontic relapse is a problem for both non surgical and surgical cases but

there are particular situations in the surgical patient that deserve particular

attention. Sadowsky et al examined long term, stability in non surgical patients

reviewing results up to thirty five years post treatment. They categorised post

treatment results into eleven variables and whether the patients occlusion

was within an ideal range. Ninery four percent obtained the ideal occlusion at

the end of treatment. Seventy two percent of the study group had at least one

variable outside the normal range at long term follow up, showing some

degree of relapse will occur. The most common long term problern was an

increase in overjet and overbite. The second most common problem was

increased mandibular crowding. In conclusion though all paticnts had

substantial change from their original occlusion and thus defining 'success ,

will vary between practitioners and patients.

In another review of orthodontic relapse Er -Mangoury $979) examined 50
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patients with orthodontic treatment alone. They examined variables such as

class I and class II dental malocclusions. There was no significant interaction

between the two groups. Extraction and non extraction cases and the gender of

the patient were also examined and again no difference in stability or relapse

was found.

Orthodontic preparation of the orthognathic patient can prevent correct

skeletal correction.The most common reason being gross malalignment or

protrusion/ retrusion of the incisors preventing the desired antero-posterior

jaw repositioning. It has been shown that pre surgical orthodontics , due to

various intermediate occlusal interferences can affect vertical and horizontal

dimensions (Vasir et al 1991). There has been some suggestion that a lack of

occlusal intercuspation could predispose to relapse.

Several specific orthodontic obiectives need to be discussed in relation to

maxillary osteotomies. These objectives must be clear both to the surgeon and

orthodontist. With planned segmental procedures for both transverse

maxillary discrepancies, and also for differential vertical changes. The

orthodontist needs to create spaces (unless an extraction space can be used.) to

perform interdental surgical osteotomies. This decreases possible damage to

teeth which can lead to tooth ankylosis (Legan ,7992).

Extrusion of anterior teeth or intrusion of posterior teeth pre surgically an<f

extrusion of anterior teeth post surgically must be avoided. This is most

relevant in patients with open bite. If such a patient subsequently has a

surgical procedure to correct vertical maxillary discrepanry, the vertical

correction performed orthodontically is subject to relapse post surgically

resulting in reopening of the bite. (Epker et al 1995).
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The orthodontist thus in such cases needs to be cautious with "vertical

mechanics " . Inappropriate vertical mechanics can occur if the open bite is

partially closed with orthodontics when

l.Levelling of an excessive maxillary curve of spee by using

continuous a¡ch wires from molar to molar.

2.Levelling of the reverse curve of spee in the mandible.

3.Using posterior vertical elastics - leads to unpredictable stabiliiy

with iooth extrusion.

To prevent these problems Epker suggests the use orr segmental arch wires.

This allows each section to find its own level , preventing unstable exirusion

of anterior teeth. Thus prior to surgical managemeni of an anterior open biie

ihe intrusion of the incisors or maintaining their pretreatment level

whenever possible is recommended. Ðoing so will make ihe open bite -worse

prior to surgery but relapse of incisor intrusion following surgery will only

serve to maintain the bite closed.

Orthodontic maxillary expansion in individuals older than 16 to LB years of

age is accomplished by dental tipping with little or no orthopaedic movei'rrent.

This is inherently unstable (Epker et al. 1995). Relapse following orthodontic

maxillary expansion will cause a posterior crossbite but will also have an

influence on the anterior relationship. It reopens the bite anteriorly due to an

increase in the effective posterior vertical dimension as there is a cusp to cusp

relationship instead of cusp to fossa occlusion. Therefore any expansion in this

age group should be surgery alone or surgically assisted maxillary expansion.

Thus orthodontics may contribute to relapse. The risk of relapse is increased if

orthodontic treatment tries to achieve a functional occlusion prior to surgery.
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Consequently , teeth are placed in an unstable position relative to their

alveolar foundatiory ignoring the underlying skeletal dysplasia (West and

N¡IcNeill, 1981). Treatment of anterior open bite is an excellent example of this.

If the anterior open bite is closed by orthodontic extrusion of the incisors and

then surgery performed, the incisor teeth will tend to return to their original

position, that is, become 'intruded'. This will result again in the creation of a

post surgery open bite.

Carlotti in a personal communication with Law (1989) suggested that in his

experience postoperative orthodontic changes due to inadequate pre surgical

dental compensations accounted for 75% of the postoperative relapse in rigidly
immobilised Le Fort I osteotomies.

5.3 Direction of repositioning the maxilla.
The direction in which the maxilla moves has a dramatic effect on the

resultant stability. This has been studied by many authors (Schendel et al1976,

Epker I98\, Rondahl et al 1988, Bailey et al 1993, Proffit et a|79g7,1996.). proffit

et al (1996) published his hierarchy of stability. They have found that superior

repositioning of the maxilla is the most stable procedure. This is followecl , in

order ,by anterior shift of the maxilla, a combination of maxillary impaction

and mandibular advancement, maxilla forward r.t'ith the mandible being

setback. Inferior repositioning of the maxilla and increasing its transverse

dimension were found to be the most unstable.
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Maxilla up.

Mandible forward.

Maxilla forward.

Maxilla up + Mandible forward.

Maxilla forward + Mandible back.

Mandible back.

Maxilla down.

Maxilla wider.

STABLE

PREDI( ]TABLE

LESS

Figure 5.7 Diagram hierarchy of stability (Proffit , Turvey and Phillips Lg96)

Many studies have examined superior repositioning of the maxilla.(Schendel

et al 1976, Epker 1981, Rondahl et al 1988, Baitey et al 1993, proffit et ar \99r,

1997 & t996, Teuscher et al 1982, Carlotti et al 1987, Loius et al 1993, Hoffman et

al 1994, Egbert et al 1995, waite et al 1996.) Superior repositioning of the

maxilla is typically performed in the patient with excessive exposure of the

upper anterior teeth with the lips at rest (> 3.5 mm.), and a long lower third

facial height.

The impaction of the maxilla came into prominence in the late 1960's. Initially

there was concern that this procedure would create an excessive interocclusal

rest space. This was found not to be the case as postural or rest position of the

mandible rotates upward and forward so that the interocclusal rest space is

maintained (Proffit et al 1987). It is probably this physiological adaption that

plays a major role in stability.
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Post surgical movement after repositioning of the maxilla in a superior

position has been shown in most studies. This movement though is also in a

superior direction so is not considered relapse but probably could be referred to

as instability. Bailey et al (1993) provides a five year review of superiorly

repositioned maxilla's. They found that the skeletal relationships were quite

stable. Th"y did find in about 20/o of their study group that there was

downward movement of the maxilla and/ or eruption of the maxillary teeth.

This lead to downward and backwards rotation of the mandible and a tendency

toward reoccurrence of overjet rather than open bite. They found no

correlating factors to why this particular group did show relapse, in that they

didn't appear different to the other eighty percent.

Proffit et aI \987 found that during the early post surgical phase there was a

tendency to move further upwards. All of these patients had a period of

intermaxillary fixation. The posterior maxilla was found to be vertically stable

in 90% of the patients, and anterior maxill a in 80%. After the first 6 weeks the

posterior maxilla showed 1,00% stability whilst the anterior maxilla ín 20 % of

patients had moved in a downward direction. They also examined multiple

variables to identify at risk patients but no correlations were found.

In conclusion all studies agree that the superior repositioning of the maxilla is

a stable and predictable manoeuvre.

Anterior repositioning of the maxilla has also been found to be a reasonably

stable manoeuvre. It also has been examined by several authors for post

surgery stability (Teuscher etaI1982, Carlotti eIal1987, Proffit er.al1991, Loius

et al 1993, Hoffman et aL1994, Egbert et al 1995, Waite et at 1996 ).lt is indicated

for class III patients with a component of maxillary deficiency.
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Carlotti et al. (1987) studied thirby patients having this movement . The

osteotomy sites being fixated with wire. Eight cases had larger than planned

postoperative movements. They attributed this to preoperative orthodontic

flaring of the central incisors. They found that suspension wires and bone

grafting were sufficient to obtain stability in movements up to 11 mm.

Proffit (1996) showed an 80% chance that the maxilla would stay essentialty

where it was placed post surgically and a 2001, chance of modest relapse. There

was no difference between the different types of fixation. Araujo et al (1978)

found between 37o/o and 68/o regression of a total maxillary advancement in a
group of patients when no bone grafts were used. In a group of patients in
whom they placed bone grafts between the maxillary tuberosity and the

pterygoid plates relapse was measured at between 0 to 5%. They and other

authors have suggested that some of the rerapse seen may be due to scar

retraction, interference with the nasal septum, inadequate mobilisation and

fixation, and non passive positioning of the maxilla.

Teuscher et al (1982) followed 16 patients who had maxillary advancement for

a minimum of one year . None had relapsed. They did however find that the

upper lip lost 44% of its forward projection within one year. This was due

partly to swelling reduction between the immediate post operative

cephalogram and that taken one year post surgery.

Inferior repositioning of the maxilla is considered unstable. The degree of

relapse reported varies considerably. Quejada et al. (19g2) noted 50o/o of the

relapse in osteotomies stabilised with wire fixation occurred in the period of

I.M.F. immediately post operatively. The remaining relapse occurred in the

next 6 months. They found in their series of patients ,fixated with suspension
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wires and MMF, that the average relapse was 24% of the original surgery. Based

on their results these authors practice inferior repositioning with more

displacement anteriorly, and less posteriorly. They found that this inferior

repositioning of the maxilla by altering the palatal plane was inherently more

stable than a direct downward shift of the whole maxilla.

Hedemark and Freihoffer (1978) found in 12 of their patients having inferior

repositioning of the maxilla that most relapsed. All of their cases were fixated

with wire osteosynthesis.They concluded it was a very unstable procedure and

over correction was recommended. Van Sickels et al (7996) found relapse

occurred with rigid fixation.Wessburg and Epker (1981) discussed the possibility

of increased masticatory muscle activity after inferior repositioning of the

maxilla leading to increased tendency to relapse.

Baker et al' (1992) examined four year stability in 19 patients after inferior

repositioning' Fourteen patients were stable. Five showed greater than 30%

relapse. This tended to be in patients who had greater than 5 mm. inferior

repositioning. They found bone grafts and/or bony contact to be essential to

minimise relapse especially with moves greater than 3 mm.They agreed with
wessburg that the primary force in relapse is the lengthening of the

mandibular elevator muscles and miniplates cannot overcome this force.

Perez et al' (1997) followed twenty eight patients after Le Fort I ostcotomy

downgrafts for the correction of vertical maxillary deficiency. They used rigid
fixation and bone grafts. Eighty percent showed good stability with relapse of

less than 2 mm in a superior direction over sixteen months. The mean

amount of postoperative relapse represented 2g% of the total surgical

movement.
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The inherent instability of this inferior repositioning results from force against

the displaced maxilla during dental occlusion (Proffit L996). Three approaches

toward improving vertical stabitity have been suggested. These include

placement of heavy fixation bars from the zygomatic arch to the maxillary

posterior teeth, interposition of hydroxyapatite grafts for immediate

mechanical stability, or use of a simultaneous ramus osteotomy to minimise

stretching of the elevator muscles and decrease occlusal forces until healing is

more advanced.

Transverse maxillary expansion is probably the least stable of all maxillary

procedures. Proffit (1996) has analysed a group of patients from the University

of North Carolina, utilising study models.They found that the greatest relapse

occurred in the second molar region which had the greatest expansion at

surgery. About 50% on average was lost in this area. More than 2 mm. of

relapse occurred in two thirds of the patients. The instability was probably due

to elastic rebound of the stretched palatal mucosa. Proffit suggests that relapse

can be minimised by over correction in the first instance, the use of a palatal

bar or a heavy orthodontic wire during healing, followed by palatal covering

retainer for the first post surgical year. Pogrel et al (1992) has suggested that

surgically assisted maxillary expansiory should improve stability.
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5.4 Magnitude of Shift o
Correlation between magnitude of surgical movement and relapse has been

found to be importance in mandibular osteotomies (Wade 1988). The maxilla

is more restricted in its range of movements in three dimensions due to

biological constraints particularly vascular supply.

Maxillary advancement is possibly more unstable with extremely large shifts.

Studies have shown (Freihofer 1977, Kaminishi et al 1983) that shifts up to Z

mm are very stable. Araujo et al (1978), showed stability of shifts up to 6 mm.

but suggested shifts greater than this needed bone grafts to make them stable.

Carlotti et al (1987), found maxillary anterior advancements up to 11 mm. to

be very stable when bone grafts are used. Waite et al (1996) compared large

maxillary advancements (average 10 mm.) with and without genial bone

grafts. Those with bone grafts had significantly less relapse. They discussed

instability will occur as movements greater than 4 mm. left a substantial bony

gap at the lateral maxillary wall. More recently Gurstein et al. (1998) found

greater postsurgical displacement when the maxilla had large surgical

advancements, received wire fixation and no bone grafts.

Louis et. al. ( 1993) studied patients having maxillary advancements for the

correction of sleep apnoea. There patients received rigid fixation with

miniplates. Although not statistically significant they found the greater the

advancement the more likely some relapse.

No correlation was made in the amount of superior repositioning and post

surgery relapse. (Proffit 1957).

I
I the Maxilla.



80
Bailey et al (1993) in their 5 year follow up of surgical repositioning found no

correlation with the magnitude of impaction and postsurgical relapse.

Little is mentioned on correlations with relapse and the magnitude of inferior

repositioning of the maxilla. Quejada et al (1957) examined relapse in this

surgical group. They found a lack of correlation between the amount of

surgical change and the amount of relapse . The reason for this finding they

stated as unclear. They suggested that the magnitudes of inferior

repositioning achieved in their series ( av. 4.4 mm.) were insufficient to

surpass the adaptive capability of the masticatory muscles.

5.5 Influence of bimaxillary surgery.

Stabilify of the maxilla may be influenced by concomitant surgery to the

mandible. This being mainly due to the decreased masticatory forces found

after two jaw surgery. some authors have noted that when wire

osteosynthesis is utilised and the mandible advanced the maxillary position is

severely influenced, showing some relapse particularly if the mandible is

advanced a large amount.(Skoczylas, et al 1988) . Hoffman et al' (1994)

examined the combined skeletat stabitity of maxillary and mandibular

advancement. They followed L5 patients for 12 months" They concluded that

two jaw advancement surgery undertaken to correct horizontal facial

deficiency is a surgically predictable and a relatively stable procedure up to 12

months postoperatively. The need to follow these patients over a greater time

period was mentioned, but not done, to examine long term stability.

Several authors have found greater stabilify when two jaw surgery is
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Performed. Brammer et al (1980), Moser and Freihofer (1980) both suggested

improved stability occurs over single jaw surgery due to physiologic muscle

splinting.

Law et al (1989) examined combined maxillary and mandibular osteotomies.

These were treated with rigid internal fixation. They found that relapse rates

for the maxilla and the mandible were the same as in single jaw procedures.

That is the jaws can be considered to act individually of each other.

Skoczylas et al (1988) examined relapse in bimaxillary surgery comparing rigid

and nonrigid fixation. They found no statistical difference between the two

groups although they found variation in the MMF group to be greater.

Hiranka and Kelly (1987) examined early relapse, the first 6 weeks, in

bimaxillary surgery. All patients were placed in MMF. Th"y found the maxilla

was stable in most situations but when the maxilla was moved in an inferior /
anterior direction in conjunction with a mandibular setback, there was a

tendency for the maxilla to move posteriorly with the mandible as it settled.

They theorised that the elevator muscles of the mandible in conjunction with

the suprahyoid muscles may have brought about further posterior settling of

the mandible which was translated to the maxilla via the wire MMF.

Proffit et al. (1991) examined 51 patients who underwent two jaw surgery. They

found better vertical stability with two jaw surgery. They found with inferior

repositioning with concurrent surgery of the mandibular ramus actually

improved the maxilla's stability. This was also suggested by wardrop et al

(1989) when they presented their results on inferior repositioning of the

maxilla stabilised with hydroxyapatite implants.
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Hennes et al (1988) examined a similar group of patients . These patients

having rigid fixation for their bimaxillary surgery. They found the

advancement of the mandibte had no effect on the postsurgical stability of the

maxilla. It has been shown that mandibular advancement is more stable due to

concurrent maxillary surgery (Throckmorton, 1980).

Hennes disagrees with this finding . He felt that mandibular stability was not

related to impaction of the maxilla, and in his series he found the mandibular

advancement to be relatively stable. LaBanc et al. (L982) expresses the other

view. They found in their series of 100 patients that two jaw surgery was less

stable than single jaw surgery.

In a study by Kahnberg and Ridell (1988) in which bimaxillary surgery was

performed to correct prognathism, it was found that maxillary relapse occurred

in the vertical direction only, and skeletal relapse of the mandible occurred in

both vertical and horizontal directions was also evident but no more than in

mandibular surgery cases alone. They found that the amount of relapse tended

to be less in bimaxiltary surgery than in single jaw surgery as the moves are

proportioned between the maxilla and mandible. This implies that the greater

the movement the greater the relapse.

Ayoub et al. (1997) compared the stability of bimaxillary surgery between two

centres (U.K. & U.S.A.). They found in both groups that the maxilla was stable

when moved anteriorly and/ or impacted. It was inherently more stable than

the mandibular procedure.

Most recently Bothur et al. (1998) examined the stability of isolated Le Fort I

operations in comparison with two jaw procedures, which included patients
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having a sagittal split mandibular advancement. They found no postoperative

difference between the two groups concluding the maxillary osteotomy is just

as stable in two jaw procedures as it is when operated on in isolation.

5.6 Plating vs wire fixation.

Osteotomy sites are stabilised after repositioning by mechanical means. This

includes the use of wiring or bone plates and screws. The initiat stability of the

repositioned bones is dependent on the ability of these appliances to resist

internal and external forces. They probably have little or no bearing on long

term stability at the osteotomy sites and become a non functioning implant.

Initially all facial osteotomies were stabilised with inter osseous wires in

conjunction with maxillo-mandibular fixation. Rigid fixation was adapted to

oral maxillofacial procedures from developments in general orthopaedics.

Compression plates were reported in the surgical literature initially in the

1930's (Luhr 1981). Early attempts of rigid fixation in the maxillofacial region

utilised these orthopaedic devises with mixed results. Since the introduction of

specialised instruments the results have become more predictable.

Essentially two main techniques have been used for stabilising maxillary

osteotomies. The first techniclue used a combination of inter osseous wires

,skeletal suspension wires and maxillomandibular fixation. The second group

utilises rigid internal fixation techniques. Before the wide spread use of rigid

internal fixation some surgeons were using the rigid adjustable pin system

(RAP). It has been utilised for superior, inferior and maxillary advancements.

It is a bone - dentition arrangement rather than bone to bone. Its advantages
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are the ability to make post operative adjustments to the final position of the

maxilla. One drawback is the need to have a further surgical procedure to have

the pins removed. It is not indicated in segmental osteotomies. Bays (19g6)

examined the stability of this system over an average of 30 months and found

it to be excellent. This system however is no ronger used.

Wire fixation is no longer used much in orthognathic surgery with the advent

of internal fixation techniques. In our unit there was a change from routine

intermaxillary fixation (or more precisely maxillo -mandibular fixation or

MMF) in the mid 1980's. Some procedures still require MMF in particular

intra-oral vertical subsigmoid ramus osteotomy's. This allows the condyle to

find a passive position and avoids the difficulties of applying rigid fixation in
this region- As it is used almost exclusively for setbacks, good bone to bone

contact occurs allowing predictable bone union.

MMF immediately post operativety has been practised for many years

particularly in trauma cases rvith minimal problems. It must always be

remembered in the initial post operative period airway control can be of

concern for the anaesthetist and recovery staff. Respiratory embarrassment in

an anaesthetised patient, nasal haemorrhage, and vomiting can lead to tife

threatening complications. In an emergency wire cutters have always been

placed adjacent to the patient for rapid relief of the MMF. Studies have shown

that untrained staff have great difficulty in releasing the wires in a short space

of time. Goss et al. (1979) timed the various members of the management team

as they released MMF. The time taken to release the jaws was an average of

35.3 seconds for experienced oral surgeons and an average of 2 minutes 9

seconds by hospital staff involved in caring for these patients. It was not a

practical option for a lay person. Thus they questioned the value of releasing



85
fixation in the initial care of obstruction or vomiting. They advocated

repositioning the patient to the 'Coma position', and utilising suction.

Patients with MMF have a decrease of up to 30% of mean ventilatory volume

(Williams et al 1990). This affects the patients ability to exercise and can even

diminish speech clarity.

Patients may also loose weight whether desired or not " Buckley et al (1989),

compared weight loss in patients with rigid fixation with those in wire MN4F

He found that weight loss was less than anticipated in both groups but was

substantially more in the group wired together. Weight loss generally is

probably related to other factors as well as the fixation" The need for a liquid

diet (vitamised or blended food often has reduced or a bland taste- taste being

an important stimulant for appetite.),and reduced sensation to the lips may

both play a role.

MMF also will decrease the patients ability to keep their mouth clean but this

does vary between the individual patients. One suggested advantage of rigid

fixation over MMF was the expected quicker return to pre surgical mouth

opening. Several studies have shown little difference between the two groups

(Storum et al. 1984). Limited mouth opening is more related to mandibular

ramus osteotomies that involve the stripping of the insertion of the

temporalis muscle. The fact that patients with rigid fixation can undergo active

physiotherapy and opening exercises may enable them to return to pre surgery

opening more rapidly.

Infection rates were found to be higher in Buckley's study in patients with rigid

fixation. He found an increase of three fold over patients with MMF. This was



86
probably related to bone necrosis from heat, on drilling holes for internal

fixation, having a'foreign' obiect in the wound., and the pumping of

microorganisms into the wound during mastication.

Rigid fixation has been found to improve the stability of mandibular

osteotomy's. (van Sickels et al 1985, 1986, Will et al 1989). The question of

stabiliby in the maxilla between the two groups of fixation has been

controversial. There have been several studies to examine this question.

Bone plates have been suggested to enhance stability of maxillary osteotomies.

Champy (1980) reported on 40 patients with midface osteotomies stabilised by

miniplates. Seven of the patients had short term relapse between 2 e 7 mm up

to 10 months post operatively. Larson et al. (1989) showed an improvement in

stability from Immediately post operatively, to 1 year between advancements

stabilised with bone plates verses wire fixation.

Van Sickels (1996) provided an excellent review of the literature and

discussion looking at the question of stability as a reflection of the fixation

technique used. To compare the different types the direction of movement of

the maxilla must be considered. Van Sickels (1996) did make comment that

there are multiple factors at play when considering stability and there are some

circumstances where the different fixation techniques made little difference. In

maxillary advancement surgery, Carlotti et al (1987) found that advancements

up to 11 mm. were stable if the maxilla was fixed with suspension wires, inter

osseous wires and MMF with bone grafts. More complex cases or greater

movements they suggest using rigid fixation. Luyk et al (1985) used rigid

fixation and 6 weeks of MMF . They only had small shifts (av..3.7 mm). They

found no significant relapse in all 9 patients . Egbert et al (1995) compared two
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groups of patients having advancements. All were treated by the same

surgeon. One group 02 patients) had wire osteosynthesis with intermaxillary

fixation for 4 weeks. The other group (13 patients) had rigid fixation. Post

surgical horizontal change in both groups was in a posterior direction.

Comparison of the mean values between the two groups suggested improved

stability in the rigid fixation group. This result though was not statistically

significant. In the vertical dimension though the wire group showed

significantly more settling over a 12 month period.

Superior repositioning of the maxilla appears to be stable with whatever form

of fixation is used. Proffit er, al1987, found the vertical position of the maxilla

to be stable ín 80% of patients having this movement when fixated with wire

only. In a latter study by the same group 49 patients had a minimum of 2 mm

impaction again being stabilised by wire alone. They were followed for 5 years.

They were found to be very stable.

Inferior repositioning is considered very unstable again regardless of the

fixation used. The lack of success has been ascribed to the instability of the

fixation combined with the fact that the muscles of mastication cause a

"pumping action" of the mandible against the maxilla (Wolford et al 1981)

.Quejada et al (1987) found in his group of patients fixated with wires that over

5O% of relapse occurred while the patient was in MMF, and the remainder of

the relapse occurred in the first 6 months after release of MlvIF. Hedemark et al

(1978) studied L2 cases fixated with wire osteosynthesis. All except 2 moved in

a superior direction. Persson et al (1985) examined 16 adult patients that had

inferior repositioning of the maxilla, fixated with miniplates and bone grafts.

They found a mean relapse of some 20(f'.
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Van Sickels et al (1990) found relapse when using internal rigid fixation. They

also related this to an increased chance of nonunion. Ellis (1989) compared the

stability between different groups in animal experiments. One group had wire

fixation and bone grafting., another underwent this in conjunction with

temporalis and masseter myotomies. The third group had a bite opening

appliance before down grafting, and the fourth group underwent down

grafting with bone grafts. All groups showed relapse. The most stable was the

rigid fixation group, the least stable was the group with wire osteosynthesis

alone. Wall et al (1998) recently showed in a small group of patients (10) that

titanium miniplates do not prevent postoperative migration of the osteotomy

segment. They found all moved in a superior direction independent of the

direction of surgical repositioning.

There are no studies in the literature comparing different fixations in patients

who have undergone maxillary setbacks or posterior repositioning. This is a

relatively uncoûunon operation and as such statistically insignificant

numbers are available. Technically it is difficult to remove enough bone

posteriorly to allow a significant shift in this direction, and it is associated with

an increased risk of avascular necrosis due to'crimping' of the pedicals. Van

Sickels personal opinion was that this is a very stable shift when plates are

used.

Stability of open bites depends more on the etiology of the open bite than on

the form of fixation used. Open bites can be corrected with either maxillary

and/ or mandibular surgery. Haymond et at (1991) examined 38 patients with

oPen bite corrected with maxillary surgery and fixated with miniplates. Eighty

six percent had a stable result. They found that fifty percent of the relapses

were due to orthodontic relapse in transverse deficiency corrected by
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orthodontics alone. They suggested that internal rigid fixation did give a stable

result.

Satrom et al (1991) compared the stability of rigid fixation with that of skeletal

wire fixation in a sample of patients who had undergone the same procedure

(maxillary impaction and mandibular advancement) to determine if stability

in two jaw surgery was any different to the same operation to the jaw in

isolation. Th"y found the maxilla was just as stable in bimaxillary surgery as it

was in single jaw surgery. They did suggest that rigid fixation tended to

improve maxillary stability.

lVlost of the above mentioned studies refer generally to one piece maxillary

osteotomies. The stability of segmentalised Le Fort I osteotomies fixed with

miniplates was examined by Chow et al (1995) .They studied 18 patients who

had correction of transverse discrepancies and differential movements

between the anterior and posterior maxilla.They found there was significant

relapse when there was an anterior and inferior shift of the fragments. They

suggest this is due to rigid fixation being technique sensitive and requires

precision. To maintain the post surgical stability of the maxillary segments the

miniplates should be fixated to the bone passively because any built in strain of

the miniplate can move the segments after the operation. Furthermore, they

suggest their will be some osteolysis and fibrosis around the titanium screws

after their insertion thus reducing their'rigidity'. They too emphasised the

possible other causes of relapse.

Internal fixation has been found to increase the incidence of nerve iniuries in

the mandible. Injuries can occur secondary to the placement of bicortical

screws, and also when the screws are tightened compressing the nerve. A
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theoretical risk could appty to injuries to the infraorbital nerve and to the

teeth, hence the risk would be similar to the mandible. This has not been

shown in the literature. Damage to the infraorbital nerve is less likely, as in

comparison to the inferior dental nerve, it is easier to visualise, shows less

anatomical variation and is usually above the line of the Le Fort I osteotomy

Rigidly Rigid fixation in the maxilla has fallen out of favour in preference for

semi rigid fixation using miniplates. The main advantage of these plates is

some minor positional change can be achieved with the use of post operative

elastic MMF. This would be impossible to achieve with the more rigid plates

particularly when the accuracy of these operations cannot be guaranteed .

5.7 Bone Grafts and Stability.
The presence of a bone graft probabty adds to the initial stability of osteotomy

sites. Bone grafts have been shown to be beneficial in some studies (Luyk et al

1985, obwegeser 7969, welch 1989) It is proposed that bone grafting can

accelerate osseous healing , act as a physical stop , and provide a matrix for

bone growth (Epker et a1.1980). Epker found that after a Le Fort I osteotomy

wire inter-maxillary fixation was needed for eight weeks to obtain stability but

if bone grafts were used this was reduced to three to six weeks.

Profitt et al (1987) indicated that bone grafts are needed in maxillary surgery if
after repositioning there is little or no bony contact i.e. in movements where

the maxilla is advanced and/or inferiorly repositioned. Of particular

importance is obtaining bony contact around the piriform rim and the

zygomatic buttress. They suggest bone grafting promotes more rapid bone
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healing and may improve the stability. They have found that the thin bone

over the premolar region can heal with fibrous tissue leaving bony defects.

This however usually has no effect on maxillary stability.

Luyk and Ward -Booth (1985) looked at the role of bone grafts in maxillary

advancements stabilised with rigid fixation and felt that advancements of up to

six millimetres appeared stable without the use of bone grafts. This is because

the zygomatic buttress bone would still have good contact with shifts less than

six millimetres.

Trimble et al (1986) found eight percent mean vertical relapse in five patients

having inferior repositioning of the maxilla stabilised with bone plates and

autogenous bone grafts.

Wardrop et al (1989) found that in twenty four patients who had osteotomy

movements of the mid third of greater than five millimetres to forward or

downward movements, with interpositional hydroxyapatite implants to be

reasonably stable. All had less than one millimetre relapse. They had three

patients in which the implants failed and had to be removed . These failures

seemed to be related to the individuals with very thin maxillary walls for

which bone plates and screws could not provide sufficient support.

There are some studies which have found bone grafts made no difference to

stability or relapse. Willmar et al (7974) found no statistical difference between

groups of grafted and ungrafted patients following a Le Fort I advancement

osteotomy.

Arauyo et al (1978) found a large difference between grafted and ungrafted
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Patients undergoing Le Fort I advancement. Both this and Willmar's study

involved movements of less than eight millimetres and intraosseous wiring

and intermaxillary fixation were used for stabilisation.

Louis et al ( 1993) state that in their study of stability of Le Fort I advancements

it is unclear to what magnitude the maxilla can be advanced and would benefit

in the reduction of post surgical relapse with the use of bone grafts. They

suggest further studies would be required to answer this question.

To sum up the literature experience of bone grafts and the affects on post

surgical stabilily Schmidts et al (1995) states understandably "The use of bone

grafts to enhance maxillary stability can not be underestimated. However their

contribution to clinical stabiliry also can not be assessed." This is due to the

multifactorial factors involved in stability and the difficulty of isolating these

individual factors in research. Initial movement at a fracture or osteotomy site

retards healing leading to non union. Bone repair requires stability and bone

growth factors in order to proceed (Marx 1998). These are supplied by a bone

graft when a 1aP greater than several millimetres exists between the bone.
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5.8 Segmental versus single piece osteotomy.

The multiple piece Le Fort I has the ability to correct problems in all three

planes of space at once. Segmental maxillary procedures are performed for

transverse discrepancies and for the correction of differential vertical

discrepancies in the maxilla. For example the closure of segmental anterior

openbite. It is more complicated than a one piece maxilla and carries an

increased risk of damage to the teeth and their supporting structures.

Segmental maxillary Le Fort I surgical procedures in the literature are usually

included in patient groups where whole piece maxillary movements are

studied and have not been formally studied for relapse as a homogeneous

group. This is related more to the fact that these segmental operations are

highly individualised for the patient.

Stoker and Epker (197Ð, and West and Epker (1972) found maxillary superior

impaction when performed segmentally is as stable as a total maxillary

osteotomy impaction. Segments can be expected to act as a whole piece maxilla

depending on their direction of movement. That is if in the closure of an

anterior openbite caused by anterior maxillary deficiency and posterior

maxillary excess the resultant three piece maxilla would involve anterior

maxilla being repositioned inferiorly (a relatively unstable procedure) and the

posterior maxilla being repositioned superiorly (a relatively stable procedure).

Perez et al. (L997) found no difference in stability between one piece and

segmental maxillae that were inferiorly repositioned.

Chow et al studied the stability of segmentalised Le Fort I osteotomies (1995).

In their series of L8 patients segmentalisation was undertaken to for both
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correction of maxillary transverse deficiency as well as anterior and inferior

repositioning of the patient's hypoplastic maxilla. Unfortunately they did not

have a comparison group of non segmentalised maxillae having similar

movements . Instead they compared their population with other studies.

Bloomquist in his comments on this article stated that the question of

segmental Le Fort I osteotomies are more or less stable than non segmented

osteotomies following maxillary down grafting is yet to be satisfactory

answered.

5.9 Anterior Open Bites.

Anterior open bites deserve special mention when discussing stability in Le

Fort I osteotomies. Historically the results of both orthodontically and

surgically treated anterior open bites have been disappointing.

Incorrect diagnosis has been identified as the main reason for treatment failure

(Denison 1989, Hoppenríjis et al. 1997). Orthodontic camouflage of a skeletal

problem will result in the return of the oPen bite once the apparatus is

removed. This wilt also occur if the etiology of the open bite is secondary to a

neuromuscular problem such as tongue thrusting or digit sucking. Rarely are

open bites an isolated dental problem.

The surgical correction of anterior open bites was originally done with an

anterior mandibular subapical osteotomy -Hullfüen (18a9) .Limberg (1925)

performed an oblique osteotomy of the ramus.This was found to be very

unstable (One hundred percent relapse rate). Cohn - Stock (1921\ were the first to

perform an anterior maxillary osteotomy for an anterior open bite. This was

followed by Wassmund (1927) and later Wunderer (1963). Schuchardt (1955) was
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the first to address the group of patients who had excessive anterior open bite

secondary to excess posterior maxillary height. He introduced his posterior

maxillary osteotomy to treat this problem with good stability. The Le Fort I

osteotomy (Introduced through the L960's and197}'s ) has now become the most

widety accepted technique for the surgical correction of anterior open bite. There

still are a large number of patients that do experience post surgical relapse.

Denison et al (1989) examined stability of maxillary surgery between openbite

and non openbite malocdusions. They found Zt% of patients with pre-

treatment openbite suffered post treatment relapse. They suggested this wasn't

due to skeletal relapse but may be related to the influences of orofacial

musculature - tongue posture and hypotonic buccal musculature. Hence in

obtaining stability of the openbite its etiology must be sought and controlled.

Open bite skeletal discrepancies have a number of causes. They can be corrected

with maxillary procedures. It is suggested that stabilify of such procedures is

related to the correction of transverse problems of the dentition and tongue

problems.( Frolich et al.1993).

Kent et. a1.(1970) states the correction of the open bite deformity is one of the

most challenging problems. Open bite treated with combined orthodontics and

surgery should produce stable results in certain cases; however regression is

sccn bccause of the tongue, enveloping muscles of the jaw, unusual skeletal

features, or bone path<llogy.

Haymond et al (1991) found a fourteen percent relapse rate in a series of 38

patients his group treated with Le Fort I osteotomies. These patients were

fixated with miniplates and followed from one to five years. Only one had true
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skeletal relapse, the others dental. lVtost of the relapse was attributed to

transverse relapse of orthodontically expanded maxillary molars.

Hoppenreijis et al (1997 & 1998), examined a large number of patients (267)

treated surgically for anterior open bite. They were followed from z0 - 270

months post surgery. Nineteen percent of the patients showed relapse post

surgery. This was due to dental orthodontic relapse and/or the wrong

diagnosis. N¡Iost anterior open bites are a segmental problem, so should be

treated segmentally. They also thought the continued influence of the soft

tissues may play a role.

Lo et at (1998) , examined the problem of orthodontic extrusion of anterior

teeth prior to surgical correction of an anterior open bite. They conclude that a

moderate amount of extrusion or a lack of extrusion are both stabte long term

and had little influence on the post treatment stability of open bite.

5.10 Muscular Interactions.
One effect of orthognathic surgery is the abrupt change in the length of the

muscles and associated soft tissue of the craniofacial complex. Hence whether

the process of adaption can cope with these changes will affect long term

stability.

