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Abstract
A review of the literature revealed little controlled evaluation of the various stages
of preoperative Orthognathic surgery planning and associated problems, and none
in the UK. Hence investigations were carried out into:

a) the reproducibility of two facebow transfer systems; the Denar Slidematic and
the Dentatus type AEB. A novel method was developed to determine the variation
in three dimensional spatial position and orientation of the maxillary cast, using
a custom written computer graphics programme in 'C language. This novel
parallelepiped envelope of movement volume analysis (PEMVA) enabled realistic
comparison to be made for each facebow system, operator and skeletal type, and
will have important applications in future research. Both facebow/articulator
procedures showed poor reproducibility. However, the Denar was relatively better
than the Dentatus (p=0.001).
b) to assess the occlusal plane to Frankfort plane angle transfer reproducibility.
The results showed that the Denar facebow articulated the models close to the
normal range, 8° ±4°. Whereas, the Dentatus facebow mounted the models with
a steeper occlusal to model Frankfort plane angle, which was close to the
patient’s cephalometric occlusal - Frankfort plane angle, with relatively poor
reproducibility. In the transverse occlusal plane, both facebow systems; the Denar
with ear plug and the Dentatus with arbitrary hinge axis location method were
reproducible.

c) the effect of posture and anaesthesia on the occlusal registration for
Orthognathic surgery planning. This was done by measuring the distances
between the centric occlusion and centric relation. Displacement vectors and 3D
graphics computed the position of the centric occlusion representing each condyle
and from this point centric relation records were projected in various axes.
The differences between postures were significant in almost all skeletal groups
in the anteroposterior plane; conscious upright v conscious supine, and conscious

supine v anaesthetized supine p < 0.05, and conscious upright v anaesthetized
supine (positions normally used in Orthognathic planning and surgery,
respectively) highly significant p=0.001. In the superoinferior plane the differences
were highly significant in Class II div.2, p=0.009. This important finding would
explain discrepancies created by rigid fixations of the mandible.

d) a comparative study of the Lockwood Keyspacer system and the Eastman
anatomically-orientated model surgery technique. This was done in two stages^l)
model surgery

and error measurements,

2)

simulated

osteotomy and

measurement of an outcome. A significant deviation from the treatment plan was
found in both techniques. Model surgery mean (mm) ± SD the vertical plane,
Lockwood -0.8 ± 1.6, Eastman 0.0 ± 1.0 (p=0.00), the anteroposterior plane,
Lockwood, 1.2± 1.8, Eastman -0.1 ± 1 . 4 (p=0.05). Thus the Eastman was
significantly better than Lockwood.

The mean errors (mm) in the reproducibility, after the simulated osteotomy
excluding ’mandibular’ autorotation, were; vertical plane; Lockwood: -0.5 ±1.5 and
Eastman: 0.3 ± 1.(p=0.00), anteroposterior plane; Lockwood: 0.03 ± 1. 5 and
Eastman: -0.3 ± 1.0 (p > 0.05). The Eastman technique was significantly better
than Lockwood in the vertical plane, the clinical advantage proved to be in the
better orientation provided by the Eastman technique for bimaxillary procedures.

e) the maxillary dental midline and transverse asymmetry correction was also
tested. The preoperative dental midline deviation mean (mm) was 1.9 ± 1.3 and
four weeks postoperative, 0.3 ± 0.7 (p=0.00). The mean (mm) occlusal cant
preoperative was 1.9 ± 1.1 and postoperative 0.2 ± 0.6 (p=0.00). This study
showed that dental midline and transverse asymmetry can be easily corrected
with rotation of the maxilla even in Le Fort II osteotomies.

f) a comparison of two intermediate wafers; a thick wafer, made before and a thin
wafer made after articulator "mandibular autorotation". In 74% of the cases both
wafers located the maxilla in the same position and in 26% there was up to 2mm

difference in maxillary position. These were cases where impaction was greater
than 6mm. This difference between the two groups was significant (P=005).

This study showed that the mean (mm) anteroposterior error in the surgical
reproducibility of the preoperative planning, within the normal range of hinge axis
error (6mm), and normal range of maxillary vertical movements (2-10mm), was
1.6 ± 0.5 in 26% of the cases, and remaining cases had error < 1.0mm, and the
maximum error was 2mm.

The principal problem is reconciling articulator planning to the anaesthetized
supine patient when using mandibular rigid fixation. These investigations have
important implications for improving orthognathic surgical planning and outcome.
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Chapter I
1. Introduction
Surgical treatment of dentofacial deformities is expanding due to increased
demand from patients. The scope of orthognathic surgery changed with great
rapidity in the 1970s, and there has since been an outburst of technical
developments. New surgical procedures that permit repositioning of jaws and
dentoalveolar segments to almost any desired location have been devised. At one
time the only accepted operation for deformity of the jaw was some type of
mandibular osteotomy. Surgical repositioning of all the facial bones, unknown until
the late 1960s, is now a common and accepted surgical procedure with the
results made more predictable by the development of miniplates and cortical
screws.

Orthognathic surgery is an integrated surgical-orthodontic procedure for the
correction of dentofacial deformities to improve jaw functions and facial aesthetics.
A dentofacial deformity may be defined as any condition, developmental or
acquired, in which there are problems of malocclusion and facial appearance
consequent to discrepancies in the tooth-bearing segments of the jaws and the
associated facial skeleton. Dentofacial deformities affect the quality of life and life
adjustment either directly or indirectly in various ways. They may impair
mastication and hence affect digestion and general health. However, most people
can maintain adequate nutrition and learn to avoid foods that they find difficult to
manage. Similarly, they learn to tolerate and adapt to the presence of speech
problems resulting from dentofacial deformities. Further, the difficulty in oral
hygiene maintenance may add to the patient’s problem. However, the most
eminent impact of dentofacial deformities that motivate patients to seek treatment
may well be the psychological effect on self-image and image by others due to
the facial and dental appearance. The correction of severe jaw deformities may
thus improve not only dental health but also the patient’s self-image.
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The effects of beauty are more than skin deep, "Anatomy is destiny", (Freud
1856-1939) takes on new meaning in view of contemporary research findings.
Beautiful people are thought to be good, independent, sexually responsive,
sociable, kind, sensitive, assertive and successful (Flanary 1992). The more
attractive are destined to have better jobs and marriages, more positive social
interactions and happier lives. Regarding the importance of physical appearance,
Berscheid (1981) offers this insight.

"I should like to say that only two things are certain. First, in any heaven I have
ever heard of, in any religion or set of religious beliefs, we are all disembodied
spirits. We may retain our same personalities. Our ’soul’ or the sum total of all the
behaviours, we have ever exhibited, but flesh and bones have melted away and
we are judged just as dogs and cats and very small children in the world, judge
us, simply on the basis of our behaviour. Second, this is not heaven. It therefore
probably helps neither us nor others by denying the role that physical form plays
in peoples lives".

Physical appearance may be the single variable having the most impact on self
esteem, behaviour patterns and successful personal interaction. In view of the
above it is not surprising that demand in orthognathic surgery has increased, and
with it demand upon the surgeon to produce increasingly superior results.
This type of surgery once largely considered an art form has in the last 20 years
very much become a science. Osteotomy operations are now available to all who
need them as they are considered safe, the results largely predictable and
morbidity greatly reduced.

It is well recognised that competent preoperative

planning plays an important role in achieving accuracy, saving vital time in the
operating room and achieving desired aesthetic and functional results. The
osteotomy operation used to be simple, with little planning. Now these operations
are multi-directional and complicated, which require accurate planning with
accurate model surgery, done on correctly mounted models, and with the help of
a reliable facebow, used to record the relationship of maxilla to the condyles. The
final phase of osteotomy planning normally consists of the following stages.
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1.

Clinical assessment

2.

Study models

3.

Radiographs

4.

Cephalometric tracing\prediction tracing

5.

Photographic montageMaser scanned images

6.

Dental impressions, facebow transfers and occlusal records

7.

Model (cast) surgery

8.

Occlusal Wafers

These stages are interdependent for accuracy and their positive contributions to
the final clinical results. "No chain is stronger than its weakest link".

Effective model surgery is dependent upon the accuracy of clinically predicted
movement, dental impressions, facebow recording, centric occlusal record, and
often, cephalometric measurements.

Successful movements in orthognathic surgery require a stable occlusion which
should be decided preoperatively. Model surgery is the means of anticipating and
resolving occlusal problems and predicting the amount of bone removal or
addition.

Various techniques of model surgery are practised

in different

maxillofacial units; but no research, to date, has been carried out into the role of
model surgery and occlusal wafers in orthognathic planning, and very little
literature is available showing research into the reproducibility of these planning
techniques. Before model surgery is done, the amount of movement required to
correct a deformity is estimated clinically and by taking the patient’s
cephalometric readings

and checking these against the normal range’. One

inherent error is the variation in

cephalometric readings from

operator to

operator.

1.1 Lateral Skull Radiograph and Cephalometric Tracing
Radiographic Cephalometrics is the measurement of the head using radiographs.
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True lateral skull radiographs with teeth in contact are used for such analysis.
The 'true lateral skull' radiograph is traced manually or digitized by computer to
obtain a cephalometric analysis. The posterior anterior skull radiograph may be
used in cases where there is clinical evidence of asymmetry but super-imposition
of structures makes landmark identification difficult.

As discussed previously, to date, the methods used for cephalometric prediction
are unable to produce scientific predictions. It is said that in the surgical
application of cephalometry, caution must be used in the interpretation of linear
measurements, such as the anterior facial height. Measurements from different
samples can vary by as much as 10mm. These readings are represented more
accurately when the components are expressed as a percentage or proportion.

Cephalometric analysis is invaluable as a means of exploring and clarifying the
nature of the deformity. Unfortunately it will not always help to confirm the
diagnosis and choose the operative procedure. If the lines and angles are
unhelpful, these are ignored and clinical judgement is used (Harris and Reynolds
1991).

Cephalometry usually contributes appreciably to the planning procedure. It is often
difficult to obtain exactly comparable radiographs and it is therefore important to
have the patient in the same position on each occasion. The use of the natural
head position with jaws at rest and teeth in centric relation will help to bring the
soft tissue into a stable position and provide a natural pose that can be assumed
at subsequent visits. It is important not to rely totally on both angular and linear
measurements, but simply use them as a guide to planning and for follow-up
(Moos 1985).

1.2 Photographic/ Laser Scanner Image Montage
This method gives a three-dimensional image for the purposes of patient
education, but it is wisely used with caution. It has greatest value for
inexperienced clinicians.

Preoperative photographs or optic/laser scanned
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images, which are non invasive (Fig 1.1) are taken, cut up, and rearranged to give
an impression of what is likely to be achieved by surgery.
The montage has its limitations, the most obvious being soft tissue representation.
It is impossible to reproduce with accuracy the anticipated change in the soft
tissue contour overlaying the maxilla. Its real value is for demonstrating changes
at the time of consultation, and it has the advantage of providing depth perception
based on grey scale photographic imaging. However, neither photographic
montage nor profile tracing gives entirely accurate predictions of the anticipated
result, nor provides accurate measurements for the treatment plan.

1.3 Model Surgery
Surgical movements of facial structures are a complex three-dimensional
geometrical procedure. The diagnostic information gained from preoperative
clinical assessment, radiographs and model analysis is integrated to establish a
treatment plan. The final treatment plan ’prescription’ is expressed in the model
surgery. Replicas of jaws are articulated in a semi- or fully-adjustable articulator.
The anteroposterior and mediolateral relationship of the maxilla to the base of the
skull is transferred to the articulator with the help of facebow. Then a mock
surgical procedure (model surgery) is carried out in the maxillofacial laboratory
following a treatment plan laid down for each patient using clinical assessment
and cephalometric predictions. These post-model surgery data are applied to the
patient in the operating room using occlusal wafers as guide.
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Figure 1.1 Optical laser scanner image, which could be used for photographic
montage or modified on the computer screen and measurements taken. This
technique is simple and non invasive method of measuring in two or three
dimensionally.
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Chapter 2
The Literature Review
2.1 Historical Background
Essentially, the evolution of orthognathic surgery came through management of
facial fractures over a period of centuries. As Angle (1903) said, referring to
Blair's operations, "For I had become convinced that orthodontia was almost
powerless to work any considerable benefit in them and that double resection,
could it be successfully performed, was the only alternative. Since fractures even
severe comminuted fractures of both lateral halves of this bone could be set and
would firmly unite. It seemed that under the aseptic and most favourable
conditions under which his proposed operation would be performed, we might
expect complete success".

From the days of single combat to those of sophisticated modern warfare, the
face has always been one of the most vulnerable parts of the body. The first
clinical description of a fractured jaw was found in the Edwin Smith’s Papyrus
considered to have been written in Egypt about 1600 B.C.

In the "Corpus Hippocratium" compiled during the fourth century B.C., there is
mention of how much damage a bandage could do if used for a fractured jaw.
Hippocrates advised holding the parts in a desired position by binding them to the
firm teeth on each side with linen thread or gold wire. A Greek appliance for the
support of loose anterior teeth, assigned to the third or fourth century B.C., is
conserved in the archaeological museum at Athens.

The first historical report of maxillofacial technology, in the form of replacement
of facial parts by prosthetic means, would seem to have occurred during 26132494 B.C. Excavation of Egyptian tombs from this period has provided evidence
of fabrication of nasal, orbital and auricle prosthesis and dental appliances. Some
clinical and technical writers have reported dental splinting and facial prostheses
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found in Egyptian mummies to have been used for functional and aesthetic
reasons. Conversely, Egyptologists have reported that such appliances were in
all probability inserted after death in order to meet the religious beliefs of the time
that only those without physical defect would enter the kingdom of Osiris, so these
prostheses were used solely in a post-mortem role (Gray 1967, Roberts 1988).
X-ray examination of mummies, especially a mummy from 1000 B.C. in the British
Museum, shows presence of metal Inserted into the orbital region which
resembles an artificial eye. Very likely it was more the work of a mortician than
a prosthetist (Fig.2.1.1). An artificial eye can also be clearly seen in the
unwrapped mummy (Fig.2.1.2). In the Babylonian era, amputation of parts of the
face such as the tip of the nose, or an ear, was used as punishment for
infringement of the law by Romans, Egyptians and Indians. There is no evidence
that these people got any replacement parts, except for one case of plastic
surgery by Susruta in India, about 2000 years ago, to rebuild an amputated nose,
whereby a flap from the forearm was raised, and moulded over two tubes inserted
to replace the nostrils (Wellcome Museum).

The ancient civilisations of Greece, Thrace and Rome certainly had the aesthetic
taste to appreciate the importance of form and function together with technology
and material ability to be able to apply such skills to the same requirements of
what we now call maxillofacial technology. Ambroise Pare in his book The Opera’
published in 1579 shows ingenious artificial limbs that he designed for amputee
patients.

Pilleau (1730)*, a French silversmith, introduced a wax impression technique, and
Philip Pfaff (1756)*, a German dentist to Frederick the Great, is known to have
introduced plaster for casting dental models. But a plaster mask (1370 B.C.) of
an official probably moulded from life and enhanced by carving, is on display in
the British Museum, which indicates that impression taking and model casting
techniques were probably practised as long ago as 1370 B.C. (Fig.2.1.3).

* Campbell J. M. 1966
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Figure 2.1.1 X-rays picture of a mummy from 1000 B.C., showing metal inserts,
which resembles artificial eyes.
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Figure 2.1.2 An unwrapped mummy (1000 B.C.), illustrating a clearly visible
artificial replacement for an eye.
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Figure 2.1.3 A plaster mask (1370 B.C.) of an official produced from facial
impression and then enhanced.
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In the late eighteenth and early nineteenth century several types of combined
intra-and extra-oral appliances were devised for fixation of facial fractures. Plaster
models of the jaws were obtained, sectioned and re-aligned to make splints.
Rutenick (1779)* and later Hill (I860)*, used similar appliances for fractured lower
jaws. They cast the impressions, sectioned and re-aligned the lower model by
articulating the teeth in what was thought to be the best occlusion and made a
one piece splint lined with gutta percha. In the early and middle part of this
century, it became a common practice to section models of cleft palate patients
to make appliances for possible surgery. Simon P. Hullihen (1810-1857), born in
Milton, Pennsylvania, USA, practised dentistry and oral surgery especially to the
cleft lip and palate. He is known to be the first surgeon to perform a mandibular
osteotomy.

2.2 Cephalometrics
Cephalometrics, is the studies of dimensional measurements of the head. The
first x-ray pictures of the skull in the standard lateral view were taken by Pacini
and Carrera in 1922. Also by Macgowen (1923), Simpson (1923), Comte (1927),
Reisner (1929). Hofrath (1931) a prosthodontist, and Broadbent (1931) an
orthodontist, simultaneously and independently developed standardised methods
for production of cephalometric radiographs using special holders known as
cephalostates.
Anthropometry, is a term used to describe the measurements of the human skull.
By studying different groups, sexes, and age groups, and measuring dimensions
of the various parts and shapes of the craniofacial structures, it became possible
to set certain broad standards. As a specialized field of anthropometry, the study
of the head became known as "craniometry" or "cephalometry". The clinical phase
of cephalometry was developed by the contributions of orthodontists such as
Down (1948), Riedel (1952), Steiner (1953), Tweed (1954) and Ricketts (1955).
De Coster (1952) described the reference lines for growth measurement on the
base of the skull. Regardless of the purpose for which head films are obtained
* Campbell J M 1966
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Baumrind and Frantz (1971) showed that there were inherent problems with
cephalometrics, which may effect its validity for clinical usage.

Ricketts (1955) and McNamara (1984) pointed cut that the Frankfort horizontal
plane should be drawn using the anatomical porion and orbitale. The anatomical
porion was the superior aspect of the external auditory meatus, in reality it was
often not visible in the lateral skull x-rays, so the machine porion which was
determined by the ear rods of a cephalostate head holder, and could be as much
as 10mm away from actual position of the anatomical porion, was almost always
used as its substitute.

Harradine et al (1985) reported that the use of a digitizer and a microcomputer for
cephalometric analysis reduced the measurement error. Ghafari and Engel et al
(1987) compared the following four methods of superimposing the lateral skull xrays for cephalometric analysis using; a) the best fit of anterior skull base
anatomy, based on the De Coster’s observation of a stable basicranial line from
the inner contour of the frontal bone to the anterior aspect of the sella turcica,
anterior contour of middle cranial fossae, cribriform plate, frontoethmoidal crests
and possible cerebral surface of the orbital floor and cortical layer of the frontal
bone. Details of the trabeculation within the cranial structures provided further
guidance. However, due to the remodelling in the sella turcica region, the
reference sella is not stable until long after puberty, b) Sella-Nasion plane which
is frequently used and regarded as a stable technique, c) the registration point R
with Bolton-nasion plane parallel, d) the basion-nasion plane. This method is
advocated by Ricketts.

They traced 26 patients’ x-rays with these four methods and found that the
differences among all paired methods were statistically significant. Sandler (1986)
traced 25 pairs of lateral skull x-rays and repeated measurements from these two
sameday radiographs, and found no marked difference. Naidoo and Miles (1988)
suggested the use of millimetre/centimetre graph paper for determining the
rectilinear measurements of the cephalometric analysis. Houston et al (1989)
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reported a method of cephalometric analysis using the Le Fort I maxillary
osteotomy in cleft palate cases. They used cranial base structure for
superimposing and drew cranial base reference lines close and parallel to but not
along, the Sella-Nasion plane, using the reference points P1 and P2. They
claimed that their method avoided the risk of bias in superimposing the tracing on
subsequent radiographs. The posterior landmark P1 was the perpendicular
projection of Sella Turcica on the reference line, and anterior reference landmark
P2 was constructed 80mm anterior to this. Similarly, the maxillary reference line
P3 and P4 was drawn approximate to the hard palate, P4 being the perpendicular
projection of ANS on the line, and P3 being 60 mm posterior to it. They reported
method error of 1.5mm, or 2°. They repeated the whole tracing after one week for
error percentage and stated that if the difference in pre- and postoperative
movements was at least twice that of method error, then it should be regarded as
significant, otherwise not. They claimed that their method of analysis was more
reproducible, as it was based upon the sella-nasion plane, which was constructed
with the aid of two median landmarks. When the alternative Frankfort horizontal
plane, being based on bilateral landmarks (orbitale and porion) was more subject
to errors. In practice however it is more widely used for clinical assessment of
craniofacial deformities.

Oliver (1991) found that the manual method had better reproducibility, while the
direct digitizing method, involving incisors, was the least reproducible and errors
could be introduced at three stages: a) projection and tracing, b) landmark
identification, and c) the measurement stage. He traced 5 radiographs twice for
error estimation and found error for nasion 1mm, and the maxillary plane angle
error was greater than 2mm. Eppley and Sadove (1991) also reported similar
results.

2.2.1 Projection Errors
Since the rays which produce the shadows are not parallel and originate from a
very small source, and are always distorted (enlarged), the enlargement factor
varies with distances of film and x-ray source from the landmark (Brodie 1941,
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Hixon 1956, Bjork and Solow 1962, Salzman 1964). Complete control of projection
errors is not possible, so attempts are made to reduce the impact of this error.
The distance between the film and the object is maintained constant so that all
the midsagittal landmarks will have a standardised enlargement factor. The
distance between object and film is minimised to increase image detail, thus
facilitating landmark identification.

2.2.2 Landmark Identification Errors
Many

investigators

have

shown that

inconsistency

in

identification

of

cephalometric landmarks was an important source of error (Hatton and Grainger
1958, Hixon 1960, Savara and Singh 1966, Baumrind and Frantz 1971).
Richardson (1966) reported that Menton point reproducibility was better vertically
than horizontally and nasion was more reproducible horizontally than vertically.
Anterior Nasal Spine(ANS) and Posterior Nasal Spine(PNS) were more
reproducible vertically than horizontally. Midtgard, Bjork and Aronson (1974) also
reported similar results.

2.2.3 Measurement Errors
The development of digitizing equipment has simplified the execution of
measurements. Digitizers were originally used for the analysis of maps, and a
special version has been developed for craniofacial purposes. The digitizer
records the co-ordinates of each point in relation to Cartesian axes. Given the co
ordinates, the computer can be programmed to calculate the lengths of the lines
and angles between the lines joining landmarks. The reproducibility of the
calculated measurements between landmarks is reported to be better with the
digitizer; in addition, digitizers offer an important advantage in terms of speed and
preparation of data for computer analysis (Richardson 1981, Harradine et al 1985,
Houston et al 1987, 1989).
Moyers and Bookstein (1979) demonstrated that conventional cephalometric
procedures misinform by fabrication, camouflage and confusion. Bookstein (1982)
introduced tensor analysis as a new method of evaluating the shape changes.
This is a simplification of a method using finite element analysis.
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2.3 The Facebow
2.3.1 Introduction
The facebow was introduced by Snow (1900), with the concept of locating the
mandibular hinge axis, by palpation. This instrument considered to be the
prototype of the modern facebows (Fig. 2.3.1), was a U-shaped metal bar
positioned around the front of the face. Attached to the bar was a maxillary bite
fork (A and B), which could be moved and locked in a fixed position. In the preauricular region, it had condyle pieces (C and C) with moveable rods, which could
also be locked in a fixed position with clamping nuts (D.D).

Gysi (1910) emphasised the use of a facebow to orientate the maxillary model
in an articulator, and stated that the condyle of the balancing side in relation to
dentition came down and forward, when the condyle of the working side moved
downward and backward. The result was that both condyles moved downward
and with them carried the axial line to which we have related the mandible and
the mandibular model. Needles (1923) claimed that there were two fundamental
joints between the mandible and the maxilla; one was a hinge joint with the axis
through the heads of the condyles, the other was a sliding joint between the
fibrocartilage and the articular eminence, and all mandibular movements were the
result of the movement in one or both of these joints. Bennet (1924) reported that
there was no centre of rotation in the temporo-mandibular joint (TMJ) itself.
Stansbery (1928) emphasised that the axis was an approximate position and
varied greatly with various degrees of opening and favoured an adjustable
articulator but without the facebow.

Contrary to the above, McCollum (1939) reported that inspite of its biological
mechanisms the TMJ provided definitive, measurable, and recordable movements
that could be reproduced in a mechanical contrivance. He noted great variation
between the two sides on the same individual and suggested an adjustable
articulator and facebow. Similar studies were reported by Trapozzana and Lazzari
(1961) and Walker (1980).
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A facebow transfer is based on the recording of a) two posterior, and b) one
anterior, reference points. The posterior reference points are the condylar hinge
axes, and the anterior reference point is usually the orbitale. Arbitrary hinge axis
locations are common methods of determining the axes for articulation and
subsequent treatment planning for orthognathic surgery. One method uses the
earplug facebow and another a point 13mm anterior to the tragus. Gilmer (1887)
was the first person to suggest measuring the distance between the temporo
mandibular joints and the incision point.

Craddock and Symmon (1952) suggested mounting the models at an average
distance from the intercondylar axis, and claimed that the maximum error in an
arbitrary hinge axis was 20 mm anteroposteriorly, and that this amount did not
affect the occlusion significantly. Similarly, Brandrup and Wognsen (1953) stated
that the arbitrary and the kinematically located terminal hinge axis were so close
that any technique more complicated than the arbitrary method was not
necessary. Contrary to these studies, Marko (1986) and Nattestad et al (1991)
reported that a 20 mm error in location of true centre of rotation resulted in 3 mm
horizontal malpositioning of the maxilla in

mm impaction, for orthognathic

surgery. Schallhorn (1957) and Palik (1985) proved that 95% of the hinge axis
points located 13mm anterior to the tragus were within a 6mm radius of the
kinematically located axis. However, Bosman (1974) stated that only 45% of the
arbitrary axis points were within 5mm radius of true hinge axis.

Borgh and Posselt (1958) stated that the accuracy of the hinge axis location using
the kinematic facebow could be within 1.5mm when a 10° opening was used, and
within 1mm when the jaw movement was increased to a 15° opening. Similar
results were reported by Kurth and Feinstein (1951). However, Brandrup and
Wagnsen (1953) Collett (1955) Schallhorn (1957) and Ramjford and Ash (1966)
doubted the clinical value of such accuracy.
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Fig. 2.3.1 Shows a facebow, which is considered to be the prototype of all
modern facebows. As seen it was a U-shaped metal bar positioned around the
front of the face and attached to this bar was a maxillary bite fork (A and B),
which could be moved and locked in a fixed position. In the pre-auricular region,
it had condyle pieces (C and C) with moveable rods, which could also be locked
in a fixed position with clamping nuts (D.D).
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2.3.2 Posterior Reference Point, the Hinge Axis
There are four main theories regarding the hinge axis determination:
a) the absolute location of the true hinge axis, as of the kinematic location method
practised by Lucia (1960), McCollum (1939), Granger (1952, 1954).
b) the arbitrary axis as practised by Craddock and Symmon (1952).
c) the ’split axis’ theory of rotation, as in Slavens (1961).
d) those who do not believe in the necessity of axis location, such as Beck
(1959).

Campion (1902 and 1905) produced the first graphic record of mandibular
movement on a patient using a basic form of pantograph, which plotted the
condyle path as a succession of dots on the skin at the side of the face. He
concluded that there could not be one axis about which the mandible moves, but
that the movement is a complex one, consisting first of a rotation on an axis
passing approximately through the centres of the two condyles, and secondly of
a forward and downward movement of the condyles as they slide over with the
meniscus shaped inter-articular cartilage, along the curve of the eminentia
articular. This was supported by Bennett (1908) and Needles (1923).

Bennet (1924) and Wandsworth (1925) later reiterated that there is no centre of
rotation in the temporo-mandibular joint itself, but the movement of the mandible
in the sagittal plane is composed of a rotation about the line of the condyles, and
translation in the direction of the condyle path giving instantaneous or constantly
shifting centres. Levao (1955) put forward a similar argument and questioned the
real value of a hinge axis claiming that it was hypothetical to isolate it from
translatory movement. Similar results were reported by Hogely and Logan (1941)
when they examined condylar action by radiography and found that as the
mandible dropped from occlusion to an opening of 15 mm, there was a retrusive
movement of the chin point and the head of the condyle dropped progressively.
Almost 70% of his subjects showed a fonA/ard shift of the head of the condyle
from occlusion to physiological rest position. With an opening of 10mm, 95% of
cases showed a forward shift of the head of the condyle, and when the mandible
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was opened 15 mm, all subjects showed a forward movement of the condyle.
Contrary to the above, McCollum (1943) stated that in simple opening movements
of the mandible the joint acted as a common axis. This was supported by
Lauritzen (1950), Clapp (1952), Granger (1952) and Craddock & Symmons
(1952), Woelfel, Hickey & Rineer (1957) also demonstrated by electromyograph
that a hinge opening could be accomplished when a trained subject made this
type of opening, since no increase of electrical activity was recorded from the
normally functioning external pterygoid muscle.

2.3.3 True Hinge Axis
Campion (1905) pointed out the importance of locating the true hinge axis for
mounting the models in an articulator, this was supported by Posselt (1952, 1963)
who assessed the opening and closing of the mandible by a kinematic facebow
and reported that opening and closing up to 20mm was constant and
reproducible. Lauritzen and Wolford (1961) also examined the area of axis
dispersion in the opening and closing of the mandible at angles of 5°, 10° , and
15°, and showed that for 15° and 10° angles, the area of dispersion around the
hinge axis was 4mm in 95% of cases. For 5° angulation the area of dispersion
was 0.4mm in 75% of cases. They stated that if such a degree of accuracy was
accompanied by an equally accurate method of transfer to the articulator, it would
be clinically justifiable.

3.3.4 The Split Axis Theory
Weinberg (1976) and Aull (1958) stated that movement in one direction in one
place can only have one axis of rotation. This is supported by Lauritzen et al
(1961) and Lucia (1960).

2.3.5 The Arbitrary Axis
Location of the hinge axis by arbitrary methods was supported by Kurth and
Feinstein (1951). Craddock and Symmon (1952) showed that with an average
anatomic position of the centres of rotation, the errors in the articulation of teeth
from such a position were very small or insignificant. Similarly, Brandrup and
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Wognsen (1953) stated that the arbitrary and the kinematically located terminal
hinge axis are so close that any technique more complicated than the arbitrary
method is not necessary. Jainson (1956), Schallhorn (1957) and Weinberg (1963)
also supported this. Lauritzens and Bodners (1961) reported that 70% of the true
axis points were within 5mm of the arbitrary centre. When an arbitrary axis point
location is used to make a facebow transfer record, a certain amount of error is
inherent in the process (Zuckerman 1985, Walker 1980).

2.3.6 The Location of the Arbitrary Hinge Axis Point
Anatomical surface positioning of the hinge axis has been advocated by many
investigators, such as Gysi (1910) who suggested a point 10mm anterior to the
tragus toward the outer canthus of the eyes. Snow (1911) preferred a point 11 13 mm from the tragus toward the outer canthus. Prosthero (1916) and Wognsen
(1953) selected a point 12mm in front of the external auditory meatus. Beyron
(1942) and Swensen (1953) advocated a point 13mm anterior to the middle of the
tragus. Bergstrom (1950) suggested a point 10mm anterior to the centre of
spherical inserts placed in the external auditory meatus, and 7mm below the
Frankfort horizontal plane and parallel with it.