Surgical correction of vertical maxillary deformities is influenced by the

resulting change in the mandible and the change in the resting position of the

masticatory musculature. Surgical relapse of both superior and inferior

maxillary repositioning tends to be toward a more superior position.(proffit

1,987).
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The muscles of mastication and the orofacial complex have an important

potential role in the etiology of some craniofacial deformities and also in the

relapse of skeletal craniofacial dysplasias (Ellis and Carlson 1990).

After surgical shifts there is a period of adaptions leading to a state of

homeostasis. The muscles and bones of the face are in balance. That means

tension produced by the contraction of the muscles and the stretch of the soft

tissues drape is effectively distributed by the associated skeletal components.

This homeostatic situation is unbalanced after surgery.

The different directions the maxilla can be repositioned wilt obviously have a

different effect on the musculature. Superior repositioning in the management

of vertical maxillary excess (Long face syndrome) or in the closure of anterior

oPen bite are included in this group. Both wilt result in the surgical separation

of the occlusal surface of the maxillary and mandibular dentition. This allows

autorotation of the mandible into its new resting position (Ellis et at 1990). It

rotates around the condyle. Autorotation occurs to maintain the interocclusal

dimension (freeway space). (Wessburg et al 1981 &1982). Alterations in jaw

muscle morphology and muscle activity with adaptive changes by the central

nervous system allow this restoration of the freeway space.

Autorotation causes the muscles to become shortened. This means there are

no active or passive forces on the repositioned maxilla from the mandibular

musculature. Therefore reduction of the midface results in excellent stability.

Throckmorton (1980) developed a two dimensional biomechanical model that

showed superior repositioning of the maxilla should improve the

biomechanical advantage of the mandibular elevator musculature.
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Autorotation changes the position of the gonial angle and the coronoid process

effectively modifying the temporalis and masseter movement arms - this leads

to an increased mechanical advantage for the muscle. This theory was not
substantiated clinicatly (Proffit 1989). Proffit found no patient had a change in
mechanical advantage greater tinan 70%.

Attempts at increasing the length of the masticatory muscles creates a problem
Lengthening or stretching these muscles beyond their normal physiological

rest position may significantly increase in both active and passive muscle

tension.This will place undue stress on the repositioned osseous segments

predisposing to relapse. Inferior repositioning of the maxilla will cause these

forces by stretching the mandibular elevator muscles, making it an unstable

procedure (Yellich et al, 1981). Inter positional bone grafts and newly formed

woven bone may be incapable of resisting the compressive stresses generated

by the muscles of mastication.

Proffit and Field et al (1989) showed that patients with vertical maxillary

deficiency are capable of generating higher bite forces (up to 100 kg. molar bite

force) when compared with normal individuals or those with vertical

maxillary excess. Long faced individuals have bite forces in the molar region of
30 kg. , normal individuals having mean bite forces of 50 kg.

Several authors have proposed methods of reducing postsurgical relapse in

vertical maxillary augmentation. These techniques being aimed at reducing the

forces generated by the mandibular elevator muscles.

1.Dann et al (1980), performed coronoidectomies and

pterygomassateric myotomies.
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2.Wessberg and Epker (1981) placed a screw device between the

zygomatic buttress of the maxilla and the mandible to alleviate

distraction forces.

3.Wolford et al (1981) used bilateral threaded Steiman pins

passing from the zygoma to the maxillary splint in an attempt to

withstand the upward forces.

4.Rigid internal fixation has been advocated by many surgeons.

5.Use of a bite opening appliance to preadapt the elevator muscles

(Proffit and White 1,991).

All of these techniques have been claimed to improve stability. Proffit et al

(1'996) concluded that stability is greatest when soft tissues are in their relaxed

position at the end of the procedure and least when they are stretched.

Johns et al (1997) examined the effect of maxillary osteotomies on the facial

musculature, particularly facial movement. Surgical repositioning of the

maxilla anteriorly and/or inferiorly lengthens the facial musculature resulting

in an increase in facial movement while smiling. Likewise surgical

repositioning of the maxilla superiorly andi or posteriorly reduces the length of

the facial musculature resulting in a decrease in facial movement while

smiling. These changes will likewise affect the forces created by the facial

muscles.
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5.1-l- Vascular considerations of osseous

segments.

Relapse related to poor healing has not been specificalty studied. As discussed

in chapter 2.6 loss of vascularify of the osseous segments in maxillary surgery

is a real risk. Meticulous attention must be given to the design of the pedicle

flap. Segmentalising the maxilla carries the highest risk of devitalising osseous

segments. Bone healing is required to obtain long term stability but actual loss

of tissue due to avascular necrosis is devastating.

Bell et al (Ig73) examined wound healing after multi segmental Le Fort I

osteotomy and transection of the descending palatine vessels. The study

utilised 4 piece osteotomies in rhesus monkeys. They found the palatal mucosa

or labial - buccal gingiva and mucosa were adequate pedicles to keep the

osseous segments intact.

Bays (1985) found that difficulty in mobilising the maxilla and the potential for

compromise of a tenuous vascular supply may comPlicate healing and lead to

post operative instability.

Some specific categories of patients are prone to this problem. Patients with

cleft palates requiring maxillary augmentation frequently have scarred palatal

mucosa and a compromised blood supply (van sickels 1990).

Facial bone healing has been well documented from animal studies and

patients with fractures (Szachowicz 1995). This information is directly

applicable to the patient having orthognathic surgery. Bone is capable of

complete repair (as compared to scar tissue formation). After an osteotomy the
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bone should heal by 'cortex to cortex' union if in contact (either directly or via a

bone graft) avoiding callus formation. Otherwise a callus will bridge the gap.

This is achieved by migrating cells from the adjacent bone (and bone graft) and

periosteum that have osteogenic potential and lay down osteoid. This is

eventually ossified forming bone. Growth factors including bone morphogenic

protein (B.M.P.) ptay a major role in the process. Work is now being done to

aid bone healing by utilising these isolated B.M.P.'s and placing them at the

wound site (Lind 1998, Sakou 1998).

5.12 Growth and Stability.

Growth of the maxilla has been reviewed in section 2.4. Growth of the maxilla

is generally finished after the adolescent growth spurts. In girls this is reported

as between 10 and 12 years of age. Males are generally 1 to 3 years later (Savara

et al, 1968). Normal maxillary gron'th may continue into adulthood.

Anteroposterior maxillary growth is largely completed by the initiation of

puberty. Any subsequent growth is in a vertical direction (Singh et al 1966).

Early surgical intervention has been reviewed by several authors. ( Nanda et

all9B2,Ig87 & lvlogavero et aI1997). Early surgery generally refers to surgical

intervention undertaken prior to the completion of growth.

Several reasons have been put forward for the early correction of dentofacial

abnormalities. These include

1. Early orthognathic surgery may prevent detrimental

psychosocial problems.

2. It may also prevent other physicat consequences such as

problems in the occlusion, masticatory function,
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temperomandibular joint and structure , speech, and the airrvay

(Nanda et al 1982).

The main argument against early surgery is its possible ill affects on further

maxillary growth. This could include:

1. The loss of favourable growth that might actually correct the

malocclusion if allowed to express ítself.

2. Surgical intervention could actually worsen or inhibit already

abnormal growth patterns. (Schendel et al 1978)'

These points have meant surgery is mainly performed after maturity has been

reached.

Nanda and Topazian (1982) performed Le Fort I osteotomies on growing

Macaca monkeys. All had impaction of the maxilla. They concluded that the Le

Fort I osteotomy had a significant effect on the subsequent growth of the face. .

In all of them there was retardation of anterior maxillary growth and vertical

growth of the face . Interestingly there was a concurrent reduction in

mandibular growth in such a way that a normal occlusal relationship was

maintained. This is probably due to the Macaca's huge interlocking canines.

Shapiro and Kokich (1981) also examined Le Fort I osteotomies in Malaca

monkeys but with advancements. They also found disturbances in maxillary

growth. They suggested this was due to

1.lmmature fusion of one or more circummaxillary sutures after

the surgical Procedures.

2.The elimination of potential growth influence of the nasal

septum after antero-posterior separation of the vomer and

maxilla during surgery.
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3. The potential growth inhibiting influence of stretched soft

palatal tissues.

4.The potential growth inhibiting influence of scar tissue which

developed during the healing of the circumferential

mucoperiosteal surgical incision.

Epker et al (1982) examined the effect of superior repositioning of the maxilla

in growing patients (16 patients between 10 and 1'6 years of age.) They found

that growth continued close to normal post surgically. Th"y suggested this

resulted from avoidance of the nasal septum or by transection of the septum

followed by careful reapproximation. They also suggest performing a total

maxillary alveolar osteotomy as it requires no septal resection. In this series of

patients, in whom growth had not been completed, there was no evidence of

relapse.

Mogavero et al (1997) performed similar research . They performed superior

repositioning of the maxilla in growing patients. They separated the 48

patients involved into two groups. Those that received rigid internal fixation,

and those that were stabilised with wire fixation. They found afterwards that

growth did continue normally. They concluded that the Le Fort I osteotomy

had little or no effect on vertical maxillary growth.

Growth is another factor that must be considered in the etiology of relapse in

individual patients undergoing maxillary osteotomies.
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5.1-3 Le Fort III I Syndrome Patients I Cleft

Palate Patients.

Congenital maxillofacial deformities such as Crouzon's, Pfeiffer's , or Apert's

syndrome present a distinct set of problems. It is more difficult to analyse these

patients with standard cephalometric measures as they have no 'stable' cranial

base to use as a reference point (Welch,1989). Many of the conventional

landmarks move or are obliterated in the surgical procedures used to correct

these deformities. Also in assessing the stabitity of their surgical procedures

they were often operated on early, during growth due to psychosocial reasons,

or neurosurgical and ophthalmic reasons-

Le Fort III osteotomies were first described in the 1950's by Tessier. Long term

studies have started appearing in the literature. Bachmayer and Ross (1986)

performed Le Fort III operations on growing patients (average age 7 years)'

They moved the maxilla forward an averag e 12.4 mm. and found a nine

percent relapse in the horizontal plane and six percent relapse in the vertical

plane. They found no correlation between the amount of surgical movement

and relapse. They suggested stabitity wasn't related to a well interdigitated

occlusion but was related to rigid stabilisation with bone grafts, intraosseous

wiring, and MMF or rigid fixation during the postsurgical period.

Schmitz et. al. (1995), examined the maxillary skeletal stability after

simultaneous Le Fort I/ III osteotomies in the correction of adult patients with

midface and maxillary hypoplasia. Alt 11 patients had miniplate fixation and

bone grafts. They found the maxilla relapsed vertically and suggested over

correction at the time of surgery necessary to allow for this relapse. The follow
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up was only for one year

Gilties et al. (1950) presented follow up on a patient who had the first reported

Le Fort III procedure. They noted that the edge to edge position of the central

incisors was stable after 7 years.

Epker and Wolford (1975) examined skeletal and occlusal relapse with mid-

third facial osteotomies .These patients movements were stabilised with wires

and bone grafts. The occlusion was over corrected in all cases.They also used

I.M.F. for 6-8 weeks, followed by elastics for 2-4 more weeks. They noted a

definite tendenry for skeletal and occlusal relapse, but details were not

provided.

Ousterhart et al. (1986) assessed the long term position of the maxilla after Le

Fort III advancement for craniosynostosis syndromes utilising bone grafts.

They were kept in intermaxillary fixation for 8 weeks with a bite splint. They

followed patients for 9 years and found the maxilla did not significantly change

in position.

Freihofer (1984) followed up 9 patients after Le fort III osteotomies. The follow

up period varied. The osteotomy sites were stabilised with IMF and bone grafts.

He found the maxilla to be stable in the horizontal but relapse in the vertical

was in the order of 3 mm.

Kaban et al. (1986), examined patients with Crouzons or Aperts syndromes

who underwent midface advancements. Bone grafts were used to stabilise the

osteotomy sites. They were all placed into M.M.F. The average advancement

was 14 mm. Relapse at one year was 3.4 mm at A point . He reviewed these
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patients at 3.5 years post surgery and found patients who were growing at the

time of operation had relapsed upwards of 50%.Kaban suggested that in

general Le Fort III osteotomies were stable and relapse that resulted in a class III

malocclusion was secondary to postsurgical mandibular growth' He

recommended that if possible Le Fort III procedures should be delayed until

growth has ceased. Tulasne & Tessier fourtd a similar relapse rate in growing

patients(1986).

Ellis et al. (1989) examined different techniques of stabilising the maxilla

including wire fixation, bone grafts, myotomies of the masseter and temporalis

muscles. Others had bite opening devices ,and others rigid fixation. All had

relapse but rigid fixation was found to be the most stable.

Cleft palate patients present another grouP of patients that often need

maxillary osteotomies. Postoperative stability has been looked at in a number

of studies.Longacre (as quoted. By Wetch 1939) summarised the problems these

patients may present with. This includes crossbite due to collapse of the lesser

segments, openbite on the collapsed side and maxillary retrusion ' They also

have incomplete dentitions and the presence of oronasal fistulae. Garrison et

al (1987) in performing Le Fort I osteotomies on twenty patients with cleft

palates, with bone grafts, found no relapse in the horizontal direction but

vertical relapse occurred.This though was clinically insignificant. Araujo et al

(1,978) found similar relapse rates to patients treated for vertical maxillary

deficiency.
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5.'1.4 Conclusion.

The etiolo gy of relapse is a contentious issue because consensus has not been

reached regarding the individual role of various aetiological factors. Many

authors agree that the direction of surgical movement is the most important

consideration in relapse potential after maxillary osteotomies. Other factors

including pre and postsurgical orthodontics, magnitude of movement, the

influence of concurrent mandibular surgery, the various methods of

stabilisation (wire fixation versus rigid internal fixation) techniques used,

growth and the soft tissue interactions probably play a role in individual

patients. Other factors may be unrecognised.

It is most likely that in assessing an individual patient with relapse all these

factors may play a role. TLat is relapse is most likely to be multifactorial and to

a degree, individual. This does not however release the surgeon from the

obligation to analyse all patients in detail over an extended period to ensure an

optimal outcome for the patient.
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Chapter 6 Biomechanics of fixation.

In the last L5 years there has been a tendenry to move away from wire

osteosynthesis techniques in combination with MMF , towards rigid internal

fixation. The ad,vantages of this include better post surgery airway control and

better patient acceptance. It allows a more rapid return to normal function, and

minimises potential weight loss.

Direct wiring (transosseous wiring or osteosynthesis ) with or without MMF

or MMF on its own, were the standard methods of treating fractured mandibles

and maxillae before the advent of rigid internal fixation. Extraoral fixation was

the other technique used in trauma surgery (Rowe and Williams 1-994). These

techniques were utilised in orthognathic surgery patients. I\ulostly they have

been superseded but in certain they have a role eg. wiring vertical subsigmoid

osteotomy mandibular setbacks (V.S.S.O.) utilising lvt.M.F. and wire

osteosynthesis in genioplasties.

soft stainless steel wiring has the advantage of being cheap and easy to use and

is biologicalty well tolerated. As a fixation method it cannot be considered

three dimensionally stable. This is an advantage in some situations as it allor'r¡s

slight postoperative occlusal adjustments. (Rowe and Williams , 1994)'

Internal wire suspension is not a rigid method of fixation. It was utilised in

conjunction with wire across the osteotomy site.The suspcnsion wires are

placed superiorly to the osteotomy sites. 0.5 mm diameter (pre stretched 10'/"\

soft stainless- steel wire. Circumzygomatic suspension wires (Edwards 1965) ,

infraorbital wires , or piriform aperture suspension wires have been used.

They do not stop displacement of the maxilla.
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IVlonocortical semi-rigid fixation of maxillary osteotomy sites has evolved as

there use in facial fractures has evolved. Miniplates and screws allows primary

healing to occur.Stainless steel was the first material used in maxillofacial

surgery (Roberts 1964, Battersby,196T) Stainless steel horn'ever was found to be

susceptible to corrosion (Colangelo and Green ,1969), was difficult to bend and

adapt to the bone to achieve the desired contour and may rebound after

bending causing screw loosening. It also has the added disadvantage of being

bulky and causing scatter on CT scans.

Titanium overcame many of these problems. When produced as a Pure metal,

titanium offers excellent biocompatibitity. Vitallium is another material that

has been used with excellent biocompatibility. It is a cobalt-chrome-

molybdenum alloy (Munro 1989). Both of these materials have excellent

ter-rsile strength and are resistant to corrosion. They both produce little scatter

on MRI or CT scans. They are produced in a low profile size which overcomes

the problems of bulk when placed under thin overlying tissues.

Plates and screws provide three dimensional stabitity. \{hen a plate is placed

with two screws either side of the osteotomy site it resists both antero-posterior

and rotatory movement. Loukota et al (1995) analysed the mechanical

properties of miniplates. They examined the effect of compressive and tensile

forces on different plate brands. Tests showed all brands of plates showed

values of tensile force at failure in excess of that found in most clinical

situations. Twisting through the long axis at 90 degrees had little effect.

bending tests prod.uced the most variation between brands.'Bending stiffness'

showed some plates were stronger than they needed to be. Repeated bending of

the plates did reduce their bend stiffness and increased their ultimate load to

failure. These facts clinically mean that plates that are easier to bend and thus
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allow easier adaption will provide adequate strength to both tensile and

compressive forces, fracture of plates in situ is a very rare event. Plates should

not be reused because of work hardening, affecting their properties.

Micro plates are available for use in problem areas particularly around the

infraorbital region and the nasoethmoidal region. These are less able to resist

large forces so there use is confined to regions were force is minimal.

Complications of plates include exposure of plates, delayed union, palpability

and infection. (Nakamaru et al. 1994) The incidence of these events is low. If

patients are experiencing complications there is an obvious indication for

removal. Removal of asymptomatic plates is controversial. The Strasbourg

Osteosynthesis Research Group (1991) stated

" A titønium plate which is intended to assist healing of bone

becomes a non-functional implønt once this role is complete. It may then be

regarded as a foreign bodv. While there is no clear euidence to date thøt a

(titanium) plate causes anV actual harm, our knowledge stiil re¡nains

incomplete. It is, therefore, not possible to state with certainty that an

otherwise symptomless (titanium) plate left in situ in the long term is

harmless. The remoaal of a non-functioning ftitanium) pløte is desirable

prouided that the procedttre to remoue the plate docs rtot cause any undue risk

to the patient."

Since this statement several studies have attempted to clarify the question of

long term consequences of retained bone plates. Rosenberg et al (1993)

examined 32 patients who had titanium miniplates removed and biopsies

performed of the adjacent soft tissue and bone.They compared this to similar
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population of patients with stainless steel plates.26% of the patients had

macroscopic black pigment in the adiacent soft tissue.None of the stainless

steel group had similar staining. Microscopically visible pigment was found in

ZZ% of patients with titanium plates, and 65.3% of the stainless steel group.

The material in the soft tissue around titanium plates was found to be only

titanium dioxide, deposited between the collagen fibres. Around the stainless

steel plates chromium, nickel, iron, and molybdenum were found, within

giant cells. Schliephake et al (1993) , Torgerson et al (1995) had similar

finding's. They concluded that titanium plates and stainless steel plates caused

only a mild tissue reaction reflecting the fact that they are well tolerated by the

host and routine removal is not indicated.

In contrast to these studies Kim et al (1997) found local macroscopic and

microscopic tissue destruction was observed on bone plate removal. All plates

were titanium. They suggested that if the plates were left for a long enough

period of time further tissue damage would occur. They recommend the

routine removal of bone plates after bone healing.

The major concern of all implants used in the human body is their

carcinogenicity. Research utilising rats and retrospective studies of orthopaedic

prosthesis have shown some metal implants exhibit some carcinogenicity.

Takamaru et al. (7994) implanted various metals into rat muscle. They found

nicket alloys showed high carcinogenic and toxic potencies. Other metals

though, including titanium, showed no evidence of changes. Tumours

retaining nickel alloys were malignant fibrous histiocytoma or fibrosarcoma. In

some cases, lymphomata that seemed to develop spontaneously were found

around the implants because lymphocytes were known to accumulate in

chronic inflammatory lesions, and this phenomenon, they suggested, might
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also apply to lymphoma. Sunderman (1989) reviewed the orthopaedic

literature regarding the carcinogenicity of metal alloys used as implants' He

concluded that the occurrence of sarcoma at the implantation site constitutes a

complication, albeit rare, of implanted orthopaedic prostheses.

Increasingly the general view is :

1. Remove the plate if it is symptomatic'

2. Offer removal of asymptomatic bone plates 6 months post -

operativelY.

3. If patient declines it is based on informed consent.

This is the current policy of the Oral Maxillofacial Surgery Unit. Less than five

percent elect to have their asymptomatic plates removed.

The use of resorbable plates in osteotomies is being trialed at a number of

institutes. The plates afe a polymer consisting of polygalactic and polylactic

acid. Edwards et al. (1998) have used the plates on twenty nine patients having

Le Fort I osteotomies. These patients have been followed from two weeks to

one year. There have beerr no problems with wound healing , fixation stability

and no signs of infection. They made no comment on the stability of the

relocated maxilla. The possible main advantage of these plates is no second

procedure is needed to remove them. Until the issue of long term stability is

resolved they should not be used except in controlled studies.
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III
Materials and Method.



114
Materials and Method.

Chapter 7. Evaluation of Post Surgical Relapse.

7.'1. Selection of Patient Records.

Patients who underwent any maxillary orthognathic surgery were identified.

Their names were obtained from the theatre operatirrg lists. Records for these

patients were retrieved from the Oral and Maxillofacial Surgery Unit, The

University of Adelaide South Australia, and their corresPonding Royal

Adelaide Hospital notes. Records dating from 1984 through to 1997 were

obtained. However with the establishment of the seven year record keeping

period by the South Australian Dental Service in the late 80's some records

have been culled. Endeavours by different individuals have meant many

records have been saved for other research studies (Hing 1989, Ching 1995).

Other records have been saved by the regular, and in some cases irregular ,

attendance of orthognathic patients for follow up.

All patients were treated at the Royal Adelaide Hospital by any of 7 different

consultant oral maxillofacial surgeons and their registrars, utilising similar

operative techniques (Appendix II).

The patient population consisted of a mixed ethnic background reflecting the

general population of South Australia. The majorily of patients treated were

Caucasian, with a steady increase in patients of Indochinese origin in more

recent years. All patients treated were eligible for treatment under the

guidelines of the Department of Human Services, South Australia. These
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patients hold a health care card (including students, secondary or tertiary' the

unemployed and patients on sickness benefits')

All patients undergoing work up for orthognathic surgery have lateral

cephalograms before orthodontic treatment, before surgery, and then

immediately post surgery and at intervals there after.

As this study utilised the treatment regime already established the ethics

committee agreed there were no ethical implications.

Cephalometric records were accepted into the study if they met the following

criteria

1. At least one year postsurgical follow up

2. Surgery consisted of a maxillary osteotomy (Le Fort I procedure)

in isolation or in coniunction with a mandibular procedure.

3. Availability of lateral head cephalometric radiographs

preoperatively and at arbitrarily defined postsurgical intervals:

T0: before commencement of orthodontic treatment (Not

necessary for the studY)-

TL: at completion of pre surgical orthodontics'

T2: within 48 hours Post surgery'

T3: the most recent lateral head radiograph taken at least 12

months post surgerY.

Patients who had undergone maxillary osteotomies during this period were

excluded from the studY if theY had:
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f . incomplete radiographic records necessary for detailed analysis'

2. Syndromic patients including cleft palate patients'

3. Patients treated with segmental Le Fort I osteotomies solely for

transverse deficiency correction. This was due to the need for pre

and post operative study casts to measure changes' Many of these

werefoundtobemissinguponinstigatingthisresearch.Patients

withsegmentalosteotomiesforverticaloranteroposterior

discrepancies were included'

The demographics of the patient population was recorded' This consisted of

the patients gender, mean age at time of operation recorded in years and

months

Most patients received pre surgery and postsurgical orthodontics through the

Department of orthodontics , Adelaide Dental Hospital or privately ' some

however did not require orthodontics and had anatomical arch bars made for

surgery and post operative intermaxillary fixation as needed' Most patients

had internal rigid fixation placed. This consisted of four four hole miniplates

placed bilaterally at the piriform rim and zygomatic buttress'

The patient groups were divided into groups determined by the direction of

their maxillary repositioning. If two directions were undertaken the greater

shift determined the group allocated' This is defined as the main direction of

movement at the time of surgery. Very few osteotomies had a purely one

dimensional movement . Most moved in three plains of space. In this study

only two planes of space were exanined - vertical and horizontal'

The grouPs included:

L. maxillary superior repositioning
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2. maxillary inferior repositioning

3. maxillary advancement.

No patients underwent posterior repositioning

These patient groups were then subdivided into patients who had maxillary

surgery in isolation (or with a genioplasty) or in conjunction with mandibular

surgery (such as a bilateral sagittal split or vertical subsigmoid osteoto^y).

Each group was further subdivided if additional mandibular procedures were

performed. Other variables including the patients gender, the magnitude of

shift of the maxilla, plating versus wire fixation, and whether segmentalising

the maxilla or leaving it as a one piece had an effect on stability. Use of bone

grafts and the treating Oral Maxillofacial surgeon were also examined. Each of

the six surgeons involved were allocated a number from 1 - 6.

7.2 Radiographic Technique.

All radiographs were taken on standardised equipment at the Adelaide Dental

Hospital radiology department.Several film types were used all being of similar

quality. The film used was at the discretion of the radiographer. The three

brands were Ortho M,TMAT 6 or Cronex Lodose film. The film selected was

placed into a Kodak Lanex regular cassette wlfh Kodak Lanex screens. The

distance of the film to the patients midsagittal plane was standardised at 160

millimetres (Farrer 1984).

A standardised technique for taking the lateral cephalograms was performed.

This involved gently securing the patient by a Lumex cephalostat in the

Frankfort horizontal plane. This is considered the natural head position when
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standing. An aluminium wedge filter was aligned with the soft tissues of the

face, to allow exposure onto the film'

Head position is checked by using vertical and horizontal light beams projected

onto mirrors from the machine. Patients bite onto their back teeth maintaining

a relaxed lip posture. A Phillips super 50 cP/80 cP microprocessor controlled

unit was used to generate x-rays. The end of the cone was 18L8 millimetres

from the patients midsagittal plane or 7978 millimetres from the surface of the

film. Knowing these distances and the knowledge that x-ray beams behave in

the same fashion as light, the enlargement factor of the resultant image can be

calculated (see figure 7.1). This was found to be 8.8% (Hing 1989).

Films were all processed automatically in a Kodak RP X-OMat film processor

in the first few years of the study, but this has subsequently been updated (1991)

to a Fuji FPIvI 2100 x-ray Processor.

Fitms were stored in A4 brown Paper envelopes, labelled with the pahients

details and kept within their Adetaide Dental Hospital records'
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Figure 7.7 Enlargement fac.tor : Adelaide Dental Hospital Lateral Cephnlogrnm

Calculation of the enlargement factor for points tying on the mid-sagittal plane

(Hing 1989).

X Y

F : Film plane

M: Mid-sagittal plane

A: Focus

X: 160 mm.

Y: 1818 mm.

Z -- 1978 my¡..

E: Enlargement factor.

E:1.00 x[Z-I] | Y

= 1,00 xlI978l 1818 - 1l

:8.8"/o
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7.3 Tracing and digitisittg procedure.

Each of the lateral cephalograms were initially traced by hand and the image

created digitised directly on an Apple IIe computer'

Each radiograph was placed over a fluorescent light box in a darkened room' A

black cardboard frame was placed around the perimeter of the film to eliminate

extraneous light. Hard and soft tissue details were recorded on Cephalometric

Tracing Film Acetate (3M llnitek 8 tt * 11" ) with a sharp FIB pencil after the

film and tracing paPer were taped together . A 10 cm line was constructed on

the pre surgical (T1) film seven degrees to the nasion - sella line with origin at

sella. The location of each cephalometric point was determined with the film

orientated to the SN - 7 line (Figure 3.1) .

A maxillary template from the pre surgical radiograph (T2) was used to transfer

points anterior nasal spine (ANS ) and A point (A) on each postoperative

cephalogram if these points were difficult to recognise post surgery. Where an

occlusal wafer was present postoperative films were corrected by rotating a

mandibular template at the hinge axis until the incisal tips came into contact'

(Kilpatrick 1987). This eliminated the anterosuperior mandibular rotation

usually associated with occlusal wafer removal . Changes T2 ot T3 were

recorded with the mandible in this corrected position.

The acetate tracings created from each radiograph were digitised on a Hewlett

Packarcl g874A digitiser configured to an Apple IIc computer. Tracings were

orientated to the SN-7 line on the digitiser tablet and secured with cellulose

tape. The software programme, Cephs Cotnpare developed for cephalometric

research by T.Brown ( Computerised Cephalometry , 1986), was Programmed
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to record individual patient details, accept each digitised record and

"transform" cartesian coordinates relative to the SN-7 line registered at sella.

This gave vertical and horizontal measurements based on a X-Y coordinate

system. The X axis was formed by a line rotated 7 degrees down from the SN

line, paraltel to Frankfort Horizontal. A perpendicular vertical reference line

through sella was then drawn and used as the Y axis. Alpha numeric data

relating patient details and the magnification factor were entered. The

magnification of 8.8% was not corrected, but was constant.

Each nominated landmark was centrally aligned in the large window cross -

hair cursor and registered by depressing a perimeter button on the cursor. Data

was transformed automatically by the computer and saved to a disk for editing'

All tracing and digitising procedures were carried out by the author, over many

sittings.

The maximum length of a sitting was limited to 3 hours. Longer than this

period fatigue would probabty increase the inaccuracy of landmark

identification, tracings and the digitisation .

On examination of the data for vertical change in position of the maxilla it was

found that the changes between the anterior maxilla (represented by points A

and ANS ) and the posterior maxilla on the same patient often varied- This

was found to be due to a rotational effect of the maxilla. To compensate for this

movement a calculation of the maximum movement of the maxilla in the

planned direction was formulated (, that is,. either A or PNS was used.) This

number was termed IVIAXY1 or MAXY2 .
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7.4 Reference points and lines.

Reference points and lines were selected from the Adelaide Oral and

Maxillofacial Surgery handbook (1983) and from several other references (de

Mol van Otterloo et al 1996). Definitions have been derived from several

sources and referenced accordingly. Cephalometric points which relied on

bilateral radiographic structures (porion, orbitale, pterygoid , condylion and

gonion) were taken as the midpoint where the two images did not coincide.

7 .4.1, Hard, tissue points.

Setla (S): the geometric centre of the pituitary fossa of the sphenoid bone . (van

der Lindon,l97t; Vincent and West ,L987).

Nasion (N): the most anterior point of the frontonasal suture. (Brown, 1973).

Porion (P): (cephalometric or machine) the most superior point on the external

auditory meatus Koski and Virolainen, 1956; Ricketts, 1981';

Savara and Takeu chi, 1979; Pancherz and Hansen, 1984; Wolford,

Hillard and Dugan,1985; Blaseio,L986; Vincent and West,1987).

The external auditory meatus has three radiolucent areas which

distinguish it from the internal auditory meatus: the fenestration

vestibulae superiorly, the fenestrum cochlea posteriorly and the

promontory anteriorly (Yen, 1960).

Orbitale(Or): the lowest point on the average of the right and left borders of

bony orbit (lì.iolo et aI.1974).

Condylion(Co): the most superior point on the head of the condyle (Savara et

aI1966; Sekiguchi and Savara, 1972; Brown, 1973; Lake et al.

1981; McNamara,I984; Smith et al ,1985). Several authors, notably

Bjork (1955) have defined condylion as the most
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Supero-posteriorpointontheheadofthecondyle.Itis

determinedasthepointoftangencytoaperpendicular

construction line to the anterior and posterior borders of the

condylar head. cond,ylion, therefore is located as the most

superior axial point of the condylar head rather than as the most

superior point on the condyle (Riolo et al 1974)'

Articulare (Ar): the point at the junction of the contour of the external cranial

base and the dorsal contour of the condylar processes projected in

the midsagittat plane (Wei, 1965; Brown'1973)'

Gonion (Go): a point on the bony contour of the angle of the mandible located

by bisecting the angle formed by the tangent to the lower border

and a line through articulare and the posterior border of the

ramus (Nanda,1955; Wei,1965)'

Menton (Me): the inferior point on the symphyseal outline (Riolo et al1974)'

Pogonion (Po); the most anterior point on the contour of the bony chin

relative to a perpendicular to sN-7 plane (Riolo et al7974)'

Down's B point or supramentale (B): the deepest point in the midsagittal plane

between infradentale and pogonion, usually anterior to and

slightly below the apices of the mandibular incisors (Burstone,

Ig78). According to Moyers point B cannot be determined if the

chin Profile is flat.

Lower incisal apex the root tip of the mandibular central incisor (Riolo et al

,1974).

Lower incisal edge: the incisal tip of the mandibular central incisor (Riolo et al'

te74).

upper incisal edge: the incisal tip of the maxillary central incisor (Riolo et al

,1974).
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Upper incisal apex: the root tip of the maxillary central incisor (Riolo et al

,1974).

Down,s A point or subspinale (A): the deepest point in the midsagittal plane

between anterior nasal spine and supradentale, usually around

the level of and anterior to the apex of the maxillary central

incisors (Burstone,'l'978).

Anterior nasal spine or acanthion (ANS ): the tip of the median sharp bony

process of the maxilla at the lor,t'er margin of the anterior nasal

opening (Riolo et al ,7974).

Posterior nasal spine(PNS): the most posterior point at the saggital plane on

the bony hard palate (Riolo eL al ,1974).

Upper molar cfown (MS): the distal contact (height of contour ) of the

maxillary first molar relative to the occlusal plane (Riolo et al.,

7e74).

Lower molar crown(Ml): the distal contact (height of contour) of the

mandibular first molar relative to the occlusal plane (Riolo et al

,1974).
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Figurc 7.2 Hard tissue points listed in order of digitising sequence. ( modified

from Hing 1989).

x x

Co

Ar

PNS

(rO

x fudicial point 1

x' fudicial point 2

S Sella

N Nasion

Or Orbitale

Po Porion

A Down's Point A or subsPinale

B Down's Point B or suPramentale

ANS Anterior nasal sPirre

PNS Posterior nasal spine

f S Upper incisal edge

AS Upper incisalapex

MS Upper molar crown
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Condylion

Pterygoid
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7.4.2 Cephalometric Lines :

Nasion -sella line: a line passing through nasion and sella (Solow, 7975')

Sella-nasion-7 (SN-7): a line constructed by drawing a line 7 degrees to SN

plane with its origin at sella as described by Marcotte (1981).

Burstone (1978) refers to SN-7 line as a surrogate Frankfort plane

r,vith its origin at nasion.

Frankfort horizontat (FH): the line passing through porion and orbitale

(Scott,1967).

Mandibular line or plane: a line drawn through menton and gonion. This line

has also been defined as the tangent to the lower border of the

mandible or a line joining gonion and gnathion'

Functional occlusal line: a line averaging the points of posterior occlusal

contact from the first permanent molars to the first premolars

(lvtoyers et aI,1987).

7.4.3 Linear and angular variables:

These were selected from the Adelaide Oral and Maxillofacial Surgery unit

handbook (1983) and from the Quick Ceph manual (1986).

Linear variables:

Anterior facial height (AFH): the distance between menton and nasion

perpendicular to the SN-7 line'

posterior facial heighg the distance between gonion and sella perpendicular to

the SN-7 line.
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Point A horizontal : The distance between Down's point A and a line drawn

perpendicular to nasion-sella 7 line'

Point A vertical: The distance between Down's point A and a line drawn

perpendicular to nasion-sella 7 line passing through Sella turcica.

Overiet: The distance between the maxillary central incisor and the

mand.ibular central incisor measured parallel to the occlusal

Plane.

Overbite : The distance between the maxillary central incisor and the

mandibular central incisor measured perpendicular to the

occlusal Plane.