2.3.7 Anterior Reference Point
The anterior reference point is essential to orientate the maxillary cast in the
articulator space and to a plane parallel to the Frankfort horizontal plane.
Weinberg (1961) believed that this point may alter up to 16mm around the true
hinge axis. Bailey and Nowlin (1984) reported that the aesthetic reference position
of the incisal edge of the upper incisors was approximately 36mm below the
condylar plane, a horizontal plane passing through the axis of the articulator, or
the transverse horizontal plane of the subject. In the standard axis-orbital
articulator, a facebow transfer record using the orbitale as the anterior reference
point, placed the incisal edges of the maxillary teeth 54mm below the condylar
plane of articulator. The range of value was 46 to 62mm. They suggested raising
the orbital indicator or orbitale pointer 18mm to correct this mounting error of the
standard articulator system. For the articulator systems in which the orbital
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indicator is 7mm higher than the axis of articulator, the correction should be
11mm.

2.3.8 Planes of Orientation
A facebow recording relates a maxillary model to the condylar assemblies of an
articulator and the Frankfort horizontal plane. This is assumed to reproduce the
manner in which the patient’s maxilla relates to the terminal hinge axis of the
mandibular condyles.
Gonzales and Kingery (1968) observed the lack of parallelism between the
Frankfort horizontal and axis-orbitale plane. The Frankfurt horizontal plane would
form an angle of 8° with respect to the horizontal reference plane. The posterior
point of the axis-orbital plane is 7mm lower than the Frankfort horizontal plane,
and the axis-orbital plane would form an angle of 13° to the reference horizontal
plane. Pitchford (1991) noted that facebow mounted casts had the maxillary
incisal edge placed too interiorly, and that the articulator condylar track readings
were 40° to 50° instead of expected 30° to 40°, which caused the axial inclination
of the maxillary anterior teeth to become almost perpendicular to the reference
horizontal plane instead of the expected 110°. He believed that this was due to
the use of orbitale as the anterior reference point, and the assumption that the
axis-orbital plane was parallel to the reference horizontal plane.

The idea that porion and orbitale would form a plane parallel to the reference
horizontal plane was originally adopted at an anthropological congress in
Frankfurt, in 1882. Since the porion was not a point easily referenced by the
articulator for a facebow, it was easy for the early designers of articulators and
facebows to substitute the axis for porion. In this fashion, the axis-orbitale plane
became a reference horizontal plane, although, as discussed before, neither the
Frankfort horizontal nor the axis-orbitale plane was parallel to the reference
horizontal plane in the aesthetic reference position. In the aesthetic reference
position orbitale averaged 18mm higher than the axis, and the axis-orbital plane
formed an angle of 13° to the reference horizontal plane. Orbitale ranged 1145mm higher than the porion in the aesthetic reference position and the Frankfort
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horizontal plane would form an angle of 8° to the reference horizontal plane. To
overcome this discrepancy, when recording the Denar Slidematic facebow, the
anterior reference point is lowered from the orbitale, by measuring 43mm from the
incisor edge.

2.3.9 Facebow Transfer Reproducibility
Teteruck and Lundeen (1966) compared the accuracy of the earpiece facebow
with a conventional arbitrary hinge axis location, this showed that 33% of the
arbitrary axis locations and 56% of the earpiece facebow axis locations were
within 6mm of the true hinge axis point. Gold and Setchell (1983) investigated the
reproducibility of facebow transfers by using the following types of facebows: a
Dentatus AEB, a Whipmix Quickmount earbow and an Almore kinematic hinge
axis locator.

They repeated each facebow 10 times on 6 subjects at random; 60 records in
total, and checked the mounted casts using a travelling microscope. They
concluded that all the facebow transfers were reasonably accurate and
reproducible. The Almore kinematic being the most and the Dentatus the least
reproducible of the three systems (Almore v Dentatus p<0.05). Similarly, Yanus
and Finger (1983) investigated two types of facebows, the Hanau slidematic
earbow and the kinematic facebow, and compared them with the Hanau mounting
jig mounted casts. They used 8 subjects aged 25-45 years. A total of 6 records
were taken for each subject, 3 with the kinematic facebow and 3 with the earbow,
on three separate appointments. For measurements they put three nails on a
maxillary cast, one on each buccal side and one anteriorly, and measured the
distance to these reference points from the articulator condyles and the base of
the articulator using dial vernier callipers. Their results showed that facebow
transfer could be mounted reliably with only minimal error. Analysis of variance
revealed no statistically significant difference in measurements when mounting
with various types of facebows, and the facebow transfer records were found to
be reproducible on the same subject. Contrary to these results, Goska (1988)
compared four facebows, the Hanau Kinematic facebow, the Hanau Facia-bow,
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the Hanau 159 Earpiece bow, and the Hanau Twirl Earpiece Facebow. Using 40
facebow records in total, on 10 subjects, that is 4 on each subject, reported a
significant difference (p<0.05).

Palik (1985) examined the validity of the Hanau earbow transfer to a Hanau
articulator using 18 randomly selected patients and showed a significant
difference between the arbitrary axis located with an earbow and the terminal
hinge axis (kinematic axis). This discrepancy was significant in the anteroposterior
direction but not in the superoinferior direction and found the earbow method
statistically not reproducible.

It is important that the angle between the occlusal plane of the maxillary model
and the upper member of the articulator be the same as the angle between the
occlusal plane and the Frankfurt horizontal plane in the patient. If incorrect, then
erroneous information can result from the model planning, especially in a patient
undergoing bimaxillary surgical procedure, because, the maxillary model is usually
moved using measurements made parallel or perpendicular to the reference
points and plane (model Frankfort) of the articulator; that is the maxillary model
moves forward in relation to the incisal pin and upward in relation to the upper
member of the articulator or the "A" line (Anwar and Harris 1990).

Ellis et al (1992) investigated the ability of the Hanau earplug facebow (Twirl-bow
no. 164-1) with an orbital pointer, to transfer the maxillary model to the articulator
for orthognathic planning. They evaluated 25 consecutive mountings by
calculating the angle made between the maxillary occlusal plane on the
cephalogram and comparing it with the maxillary occlusal plane angle on the
articulator. Using a digitizer, they worked out that the mean angular difference
between the occlusal plane angle on the cephalogram and the articulator was 6.8°
± 3.5°. This difference was highly significant (p<0.001). The majority of the cases
were mounted with steeper occlusal plane angulation than found on the
cephalogram. They reported that if the occlusal plane angle was steep then the
maxillary impaction produced by model surgery would be greater than planned,
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and the lower jaw might not come as far forward as planned, since a steep angle
maxilla on the articulator would not only be moved upwards but also posteriorly,
which may not be part of the prescription for that patient.

However, they seemed to have overlooked the fact that in an axio-orbital
articulator, models are mounted in reference to the axio-orbital plane, and not to
the Frankfort horizontal plane. The posterior reference point of the earplug
facebow is about 7mm lower than the posterior reference point of the Frankfort
horizontal plane. Perhaps that is why their results showed a significant difference.
In the Denar Slidematic facebow, which is used in this Department, this error is
corrected by lowering the anterior reference point, that is measuring, on the
patient, 43mm from the lateral incisor toward the inner canthus.

Also the

articulators are not designed for use in orthognathic surgery, because it does not
matter whether the occlusal plane angle on the articulator is the same as in the
patient or not when prosthodontics or restorative work is being done, since large
changes in vertical dimension requiring autorotation of the mandible are not
usually performed.

2.3.10 Articulator
"The movements of the articulator do not necessarily reproduce or imitate Jaw
movements but the movements are equivalent" Hanau (1923).

Addison (1927) stated that the intensive study of this subject, together with 30
years application of results, had convinced him that mandibular movements were
as individual as the eyes. It was as reasonable to expect a near-sighted person
to see through plus spherical lenses as to expect him or her to masticate,
comfortably and effectively on teeth set and ground to a masticatory movement
other than his or her own.

To attain this goal, it was necessary to reproduce mechanically, or at least to
closely approximate, the individual, habitual masticatory movement of each case.
An adjustable articulator was useless unless the models of the mouth were
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attached to it in such a manner that the ridges and teeth bore the same relation
to its mechanical substitute that natural ridges and teeth in the mouth bore to the
anatomical joints of jaw and skull. This entailed the use of a facebow. Similarly,
Logan (1926) supported this argument and showed that those models which were
mounted too close to the posterior part of the articulator produced anterior open
bite, and those mounted too far from the posterior part of the articulator produced
posterior open bite. Shanahan (1958) concluded that the normal opening and
closing movements of the mandible did not coincide with the opening and closing
of the articulator.

2.3.11 Articulator for the Model Planning
When osteotomy operations were single jaw procedures, the single hinge
articulator was adequate for model planning (Angle 1903, Wassmund 1935, Smith
and Johnson 1940, Lockwood 1974).

Henderson (1985) suggested that total arch repositioning, without sectioning either
arch, was adequately planned on a plane line (single hinge) articulator. He
mounted the models on the articulator so that the occlusal plane was parallel to
the upper and lower bases and marked the facial, interpupillary, and alar to tragus
lines on the mounted models. Epker et al (1986), and Proffit and White (1991)
stated that if the condyle-dentition relationship would be preserved at surgery, and
the mandible would rotate to a new position, then it was important for this rotation
to be simulated as accurately as possible. These models should be mounted on
a semi-adjustable articulator using a facebow. (Hohl 1978 , Marko 1986, Erickson
1986, Harris and Reynolds 1991, Proffit and White 1991, Bell 1992, and Cottrell
and Wolford 1994).

2.3.12 Facebow Induced Occlusal Errors
While it is recognized that the location of an arbitrary axis point for the facebow
registration is usually in error, its significance at occlusal level is the important
issue for orthognathic planning. Bortman (1960) analyzed the occlusal errors
following inaccurate hinge axis determination and calculated that a 5mm error in
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hinge axis can cause a 0.25mm error on the occlusal surface in a 5mm opening.
Zuckerman (1982) determined the influence of the arbitrary hinge axis (AHA) on
the relationship of the mandible to the maxilla. He worked out the occlusal error
by geometric drawings, and found that the following four additional factors
influenced the magnitude of the incisal displacement produced by AHA location:
a) the dimension of the discrepancy between AHA and THA,
b) the degree of separation from which the mandible would return to the plane of
occlusion,
c) the dimension of the distance between the occlusal elements and the THA, and
d) the effect of the level of the occlusal plane.

Then he demonstrated the effect and the magnitude of the error at the occlusal
level that occurred due to error in the location of the THA as follows: a) an error
that placed the AHA location superior or inferior to its actual location produced
errors of greater magnitude than equivalent errors in an anteroposterior direction,
b) when hinge axis location was in error superiorly, the mandibular dentition
returned to the occlusion on the articulator in an anteriorly displaced position, c)
when the hinge axis location was in error interiorly, the mandibular dentition
returned to the occlusion on the articulator in a posteriorly displaced position, and
d) the magnitude of the occlusal error was directly proportional to the magnitude
of error in location of the AHA.

With the use of an analogue tracing and employing AHA errors of 5mm and
10mm in combination with 5mm and 10mm of incisal vertical movements, the
maximum incisor displacement (error) was as follows: a) AHA discrepancy of
5mm and the vertical movement 5mm, the error was incisal displacement of
0.4mm; b) AHA error of 5mm and the vertical movement 10mm, the incisal
displacement was 0.8mm; c) AHA error 10mm and the vertical movement 5mm,
then incisal displacement was 0.8mm; but d) if the AHA error was 10mm and the
vertical movement also 10mm, then the incisal displacement error was 1.5mm.
Nattestad et al (1991) also reported similar results that 20mm hinge axis error
with 15mm maxillary impaction produced 3mm anteroposterior error.
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2.3.13 The Facial Midline
When a facebow record is used, the anatomic position of the patient’s hinge axis
determines the orientation of the maxillary cast within the articulator. If the
anatomic hinge axis is perpendicular to the mid-sagittal plane, the resulting
articulator model assembly will accurately represent the cranial posture of the
patient in an upright position i.e. an individual with bilaterally symmetric cranial
and facial proportion. A face of symmetric proportion will have an anatomic hinge
axis coincident with the articulator’s mechanical hinge axis and so will, very likely,
be the facial midline (Fig 6.2.2). For a patient with a face of asymmetric proportion
viewed from the frontal plane, if the anatomical hinge axis is made coincident with
the mechanical hinge axis of the articulator which is almost always the case, then
the facial and the dental midlines of that patient will not coincide with the incisal
pin, which is the centre of the articulator. Thus the facial midline will assume a
position that is no longer coincident with the midline of the instrument.

2.4 Orthognathic Surgery Planning
Indication for surgical interference to correct maxillary and mandibular deformation
was early recognised, but no operation was described in the literature until 1848,
when Hullihen did the daring act and performed an operation for mandibular
prognathism. The early pioneers had very little planning skills and relied heavily
upon ther clinical and surgical experiences.

2.4.1 Mandibular Surgery
Hullihen (1849) described successful treatment in a case of elongation of the
lower jaw and distortion of the face and neck caused by burns. He mobilized the
anterior part of the mandible by cutting between the cuspid and bicuspid, areas
where elongation had taken place in this area. He made

a ’V’ shaped cut

between the cuspid and bicuspid, and joined with a horizontal cut and moved this
segment backwards so that the teeth on both sides of the cut were in contact.
Then he secured the segment with wire around cuspid and bicuspid; a technique
which was revolutionary at the time. Then he took an impression of the jaw in
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very soft wax and produced a model. On this model he fabricated a silver splint
and fitted it over the patient’s teeth to maintain the parts in that same relation for
a period of six weeks after the operation.

Fifty years later, Blair removed a wedge shaped section

of bone, the entire

thickness of the mandible. Whipple (1898) reported this body osteotomy with
extraoral approach. Again, it is clear from the case report that no model surgery
was used, the surgeon relied upon his experience in surgical skills. Occlusion
was not his priority. Angle (1903) recognizing the limitations of orthodontics said
"no operation dependent on tooth movement could establish proper relation of
the teeth or materially Improve the facial lines In certain cases of pronounced
overdevelopment of the mandible and It Is In such cases that surgical
Interference Is Indicated'. Commenting on Blair’s operation he said that the result
could have been even better if preoperative planning was done using dental
models. The operation was not performed with a view of improving the occlusion
of the teeth, but merely with reference to correcting facial deformity, when to
improve the occlusion should have been the prime and essential motive. He
described a detailed model surgery technique; accurate impressions were taken
and models cast and mounted in a simple hinge articulator. The lower model was
sectioned at intended points of operation. The ends of the segments shortened
sufficiently to allow the best occlusion practicable with the upper model. He
advised that slight grinding of the cusp would bring more of the occlusal planes
into harmony. Having achieved the desired occlusion, he suggested gluing the
segments together with thinly mixed plaster of Paris, applied into spaces lingually
with a camel hair brush. He suggested using a metal splint, swaged over a
metallic die, for fixation of mobilized segments.

For model surgery measurements he used minute stipples and marking of gingiva
on the labial and buccal surfaces, from these he drew lines to indicate a measure
of bone removed to achieve that occlusion, and shape and size of the bone that
needed to be removed to make the splint fit. He advised the making of a metal
template to use during the operation.
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Blair (1907, 1909) published the results of a comprehensive study of malrelation
between the maxilla and mandible. He described a case of retrognathic mandible
and in the model planning he used two sets of dental models; in pre- and
postoperative occlusion. He advocated mandibular resection in the bicuspid
region, and for the fixation he used florist’s iron wire with cement, and softened
gutta percha on the occlusal surfaces for additional support. Babcock (1909)
advocated the transverse division of rami by either an intra- or extraoral approach.
When Aller (1917) operated on a patient by an intraoral route and removed ’V’
shaped sections in the region of second bicuspids, he sectioned and articulated
the model into a new position. The segments of the mandibular model were held
together with wax and a German silver alloy splint fabricated for fixation. Similarly,
Kostecka (1931) utilized an osteotomy of ascending rami for the correction of
mandibular deformities. He used unarticulated models to evaluate the pre- and
postoperative occlusion. Kazanjian (1936) emphasized the need for close co
operation between orthodontics and plastic surgery and the importance of
preoperative preparation. He suggested a method of measuring the piece of bone
to be removed by placing the study models in the existing condition and marking
the perpendicular lines over the last molar region. The maxillary model was then
carried forward to assume the position that would result in the most satisfactory
occlusion. The marking of the maxillary model was extended down to the
mandibular model and the distance between the first and second lines on the
mandibular model determined the amount of bone to be removed. He pointed out
that due to the deviation of the median line the measurements on the right and
left side differ in most cases. Since it was not possible to remove bone with
absolute accuracy, he suggested the construction of an adjustable splint.

Smith and Johnson (1940) did preoperative planning routinely using dental
models, x-rays and photographs. They mounted the models in an articulator, in
a way that the upper model was securely attached to the upper bow and the lower
model was fitted to a slide attachment on the lower bow of the articulator
facilitating anteroposterior movements. They also took lateral and anteroposterior
life size x-rays as well as 8" X 10" profiles and front view photographs. From
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these images they did profile drawings to determine the extent of tissue
reconstruction. Measurements were taken and profile templates constructed for
use during the surgical procedure.

The desired postoperative intermaxillary relation was determined by the removal
of a section from each side of the lower model. If this was accurately achieved,
then the correct width and shape of the bone sections to be removed would be
determined by the template. They suggested a comprehensive approach to
preoperative model planning using a simple hinged articulator, making cast metal
splints for fixation and metal templates for bone measurements wherever
appropriate.

Between 1930 and 1950 surgery to correct facial deformities became a common
procedure, especially with the introduction of antibiotics to surgical practice. After
the ramus section (kosteckca 1931), the body osteotomy became the first popular
procedure, probably because of missing teeth, for shortening of the mandible,
which was thought to be the site of sagittal disproportion of the jaws. The patients
were mainly young adults and the procedures were done under local analgesia
or general anaesthesia. The surgical procedures progressed from the mandibular
osteotomies and osteotomies, to the anterior maxilla via the alveolar portion of
both jaws. Subsequently, the maxilla was osteotomised at the lower, middle and
upper levels. Caldwell and Letterman (1954) first popularized the vertical
osteotomy of the mandible ramus, which later replaced the body osteotomy.
Trauner and Obwegeser (1957) reported sagittal splitting of the mandibular ramus
which brought in the intraoral approach. Dal Pont (1961) modified Obwegeser’s
sagittal split osteotomy technique by moving the lateral cut forward onto the body
of the mandible, thereby, increasing the area of bone to bone contact during the
healing period. Segmental technique gained popularity after KÔle’s publication in
English in 1959. For treatment planning he advised the use of good profile
photographs and dental models as these offer valuable information. He
emphasised that these operations should first be performed on models, since the
adjustments of the sections may bring to light other important details. The
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operation on plaster models provided favourable occlusion and postoperative
models to fabricate splints. Also, model operation showed that slight grinding of
teeth cusps may be necessary to obtain optimal occlusion. He determined the
exact amount of bone to be removed for vertical and horizontal osteotomy by
marking the models.

After the Second World War, model surgery on the dental models became a
routine procedure for the purpose of treatment planning and diagnosis in
orthognathic surgery, and brief technical detail started appearing in the clinical
literature.

2.4.2 Maxillary Surgery
The down fracture osteotomy technique for maxillary surgery originated with
Cheever, who (1864) performed this operation to resect a nasopharyngeal mass
in two patients. The surgical approach for the correction of maxillary protrusion
was developed by Cohn-Stock (1924). Wassmund (1935) and Auxhausen (1934)
modified and expanded these surgical techniques. Circular detachment of the
maxilla as a Le Fort I type fracture was performed first by Wassmund in 1927 for
closure of anterior open bite without sectioning the pterygoid plates or separating
from tuberosity, repositioning was achieved with the elastics.

However,

Auxhausen (1934), a student of Wassmund, was first to advance the maxilla
anteriorly in a surgical fracture.

Wassmund (1935) mounted the models on a simple hinge articulator for model
surgery planning and drew vertical reference lines to record the preoperative
position of these segments. Then he segmented and moved the dental models
to achieve the optimal occlusion, and took the post model surgery measurements
from these reference points to work out the amount of bone required to be
removed to achieve the movements of the segments to the planned position. He
stated that this was Simon’s (1922) method, using cephalometric tracing and
model surgery for diagnostic and treatment planning. He gave recognition to
Simon (1922) Hullihen (1849) Angle (1903) Eiselsberg and Pichler (1919) for
55

pioneering work in the orthognathic field.
Schuchardt (1942) separated the maxilla from pterygoid plates in two stages and
brought the maxilla forward with an extraoral traction, and in 1959 described the
posterior maxillary osteotomy as a two stage procedure, useful primarily for
correcting open bite deformities. It is attributed that Gillies (1942) did the first
subcranial maxillary osteotomy at Le Fort III level on a patient with Crouzons
Syndrome. Dingman and Harding (1951) described Le Fort I osteotomy in post
trauma deformity.

2.4.3 Bimaxillary Surgery
During the 1970s rapid progress in maxillary surgery led to the widespread
adoption of the Le Fort I down fracture technique with mandibular ramus surgery.
In 1954 Gillies and Rowe described the mobilization of the collapsed segment of
cleft palate, and improved occlusion was achieved. Obwegeser ( 1962,1964,1965)
demonstrated that a maxilla can be moved in any desired direction as a whole or
as a segment, and reported (1969) that for the correction of the occlusion, study
models were necessary to appraise the tooth bearing arch.

Kufner (1970) reported a single stage posterior maxillary osteotomy procedure
and presented the results of ten years observation. He recommended the use of
mounted plaster models to determine the exact procedure to be undertaken e.g.
the teeth to be adjusted, the site and the extent of the cuts to be made. He (1971)
then described a series of 61 patients treated by modified Le Fort I and II
osteotomies.
Macintosh (1970) used clinical and cephalometric evaluation to determine the
nature of the anomaly and employed an Obwegeser hinge-type articulator to
establish a consistent relation of all mobilized fragments. However, he pointed out
that the models do not accurately represent jaw anatomy beyond the alveolar
level, so that the measurements made on the art portion of the model cannot be
expected to represent accurately the changes in anatomy effected at the time of
surgery.
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Henderson (1973) reported cases of Le Fort II level osteotomy and for the
planning they used full scale plastic models of the mandible, mounted on a hinge
articulator. Lockwood (1974) described a model surgery technique for segmental
osteotomies, using ’keyspacers’ of different coloured plaster to distinguish
between pre- and postoperative occlusion. With this technique only one set of
models was required to show pre- and postoperative position of dental segments.
Model segments and key spacers are held together with pins and elastics.

Bell (1975) developed the down fracture Le Fort I osteotomy technique after
experimenting on monkeys. Willmar (1974), Epker, and Wolford (1980), and
Freihofer (1977) reported a substantial series of cases with movements ranged
5-13 mm. Hohl (1978) advocated the use of an anatomical articulator for
segmental osteotomies to achieve the optimum centric, as well as functional
occlusion. He stated that when the entire maxillary dentition was involved in the
surgery, and the relationship of the maxilla to the mandibular condyle altered with
respect to all three planes that is anteroposterior, lateral and vertical, the
movements of the dentoalveolar segments during the surgical procedure could be
more accurately predicted preoperatively, when planned on an anatomical
articulator and duplicated at the time of surgery. He also suggested the transfer
of planned surgical movements from the models to cephalometric tracing, to
predict the post operative aesthetic results. He recommended the semi-adjustable
articulator for planning, as fully adjustable articulators were too time consuming
and employed accuracy which could not be duplicated in the surgical procedure.
Condylar guidance could be adjusted by using a lateral check record. He
advocated that the use of a facebow was essential to orientate the maxillary cast,
correctly, to the glenoid fossae and the hinge axis of the mandible. Since the
hypothetical patient has an average condular guidance inclination of 40° the
posterior surface of the articular eminence to the roof of the glenoid fossa, and
the distance horizontally from the centre of rotation to the maxillary incisors is 100
mm, and 32 mm vertically, if we arbitrarily mount the maxillary model just 16mm
superior to its proper position on the articulator, the condylar inclination on the
articulator will be reduced to the 31° instead of the 40° inclination found in the
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patient, and the relationship between the hinge axis and occlusal table will no
longer be realistic. For model surgery measurements Hohl (1978) also used one
horizontal line on each cast and one vertical line for each tooth, and measured
inter-canine and intermolar distance. He used a horseshoe shaped wafer
constructed from self-curing acrylic, which covered the occlusal and lingual
aspects of the posterior teeth, for registering the occlusion at the time of
operation. The mandibular model is usually mounted by means of a centric
relation interocclusal record instead of centric occlusion, the centric relation
position being the most unstrained retruded position of the mandible in the glenoid
fossae. Many patients have a significant discrepancy (>2mm) between centric
relation and centric occlusion.

Oatis et al (1978) used model surgery to predict the segmental movements
required to eliminate anterior open bite. They also stated that when multiple
procedures were contemplated it was easy to loose the relationship of the
occlusion to the proposed facial proportions and contour, and that model surgery
was the key in determining the correct surgical relationship, although they did not
give many details of their model surgery technique.

Lindorf and Steinhauser (1978) described a one stage surgical correction of
bimaxillary deformities. Using an articulator they first advanced the maxilla as
decided by clinical and cephalogram analysis. Then the mandible was moved to
its postoperative occlusion, and a final wafer was made. For the intermediate
wafer they went back one step, that was the preoperative maxilla to the
postoperative mandible.

At operation, they started with the mandible and orientated the mobilized mandible
to its new position with the help of the, as yet, untouched maxilla, using an
intermediate wafer, produced as a result of cephalogram evaluation and model
surgery. They secured the mandible into its postoperative position with bone
screws. Then they mobilized the maxilla and orientated it to its new position using
the mandible as guide, with a second (final) wafer again produced on the basis
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of model surgery. Thus they relied heavily on the accuracy of model surgery and
occlusal wafers. So the planning and the model surgery were done in reverse
order to the actual surgery. They also marked the axis-orbitale plane on the skin
with a radio opaque marker. It was thus possible to adjust the maxillary orientation
on an x-ray image to the articulator in a reproducible manner. For this technique
rigid fixation was essential; they used two cortical screws on each side of the
mandible.

Ripley et al (1982) suggested the use of a composite wafer for bimaxillary
surgery.

He made the final wafer in the final occlusion, using the self-curing

acrylic, and fixed it to the upper arch, then replaced the lower postoperative model
with a preoperative one. After applying petroleum jelly to the final wafer and
occlusal surfaces of the mandibular arch, as a separating medium, he fabricated
the intermediate wafer with coloured acrylic, which fitted into the final wafer.

Curphey and Crawford (1982) and Conroy (1985) advocated a full scale model
planning system for complex osteotomies. The maxillary and the mandibular
models were derived from dental impressions and lateral skull x-ray templates,
and model surgery performed. They prepared full-scale models of the skull and
facial bones. The first authors based their laboratory procedure on the ’Egyptian
Mummy’ technique developed by their Medical Illustration Department at
Manchester University. Artist’s clay was used over the plaster model to establish
the facial contour. After taking measurements from x-rays, the full-scale skull was
built up, osteotomy cuts made and fragments moved into the planned position.
They also suggested fabrication of templates to measure the bone removals and
grafts. When deformity was exclusively in the lower third of facial skeleton, they
advised the construction of a three-dimensional replica of the mandible from the
radiographic measurements.

Pretta and Caruso (1983) described the use of a model planning technique using
acrylic spacers, very similar to Lockwood’s Key Spacer. They claimed that it
provided a permanent record and better stabilization during surgical repositioning.
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They also mounted the models on a semi-adjustable articulator using a facebow,
and drew vertical reference lines on mounted models for measurements.

Ellis et al (1984) regarded the upper members of all articulators to be equal or
parallel to the Frankfort horizontal plane. He claimed that with his articulator, the
orthognathic surgery simulating instrument, model surgery could be planned within
an accuracy of 1-2mm, implying that up to 2mm discrepancy in model surgery is
acceptable. He also reported that his articulator was designed to accept custom
made plastic facsimiles of the mandibular rami traced from cephalograms. The
dental models mounted with a facebow transfer gave an accurate threedimensional representation of ramus, condyles and intercondylar distance. The
model surgery was performed on the mounted models and plastic rami. For a
sagittal split two thicknesses of plastic were used for each ramus. He
demonstrated the movements of the proximal and the distal segments. In his
opinion reference lines did not give accurate readings, especially where both
maxillary advancement, and intrusion or extrusion were planned.

Hewitt and Bernard (1984) also suggested a modification of the Dentatus
articulator by incorporating a rod and tube on the upper member of the articulator.
This device could slide up or down, forward and backward, allowing the
anteroposterior and vertical movement of the maxillary teeth to be carefully
monitored during model surgery.

Hunt and Rudge (1984) also described a

detailed treatment plan, and the use of an adjustable articulator with facebow
transfer.

By contrast, Henderson (1985) gave very brief details of model surgery,
suggesting the use of unarticulated models for simple cases, and full-scale model
planning system for complicated ones. The full-scale models were carved with the
help of a lateral cephalogram, as described by Conroy. Erickson (1986) they
described an analytic model surgery technique, using periapical radiographs to
work out the space available for segmental procedure, drawing roots of all the
teeth, and carving the bony anatomy on mounted models. He drew the roots an
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average of 26mm for the cuspids and 20-22mm for other teeth, and advised the
use of Vernier calliper and the model surgery platform for measurements. He also
transferred the model Frankfort plane from the articulator to the prediction tracing,
assuming the articulator axis-orbitale plane to be the Frankfort horizontal for all
practical purposes. Coupland (1986) suggested the use of acrylic models of the
untreated dentition to assess orthodontic treatment progress and occlusion for
orthognathic patients. He considered that stone models were too fragile and
cumbersome.

Epker et al (1986) suggested model surgery similar to Hohl (1978), also drawing
teeth roots after taking measurements from radiographs, and reference lines
parallel and perpendicular to the Frankfort horizontal plane. One horizontal line
was drawn to represent the osteotomy line, anteriorly, 35 mm above the maxillary
canine cusp tips and posteriorly, 25 mm above the maxillary 1st molar cusp tips
and the facial midline, to insure that the maxillary midline was compatible with the
facial midline. Maxillary central incisors were positioned vertically to produce
optimal tooth to lip aesthetics, and bilateral canine tips had to be symmetrical
relative to the upper lip at rest. This is also the basis of our practice in this
Department. For facial asymmetries the model surgery provided more information
than cephalometrics and was the only practical means by which true threedimensional planning could be done.