Angular Variables:

sNA: the angle formed between nasion -sella line and a line drawn through

nasion and Down's A Point'

sNB: the angle formed between nasion-sella line and a line drawn through

nasion and Down's B Point'

Manctibular plane angle (SNGoMe): The angle formed between nasion-sella

line and the mandibular line'

upper incisal angle: The angle between sN-7 and a line through the maxillary

central incisor .

Interincisal angle: the angle between the upper and lorryer incisors'

Lower incisal an$le: The angle between the lower incisors and the mandibular

plane.
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Figttre 7.3 Angttlar and linear uariables used to eualuate dentoskeletal changes

foltowing Le Fort I osteotomies (and concurrant mandibular procedures).
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7.5 Statistical AnalYsis.

The variables identified in the literature that may influence the stability of the

Le Fort I maxillary osteotomy were examined' Factors implicated were analysed

under the following headings:

L.Orthodontics'

2.Direction of rePositioning'

3.Magnitude of shift of the maxilla'

4.Influence of bimaxillary surgery'

S.Plating versus wire fixation'

6.Segmental versus single piece osteotomy'

T.Anterior oPen bite'

S.Muscular interaction'

g.Vascularconsiderationsoftheosseoussegments.

L0.Growth of skeletal structures'

Each variable within the various SrouPS was assessed by the mean value

,standard error and minimum and maximum value using standard statistical

program. The students t-test for paired and unpaired was used to determine

the significance of differences for each variable'
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Figure 7.4 Summary of statistics used.
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of method.

8.1- Materials and method.

To establish the validity of results of the cephalometric assessment, an

assessment of the magnitude of cephalometric efTors was necessary' The

magnitude of error was associated with tracing , superimposition and digitising

was assessed by a series of double determinations for 10 cephalograms from 3

cases. These were randomly selected from the radiographic files of the patients

involved in this study.

Repeat tracing, superimposition and digitising were separated by one month

and re-recorded by one observer. Tracings were orientated to the SN-7 line on

the digitiser tablet and secured with cellulose tape. Alphanumeric data relabing

patient details and magnification compensation were entered. Magnification of

8.8% was not corrected. Twenty two hard tissue points (Figure 8.1) and two

fiducial points (x and x') were digitised on a Hewlett Packatd 9874A, digitiser

configured to an Apple IIe computer. Each nominated point was centrally

aligned in the large window cross - hair cursor and registered by depressing a

perimeter button. Data r¡,as transformed automatically by the computer and

saved to the disk for editing.

The cephalometric software program developed by Professor Tasman Brown ,

The University of Adelaide , computes transformations of the cartesian

coordilates relative to the nominated reference line. The line formed by x - x'

served as the line of reference. The computer was also programmed to perform

superimpositions using the first fiducial point (x) as the point of registration.
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Error associated with the digitising equipment has been critically assessed by

Farrer (1984). The total error from the Hewlett Packard digitiser was + 0.0L mm

under normal operating conditions.

Scatter grams were produced to illustrate the reproducibility of each point

using the method described by Broch et al (1981). The first reading for each

point was arbitrarily assigned as origin. The individual points on the scatter

gram represent the difference between the first and second cephalogram

indicating the dispersion of the location errors.

The differences between the first and second determination were expressed as

the mean difference (M diff), the standard error of the mean difference E (M

diff), the standard deviation of a single determination (S error) and the

percentage of the observed variance attributable to errors following the

procedure of Dahlberg (1940). The Student's t-test for paired values was used to

assess whether the differences differed significantly from zero at the 5/o (t :

2.262) and 1,o/o (t : 3.250) levels for 9 degrees of freedom. Table 8.1 lists the

respective formulae.
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Figure 8.1 statistical anølysis of the experimental error.

M diff Mean difference between two determinations

E (M diff) Standard error of the mean difference

S (error) Standard deviation of a single

determination

Error variance per cent% E var.

t value Student's Paired t - test

>diff
N

s diff

6-

2N

where

S(error)2 x 100

gz

M aur

E(M ¿irr)

diff : difference between two determinations

N : number of double determinations

2N : number of single determinations

92 : observed variance of the measurement



134

IV

Results
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Chapter 9 Results

9.-1, Introduction:

The demographics of the patient population studied are Presented first. Initial

examination of the data involved identifying the various surgical groups, and

then subdividing these grouPs into sub- categories based on the different

variables.

The following groups were identified

l-. Maxillary superior repositioning.

2.Maxillary inferior repositioning.

3.lvlaxillary advancement.

subgrouping was done to include concomitant surgery of the mandible (incl.

bilateral sagittal split osteotomies, vertical subsigmoid osteotomies, and

inverted'L' osteotomies).
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9.2 Demographics

A total of 100 patients were accepted with a total of 300 cephalograms

available for analysis. The age and gender distribution of the patients is shown

in table 9.1

Table 9.L Age and gender distribution of patients undergoing surgery.

A large number of patients ( 115 ) were excluded from the study for the

following reasons.

1. Incomplete set of radiographs (n : 110).

2. Syndromal patients including cleft palate patients (n: 5)

Their age and gender distribution is shown in table 9.2 fot patients with an

incomplete set of radiographs and table 9.3 for the syndromal patients'

Table 9.2 Age and gender distribution of patients who underwent surgery but

had incomplete records .

31.54 5.31 3.87 .4122.8100total
31 .545.313.8

Std Dev

5.9s

7.81?3.1

Number

23

77f ema le

22.737.715

Mean age
(Yrs)

22ma le

RangeMaxMin

36.551 .2't 4.7

Std Dev

6.05

B.Z1

7 .1323.2110total

Range

3 6.s

30.2

Max

51.2

42.3

Min

14.7

15.1

Number Mean age
(Yrs)

3B 23.9

72 22.5

gender

ma le

fem al e
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Table 9.3 Age and gender distribution of patients who underwent surgery who

were syndromal patients.

The patients were divided into the maior direction of movement. None of the

patients underwent posterior repositioning. Table 9.4 shows the patients

included in the study. Tables 9.5 and 9.6 show the patients excluded from the

study.

rable 9.4 Distribution of patients involved in the study assigned by direction of

maxillary movement.

2236

Min.

14

14.7

1412.620.85total
21.33615.212 5.32f ema le

Range

5.819.8

Std Dev

10.0516.23ma le

MaxMean age
(Yrs)

Numbergender

23

12

total
advancement

77

30

100

4?

inferior

supenor

Direction

B

Male

10

37

Female

13

Tota I

45
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Table 9.5 Distribution of patients assigned by direction of maxillary movement

whose records were incomplete.

61

1107238total
4021advancement

45

43

16

1

supenor

i nfe ri or

29

TotalFemaleMa leDirection

There was no significant difference between included and excluded patients

when taken as a whole (p >0.1). in regards to age and sex.

Table 9.6 Distribution of patients assigned by direction of maxillary movement

who were syndromal patients.

0
,|

1 2

2 53total

1

1
advancement

inferior

Fe ma le Total
't 21

supenor

Ma leDirection

Irr comparison of the above tables it can be seen that follow up was slightly less

likely if the patient was male.
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Table 9.7 Distribution of patients by direction of movement and concurrent

mandibular surgerY.

1. Le fort I in isolation.

2. Le Fort I and bilateral sagittal split osteotomy (B.S'S'O') advancement'

3.Le Fort I and B.S.S.O. setback'

4.Le Fort I and a vertical subsigmoid setback'

5.Le Fort I osteotomy and inverted 'L' mandibular osteotomy advancement'

1

2B

?4

3030

7
5inferior 0035

11

3

3

2

21

1

19su pe rl or

Direction 54

The number of patients undergoing vertical subsigmoid and inverted 'L'

osteotomies were small and hence statistical significance was not found' When

comparing the results for the two set back procedures, and the two mandibular

advancement groups they were statistically similar' Thus the results were

combined. As a result these were included in the bilateral sagittal split sub

section. The resulting data is shown in Table 9'8'
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Table 9.8 Distribution of patients by direction of movement and concurrent

mandibular sufgery (Combining gfoups 2 & 5; groups 3 & 4 from Table 9.7).

1. Le fort I in isolation.

2. Le Fort I and mandibular (B.S.S.O. & Inverted'L' .) advancement.

3.Le Fort I and mandibular (B.S.S.O. & V.S.S.O) setback.

4

3

31

3B

5

3?30total
6advancement

55i nfe ri or
2219supenor

321Direction

Direction by surgeon is shown in table 9. 9.

Tabte 9.9 Distribution of patients by direction of movement and surgeon.

Direction Surgeon
Superior 23
lnf erior 4

Advance 33

1 Surgeon 4 Surgeon

0

3

0

0 0

31

Surgeon 3,Surgeonz Surgeon 6

0

1

1

0

3

9

7

60Total
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The number of patients that had orthodontics or were treated without

orthodontics prior to or after surgery is shown in table 9.10.

Table 9.L0. Patient numbers receiving pre / postsurgical or no orthodontics by

direction.

Dire ctio n
Superior

lnferior

No Ortho. o/o

5 45

13

4?

2

Adrancernent

Total
38

89 11 100

Table 9.11 No. of patients having segmental / non segmental Le fort I

operations by direction.

Table 9.L2 Magnitude of movement by direction.

67

lnf e rior

segmental i

10

mental NonDirection
Superior

Adrancernent

Tota I

3

14

33

Superior

lnf e rior
R¿rancenrent

+mm
15

1

14

3025

10

<2mm 6

38

13

Direction 4<6mm
11

Total
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Table 9.13. Patient numbers using either wire or rigid fixation by direction.

Table 9.14. Patient numbers usin¡; bone grafts or no graft by direction.

Direction
Superior

Bone No Bone 96

7 45
lnferior 3 10 13

Adr¡ancernent 16 26
Total 26 74 100

Total

o/o

1? 100

13

45

W ire
7

3

2

lnferior i

Adwncenrent:

Direction
Superior
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9.3 Analysis of Variables by Group.

Introduction

The results of each variable are tabulated by the direction of intended surgical

movement , that is,. superior, inferior or anteriorly repositioned.

9.3.1 Superior repositioning of the Maxilla. (N:45; Table 9.L)

45 patients undefwent superior repositioning of the maxilla as the primary

surgical movement. Positive numbers represent a move in the superior

direction, negative numbers represent movement in an inferior direction

The mean maxillary impaction at point A (AY1), point ANS (ANSYI) ,point

pNS (PNSYL) and point MAX (MAXY1). is shown in table 9.14.

Table 9.L5 Mearr maxillary impactiorr (mm). Change in mm. from T1 - T2'

1

0.317

0.364

2.1?.8

2.442

-4.27

-2.07

0.77

-7.04

-5.7 4

-7.89

-7.894.731.13

PNSY2

MAXY2

4.5

4.73-0.58

O.2BB1.932-1.08

AY2

AN S2

0.3012.018

11.9

1 1.9

3.68-0.81

0.428

0.381

3.234

3.684

2.87?

2.5574.93MAXY 1

2"72PNSY I

0.54910.2

3.32

3.5ANSYl

o.48?-3.169.08AYl

Sta nda rd
Error

Standard
Devi at i on

MinimumMaxi m umMean
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Table 9.16 T -Test: Superiorly repositioned maxilla.

Shows surgical movements were significant.

One - sample test (df -44).

1.. 95 o/o Confidence lnterval of the Difference - lower.

2. 95 % Confidence lnterval of the Difference - upper.

-0.397-1.8640.003-3.106-1.1 3

AYl

ANSYl

PNSY 1

MAXYl

AY2

A NSY2

PNSY2

MAXY2
0.062

-1.655

-1 .216

0.001

0.076-1.819

4.93

-0.81

-1.08

-0.5 B

-o.?o4

-o.494-3.73?

4.169

-1.417

0

0.01

1 2.95

-2.695

5.706

3.5791.854

0

06.3452.7?

4.6072.3936.373

3.32

3.5

4.2962.3s306.896

?1

Sig
(2-tailed)

tMean
Difference
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Table 9.L8. Magnitude of shift in superior direction and postsurgical

movement by gender.

l-. 95 % Confidence lnterval of the Difference - lower.

2. 95 % Confidence lnterval of the Difference - upper.

Mean

4.79

2

6.64

Min
2.34

Max

9.08
.Std dev., std Er 1

AY1

ANSY1. MAIC

PNSYl

MAXY Male

,Female

AY2

Total
Male

AN SY2.

Total
M ale

,Female

Tota I

PNSY2I MAIC

Female

MAXY

3.01

3.32

2

3.3 5

3.23

2.5 8

3.84

3.6 8

3.9 s

2.65

2.87

3.?6

2.39

2.56

2.0?_

2.O2

1.69

1.99

1.93

2.5 5

o.782

0.5s2

o.482
0.91 4

o.632

0.549

1.398

0.436

o.428
151

?.94

?.73

1.92

2.39

1.85 :

3.12

3.94

4.17 :

Femal 189
2.35 16

I

I
37

45

8

37

37

45

37

45

37

45

3.?

2.86

?.69

2.7?

5.84

4.7 4

-0.4 5

97 0.0

.4 ', -2e

42 -0

a -4.27 ' 'tO.z

10.2

o.77 1

2.69

3.68

3.6I
2.3?

4.5

Fe

Total

o.775

o4

o.32 -5.7 4

4.94

-1 .21

0.392 i

0.381 ,

0.331

0.301

0.5 99

o.327

1

o.7 41 -2.

. -1

, -1.

54

-3

.z

-o.7 2am

I

3.17 1 "121 -4.63 '

, -2.91
-1.65 ' -

66

81

o.3?7, -r o.32

0.317'-1 .22 -6e-3

0.373 -1.7 i -0.19

0.364 -1.86 , -0.4

o.z1

5t

45

I
37 2.27

2_.44

1.98

2.13

-1

-0.9 5

-7.89
-7.89
-7.O4

Total
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Table 9.18 and 9.19 show no significant difference in movement in the

superior direction between genders.

Table 9.L9. Magnitude of shift in superior direction and postsurgical

movement by gender - ANOVA. (gp:'group')

,Betweengp,

, Within gP :

' Total l

Between gp

Within gp

: Total

, 
Betweengp

I Within gp

: Total

,Sum Of sqi

20.898

460.1 93

18.894

578.41

597.304 ,

0.19 :

362.768

, 279.847

199.249

6.957

?55.347

262.304

Mean Sq

20.898

43 1 0.21 6

1 18.894

1 3.451

1.405 o.242

0.882

1.222 o.275

0.3 83 0.539

0.506

2.663

0.285

F

?.046

sig

0.1 6AYl

ANSYI

pñsfi

43

44

1

43

44

0.1 9

8.436

7.954

6.508

4.128

362.957
M AXY 1 Between gp 7.954

Within gp

Total

43

AYz Between gpr

287.8

1.583
Within gp , 172.516 ,

Total 179.098
Betweengp: 1.697
Within gp, 1¡62.562 :

Total , 164.259 ,

PNSY2 BetweengP: 11.621
Within gp

1.583

ANSY2 1 1.697

43

44

43

44

3.78

1 1 1 .621

4.363187.628

MAXY2

Total 
i

Between gp.

Within gp 
,

I otal

44

1

43

44

6.957

s.938
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The affect of age is shown in the following tables. Average age of the 100

patients was 23.2years. 'Young ' patients were classified as under 23-2 yeats or

age; ,old' patients were classified as over 23.2yeats of age. There was a

significant difference in the amount of surgical shift between young and old

patients but there was no difference in post surgical movement. There was

greater initial movement in the younger grouP'
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Table 9.20. Magnitude of shift in superior direction and postsurgical

movement by age.

1. 95 % Confidence lnterval of the Difference - lower.

2. 95 % Confidence lnterval of the Difference - upper.

Ayl ,<23 yt 31

N

't4

45

31

14

45

31

14

45

31

14

45

31

14

45

31
'14

45

31

45

31

14

45

3.68

3.08

2.5

2.87

2.69

2.17

2.56

1.89

2.23

?.o2

?.?

1.54

1.93

0.6

0.5I
0.43

0.5 3

0.5

0.38

o.37

0.3

0.43

0.29

0.43

0.4 5

o7

49

-2.07
0.79 ,

o.77

-7.O4

-s.74

27 7.13

27 10.2

1 1.9

8.46

std Er'

0.75 )

0.48

0.6 s

0.83

0.5 s

0.3?

o.44

1

3.1 5

0.3 9

?.35

3.32

0.1 6

2

5.47

3. s6

4.3

6.01

3.6 s

Max

9.08

7.91

9.08

10.2

11.9

1 1.9

8.46

3.68

2.5?

3.68

,23 +y r

, Total

ANSY1 <?3 yr

'23 +y r

Tota I

PNSY1 <?3 yt

MAXY 1

AY2

ANSY2

PNSY? <23 yt

23+yr
Total

MAXYZ <23 yr

23+yr
Total

23+yr
Tota I

<23 yt
23+yr
Tota I

<23 yr

23+yr
Tota I

<23 yr

23+yr
Tota I

5.5 4

4.12

4.94

-o.73
-0.93 0.5 l

4.6.1

4.42

3.?9

3.sI
6.62

5.1 6

5.7'l

3.6e-3

0.1 5

-o.?

,-r.66 -0.49

89

0.93

1 1.9

4.5

0.81

11

-4

-5

'r.98

2.13

2.26

2.73

2.44

-1 .22

' -2.11

4.73

4.73

2.69

4.73

4.73

56

89

29 89

7

7

-7.04
-7.89
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Table 9.21. Magnitude of shift in superior direction and postsurgical

movement by age - ANOVA.

Sum Of Sq df
1

43

44

Mean Sq

59.906

9.309

83.379

11.952

12.979

8.139

22.069

F

6.43 5

Sig

0.01 5

ANSYl

PNSYl

MAXYl

AY2

ANSY2

PNSYz

MAXY2

aetweengp ¡ g3.379

Between gp

Within gp

Total

Within gp

Total

Total

Between gp

Within gp

Total

Between gp

W¡thin gp

lotal

, 59.906

' 400.286
, 460.1 93

s 1 3.925

597.304

179.098

0.0069 ,

1 64.1 89 l

1 1.808

187.442

199.249

0.296

?62.OO8

262.304

1 6.976 o.011

1.595 0.21 3

43

Betweengp | 1¿.g7g
Within gp 

" 34g.gTB
Total ' 362.957

Betweengp , 22.069
Within gp 265.731

Total ', ZB7.B

Betweengp, O.44? 
l

Within gp 1Zg.65z

44

1

43

44

1

43

44

1

43

44

:

i 0.442

: 4155

:
l, 0.0069
a

3.818

1 1.808

4.359

0.296

6.093

3.5 71 0.066

0.1 06 o.746

0.018 0.893

2.709 0.1 07

0.049 o.827

6.18 :

1

43

44

43

44

43

44

Between gp

Within gp

Total

1
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The effect of different surgeons is shown in the following tables. No statistical

difference was found between surgeons 3 ,4 ,5 and 6 when compared to each

other. They were thus combined. Surgeon L and 2 were statistically different

from each other and the combined other surgeons due to the greater number

of operations performed.
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Table 9.22.Magnitude of shift in superior direction and postsurgical

movement by surgeon.

I. 95 % Confidence lnterval of the Difference - lower.

2. 95 % Confidence lnterval of the Difference - upper.

N

?3

15

7

?3

7

7

23

15

7

23

15

7

?3

15

7

EVd std

53

2 Min
5.64 3

4

4

88 0.79

1.07

o.77

6.3 B

Max

9.08

7.91

5.s3

10.2

7.13

6.36

8.46

11.9

9.08

5

1.34

4.73

2.69

0.98

AY1 Surg 1

Surg 2

rSur3-6

3

2.84

2.64

3.88

3.07

2.67

3.s3

1.78

2.45

2.96

2.81

1 .61

1.69

7

47

91

2.sI
o.71

2.99Surg

PNSYl Surg 1

Surg 2

Sur3-6
MAXY 1 Surg 'l

Surg 2

AY2

Sur3-6
Surg 1

Surg 2

,Sur3-6'
ANSYz, Surg 1

Surg Z ,,

Sur3-6
Surg 1 i

Surg 2',

Sur3-6
MAXYZT Surg 1

Surg 2

2

51

15

3.2
Sur3-

3.3 5

7

o.79

-4.5I

4

-4

-4

04

-0 19

15

61

79

47

PNSY2

3.47

-1

-2

-2

-,1

-3 53

5

1 04 4.73

-1

-0 67 37

0.9

0.43 -1 .72

o.32

0.39

-7.89
-2.34
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Table 9.22 and table 9.23 showed no significant difference between the surgeons

in terms of magrritude of shift in the superior direction.

Table 9.23. Magnitude of shift in superior direction and postsurgical

movement by surgeon - ANOVA.

Sum Of Sq'

31.251 i

460:1 93

6 5.5 s4

531 .751

597.304

12.886

3so.o72

362.957 
',

10.533
, 277.2.67
, 287.8

Mean Sq

i 15.625

1 0.21 3

1.53 | O.2?8

0.087

o.773 0.468

df
z

42

44

2

2

42

44

F sig

AY1 Between gp

Within gp

Total

ANSYl Between gp

Within gp

Total

PNSYl i tsetween gp

Within gp

Total

Between gp

Within gp

Total

AY2

2

6.443

8.33 s

MAXYl

ANSY2

2

42

44

2

42

44

5.267

6"602

o.798 o.457

Between gp 
,

Within gp ',

fotal ,

Between gp

1.246

177.852

179.098

, 8.91 5

' 155.343

164.259

4.056

1 95.1 93

199.249

s.5 3

256.774

2

42

44

2

o.6?3

4.235

0.147 0.864

4.458 1.205 0.31

3.699

?.o28
4.647

0.436 0.649

2.765 o.452 0.639

PNSYz

MAXY2

Within gp

Betweengp ,

Within gp

42

44

42

44Total ?62.3O4
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The affect of different operations is shown in the following tables'

Table 9.24.Magnitude of shift in superior direction and postsurgical

movement bY oPeration.

I. gS % Confidence lnterval of the Difference - lower'

Z. 95 % Confidence lnterval of the Difference - upper'

MinstddevMe an Std

1

E r, 2

2.67 I 5.58 4

1.0r 4

-0.75 ; 8.23 ' -1.63 i

2.89 6.23 ', -2.23

4.31

7.89

4.6 5

3.43

7.05 0.3 5

1.O7

o.77

1.59

6.74

3.24

8.96

-6.4 5

-4.46
-7.O4

:.
i-2:55 i

, -0.98 I

,-2.O7 
'

Max

8.85

9.08

7.91

8.46

8.1 3

1 1.9

op- 3

Op.

AYl

ANSYl

Op.

Op.

Op.

Op.

Op.

22

4

22

z2

4
't 9

22

4

19

22

4

19

22

4

19

2.5

3.73

4.56

3 1

6

19 3.46 10.2

9.814.2783

3

9

op. 2

op- 3

MAXYl OP

2

1

6

AY2 Op

1

?

3

1

0. s3

1.27

o.47

0.29

1.84

o.42

1.73

0.5 7

0.38

0.99

0.61

o.4?

1.34

9.08

8.1 3

?.69

o.73

3.68

z.3z

o.71

4.5

op.

Op.

76

33

31

4.12

1.81nÑsvz Op.

Op.

Op.

Op.

Op.

48-4

-z

-1

-5
0.33

07" 32 , -5.7 4

PNSY2

op. 3

1.5

3.86

2.49

1.76

2.21

2.67

1.9

3.01

84

o.7 9

3.26

56

36

57

3.96

0.65

o.44

4.3 1.18

-7.89
-4.56

4.73

2.66

0.38

4.73

2 66

0.38

MAXY2 op. 1

op. 2

op. 3

4

19

2Z

4

, 0.5'-7
:-6e-3 -4-0.9 3 -1.8

-6.99 , 0.47
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Table 9.24 and.9.25 showed no significant difference between the magnitude of

shift both pre and post surgical by operation type for superior repositioning.

Table 9.25. Magnitude of shift in superior direction and postsurgical

movement by oPeration - ANOVA.

AY1

ANSYl

PNSYl

MAXYl

AY2

ANSY2

PNSY2

Betweengp ,

Within gp

Total

Between gP

Within gp

Total

Between gÞ 
'Within gp i

Total :

',
Between gp ,

Within gp

Total

Between gP

Within gp

Total

Between gp

Within gp

Total

Between gp

Within gp

Total

Between gp

Within gp

,Sum Of

27 .158

433.03 5

460.1 93

38.947

558.357

s97.304

13.s88

349.369

362.957

1 4.1 61

273.639

287.8

1.517

177.581

179.09

0.597

164.259

5.903

193.346

199.249

2 s.661

236.643

df

4Z

44

2

42

Mean Sq

13.579

1 0.31

19.47 4

13.294

6.794
8.318

7.08

6.51 5

0.758

4.2?8

0.299

3.897

2.952
4.603

1 2.83 1

s.63 4

Sig

o.?79

F

4?

44

2

47

44

?.

4?

44

MAXY2

z

42

44

2

4?

44

z

42

44

2.277

Total ZGZ.3O4
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Table 9.26. Movement in the superior direction and postsurgical movement by

segmentalisation (Seg.) versus one piece maxilla (Nonseg.).

l. 95 o/o Confidence lnterval of the Difference - lower'

2. 95 % Confidence lnterval of the Difference - upper'

-1

ANSY2

46

SegAY2

1

AY1

gnse

Seg

s

1

2 1

N 1 2

5

o

Seg

PNSY2T Seg

MAXYl: Seg

0.s

47

stdCVdStd llE

-1 .?4

2.O8 't 0.1 6

, Nonseg

Nonseg

8.46

Nonseg

16

?9

16

29

16

29

16

z9 7.89

N

MAXY2

N

-5.7 4

-5.21

-7.89
-7.O4

1.98

3.9

3.78

-?.7 3

-1.11
-2.85

Nonseg

0.64

0.48
16

29

29

16

29

16

29

ANSYl

1.99

1.47

84

16

27

3.48

3.1 4

Mean

3.5 8 , 0.87 , "1.73

1 .41

5.44

4.38

5.84

0

Max

8.8s

9.08

10.2

seg

Nonseg 2.69

?.56

2.58

?.41

1 .71

?.5?_

1 .51

1.97

, 11.9

8.856

seg

-.!,1

1.O7

o.77

, -7.O4

: -4.5 8

, -4.5I

Nonseg,

1.74

4.73

1.47

4.73

3.68

2.69

4.5

2.32

PNSYl
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Table 9.26 and,9.27 show no statistical difference in magnitude of movement in

the superior direction between segmentalised and one piece maxillae.

Table 9.27.Magnitude of shift in superior direction and postsurgical

movement when segmentalised or one piece - ANOVA'

,Sum Of

ì 1.661

df
1

43

44

1

43

44

1

43

44

Mean Sq

1.661

Sq. F

0.1 56

0.045 0.834

o.794 0.3 78

Sig

0.69 sAYI Between gP

Within gp

Total

ANSYl Between gp

Within gp

Total

MAXYI

Between gp

Within gp

Total

Between gp

AY2

Within gp

Total

ANSYZ iBetweengP

, Within gP

PNSY2

MAXY2

,458.531 
ì

i 460.193 |

: 0:61 9 !,

i596.685:
, 597.304 .

6.s8 
,

356.378.
362.957.

, ?.629

10.664

0.619

13.876

6.58

8.288

Total 164.259
Between gp ?12
Within gP 19G.529

Total 1gg.Z49
Between gp

Within gp

Total

4.553 i 1

159.705 . 43

28.O92

234.Z1Z

?6?.304

2.629

6.632

9.782. 2.484

3.938

4.5 53

3.71 4

?.7? 0. s96

4.57

28.092 l

0.396 0.s32

o.'t22

0.445

0.051

43

44

5.1 57
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Table 9.28. Movement in the superior direction and postsurgical movement by

wire or rigid fixation (R.F.).

1. 95 % Confidence lnterval of the Difference - lower.

2. 95 % Confidence lnterval of the Difference - upper.

M AXY2:

PN SYz

-5.7 4

-4.48W ire
4 58

MAXYl

PNSYl.

AY1 7.91
N Mea n MaxMin

7 44

1Er

-4.27

38

7

-2

-5.21

-0

-7.O4 
'

1 1.9

-3.16 9.08

-2.84

dVdetd St

1.3?

o.23

-1.1 .

-6.25 ,

-1.53 i

-1

-4,

96

2.4

5.76

4.79

1.3

0.51

1 .31

0.5 9

1.53

0.41RF

W ire

7

38

7

38

-4.21

o.76

RF

Wire

3.17

3.47

3.64

't.87

3.5 9

't.47

3.87

e

W íre
RF

''ì

-297 i 8:46
i'r:43 i 1 1.9

O:77 : gpï
-4

-1

7.13

10.2

0.39

1.09

o.29

o.7

o.32

1.26

0.3

1.54

o.32

. 8.18

' 3.?4

. 8.99

i 5.57

' O.71

, 1 .0e-3

s.05

4.63

4.68

5.07

ìS

?.33

4.73

2.33

4.73

0.57

3.68

o.71

4.5

ANSY2

1 31
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Table g.2g and g.2g show no statistical difference between the magnitude of

movement in the superior direction and post surgical movement whether the

osteotomy was fixed with wires or plates'

Table 9.29. Movement in the superior direction and postsurgical movement

fixated with wire or rigid fixation - ANOVA'

mOf
AYl BetweengP , 17.536

Within gP 
j 44?.657

Total 460.1 93

ANSYl Between gP

Within gP

Total

PNSYl BetweengP

MAXYl

Within gP

roitl
eàt*ú sô

witñin gp

AY2

Total

Between gP

Within gp

Total

AN SYZ Between gP

df , Mean Sq

1 : 17.536

F

1.703 0

sig

.1 99

43

44

1

43

44

1

43

10.294

34.1 6B 2.609

13.096

24.496
7 .871

s.63 3

6.5 62

10.873 2.779

3.9

0.114

s.633

282.168 ,

287.8 ':

168.225

179.098

1

43

44

1

0.085

0.1 0310.873

0.008

164.172

0.008

3.818Within gp

PNSY2

164.259

2.084 .

197.165 ,

199.249 ,

14.90?

7.403

?62.304

2.o84

4.585

14.902

1

44

1

43

44

Within gp

Total

MAXY2 Between gp

W¡thin gp

Total

5.7 54
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Table 9.30. Movement in the superior direction and postsurgical movement by

or no orthodontics.

1. 95 % Confidence lnterval of the Difference - lower.

2.. 95 % Confidence lnterval of the Difference - upper.

-4

PNSY2

-3

ANSY2

PNSYl

0.5 2AYI
2I

4

'l

E

40

5

40

N

5 7

9

2.56 i -3
MAXY2 Ortho

-7

0.33

o.76

0.6

1.33

4.51

stddev,

0.41

Ortho ,

2.66

9.08

-5.7 4

2.78

2.45

2.sI
-1.19
-0.64

-1.98
-3.8s

89

o?

89

35

o4

0.1 5

2.34

1.84

2.O7

4.45 -0.01
4.5

3.68

0.98

1.82

0.01

4.31

1.2.3

1 1.9

-0.4 6

-1.51

2.35

4.42

1 1.9

5.s3

ANSYl ì Ortho

No Ort

,No Ort

1

2.42

0.71

0.31

Min , Max

-0.51

-1.11

4.73

2.66

4.73

5

40

5

40

40

5

40

1.22

o.47

0.78

' No ort
AYZ Ortho

No Ort

, No Ort

MAXY1, Ortho

5.s3

10.2

6.36

. 1.16

! o33

| 124
,0.39

0.83

o.77

0.79

-3.16

. -7.O4

-3.35

-2.07

0.3s :

-2.1

-4.2
-0.4
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Table 9.30 and 9.31 show no statistical difference between the magnitude of

shift pre and post surgically after superior repositioning whether orthodontic

treatment was performed or not.

Table 9.3L. Movement in the superior direction and postsurgical movement by

orthodontics or no orthodontics. - ANOVA.

AYl Between gp

ANSYI

Total

PNSYl Between gp

Within gp

Total

MAXYl

Sum Of Sq, df

7.29 1

Within gp 452.902
Total 460.1 93

Between gp

Within gp

43

44

1.791 1

595.51 4 ' 43

597.304 44

1.376 1

361.581 43

362.957
't 4.42

273.38

287.8

0.001 1

43

44179.098

0.006 1

64,259 ,

1.597 :

43

44

Mean Sq

7.29 i

:

10.533 :

1.791

13.849

1.376

8.409

14.42

6.3s8

0.006

3.819

1.597

4.597

1.354

6.069

0.692

sig

o.721

0.688

0.1 29

2.268

AYz

PNSY2

MAXY2

Between gp

Within gp

Total

Between gp

Within gp

Total

Between gp

Within gp

lotal

Between gp ,

Within gp

Total

Between gp

Within gp

Total

197.652

199.249
't .3 54

260.9 s

2_62.304

44

1

43

44

0.001 0.002

4.1 65

0.96s

0.01 5 0.903

0.348 0.559

o.223 0.639

64.20

43

44

1

43

44
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Table 9.32. Movement in the superior direction and postsurgical movement by

the magnitude of movement.

N

1

Mean istd dev: Std Er 1 2 Min
1.43

-3.1 6

2.34

o.78 .

-0.66 .

1.12

Max

1.43

4.99

5.74

2

4

-4

-6

15

-4 I

15

1.26

4.54

s.04

0.91

2.46

1.11

3.82

0.58

o.34

0.99>6

3.12

3.49

2.4

3.83

6.08

-1 .57
-1 .79
- 3.01

-1.57
-2.39

-?.19 i 9.08

0.91 0.91

z7 5..86

6.51

10.2

1.1?

-1.49
-2.07

8.1 3

5.05

43 1.43

8.1 3

5.7 4

ANSYl

PNSYl. <2

1.25

4.5

5.64

1.12

?.27

1.63

4.1 6

1.43

3.38

4.5 9

0

0

2

52

0.74

o.62

0.5 7

o.72

0.86

0.47

0.5 s

0.5 7

0.43

0.78

3.1 3

2.05

3.89

2.41

?.4

3.34

1.99

1.87

?.21

' 1.O7

0.001

2.31

2.81

5.87

7.8

3.47

3.24

6.01

0 4

5

?

4 1

MAXY 1

ANSY2

>6

<2

2-4
4-6
>6

<2

18

11

15

0.46

0.34

0.57

4.3 5 o.77

5.34

8.s3

2.34

3.54 9

o.22

3.68

2.69

2.s2

0.5 5

0.63

0.006

o.73

-0.2 5

o.22

-4.46
4

-5.?1

-3.33
-7.89

11

15

I

18

11

15

59

48

-1 I

ì 0.71

5

1.69 o.44

0.71

0.54 . -4.58

O.23.-3.65
-5.7 4

0.1 4

5.2 1

0.35 ' -4.O2

0.95 , -7.89
o.?2

0.71

4.5

2.3?

0.28

0.14

2.66

1.22

2.12

1.5178

o7
PN SY2 1 , 0.14

>6

<2

1

-6

>6 15

-0.48 i

-0.61 ,

-o.7 2

o.z2

-0.94

1.7?

1.43

3.O2

-1.34 0.38 , -

MAXY2

6

4.73

o.2z

2.66

2.69

4.73

?.o1

1.56

3.24

o.47

o.47

0.84 3.8 4

-1

--2.O4
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Table 9.32 and.9.33 show there was no difference in post surgical movement

regardless of the magnitude of the initial movement in the superior direction'

Table 9.33. Movement in the superior direction and postsurgical movernent by

the magnitude of that movement. - ANOVA'

,Sum Of Sq. df
AY1 , Betweengp , 140.24'l

Mean Sq F

46.747, 5.99

7.804

sig

0.002

5.781 0.002

1 3.1 73

0.068 0.976

0.3 03

Within gp

Total

Between gp

Between gp

Within gp

Total

31 9.952

460.1 93

177.554ANSYl

PNSYl

MAXYl

AY2

ANSY2

PNSY2

MAXY2

59.1 85

10.238

47.O85

41

44

3

Within gp 
: 419.7 5'-1 4'.|

Total i

Between gp

Within gp

, Total 
:

597.304 44

50.407 3

141.255

1 46.546

287.8

10.738

168.36

16.802

7.6?3

3

41

44

3 3.5 79

41 4.1 06

312.55

Between gp

Within gp

Total

Between gp

Within gp

Total

24.64

1 39.61 8

1 98.2 56

199.249 '

22.048

?40.?56

26?.304

8.21 3

3.405

3

Between gp 0.993
Within gp

Total

41

3

41

0.331

4.83 6

7.349

5.86

44
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Table 9.34. Movement in the superior direction and postsurgical movement by

bone graft or no bone graft.