However, Heggie (1987) thought that despite careful model surgery, the scope
of error in surgical positioning was significant. He suggested the use of his
calibrator to supplement existing techniques in assessing the maxillary position
during surgery. The calibrator registered on three points, two fixed and one
mobile. One fixed point was marked on the nasal bridge and the other anywhere
in the frontal region on the skin. He recommended orthodontic arch wire as a third
and movable reference point, as the incisal edge may be obscured by the final or
intermediate wafer, adding that the previously reported two point measurement
method could not give accurate movements.
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Fish and Epker (1987) discussed the elimination of dental compensation in the
presurgical phase. The decompensation in maxillary deficiency would make the
occlusion more of class III and by doing so make the surgical correction more
complete, allowing any tendency for orthodontic relapse to offset the skeletal
relapse tendency of the advanced maxilla. Slight overcorrection would also offset
this problem. If any slight class II relation remained following the resumption of
the normal mandibular neuromuscular position, the required postsurgical
orthodontic mechanics would not abnormally load the condyles, and help to
reverse any unplanned orthodontic movements that occurred during fixation, and
also off-setting any skeletal relapse (using class II elastics rather than class III).
They suggested that after surgical overcorrection when a slight class II occlusion
was present after release of fixation, class II elastics should not be used for at
least three weeks after wafer removal, to allow the mandible to resume a passive
anteroposterior position. Other finishing procedures could begin immediately, to
take advantage of the speed with which teeth could be moved after surgery. If any
class II tendency remained three weeks after wafer removal, class II elastic could
then be used to produce the desired occlusion.

Wylie and Epker (1988) emphasized that model surgery must be performed in an
identical location on the dental models as will be done subsequently at the time
of actual surgery. Dental models should be mounted with a facebow in an
anatomical articulator and trimmed to simulate the actual maxillary anatomy. The
reference lines both vertical and horizontal made on dental cast must be
reproduced accurately on the maxilla at the time of surgery. They suggested use
of a template with vertical pillars to transfer the reference lines to the maxilla at
the time of operation. Nattestad and Vedtofte (1992) reported that difference in
reference lines on the articulated models and the patient, introduced significant
errors.

Ellis and McNamara (1988), using 81 adult women who had ideal class I
occlusions and in addition were judged to have well balanced faces on the basis
of clinical and/or facial photographic examinations, compared two planes, Sella62

Nasion and Frankfort horizontal. They concluded that the Frankfort horizontal
plane represented more accurately the clinical impression of jaw position in most
cases when compared to Sella-Nasion plane as a reference base.

Stanchina et al. (1988) compared the positioning of the maxilla using internal
reference points (bur holes on the mobile maxilla and pyriform aperture) and
external reference points (orthodontic bracket and the root of the nose). They had
37 patients for internal reference points and 41 patients for external reference
points.

Their criteria for patient selection was availability of adequate records of patients
who had Le Fort I osteotomy within a two-year period and the pre- and
postoperative cephalograms

of consistent quality to reproduce accurate and

superimposable tracings. The surgical prediction, i.e. the amount and direction of
planned maxillary movements, also had to be available either from the model
surgery or the cephalogram. All patients had interocclusal wafers (intermediate
and/or final) at the time of maxillary repositioning, providing anteroposterior and
transverse dimension. They used pre- and immediate postoperative lateral
cephalograms to measure the surgical change in vertical and horizontal position
of the maxillary incisors using the Frankfort horizontal as a reference plane,
comparing this actual change with the predicted change, which was determined
from the model surgery results.

The results showed that the use of external

reference points was more reliable in the vertical dimension, and for horizontal
change no difference was found in external and internal reference points. They
commented that a 1-2mm horizontal error was more acceptable than such a
vertical one.

Bitter and Samsiri (1988) described the use of the Sam earplug facebow to
transfer the preoperative model surgery data to the patient during the operation.
They used the external auditory meatus and glabella as reference points and
facebow bite fork to locate the maxilla accurately. They claimed that the facebow
was accurate and reproducible, as did Gold and Setchell (1983). They pointed out
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that the facial landmarks changed when the patient was in horizontal position and
that their method had resolved this problem.

Ellis (1990) analyzed the accuracy of the standard North American method of
model surgery and pointed out that errors could be due to: 1) improper mounting
of the casts, 2) placement of reference line on the mounted models, and 3)
measuring the surgical displacement of segments. He reported that model surgery
done using Erickson’s model surgery platform was more accurate. In this
technique all the measurements are made either perpendicular or parallel to the
platform and therefore parallel or perpendicular to the Frankfort horizontal plane.
It was also pointed out that in some cases measurements made at the bone cut
level could be inaccurate and lead to different movements at incisor level. For
example, in posterior maxillary impaction the vertical lines may show that the
maxilla has moved forward, whereas in fact a horizontal rotation may have moved
the incisors backwards (Fig 2.4. la and b). So the measurements, in particular
anteroposterior, must be done at both bone cut and tooth level. He claimed that
asymmetries could be more readily detected or prevented, in particular, the
asymmetry of the posterior maxilla can be readily identified with his technique,
using the Erickson’s model surgery platform.

However, in practice it is difficult to see how, because any asymmetry of condyles
or external auditory meatus will reflect in the mounted models with the use of a
facebow, and may exaggerate the maxillary cant or even produce a pseudo cant
(Bamber 1995). Although the anterior transverse plane of the dental arch can be
measured from canine to inner canthus with callipers to detect if asymmetry at the
external auditory canals or condyles is producing a cant due to the facebow
transfer, it cannot always be relied upon, because the inter-canthal line may itself
also be deviated.

Krenkel and Lixl (1991) described the use of 3 dimensional Orthognathic Surgery
Simulator (3D-0SS) for model planning (Fig.2.4.2) and Face-O-Meter (Fig.2.4.3)
for anteroposterior and superoinferior movements of the maxilla in cases of facial
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asymmetry. They also suggested a transbuccal socket pin technique to centre the
condyle within the fossa for osteosynthesis after the sagittal split of the ramus.

Their model surgery system had three main parts: 1) an earplug facebow, 2) a
planning platform, and 3) an articulator with a mandible ramus reconstruction
facility. They traced the condyle on the cephalogram and measured the distance
between the centre of condyle to the centre of the cephalostat ear rod, and used
this measurement to locate the hinge axis on the patient. The model surgery
procedure is clean and plasterless. The reconstruction of a full scale mandible
(replicas of inner and outer cortical plates, similar to Ellis (1984) from a
cephalogram template, allows the osteotomy procedure to be carried out in the
laboratory, which facilitates visual examination of both cortical plates, and their
position after the split and the insertion of the screws. They claimed that this
avoided potential problems at the time of screw fixation during the operation.
Obviously, replicas of the cortical plates cannot be very accurate and the ramus
split may not go as planned. They also pointed out that weak muscles are the
reason for the condyle shift from the socket immediately after surgery. So they
prescribed preoperative muscle strengthening exercises (Lateral Pterygoid) for
their patients.
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Figure 2.4.1a) Preoperative mounted models with reference line drawn and
treatment plan outline on the mounting assembly, b) Models moved into
postoperative occlusion showing the misguiding movements of the model surgery
vertical reference lines, showing anterior movements of the maxilla at osteotomy
interface when incisors have in fact moved backwards.
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Figure 2.4.2 3-dimensional Orthognathic Surgery Simulator, introduced by Krenkel
and Lixl.
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Figure 2.4.3 Face-O-Meter in use for nnaxillary osteotomy movements during the
operation.
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Proffit et al (1991) claimed that the more perfect the occlusal relationship that can
be achieved in the operating room, the more precisely the surgeon can position
the jaws, and vice versa.

Normally postsurgery orthodontic treatment took

between 3 and 6 months to produce optimal occlusal results. They stated that as
long faces have lower occlusal forces, teeth erupt relatively more; but short faces
have higher occlusal forces than normal, so that teeth do not fully erupt. Tooth
length could also determine auto rotation of the mandible, for as teeth erupt, the
mandible rotates down and backward. They stated that the maxilla could be
widened or narrowed up to 10-15 mm, moved forward up to 10mm and upward
10-15 mm. For the planning of complicated cases they used the semiadjustable
articulator and measured from the articulator disc to each tooth, and the central
incisor to the articulator incisal pin. For a final wafer they used a second set of
models articulated in the final occlusion, and made a thin wafer, since thicker
wafers introduced more inaccuracies. Common problems that they encountered
at the model surgery planning stage were; 1) elongated 2nd molars and
interference by the orthodontic bands, 2) inter-canine width, and 3) the lack of
space for interdental section. Normally a 4-5mm separation of roots is required
to cut between them.

Bell (1992) also added that the use of plates and screw osteosynthesis had
virtually eliminated the need for maxillomandibular fixation and dramatically
altered postsurgical neuromuscular and occlusal rehabilitation. He reiterated that
the maintenance of a reproducible position of the condyle was of major
significance in orthognathic surgery, particularly with rigid fixation. To help achieve
this position of the condyle during surgery, he attached the intermediate wafer,
with pre- and postoperative indentation of maxillary teeth, to a facebow. During
the operation, using the preoperative maxillary teeth indentation on the
intermediate wafer, he located the facebow on the patient and marked the axis
point in the preauricular region. Then he mobilized the maxilla, and using the
postoperative maxillary indentation in the same wafer, placed the facebow back
on the patient, ensuring that the facebow hinge axis pointers were aligned with
the hinge axis point marked on the skin. Any deviation of facebow hinge axis
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pointers from the marked position indicated deviation of the mandible condyle
from the planned static position. He used the postoperative occlusal final wafer
with light elastics for 4 weeks. This practice helped the patient to find his or her
new occlusion and adjusted the neuromuscular proprioception. This system is also
used by this Department for the same theoretical reasons.

Contrary to the established practice, but similar to Lindorf and Steinhauser (1978),
Cottrell and Wolford (1994) also suggested altering the sequence of bimaxillary
operative and model surgery. They hypothesised that in cases of large mandibular
advancement and thin bony walls of the maxilla, if the maxilla is repositioned first,
then maxillary shifting may occur when the maxillomandibular fixation is applied.
They performed mandibular surgery, and stabilized it first with rigid fixation using
3 to 5 bicortical bone screws per side and then placed the maxilla into an ideal
occlusion.

Prediction cephalometric tracings were produced to predict the

postoperative position of the mandible.

Using these predicted measurements, they carried out the mandibular model
surgery and made an intermediate wafer in this position, followed by the maxillary
model surgery. In cases of asymmetry when the mandible required significant
advancement, they took the bite registration with the mandible in a selected
posture forward, and/or shifted laterally for transverse asymmetry, to simulate full,
or a portion of desired movements and mounted the models in this occlusion.
They advocated that their technique minimized the model surgery movements and
thus the model surgery error.

They also advised having flat and parallel sides of the model bases for model
surgery to make quantification of movements more accurate, marking the chin
point and the model surgery osteotomy line, 40mm from the incisors’ edge for
females, and 44mm for males, and for the maxilla drew osteotomy line at 35mm
from the incisors.

They claimed that their technique reduced the model surgery time and dispensed
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with the final wafer. They did not present any data to validate this technique. The
technique lacked credibility and relied on the accuracy of cephalometric tracing,
which may be far fetched! Tuinzing (1994 verbal communications) advised
maximum maxillary movements; forward 6mm, and upward 6mm anteriorly and
8mm posteriorly. He preferred bimaxillary procedure over that of single jaw, and
over corrected all osteotomies by 2-3 mm.

2.4.4 Osteotomy Planning with 3 Dimensional (3D) Computer Graphics and
Models

The use of 3 dimensional computer graphics to plan the operations for gross
facial deformities is being popularised, but as yet it is not used in routine
osteotomy planning. Cutting et al (1986) used 2 dimensional cephalogram data
to create a 3 dimensional computer structure for craniofacial surgical planning.

The computer programme automatically positioned the osteotomy segments into
a ’best fit position’. They described a 3D surgical simulation programme based on
the computerised tomographic (0 T) data, which could also be linked to the
cephalometric programme. They interactively modified the osteotomy design on
the computer terminal, to account for such variables as bone graft resorption,
relapse tendency, occlusal discrepancies, and condition of overlaying soft tissue
matrix. They used commercially available computer assisted design (CAD)
software and produced the models using computer controlled milling machines.
However, computer milled models are (Fig.2.4.4 a and b) expensive and timeconsuming to produce. Despite the optimized computer generated surgical plans,
clinical evaluation and modifications by the clinician are mandatory. Such
variables as relapse and bone resorption may influence the surgeon to change
the computer suggested plan. In the future it may be possible to integrate these
clinical factors into an automated surgical programme but at present, clinical
experience of facial osteotomies and their biological behaviour must be used to
modify any computer generated plan.
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Guyuron and Ross (1989) also reported the use of models produced with CT scan
and computer graphics for model surgery. They claimed approximately 1 to 2
hours reduction in surgery time by using this method of model surgery.
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Figure 2.4.4a Osteotomy planning using 3D computer graphics and models.
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Figure 2.4.4b Models created by a computer guided drill for osteotomy planning.
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McCance et al (1992) used 3D computer graphies based on the CT scan data for
soft and hard tissue change analysis following bimaxillary osteotomies in skeletal
class III patients. They superimposed pre- and postoperative images by identifying
reproducible landmarks. The areas of change were calculated from radial
measurements taken from the central axis of the head to the outer bone or skin
surface. Results were 1:1 ratio in the midline, which increased to 1.25:1 at the
alar bases and over the canine region bilaterally. Following mandibular set back
ratio was 1.25:1 over the chin and mentalis region.

2.4.5 Proximal Condylar Segment Control Appliances
The implementation of the rigid internal fixation in recent years has caused a
great interest in the control of the condyle position within the socket. Many
devices have been reported in the literature for this purpose, mainly for sagittal
ramus split osteotomy (Leonard 1976, Luhr 1985, Epker and Wylie 1986, Bell
1992). Use of these appliances has been both advocated and disputed (Epker
and Wylie 1986, Bell 1992, Ellis 1994).

Since Leonard reported his method of preventing the rotational movements of the
ramus, a host of other devices have been reported that assist in aligning the
proximal segment in the sagittal and transverse planes. Most of them attach some
form of connecter, such as a rigid pin or plate, from the proximal segment to the
maxillary bone or dentition, before the completion of the osteotomy cut (Fig 2.4.5).
The pin or bone plate is replaced after the distal segment is placed into the
intermaxillary fixation, providing reorientation of the proximal segment.
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Figure 2.4.5 Illustration showing the use of a bone plate as a proximal condylar
segment control device.
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Epker and Wylie (1986) suggested the use of an adjustable rod and tube device,
attached to the maxillary teeth with the orthodontic bands, and to the ramus using
bone screw, to maintain the normal (presurgical) anatomic position of the
mandibular condyles and proximal ramus segments. They claimed that the
maximum possible movement of the posterior border of the condyle neck in both
horizontal and vertical plane with their device was 1mm.

Rotskoff et al (1989 and 1991) used a similar device, and reported that the
condyle was displaced interiorly with surgery, an average of 0.8mm, in a group
without the device and 0.4mm in a group with it, and the posterior displacement
with surgery was, without the device 6mm, and with the device 4mm. Will et
al(1984) and Van Sickels et al (1986 and 1991) showed that it was possible to
seat the condyle in the correct position after the mandible has been split, without
the use of any device. For bimaxillary surgery. Bell (1992) also reiterated that the
maintenance of a reproducible position of the condyle was of major significance
in orthognathic surgery, particularly when rigid fixation was used. To help in
achieving this position of the condyle during surgery, he attached the intermediate
wafer with pre- and postoperative indentation of maxillary teeth, to a facebow
bitefork. During the operation, using this preoperative maxillary teeth indentation
on the intermediate wafer, he located the facebow on the patient and marked the
axis point in the preauricular region. Then he mobilized the maxilla and, now
using the postoperative maxillary indentation in the same wafer, placed the
facebow back on the patient, ensuring that the facebow hinge axis pointers were
aligned with the hinge axis point marked on the skin. Any deviation of the facebow
hinge axis pointers from the marked position indicated the deviation of the
mandible condyle from the planned static position. However in practice, most
surgeons do not use them routinely as they are not easy to use and require
additional time.

2.4.6 Articulator Induced Planning Error
Weinberg

(1979) demonstrated that with

arbitrary facebow articulation,

anteroposterior error in occlusion occurring at the 2nd molar region was only
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0.2mm provided that the error in the hinge axis location was 5mm in relation to
the true kinematic centre, when using a 3mm thick wax centric record. However,
if thinner wax records were used, the error was even smaller, hence even a
somewhat inaccurate facebow will only introduce 0.2mm of error. On a simple
hinge articulator, no provision exists for the horizontal or vertical orientation of the
maxillary occlusal plane with respect to the hinge axis or the base of the skull.
These articulators can only maintain a correct interocclusal relationship. Once
movements in the vertical plane are made, that is, a simulated maxillary
impaction, fairly significant anteroposterior errors come into play.

Marko (1986) worked out that the use of a hinge articulator (Gllattie) introduced
a 15% error in maxillary position. In this articulator the hinge axis is 40mm
posterior and 10mm inferior to true hinge axis. Nattestad et al (1991) reported
that a 20mm hinge axis error in 15mm impaction will induce 3mm of error in the
maxillary position.

Nattestad and Vedtofte (1992, 1994) suggested that the difference between the
predicted and the actual results of orthognathic surgery was due to a difference
in the actual and the simulated centre of mandibular rotation, and errors in the
model surgery. They also pointed out that significant error was induced by the
vertical and horizontal variation in the reference points position and reference
plane angles between the model surgery and actual surgery. They found the
largest positioning error was due to the horizontal variation in the reference
points. For maxillary movement of 10mm posterior and 10mm superior the error
was 3.7mm; for 10mm anterior and 10mm inferior maxillary movement, the error
was 3.3mm.

Depending upon the complexity of osteotomy movements, in some cases
reference points and reference plane errors neutralized each other, whereas in
others they multiplied. A combination of incorrect measurements tended to
aggravate or equalize the total error.
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2.4.7 Justification of Model Surgery
Many authors, (Wassmund 1935, Smith and Johnson 1940, Obwegeser 1962,
1964, 1965, Kufner 1970, Henderson and Jackson 1975, Epker et al 1986, Fried
and Kahnberg 1987, Guyuron and Ross 1989, Harris and Reynolds 1991, Bell
1992) advocated model surgery for the following reasons:-

1.

to assist the surgeon and the orthodontist in the evaluation of eventual
treatment effects on the facial aesthetics.

2.

to give the patient a reasonable preview of the result.

3.

to provide a medium for dialogue between the patient and the treatment
team during the planning stage.

4.

to produce a possible reduction in the surgery time by using the model
surgery planning (1 to 2 hours).

5.

to determine the magnitude and direction of skeletal movements, and
anticipate the occlusion.

6.

to determine the size and shape of the osteotomy.

7.

to provide a vehicle for splint and wafer construction.

8.

to provide a comparative referent to the occlusal results actually achieved
and to assess the long term results and changes at occlusal level.

9.

to avoid intraoperative surprises.

10.

to practice and eliminate the technical imperfections anddifficulties that are
usually encountered intraoperatively.

11.

to ensure that the soft tissues are not an obstacle, therefore, the model
surgery can be performed more accurately, setting the stage for a more
precise operation.

12.

that model surgery adds to the experience of otherwise less experienced
maxillofacial surgeons and provides an ideal setting for the education of
juniors and colleagues.

2.4.8 Factors for Post Surgical Success
Probable

pre- intra-, and postoperative contributing factors to postsurgical

success may be summarised as follows (Behram 1972, McNeill et al 1973, Epker
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and Wolford 1976, Solow and Kreiborg 1977, Brammer et a! 1980, Worms et a! 1980,
Epker and Wessberg 1981, Will et al 1984, Bhatia et al 1985, Thomas et al 1986,
Sickels and Nishioka 1988).

1. Preoperative
) errors in clinical and cephalometric assessment
i) failure to record true centric relationship and facebow transfer
ii) errors in model surgery
v) inaccurate occlusal wafers

2. Intraoperative
i) the surgeon's skill
ii) malposition of the proximal condylar segment
iii) counterclockwise rotational movement of the distal segments
iv) difficulty in determining the correct vertical displacement of the maxilla
v) unstable transverse expansion
vi) magnitude of mandibular advancement
vii) type of fixation, i.e wire osteosynthesis versus bone piates and lag screws

2.1 gnathological errors which inciude:
i) failure to recognise interferences
ii) failure to determine accurate centric reiation under general anaesthesia, which
results in displacement of the condyles from the articular fossa
3. Postoperative
According to Epker and Wolford 1976, Hedemark and Freihofer 1978, Worms et al
1980, Brammer et al 1980, Bell et al 1981, Will et al 1984, Bhatia et al 1985, Van
Sickels and Nishioka 1988, in the postoperative phase relapse may be due to
paramandibular soft tissue tension that is, the suprahyoid muscles, skin, interstitial
connective tissue, and periosteum all interact and exert relapsing potential on the
distal segments, and; 1) a manifestation of the technical difficulties encountered during
the surgery, 2) condyle resorption, 3) insufficient bony union, and 4) inadequate period
of maxillomandibular fixation (Fig. 2.4.6).
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neuromuscular response and quality of bone play an important role in delivering
the desired postoperative occlusion.

2.4.9 Overcorrection, the Anticipation of Relapse
The management of the orthognathic patients can be divided into three phases:
preoperative, intraoperative, and postoperative. Undesirable complications can
arise at any time in the management of these patients. This study is not
concerned with the clinical, surgical or postsurgical complications, the exception
being failure due to planning and preparatory techniques, which are the subject
of this thesis.

Relapse is one of the common complications of osteotomy

procedures, which may be a result of inappropriate clinical or surgical procedures,
and a mixture of musclodentoskeletal forces. This study is not concerned with
relapse as a whole, but with the overcorrection built into the planning as a
precautionary measure, in an anticipation of relapse. Relapse may be defined as
’any unanticipated postoperative change in the planned or achieved dental or
skeletal relationships’.

English dictionaries define relapse as ’to return to a former state’. There are many
studies examining relapse rather than preoperative - postoperative concordance;
ie planning techniques reproducibility. These include, Poulton and Ware
(1971,1985) who reported relapse of 50.5% to 80%, while Ive et al (1977) found
an average relapse of 30% during postoperative maxillomandibular fixation. Lake
et al (1981) found an average relapse of 26% at 42 months after the operation.
Schendel and Epker (1980) in their retrospective cephalometric study of 72 cases
treated with sagittal split procedure, reported a relapse of 25% in one third of the
cases, the second third showed 25% to 50% relapse, and the remaining third
more than 50% relapse. Bhatia et al (1985) in their retrospective cephalometric
study reported a mean relapse of 30%.

Gassman and Sickels (1990) reviewed 50 patients of mandibular advancement
who had three bicortical screws for rigid fixation. They took preoperative, and at
24 hours, 2 weeks, 6 months and longest possible postoperative period
cephalograms, and superimposed their tracings, using the sella - nasion plane,
and nasion - A Point. The presence of a wafer in the 24 hour post operative
cephalogram was accounted for by tracing the mandible on a separate sheet of
82

tracing paper, producing a mandible template, and rotating the template around
the cephalometric condylion to the point of maximum intercuspation in that arc of
closure. The magnitude of advancement was determined by the change in the
distance from B point to the NA line and change in angles. Out of 50 patients, 13
showed a relapse at B point of 25% or more, 25 showed a relapse between 0 25%, and 12 patients showed no relapse. Relapse tended to occur with large
advancements. This was explained as the large advancement in addition to
placing increasing amounts of stretch on the ligaments, muscles and surrounding
soft tissue, having a smaller interface of bone at the osteotomy site.

The causes of relapse are multifactorial and show a great deal of individual
variations. The ultimate postoperative result of orthognathic surgery is determined
by numerous factors in all phases of management ( Behram 1972, McNeill et al
1973, Ive et al 1977, Brammer et al 1980, Epker and Wessberg 1981, Rekow et
al 1985, Bhatia et al 1985, Thomas et al 1986, Proffit et al 1991, Fish and Epker
1987, Van Sickels and Nishioka 1988, Moenning et al 1990, Polido et al 1990,
Gassmann et al 1990 ).

To avoid relapse, many investigators have advocated that the overcorrection of
both the push back and the advancement at the model surgery

and wafer

construction stage, is essential. Some quoted generally, overcorrection figures of
2 to 3mm, when others were more specific. Harris and Reynolds (1991) stated
that 33% of anteroposterior, and 25% of vertical movements will be lost with
displacement of lip and surrounding soft tissues. In anticipation of this an
overcorrection was essential. In case of mandibular advancement, they put the
maxillomandible relation in edge-to-edge relationship and in push backs
overcorrected by one dental unit. In the light of these observations they also
suggested that the anteroposterior movement should be planned in units of 3mm
and the vertical movements in units of 2mm.
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2.4.10 Operative Reproducibility of Preoperative Planning
Many authors have disputed the reproducibility of preoperative planning accuracy
of predictions, and the clinicians ability to follow the plan accurately.

Pospisil

(1987) investigating the accuracy of soft tissue change prediction after
orthognathic surgery, found that there was a higher risk of deviation from the
treatment plan in the bimaxillary group. When vertical changes were required in
the maxilla, he used a facebow to articulate models for planning. He reviewed 40
patients' records, 18 had bimaxillary and 22 single jaw procedures. In total 74
osteotomies were performed on these patients. Lateral cephalograms were taken
at preoperative stage, and at removal of fixation, at 3 months, 6 months and then
annually for five years. He superimposed pre- and postoperative cephalograms
in each case using the sella, nasion and where necessary basion, as correlating
reference points. The accuracy of surgery was confirmed further by repeating the
same exercise of laying the postoperative cephalogram onto the prediction tracing
and using same skeletal and dental landmarks. Any difference between the
planned distance of the movement and surgically achieved position of the jaws
was recorded in absolute figures and transformed to percentage figures. It was
then established in the relevant cases whether any difference between planned
and final results was due to true deviation of surgery from treatment plan or due
to relapse. It was executed by superimposing a 6 months postoperative
cephalogram onto the one taken prior to the removal of the intermaxillary fixation,
where applicable.

For accuracy of soft tissue prediction he used a 6 months or nearest
postoperative cephalogram, to allow the soft tissues to settle down after surgery.
Any difference between prediction tracing and postoperative results at any point
which was smaller than 1mm was not recorded, either in the study of surgical
accuracy, or prediction tracing accuracy. This step allowed for any primary or
secondary error associated with the tracing. All tracings and the calculations were
carried out manually without the aid of a computer. Out of 40 patient’s, 3 were
taken out of the study due to the loss of their preoperative radiographs or other
records, so a further three cases were chosen randomly to make up the loss.
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Significant inaccuracy of prediction tracing in 24 out of 40 cases was found. This
inaccuracy was in each case greater than 20% of the planned distance of jaw
movement, thus any tracing error was excluded. He also reported, a higher risk
of surgery deviation from the treatment plan in the bimaxillary group i.e. in 8 out
of 15 (53%), and of these 15 bimaxillary osteotomy patient's 6 had prediction
tracing inaccuracy and errors in planning of changes related to maxillary surgery.
He showed that 60% of all the patients had inaccurate prediction tracing. 83% of
all bimaxillary and 40% of single jaw osteotomies had inaccurate prediction
tracing.

Fried and Kahnberg (1987) used pre- and at least 6 months postoperative
cephalograms (range 6-20 months, mean 7.6 months) in intercuspal position and
with lip in repose. They reported that the results varied grossly from prediction.
Polido et al (1990) reviewed 100 patients to determine the ability to perform the
surgery as planned on the prediction tracing and model surgery, when using the
mandible as a guide for maxillary repositioning, with maxillary (internal) reference
points to establish the vertical movement at the time of surgery. The mandible
was used to provide anteroposterior and transverse maxillary position, and
measurements were made on the lateral walls of the maxilla to determine the
maxillary vertical change. Tracings of the cranial base structure were made from
pre-operative cephalograms and superimposed on the postoperative and on the
prediction tracings. The reference points were digitized to compare the pre- postand predicted positions of the maxilla. The moveable reference points were the
central incisor and the 1st molar. Comparison between the predicted and actual
change in the position of central incisor and molar was calculated by the
computer. They showed that there was a significant difference between the
predicted and actual change in vertical and horizontal position of the jaws. Their
criteria for inclusion in the study was the same as Stanchina et al.(1988) above.
Maxillary procedures included 33 segmental and 67 one piece Le Fort I.
osteotomies. In 50 cases rigid fixation, and in the other 50, wire osteosynthesies
and skeletal suspension were applied.
The vertical position of the incisal edge of the central incisor and mesiobuccal
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cusp tip of the 1st molar were measured perpendicular to the preoperative
Frankfort horizontal line.

Horizontal change was measured parallel to the

Frankfort horizontal plane. In order to determine if the type of deformity influenced
the accuracy of the maxillary repositioning, four different groups of deformities
based on the planned surgical movements were defined;

1.

Open bite (OB) was defined as those cases where the maxillary 1st molar
was predicted to intrude at least 1mm more than the maxillary central
incisor; 32 patients.

2.

Horizontal maxillary deficiency (HMD) was defined as where the maxillary
central incisor was predicted to move forward more than 3mm; 30 patients.

3.

Vertical maxillary deficiency (VMD) included cases where maxillary incisors
were predicted to move interiorly more than 2mm.

4.

Vertical maxillary excess (VME) was classified as cases where the
maxillary central incisor had a predicted intrusion movement greater than
3mm; 43 patients.

Statistical analysis showed significant difference between predicted and actual
changes in vertical and horizontal position of incisor and 1st molar, at p<0.0001.
No significant difference was found in four groups of deformities, or segmental
and non segmental. All patients, therefore, were treated as one group except for
the rigid and non rigid group where significant difference was found.

The vertical position of upper incisors on average was 2mm different from
planned. In 48 patients the difference between predicted and actual movement
was greater than 2mm and in 26% were within 2mm. The horizontal difference in
predicted and actual change was; mean 1.8± 1.5mm p<0.0001. 29 cases differed
more than 2mm and 39 were within 1mm. In the rigid group the mean was 0.97±
2.15 mm in posterior direction and when non rigid had deviation in anterior
direction mean 0.34± 2.29 mm. When both vertical and horizontal positions were
considered, 18 patients differed more than 2mm.
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With the maxillary 1st molar vertical measurements, 46 patients, the mean
difference was 1.7mm ±1.4 p<.0001. 37 patient differed greater than 2mm. The
rigid group mean deviation superiorly was 0.5± 1.8mm the non rigid mean 1.4±
2.0mm. Horizontally, mean 2.0 ±1.5 mm. 39 patients had deviation of more than
2 mm. In combined vertical and horizontal changes, 16 cases differed more than
2mm and 10 were within 1mm.

They concluded that the use of internal reference points for maxillary movement
was not a reliable method of measurement, as a registration line (reference point)
on the lateral wall of the maxilla could become obscured. Even when vertical
repositioning was accurate the horizontal positioning could be inaccurate,
probably due to our inability to accurately reproduce the same condylar hinge axis
at the time of surgery, that was used when mounting the models and making
prediction tracings, especially when an arbitrary condylar hinge axis facebow was
used, instead of a kinematic bow transfer. They also found that in the non-rigid
group there was a tendency to position the maxilla in a more superior position
than planned, and in the rigid group a small tendency for erring in the inferior
direction, an average 1mm was found. It could be due to the movement of the
maxilla superiorly while wires are tightened. However, if one considers a variance
of up to 2mm for vertical movements and 3mm for anteroposterior movement,
given a satisfactory postoperative occlusion, probably all were within an
acceptable aesthetic and functional outcome.