7. 95 o/o Confidence lnterval of the Difference - lower.

2-. 95 % Confidence lnterval of the Difference - upper.

no bone : no bone graft used.

bone : bone graft used at osteotomy site.

PNSY2,no

-488

-1

AYZ

MAXYl no

I3.69

2.?9

2.32AYT

Me an Min

7

o

2

bone

td

7

38

N

38

0.3

1.82

1.O7

10.2

1.76 , O.29

1

bone

3.48

2.26

-6e-3

bone

0.sI
bone

-7.89
-1 .22

-7.89
-7.O4

MAXY

38

7

38

't.z
no

4.62

3.47 427

Max

9.08

8.85

10.1 6

-0.7 5

16

63

0.49

1.66

-3

-1

2.1?_

2.O?

, -4.58

' -7.O4

o7

01

77

no bone,

92 
" 

-O.43

.1 | 2.34

1 .71

0.49

o.73

0.41

1.15

no bone

4.5

1.34

?..66

4.73

2.69

4.73

6.17

1 1.9

8.85

3.68

2.s?.

,Std dev. S

. 3.05

4.4

3. s8

4.5?

3.03

1.94

2.51

3.04

ANSY2

PNSY

ANSY
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Table 9.34 and 9.35 show no statistical differences in pre and post surgical

movement in the superior direction whether bone grafts were used or not.

Table 9.35. Movement in the superior direction and postsurgical movement by

bone graft or no bone graft - ANOVA.

Sum Of Sqi

0.00004

460.192

460.1 93

0.21 5

597.089

s97.304

0.1 04

362.854

36?.957

0.0031 3

287.769

287.8

4.173

174.925

179.098

Mean Sq

0.0004

sig

0:995
df

1

43

44

1

F

AYl Betweengp 
'

Within gp

Total

ANSYl Between gp

Within gp

Total

Between gp

Within gp

Total

0

10.702

4.60 -2 
,,,

1s9.656

164.259

8.456

261.789 '

?6?.304

0.215

1 3.886

0.1 04

8.438

0.003

6.692

4.602
3.713

8.456

4.437

0.515

6.088

0.016 0.901

0.012 o.912

0.005 0.946

1 .24 o.z7?

43

44

PNSYl

MAXY 1 Between gP

Within gp

Total

AY2 Between gp

Within gP

Total

ANSY2 Between gP

Within gp

Total

PNSY2 Between gp

Within gp

Within gp

Total

1

43

1

4.068

44

1

43

44

1.906 0.175

90.794 , 43

Total 199.249 44

MAXY2 Between gP 0.515 0.085 o.773
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g.3.2lnferior repositioning of the Maxilla. (N :13; Table 9.1)

9.3.2.1. Points .4. ANS, PNS.

Table 9.36 Mean maxillary inferior repositioning (mm)'

Table 9.36 and 9.37 show the magnitude and range of pre and post surgical

movement for each of the maxillary landmarks for the group of patients

having inferior repositioning.

Table 9.37. T -Test: Inferiorly repositioned maxilla. One - sample test (df :12)

1. 95 % Confidence lnterval of the Difference - lower.

2. 95 % Confidence lnterval of the Difference - upper'

0.381.362.41

-1.94

-2.23

1.78

0.39PNSY2

0.893.2210.88ANS2

o.762.758.481.951.4AY2

0.381.38o.92-3.86-0.21PNSY 1

0.672.43-1.49-9.69-4.1 3ANSYl

Standard
Error

0.551.98

M aximum

-1.25-6.7

Mean

-3.54AY1

Standard
Devi ati on

Minirnum

3.07

3.72

1.21-0.43

0

0

0.086

0.09

0.07

o.3221.033

-3.54

-4.1 3

-0.7 1

1.4

1.78

0.39PNSY2

-0.17

-6.449

-6.1 25

-1.872

1.841

1.987

AYZ

A NSY2

-o.26

AY1

ANSYl

PNSY I

z

-?.34

-2.6 5

0.1?-1.55

-5.5 9

-4.7 4

1

Sig
(2-tailed)

tMean
Difference
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Table 9.38 Correlations - inferiorly repositioned maxilla (Pearsons

Correlations')

** Correlation is significant at the 0.01 level (z-tailed)'

" Correlation is significant at the 0.05 level (2-tailed)'

AY1

ANSYl

PNSYl

AYZ

ANSY2

PNSY2

AY1

1

0.9**

0.545
-0.65*

-0.69 **

0.0s

ANSYI
0.9**

1

0.34
-0.82**
-0. BB **

o.oz

PNSYl

0.545

0.34

1

-0.3

-0.3

-0.1 9

AY2

-0.65*

-0.82**

-0.3

1

-o.92

-0.1 6

ANSY2
-0.69**
-0.88**

-0.3
0.92**

1

-0.4

PNSY2

0.05

o.o2

-0.1 9

-o.?.

-0.04

I

PNSY2-qt

:)

J
o

o
o

3
c

ro

a
ANSY2

r, 9:) c{
çr'

'i",.Èi..J

AY2
t

è.¡:

PNSYf
tr:¡ 'l¡;

(i

ANSYl

q è

AYl

Figttre 9.2 Scattet plot of maxillary landntarks for inferíor repositioninS.
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Table 9.39. Magnitude of shift in the inferior direction and postsurgical

movement by gender.

1. 95 % Confidence lnterval of the Difference - lower.

2. 95 % Confidence lnterval of the Difference - upper.

AYl Male 4

,Female -3.

3

ANSYl

Tota I

, Male '

,Std dev StdEr 1 , z Min Max

?.?? , -7.?2 :

- 5.01 i

Mean

-3.69

-0.6

0.41

0.39

0.67

0.5 s

1.11

0.87

o.76

0.5 5

0.89

0.8

0.45

0.3I

7

0.9

-1.59
-1 .25

-2.54
-1 .49

o.71

o.92

2.36

?.41

5

-1.939

-2.345

1

z

-4.7 4

-8.2

-1

74

87

12

PNSYl Male

.f emale

Total
Male

4

9

13

4

4

9

13

0 98

1 6

-3 0.92

AY?

Total

ANSYZ Male

Total

Female, 9

51

36

3.07

3.7 4

4.67

3.72

2..91

1.44

1-21

8.48

8.48

3.49

10.88

10.88

1.84

-1.95
-1.951.4

2

Female

PNSY2 M ale 4

Female

Total
9

13

1 3

.2

23

2.41z3
36

1 -0.4 3



169
Table 9.39 and 9.40 show that there was no statistical difference in the

magnitude of pre and post surgical movement for inferior repositioning

between genders.

Table 9.40. Magnitude of shift in the inferior direction and postsurgical

movement by gender - ANOVA. ( gp:'group')

PN SY2

0.879o.o24

11

12

1AY?

0.66s

Total

0.5920.305

0.032AYl
df

pw¡

F

Within gp 68.941 . 11

Sq

Total

.Sum Of

124.425

12

1

11

12

1

11

12

Between gP,

Within gp ,

Total

0.0007

2.019

o.277

11.311

11

0.0062

8.241thin

o.402
2.O?7

1.909

6.267

, 
Betweengp

, Within gp

: Total

Mean Sq 
,

0.1 34 
.

4.26?

sig

o.862

004

PNSYl Betweengp

Within gp

Total

ANSYl :Betweengp

ANSY2 Between gp

Within gP

1?4.701

0.0007

z2.zo8

22.2't 5

22.292

22.694

0.0006

90.65

90.712

0.277

70.8s

o.40?

1.909

o.i 34

46.877

47 .O11
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Table 9.41. Magnitude of shift in the inferior direction and postsurgical

movement by age.

1. 95 % Confidence lnterval of the Difference - lower'

2. 95 % Confidence lnterval of the Difference - upper'

AYI , <23 Yr,

,23 +y r'
r Tot

ANSY1 <23

23 +y

Tota I

PNSYl

Total

AYz <23

Mean,Std

-3.42 , 1

-3.59

-3.72 . 'l

0.49

¿"u.. Std E

o.77

0.s5

0.5 s

0.96

?..43

1.45

o.67

o.73

o.47

1.38 0.38

2

-2.34'
1.98,-4

r1
5

5

, Max

52

81

21

864

al

y1

yràt

-4.7 4

546
-1 .25

I

13

5

I
13

1.29

z 88 -6.52 ' -2.09 
'

- 6 ' -2.66',,

-3.34 1 .27

-1.65 5.0e-

-2.2
-9.69 , -1.49

3

-1.49
-o.28

3

-?.23'
2.41

2.41

o4

57023+yr

-9.69

-1

ANSY2

PNSY2

23+yr
Total
<?3 yr'

23+yr
Total
<23 yr,

23 +y r',

Total

5

B

, 0.6+

1.06

o.76

0.33

1.31

1

1

1

17

170.89 '

0.gz ,,

0.6 9

0.39
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Table 9.41 and 9.42 show that there was no statistical difference in the

magnitude of pre and post surgical movement for inferior repositioning

between younger and older patients.

Table 9.42.Magnitude of shift in the inferior direction and postsurgical

movement by age - ANOVA.

1.479 o.249PNSY2

1?

0.012ANSY2 0.91 6

0.6'tBAY2 0.448

o.297PNSYl 0.597

0.949 0.1 49 o.707

4.266
0.0008AY1 0.891

Meandf

1

1

1

1?

Sq Sig

7.808

,Sum Of

11 .324

11

1?

2.633
1.78

85.887

90.712

11

1Z

1

11

12

:

Between gp ,

Within gp 
l

Total .

69.901

70.85

0.596

22.o98
??.694

4.825

Within gp

Total

0. s96

2.009

11

12

1

11

F

0.02

4.8?s

0.0082

46.928

47 .O11

0.949
With¡n gp

Total

AN SY 1 Between gP

o."t32

Between gp

Within gp

Total

Between gp O.1 3Z

Within gp , 124.S69

124.701

21633

19.582

?2..215

Total

Between gp

Within gp

iòiar
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The affect of different surgeons is shown in the following tables. Only surgeons

1 and 2 performed this oPeration-

Table 9.43. Magnitude of shift in the inferior direction and postsurgical

movement by surgeon.

1. 95 % Confidence lnterval of the Difference - lower'

2. 95 % Confidence lnterval of the Difference - upper'

PNSY2

ANSYz.

AY2

0.89

3? o4o.66

-1

AY1 92

srd

1

-0

3

9 0.51 -0.8 1

-3

7 '-

Std dev

2.23

8.48

o.92

Min

Surg 1

Surg 2

0.54

o.62

1.O7

0.69

1.27

0.s5

88

9

4

9

o.92

2.36

N

4

9

4

9

4 -0.45

67
Surg 69

1.84

2.41

-0.73
-1.94
-0.82

4

9

4

Surg 2

Surg

Surg

Surg

Surg

1

2

1

1.62

1.25

3.21

, Surg

ANSYI, Sur



173
Tabte 9.43 and 9.44 show that there was no statistical difference in the

magnitude of pre and post surgical movement for inferior repositioning

between the surgeons.

Table 9.44. Magnitude of shift in the inferior direction and postsurgical

movement by surgeon - ANOVA.

: Between gp

W¡thin gp

Total

Between gp

Within gp

Total

i Betw€en gP

, within gO

I Total

, BetweengP

I With¡n gp

Total

Between gp

Within gp

Total

Between gp

Within gp

Total

| 7.741

| 39.27

, 47.O11 2

1 5.6 91

11

1

11

12

dSum Of Sq f F. sig

0.1 69AYl 2.1 68

ANSYl

PNSYl

AY2

ANSY2

PNSY2

8.253

62..5 96

70.85

1.526

21 .168
22.694

3.371

87.341

90.712

3.548

121.153

124.701

0.0005

22.?O9

22.215

8.253 1.45

1 .526

1.924

3.371

7.94

3.548

1 1.014

0 9

0.793 0.392

o.425 0.s28

o.32? 0.582

0.003 0.96
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The affect of different operations is showrt in the following tables.

Table 9.45. Magnitude of shift in the inferior direction and postsurgical

movement by operation.

I. 95 o/o Confidence lnterval of the Difference - lower.

2. 95 % Confidence lnterval of the Difference - upper.

naeMN

5

5

3

5

destd rV Std E

0.86

0.67

0.95

1.36

1.05

o.21

0.64

1,21 Min Max

AYI

PN SY2

op. 1

op. 2

Op.

Op-

Op.

Op.

2

1.91

2.46

1.17

0.46

0.28
't.44

?

37

49

0.04

o.92

95

25

63

84

6.28,
6.94.
5.24

84

ANSY

3

1

3

1

-4.86 
I

-2.67 ,,

. -o.35 
I

', -1 .?4 ,

1PNSYl I Op

2

3

1

2

3

1

5

3

5

5

3

5

5

-1

-2

-3

2.?.1 0.99 97

115
-0.5 5

-3.86

1

-1

-o.82

-o.27-o.77

ANSY2

?

-?.8op- 2

Op.

Op.

Op.

Op.

Op.

Op.

Op.

Op.

4.74:
1.98

1.8

0.99

o.71

2.12

1.15

0.81

0.46

o.8

-4.7 4

-1 .7
' -1 .?5

2 71

4.92

3.3 9

8.98

5.1?

2.77

1.3

4.?1

4.O4

1 .71

1.58

1.03

1.39

1.81 4?.
58

55 
'

2.41

2
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Table 9.45 and 9.46 show that there was no statistical difference in the

magnitude of pre and post surgical movement for inferior repositioning

between the different operation lypes.

Table 9.46. Magnitude of shift in the inferior direction and postsurgical

movement by operation. - ANOVA.

o.273 0.766

ANSY2

7.9?_8

0.5 1AY2

0.5 45 0. s96PNSYl

o.74 0.5 02ANSYl

0.67 0.533AY1

df F

10

2

12

12

10

PNSY2 Betweengp

12

q'Sum Of S

2.046

22.?15

21.064Within gp

Total

0.5 75

2.106

124.70'l

1.151

8.396

10.791

4.567

6.'172

Mean Sq

Total

Between gp

Within gp

Total

1.'l 15

2.777

4.146

?

10

12

2

41.456

47 .O11

9.1 34

Betweengp 5.555
With¡n gp

, Total

70.85 ',

2.23 :

20.464 
'

?2.694 i

11 .432 ,

79.?8 i

90.712 
"16.792 :

107.909 ,

Total

Between gp ,

Between gp

Within gp .

12

2

10

12

2

10

Within gp

Total

e.tw"éngp

Within gp
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Table 9.47.lvlovement in the inferior direction and postsurgical movement by

segmentalisation (Seg.) versus one piece maxilla (Nonseg-).

1. 95 % Confidence lnterval of the Difference - lower

2. 95 % Confidence lnterval of the Difference - upper

10

3

10

3

10

3

10

3

-1

ANSY2

AYz

0.04

3.37ANSY 1

3AYl

31se

se9

Non

0

N 1

-4.9?

Nonseg

44

seg

55

-1.6
-1.06

2.96

-5.82

Mean '51¿ 6sy, Std Er 2 , Min
3.88

1

-2.62

0.1 8

0.45

3.6I
0.54

0.9

o.44

, 1.84
': 2.4'l

PNSY2

Non

1.73

8.48

3.49

10.88

Non

95

1 12

-2.38

3.61

4.ZZ

3.31 ?.9

0.93

1.47

1.67

0.5I
1.76

o.76

0.6s

o.44

1.23

I Nonseg I 0

4.52

4.03

5.77

3.79

7.25-s.39

-1

-4

-0
.77
.97

1.38

?.95

2.54

3.48
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Table 9.4T and9.48 show that there was no statistical difference in the

magnitude of pre and post surgical movement for inferior repositioning

whether the maxillae was segmentalised or was left in one piece'

Table 9.4g. Magnitude of shift in inferior direction and postsurgical movement

when segmentalised or one piece - ANOVA'

¡Sum Of Sq,

: 0.20-6 
i

, 46.80s 
i

, 47 .O'11 i

: Mean Sq

, 0.206

4.255

0.003

6.438

3.O47 l

1.786 |

3.1 86

7.957

Sig

0.83

F

AY1 Between gp

Within gP

Total

Between gpANSYl

Within gp

Total

PNSYl

Within gp

Total

AY2

Within gP

Total

ANSY2 Between gP

Within gp

Total

PN SY2 Between gP

Within gp

Total

0.048

z

0,003

70.819

0.005 0.946

1.706 0.21 I
70.85

19.647

2?.694

87.526

12

1 . O.+ 0.54

1 1.O83

2.792 o.25? o.626

o.177

2.003

0.089 o.772o.177

22.o37

22.215

11

'12.
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Table 9.49. Movement in the inferior direction and postsurgical movement by

wire or rigid fixation (R.F.).

1. 95 o/o Confidence lnterval of the Difference - lower'

2. 95 % Confidence lnterval of the Difference - upper'

2.41

AY2

1rePNSYl

-5

AYl

iStd Max

01

7

1

2

10

10

72

1.84

-1 .?3

ANSY2 Wire 3

2.1ANSYI W ire 3.77
-3

Std El

1

1.96

1.85

RF

PNSY2 W ire
2.39

5

1.87

5.62

47

83

98

83 13.3

1.44

o.62RF

6 t-14.77

, Mean

0.41

0.38

0.5 9

3.24

0.62

1.O7

0.41

4.28

0.54

4.4

0.99

, -3.77

- 3.86
1.73

-0.55 1.32 -?.23
18

-5
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Table 9.49 and 9.50 show that there was no statistical difference in the

magnitude of pre surgical movement for inferior repositioning whether the

maxillae was fixated with wire or plates and screws. There was however greater

surgical movement of the wire fixated group post surgically at point A'

Table 9.50. Movement in the inferior direction and postsurgical movement

fixated with wire or rigid fixation - ANOVA'

,Sum Of Sq: df

0.206

46.805

47.O11

7.309

63.5 41

1

11

12 :

1

Mean Sq , F

0.0480.206

4.?55

7.309 1.265

, sig

0.83AY1

ANSYl

PNSYl

AY2

ANSY2

PNSY2

Betweengp

wiirr¡n gp

fotal

, BetweengP

Within gP

Total

Betweengp

Within gP

Total

BetweengP

Within gp

Total

BetweengP

Within gp

Total

0.285
't 

1 5.776

70.85 12

1 1.842

1.896

. 26.91 I :

8.889

0.0001

?.019

1.842

20.852
22.694

32.262

58.s4

90.712

26.91 I
, 97.783
,124.701

o.972 0.34s

3.028

0.001 0.978

11

32.262 6.O72 0.031

5.31 4

0.1 1

11

BetweengP . O.OOO1 :

Within gP , ZZ.Z13
Total , ZZ.Z1S

12

1

11

12



180
Table 9.51. Movement in the inferior direction and postsurgical movement by

orthodontics or no orthodontics.

1. 95 % Confidence lnterval of the Difference - lower'

2. 95 o/o Confidence lnterval of the Difference - upper'

8.9

PNSY2

-5.19AYl

Max

2

0

N dev 1 2S td

0

Ort

2

1

2

0.4 5

3.66

10.81

0.42 :

3.08

o.24

1.46

0.93

06

8.7 e-4PNSY

76

76

49

7'l

84

91

53

93

16

52

1

1

1

1

0

-3.82
-?.89'

-1.95 , -1.06
-0.73 , 10.88

-1.94 -1.6
-?.?3 ?.41

-0.08 , 1.23
o.44

0.66

93

17

-0.86
0.0075'

1.93

-1.51

3.71

4.1 5

4.5

0.39

1.34

, -7.75

-3.9 3

-o.62

2.42

-1 .77

0.36

0.5 8

0.3 5

No Ort

Ortho

. 0.85 .-10
-0.5 5 B.4B

-0.77 ,, O.92

-9.6 9

-?.37
-3. B6

AYZ Ortho

No Ort

ANSYZ Ortho
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Table 9.51. and 9.52 show that there was no statistical difference in the

magnitude of pre and post surgical movement for inferior repositioning

whether the patient received orthodontic treatment or not'

Table 9.52. Movement in the superior direction and postsurgical movement by

orthodontics or no orthodontics. 'ANOVA'

¡Sum Of Sq,

, 6.28 :

' 40.731 
"

ì

: 47.Q11

1 1.416

59.434

70.85

1 -47"1

21.223

22.694
20

70.712

90.712

29.723

94.978

124.70'l

0.008

22.134
22.215

Mean Sq ,

6.?8

3.703

1 1.41 6

s.403

Sig

0.219
df F

1.696AYl

ANSYl

BetweengP

Within gp

fotat

sôt*""ngp
Within gP

1

1

1

1

1.471 0.76?

1.929

20

6.4?8

o.17 4

0.401

0.1 05

3.442 0.091

0.04 0.845

: Total 1Z

PNSYl Between gP

Within gp

Total

AY2 Between gp

Within gp

Total

ANSY2 Between gP

PNSY2 Between gP

ToJal

1

29.7?_3

8.634

0.008

2.012
'tz
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Table g.53. Movement in the inferior direction and postsurgical movement by

the magnitude of movement.

AYl <2

N

1

7

4

1

T

7

4

1

, Mean

i -1.95
-4.69 . -

-7.22 , -1

-2.66
-0.81

2 , Min

-2.2
- 5.91

-9.69
: -7.74 : -7.74

2

4

>6

<2

2-4
4-6
>6

14

6

':'

1.83

1.95

1.52

3.3 5

1.88

0.29

9

o.97

62

2

-0

o07

3.49

0.28

0.1 3

0.52

1.84

't

0. s8

'Q.71
0.14 ,

o.37

o.82

0.1

08

-0.28,
-3.86,
-o.7 4

-0.28PN SY <?

AY2

ANSY2

PNSY2. <2

2

92

36

0

4

2.??

3.99

2.06

1.04

2.O9

0.84

?

0.78

2.51

-1.3
-3.s3

-1.35
-4.6

9.

2.82

3.49

0.28

-1 .23

3.84 ' -2.23 Z

84

2

0.51

0.39

1.04

1

1

11 84
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Table 9.53 and 9.54 show that there was no statistical difference in the

magnitude of pre and post surgical movement for inferior repositioning

regardless of the magnitude of the original movement'

Table 9.54. Movement in the inferior direction and postsurgical movement by

the magnitude of that movement' 'ANOVA'

,Sum Of Sq;

AYI 'BetweengP 1 5.434
Within gP

Total

df
3

9

1Z

3

Mean Sq

5.145

3.509

7.74

5.292

7 .971

11.199

0.89

2.172

1.466

Sig

0.288

ANSYl Between gp

With¡n gp

Total

PNSYl Between gp

Within gp

Total

AY2 Between gP

Within gP

Total

ANSY2 Between gP

Within gP

Total

Between gP

Within gp

Total

PNSYz

31.577

47 .O11 
'

23.22 
:

47.63 :

1.463 i 0.289

9

. 70.85
':

: 1.174
ì

, 21.52
, 22.694

13.196

77 .516

90.712

23.913

100.788 ,

124.701 :

2.669

19.546

22.2't 5

i 0.391

?..391

4.399

8.61 3

0.s 1 0.685

0.712 0. s69

0.75

0.1 64

1Z

1

3

12
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Table 9.55. Movement in the inferior direction and postsurgical movement by

bone graft or no bone gtaÍt.

7. gS % Confidence lnterval of the Difference - lower'

2. 95 % Confidence lnterval of the Difference - upper'

o.62

0.39bone

PNSYl

2

999

Er

3

1.85

- s.82 - 3.01
-3 , -5

1

N , Mean ,Std

2.06

bone

0.49

bone

PNSY2, no bone

bone

0.5 9

33

10

3

10

3

10

1.99

3.46

1.57 94

-14.42
62

AYI no bon

bone

-o.73
-?.23
-0.82

6.O7

1.51

1.9

4.57 -7.88 ,

-0.23 ,

-11.04'

-1.3
-0.s7

dev'.

ANSYl 
' 
no bone

e

' 0.23

i 0.6

, 2.63

o.92

i 0.04

4.47

8.48

3.6 s

10.88

2.41

0.38

2.15

14.81

2.42.

19.13

1.6?

1.41

2.78

0.28

0.64 -o.7 4

, -9.69
-3.86

, Max
| -1 .?5

-2.3-6.22
-7.74

3.38 
.

4.07

AYZ ,no bone,

ANSYZ:no bone; 1O

3.51

0.48

0.38

. bon"
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Table 9.55 and 9.56 show that there was no statistical difference in the

magnitude of Pre and post surgical movement for inferior repositioning

whether bone grafts were used or not'

Table 9.56. Movement in the superior direction and postsurgical movement by

bone graft or no bone gtaft. - ANOVA'

'Sum Of Sq Mean Sq .

o.?62

0.1 79

0.286 0.604

2.453 0.1 46

2.114 o.17 4

o.47 5

sig

0.61 9AYI Between gP 1.096

45.915

1

11

47 .O1',| 12

11.169

s 9.68 1

70.85

0.575

22.119

22.694

16.542

7 4.17

1.096

4.17 4

11.169

5.426

0.575

2.O11

't6.54?

6.743

20.1 05

, 9.509

1.055

Within gp

Total

ANSYl Between gP

Within gp

Total

PNSYl Between gP

Within gp

Total

Between gP

Within gp

Total

Between gP

Within gP

Total

AY2

ANSY2

PNSY2 BetweengP

12ì

11

90.712

20.1 05

104.596

124.701

1.055

21.16

?.2.?15

1

11

1

1 1Within gp

Total 12
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g.3.3 Anterior repositioning of the Maxilla. (N:42; Table 9.1)

9.3.3.1. Points A. ANS ' PNS.

Tabte 9.57. Mean maxillary advancement (mm)'

Table 9.57 and9.58 show the magnitude of pre and post surgical movement for

the advancement grouP.

Table g.58 T -Test: Anteriorly repositioned maxilla.

One - samPle test (df :41\'

1. 95 % Confidence lnterval of the Difference - lower'

?. 95 % Confidence lnterval of the Difference - upper'

o.21

0.23

o.241.563.?24-1.O2PNSX2

1.5?.33

-4.01

-4.45-1.06A NSX2

1.351 7-0.9AX2

0.362.3610.230.194.23PNSX 1

0.3 5

o.34

2.?6

2.23

Maximum

8.96

9.75

Minimum

0.64

0.354.19ANSXl
3.91AXl

Mean Standard
Error

Standard
Devi ati on

-1.02

AX7

PNSX2

A NSX2

-4.228

-4.6 1

4.31 6

0

0

0

-1.06

-0.9

4.23 1 1 .633 3.5

-1.5

-1.53

-1.32

PNSXl

ANSXl 4.19 12.15 3.s

AXl 3.9 1

Mean
Difference

\ 1 .?13

t Sig
(2-taited)

0

0

0

-0.5 3

-0.6

4.BB

3.?1 4.62

.t
2

-0.48

4.97
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Table 9.59 Correlations - anteriorly repositioned maxilla (Pearsons

Correlations.)

** Correlation is significant at the 0.01 level (2-tailed).

* Correlation is significant at the 0.05 level (2-tailed).

AXl
ANSXl

PNSXl

^x2ANSX2

PNSX2

AX1

1

922* *

.92* *

-0.1 29

-0.1 B4

-o.27 5

ANSXl
.922* *

1

.971**

-0.064

-0.1 6

-0.26

PNSX I
.9ZO* *

.971**
,l

-0.08 2

-o.1?4

-0.2 59

AX2

1?9

-0.064

-0.082

1

.7 49**

,686**

ANSX2

-0.1 B4

-0.16

-o.1?4
.7 49* *

1

.ggB**

PN SX2

-0.275

-0.26

-0.259
.686**

.BBB**
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Table 9.60. Magnitude of shift in the anterior direction and postsurgical

movement by gender.

1,. gS v" Confidence lnterval of the Difference - lower.

2. 95 % Confidence lnterval of the Difference - upper.

-1

3 48

AX2

3.5

9.7 5

1AX1

6

2

3

N

1

40

87

-1

31

1

Female
1

Male

31

4?

o.??

-0.51
-0.5 3-1.5

4 '' 3.22

4 , 3.22

, -1.

1.82

1 .67
-0.8

67 . -0.

s3 -o
-4.45 ,

-4.45:
o7

11

31

42

Total
Male

31

4Z

42

11

31

47

11

Min

0.64

0.65
11

-1

8.96

8.96

7.24

9.75

Max

,Female

Tota I

,Female
, Total

Total

ANSX2 Male

o.28

0.26

0.3 s

0.73

0.43

0.36

6.8s

, Female'

PNSXI Male

5.1

0.64

0.3 5

0.66

0.3 s

0.3 3

0.29

o.?3

0.46

o.29

o.24

,Female,
, Total

5.s8

5.2 :

4.97

.9e-3

-0.5
0.48

4.88

0.1 9

o.34

0.1 9

-1.44
-4.01

-4.01

3.47

3.49

2.34

3.46

5.48 ,

2

4.88 ,

4.91

4.61

1.67

7.44

10.23

10.23

1.87

18 .

18 :

21

32:

?

3

3

2



189
Table 9.60 and 9.61 show that there was no statistical difference in the

magnitude of pre and post surgical movement for advancements between

genders.

Tabte 9.61. Magnitude of shift in the anterior direction and postsurgical

movement by gendet - ANOVA'( gp: /grouP/)

41

PN SX2 0.268 0.607
41

0.936ANSXz

Between gPAXz o.283

0.66PNSXl 0.1 97

ANSXl 0.629

Between gp 0.525AXl

Sig

Within gP

41

1

40

0.007

df

Total

,Sum Of S

40

41

1

40

0.002

2.283

Total

Between gP

2.132

1.804

1 .117

5.672

Within gp

Total

Between gP

Within gP

Total

?.13?
s.183

1.205

0.662

2.465

Between gP

Within gP

Total

?.132

207.33s
209.467

1.20s

203.1 36

?o4.341
1 .117

1

40

41

1

99.279

?26.881

227.998
2.132
72.146
7 4.278

0.002

91.316

91 .331

0.662

98.617

0.411

Mean Sq , F

40

41

Between gP'

Within gp

Total
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Table 9.62. Magnitude of shift in the anterior direction and postsurgical

movement by age.

1. 95 % Confidence lnterval of the Difference - lower.

2. 95 % Confidence lnterval of the Difference - upper.

ANSXl

1

1

I

std

0.1 9

PNSX1 <?3 yr

3.2

AXt '<23

1

Total

0.23

o.26

0.3 s

-0

-1

-1

3.6 9

-4

o.9z

?.33

3.22

2.75

3.22
18

94

o7

4.97

2

4.4

5.3

4.61

4.7 5

5.49

4.88

4.87

23+yr

42

24

?.52

?.?6
't.74

Mean

3.48

4.?4

3.91

3.89

talTo

23+yr

1

2.5 6

3.17

yr'

0.45

o.26

o.24

23+yr
, Total

4.42

4.23

-o.62
-1.11

4.1 9

3.9924

18

42

24

18

4?

z4

18

4?

24

0.41

0.5 2

0.3 5

o.42

0.s6

0.36

0.34

, Total 42

PNSX2 <23 yt

23+yr

ANSXZ <2 3 yt'

'23 +Y r

, Total

?.23

1.78 3.1

8.96

6.9

Max

7.2

8.96
1.85 0.44

0.51 |

AXZ <23 yt
23+yr
Total

-1 65,
-1.81

-'t .53

,-1.31

3.26

3.5

-1.34
-1.63 -0

-1.89
-1.6
-1.5
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Table 9.62 and,9.63 show that there was no statistical difference in the

magnitude of pre and post surgical movement for advancements between

young and old Patients.

Table 9.63. Magnitude of shift in the anterior direction and postsurgical

movement by age ' ANOVA.

AX1 Between gP

isum Of S

' 5.865
' 203.602Within gP

Total ' 209.467
ANSXl Between gP , ?.84

s.86 5 1 .152

5.09

2.84 0.5 64

s.038

1.926

s.652

0.341

0.457

0. s63

1.39 o.245

1.094 0.302

0.08 o.779

Sq F sig

0.29

40

41

PNSXl

AX?

ANSX2

PN SX2

Total

Between gP

Witf in gP

Total

Between gP

Within gP

Total

Between gP

Within gp

Total

Between gP

Within gp

Total

?.o4.341

1.926

?26.O71

227.998
2.495

71.783
7 4.278

2..431

88.9

41

1

40

41

41

91 :331
o:1 97

99:082

99.297

2.495

1.795

2.431

2.2?.3

0.197

2.477

1

40

41

1

40

41
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Table 9.64.Magnitude of shift in the anterior direction and postsurgical

movement by surgeon.

1. 95 % Confidence lnterval of the Difference - lower.

2. 95 % Confidence lnterval of the Difference - upper.

N Mean .Std dev.: Std Er 2 Min Max

AXl

AX2

Surg

Surg

o.37

1.08

o.29

Sur3-6

Surg

3.77 '

3.72

6.94

4.1 6

3.81

.7

72

27

0

48

97

35

5?

o.37

2.08

3

0.91

2.15

3.47

0.5 2

1.39

0.89

1.33

33

7

2

33

7

?

2.86

0.64 , 7.79

1.18 , 8.96

6.68 : 7.2

0.35 , 7.96

1.31 i 9.75

Sur 3

ANSXl

-13 2

-14.5
-1.57

4.89

6.69

14.19

4.96

1 3.56

45 ,

01 .7

1

Surg

Surg

1

2

10.66 s.59

-O.21 ,-4.01 :1
-0

o.9?3

-0.9
10.67

-0.51

-2e-3

1,

ANSXz

Sur3-6 2 -0 1.1 0.63

3.2?

0.68

1 33
Surg 2 7

Sur3-6 ? 0.43

-2.31 ,

98 4.94 -0.9 5 i -0.09
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Table 9.64 and,9.65 show that there was no statistical difference in the

magnitude of pre and post surgical movement for advancements between the

different surgeons.

Table 9.65. Magnitude of shift in the anterior direction and postsurgical

movement by surgeon - ANOVA.

ANSXl

0.1 s2

2.511

PN SX2 0.766

0.1 94ANSX2 0.824

1.824AX2 0.1 75

0.s96PNSXl 0.556

0.48o.748Between gp

1.977AXl

sig

?

09

F

41

41

Between gp ,

4.8771 90.1 85

With¡n gp

1.346

Between gp

With¡n gp

3.3 81

5.673

With¡n gp

Total

3.776

5.046

Between gp

Within gp

Total

Total

Beweengp

Within gp

Total

2

39

41

2

dt
?

39

Mean Sq

9.641

7

39

41

2

39

221.236

227.998 ,

7.552 :

196.7-89 
'204.341 )

6.762 :

Between gp

Within gp

Total

Sum Of Sqr

19.298 .

Total

99.279 i

97.933

91 .331 ,

1.74?

3.17 66.353

67.925

7 4.278

0.9

90.431
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The affect of different operations is shown in the following tables.

Table 9.66.Magnitude of shift in the anterior direction and postsurgical

movement by operation.

1. 95 % Confidence lnterval of the Difference - lower.

2. 95 % Confidence lnterval of the Difference - upper.

tdtd de

?.81

2.2

2.22

3.17

15

E

0.39

o.47

0.5I

6.54

4.85

6.9 s

0.88

0.64 :

Max

8.96

6.1 5

7.79

M

1

2I

1

ANSXl

PNSXl

AX2

ANSX2

PN SX2

op. 1

op. 2
op. 3

op. 1

op. 2

4.5

-1.63
-1.36

3.71

-o.?
-0.s5
3.7 4

-2.84

s.48

5.21

7.21

6.91

s.26

-o.42

5.22

7.96

10.23

o.44

0.9

2.33

o.24

4

3Z

6

4

3?

6

4

32

6

4

32

3.1 I 6.s5

8. s3

o.23

0.2 5

21 -4.01 1.87Op.

Op.

Op.

Op.

Op.

Op.

Op.

1 o.24

0.5 5

o.72

o.27

o.47

0.3 9

0.3

32 ' -3.29
1 3 -2.41

1

2

3

4 04 0.78

3?