Kahnberg et al (1990) compared vertical movement of the maxilla using
measurements at the osteotomy line (internal reference points) and using the
glabella as an extra oral reference point. They divided patients in two groups,
and used preoperative, and 3 days postoperative cephalograms to compare
differences in planned and achieved movement. The results showed that some
cases had large discrepancy between planned and achieved vertical position of
maxilla. However, in spite of the discrepancies found between the planned and
achieved position, the clinical outcome of the operations was acceptable. Polido
et al (1991) investigated the ability to perform the surgery that was planned with
87

the prediction tracing and model surgery, using the mandible as a guide for the
maxilla. Using internal and external reference points to establish vertical
dimension in Le Fort I osteotomy, the internal reference being a line on the lateral
maxillary wall, and the external reference point using a Kirshner pin into the nasal
bridge. They analyzed 146 patients, 30 males and 116 females, and for
measurement used x-rays, pre- and immediate postoperative (within 10 days). An
intermediate wafer was used for all bimaxillary cases. The preoperative tracing
was superimposed on postoperative cephalogram and prediction tracings, using
cranial base structures. The upper central incisors were traced from postoperative
cephalogram digitized and vertical movement measured perpendicular to Frankfort
horizontal plane. The mean vertical incisor difference was 2.2± 1.5 mm for the
internal reference point, and 3.00± 0.8 mm for the extraoral reference point
group.

Similarly, in a separate study, Polido et al. (1991) investigated the ability

to perform the surgery that was planned based on a prediction tracing and model
surgery when using the mandible as a guide, using internal reference points only
for vertical impaction. They analyzed 100 Le Fort I osteotomy patients, 50 with
rigid and 50 with wire osteosynthesis. Using similar methods as reported in the
previous study, they reported a mean horizontal difference of 2mm and vertical.
1.7mm.

Sarver and Weissman (1991) reported that out of 36 patients, in 22 cases the
maxilla went up as planned, but in 8 it did not go up at all, while 4 patient’s
maxillas actually came down.

Similarly McCance et al. (1992) prospectively

compared the planned preoperative maxillary movements, for five groups of
patients requiring orthognathic surgery, to the actual surgical movement achieved
in the operating theatre. Their subjects were of 14 females and 3 males with
skeletal class II, 9 females and 7 males with class III. Also included in their study
were 5 males with bilateral cleft lip and palate, 6 females and 7 males with
unilateral cleft lip and palate and 5 females with cleft of the hard and soft palate.
The preoperative planned surgical movements for the maxilla were based upon
clinical assessment of patient’s up to date study models and lateral skull
radiograph tracings. The actual movement achieved in the maxilla was calculated
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by superimposing the preoperative on the forty-eight hour postoperative lateral
skull radiographs.

Superimposition was done using stable structures and bony trabeculae in the
cranial base as described by Bjork and Skieller (1977). The skeletal class II group
had very poor match between predicted and actual movements. In skeletal class
III the difference was not one great but still a poor match. In the horizontal
direction the prediction was within 3mm. The vertical movements were often in the
direction opposite to that predicted. However, the technique did not involve
consistent model surgery or the use of wafers.
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Chapter 3

The Statement of the Problem and Aims of the Study
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3.1 The Statement of the Problem

3.1.1 Introduction
Orthognathic Surgery is a major form of surgical intervention which carries with
it a degree of potential morbidity and indeed can be life threatening. However the
disruption of established neuromuscular control of the facial skeleton predisposes
to malocclusion and relapse. This is compounded by defective diagnosis,
analysis, planning and surgical technique. Hence a precise rational is essential
in the planning phase. The best outcome is achieved if the operation is carefully
planned and executed correctly on the first occasion when surgery is undertaken.
Further attempts will be adversely affected by the results of scarring from first
operation. Furthermore the procedure is expensive, and a drain on resources if
unsuccessful. Therefore it is essential that every effort is taken preoperatively to
plan the final position and perhaps even more importantly that the planned
position is achieved on the operating table.

It is repeatedly reported in the literature that the chances of carrying out
preoperative planning successfully in the operating theatre are very poor (Pospisil
1987, Sarver and Weissman 1991, and McCance et al 1992). Thus there is a
need to establish and validate a reliable method of assisting the surgeon in the
reorientation of the jaws on the operating table. In most studies the actual results
of the planned movements compared to the actual movements achieved are
disappointing despite the determined efforts and commitment of the surgeon to
adhere to the predetermined plan (Fried and Kahnberg 1987, Pospisil 1987,
Stanchina et al 1988, Polido et al 1990, Kahnberg et al 1990, Polido et al 1991,
Sarver and Weissman 1991 and McCance et al 1992).

When planned treatment objectives are at significance variance with the results
actually achieved, as may be noted by both clinical evaluation and comparison of
records during any stage of treatment, the reaction is either to blame the patient’s
structural makeup or the technique. Such a reaction leads to obscure the
understanding of the factors necessary to produce consistently good results and
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failure to diagnose the specific etiological factors in a chain of events that produce
the undesired result. One of the cornerstones of planning are the model surgery
and occlusal wafer, which is a means of transferring the agreed treatment plan
to the patient. Accurate model surgery relies upon the following chain of events:-

Accurate impressions, a correct facebow recording, an unmodified bite registration
in centric relation, and transfer of the relevant clinical information to the articulator
as the starting point of the model surgery, and also the accuracy of the occlusal
wafers. The following stages were examined and validated.

3.1.2 Reliability of the Facebow
One of the most common errors in model surgery is in the mounting of models.
Accurate transfer of the patients maxillary occlusal plane angle and the distance
between the dentition and the intercondylar hinge axis, is important, especially
when vertical movements of the maxilla and/or mandible are planned, because
autorotation changes the position of the jaws in both vertical and horizontal
dimensions. The more accurately the maxillary model is mounted with respect to
the true hinge axis the more accurate will be the information provided during
model surgery so the intermediate wafer will transfer this relation of the maxilla
more accurately to the base of the skull, with the help of an unchanged mandible.
Unfortunately very little attention has been paid to this aspect, resulting in very
little research in this field. The facebow recording relates the maxillary cast to the
condylar assemblies of the articulator and the Frankfort horizontal plane. This is
assumed to reproduce the manner in which the patient’s maxilla relates to the
terminal hinge axis of their mandibular condyles. An arbitrary hinge axis location
is a common method of determining the axis for articulation and subsequent
treatment planning. One method uses the earplug facebow and another a point
13mm anterior to the base of the tragus.

The results of previous studies that compare arbitrary with kinematic methods are
conflicting: Walker (1980) observed that only 20% of the true axis locations found
with a hinge axis locator were within a 5mm radius of the arbitrary location,
92

situated 13mm anterior to the tragus, while 60% were 6mm distant or more.
Whereas Schallhorn (1957) reported that 95% of true hinge axis locations were
within a 5mm radius of an arbitrary axis.

One of the objectives of this investigation was to evaluate the reliability of the
facebow. The Dentatus and the Denar facebows, both used for surgical planning
by this department were compared and their ability to achieve reproducibility in
treatment planning studied.

3.1.3 The Occlusal Registration
An obvious and common error is the failure to obtain a bite registration in centric
relation. Since the preoperative position of the mandible determines the final
position of the maxilla, a postured mandible when centric relation is recorded will
ultimately compromise the prescribed postoperative position of the maxilla.

The use of occlusal stabilisation appliance for a period to eliminate this posturing
habit and to disorientate their proprioceptive awareness of maximum intercuspal
or adopted occlusion, may help to determine an accurate centric relation.
Following orthognathic surgery the dental occlusion sometimes significantly differs
from that predicted with treatment planning, and frequently, further adjustments
of the occlusion are necessary to ameliorate these occlusal discrepancies.
Normally the planning and the work-up is based on centric occlusion, variation in
centric occlusion and centric relation may make some contribution in unplanned
postoperative results. Occlusal registration for orthognathic work-up is usually
done in an upright posture, which may differ from the supine position of a patient
under general anaesthesia.

3.1.4 The mandibular autorotation.
The articulator’s inability to reproduce the patient’s hinge axis movements and the
mandibular anteroposterior slide due to autorotation may be an other contributory
factor for errors in osteotomy planning (Rekow et al 1985 and Nattestad et al
1992).
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3.1.5 The Assessment of Maxillary Asymmetry
Perfect symmetry is an anatomical ideal but not always an aesthetic one. The
elements of composition for the artist are such that he must strive consciously to
balance the attractive forces of the different areas of right and left as well as top
and bottom. Slight asymmetry gives life, character, and personality, overdone, the
same device produces deformity. In craniofacial development a gross deformity
may well be symmetrical, which will need to be judged against the so-called
’norms’.

Asymmetry in an orthognathic patient may consist of a displacement of the upper
or lower dental midlines, or it may include the greater part of the upper or lower
jaw. It is important to compare the dental midlines with the midlines of the nose
and philtrum and with that of the chin.

Asymmetry may also include a tilt (cant) in the transverse occlusal plane, and
require simultaneous levelling with bimaxillary osteotomies. Dental versus skeletal
midlines can be observed on the P A cephalogram, but it is better judged from
clinical examination of the patient. The problem with PA film is that slight twisting
of patient’s head can make an apparent difference of 1-2mm in the cephalometric
midline, which is enough to affect the determination of whether a midline
discrepancy is caused by upper or lower teeth. Clinical judgement is likely to be
more accurate, as with any other diagnostic point. Where there is a disagreement
between the diagnostic records and clinical notes, the patient should be examined
again to resolve the discrepancy.

Deviation of the dental midline from the facial midline is common and can usually
be easily corrected by rotation of the maxilla at the time of Le Fort I osteotomy,
but it must be planned at the model surgery stage. Without preoperative planning
and the help of an accurate intermediate wafer, relocation of osteotomized maxilla
coincidally with facial midline is difficult. This is especially so where nasal and
chin asymmetry is already present, which will be accentuated by the less than
ideal operating position with the nose being displaced by the anaesthetic and
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feeding tube.

One of the objectives of this research is to set up a system which will allow the
patients facial midline to be transferred to the articulator and help the surgeon to
match the maxillary dental midline with it, using an intermediate wafer.

3.1.6 Model Surgery
The accuracy and reproducibility of a model surgery technique must also play
some role in the outcome of an osteotomy ( Angle 1903, Lockwood 1974,
Guyuron and Ross 1989, Parretta and Caruso 1983, Ellis 1990, Anwar and Harris
1991, Nattestad et al 1994).

3.1.7 The Occlusal Wafer
The thickness of the wafer may also be an unexplained error especially the
intermediate wafer (Riply 1982, Block and Hoffman 1987, Telfer and Page 1990,
Harris and Reynolds 1991, Proffit and White 1991, Cottrell and Wolford 1994).

3.1.8 Proprioception
Alteration of proprioception from the occlusion may alter the jaw relationship. This
may be of clinical significance in the management of orthognathic patients with
severe malocclusion, especially if posturing habits to mask the occlusal
disharmony have been adopted. Proprioceptors in the temporomandibular
complex include the muscle spindles in the muscles, Golgi’s and Pacinian
corpuscles in the tendons, joints, periosteum, fascia and subcutaneous tissue.
The nucleus concerned with proprioception is the mesencephalic nucleus. The
proprioceptors are stimulated by the action of the body itself and provide
information to the central nervous system to appreciate the sense of movement
and position of the body parts, and to control muscle tone, thus, maintaining
posture and regulating movement of the body parts.
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3.2 Summary of Aims and objectives of the study
The overall aim of this study is to rationalise the planning techniques for
osteotomies by;
1.

assessing the facility and reproducibility of the Denar earplug and the
Dentatus ARB standard facebow, comparing both systems and operators,
and

analyze

facebow

transferred

occlusal-Frankfort

plane

angle

reproducibility in an articulator, for orthognathic planning.
2.

investigating and creating a system of facial midline transfer to the
articulator and modify the articulator pin for model surgery measurements.

3.

investigating the effect of posture and anaesthesia on centric relation. 4.
validating and comparing two model surgery techniques; i) the Eastman
anatomically-orientated model surgery technique, ii) the Lockwood
Keyspacer planning system, and compare the planned versus achieved
position of the maxilla to the base of the skull in a simulated operation.

5.

examining the role of the occlusal wafers in orthognathic surgery by a
comparison of thick and thin intermediate osteotomy wafers.
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Chapter 4

A Comparative Study of Two Arbitrary Facebow Transfer Systems
for Orthognathic Planning

Study 1:

The Facebow Transfer Reproducibility

Study 2:

The Reproducibility of the Angle between (a) the Maxillary
Transverse and (b) Occlusal Plane to the Model Frankfort Plane

Study 3:

Compatibility of Cephalometric and Model Occlusal - Frankfort Plane
Angle
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study 1
The Facebow Transfer Reproducibility

4.1.1 Background
With mandibular osteotomies where the proximal condylar segments are
separated in the ascending ramus or at the mandibular angle and joined loosely
with a transosseous or a circumferential wire, neuromuscular function will
endeavour to re-establish the functional condyle to fossa relationship during the
period of intermaxillary immobilisation. (Fig 4.1.1).

Furthermore with a single jaw osteotomy, precise model surgery planning using
a facebow and anatomical articulator is not required. However, complex
bimaxillary osteotomies do require an accurate transfer of the patients' jaw
relationship to the articulator, for surgical planning. (Anwar and Harris 1990,
Hohl 1978, Marko 1986, Nattestad et a! 1991). The conventional facebow
recording relates a maxillary cast to the condylar assemblies of an articulator
and the Frankfort horizontal plane. This is assumed to reproduce the manner
in which the patient's maxilla relates to the terminal hinge axis of the
mandibular condyles, which has always raised doubt about the reproducibility
of facebow transfer techniques, (Bowley et al 1992, Ellis at a! 1992, Goska and
Christensen 1988). The facebow was introduced by Snow (1900) with the
concept of locating the mandibular hinge axis by palpation. Use of the facebow
has been both advocated and disputed since. Logan (1926) showed that casts
mounted too close to the articulator axis produced an anterior open bite, and
those mounted too far forward a posterior open bite. McCollum (1939) and
Walker (1980) noted variations between the two sides on the same individual
and

suggested

an

adjustable

Symmond 952) suggested

articulator.

Whereas,

Craddock

and

mounting the casts without a facebow at an

average distance from the inter-condylar axis. They calculated that maximum
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error

with

an

arbitrary

hinge

axis

using

this

method

was

20mm

anteroposteriorly, and proposed that this did not affect the occlusion
significantly.

m

I
%

Figure 4.1.1 Post mandibular osteotomy X-rays showing a typical wire loop
osteosynthesis in combination with intermaxillary fixation.
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Palik et al (1985), and Schallhorn (1957) showed that 95% and 89% of the
arbitrary hinge axis points located 13mm anterior to the tragus were within a
6mm radius of the true hinge axis. The accuracy of the hinge axis location
using the kinematic facebow was within 1.5mm when a 10 degree opening was
used, and within 1mm when its movement was increased to a 15 degree
opening (Borgh and Posselt 1958). However, Collett (1955), Ramfjord and Ash
(1966), Schallhorn (1957) all doubted the clinical value of such accuracy.

Gold and Setchell (1983) and Yanus et a! (1983) reviewed the literature and
concluded that the facebow was an accurate procedure and that facebow
transfer records were reproducible on the same patient. However, there has
been less interest focused on orthognathic surgery planning. Marko (1986) and
Nattestad at a! (1991) showed that a 20 mm error in the location of the true
centre of rotation was required for a 3mm horizontal malpositioning of the
maxilla in a 10mm maxillary impaction. Pragmatically therefore, the arbitrary
facebow transfer methods would seem acceptable for orthognathic planning.