-2.27 0

37 -4.45,

-1 .87 -0.03
3.22

1.14

1 .48 -0 27, -4
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Table 9.66 and.9.67 show that there was no statistical difference in the

magnitude of pre and post surgical movement for advancements by operation

WPe.

Tabte 9.67. Movement in the anterior direction and postsurgical movement by

operation - ANOVA.

AX1 Between gP

Within gP

Total

ANSXl Between gp ,

PNSXl

Within gp

Total

Betweengp

Within gp

Total

AXZ BewveengP

Within gp

Total

ANSX2 Between gp

Within gp

Total

PNSXz

Sum Of Sql df

31085

?a6 38?
2O9467

11.418

2

39

2

193.924 , 39

Mean Sq r

1.543 ,

5.292 .

5.709

4.947

4.943

s.593

2.662

1.768

1.643

2-258

1.808

?.453

Sig

o.749
F

204.34'-1

9.886

' 218.1'12

41

2

39

0.292

1.154 o.326

0.884 o.421

1.506 o.234

o.7zB 0.489

o.737 0.485

41

5.325

68.9s3

7 4.?_78

3.286

88.045

91 .331

3.61 5

9 5.6 64

99.279

2

39

41

2

39

41

2

39

41
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Table 9.68. Movement in the anterior direction and postsurgical movement by

segmentalisation (Seg.) versus one piece maxilla (Nonseg.).

1,. 95 o/o Confidence lnterval of the Difference - lower.

2. 95 % Confidence lnterval of the Difference - upper-

P N SX2.

-4
-0

0.64

AXl

2:Std

AN

14

N

nse

-o.29 - 4-1.66

-0.01

-o.01
?.32 0.1 9

-3.29

75

01

2.5

9.75

7.96

1.67

0.3 5

Max

8.96

7.79

Min
0.6 s

3.2 , 5.89
I

3.15 ; 4,86

3:19 ] 6 05

-?

-4

45

19

?.79 i

2.91 :

A

928
14

Nonseg Zg

SXZ Seg 1 4

Nonseg ?g
SXI Seg 1 4

Nonseg Zg
SXI Seg 1 4

Nonseg, Zg
seg t4x2

PN

AN
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Table 9.68 and 9.69 show that there was no statistical difference in the

magnitude of pre and post surgical moveffrent for advancements whether the

maxillae were segmentalised or one piece'

Table 9.69. Magnitude of shift in the anterior direction and postsurgical

movement when segmentalised or one piece - ANOVA'

AXl

ANSXl

PNSXl

Within gP

Total

AXz

ANSXz Between gp

Witnin gP

Total

PNSXz Between gP

Within gp

Total

df Mean

40

, ',Sum Of Sq:

:Betweengp 2.445::
Within gp ZOZ.O23

Total

Between gP

Within gP

Total

Between gP

?09.467 , 41

2.445

5.1 76

o.47? 0.496

2.696 0.535 0.469

5.041

3.1?4

s.62-2

0.5 56 0.46

Sq F
Sig

2.696

?24.87 4

5

1 41

1

227.998
0.288

73.99

74.278

0.619

90.712

91.331

0.111

99.1 68

99.279

0.288

1.8s

0.69 s

40

41

1

41

1

40 2.2_68

0.619 o.273 0.604

1

40

41

0.111 0.045 0.834

2.479
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Table 9.70. Movement in the anterior direction and postsurgical movement by

wire or rigid fixation (R.F.).

1. 95 % Confidence lnterval of the Difference - lower.

?. 95 % Confidence lnterval of the Difference - upper.

56

ANSXl

N

1

40

40

40

1.51

ANSXZ W ire

2.05

Std EMean Std devi

-2.31

.41

55

.81

52

,-19

' -1.

nr

-2

-4

-1

5.01

3.46

s.09

3.42

-0.41

1 1.49

2.06

4.29

2.26

4.33

-1.86

0.3 5

2.16

0.1 9

RF

W ire
RF

13.04

-1

40

2

40

PNSX2 WíTe

RF

0.87

0.3 6

o.17

0.3 5

0.001

0.38

1.?2

2.?7

o.23

2.23

0.1 3

2.37

18.18

-0.s3

-0. 5 8 -4.45

4.73 ' 0.64

4.15 , 1.89

2 i Min Max

1B
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Table 9.70 and 9.71 show that there was no statistical difference in the

magnitude of pre and post surgical movement for advancements between wire

or rigid fixation.

Table 9.71. Movement in the anterior direction and postsurgical movement

fixated with wire or rigid fixation - ANOVA.

99.?79

0.34 0.85 50.0084Between gpPN SX2

Total

0.923ANSX2

0.308AX2

o.2291.495PNSXl

0.171.957ANSXl
41

5.0454Q

| 7.3127.312AX1

1

1

1

FSum Of Sq; df

?0?.1s6

40

41

Within gp

Total

40

4'l

1.93 , 1.067

1.809

40

41

1

40

4l
1

8.215

5.49 5

9.s3

4.87

Between gp

Within gp

Total

Between gp

Within gp

Total

Sig

0.2361.447 l

0.002 i 0.01

?..283 ,

41

1

9.s3

194.812

204.341

209.467

99.1 95

91 .331

0.0084

Between gp

Within gp

Total

eàtw""nsô

8.215

2't9.783
227.998

1.93
. Within gp 7?.348

7 41278

01oo-2

91.309

. Total

, Betweengp

, Within gP

Mean Sq
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Table 9.72.Movement in the anterior direction and postsurgical movement by

orthodontics or no orthodontics'

1,. 95 % Confidence lnterval of the Difference - lower

2. 95 % Confidence lnterual of the Difference - upper'

1ANSXz

AX¿

4 0.54
38

ANSXl

OrthoAX1

std

1

4

1

0.9

1

3

2

4

3

-o.92 -2.31No Ort

1.6

2.16

0.1

No Ort

0

1

8.96

Max

4.78

-2.64
-1.55
-2.7 5

-0.54
-1.03

.94

-4

39

69

61

38

Ortho
No Ort

Mean

4.05

2.6

4.?9

3.23

Min
0.64

-0.5 :

1.82 :

0.62 ,

1.58 .

10.23

,N

, 38
t4

No Ort'

Ortho , 38

4

-4.01

-1.61

4.29

3.71

95

44

1.8 ', 5.?2

o.82

0.3 5Ortho ,

PN SX2

PNSXl
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Table 9.72 and,9.73 show that there was no statistical difference in the

magnitude of pre and post surgical movement for advancements whether or

not orthodontic treatment was undertaken'

Table g.73. Movement in the anterior direction and postsurgical movement by

orthodontics or no orthodontics' - ANOVA'

Sum Of Sq F

1.511

Sig

o.2?67.627

201.84

' ?09.467

4.05 5

200.286

7.627

s.046

4.05 5

5.007

1.2O9

5.67

0.93 1

1.834

1.?26

2.253

0.0038

2.481

df Mean Sq

AX1 : BetweengP

Within gp

Total

ANSXl Between gP

Within gp

Total

PNSXl Between gP

Within gp

Total

AXZ , Between gP

: With¡n gp

Total

ANSX2

40

41

Between gP

Within gp

Total

Between gP

Within gP 
.

Total

204.341 '

1.209 i

226.789 ,

2?7.998 ,

0.931

73.347 ',

7 4.278

1.226

90.1 05

91.331

0.0038

99.241

99.279

40

41

1

40

41

40

4'l

1

40
4'l

0.81 o.37 4

0.508 0.48

0.465

0.01 5 0.902

0.544

PNSXz 1

40

41
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Tabte 9.74. Movement in the anterior direction and postsurgical movement by

the magnitude of movement'

Mean

212
?:87

3:26

5 r91

Estd
-0.6I
?.1?_

2.?1

0.s8 4.6 5

i 1.13 ,-0.66
I 0.43 , 2.36

0.41 ,3.09
0.6 5 4.3 5

5.3 3

3.62

Min
0.76

0.64

7.16 , 0.88

I 2 Max

6.59

3.92

5.1 5

8.96

AXT

ANSX1 .

PNSXl i

-4

N

5

13

10

4

5

13

10

4

2.17

2.47

3.3

4.01

5.7 4

-1.31

-1

z.5z

1.56

1.28

2.4?

2.4

1.75

1.18

2.s 5

4.?4

4.92

, 7.14

17

0.66

0.3 s

6.86

5.48

s.93

1.67 9.75

I1

2

5

13

10

4

13

10

4

5

13

10

1.o7

0.48

o.37

' 0.68

' 0.76

' 0.26

.0.56
, 0.33

2.46

2.93

-1 .57
-2..82

-1.89

4.57

4.62

7.43

-0.5 1

1.?

-0.1 1

0.34

0.1 9

2.34

1.39

-2.71
-1.88

6.28

6.46

5.9

, 1.77

: 0.85

3.22

2.75

1.7 2

-4.01 : 1.45

-3.16 | 1.87

- 3.01

-2.94 1.46

10.23

1.38

' 1.67

45 2.33

0.63

-2.O7

-1.96
24

46
I0ANS

4

>6

<2

2

o.32.

0.69

o.32

0.79

0.31

o.67

0.41

3

-3 69

-4
0."

-4

-3

-2
1

31
P 5

13

10

-0.91 i 1 .1

4

2.1'l

' 1.54 i
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Table 9.74 and 9.75 show that there was no statistical difference in the

magnitude of post surgical movement for advancements regardless of the

magnitude of the original surgical movement.

Table 9.75. Movement in the anterior direction and postsurgical movement by

the magnitude of that movement. - ANOVA.

PNSX2

0.836ANSXz

0.589 o.6?6

0.002PNSXl
2o4.341

0.004

3.231

86.693

df sigF

19.716

AXl
Sum Of

o.671

Total

3.821

8.944

2.578
0.439

1 45.1 9Z

59.149

41

3

38

41

97.963

99.279

Between gp

Within gp

Total

Between gp

Within gp

Total

2.3 5

1.101

1.868

4.13

38

41

, Betweengp

, Wlthin gp

, Total

, Betweengp

38

4',|

Mean Sq

28.898

0.285

, Betweengp ;

, w¡thin gp 
:

3

38

41

3

38Within gp

Total

AXZ Betweengp

41

3

38

12?.774

?09.467

Within gp

Total

89.31 9

91.331

1.316

7 4.278

2.O12

3.303

70.975

71.053

156.94s

227.998

ANSXl
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Table 9.76.Movement in the anterior direction and postsurgical movement by

bone graft or no bone gralt.

t. 95 % Confidence lnterval of the Difference - lower.

2. 95 % Confidence lnterval of the Difference - upper.

o.67

0.3I
0.68

0.41

o.71

0.2 s

0.3 5

0.3

0.34

0.41

PNSX2

ANSXZ,no

0AX2

bone

ANSXl

3.?4

MaxN

-1.96

3

std

2.O2

.?

.8

48

97

09

-1

-0

-1

26

16

?6

16

-0

-0
-0

-0

-0
0.3

77

35

19

45

18

PNSXl

Mean

4.05

3.68

4.19

4.1 I
4.1 5

8.96

7.?7

9.7 5

2.26

3.41

7.2AXI :no bo

-1

-0

4.96

5.64

4.98

, -3,16

, -4.01
', -3.44

' 4.37

' -o.7 1

2.66

1.92

7.7 4

Min
o.76

0.64

0.66

0.3 5

0.34

0.1 9

2.2

.59

' ?.07

no bone,

1.55

1.34

1.54

1.63

bone

no bone

ne

, bone

,Std dev

7 .18

10.23

1.67.3

41

r 0.4
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Table 9.76 and 9.77 show that there was no statistical difference in the

magnitude of pre and post surgical movement for advancements whether

bone grafts were used or not.

Table 9.77. Movement in the anterior direction and postsurgical movement by

bone graft or no bone graft. - ANOVA.

Total

0.818PNSX2

0.1 53ANSX2

AX2

Total

o.7730.08sPNSXl

ANSXl

Between gp 0.256AXI

gp

o

F

Within gp

2.479 ì

Total

Between gp

Between gp

4.605

2.1 68

2.353

1.798

40

41

1

o.482
s.688thin gp

df
1

40

41

1

40

41

0.0008

5.1 09

sig

0.61 5

91 .331

0.1 33

99.1 46

99.279

40

41

1

40

41

1

40

41

' 71.925

Total

Between gp

Within gp

Between gp

Within gp

Total

e.t*.en gp

Within gp

Total

227.998
2.3s3

204.34

204.341

o.482
227 .516

,Sum Of Sq,

1.334 .

' 2O8.133 ,

209.467 ,

0.0008 
:
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g.g.4Points UMC and LMC (In the vertical and Horizontal).

Points upper molar crown (UMC) and lower molar crown (LMC) are shown in

the following tables by the three different directions of movement. Changes at

surgery at post surgery are shown in both the vertical and horizontal.

Table 9.78. Mean movement of points LMC and UMC in the horizontal (X)

and verticat (Y) planes for superior repositioning n : 45 (mm). lncludes at

surgery (1) and post surgery Ql.

't.57 o.23

5.6I 0.85

3.4 0.s1

2.21 0.33

1.83 o.27

1.14

0.33LMCY2

LMCY 1

-0.1LMCX2

-0.88
5.37LMCX 1

U MCY2

0.4

0.32

2.66

2.12

2.88

-0.007
2.96

U MCX2

UMCYI

0.53.34UMCXl

Standard
Error

Standard
Devi ati on

Mean

Table 9.78 and 9.79 show the magnitude of movement of the upper and lower

first molars pre and post surgically in both the vertical and horizontal planes

for the superior repositioned group.
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Table 9.79T -Test for points UMC and LMC for superior repositioning.

One - sample test (df =44).

L. 95 % Confidence lnterval of the Difference - lower.

2. 95 o/o Confidence lnterval of the Difference - upper.

0.88-0.220.2361.?O?0.3 3LMCY2

1 I0.480.0013.4621 .14LMCY I

0.921 120.843-0.1 99-0.1LMCX2

7.O83.6706.346s.37LMCXl

-0.41-1.35o-3.7 67-0.88UMCY2

3.s9

-0.87

2.3?

0.85 5

09.377?.96

UMCX2

UMCYl

o.73-0.1 84-0.007

3.881.87o5.7872.88UMCXl
21

Sig
(2-tailed)

tMean
Difference
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Table 9.80. Mean movement of points LMC and UMC in the horizontal (X)

and vertical (Y) planes for inferior repositioning n: 1-3 (mm). Includes at

surgery (1) and post surgerY (21.

0.5 11.851.7

LMCY 1

LMCY2

0.983.52-2.3
o.792.850.41LMCX2

1.45

1.7

5.222.74

UMCY2

LMCX 1

o.47o.54

0.83

0.5 3

o.74?.67-1 .25UMCYl
1 .91-0.3IUMCX2

31 59UMCXl

Standard
Error

Standard
Devi ati on

Mean

Table 9.80 and 9.81 show the magnitude of movement of the uPper and lower

first molars pre and post surgically in both the vertical and horizontal planes

for the inferior repositioned group.
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Table 9.81 T -Test for points UMC and LMC for inferior repositioning.

One - sample test (df =12).

1. 95 % Confidence lnterval of the Difference - lower'

2. 95 % Confidence lnterval of the Difference - upper.

2.820.5I0.0063.31 11.7LMCY2

-o.17-4.40.036-2.3 s 6-2.3LMCY I

2.13-1.310.610.5230.41LMCX2

s.89-0.410.0821.8962.7 4LMCXl

1.57-0.48o.271.1560.54U MCY2

0.36-2.870.117-1.69-1.25UMCYI

o.77-1.530.484-0.7 23-0.3IU MCX2

2

3.4-0.2?s0.0811.9081.59UMCX 1

1

Sig
(2-tailed)

tMean
Difference
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Table 9.82. Mean movement of points LMC and UMC in the horizontal (X)

and vertical (Y) planes for anterior repositioning n: 42. Includes at surgery (1)

and post surgery (2).

o.291.871.26LMCY2

0.452.89-1 .'t 2LMCY 1

0.33?.161.35

LMCX 1

LMCX2

0.88s.69-0.81

o.211.390.006UMCY2

0.412.67-0.1 IUMCYl
o.251.640.5 5U MCX2

0.45?.9

Mean

3.6 3UMCXl

Standard
Error

Standa rd
Deviation

Table 9.82 and 9.83 show the magnitude of movement of the uPPer and lower

first molars pre and post surgically in both the vertical and horizontal planes

for the anterior repositioned group.
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Table 9.83 T -Test for points UMC and LMC for advancement.

One - samPle test (df :41)'

l. 95 o/o Confidence lnterval of the Difference - lower.

2. 95 % Confidence lnterval of the Difference - upper.

1 .850.6804.371

1.35

-'t .12

1.?6LMCY2

-o.22-2.020.016-2.51 1LMCY 1

?.o30.680

-o.926
4.06LMCX2

0.96-2.58
o.79

0.36-0.81LMCX 1

0.49-0.370.2680.006UMCY2

0.65-1.010.661-o.442-0.1 IUMCYl

1.060.0040.0372.1 580.5 5UMCX2

4.542.7308.1 393.63UMCXl

21

Sis
( 2-tailed)

tMean
Difference
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Table 9.84. Movement in each direction and postsurgical movement at points

uMC, LMC in both the vertical (Y) and horizontal (x) - ANOVA.

iSum Of Sqr df Mean Sq F Sig

U M CX I Between gP 43.585

UMCX2

Within gp

Total

Between gp 12.495
Within gp

Total

? 6.?47

4.794

't 48.167

s.936

24.961

2 14.897 6. 5

97 2.284 i

99

1.303 o.?76

0

o.o2

477 479 ,,

296334',
575.787 

',

2

Within gp

Total 872.1? ,

97

99

z

97

99

21.792

9.705

31.683

2.245

941.429 ,

985.013 
'

464.984

UMCY2

LMCX 1

LMCY 1

Between gp

Within gp

Between gp

Within gp

Total

Between gp

: With¡n gp

Total

29.794

?.21.582

173.?71

706.?61

879.531

28.s91

332.888

361.479

2

Total , Zst .37 6

Betweengp ' 833.213
Within gp ,3OT3.241'

Total ' ¡gOe.¿S¿
LMCXZ BetweengP 46.448

Within gp

Total

z3.z?4

8.238

86.63 s

7.281

'14.296 4.16

3.432

41 6.606 1 3.1 49

97

99

z

97

995.497

2.81 0.065

0.018

97

99

?

97

99

LMCY2
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9.3.5.SN4 and Frankfort horizontal (For each direction of

movement).

Table 9.85. Mean angle SNA and mean Frankfort horizontal (NA - FH ) for

superior repositioning.

Includes at surgery (SNA1 or NAFHL), immediately post surgery (SNA2 or

NAFH2), change between the two (SNAL2 or NAFHL2) , final angles (SNA3 or

NAFH3) and the change in angle since sufgery (sNA23 or NAFH23).

0.75

o.74

0.5 3

0.6 s

0.36

3.5I
4.38

7.41

84.3

-0.75

SNA 23

NA.FH 1

NA-FH 2

NA-FH 12

NA-FH 3

NA-FH 23

?.54

5.04

4.94I5.0s
82.5 1

o.7

o.377.47-0.3 9

4.7182.54SNA 3

0.71

0.483.?32.41

SNA 2

SNA "12

4.7 582.93

0.634.?480.s3SNA 1

St anda rd
Error

Standa rd
Deviation

Mean
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Tabte 9.85 and 9.86 show the pre and post surgical angles SNA and NA - FH

and greater than twelve months post surgery for superior repositioning. There

was no statistical significant relapse.

Table 9.86 T -Test for angles SNA and NA-FH for superior repositioning.

One - sample test (df =44).

I. 95 o/o Confidence lnterval of the Difference - lower.

2. 95 % Confidence lnterval of the Difference - upper.

85.62

-0.00 2 5

82.98

-1.47
0

0.051

115.3

4.765
129.062

-2.08 5

84.3

-0.75

NA-FH 3

NA-FH 23

84.02

86. s3

3.61

80.99

83.s6

1.47

0

02.54NA.FH 12
B s.05NA-FH ?

0

-1.1

1 09.75182.5 1NA-FH 1

0.3 s-1.140.288
82.54

-0.3 9SNA 23

83.9 582.530147.648

SNA 12

SNA 3

3.371.4404.9992.41

84.3681.510117.10982.93SNA 2

81.879.2701?7.42.8

Mean
difference

80.53SNA 1

?-I

Sig
(2-taited)

t
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Table 9.87. Mean angle SNA and mean Frankfort horizontal (NA - FH ) for

inferior repositioning.

Includes at surgery (SNAI or NAFHI), immediately post surgery (SNA2 or

NAFH2), change between the two (SNA12 or NAFH1.2\ , final, angles (SNA3 or

NAFH3) and the change in angle since sufgery (sNA23 or NAFH23).

1.03

0.5 7

3.71

z.06

80.1 2

-0.4I
79.5

81.82

2.3?

81

-0. B2

NA-FH 3

NA-FH 23

0.772.79

NA-FH 2

NA-FH 12

1.354.89

1 6 15.81NA-FH 1

o.3?1.15

SNA 3

SNA 23

0.943.3I
o.76?.73

80.61

2.2

SNA 2

SNA 12

1.164.18

1.214.3 578.O4SNA 1

Standard
Error

Standard
De vi ati on

Mean
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Table 9.87 and 9.88 show the pre and post surgical angles SNA and NA - FH

and greater than twelve months post surgery for inferior repositioning. There

was no statistical significant relapse.

Table 9.88. T -Test for angles SNA and NA-FH for inferior repositioning.

One - samPle test (df :t2).

1. 95 o/o Confidence lnterval of the Difference - lower.

2. 95 % Confidence lnterval of the Difference - upper.

o.42- 2.06
0

0.1 76-1 .437-o.82

NA-FH 3
NA-FH 23

83.2s78.7678.6 3 581

4.010.640.0113.0032.32

NA-FH 2
NA-FH 'IZ

84.78

75.98

78.87

0

0

49.265

60.3 92

79.5

81.82

83.02NA-FH I

82.17

o.z1-1.170.155-1.518-0.48SNA 23

78.08085.37980.1 2SNA 3

3.8s0.5 s0.1 32.9052.2

SNA 2

SNA 12

83.1 378.O7o69.48380.61

81.0375.7806 5.03778.O4SNAl

21

Sig
( 2-tailed )

tMean
difference
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Table 9.89. Mean angle SNA and mean Frankfort horizontal (NA - FH ) for

anterior repositioning.

Includes at surgery (SNAI or NAFHL), immediately post surgery (SNA2 or

NAFH2), change between the two (SNA12 or NAFHL2) , final angles (SNA3 or

NAFH3) and the change in angle sínce sufgery (sNA23 or NAFH23).

0.8

0.8s

0.64

0.8

0.46

5.48

4.13

s.1 8

z.9s-1 .42NA-FH 23
84.3 6NA-FH 3

85.77

3.9 6NA-FH 12

NA-FH 2

5.1 981.82NA-FH 1

0.84

0.43

5.42

2.79

84.25

-1.16SNA 23

SNA 3

o.72

0.84

0.483.1 34.3SNA 12

4.6s

5.4785.41SNA 2

81.11SNA 1

Standard
Error

Standard
De vi ati on

Mean
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Table 9.89 and 9.90 show the pre and post surgical angles SNA and NA - FH

and greater than twelve months post surgery for anterior repositioning. There

was statistical significant relapse long term for angle NA -FH (NA -FH 23).

Table 9.90 T -Test for angles sNA and NA-FH for anterior repositioning.

One - samPle test (df =41).

1. 95 % Confidence lnterval of the Difference - lower'

2. 95 % Confidence lnterval of the Difference - upper'

-0.5-2.340.003-3.111
84.3 6

-1 .42NA-FH ?3

85.9882.7 50105.465

NA-FH 12

NA-FH 3

5.24

84.O7

?.6706.21 53.96

83.44

87.490

102.268

101.51285.77

NA-FH 1

NA-FH 2

80.21081.82

-o.29-2.020-2.691-1.16SNA 23

85.9482.5 60100.69984.25SNA 3

5.273.3?o8.8944.3SNA 12

87.1183.70101.24985.41SNA 2

82.5679.6601 1 3.16781.11SNAl

21

Sig
(2-tailed)

tMean
difference
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9.9.6. Anterior facial height : Nasion to Menton (Na - Me) for each

direction of movernent

Table 9.91-.Anterior facial height (Na. Me ) for superior repositioning (mm.) n

:45. Includes height at surgery (Na-Me 1), immediately post surgery (Na-Me 2),

change between the two (Na-Me 12 ) , final height (Na'Me 3 ) and the change in

height since surgery (Na-Me 23 ).

0.5 23.48't.49Na-Me 23
1.047123.37Na-Me 3

0.78s.2 3-4.5 4

Na-Me 2

Na-Me 12

1 0 16.811 21.88

1.28.06126.42Na-Me 1

Standard
Error

Standard
Deviation

Mean

Table 9.91 and 9.92 show the pre and post surgical anterior facial height and

and the change in height greater than twelve months post surgery for superior

repositioning. There was statistically significant relapse long term post

surgery (Na -iVIe 23).
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Table g.g2T -Test for anterior facial height for superior repositioning.

One - sample test (df :44).

1. 95 o/o Confidence lnterval of the Difference - lower.

?. 95 % Confidence lnterval of the Difference - upper.

Table 9.93. Anterior facial height (Na - Me ) for inferior repositioning (mm.) n

= 13. Includes height at surgery (Na-Me 1), immediately post surgery (Na-Me 2),

change between the fwo (Na-Me 121 , fi.nal height (Na-Me 3 ) and the change in

height since surgery (Na-Me 23 ).

3.1

0.s9

11.17

2.12

123.64

0. s6

Na-Me 3

Na-Me 23

1.55

1?.57

11.69

5.6

123.08

0.0034

Na-Me 1

Na-Me 2

Na-Me 12

3.24

3.49123.0s

Standard
Error

Standard
Devi at i on

Mean

2.5 3o.440.006?.8621.49Na-Me 23

125.47121 .26

o

0118.294123.37Na-Me 3
-2.97-6.1 1-5.822-4.54

Na-Me 2

Na-Me 12

123.921 1 9.83

Sig
(2-tailed)

0

0120.0851 21 .88

128.84124

t

1 05.1 86

Mean
difference

126.42Na-Me 1

21
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Table 9.93 and 9.94 show the pre and post surgical anterior facial heights and

the change in height greater than twelve months post surgery for inferior

repositioning. There was no statistically significant relapse

Table g.g4T -Test for anterior facial height for inferior repositioning'

One - samPle test (df =12).

1. 95 % Confidence lnterval of the Difference - lower.

?. 95 % Confidence lnterval of the Difference - upper'

Table 9.9s.Anterior facial height (Na - Me ) for anterior repositioning (mm.) n

= 42. Includes height at surgery (Na-Me 1), immediately post surgery (Na-Me 2),

change between the two (Na-Me 12 ) , final height (Na-Me 3 ) and the change in

height since surgery (Na-Me 23 ).

Mean Standard
Devi at i on

Standa rd
Error

122.76 11.16 1.72

121 .57 8.45 1.3

-1.18 5.1 B 0.8

121.54 9.41 1.45

-0.003 ?.93 0.45

Na-Me 3
Na-Me 23

Na-Me '12

Na-Me 1

Na-Me 2

1.84-o.72
0

0.361

39.914

0.9s0. s6Na-Me 23

130.391 16.89123.64Na-Me 3
3.417-3.350.9830.2?0.0034Na-Me 12

1 30.1 5116.O2037.971123.08Na-Me 2

130.6s1 1 5.4503 s.2 93123.05Na-Me 1

21

Sig
(2-tailed)

tMean
difference
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Table 9.95 and 9.96 show the pre and post surgical anterior facial heights and

the change in height greater than twelve months post surgery for anterior

repositioning. There was no statistically significant relapse

Table 9.96T -Test for anterior facial height for anterior repositioning.

One - sample test (df :41).

1. 95 % Confidence lnterval of the Difference - lower.

2. 95 % Confidence lnteryal of the Difference - upper.

0.88

118.61

-0.9 5

o

0.945-o.o7-0.003Na-Me 23
124.4783.667121.54Na-Me 3

0.43-2.810.1 45-1 .487-1.18Na-Me 12

124.21 18.94093.282't2't.57Na-Me 2

126.?31 19.28071.266122.76Na-Me 1

21

Sig
(2-tailed)

tMean
difference
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g.g.7. posterior facial height (S - Go) for each direction of movement.

Tabte g.97.Mean facial height (s - Go ) for superior repositioning (mm.) n:45

Includes height at surgery (S - Go 1), immediately post surgery (S - Go 2),

change between the two (S - Go 12 ) , final height (S - Go 3 ) and the change in

height since surgery (S - Go 23 ).

1.08

o.4?

7.21

2.83

78.09

-1 .67

S-Go3
S-Go23

o.44?.9?

79.97

79.76

-o.?

S-Gol
S-Go2
S - GolZ

1.06

1.157.73

7.13

St anda rd
Error

Standard
De vi ati on

Mean

Table 9.9T and.9.98 show the pre and post surgical posterior facial heights and

the change in height greater than twelve months post surgery for superior

repositioning. There was no statistically significant relapse.
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Table 9.98. T -Test for posterior facial height for superior repositioning.

One - sample test (df :44).

1. 95 % Confidence lnterval of the Difference - lower.

2. 95 % Confidence lnterval of the Difference - upper.

Table 9.99. Posterior facial height (Na - Me ) for inferior repositioning (mm.) n

= 13.Includes height at surgery (S - Go 1), immediately post surgery (S - Go2l,

change between the two (S - Go T2l , fr:nal, height (S - Go 3 ) and the change in

height since surgery ( S - Go 23 ).

2.69

1.05

9.7

3.78-1.89S-Go23
79.5 3S-Go3

1 254.5 10.62S - Go12

2.'tB7.8781.4?S-Go2
2.5

Standard
Devi at i on

980.8S-Go1

Standard
Error

Mean

-0.82-2.s30-3.96s-1.67S Go 23

80.2675.93072.62878.09S-Go3

82.09

0.68-1.080.646-0.462-o.2S - Go12

77.44069.1 B979.76S-Go2
82.1177.82075.1 5779.97S-Gol

?1

Sig
( 2-tailed)

tMean
difference
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Table 9.99 and 9.100 show the pre and post surgical posterior facial heights and

the change in height greater than twelve months post surgery for inferior

repositioning. There was no statistically significant relapse

Table 9.100. T -Test for posterior facial height for inferior repositioning.

One - sample test (df :12).

1. 95 % Confidence lnterval of the Difference - lower.

2. 95 % Confidence lnterval of the Difference - upper.

Table 9.L01,. Posterior facial height (S - Go ) for anterior repositioning (mm.) n

:42. Includes height at surgery (S - Go 1), immediately post surgery (S - Go 2),

change betweert the two (S - Go 12 ) , final height (S - Go 3 ) and the change in

height since surgery (S - Go 23 ).

0.6 54.22-0.31

S-Go1
S-Go2
S - Go12

S-Go3
S-Go23

0.845.46

Mean

82.58

81.89

-0.6 9

81.57

Standard
Error

0.87

o.87

0.5 3

Standard
Deviation

5.6 5

s.68

3.43

0.3 9-4.18
0

0.096

29.56

1.804
79.5 3

-1.89S Go 23

8s.3973.67S-Go3
3.3 s-2.1o.6270.498o.62S Gol 2

86.?4

86.1 B76.66

0

037.28281.42S-Go2
75.3 632.37280.8S-Gol

?1

Sig
(2-tailed)

tMean
difference
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Table 9.101 and 9.102 show the pre and post surgical posterior facial heights and

the change in height greater than twelve months post surgery for anterior

repositioning. There waS no statistically significant relapse

Table 9.L02. T -Test for posterior facial height for anterior repositioning.

One - samPle test (df :41)'

1. 95 % Confidence lnterval of the Difference - lower.

Z. 95 % Confidence lnterval of the Difference - upper'

1-1.630.635-o.47I-0.31S-Go23
83.2779.87096.88481.57S-Go3
0.38-1 .760.1 99-1.305-0.6 9S - Go12

83.6580.1 2093.5 1 481.89S-Go2
84.3480.82094.75182.58S-Go1

21

Sis
(2-tailed)

tMean
difference
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9.4. Dentoskeletal changes

g.4.t. Maxillary incisal angle. (SNA - Max).

Table 9.103. Mean maxillary incisal angle (sN - Max ) for superior

repositioning n:42. Includes angle at surgery (SN - Max 1), immediately post

surgery (SN - Max 2), change between the two (SN - Max 12 ) , final angle (SN -

Max 3 ) and the change in angle since sufgery (sN - Max 23 ).

1.24

0.94

8.32

6.31

108.76

-0.6 9SN - Max 23

SN Max 3

1.117.48-1 .2?SN - Max12

1 ?18.1 3

Mean

1 10.67

109.45SN-Maxz

Standa rd
Error

1.37

Standard
Deviation

9.2SN -Max 1

Table 9.103 and 9.L04 show the pre and post surgical maxillary incisal angle and

the change in angle greater than twelve months post surgery for superior

repositioning. There was no statistically significant relapse
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Table 9.104. T -Test for maxillary incisal angle for superior repositionirrg.

One - sample test (df :44).

7. 95 o/o Confidence lnterval of the Difference - lower.

2. 95 % Confidence lnterval of the Difference - upper.

Table 9.105. Mean maxillary incisal angle (SN - Max ) for inferior repositioning

n = 1,3. Includes angle at surgery (SN - Max 1), immediately post surgery (SN -

Max2l, change between the two (SN - M'axl? ), final angle (SN - Max 3 ) and

the change in angle since surgery (SN - Max 23 ).

2.39

1.73

8.62

6.?2

107 .25

1.09

SN-Max3
SN - Max 23

?.43

1.826.5 6-4.15SN - Maxl2
8.7 51 06.1 5SN-Max2

?_.o77.451 10.31SN -Max 1

Standard
Error

Standard
Devi ati on

Mean

1.21-2.590.46 5

87.64

-o.738-0.6 9SN - Max 23
1 1 1.26106.260108.76SN-Max3

1 1 1.89

1.O2

107.01

-3.47o.279-1.097
109.45

-1 .22SN - Max12
090.?9SN-Max2

1 13.44107.91080.621 10.67SN -Max 1

2I

Sis
( 2-tailed)

tMean
difference
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Table 9.103 and 9.104 show the pre and post surgical maxillary incisal angle and

the change in angle greater than twelve months post surgery for inferior

repositioning. There was no statistically significant relapse.

Table 9.706. T -Test for maxillary incisal angle for inferior repositioning.

One - sample test (df :72).

1.. 95 o/o Confidence lnterval of the Difference - lower'

2. 95 % Confidence lnterval of the Difference - upper.

4.85

102.o4

-2.670.5390.6321.09SN - Max 23

112.46044.87107.25SN-Max3
-0.1 I-8.12o.o4z-2.279-4.1 5SN - Max12

111 .44100.87043.751 06.1 5SN Max 2
1 14.81105.81

Sis
(2-tailed)

053.4121 10.31SN -Max 1

21

tMean
d i ffe re nce
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Table 9.107.Mean maxillary incisal angle (sN - Max ) for advancement n: 45'

Includes angle at surgery (Strt - Max L), immediately post surgery (SN - Max 2)'

change between the two (SN - Max 12 ) , final angle (SN - Max 3 ) and the

change in angle since surgery (SN - Max 23 )'

9.66 1.49

6.64 1.O??.56SN Max 23
113.11SN-Max3

Standard
De vi ati on

Standard
Error

8.79 1.36

8.8 1.36

5.7 8 0.89
1 10.55

-1 .57

SN -Max 1

SN-MaxZ
SN - Max12

112.12

Mean

Table g.107 and 9.108 show the pre and post surgical maxillary incisal angle and

the change in angle greater than twelve months post surgery for superior

repositioning. There was statistically significant relapse long term (sn Max 23)'

Table 9.L08. T -Test for maxillary incisal angle for advancement.

One - samPle test (df :44)'

1. gS % Confidence lnterval of the Difference - lower'

2. 95 % Confidence lnterval of the Difference - upper'

0.49

1 10.55

-1 .57

2.56

113.1'l

SN -Max 1

SN-Maxz
SN - MaxlZ

SN-Max3
SN - Max 23

1 12..12

Mean
difference

8?.643

81.395

75.855

- 1 .763

t

2.5

0

sis
( 2-taited)

0

0.017

0.085

0 110.1

-3.37
107.81

109.38 114.86

113.29

1 16.1 2

4.63

z

0.23
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9.4.2.Interincisal angle.

Table 9.109. Mean interincisal angle for superior repositioning

n = 4l.Includes angle at surgery (INCI L), immediately post surgery (INCI 2),

change between the two (INCI L2 ) , final angle (INCI 3 ) and the change in

angle since surgery (INCI23 ).

1.22

6.O7

8.21-0.1 IrNcr 23

1.23128.63rNcr 3

1.429.564.42tNcl 12

1.5310.23128.81lNcr 2

"t.62

Standard
Devi at i on

10.88124.38tNct 1

Standard
Error

Mean

Table 9.I09 and 9.110 show the pre and post surgical interincisal angle and the

change in angle greater than twelve months post surgery for superior

repositioning. There was no statistically significant relapse.
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Table 9.LL0. T -Test for interincisal angle for superior repositioning'

One - samPle test (df :44)'

l-. 95 % Confidence lnterval of the Difference - lower'

2. 95 % Confidence lnterval of the Difference - upper'

Table 9.L11. Mean interincisal angle for inferior repositioning

n = 13.Includes angle at surgery (INCI 1), immediately post surgery (INCI 2)'

change between the two (INCI L2 ) , final angle (INCI3 ) and the change in

angle since surgery (INCI23 ).

2.34

2.177.83

137.O4

1.34

rNct 3

lNcl 23

9.?6

8.54

?.s73.?3rNcl 1z

2.69.37135.71tNcl ?

Standard
Error

2.9 510.66132.48tNcl 1

Standard
Devi ati on

Mean

2.28-?.6s0.882-0.1 49-0.1 ItNcr 23

134.17123.07083.93128.63rNct 3

7.31.s80.0033.14.4?tNcl 1z

1 31 .89125.72084.08
124.38

128.81lNcr ?

127.65121.11076.652tNcr 1

z1

Sig
(2-tailed)

tMean
difference
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Table 9.111 and 9.IL2 show the pre and post surgical interincisal angle and the

change in angle greater than twelve months post surgery for inferior

repositioning. There was no statistically significant relapse.

Table 9.112. T -Test for interincisal angle for inferior repositioning.

One - sample test (df :12).

1. 95 % Confidence lnterval of the Difference - lower.

2. 95 % Confidence lnterval of the Difference - upper.

6.O7-3.4
0

0.5 50.61 5

137.Q4
lNct 23 1.34

147.55126.647.22

8.82-2.37o.?331.26

141 .37130.04052.1 9

138.93126.03044.77

Mean
difference

rNct 1 132.48

7I

Sig
(2-tailed)

t
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Table 9.113. Mean interincisal angle for advancement n : 45.

Includes angle at surgery (INCI 1), immediately post surgery (INCI 2),

change between the two (INCI 12 ) , final angle (INCI 3 ) and the change in

angle since surgery (INCI23 ).

8.32 1.22

10.01 1.54

133.61

-0.8 3

tNcr 3

rNct 23

10.83 't.67

7.59 1 .170.32tNcr 12

134.44rNct 2

Standard
De vi ati on

Standard
Error

1 1.88 1.83

Mean

1 34.1 1tNcl I

Table g.tI3 and 9.114 show the pre and post surgical interincisal angle and the

change in angle greatef than twelve months post surgery for anterior

repositioning. There was no statistically significant relapse.
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Table 9.114 T -Test for interincisal angle for advancement .

One - sample test (df :44).

1,. 95 % Confidence lnterval of the Difference - lower

2. 95 % Confidence lnterval of the Difference - upper,

9.4.3. Overjet.

Table 9.115. Mean overiet (mm.) for superior repositioning

n:42.Includes overiet before surgery (Jet 1), immediately post surgery (Jet2l,

change between the two $etL2 ) , final overiet (Iet 3 ) and the change in overiet

since surgery (Jet 23 ).

o.28

o.?9

Mean Standard
Devi at i on

Jet I 6.1 9 4.77
Jet 2 3.54 1.78
Jet 12 -2.63 4.69
Jet 3 4.1 5 1.89
Jet 23 0.61 1.95

o.71

o.27

o.7

Standard
Error

2.29-3.320.5 94-0. s 3I-0.8 3lNcr 23

1 40.1 1128.55075.22133.61rNcl 3

137.8?

137 .8'l

2.69-2.O4o.784o.2760.3 2

rNcr 2

rNcr 1?

131 .06080.416134.44

130.41073.1 31 34.1 1rNct 1

2I

Sis
( 2-tailed)

tMean
difference
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Table 9.115 and 9.116 show the pre and post surgical overjet and the change in

overjet greater than twelve months post surgery for superior repositioning.

There was statistically significant relapse in overjet long term.

Table 9.T16.T -Test for overiet for superior repositioning.

One - samPle test (df :44).

1. 95 % Confidence lnterval of the Difference - lower'

2. 95 % Confidence lnterval of the Difference - upper.

Tabte 9.117. Mean overiet for inferior repositioning

n = 13. Includes overiet before surgery (f et 1), immediately post surgery ( Jet 2),

change between the two (Iet 12 ) , final overiet (Jet 3 ) and the change in overiet

since surgery (Jet 23 ).

1.19

3.5 9

0.002

0

0.043z.o9

4.1 5

0.61

Jet 3

Jet 23

4.7314.73

-1 .2?-4.0 5

0

0-3.7 6

3.5 4

-2.63

Jet 1

Jet 2

Jet 1?

4.08
4.75

3.0113.35

7.6208.76.1 9

?1

Sig
( 2-ta¡led)

tMean
difference

0.48

0.5 4

Jet 23

Jet 12

Jet 3

5.94

Mean

-o.27

-2_.61

3.3 3

3.06

Jet 2
Jet 1

Standard
Deviation

1.73

2.23

5.31

1.94

4.6 3

Standard
Error

1.29

0.62

1.47
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Table 9.117 and 9.118 show the pre and post surgical overjet and the change in

overjet greater than twelve months post surgery for inferior repositioning.

There was no statistically significant relapse.

Table 9.LL8. T -Test for overiet for inferior repositioning.

One - sample test (df :12).

L. 95 % Confidence lnterval of the Difference - lower.

2. 95 % Confidence lnterval of the Difference - upper.

Table 9.7\9. Mean oveliet for advancement n:45.

Includes overiet before surgery (Jet 1), immediately post surgery (let2l,

change between the two (Iet 12 ) , final overiet (Jet 3 ) and the change in overiet

since surgery (Jet 23 ).

Jet 23

Jet 3

-0.56
s.69

-o.27
3.06 4.23

-1.31 o.77

1.89

0.5 84

0

-?.61Jet 12 -?.o3 0.1 9

3.3 3Jet 2 4.68

-5.41
1.98

5.94Jet 1 2.73 9.1 5

tMean
difference

z1

s.3I
4.03

0.06 5

0.02

0

Sig
(2-tailed)

-o.?4
3.32

Jet 23

Jet 2

Jet 1

Jet'12
Jet 3

2.O9 o.32

1.15

0.97

Mean

0.3

0.1 B

4.91

3. s6 1 .93

6.46

Standard
Error

Standa rd
Deviation

-1.3s
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Table 9.119 and 9.120 show the pre and post surgical overjet and the change in

overjet greater than twelve months post surgery for anterior

repositioning. There was no statistically significant relapse.

Table 9.L20. T -Test for overiet for advancement .

One - sample test (df =44)'

1. 95 % Confidence lnterval of the Difference - lower.

2. 95 % Confidence lnterval of the Difference - upper.

0.41-0.9
3.32 18.7 54 0

-o.24 -0.7 5 5 0.455

Jet 3

Jet 23

3.672.96

6.93?.9

Mean
difference

t Sig
( 2-tailed)

-1.35 -1.39 o.172

3.5 6 1 1.969 0

4.91 4.922 0Jet 12

4.'t 62.96Jet 2

0.61-3.31Jet 1

21
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9.4.4. Overbite.

Table 9.12'1,. Mean overbite (mm.) for superior repositioning n: 42-

Includes overbite before sufgery (Bite 1), immediately post sufgery (Bite 2),

change between the two (Bite L2 ) , final overbite (Bite 3 ) and the change in

overbite since surgery (Bite 23 ).

o.241.64

Bite 3 2.'l
Bite 23 0.1 6

o.241.63

0.432.9

Bite 2 1.94
Bitel2 -0.1 8

o.221 .51

0.493.27

Mean

Bite 1 1.87

Standard
Error

Standard
Devi at i on

Table 9.121 and 9.122 show the pre and post surgical overbite and the change in

overbite greater than twelve months post surgery for superior repositioning.

There was no statistically significant relapse.
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Table 9.122 T -Test for overbite for superior repositioning.

One - sample test (df :44).

I. 95 o/o Confidence lnterval of the Difference - lower

2. 95 % Confidence lnterval of the Difference - upper.

Table 9.123. Mean overbite (mm.) for inferior repositioning n = 13.

Includes overbite before surgery (Bite 1,), immediately post surgery (Bite 2),

change between the two (Bite 12 ) , final overbite (Bite 3 ) and the change in

overbite since surgery (Bite 23 ).

0.84

0.5

o.42

1.81

1.5

2.83

1.05Bite 23

Bite 3

3.05

1.78

0.9 s

Bite 1

Bite 2

Bitel2
0.411.49

Standa rd
Error

0.883.170.83

Standard
Deviation

Mean

0.65-0.3 30.5190.6 50.r6Bite 23

2.s91 .610

-0.4 1

8.6452.1Bite 3

0.69

1.49

-1.05
0

0.684-0.1 IBite12
2.398.6381.94Bite 2

2.8 s0.8903.8421.87Bite 1

?1

Sig
( 2-ta¡led )

tMean
difference
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Table g.lZ3 and.9.l24show the pre and post surgical overbite and the change in

overbite greater than twelve months post surgery for inferior repositioning'

There was statistically significant relapse long term (Bite 23).

Table 9.124. T -Test for overbite for inferior repositioning.

One - samPle test (df :12)'

t. gS Vo Confidence lnterval of the Difference - lower'

2. 95 % Confidence lnterval of the Difference - upper'

1.96

1.74

0.1 4

0

o.o?7
5.642

2.51 31.05Bite ?3
2.83Bite 3 3.92

2.79-0.90.2861.1160.9sBite12

2.680.87o.0014.2931.78Bite 2

2.75-1.080.3620.9480.83Bite 1

2I

Sig
(2-taited)

tMean
difference
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Table 9.125. Mean overbite (mm.) for advancement n:45.

Includes overbite before surgery (Bite L), immediately post surgery (Bite 2),

change between the two (Bite L2 ) , final overbite (Bite 3 ) and the change in

overbite since surgery (Bite 23 ).

0.31.96o.73Bite 23

o.261.71.96

Bite12
Bite 3

0.1 B

0.563.640.1 4

1.191.24Bite 2

0.5 33.441.1Bite 1

Sta rt da rd
Error

Standard
De vi ati on

Mean

Table 9.I25 and9.126 show the pre and post surgical overbite and the change in

overbite greater than twelve months post surgery for anterior

repositioning. There was statistically significant relapse long

term (Bite 23).

Tabte 9.126. T -Test for overbite for advancement.

One - sample test (df :44).

1. 95 % Confidence lnterval of the Difference - lower.

Z. 95 % Confidence lnterval of the Difference - upper.

0.1 I 1.34

Bite 3

Bite 23

1.43

o.73 0.021

1.96 0

2.41

7.488 2.49

Bite12
Bite 2

Bite 1

0.811o.241

t

0

1.1 0.044

0.1 4

1.24 6.698

2.o74

Mean
difference

Sis
(2-tailed)

1.27

?

1.61

?.17

-1
0.86

0.003

1
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9.5. Influence of mandibular surgery.

9.5.1. Angle SNB

Table 9.127. Mean SNB angle for superior repositioningn:42.

Includes angle at surgery (SNB L), immediately post surgery (SNB 2 ), change

between the two (SNB 721 , final angle (SNB 3 ) and the change in angle since

surgery (SNB 23 ).

0.78

o.43

5.22

2.91

SNBl2 3.69
SNB 3 8r.96

SNB 23 -o.77

0.5 23.49

0.664.43

Mean

SNB 1 79.04
SNB 2 82.73

0.75s.03

Standard
Error

Standa rd
Devi at i on

Table 9.L27 and 9.128 show the pre and post surgical SNB angle and the change

in SNB greater than twelve months post surgery for superior repositioning.

There was no statistically significant relapse.
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Table g.128 T -Test for SNB angle for superior repositioning.

One - samPle test (df :44).

I. 95 % Confidence lnterval of the Difference - lower.

2. 95 % Confidence lnterval of the Difference - upper-

Table 9.129. Mean SNB for inferior repositioning n = 13'

Includes angle at surgery (SNB 1), immediately post surgery (SNB 2 ), change

betweenthetwo(SNB1r2l,finalangle(SNB3)andthechangeinanglesince

surgery (SNB 23 ).

1.19

0.37

80.41
i

I

4.?9

-0.1 3 1.32

SNB 3

SNB 23

0.863.1 12.11

SNB 1

SNB 2

SNB12

1.18

St a nda rd
De vi ati on

4.45

4.2480.5 3

Standard
Error

1.23

Mean

78.42

0.1 1-1 .640.84-1 .7 69-o.7 7SNB 23

4.7 4

83.5 380.3 9

0

0

7.O97

1 05.31

82.73

3.6 9

81 .96

SNBI2

SNB 3

2.64

80.5 5

84.0681.4

0

0125.393

SNB 1

SNB 2

77.53

t

105.512

Mean
difference

79.Q4

21

Sig
(2-tailed)
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Table 9.129 and 9.130 show the pre and post surgical SNB angle and the change

in SNB greater than twelve months post surgery for inferior repositioning.

There was no statistically significant relapse.

Table 9.130. T -Test for angle SNB for inferior repositioning.

One - sample test (df :12).

1. 95 % Confidence lnterval of the Difference - lower.

2. 95 % Confidence lnterval of the Difference - upper.

Table 9.131. Mean angle SNB for advancement n:45.

Includes angle at surgery (SNB 1), immediately post surgery (SNB 2 ), change

between the two (SNB L2 ) , final angle (SNB 3 ) and the change in angle since

surgery (SNB 23 ).

0.261.66o.32

SNB 1

SNB ?

SNBl2
SNB 3

SNB 23

1.06

0.71

0.63

o.76

Standard
Deviation

6.86

4.61

4.09

4.9 3

Mean

86.21

85.58
-0.64
I s.89

Standard
Error

83

o.67

77.82

-0.93
0

o.732

67.619

-0.3 5 1

2.11

80.41

-0.1 3SNB 23

SNB 3
3.99o.23

0

0.0312.45SNBl2

?

81.11

83.177.9768.472

78.42

80.5 3

SNB 1

SNB 2
7 5.73o63.s32

1

Sig
(2-tailed)

tMean
difference
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Table 9.t31, and 9.I32 show the pre and post surgical SNB angle and the change

in SNB greater than twelve months post surgery for anterior repositioning.

There was no statistically significant relapse.

Table 9.132 T -Test for angle SNB for advancement .

One - sample test (df :44).

1. gS ø Confidence lnterval of the Difference - lower.

Z. 95 % Confidence lnterval of the Difference - upper.

0.84-o.2o.2?11.242

SNB 2 85.5I
SNB12 -0.64
SNB 3 85.89

SNB 23 o.3z

87.4384.3 60112.882

0.64

84.14

-1.91
0

o.3?- 1 .007

87.01't20.25
88.3 584.070

t

81.361

Mean
difference

SNB 1 86.21

21

Sig
(2-tailed)
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9.5.2. Mandibular plane angle (SN - Go - Me)'

Table 9.133. Mean mandibular plane angle (MPA) for superior repositioning

n: 42.Includes angle at surgery (MPA 1), immediately post surgery (MPA 2 ),

change between the two (MPA 12l , Íinal angle (MPA 3 ) and the charrge in

angle since surgery (MPA 23 ).

0.s3
7.36

3.571.79MPA 23

1.131 .69MPA 3

0.85.4- 3.3

MPA 2

MPA 12

1.06

Standard
Devi at i on

8.1 8

7.O8

33.2

2 9.89

Standard
Error

1.?2MPA I

Mean

Table 9.133 and 9.134 show the pre and post surgical mandibular plane angles

and the change in the angle greater than twelve months post surgery for

superior repositioning. There was statistically significant relapse long term

(MPA 23).
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Table 9J1.34 T -Test for mandibular plane angle for superior repositioning.

One - sample test (df =44).

1. 95 % Confidence lnterval of the Difference - lower.

2. 95 % Confidence lnterval of the Difference - upper.

Table 9.135. Mean martdibular plane angle for inferior repositioning n = 13.

Includes angle at surgery (MPA 1), immediately post surgery (MPA 2 ),

change between the two (MPA 1-2 ) , final angle (MPA 3 ) and the change in

angle since surgery (MPA 23 ).

2.5 5

o.7z2.630.54

MPA 3

MPA 23
9.1 933.08

1.856.68-0.1 5MPA 12
2.5 B9.2932.54MPA 2

3.22.1 1.6232.7MPA 1

St a nda rd
Error

Standard
Devi at i on

Meart

2.87

29.45

o.72

0

0.002

28.87

3.374

31 .69

1.79

MPA 3

MPA 23
3 3.9

-1.68-4.9?04.1 07-3.3MPA 12
32.O227.77028.337

33.2

2 9.89MPA 2

3 5.6630.74027.2?3MPA I
2I

Sig
( 2-tailed)

tMean
difference
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Table 9.135 and 9.1,36 show the pre and post surgical mandibular plane angles

and the change in the angle greater than twelve months post surgery for

inferior repositioning. There was no statistically significant relapse.

Table 9.136 T -Test for mandibular plane angle for inferior repositioning.

One - samPle test (df :I2).

L. 95 % Confidence lnterval of the Difference - lower.

2. 95 % Confidence lnterval of the Difference - upper.

Table 9.137. Mean mandibular plane angle for advancement n :45.

Includes angle at surgery (MPA 1), immediately post surgery (MPA 2 ),

change between the two (MPA 12 ), final angle (MPA 3 ) and the change in

angle since surgery (MPA 23 ).

4.72 o.73

4.73 o.73

6.1 4 0.9 s

3.69 o.57

27.64

0.008

2.7.67

0.003 3

MPA 1

MPA 2

MPA 12

MPA 3

MPA 23

Standard
Devi at i on

Standard
Error

7.13 1.127.56

Mean

?.13

?7.53

-1.05o.4710.7440.s4MPA 23

3.88

38.64012.97933.08MPA 3

1

25.67

26.92

-4.190.93 s-0.08 3-0.1 5

MPA Z

MPA 12

39.72

38.1 50

t

10.1 47

12.63s

32.7

32.54

oMPA 1

2

Sis
(2-tailed)

Mean
difference
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Table g.t37 and 9.138 show the pre and post surgical mandibular plane angles

and the change in the angle greater than twelve months post surgery for

anterior repositioning. There was no statistically significant relapse.

Table 9.L38 T -Test for mandibular plane angle for advancement.

One - samPle test (df :44)'

1-. 95 % Confidence lnterval of the Difference - lower.

2. 95 % Confidence lnterval of the Difference - upper.

1.19-1 .'t 20.9540.0590.003 3MPA 23

29.5925.760

0.1 09

29.1 8627.67MPA 3

-1.4 1 560.9140.008MPA 12

29.78

29.11?6.17037.93

27.56

27.64

MPA 1

MPA 2

25.34o25.041

2I

Sis
( 2-tailed )

tMean
difference



9.6.Influence of occlusal plane. 
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(Occlusal plane to Frankfort horizontal).

Table g.l3g. Mean occlusal plane angle for superior repositioning n: 42.

Includes angle at surgery (Occ 1), immediately post surgery (Occ 2 ),

change between the two (Occ 12 ) , final angle (Occ 3 ) and the change in

angle since surgery (Occ 23 ).

o.42?.820.89Occ 23

0.96.O713.36Occ 3
0.895.96-o.23Occ 12

0.895.9412.5Occ 2

o.744.9312.7Occ 1

Standard
Error

Standard
De vi ati on

Mean

Table 9.1.39 and 9.140 show the pre and post surgical occlusal plane angles and

the change in the angle greater than twelve months post surgery for superior

repositioning. There was statistically significant relapse long term (Occ 23).
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Table g.t40 T -Test for occlusal plane angle for superior repositioning.

One - samPle test (df :44).

t. 95 o/o Confidence lnterval of the Difference - lower.

2. 95 % Confidence lnterval of the Difference - upper.

Table gJL41.. Mean occlusal plane angle for inferior repositioning n = 13.

Includes angle at surgery (Occ 1), immediately post surgery (Occ 2 ),

change between the two (Occ L2 ), final angle (Occ 3 ) and the change in

angle since surgery (Occ 23 ).

15.17 8.23 2.?8

2.9 5 4.99 1.38

15.38 7.3? 2.O3

o.z1 4.46 1.24

Occ 3

Occ 23

Occ 12

Occ 2

Mean Standard
De vi ati on

Standard
Error

12.?2 5.46 1 .51Occ 1

1.740.0050.0392.1250.89Occ 23

15.1911.5401 4.7 66

-o.?.3

13.36Occ 3

1.56

11 .22

10.68

-?.0?0.798-o.?57Occ 12

14.26

Sig
(2-tailed)

o

o14.07512.5

Occ 1

Occ 2

14.1817.62512.7

21

tMean
difference
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Table g.I41, and 9.142 show the pre and post surgical occlusal plane angles and

the change in the angle greater than twelve months post surgery for inferior

repositioning. There was no statistically significant relapse.

Table g.l42T -Test for occlusal plane angle for inferior repositioning'

One - samPle test (df =I2).

t. 95 o/o Confidence lnterval of the Difference - lower.

?. 95 % Confidence lnterval of the Difference - upper'

Table 9.143. Mean occlusal plane angle for advancement n = 45.

Includes angle at surgery (Occ 1), immediately post surgery (Occ 2 ),

change between the two (Occ 12 ) , final angle (Occ 3 ) and the change in

angle since surgery (Occ 23 ).

2.9

10.96

-2.49

2.134 0.054

7.578 0

0.1 66 0.87 1o.21

Occ 1

Occ 2

Occ 12

Occ 3

Occ 23
15.38 19.8

20.1 5

s.97

8.92

10.2

-0.0062.95

t Sig
(2-tailed)

8.07 0

6.644 0

1?.?2

15.17

15.52

21

Mean
difference

0.45

0.81

Occ 23

Occ 3

Occ 12

?.89

5.27

2.96

Occ 2

Occ 1

13.85 s.08
12-.84

Mean

1

-0.003
13.81

4.51

Standard
Deviation

Standard
Error

0.46

o.7B

o.7
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Table 9.I43 and 9.144 show the pre and post surgical occlusal plane angles and

the change in the angle greater than twelve months post surgery for anterior

repositioning. There was no statistically significant relapse.

Table 9.1,44 T -Test for occlusal plane angle for advancement.

One - sample test (df :44).

t. 95 o/o Confidence lnterval of the Difference - lower.

2. 95 % Confidence lnterval of the Difference - upper.

15.45

o.87

12.17

-0.93
0

o.939-o.o7 7

13.81

-0.003Occ 23
16.999Occ 3

1.920.0080.034?."t941Occ 12

1 5.4312.260"t7.667
12.84

13.8sOcc 2

14.2511 .44018.438Occ 1

21

Sig
(2-tailed)

tMean
difference
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9.7. Other factors

9.7.1.. Single iaw surgery (Maxilla only) vs Bimaxillary

surgery.

Table 9.1.45. Single iaw surgery (Le fort only) versus two iaw surgery (Others)

for superiorly repositioned maxillae before (1) and after surgery (2) utilising

points A, ANS, PNS and MAX.

l. 95 o/o Confidence lnterval of the Difference - lower.

2. 95 % Confidence lnterval of the Difference - upper.

Mean

4.'12

2..74

3.32

4.5 6

2.73

3.5

dev, std Er

0.69 2.67

3 0.65 1.4

Min : Max

8.85

9.08

9.08

10.2

9.81

10.2

2

5.sI
4.08

6.22

4.?3

4.61

4.65

3.47

3.5I

-0.49
0.65

0.1 6

0.006

0.49

-0.4 6

-0.4

AY1

, Total
ANSYl , Lefort

:Others

, Total
PNSYl,Lefort

Lefort

ers

1 41

th 1

1

3.46

3.71

3.68

2.86

2.87

?.87

2.63

2.48

2.56

z.o4

2.O4

z.o?

1.81

2.05

1.93

2.5

1.87

7.13

2.67

2.28

2.44

0.48

0.79

4.73

0.5 s

0.66

0.s6

0.43

0.6

0.49

0.38

o.47

0.3

o.4?

0.4

o.?9

0.5 7

0.37

o.32

0.61

0.45

0.36

?.35

2.89

1.29

2.39

1.89

1.85

4.21

3.5 4

4.'t7
-1 .71

-1.69
-1.41

-?.06
-1.81

-1.66
-1.75
-1.34

-o.9I
-2.07
-2.07
1.O7

0.77

0.77

-4.58 '

8.46

2.69

3.68

3.68

2.3?

4.5

4.5

4.73

2.66

4.73

,Others ?6

Total i 45
Lefort , 1 g

...i

Othersl ?6

Total . 45
AYZ ,Lefort , 19

11

MAXYl

1

-7.O4

-7.O4
0.4

Others,

' Total ,

PNSY2,Lefort
,Others

: Total

MAXyZ, Lefort
Othe rs

Total

-1.19
-0.99

-1 .07
-0.5 6
-0.s9
-0.58
-o.7 9

-1.38
-1.13

-5.7 4

-4.48
-5.7 4

-7.89
-5.21

45

19

26

45

21

o7

.3

879
.89 ,

04,
4.73

2.66

4.73

-7

86 7 89
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Table 9.145 anð.9.146 compare magnitude of shift at surgery and post surgery

between single jaw procedures and two iaw procedures for superior

repositioning. There was no statistically significant difference in relapse

between the two grouPs.

Table g.l46.Singte iaw surgery (Le fort onty) vefsus two iaw surgery (Others)

for superiorly repositioned maxillae before (1) and after surgery (2) utilising

points A, ANS , PNS and MAX. - ANOVA'

'Sum Of

Between gP 21 .062
Within gp

df Mean Sq ,

21.062- 
l

10.212 ,

36.677

13.038

9.992

8.208

9.412

6.47 4

0.218

4.1 6

0.4562

3.809

0.0014

4.633

3.82 8

6.011

sigF

?.062AY1 , 0.1 58

2.813

1 .217 o.?76

't.454 0.23s

0.0s3 0.82

0.119 o.73?

0.003 0.9 5 s

ANSYl

ANSY2

Total

Between gP

Within gp

Total

439.131

460.1 93

36.677

560.627

597.304

9.992

352.965

362.957

9.41?

1

PNSYl Between gP

Within gP

Total

MAXYl ,BetweengP

I Within gP 778.388

Total

Between gP

287.8

AY2 0.21 I
Within gp

Total

Between gP

Within gP

Total

43

44

1

43

44

1

43

44

PNSY2 BetweengP

, Within gP

Total

MAXY2 , Between gp

Within gP

Total

178.88

179.098

0.452

163.807

1 64.2 59

0.002
't99.?34

199..249

3.82 8

?58.476

262.304

43

44

1

43

44

1

43

44

1

43

44
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Table 9.147. Singte iaw surgery (Le fort only) versus two iaw surgery (Others)

for inferiorly repositioned maxillae before (1) and after surgery (2) utilising

points A, ANS and PNS.

1. 95 % Confidence lnterval of the Difference - lower.

2. 95 % Confidence lnterval of the Difference - upper.

-N
5

,Std

6.?8

- 5.6

1EtdSdeV 2 Min Max

-1.95
-1 .25

-1 .25

-2.2
-1 .49

-1.49

AYl Lefort

OthersÌ

Total 
'

Lefort

1 .91

?.11

1.98

2.7 4

?.43

0.46

1.72

1.38

1.43

3.34

?.75

1.s8

't.8

0.86

0.75

0.5 5

0.95

o.97

o.67

o.2

0.61

0.38

0.89

0.81

-1.53 | -6.6?.

-1.54 i -6.7

:2.34 | -6.7
-1.64 -7.7 4

-9.69
-9.69

o.21

0.5

o.12

2.44

8

13

5

B

13

5

13

3

-1.74-6.33

o8

744

-5

-4

ANSYl

Othe rs

Total
LefortPNSY

Othe

fort

1

I
-0.3 5

1.4

-2.38
-1 .54
-1.13
-o.92
-0.26
-0.54

-1 .123
-3.86
-3.86
-0.5 s

-1.9s

o.o4

o.92

2.63

8.48

8.48

3.49

10.88

2.41

1.84

2.41

o.9?

AY2 Le

Total

Others, 87

1.42

2

1.78

0.54

0.3

0.39

i Total ,

ANSY2,Lefort ,

,Othersi

r total .

4.03

3.22

3.O7 -1

3.3 9 0

5.37 .-1.94
3.72 : -1 .94

10.88

1

-1 .7
-0.6 5

PNSY2,Lefort 2.77 -2.23
:Othersl

Total i

i 1.14 r o.4 1.25 -1 23

1.36 i 0.38 -0.4 3 1.2'l -2.23
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Table 9.147 and 9.148 compare magnitude of shift at surgery and post surgery

between single jaw procedures and two jaw procedures for inferior

repositioning. There was no statistically significant difference in relapse

between the two groups.

Table 9.148. Single iaw surgery (Le fort only) versus two iaw surgery (Others)

for inferiorly repositioned maxillae before (1) and after surgery (2) utilising

points A, ANS and PNS . - ANOVA.

PNSY2

0.0921 .031 0.768ANSY2

AY2

Total

ANSYl
12

111

AYl

1

Sq

11

df

12

2.OO4

12

1.052 :

45.9 1

Total

Within gp

1

11

12

1

11

12

'Betweengpr

, Within gp

. fotat

4.544

7.833

1.052

1.967

11

17

1

11

0.17 4 :

6.425

Between gp

Within gp

Total

Sum Of Sq

1.1

Sig

0.61 I

0.1

F

o.264

47.O11

0.17 4

70.676
70.85

' Total

Between gp

Within gp

Total

, ?1.642
' 22.694

Between gp, 4.544
Within gP 86.1 68

', 90.712

1 .031

123.671

12_4t701

0.1 73

' 22.O41

, 22.215

Between gp,

P N SY 1 Between gp

Within gp
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Table g.74g. Single iaw surgery (Le fort only) versus two iaw surgery (Others)

for anteriorly repositioned maxillae before (1) and after surgery (2) utilising

points A, ANS and PNS.

!. 95 o/o Confidence lnterval of the Difference - lower'

Z. 95 % Confidence lnterval of the Difference - upper'

Mean

3.5 9

3.97

3.91

-1.06
-1 .73

-1

1.15

o.37

0.3 5

1.3

0.3 s

0.3 s

1.44

0.36

0.36

o.47

o.23

0.5 5

0.2 5

o.23

o.47

o.27

o.?4

rStd deVJ std

2.81

I 2

6.54

4.71

4.62

0.64

O.28 ' 6.95

4.98

' 4.88

' Min
1.2

0.64

Er Max

8.96AX1 Lef ort ,

Others

Total
Lefort

PNSXl:Lefort

AX2
Total

Lefort

, Total ,

ANSXz:Lefort

Othe rs'

Total
PNSX2.Lefort

, Others:

1 Total i

N

6

36

42

6

, 3.21 0.64 8.96

7.79

9.75

7.96

9.75

10.23

o.23

1.87

1.87

o.44

2.33

2.33

36ANSX

othe

36

4Z

6

36

42

6

36

42

6

36

42

6

36

42

4.28

4.19

3.51

4.3 5

4.23

-1.63
-o.77

2.1 5

2.36

1.15

1.35

1.35

1.34

49

14

5.08

4.97

1.29 )

0.3s.
0.3 5

0.59

0.19 :

-?"7 5 '

-4.01

-4.01 l

-3.2.9 ,

-4.45:
-4.45'

-4
-4

Othe r

0.19 , 8.53

10.23

73

95

-0

1.

0. 1

1

6

1.56

32

14

.5

-1.53
-2.93
-1 .44
-1.5

-o.42
-0.32
-0.48
-o.32.

0

0

-0.3 6

-0.53
3.22

-1

-3

15 44

0.s 2.7 ì o.24

o2 3.2?
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Table 9.L49 and 9.150 comPare magnitude of shift at surgery and post surgery

between single jaw procedures and two jaw procedures for anterior

repositioning. There was no statistically significant difference in relapse

between the two groups.

Table 9.150. Singte iaw surgery (Le fort only) versus two jaw surgery (Others)

for anteriorly repositioned maxillae before (1) and after surgery (2) utilising

points A, ANS and PNS . - ANOVA.

1.473 o.232

o.242

3.767AX2

PNSXl

0.5060.451ANSXl

0.1 41Between gpAXl
Meandf

5

FSq

40

41

41

2.137 0.152

3.526

9s.75 3

99.279

3.526

2.394

z?4.289
227.998

3.767

70.51 1

7 4.278

3.111

88.22

91 .331

3.1 1

2.20

40

41

1

3.708
5.607

40

41

2.276

5.052

0.736

5.218

sig

0.709

40

41

1'PNSXZ Betweengp

Within gP

Total

Within gp

: Total

ANSX2 ,Betweengp

Within gp

Total

i W¡th¡n gp 208.731

Sum Of Sq

0.736

, Within gp

, Total l

, Betweengp

Total ZOg.467
Between gp ?.ZZ 6
Within gp 202.065

Total ZO4.341.

Between gp 3.708
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9.7.2. Early relapse vs late relapse.

Table 9.151. Comparison of patients followed up for less than average time (2.6

years) and those followed up longer . Examines patients before (1) and after

surgery (2) utilising points A, ANS, PNS and MAX. Superior repositioning.

1,. 95 % Confidence lnterval of the Difference - lower.

2. 95 % Confidence lnterval of the Difference - upper.

3.5

2.98

2.12

2.72

5.06

4.66

-0.8 9

-0.6 2

-0.81

3.08

3.66

3.23

3.3 6

4.44

3.68

3.0s

2.42

?.87

2.s8

2.s9

2.s6

2.O2

2.67

1.89

?.44

0.5 5

0.98

0.48

0.6

1.19

0.5 5

0.5 5

0.6s

0.43

0.46

0.69

0.38

0.36

0.5 6

0.3

0.3

0.6 5

0.89

4.52

s.2 9

4.3
:

488
5174,
4.61 

.

4,1 
,

3:52 
,

3.5I
6.01

6.1 6

5.71

-0.1 6

16

-4.27
-4.21
-4.2_7

-2.07
-1 .49

-2.07
o.77

¿sr Std 1

2.26

1.06

2.35

2.41

0.61

2.39

1.87

o.7z

1.85

2

16

Total
PNSYl <=2.6

>2.6

MAXYl

Total
<=2.6

>2.6

Total
<:2.6AY2

B

11.9

3.17

4.17

1.63 ,

1.43

o.77

>?.6

Total
ANSYz' <=2.6

PNSY2'<=2.6

>2.6

Total
MAXY2 <=?.6

>2.6

3

14

45

31

Total 45

-o.?

-o.67

o.78

014
0:68 

.

0.006 '

0

-7.O4

-4.5I
-7.O4

-4.5I

7

2

0.6

-1 .42

-1.88

-0.6 3

' -1 .O7

- 2.0s
-1.66

1

-0.0021

o.4?

0.45

o.32

0.48

0.51

0.36

4.5

4.73

1.5

4.73

4 -1.4',|

-1.13

, 4.73

, 0.51

', 4.73
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Table 9.151 and9.152 comPare magnitude of shift at surgery and post surgery

between patients followed for less than 2.6 years (early relapse) and those

followed for longer than 2.6 years (late relapse) for superior repositioning.

There was no statistically significant difference in relapse between the two

grouPS.

Table 9.152. Comparison of patients followed up for less than average time (2.6

years) and those followed up longer. Superior repositioning - ANOVA.

Sum Of Sq' df

1.61 0.266

6.063

sig

0.044 0.83 5

0.153 0.698

0.866 0.357

0.232 0.632

0.1 83 0.671

1.O72 0.306

0.354 0.555

0.609

F

AY 1 Between gp 0.471
Within gP' 459.221

Total 460.1 93

ANSYl ,Betweengp,

Within gp I

'

I otal

PNSYl Betweengp

Within

Total

1

43

44

44

1

o.471

10.691

2.112

13.84?

7 .166

8.27 4

1.545

6.657

0.759

4.147

3.997

3.727

1.626

4.596

M AXY 1 Between gp,

Within gP

AY2
Total 

.

Between gpl

Wìthin gp 
'Total 
i

AN SYZ Between gp

Within gP

PNSY2

Total

Between gp:

2.112

362.957
:

i .545 |

286.256,

287.8,

0.759

178:339

179.098

3.997

160.262

164.259 ,

43

44

43

44

1

43

44

1

43

44

1.626

Total ' 1gg.Z4g

1

43

MAXY2 Between gp

With¡n gp ,

Total

44

1

43

44
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Table 9.L53. comparison of patients followed up for less than average time (2'6

years) and those followed up longer. Examines patients before (1) and after

sufgery (2) utilising points A, ANS, and PNS . Inferior repositioning'

1. 95 Vo Confidence lnterval of the Difference - lower'

2. 95 % Confidence lnterval of the Difference - upper'

N

9

4

13

4

13

2

-2.

0.151

54

2.19

1.98

1.44

o.79

1.38

1.79

4.3?

2.75

3.22

1.43

0.61

1.36

Mean ,Std Min
-6.7

-6.22
7

-1

Max

-1.59
-1.25
-1 .25

-1.49
-2.37
-1.49

86

74

86

06

95

95 8.48

AY1 <=2.6

Total
ANSYI ' <=2.6

>2.6

PNSYl
Total
<=2.6

>2.6

ANSY2

Total
<=2.6

>2.6

Total
PNSY2" <=2.6

>2.6

Total 13

>2.6

0.s5

0.68

1 .71

o.67

. 0.48

0.4

0.3I

?.16

-5.19
-6.7 9

-4.7 4

-5.37

-2.34
-2.25
0.s9-4.84

-4.13

-10.27
69.

-1.1
1

94

.6

94

23,
23

0.04

0.92

0.92.

4.47

2.41

o.os

2.41

0.1 s

-0.71

0.8s

2.66

1.4

1.2'l

3.04

1.78

o.79

-0.5 2

0.39

-1.11

-'r .54

-0.53
-4.22
-0.2 6

-o.1 99

4

13

9

0.61 6s3.

10.88

10.88
2.72

0.89

0.48

0.3

0.38

49

43 t, -2 23

-5.61

3

-0 1
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Table 9.1,51 and 9.152 compare magnitude of shift at surgery and post surgery

between patients followed for less than 2.6 years (early relapse) and those

followed for longer than 2.6 years (late relapse) for inferior repositioning.

There was no statistically significant difference in relapse between the two

grouPS.

Table 9.154. Comparison of patients followed up for less than average time (2.6

years) and those followed up longer. Inferior repositioning - ANOVA.

't2Total

Within gp

1Between gprPN SYz

0.3 680.8839.26 5

o.2931.218AY2

't?

: Between gp o.1372. s8PNSYl

1 o.475 0.505ANSYl

0.789Between gp,AY1

df Sig

otal

with

1

F

1Z

11 10.494

12

12

11

0.075

7.424

9.O44

4.245

Total 90.712

9.265

1 1 s.436

124.701

4.785

17.43

?2.215

4.785
1.585

Within gp ,

Total i

11hin gp

Total

Between gp

4.312
1 .671hin gp

2.932
6.17 4ln gp

11

12

Within gp

Total

Between gp

Mean Sq

0.31 9

ANSYZ : Between gp

Sum Of

0.31 9

46.692

47 .O11

2.932

67.918

70.85

4.312

18.382

2?.694

9.O44

81.667
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Table 9.155. Comparisorr of patients followed up for less than average time (2.6

years) and those followed up longer. Examines patients before (1) and after

sufgery (2) utilising points A, ANS, and PNS .Anterior repositioning.

l. 95 o/o Confidence lnterval of the Difference - lower.

2. 95 % Confidence lnterval of the Difference - upper.

N ìstd devi Std Er ,l 2

4.61

5.51

4.62

4.77

5.9 5

4.88

0.48'
-0.5 5

-o.21

-0.5 9 ,

-0.49 i

-0.002 
'

Max

8.96

7.79

8.96

9.75

7.96

AXl '<=2-6

' >2.6

ANSXl 2.6

Total

' 2.31 : 0.45 2.78

15 , 2.1

" 2.2
'0.S0
I

i0.35
0.43

0.s7

0.34

3.0

1 .89
1.33

9

6

9',
1Total

?.23 i

2.?1 :

?.23 :

2.44 ;

3,
4.72

3.89

4.84

4.23

-1.1
-0.s3

9.7 5

10.23PNSXl'<=2.6
) >2.6

4.86

AX2

I

Total
', <=2.6

' >2.6
:

0.5 5

0.36

0.27

0.3

01

27,

8.s3

10.23

1.67

1.87

1

1

1

1

1

1

1 o.23o6

15

77

o?

Total
ANSXz <=2.6 -1 .22

-o.77
.7

01

49

>2.6

Total
<=2.6X2l z7
>2.6

4?

1.66 , 0.3? -1.81

0.3 s 1.53

-1.5o.24

PNS -1

Total

1.36

1.56 -0.s3 | -4
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Table 9.151 and 9.152 comPare magnitude of shift at surgery and post surgery

between patients followed for less than 2.6 years (earty relapse) and those

followed for longer than 2.6 years (late relapse) for anterior repositioning'

There was no statistically significant difference in relapse between the two

SrouPS.

Table 9.156. Comparison of patients fotlowed up for less than average time (2'6

years) and those followed up longer. Anterior repositioning - ANOVA'

Total

PN SXz 0.56 1 0.458

ANSX2 0.356

^x2
0.193

PNSXl

ANSXl 1.368

1

Sq

tnw¡th

Between gP

1 .597 
" 

O.214

o.249

5.149

3. s08

Within gP ,

Between gpì

99.279

Sq

1

40

41

1

40

41

p

1.373

2.448

1.949

?.235

3.122

1.779

8.7s3

5.481

6.7 56

4.94

df
1

40

41

Sig

o.414
Mean

?27.998

F

0.681

Between gp,

Within gP

Total

Within gP

Total

40

41

1

40

41

1

o.872

3.122

71 .1 56

2A9 467

6.756

197.585

Between gP 3.508

205.96
Total

7 4.278

1.949

89.382

91.331

1.373

97.906

Sum Of



267
9.8 Complications following Surgery.

Table 9.157. Complication rates for the L00 patients undergoing Le Fort I

osteotomies.

2o/o

5o/o

6o/o

2o/o

0o/oDental Complication

Plate removal

T.M.J. Disorder

Parathesia

lnfection

lncidence

1 o/oHaemorrhage

Complication

9.8.1 Intraoperative haemorrhage.

Average blood loss in this series of patients was estimated as:

L. Le Fort I osteotomy : 350 (200 -550) mls .

2. Le Fort I and a mandibular procedures: 600 (250 -1200) mls.

3. Le Fort I/ mandible/ and iliac bone graft: 820 (600 - L200) mls.

As would be expected the more complex the surgical procedure the greater the

expected blood loss. The maxillary osteotomy, due to its greater vascularity had

greater blood loss than isolated mandibular osteotomies. Based on these

findings and the age and health of the patient undergoing surgery use of

autologous pre donated blood is indicated only in the more complex cases.

Only one of the hundred patients had a brisk, general haemorrhage during a

Le Fort I osteotomy. It was characterised by a generalised ooze from all
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surgically treated tissues rather than from specific vessels. The operation was

expeditiously performed and completed in around one hour. Two units of the

patients pre donated autologous blood were returned on closing. Bleeding

studies were undertaken (INfÇ APTT, platelets) and no abnormalities seen.

The patient was transferred to the intensive care unit for close monitoring.

The bleeding slowed dramatically on closing. An estimated2,900 cc of blood

was lost. lHis 24 hour post operative haemoglobin was 7.6 gldl. (A substantial

amount of haemodilution would still be expected.) The patient , aparl from

being tachycardic, maintained an adequate blood pressure without any other

clinical signs.

A transfusion of homologous blood was discussed but refused by the patient.

His post operative recovery r,r.'as otherwise uneventful with a stay in hospital

of only one day longer than the average.

He was subsequently investigated by the haematological unit of the Royal

Adelaide Hospital. O.ly a slightly extended bleeding time was noted secondary

to a probable platelet function disorder. No other abnormalities were found.

9.8.2 Imme diate p ost operative complications.

Only one patient experienced immediate post operative bleeding. On day one

post surgery bleeding commenced that could not be controlled with nasal

packing. She was returned to theatre and the maxilla remobilised. The bleeding

was identified from the descending palatine artery. This was ligated and she

experienced no further problems.
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One other patient sustained a fracture of the anterior superior iliac spine post

an anterior iliac bone graft. On mobilising at day one he heard a'crack' and

experienced severe pain and parathesia of the lateral cutaneous nerve of the

thigh. After an orthopaedic consult rest was arranged and no active

management initiated. The gait disturbances and altered sensation dissipated

over the next 6 weeks.

9.8.3 Delayed post operative complications'

9.8.3.1. Parathesia of the infraorbital nerye'

Two patients experienced infraorbital parathesia greater than 12 months post

surgery . They had unilateral (both right sided) change in sensation (light

touch, and two point discrimination, not pain) associated with the distribution

of the infraorbital nerve. This was of no functional concern for them.

9.8.3.2.Infections.

Five patients from this series experienced post surgical infections. All

developed them greater than 4 weeks post surgery. All appeared to be related to

the bone plates used. One of these patients developed an infection in a cyst

associated with a retained bone plate l-2 months after her surgery' This required

enucleation of the cyst and removal of the plate under general anaesthesia as

an inpatient.

The other 4 patients had their infections treated with simple incision and

drainage under local anaesthetic, followed by a course of oral antibiotics' Two

subsequently went on to have their plates removed'
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9.8.3.3 Plate Removal.

Six patients in all have had their bone plates removed including the three

mentioned above secondary to infections. The other three elected to have

theirs removed due to the ability to palpate them and the occasional dull ache

associated with them.

9.8.3.4 TMJ disorders.

Two patients developed TMj pain post surgery. Both had bimaxillary

procedures. Both responded to non surgical measures (including exercises ,

NSAID's and bite sPlints)'

Two other patients had TMI disorders prior to surgery which continued post

surgery. No case had TMj disorders which resolved with orthognathic surgery

9.8.3.5 Dental ComPlications.

No patients in this series had dental complications that could be related to the

maxillary surgery. It was noted in two patients that the apices if the upPer

canines were damaged during the maxillary osteotomy but no long term post

operative sequelae occurred . The teeth remained non responsive to vitality

testing in both patients over twelve months post surgery, but so did their other

anterior teeth. None of the teeth became discoloured'
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Errors of the Method.

L0.L Errors of Method.

The magnitude of errors in the horizontal and vertical axes for ten sets of

double determinations were calculated and summarised in Tables 10.1 and

10.2. The maximum mean difference measured in both the vertical and

horizontal axes was 1.10 mm.The mean differences in the vertical dimension

showed greater error when compared to the mean differences in the horizontal

dimension. The errors for the mean differences varied from 0.09 to 0.75 in the

horizontal axis and from 0.19 to 1.10 in the vertical. The standard errors of the

mean differences varied from 0.08 to 0.28 in the horizontal axis and from 0.08

to 0.22 in the vertical axis.

The most variable point in identification in the horizontal plane was the point

posterior nasal spine rvith a standard error of the mean being measured at 0.28

mm. Discrepancies in the location of this point ranged from - 0.55 to 2.44 mm.

in horizontal. In the vertical direction, the most variable point was condylion

with a standard error of the mean being measured at 0.22 mm. Discrepancies in

the location of this point ranged fuom -2.26 to -0.33 mm. in the vertical plane.

The most reliable point in the horizontal plane was the point sella with a

standard error of 0.08 mm. In the vertical plane , the most reliable point was

pogonion with a standard error of 0.12 mm.

The two tailed Student's f- test for paired values showed that the point gonion

in the horizontal plane was significant at the 1(k, (T:3.250 ) level for 9 degrees

of freedom. In the vertical plane, a number of points also showed significancc

at the ITo Level. These included pogonion, menton, anterior nasal spine,

mandibular incisal root tip, pterygoid, orbitale, and articulare. This reflects the

lower accuracy of identifying these points.
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Scatter grams for each of the hard tissue points are illustrated showing errors

in the horizontal and vertical axes.

Table 10.1 Error for 20 hard tissue points (Horizontal axis) by double

determination.

0.3211o.72-1.34-0.84o.z0.32

MART X

LMC x

1.O7171.161.67-0.48o.z20.5 2

0.38I0.540.94-0.630.17o.z4MAIT x

0.3412o.761.01-0.5 50.1 B0.34MRT x

o.2250.40.92-o.72o.170.1 BUMC x

0.144o.z90.83-0.660.1 90.1 3MIT x

1.3?161.122.44-0.s5o.?B0.5PNS x

0.0410.1 1

0.95

0.6-1 .17

0.1 3

0.1 5-0.05

Ax
ANS x

0.41B0.54-0.3 30.24

o.29100.630.8s-0.7 40.1 B0.28Bx

1-215

0.56

1.01

0.96

1.4

-0.8 3

-0.45

0.2

0.'t 6

0.25

0.45

Mex

Pgx

o.279

0.0820.20.85-1.8o.26

0.75

0.09

Gnx

Gox

1.891B1.681 .55-0.1 3o.17

0.256o.420.61-0.380.1 30.1 IArx
0.377o.47o.92-1.55o.27-o.21Cox

1.02140.941.24-0.650.1 B0.42

Orx

Bax

0.2s130.461.08-o.73o.170.3s

0.1 8

3

B0.350.88-o.270.1 'l0.24

Nx

Pox

0.09o.270.8-0.s8o.12o.12

0.072o.20.53-0.3 30.080.09Sx

VoERa nkS (error)MaxMin.E (M diff)M diffVariable
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Table 10.2 Error for 20 hard tissue points (Vertical axis) by double

determination.

0.7871.09-0.01-1 .240.1 4-0.49LMC y

0.8791.140.s8-1.630.1 8-0.51MART y

1.42181.72-0.08-2.10.1 I-0.77MAIT y

1.55

I
'l 3

17

1.41

1.68

-0.06
-0.04

-1.53
-1.64

o.'t7
o.21

-0.6 3
-0.7 s

UMC y

MRT y

o.88

0.871.12-0.02-1.'t 30.1 3-0.5MIT y

0.84

14

5

1.43

1.05-0.01-1.20.1 3

-0.54
-0.64
-0.47PNS y

1.2

-0.0 s

0.6

-1.33
-1 .17o.12ANS y

1 11101.21o.17Ay
1.O?121.390.06-1 .320.1 6-o.62

Mey

Pgv

By

1.44

?o

191.74-0.1 3-1.6o.17-0.78

1.551.83

0.06
-0.1 6-2.12o.2-o.8?

0.84

16

4

1.45

1.48

0.94-1 .170.1 4-0.42Goy

1.05-0.0 1-1.90.1 9-0.66Gny

1.0215-0.08-1 .670.1 6

-0.48
-1.1

-0.6 5

Bay

coy
Ary

1.8521

1.2s

1.O7

2.46-0.3 3

-1.83
-?.26o.?2

0.4s6-0.09o.1 6

0.611-0.08-1.090.11-0.56ory
o.4

3

2

0.89

0.5 60.34

-'t.27
-0.5I0.08-o.25Poy

0.46o.B7o.2-0.4Ny

o.371o.4?

Max.

0.45-0.860.1 6

M diff

-0.1 9
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Sy

968RankS (error)MlnE (M d¡ff)
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Figure 10.1 Differences between digitised double

determinations for sella (S).
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Figure 10.2 Differences between digitised double

determinations for nasion (Na).
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Figure 10.3 Differences between digitised double

determinations for orbitale (Or)'
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Figure 10.4 Differences between digitised double

determinations for Porion (Po)'
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Figure 10.5 Differences between digitised double

determinations for A Point (A).
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Figure 10.6 Differences between digitised double

determinations for B Point (B).
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Figure 10.7 Differences between digitised double

determinations for anterior nasal spine (ANS).
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Figure 10.8 Differences between digitised double

determinations for posterior nasal spine (PNS).
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Figure 10.9 Differences between digitised double .

determinations for max. incisal tip (MIT)'
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determinations for max. root tip (MRT)'
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Figure 10.11 Differences between digitised double

determinations for upper molar crown (UMC).
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Figure l}.TzDifferences between digitised double

determinations for mand. incisal tooth (MAIT).
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Figure 10.13 Differences between digitised double

determinations for mand. incisor root tip (MART).
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Figure 10.15 Differences between digitised double

determinations for pogonion (Pg).
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Figure 10.16 Differences between digitised double

determinations for gonion (Gn).
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Figure 70.17 Differences between digitised double

determinations for menton (Me).
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Figure 10.18 Differences between digitised double

determinations for gonion (Gn).
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Figure 10.19 Differences between digitised double

determinations for articular (Ar).
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Figure 10.20 Differences between digitised double

determinations for condylion (Co).
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Figure 10.27 Differences between digitised double

determinations for pterygoid (Pt).

r1  A I
A

A

-4.0 -3.0 -2.o -1.0 0.0 1.0 2.0 3.0 4.O

PtX

ñ
G¡

Figure 7}.zzDifferences between digitised double

determinations for basion (Ba).

¡'1 
^

A

-4.0 -3.0 -2.o -1.0 0.0 1.0 2.0 3.0 4.o

BaX



285

V

Discussioll.



286
Chapter 1-1 Discussion of E*perimental Design.

11,.1 Patient Selection.

Two hundred and fifteen case records were retrieved from the surgical files of

the Oral and Maxillofacial Surgery unit, The University of Adelaide. Of the

two hundred and fifteen patients who underwent Le Fort I level maxillary

surgery, a total of one hundred patients were accepted into the study' The

remainder of the patients records were excluded for reasons of:

f . incomplete radiographic records necessary for detailed analysis (n: 110, or

sl% );

2. syndromic patients with physical disabilities (n = 5 ot 2'3%)

Even though an established protocol exists in the o.M.F.s. unit, numerous

cases were found to have incomplete radiographic data. This was due to a

number of reasons. The records were frequently misplaced; radiographs not

being requested post surgically by the surgeon or the orthodontist, the

radiographs were ordered but not taken (radiographic department closed or

staff unavailable) or the patient was lost to follow up

The reason for lack of radiographic collection may have stemmed from the

underlying socioeconomic factors influencing the patient population

examined. Patient commitment was often low once the maior steps in

treatment were completed. IVIany of the patients were school students or

unemployed. Many on recall had moved interstate, or were travelling
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'indefinitely' overseas. Many more were country patients from areas up to 600

km's away that were reluctant or unable to make the trip to the city for long

term follow up.

Demographically the selected group studied and the group that was excluded

were similar. The average age for the group studied being 22.8 years (Range:

I3.g - 45.3 years) and the excluded groups age was 23.2 years (Range: l4J - 51-2

years). In the syndromal group of patients the average age was slightly younger

at 20.8 years (Range 14 - 36 years).

The selected sample ranged in age from 13.9 years to 45.3 years with a mean

age of 23 years. Bone age in this study could not be confirmed in this

retrospective study as hand - wrist films were not taken at the time of surgery.

Although some hand- wrist radiographs were taken at the initial presentation

and consultation with the orthodontist to assess the degree of deformity and

the timing of treatment, the decision to undertake surgery was based primarily

on the post pubertal changes as well as the chronological age. Hand - wrist

radiographs would have provided a more reliable guide to developmental

status than clinical assessment but on a number of occasions the technique of

superimposition of serial radiographs was performed for those deemed to be

still undergoing active growth.

A comparison with untreated patients matched for skeletal maturation, gender

and dentoskeletal pattern may have provided a better indication of the effects

of gror,vth. However, this would present logistical problems since the number

of patients who present for surgery is only a small proportion of the general

population. Matching untreated patients with treated patients could prove
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difficult given the limited pool of patients who are eligible for treatment at the

Adelaide Dental Hospital.

The number of females to males was similar to other studies. In the grouP

studied the percentage of females was72/r,, and males 28'/o. In the SrouP

excluded due to lack of radiographs etc. the number of males was higher at 38

individuals compared to 72 females. This reflects the overall better attendance

records of females in regards to health care (Australian Bureau of Statistics -

personal enquiry). Hence they were more likely to show up for recalls

/ reviews. Most orthognathic studies show a higher proportion of females

undergoing surgery (Franco et al 1989, Pepersack and Chausse,l'978, Proffit et al

7gg1., Perez et al 1997). This finding appears to be associated with greater

aesthetic and functional concerns.

The results of this study showed that there were no statistical difference

between genders for any of the variables (see section 12.9) hence these \^/ere

combined for each of the variables.

1'!..2 Materials and Methods.

In this cephalometric study several points or landmarks were used to describe

the changes in the maxilla. These included points A, ANS, and PNS' All of

these points have advantages and disadvantages as discussed in Chapter 3.

These points were used to help identify the magnitude of surgical movement

of the maxilla, and the amount of post surgical movement that may have

occurred
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The technique of the Le Fort I osteotomy surgically affects some of the routine

landmarks used in cephalometric analysis. The main points used in this study

included A point (Down's A point or subspinale (A): the deepest point in the

midsagittal plane between anterior nasal spine and supradentale, usually

around the level of and anterior to the apex of the maxillary central incisors

(Burstone, L978)), anterior nasal spine or acanthion (ANS, the tip of the

median sharp bony process of the maxilla at the lower margin of the anterior

nasal opening (Riolo ef. al ,1974)), and posterior nasal spine (PNS, the most

posterior point at the saggital plane on the bony hard palate (Riolo et al ,1974)).

Point A may be changed post surgically to a minor degree secondary to

stripping of the mucosa over the area and subsequent remodelling. The point

was found to be reproduciblely identifiable in the double determination

technique in Chapter 10.

Point ANS was more vulnerable to change secondary to the direct effects of the

surgery. The anterior nasal spine is often removed at surgery , especially when

anterior repositioning is being undertaken as some surgeons believe it turns

the nasal tip up causing excessive nasal projection (the 'snobs nose') (Bell 1986).

Point PNS is not directly affected by surgery but can be obscured by soft bissue

swelling.

Movement of the maxilla at the planing stage is often in a specific direction

r,r,ith minor movements in other directions. As an example when the maxilla

is to be impacted (superior repositioning) it is common practice to advance it 2

mm. This permits telescoping of the posterior rnaxilla upr,r'ards over the

posterior maxilla or pterygoid plates (Depending upon the site of disiunction)
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without the need to remove bone in this difficutt to access region. For the sake

of this study the patients were divided up into SrouPS depending uporr the

main desired direction of movement as stated in the surgical plan. (ie'

superior, inferior and anterior repositioning)'

With superior repositioning the maxilla rarely was impacted evenly' The

posterior and anterior regions were often impacted different degrees leading to

a rotational effect of the maxilla. In some situations the maxilla's movements

would result in either the anterior or posterior maxilla moving inferiorlv

while the rest went superiorly. For effective statistical comparison an overall

average impaction was calculated for each superiorly repositioned case' This

calculated number was called MAX. This was calculated from the average

change in position of both point ANS and A point'

six surgeons treated the patients in this study with variable registrar

involvement. There were two surgeons who performed ninety one percent of

the operations. The remaining four surgeons were found to have no statistical

d.ifference in the relapse rate of the patients they treated' As such they were

combined and compared to the other two surgeons to examine íf there was any

difference in stability influenced by the surgeon performing the operation'
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Chapter 12 Discussion of factors in the relapse

of Le Fort I osteotomy.

There was a statistical difference between the three directions of shift (ie.

superior, inferior, and anteriorly), as such these were analysed individually for

each variable.

12.1 Definition of RelaPse.

Reitzak (19gg) provides the best definition of relapse defining it as ' a return to

the preoperative state'. The advantage of this definition is it takes into account

relapse associated with any cause. of importance in orthognathic surgery is the

occurrence of true skeletal relapse plus co-existing orthodontic relapse, or

whether each can cause relapse on its own. Dental relapse should be

distinguished from surgical relapse but in the clinical setting this is extremely

hard to do. In all cases there is probably a comPonent of both dental and

skeletal instability. It is possible that one may 'compensate' or even hide the

other

The use of the term stability is probably preferred to relapse as relapse suggests

movement in the opposite direction to the original surgical movement

whereas stability or instabilily reflects the movement of the skeletal unit away

from its desired surgical position. The main example of this occurrence is the

continued upward 'drift' of superiorly repositioned maxillae. This may or may

not move with time back to the surgical position or 'relapse' further towards

the maxillae original pre surgical position'
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12.2 Orthodontics and occlusion.

Pre surgical orthodontic treatment is aimed at the elimination of dental

compensations and alignment of the individual dental arches to the

underlying bone.

1t2.2.1 Orthodontics versus no orthodontics.

Pre surgical orthodontics has been suggested by several authors (Welch, 1989,

Wardrop and Wolford ,L989) to be one of the factors affecting stability of

orthognathic surgery. Orthodontic preparation can affect both horizontal and

vertical dimensions (Vasir et al 1991), due to the creation of various

intermediate occlusal interferences. There is the suggestion that a lack of

occlusal intercuspation could predispose to relapse.

The difficulty in studies involving orthognathic surgery is to separate

orthodontic instability from surgical instability , and to identify the interaction

between the tlt,o. That is does one lead to the other? More overlap between

orthodontics and surgery's influence on the position of the maxillary anterior

teeth occurs due to re-an¡;ulation of the maxilla. The surgical movements

would consequently alter the angles used to measure incisor position in the

same direction as if dental relapse had occurred. In this study a minority of

patients received no orthodontic treatment (n = 11) whereas the majority had

pre and post surgical orthodontic treatment ( n: 89) , hence a comparison

between the two was made depending uPon the direction of surgery.

Forty patients of the 45 patients having superior repositioning of the maxilla

had pre surgical orthodontics to align and decompensate the dentition prior to

surgery. The remaining 5 patients had surgery utilising arch bars ligated to the

dentition to enable maxillo-mandibular fixation. Comparisons were made
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between these two groups for both the surgical movement (T1 -T2) and the

degree of instability post surgery (T2 -T3). Analysis by student t- test and

ANOVA , showed no statistical significance (p < 0.0S) being evident between

the two groups that is those treated orthodontically and those that received no

pre or post surgical orthodontics (Table 9.30 and 9.31). The wide range in both

the postsurgical groups reflects a subgroup of patients who after having

superior repositioning of their maxillae continued to drift in an upwards

direction (see discussion I2.3).

Eleven patients of the thirteen patients having inferior repositioning of the

maxilla had pre surgical orthodontics to align and decompensate the dentition

prior to surgery. Two had no orthodontics. Comparisons were made between

these two groups for both the surgical movement (T1 -T2) and the degree of

instability post surgery $2 -T3). Analysis by student t- test and ANOVA,

showed no statistical significance (p < 0.0S) being evident between the two

groups (Table 9.51 and 9.52).

Thirty eight patients of the forty two patients having maxillary advancement

had pre surgical orthodontics to align and decompensate the dentition prior to

surgery. Four had no orthodontics. Comparisons were made between these

two groups for both the surgical movement (T1 -T2) and the degree of

instabilily post surgery (T2 -T3). Analysis by student t- test and ANOVA,

showed no statistical significance (p < 0.05) being evident between the two

groups (Table 9.72 and 9.73).

Some of the studies on stability in patients receiving orthodontic correction of

their malocclusions have also shown no identifiable cause of instabiliry

suggesting it is multi factorial in nature. [n another review of orthodontic
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relapse El -Mangoury $979) examined 50 patients with orthodontic treatment

alone. They examined variables such as class I and class II dental

malocclusions. There was no significant difference between the two grouPs.

Extraction and non extraction cases and the gender of the patient were also

examined and again no difference in stability or relapse was found. Other

dental indices examined in this study included the changes in overbite and

overjet, maxillary incisal angles, interincisal angle, occlusal plane an¡;le, and

upper molar crown.

12.2.2 Orthodontics - overiet and overbite.

Changes in overjet and overbite were also examined for each of the subjects

and divided up by direction of maxillary movement at surgery. For the group

undergoing superior repositioning the average change in overjet (Table 9.115

& 9.116) post surgery was posteriorly 2.6 mm. On long term review it moved

anteriorly 0.61 mm . A change of 23%. This relapse was statistically significant

(p< 0.05). The change at surgery may reflect rotation of the maxilla on

impaction in a clockwise fashion. This would have the effect of moving the

maxillary incisal tips posteriorly. The 'relapse ' may indicate either skeletal

anti- clockwise relapse, post surgical orthodontic treatment, dental relapse or a

combination of both dental and skeletal relapse-

The overbite (Table 9.I21 e.9.122) in the superior repositioned maxillae was

increased from an average of 1.87 + I - 3.27 mm. by a very small amount at

surgery. Some relapse occurred post-surgery but this was statistically

insignificant. The change in this vertical dimension by the maxilla is

compensated for by autorotation of the mandible.

Patients undergoing inferior repositioning of the maxilla had a decrease in
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ove4et (Table g.ltz & 9.118) initially at surgery. This move remained relatively

stable long term. Overbite (Table 9.123 e 9.1.24) in this grouP increased about 1

mm post surgery which increased again by another 1 mm. on long term

revierv. This w,as found to be statistically significant (p< 0.05). This change is

more likely to reflect dental changes eg. retroclination of the lorver incisors

creating a deeper overbite.

Patients undergoing advancement maxillary procedures had an average

change in overjet (Table g.1,1,9 & 9.120) of 4.9t mm. after surgery. It relapsed

or¡y 0.24 mm. long term. This rvas statistically insignificant. The overbite

(Table g.125 sf g.126) changed only slightly after surgery by 0.14 mm but

continued to deepen rvith time a further 0.73 mm rt'hich r,vas statistically

significant (p<0.05). These changes reflect only dental changes and do nct

reflect the underlying stability of the skeletal bases'

In non surgical orthodontically treated patients follorved over several years

post treatment , Sadorvsky et al (1994) found there was a general increase in

both overjet and overbite , regardless of tl..e original malocclusion and

treatment regime. This rvas found in this study involving surgical patients

,,tith the only exceptions being the overbite in the superior repositioned group

and the overjet in the inferior repositioned group. These \\¡ere relatively stable

in the lcng term.

flL.z.3Ofthodontics - Maxitlary incisal angle and interincisal angle'

The maxillary incisal angle relates the angle of the maxillary incisors long axis

to the cranial base (ie. SN - N/tax). This may be altered both in pre and post

operative surgical orthodontics or by rotational effects of the maxilla at surgery'

The average angle prior to surgery in this study was greater than the average
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found in angle class I occlusions ie 100 -104 degrees. With the superior

repositioned group the average pre surgical angle was 111 + l-9 degtees. This

was reduced only L.2 degrees post surgery and remained relatively stable over

the long time. None of these changes were statistically significant (Table 9.103

& 9.104).

Those undergoing inferior repositioning also had a starting angle around 110

+ I - 7 .5 degrees which was reduced a significant amount post surgery (p<0.05) by

an average of  .2degrees. Over time post surgery the teeth furtherproclined a

statistically insignificant amount (Table 9.105 & 9.106).

With advancement surgery the average starting angles were reduced only 1.5

degrees. Long term post surgery they became more proclined by 2.6 degrees.

This was statistically significant (p<0.05).(Table 9-107 & 9.108)-

The maxillary incisal angle was stable in both the groups having primarily

vertical changes in the maxilla, post surgery. In the advancement group it did

relapse. This was primarily a dental problem, either in post surgery

orthodontic treatment or relapse. It is more likely secondary to further

orthodontic treatment as advancement of the maxilla will put the uPper

incisors under more pressure from the upper lip - this would more likely cause

further retroclination of the teeth.

The interincisal angle was examined but is obviously influenced by the

pt-rsition of the mandible and mandibular incisal an¡;ulation. The interincisal

angle has a normal mean of 135 degrees with a range of 130 - L50 degrees.

In the superior repositioned group the average pre-surgical angle was 124 + I -
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10.9 degrees which reflects the most common Angle class [I skeletal

relationship having superior repositioning and mandibular advancement

(either surgically or by autorotation). Post surgery this angle increased by an

average oÍ 4.4 degrees which was statistically significant, as the skeletal

relationship approached a more class I relationship. Long term this change

remained very stable.

For patients having inferior repositioning the interincisal angle was L32.5 + I -

10.7 degrees. It was increased by 3 degrees with surgery and long term moved

another degree. Both of these shifts were statistically insignificant.

In the advancement group they started with an angle of 134 degrees .This was

not changed significantly rvith surgery and only relapsed slightly. Again these

changes rvere not statistically significant.

The interincisal angle was maintained long term post surgery.

12.2.4 Orthodontics - Occlusal plane angle (Table 9.139 - 1441.

The occlusal plane is the line from the occlusal surface of the first molar to a

point midway between the tips of the upper and lower central incisors. It is of

interest in this study in helping assess rotational movements of the maxilla

during and post surgically. It is an important measure in the planning of the

final position of the maxillary and mandibular segments in cases of anterior

open bite.

In this study the average overall occlusal plane angle was higher than the

mean but within the normal range (ie. mean is 9 degrees with a range of 1 -14

degrees).
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Patients who underwent superior repositioning and advancement sur¡;ery had

little change in the angle both after surgery and at long term review. This

suggests that very little rotational movement of the maxilla occurred. In the

group who underwent inferior repositioning the angle was increased by 3

degrees. This stayed relatively stable post surgery. These changes were not

statistically significant but may reflect tipping of the maxilla downwards,

anteriorly causing autorotation of the mandible.

1t2.2.5 Orthodontics - Upper molar and lower molar crown position.

The position of the molar teeth was also examined both pre and post surgery

Any changes may reflect the underlying skeletal changes or orthodontic

movements or both. Movements at Surgery and long term post surgery were

examined in both the horizontal and vertical direction.

Taken overall (Tabte 9.82) there was statistically significant instability (p<0.05)

or movement of the upper molar crown post surgery (UMCY2). When

examining UMCY2 by direction of surgery both superior repositioning and

advancing the maxilla were stable (ie after the surgical movement and with

post surgical orthodontic movements the upper crown did not move in the

vertical dimension). Inferior repositioning was less stable. Also when taken

overall LMCY2 showed statistically significant instability (p<0.05). Again by

direction only inferior repositioning was unstable. The other directions being

relatively stable.

N¡lovement in the horizontal direction of both the upper and lower molars was

stable long term post surgery.

The instability of the molar teeth in the inferior repositioned maxillae most
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likely represents skeletal relapse. Extrusion of the molars was not evident in

this group of 13 patients. If this had occurred in the pre-surgical orthodontic

phase dental relapse would occur under occlusal forces. Hence in this series

relapse was probably secondary to skeletal relapse.

Orthodontic treatment in the surgical patient involves close cooperation

between the orthodontist and surgeon. The key is in the pre - treatment work

up, leading to a diagnosis and treatment plan. At the University of Adelaide

Dental School, the OMFS Unit and Orthodontic unit discuss cases on both an

informal and formal basis regularly. This helps reduce the possibiliry of

building in potential instability . This is borne out in this study with fairly

stable occlusions overall post treatment.

Open bite deserves special mention in regards to the possibilily of incorrect pre-

surgical treatment. Fourteen patients in this study had treatment for open bite

in conjunction with other skeletal excesses and deficiencies. Two of the

patients (14%) had evidence of a partial relapse of their openbites on long term

follow up. In both of these patients the skeletal bases remained stable post

surgery , but their was dental relapse. Most sfudies of anterior open bite have

found that incorrect pre surgical orthodontic treatment and incorrect diagnosis

of the open bites etiology (Denison 1989, Hopperuijis et al. t997), to be the

main causes leading to relapse. Orthodontic camouflage of a skeletal problem

will result in the return of the open bite once the orthodontic apparatus is

removed. Denison et al (1989) examined stability of maxillary surgery betr.t'een

openbite and non-openbite malocclusions. They found 2l% of patients with

pre-treatment openbite suffered post treatment relapse. They suggested this

wasn't due to skeletal relapse but may be related to the influences of orofacial

musculature - tongue posture and hypotonic buccal musculature. Hence to
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obtain stability of the openbite corrections it is mandatory that the etiology

must be identified and removed

Haymond et al (199L) found a fourteen percent relapse rate in a series of 38

patients his group treated with Le Fort I osteotomies. These patients were

fixated with miniplates and followed from one to five years' Ooly orre had true

skeletal relapse, the others dental. Most of the relapse was attributed to

transverse relapse of orthodontically expanded maxillary molars'

Hoppenreiiis et al (1997 & 1-998), exaÛIined a large number of patients (267)

treated surgically for anterior oPen bite. They were followed from 20 - 71'0

months post surge ry. t9% of the patients showed relapse post surgery' This was

due partly to dental relapse (orthodontic relapse) and the wrong skeletal

diagnosis. Most anterior open bites are a segmental problem, so should be

treated segmentally. They also thought the continued influence of the soft

tissues may PlaY a role.

Lo et al (1998) , examined the problem of orthodontic extrusion of anterior

teeth prior to surgical correction of an anterior open bite' They conclude that a

moderate amount of extrusion or a lack of extrusion are both stable long term

and had littte influence on the post treatment stabitity of open bite'

Relapse in the two patients in this study probably was secondary to orthodontic

extrusion of both the upper and lower incisors. Atthough not studied

specifically in this series of patients, many minor to moderate transverse

deficiencies in the maxilla, were treated by orthodontic expansion. This being

inherently unstable may have also played a role in the relapse of these trryo

patients.
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In summary the role of pre and post surgical orthodontics cannot be under

estimated in the etiology of relapse in orthognathic surgical patients' Although

there was no statistical difference between patients who had orthognathic

surgery and those that did not in relapse rates, when individual cases of

relapse were examined some of the clinically observable relapses could be

related to incorrect diagnosis and thus treatment planning or inappropriate

treatment even when in essence the diagnosis may have been correct (eg the

two anterior open bite cases that relapsed)'

12.g Direction and magnitude of movement-

The direction of movement is probably the single most important determinate

of post surgical stabitity (schendel eL al1976, Epker 1987, Rondahl et al 1988'

Bailey et al L993, Proffit et al1987,1996.).In this study the maxilla was moved

in three main directions. These included the vertical directions (superiorly

and inferiorly) and. horizontally (anteriorly only)'

ln vertical shifts of the maxilla it was rare to have Pure movements ie' there

was usually a concurrent shift in the horizontal plane , and also some degree of

rotation. The 'main' direction was thus based on both the surgical diagnosis

and the actual main direction of movement. The two were usually the same

but there were exceptions. These exceptions generally showed less relapse'

when taken as a whole superior repositioned maxillae (Table 9.15 & 9.16)

moved inferiorly 267o of the original surgical movement. Care must be taken

in interpreting this result as a subgroup of these patients continued to move in

a superior direction post surgery. of the 42 patients having this procedure 15

continued to move upwards an average of 1.8 mm. The other 30 patients were

found to relapse in the inferior direction an average of 1'1 mm' There were no
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correlations to any of the other variables examined to identify which group

would move which direction.

Inferiorly repositioned maxillae (Table 9.36 &r.9.37) had a relapse on average of

ZB % of the original surgical movement. Alt in a superior direction making it

the most unstable of procedures. The probable cause of this inherent instabilily

of inferior repositioning results from force against the displaced maxilla

during dental occlusion (Proffit 1996).

In broad terms the group undergoing anterior repositioning (Table 9.57 & 9.58)

had an average post surgical movement in the posterior direction of 16%.

These findings are not exactly the same as Proffits'Hierârchy of Stability'

published in 1996.They have found that superior repositioning of the maxilla

is the most stable procedure. This is followed, in order ,by anterior shift of the

maxilla, a combination of maxillary impaction and mandibular advancement,

maxilla forward with the mandible being setback. Inferior repositioning of the

maxilla and increasing its transverse dimension were found to be the most

unstable, which is in agreement with this study.

The magnitude of the original surgical movement has been found in some

studies to be directly correlated to relapse potential .The maxilla is more

restricted in its range of movements in three dimerrsions , when compared to

the mandible, due to biological constraints - particularly vascular supply.

No correlation was made in the amount of superior repositioning and post

surgery relapse in Proffit's 1987 study. Bailey et al (1993) in their 5 year follow

up of surgical repositioning found no correlation with the magnitude of
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impaction and postsurgical relapse. This was confirmed in this study

Little is mentioned on correlations with relapse and the magnitude of inferior

repositioning of the maxilla. Quejada et al (1987) examined relapse in this

surgical group. They found a lack of correlation between the amount of

surgical change and the amount of relapse . The reason for this finding they

stated as unclear. They suggested that the magnitudes of inferior

repositioning achieved in their series ( av. 4.4 mm.) were insufficient to

surpass the adaptive capability of thc masticatory muscles. In this study four

patients had inferior repositioning between 4 - 6 mm's. In these patients the

relapse average of 2.8 mm was affected by one individual having almost

complete relapse. One patient with a shift greater than 6 mm. had minimal

relapse. Overall there was no statistical difference in instability betrt'een

patients in this group.

Maxillary advancement has been suggested to be more unstable rvith

extremely large shifts. Studies have shown (Freihofer 1977, Kaminishi et al

1983) that shifts up to 7 mm are very stable. Araujo et al (1978), showed stability

of shifts up to 6 mm but suggested shifts greater than this needed bone grafts to

make them stable. In this study the magnitude of shift rn'as not statistically

correlated to the degree of post surgery instability irrespective of whether bone

grafts were used or not.

Other variables apart from specific landmarks were examined to try and

ictentify variations between the different directions of movement and

instability. Two angles were used to relate the maxilla to the cranium - S.N.A.

and N.A. to F.H. or Frankfort horizontal (Tables 9.85 - 9.90). S.N.A. giving an

indication of the antero-posterior relationship of the maxilla to the bonl'
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cranial base, at the midline and N.A. to F.H being a surface landmark of the

same relationship. Changes in S.N.A. by each direction post surgery were

statistically insignificant.

N.A. to F.H. was statistically significant (p<0.0L) in the anterior repositioned

group indicating some post surgical change. The angle returned back slightly

towards its pre surgical angle. This was not confirmed by the S.N.A. or points

A, and ANS (although there was some relapse at these points it was statistically

insignificant). There was no statistically significant change in the inferior and

superior groups.

Vertical changes were also assessed by changes in the anterior facial height

(Nasion to menton or Na- Me.)(Tables 9.91 - 9.96) and posterior facial height

(sella to gonion or S -Go) (9.97 - 9.102).In the superiorly repositioned group

there was a statistically significant (p<0.01) change in post surgical dimension.

Since the surgical decrease in this din'rension at surgery it had a tendencY, on

average, to move inferiorly increasing the height. When examining the tu¡o

subgroups previously mentioned this increase was made more obvious in the

group that relapsed in the inferior direction once the superiorly dlifting grouP

was excluded. No other changes \^,'ere statistically significant in the inferior or

anterior repositioned groups.

Changes in posterior facial height by each direction post surgery were

statistically insignificant.
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12.4 Type of fixation and use of bone grafts.

12.4.1Fixation.

Two types of fixation were used in this study. In 1984 - t987 wite

osteosynthesis was used (Usually a combination of intraosseous wires,

zygomatic suspension wires and intermaxillary fixation) and from 1988 - 7997

internal fixation r,vith bone plates and screws was used. These two groups were

compared sta tistically.

The inítial stability of the repositioned bones is dependent on the ability of

these appliances to resist internal and external forces. They probably have little

or no bearing on long term stability at the osteotomy sites and become a non

functioning implant.

Rigid fixation u¡as initially thought to be the solution to post surgical

instability. Plates and/ or scre\vs have been found to improve the stability of

nrandibular osteotomy's. (Van Sickels et al 1985, 1986, Will et al 1989). The

question of stability in the maxilla betr,r,een the trvo groups of fixation has been

controversial.

Van Sickels (1996) did make comment that there are multiple factt-¡rs at play

rt'hen considering stability and there are some circumstances rryhere the

different fixation techniques made little difference.

Most of the Literature on fixation and stability compares the two t¡'pes of

fixation used in this study. All find either no difference betr'r'een the tr,t'o (Luyk

et al 1985, Proffit 7987,lVolford et ai 1981, Ellis 1989) or that internal fixatior-r

r,r'ith bone plates and screws to be superior , impro.ring stability ( Egbert et al

7995, Larson et al 1989, Satrom et al 1991). None found r.t'ire fixation to be
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superior. some authors suggested relapse occurred earlier rvith wire fixation

revealing itself when the N4IVIF was removed at six weeks.

In this study rigid fixation was slightly more stable in patients having inferior

repositioning but in the other directions of movement there \ ¡as no significant

statistical difference between the two forrns of fixation used'

12.4.2 Bone grafts.

Bone grafts have also been recommended to enhance stability, particularly if

the bony segmeuts are moved away from each other creating a gap' The

presence of a bone graft probably adds to the initial stability of osteotomy sites.

It is proposed that bone grafting can accelerate osseous healing , act as a physical

stop , and provide a matrix for bone growth (Epker et a1.1980). Obviously this is

rnore irnportant in inferior and advancement osteotomies rvhere the greater

the movement the bigger the gap, than with superior repositioning'

Luyk ald \{ard -Booth (1985) looked at the role of bone grafts in maxillary

advancements stabilised, with rigid fixation and felt that advancements of up to

six millimetres appeared stable without the use of bone grafts- This is because

the zygomatic buttress bone would still have good contact with shifts less than

six millimetres. This study showed no statistical difference between the two

forms of fixation when the maxilla u,as advanced. Of interest though is the

advances of greater than 5 mrn. undertaken in this study (n:9) three that

suffered substantial long term relapse did not have bone grafts in place , r'r'hich

would support Luyk et al's findings.
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Louis et al ( 1993) state that in their study of stability of Le Fort I advancernents

it is unclear to what rnagnitude tl're maxilla can be advanced and would benefit

in the reduction of post surgical relapse with the use of bone grafts.

Trirnble et al (1986) found greater stability in patients having inferior

repositioning of the maxilla when a combination of bone grafts and rigid

fixation were used. Surprisingly only 3 out of 13 patients llaving this procedure

had bone grafts placed. Relapse was found tc¡ be high in both situations.

To surn up the literature experience of bone grafts and the affects on post

surgical stability Schmidts et al (1995) states "The use of bone grafts to enhance

maxillary stabilify can not be underestimated. However their contribution to

clinical stability also can not be assessed."

Initial movelnerìt at a fracture or osteotomy site retards healing leading to non

union. Bone repair requires stability and bone growth factors in order to

proceed (N4arx 1998). These are supplied by a bone graft when a gap greater thau

several millimetres exists between the bone. Hence although not proven

convincingly in this study or others, most surgeons consider bone grafts

necessary particularly in the early phase of bone healing and stability at the

osteotomy site.
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12.5 Growth.

Little has been shown in the literature of the effects of growth on the rnaxilla

after orthognathic surgery, especially when compared to the research orr the

mandible. Research into the result of growth on long term relapse in

maxillary procedures has been more in tune with the effect that surgery can

have on growth. N4any authors have explored this question in particular

reference to performing surgery earlier during growth. Timing of orthognathic

surgery in the cleft palate patient remains controversial because of its potential

to limit anterior growth of the maxilla.

The facial skeleton grows downward and forwards from the anterior cranial

base and increases in size sagittally, vertically and transversely. This is partly as

a result of sutural growth and partly as a result of periosteal remodelling.

Sutural growth is important initially , but contitrues at a fairly slow rate until

after puberty. Sulrsequently all changes are secondary to periosteal remodelling.

Males tended to grow more in all directions , commencing and finishing later

in life (13 - 18 years). Most female growth occurs between I - 13 years and stops

by 15 years. Normal maxillary growth may continue into adulthood (Enlow

1968). Chronological age is used as an indicator to determine potential growth.

Some authors consider that early surgery restricts potential growth of the

malformed maxilla condemning the patient to further surgery or a deficient

middle third. For the non cleft patient completion of the dentition or

concurrent mandibular surgical needs generally have dictated n'hen surgery is

undertaken.

Earty correction of dentofacial abnormalities has the advautage of preventing

detrimental psychosocial problems atrd may also prevent other physical
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consequences such as problems in the occlusion, masticatory function ,

temperomandibular joint and structure , speech" and airway (Nanda et al 1982)

The main ar¡;ument against early surgery is its possible ill affects on further

maxillary growth (Schendel et al 1978).

Utilising a definition of early surgery as surgery undertaken before growth is

completed this would mean surgery before the age of 18 years in males and 15

years in females. Six male patients had their surgery before the age of 18 years,

only two females had their surgery prior to L5 years in this study. No

significant statistical difference between these patients and the remainder of

the group was found. This agrees with Epker et al (1982) and Mogavero et al

(1997) who both found no influence on post surgical stability of Le Fort

osteotomies rvhen the surgery rvas performed before the predicted completior-r

of grorvth.

\'Vhen examining the influence of age on instability potential patients in this

study were clivided up into those having surgery before 23 years of age, this was

the mean age for the whole group, and those after it. This v¡as performed by

direction of movement.

A comparison r,vas performed to assess age as a factor for instabiliry.The

superior repositioned group of 45 patients was divided into two groups. A

comparison was also made between patients younger than 20 years of age and

those older. Analysis by student T- tests and ¿\NOVA found point A(Y1) and

ANS (Y1) rvas significantly differerrt (P< 0.05) witl'r the original surgical shift

(the younger group had a larger surgical shift) but there was no significant

difference in stabitity between the two groups post surgery (Table 9.20 and9.21)
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For both the inferior and advancement groups there was no significarrt

statistical difference in surgical stability post surgery'

The studies that have suggested maxillary osteotomies affect subsequeut

gror,r,th have been primate studics. Nauda et at (1982) and Shapiro and Kokich

(1981 & 1982) found maxillary growth was affected by surgery. They felt vertical

ald anterior growth was retarded due to the surgery affecting the vomer

'growth centre'. No human studies have been able to substantiate these studies

in non syndromal , non cleft patients.

Timing of surgery should probably be dictated by concurrent mandibular

problerns, orthodontic requirements and the individual patients psychosocial

situation

L2.6 Surgeon.

Diagnosis of dentofacial skeletal discrepancies and their surgical correctiory is

under the influence of the surgeon and his expertise. Six surgeons were

identified in this study. Tno surgeons performed the vast maiority of the

operations (surgeon 1, 60 operations, surgeon 2, 3L operations.) The remainder

of the operations being performed by the other four surgeons ( Surgeons 3 -6 ,

9 operations). To allow meaningful statistical comparison these four surgeons

were placed into the Same group.These surgeons were the least experience in

years of practice and as well as the numbers of operations perforrned (T'able

9.9). It must be noted that all six surgeons were assisted by registrars' The extent

to which the registrar perforrned the clperation is not defined.

Analysis by t-test and ANOVA shorved no statistically significant betrveen the

two experienced surgeons and the least experienced. Whichever direction the
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maxilla was moved the stability was the same between the groups. (Table 9'22,

9.23,9.43,9.44,9.64, & 9.65 ).

No other studies have id,entified the surgeon and his level of experience to be

significant as a cause of instability post maxillary orthognathic surgery.

12.7 Effect of segmentalising the maxilla versus

'one piece osteotomies.,

The multiple piece Le Fort I has the ability to correct problems in all three

planes of space at once. Segmental maxillary procedures are performed for

transverse discrepancies and for the correction of differential vertical

discrepancies in the maxilla.

In this series of 100 patients 33 patients had segmentalisation of the maxilla.

The remainder had 'one piece' procedures (Table 9.71). Segmentalisation r,r'as

done for transverse maxillary discrepancies (n: 21) and also for vertical

differences between the posterior and anterior maxilla such as for the

correction of anterior openbite (n :12). The influence of segmentalising the

maxilla was examined to determine its effect on long term stability.

The segmental groups were subclassified to examine any difference in stability

between segmentalising for vertical discrepancies and transverse

discrepancies. No patient had both of these procedures performed

simultaneously. No difference in stability was identified.

In the superior repositioned group there was no statistically significant

difference betr,r,een tire amount of post surgical movement of the segmented
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maxillae and the one piece unit. The 9 subjects in this group who underwent

segrnentalisation of their maxillae to enable differential impactions of the

posterior and anterior maxilla. In this group of patients movement of ANS

was examined for anterior maxillary stability, and PNS for posterior maxillary

stability. No statistically significant relapse occurred at either of these points.

Stoker and Epker (1974), and West and Epker (7972) found maxillary superior

impaction when performed segmentally is as stable as a total maxillary

osteotomy impaction. Segments can be expected to act as a whole piece maxilla

depending on their direction of movement.These were similar findings to this

study.

A similar finding occurred in the inferior repositioned group r,vith no

difference in stabilify betr,r'een segmental and non segmental maxillae.

Perez et al. (1997) also found no difference in stability between one piece at'rd

segmental maxillae that n'ere inferiorly repositioned.

Of tlre advancement group, 1-4 patients out of the 42 lnad segmentalisation,

many for transverse deficiencies. Again there was no statistical difference

between the two groups.

Segmentalising the maxilla carries the highest risk of devitalising osseous

segments. Bone healing is required to obtain long term stability . This appeared

not to be a great influence on long term stability in this series.
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-1.2.8 Influence of concurrent mandibular

surgery (Bimaxillary surgerY).

Stabilify of the maxilla rnay be influenced by concomitant surgery of the

mandible. This may be due to the decreased masticatory forces found after two

jaw surgery, or reflects the extensive surgery performed.

Concurrent mandibular surgery was undertaken in 70 patients in this study

The groups were categorised as:

1. I\,Iaxillary surgery alone.

2. Maxillary surgery and B.s.s.o. / Inverted L mandibular

advancement.

3. Maxillary surgery and B'S.S.O./ V.S.S.O- setback'

(The original groups 3, 4, and 5 collectiveiy only had a total of 5 subiects. As

such tlrese were placed together for statistical analysis - Tables 9.7 and9.8).

Student t-tests and ANOVA showed no significant differences betr'veen the

groups in regard.s to post surgical stability . This was determined by comparing

the different operations to each other (Tables 9.24,9-25,9.45,9.46,9.66, &.9'67)'

and also comparing single jaw surgery with two iaw surgery ( Tables 9.145 -

9.150). Other studies vary in their findings. lVlost agree that two jaw surgery is

as stable as one jaw surgery (Hoffman et al1994, Law et al 1989, Hemes 1988,

a¡d lJothur et al 1998). Other researchers consider two jaw surgery to be more

stable ( Brammer et al L980, lVlaser and Freihofer L980, Kahnberg and Ridell

1988, and Proffit 1991). It is suggested by some that this enhancecl stability is clttc

to spreading the discrepancies between the tr,r,o iarvs rather than one large

moveffì.ent in one jarv. It is also thotrght to be due to decreased biting forces
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that occur r,vhen trvo jaws are oPerated on simultaneously

Skoczylos et al 1988,and La Banc et a[1982 found a decreased stability between

when two jaws were operated uPon.

The angle SNB, reflecting the anteroposterior position of the mandible/ was

also evaluated to examine the influence of mandibular instability on the

maxilla. No statistical correlation could be found for any of the d.irections of

maxillary movement (Tables 9.127 - 9.132).

The mandibular plane angle (M.P.A.), which relates the mand.ible to the

cranium in the vertical plane was also evaluated (Tables 9.133 - 9.138). It

increased post surgery a statisticatty significant amount (p<0.0f ) for the

superior repositioned group . This may reflect the overall average inferior

instabitity of the superiorly repositioned maxilla causing clockwise rotation of

the mandible. No other statistically significant changes occurred in the inferior

and anterior repositioned grouPs.

12.9 Patient Gender.

The results of surgical movement and subsequent stability of the 100 patients

und,ergoing maxillary surgery were grouped by gender to determine if there

were any differences in stability between the genders. Twenty three males had

surgical repositioning of the maxilla compared to 77 females. No statistical

significance was found as analysed with ANOVA for each of the points A,

ANS, PNS ( and MAXY in the superior group). (Tables 9.I8,9.19,9.39,9.40,9.60

& e.61.).
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12.10 Timing of Relapse.

Most osteotomies experience some relapse. Most of this is clinically

insignificant. When this relapse occurs remains unclear. In this study the

average time of follow up over the 100 patients was 2.6 years. All patients were

reviewed longer than one year. Patients that were followed up longer (ie.

greater than 2.6 years) were compared for stability by direction of movement

with those patients followed up for shorter periods (ie less than 2.6 years).

(Tables 9.LsI - 9.156) There was rlo statistical difference between the two grouPs

suggesting that relapse occurs early in the post operative period and once this

has occurred the maxilla will remain stable.
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VI

Concl usr ons.
a



2
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Chapter 13 Conclusions.

This study showed that

1. All Le Fort I osteotomies have a degree of post surgical instability.

The direction of maxillary movelnent altered the amount of

instability post surgery. Advancement osteotomies are more

stable than the superior repositioned maxilla, r'r'hich in turn are

more stable than the inferior repositioned maxilla'

The timing of the instability was within the first twelve months

after the operation was performed. After minor early instability

the Le Fort I osteotomy can be considered stable in the long term'

Instability with superior repositioning can occur either in a

further superior direction or relapse in an inferior direction'

Identification of etiological factors that may aid the recognition of

the patients in each of these grouPs prior to surgery was not

achieved.

No significant difference in stability could be assigned to age or

gender.

Whether orthodontic treatment was used or not had no influence

on the stabiliry of tl're Le Fort I osteotomy.

IJ

4.

5.

6.
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The type of fixation used at surgery generally had no bearing on

the amount of post-surgical instability. [n the inferiorly

repositioned group there was a slight improvement in stability

when bone plates were used rather than intra-osseous wiring.

Bone graft use had no effect on the amount of instabilify long

term.

Growth had no influence on long term stability.

The experience of the surgeon performing the Le Fort I osteotomy

had no influence on the long term stability of the osteotomy.

Segmentalised maxillae, either for transverse or vertical

discrepancies in the maxilla, had similar relapse rates as one

piece maxillary osteotomies.

Concurrent mandibular osteotomies performed with the

maxillary osteotomy had no influence on the long term stability

of the Le Fort I procedure.

This study confirms that the Le Fort I osteotomy is versatile,

robust, and stable.

8.

9

10

11

12.

13
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Appendix



Appendix I: Bone g
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rafts.

Anterior Iliac Crest.

If a bone graft is required then then this is harvested prior to orthognathic

surgery.

L. Pre Surgery:

(a) t'rophylaxis against D.V.T. starts with advice preoperatively. Þ'emales on

oral contraceptive pills (depending on the type) are advised to cease their use 4

rveeks prior and use alternative methods of birth control.

2. Patient positioning:

(a) The selected hip is exposed. A sand bag is placed beneath the hip

3. Surgery.

(a) Skin is prepared and draped with or without a steridrape.

(b) The skin incision 3 cm's below the iliac crest and 2 cm posterior to the

anterior superior iliac spine is marked with a surgical pen. Local anaesthetic

can be placed now or at the end of the procedure.

(c) To make the incision the skin is pulled medially and the incision made

sharply down onto the ridge. This allows the wound and resulting scar to be

lateral to the crest (less visible and more comfortable for the patient).

(d) The length of incision reflects amount of bone needed (usually 4 cm will be

sufficient in jaw osteotomy surgery).

(e) The incision is continued through the fascia lata , iliac muscle , and the

periosteum.

(f) Periosteum is reflected medially and a large bovvel retractor used to protect

the intra-abdominal contents.
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(g) tsone in the form of a corticocancellous block is taken from the medial

aspect utilising sa\^¡s and osteotomes. The crest is either partially preserved or

completely by creating a hinge of bone to gain access. Cancellous bone can also

be obtained.

(h) On completion of bone harvesting, bleeding is controlled (+/- bone wax)

and a drain inserted.

(i) Ttre wound is closed in layers with sutures.

4. Postoperative management.

(a) Remove drain at 24 hours if non productive.

(b) l\4obitise r,r'ith assistance early, consider ongoing deep venous thrombosis

risk. Intraoperatively intermitten calf compressors can be used or T.E.D.

stockings. The T.E.D. stockings are used into the post operative period until the

patient is mobilising. Subcutaneous heparin or the low molecular weight

heparins are used in conjunction with the above if the patient is deemed high

risk of a D.V.T. Early mobilisation is encouraged actively.

(c) Subcutaneous or intramuscular narcotic analgesic to commence u'ith, then

switched to oral analgesics when tolerating fluids. Patient controlled analgesia

or P.C.A. used as required.

(d) Determine bowel function by presence / absence of bowel sounds day 1 post

surgery.
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Appendix II: Le Fort I Osteotomy.

1. Indications.

(a) ivlaxillary deficiency in the anterior posterior plane. (Advancement

osteotomy).

(b) Ivlaxillary excess in the vertical plane (Superior or impaction osteotomy).

(c) Maxillary deficiency in the vertical plane (Inferior repositioning)

(d) ¿\nterior open bite ( segmental : posterior segments repositioned superiorly,

+/- inferior repositioning of the anterior segment; if one piece:differential

movement posteriorly to anteriorly ).

or one piece osteotomy. (e) Other less common procedures incl. correction of

maxillary excess in the anterior posterior plane. correction of asymmetries, and

in cleft palate patients. Includes segmental and one piece Le Fort I maxillary

osteotomres.

(f) Access for removal of pathology in maxilla, paranasal sinuses, base of skull

and intracranial pathologies.

2. Contraindications. (Relative only)

(a) Bleeding disorders.

(b) Body Dysmorphic Syndrome.

(c) Systemic contraindications to elective surgery

3. Preoperative work uP.

3.1 Before admission.

(a) Orthognathic Surgery work uP as per maior surgery protocol, Oral and

Maxillofacial Surgery Unit, University of Adelaide. This involves the

follor,r'ing:

(i) Clinical and medical assessrnent.
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(ii) Anaesthetic assessment.

(iii) Autologous blood donation (No longer indicated in simple Le

Fort osteotomies. Recommended in high level, complicated mid

facial osteotomies and also if iliac crest bone harvest planned).

(iv) Radiographs - lateral head cephalogram, orthopantogram,

posteroanterior cephalogram. Others as indicated including

periapical films (segmental osteotomies).

(v) Photographs of face (extraoral) and dentition (intraoral).

(vi) Cephalometric analysis.

(vii) Study models.

(viii) Body image and l[ness behaviour questionnaire; and

(ix) Oral And lVlaxillofacial surgery Unit clinical work up sheets.

(attached).

(b) Vtodel surgery to indicate movements and for construction of occlusal

rvafer.

(c) Determine means of intermaxillary fixation intraoperatively (and post

operatively if required):

(i) arch bars.

(ii) Orthodontic bands -'high hats' or soldered cleats.

(iii) Placed in'passive' orthodontic retention prior to final model

surgery.

3.2 On admission.

(a) Full pre surgical rvork up.

(b) Confirmation of treatment plan supported by mod.el surgery. Check

accuracy of occlusal r,vafer.

(c) Theatre notified of procedure, osteotomy instrument required.

(d) Consideration to use of high depenclency use.
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4. Operative Procedure.

4.L Arraesthesia.

(a) Advise anaesthetist expected time of operation, intraoperative need for

maxillo-mandibular fixation and if needed post operative intermaxillary

fixation.

(b) Nasoendotracheal intubation.Throat pack placed in position out of

operative field.

(c) Standard anaesthetic medications - hypotensive anaesthetic utilised to

minimise blood loss. Consideration to use of haemodilution techniques.

(d) Standard anaesthetic monitoring which routinely involved:

(i) pulse oximetry.

(ii) Coz

(iii) blood pressure.

(iv) pulse rate.

(v) tidal volume.

(vi) ECG (3 lead).

(e) patient placed in anti- trendelenburg position to reduce blood pressure in

head and neck region.

4.2 lnstruments.

(a) Osteotomy tray

(i) 2 stripping periosteal elevators (small and large);

(ii) Sagittal saw with bread knife.

(iii) Osteotomes - 6 mm straight, nasal septum osteotome, large

curved osteotorne.

(iv) Rowes disimpaction forceps.

(v) Acrylic bur and small round burs.

(vi) Wire - 26 & 28 gauge.
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(vii) Bone plates and screws.

4.3 Preparation.

(a) Intravenous dexamethasone (8 mg.) and cephalothin ( 1 g.)

(b) Sigmacort 7(/o ointment applied to lips;

(c) prepared and clraped (head drape) in the conventional way for in intraoral

procedure.

4.4 Access.

(a) Cheek retractors are positioned (assistant number 2).

(b) Arch bars are ligated to teeth (circumdental wires) if necessary.

(c) Haemostasis: infiltrate oral mucosa from first molar to first molar with

Xylocaine 27o and adrenaline 1:80,000. 4 mls is usually adequate.

4.5 Incision.

(a) Above the attached mucosa, a mucosal incision is made from the area

above the first molar on the right side around to the first molar on the left. the

incision is tapered superior at each end, slightly out into the upper lip.

Diathermy switching pencil (unipolar) or scalpel.

(b) an incision through the periosteum is then completed avoiding the soft

tissues of the nose.

(c) any teeth other than the third molars that need extraction can be removed

now

4.6 Mucoperiosteal Reflection.

(a) Stripping is carried out in a superior clirection to expose the lateral nasal

wall, and anterior maxillary wall on each side. The infraorbital nerve defines

the upper limit of this dissection.

(b)No reflection is carried out in the inferior ctirection maintaining the
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integrity of the soft tissues (and their blood supply) over the alveolus.

(c) Tunnelling under the mucoperiosteum is performed back to the

pterygomaxillary junction. Care of the created soft tissue pedicle is required to

protect blood supply to the maxilla from the lateral tissues (ie the facial artery).

(d) Lateral nasal mucosa is reflected back gently towards the posterior nasal

cavity underneath the inferior nasal conchae. The attachment of the

cartilaginous nasal septum and the anterior nasal spine at the iunction of the

hryo maxilla is severed with a scalpel and the nasal mucosa on the floor of the

nose reflected back.

(f) Retractors are now placed on one side of the maxilla. A bone hook is used to

protect the region of the infraorbital nerve (care is needed to prevent a traction

injury). A small malleable retractor is placed between the bone and the lateral

nasal mucosa, and another is used to reflect and protect the lateral mucosa of

the maxilla back to the pterygomaxillary junction.

4.7 Osteotomies.

(a)Using the sagittal saw a cut is made above the roots of the maxillary teeth

commencing posterior through the zygomatic buttress and proceeding in an

upper sloping fashion to the lateral nasal wall.

(b) A second cut can now be performed parallel and above the first to remove

any bone for superior repositioning as determined by the model surgery.

(c) The saw is turned around and the cut continued posteriorly to the

p terygomaxillary j unc tion.

(d) A small straight osteotome is used to check these cuts and to continue the

lateral nasal r,r'all cut.

(e) The above four steps are performed on the contra lateral side.

(f) A nasal osteotome is then used to separate the nasal septum from the

maxillae.
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(g) Finally a large curved osteotome (12 mm) is placed between the posterior

maxilla and the pterygoid plates. (Some surgeons perform this manoeuvre

through the maxillary tuberosity) In a downward (45 degrees) , inwards (45

degrees) and forward direction the osteotome is struck with a mallet until it is

palpated by the assistants finger placed at the junction of the hard and soft

palates.

(h) All osteotomy cuts are reviewed for their completeness.

(i) if the maxilla is to be segmented the periosteum betrn,een the teeth is

tunnelled under with a fine periosteal elevator. A combination of the saw and

small osteotomes complete the alveolus cut. The palate is cut from the

superior access once the maxilla is down-fractured.

4.8 Separation.

(a) With finger pressure whilst standing behind the patient the maxitla is

down fractured. \{hilst dor,r¡n fracturing the nasal mucosa along the floor of

the nose is lifted in a posterior direction.

(b) Down fracture and subsequent manipulation of the maxilla can be

enhanced by placing a wire through a hole created in the anterior nasal spine.

(c) If the n'raxilla can not be mobilised , the osteotomy cuts are reviewed. The

Rowes disimpaction forceps may be used to assist r,r'ith dorvn fracturing .

(d) Bony interferences are removed as required.

(e) If damaged the descending palatine vessels can be isolated and ligated. (f)

Vlaxillary sinus pathology can be removed (polyps are common).

(g) Third molars can be left in situ, extracted by conventional means at the

commencentent oÉ the operation if erupted or partially erupted or they can be

extracted if unerupted and high from the su¡rerior aspect r,vhilst the maxilia is

down fractured.
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(h) Nasal mucosa is repaired with resorbable sutures as required.

4.9 Fixation.

(a) Check occlusion with wafer.

(b) Wire the maxilla, wafer and mandible together with 28 gauge rvire -

maxillo-mandibular f ixation.

(c) With the condyles seated in the glenoid fossa (The complex being in its

most posterior position ) the complex is rotated up into its final position.

(d) With the assistant holding the complex units final position four four hole

plates are adapted and placed over the osteotomy site u¡ith 5 or 6 mm screws. A

range of plates and screws have been used . The preference now is for low

profile plates (1.5 mm thickness) . Generally 'L' shaped or straight plates are

used. Trvo on each side over the anterior maxilla.

Before the routine use of bone plates and screr,vs circumzygomatic wires \t¡ere

placed with a trocar and stab incision over the zygomatic arch. Nlaxillo-

mandibular fixation was also left in place for 6 r¡¡eeks.

(e) Bone grafts if required are shaped and placed in the osteotomy sites.

(f) Maxitlo-mandibular fixation is removed. The occlusion is checked with the

rvafer in and with it out.

(g) mandibular osteotomies if to be performed are then commenced.

4.10 Soft tissue closure.

(a) Alar cinching to prevent flaring of the nostrils is performed (Nylon suture)

(b) 'V- Y' closure (single or double) is performed to lengthen the soft tissue of

the upper lip.

(c) The remaining sof t tissue is closed rvith 3/ 0 chromic cat gut or 3l 0

monoacryl sutures.

(d) The throat pack is removed.
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5 Postot'erative Management.

5.1 Immediate.

(a) High dependency recovery considered for 24 hours if patient in MN{F.

(b)Intravenous dexamethasone 8 milligrammes L2 hourly and cephalothin 1

gram 6 hourly for 48 hours postoperatively.

(c) Narcotic analgesia intramuscularly or subcutaneously 4 hourly prn is

gradually replaced n,ith paracetamol - codeine preparations ;

(d) Clear fluids are given in the ftrst24 hours.

5.2 Postoperative recovery.

(a) Oral intake and ambulation are encouraged; and

(b) postoperative lateral head cephalogram, PA mandible and OPG are taken as

early as possible to confirm the accuracy of surgery.

Appendix III: Bone Plate Removal.

One ongoing contror¡ersy r,r.rith internal rigid firation is the question of bone

plate remor¡al after healin-g is com-plete. The current philosophy of our unit is

to remor¡e symptomatic plates only. Patients are advisecl that if they 'ovish

asyrnp¡o*atic plates can be removed at 6 months post surgery- In this stucly ¡s

patients elected to harze asymptomatic plates remorred. The answer lies

betr,r,een rn,eighing up the morbidity of a further operation versus possible long

term consequences of retained plates. Worldwide there is a trend tor,t¡ards

removiug all non functioning implants. Titanium plates are used in our unit

over stainless steel and aluminium plates . They have e.rcellent

biocompatibility couplecl r,r,ith minimal clisruptive effects on CT or I\4RI images

make them the material of choice.
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