Using a Hanau system, Ellis at a!

992) found a significant difference between

the Frankfort-occlusal plane angle on the cephalogram, and the mounted
maxillary cast on the articulator, for the same patient. They concluded that the
facebow transfer procedure was inaccurate, and proposed that the infra-orbital
margin, as used by the Dentatus ABB facebow transfer system, was difficult to
locate in vivo, and suggested that the incisor tip - Frankfort horizontal plane
distance should be measured from the lateral skull tracing. Unfortunately, in
practice this can prove difficult to impossible, hence the acceptance of the
Denar arbitrary anterior point of 43mm above the incisor tip. Also despite the
variation in the relationship between the outer cartilaginous margin and the
bony margin of the external auditory meatus, the convenience of the earplug
used as the posterior reference point and its arbitrary horizontal plane would
seem clinically acceptable, except where there is gross facial asymmetry.
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4.1.2 Aims of this Study
The objectives of this investigation were; (a) to investigate the reproducibility
of the Denar Slidematic and the Dentatus Type AEB facebow transfer and
mounting procedures, (b) to compare the reproducibility between 2 operators,
and (c) to compare 5 occlusal relationships for planning bimaxillary orthognathic
surgery.

4.1.3 Materials and Methods
4.1.3.1 Patients, Apparatus and Methods
5 subjects, 4 female and 1 male, were selected for this investigation, each
representing a surgical skeletal disproportion group i.e. skeletal Class I, Cl.II
div.1, Cl.II div.2, Cl.Ill and Cl.Ill anterior open bite. Ages ranged from 25-35
years. Two types of facebows were used: the Denar Slidematic (Denar
Corporation, Anaheim, USA), and the Dentatus type AEB Standard (Dentatus
AB Jakobsdalsvage, Hagersten, Sweden). The Denar facebow transfer method
uses the earplug bow and the Dentatus a point 13mm anterior to the tragus.

4.1.3.2 Records
6 facebow records were taken per system, per patient, by each operator, over
2 days, 120 records in total.

Each system was used alternately.

4.1.3.3 Procedure for the Facebow Registration
For the Denar Slidematic facebow, the anterior reference point was marked
43mm above the distal edge of the right central incisor by each operator on
each occasion, as advised by the manufacturer. Kerr impression compound was
softened and applied to the facebow bite fork. The bite fork was seated in the
patient's mouth so that the maxillary cusp tips were indented into the
compound. The record was removed and chilled and then checked for accuracy
of fit in the mouth. If found satisfactory, the facebow ear pieces were placed
into the external auditory meati and manipulated until the subject felt equal
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pressure in both ears. The anterior reference pointer was adjusted to the pre
determined mark and the transfer jig screws were tightened (Fig. 4.1.2).

For the Dentatus facebow, orbitale (the bony inferior orbital margin) was used
as the anterior reference point. The posterior reference points were determined
at 13mm anterior to the most posterior aspect of the tragus cartilage on the
tragal-canthal line to approximate the position of hinge axis point, as advised
by the manufacturer, and marked with a felt tip pen on each side of the
face.(Fig.4.1.3).

These points overlay the lateral poles of the condyle, but are nevertheless an
arbitrary position. The axis reference points were marked for each procedure by
each operator independently. Kerr impression compound was applied to the
bite fork as with the Denar and placed in the mouth against the upper teeth so
as to get a positive indentation. This record was then removed, chilled, and
checked for accuracy of fit. When found satisfactory the patient was asked to
support the fork bilaterally with thumbs, and the operator proceeded with the
next steps. Each condylar rod calibration was set at an equal distance on each
side before tightening the set screws for the rods. The rods were positioned
over the posterior reference points marked previously on the skin and the
locking clamps tightened. Using irreversible hydrocolloid impression material
(SS White, Dental Products, Surrey UK) a full upper impression of each subject
was taken and cast in Kaffir "D"

stone plaster (British Gypsum), and the

maxillary model was angle trimmed.
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Figure 4.1.2 Clinical picture of the Denar Slidematic face bow using the earplug
for hinge axis point and 43mm above the central incisor as an anterior reference
point.
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Figure 4.1.3 Clinical picture showing the Dentatus type ARS standard facebow.
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4 .1 .3.3a Transfer to the Articulator
For the Denar Slidematic facebow the Denar Automark articulator was used and
the records were mounted using the Denar transfer jig (Fig.4.1.4).
For the Dentatus facebow, the Dentatus type AR-S semiadjustable articulator
was used for all subjects (Fig.4.1.5).

The same custom made mounting plate was used for all transfers for both
systems. All Dentatus articulator calibrations were set at 0 except the Bennett
shift which was set at 15°.

The calibration on the condylar rods of the

Dentatus facebow were adjusted to the same reading on both sides and
tightened so that they would spring lightly over the pins of the condylar axis.
The bow supporting screw was adjusted so that the orbital pointer of the
facebow was in light contact with the lower surface of the orbital plane
indicator.

For articulations of all the records, in both methods a bite fork

support was used to exclude any distortion or displacement by the weight of
the maxillary model.

The dental plaster was mixed with an anti-expansion

solution (Alan Pharmaceuticals Ltd, London) and the model mounted using the
split cast technique. When the mounting plaster was fully set, the mounting
plate, with the cast was removed from the articulator and transferred to the
measuring apparatus.
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Figure 4.1.4 The Denar Slidematic facebow transferred to the Denar Automark
articulator. Note the use of a bite fork support to exclude any distortion or
displacement by the weight of the cast.
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Figure 4.1.5 The Dentatus facebow transferred to the Dentatus articulator.
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4.1.3.4 Measuring Instruments
A maxillary metal mounting plate measuring 54mm, 22mm and 6mm with very
small indentation for Right(R), Anterior(A) and Left(L) reference points, was
designed to fit on the upper arms of both the Denar and the Dentatus
articulators (Fig.4.1.6). Corresponding reference points Right(R) Anterior(A)
and Left(L) were also made on the maxillary model of each patient. A platform
to support the mounting plate and maxillary model was constructed from a
metal locating plate and a wooden frame supported by ceramic slabs. This
related the position of the travelling microscope to the model and plate
reference points. The model with mounting plate could be securely positioned
on it at a level at which the lens of the microscope could be conveniently
aligned. The microscope was adjusted, using the built in spirit level to ensure
that the planes of measurement were consistent. A travelling microscope
(Precision Tools and Instruments Co Ltd, Thornton Heath, Surrey, England) with
a x7 magnification and a previously determined accuracy of 0.01 mm was used
to determine changes (Fig.4.1.7) between the pairs of reference points with
each recording. These shifts were used to compute and plot the "positions of
the maxilla", in both horizontal and vertical planes for each facebow recording
and mounting procedure. Thus any position of the maxilla in the articulator
space is represented by a triangle formed by the three reference points
(Fig.4 .1 .6c).
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Reference plate

R

A

Figure 4.1.6 Diagram showing the custom made mounting plate and the
maxillary cast with reference marks (R = right, A = anterior, L = left),
a) anterior view of the plate and cast assembly, b) the computed triangle,
c) lateral view of the plate and the cast assembly and d) axes of movements.
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T

Figure 4.1.7 A travelling microscope with x7 magnification and an accuracy of
0.01 mm was used to measure the distance between the plate and cast
reference points shown in the figure 4.1.6.
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4.1.3.5 3D Computer Graphics' Envelope of Movement
A programme was written in 'C' language to calculate the three-dimensional
envelope of movement and the cast orientation in space for each facebow
system, operator and subject.

The minimum rectangular volume (parallelepiped) (Fig.4.1.8) which contained
the triangles derived from the repeated facebow and mounting procedures was
computed and termed the 'envelope of movement'. Fig. 4.1.8 shows the
envelopes of movements for the Denar and the Dentatus systems.

In this way the volume of this envelope is an inverse measure of consistency
of the maxillary model transfer to the articulator, i.e. the smaller the volume
the greater the reproducibility.

This comparison overcomes the unrealistic

analysis where each reference point (R, A and L) is considered to be
independent of each other. Fig.4.1.9 shows the triangles representing the
positions of the maxillary cast projected onto three planes. Figs.4 .1 .9a and b
are projections from the front and right as viewed parallel to the mounting plate,
and Fig.4 .1 .9c is a view from above, perpendicular to the plate. Also shown are
the computed projections of the normals to the planes of the triangles. These
have been plotted through the centre of the containing rectangle in each view,
and give a measure of the horizontal variations in orientation of the maxilla as
positioned by the facebow.

Ill

Figure 4.1.8 The envelopes of movements, i.e. the minimum rectangular
volumes (parallelepiped), containing the coordinate triangles of a subject's
records.
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A n t e r i o r vi ew

Ri ght vi ew

Supe rio r view

Denar

D entatus

Figure 4.1.9 Projections of the normals to the triangles showing spatial
variations of the facebow records looking from; a) anterior, b) right lateral and
c) perpendicularly above.
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4.1.4 Results
Two readings for each reference point; the horizontal and the vertical were
recorded and are presented in appendix 4.1 - 4.5. The distances between the
cast and the articulator mounting plate reference points were calculated for
each pair in both horizontal and vertical directions and recorded in tables 4.1.1,
4.1.2 and 4.1.3.

Reference points; A = anterior, R = right, L = left.
Axes; X = horizontal, Y = vertical.
Table 4.1.1
The distances between the cast and the plate reference points for both
operators and systems, with mean ± SD, S.E.M. and paired t test results.
Subject: skeletal Class I.
Class I,

Dentatus Facebow,

Operator A

&

Operator B

RX

RY

AX

AY

LX

LY

RX

RY

AX

AY

LX

LY

13.6
12.8
12.7
3.8
10.5
12.7

27.3
29.0
33.0
20.2
30.0
25.9

2.3
0.2
1.7
2.0
0.3
1.2

31.4
37.2
37.4
35.3
37.7
34.4

11.9
15.4
14.9
3.7
10.4
11.7

24.8
24.6
24.1
20.5
26.0
21.7

8.2
14.1
8.6
14.4
12.3
13.9

26.5
25.5
26.7
25.3
26.2
26.7

3.2
2.4
1.1
1.9
8.9
2.3

39.8
36.7
41.6
24.7
34.4
38.5

11.9
16.5
10.1
22.4
10.4
17.3

24.6
23.5
25.9
23.3
22.2
24.3

11.0±
3.7
1.5

27.6±
4.4
1.7

1.3±
0.9
0.3

35.6±
2.4
0.9

11.3±
4.2
1.7

23.6±
2.1
0.8

11.9±
2.8
1.1

26.2±
0.6
0.2

3.3±
2.8
1.1

36.0±
6.1
2.4

14.8±
4.8
1.9

24.0±
1.3
0.5

25.3
33.4
36.7
31.7
31.5
33.7

6.9
6.4
6.9
7.5
9.4
7.4

28.0
27.8
29.2
27.6
22.4
27.4

7.1
8.6
13.2
9.5
10.5
6.1

21.7
26.6
24.2
26.4
26.0
23.7

6.2
2.8
4.4
2.6
3.0
3.8

27.4
27.6
27.8
24.7
28.0
22.8

12.1
2.3
11.7
10.5
9.6
7.8

24.2
22.2
22.9
23.3
24.0
22.0

7.4±
1.1
0.4
p=0.09

27.1±
2.4
0.9
p=0.08

26.4±
2.1
0.8
p=.009

9.0
3.6
1.4
p=0.09

23.1
0.9
0.3
p=.27

Denar Facebow
7.7
6.7
6.2
6.9
10.1
7.6

27.0
30.5
31.1
27.6
25.4
26.7

7.5±
1.4
0.5
p=O.B

28.1 ± 2.7± 32.0±
2.3
1.3
3.8
0.9
0.5
1.5
p=O.S p=0.0 p=0.01

2.2
2.0
2.6
3.2
5.1
1.3

9.2±
2.5
1.0
p=0.18
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24.8± 3.8±
1.9
1.4
0.5
0.7
p=0.2 p=.002

Table 4.1.2
The distances between the cast and the mounting plate reference points for both
operators and systems with mean ± SD, S.E.M. and paired t test results. Subjects:
skeletal Class II div.1 and Class II div.2.
Class II div 1,
Operator A

Dentatus Facebow
Operator B

&

RX

RY

AX

AY

LX

LY

RX

RY

AX

AY

LX

LY

5.9
11.6
12.0
10.6
10.7
11.6

28.8
27.8
28.2
28.3
25.6
28.0

11.6
15.7
4.6
5.9
7.5
5.0

33.8
31.8
32.1
31.2
30.4
32.0

0.9
0.5
4.0
2.2
1.8
2.5

21.7
24.5
24.8
24.4
24.7
24.0

15.1
12.3
16.2
11.1
11.4
5.8

25.6
26.6
26.0
28.9
28.3
29.6

3.8
0.6
0.8
0.8
0.5
0.1

34.1
29.4
34.7
37.6
39.7
33.2

15.2
8.4
16.6
8.0
11.1
3.0

21.3
22.4
16.6
20.4
21.4
21.6

10.4± 27.8±
2.3
1.1
0.45
0.92

8.4±
4.4
1.79

31.9±
1.1
0.46

2.0±
1.2
0.51

24.0+
1.2
0.47

12.0±
3.7
1.4

27.5±
1.7
0.6

1.1±
1.3
0.5

34.8±
3.6
1.4

10.4±
5.0
2.0

20.6±
2.1
0.8

6.6
5.5
5.7
6.5
6.3
3.4

21.8
21.0
21.3
20.1
21.4
21.9

14.9
13.0
9.9
12.8
14.2
11.5

23.3
23.7
26.2
24.1
22.5
19.6

0.7
1.8
0.4
2.2
0.4
5.0

25.6
25.7
27.3
25.9
26.7
22.9

12.6
9.6
11.7
11.0
10.0
9.2

18.6
19.4
20.5
19.7
22.9
16.9

21.3±

12.7

23.2
2.2
0.8
p=.03

1.8
1.8
0.7
p=0

25.7
1.5
0.6
p=.001

10.7
1.3
0.5
p=.8

19.7
2.0
0.8
p=.5

33.7
43.6
47.5
31.9
35.5
35.9

17.2
14.6
14.7
7.0
4.2
3.7

21.4
23.3
25.4
18.8
22.7
17.3

Denar Facebow
9.5
9.1
9.8
10.7
11.1
7.8

25.2
27.1
25.1
25.8
25.2
25.7

1.6
1.0
2.1
0.0
1.7
1.0

25.3
24.2
24.3
27.4
27.1
28.4

9.7±
1.2
0.48
p=.5

25.7±
0.8
0.30
p=.01

1.2±
0.7
0.3
p=.4

26.1 ±

Class II div.2

5.7±
1.8
1.2
0.48
0.71
p=.002 p=.005

1.8
0.7
0.26
0.7
p=.007 p=.6

Dentatus Facebow

4.9
6.0
3.0
0.7
3.5
2.0

26.4
22.9
20.2
19.1
21.0
23.0

5.1
1.0
0.9
2.4
6.9
3.8

37.7
32.6
34.3
40.6
37.6
39.0

3.8
12.1
5.6
7.5
1.5
12.0

20.5
17.7
15.6
24.9
18.0
20.5

6.8
14.9
15.5
8.2
4.5
7.4

25.1
19.4
28.0
21.4
27.5
28.2

5.9
3.9
1.8
2.1
2.6
9.6

3.4+
1.9
0.78

22.1 ±
2.6
1.0

3.4±
2.4
0.9

37.0±
3.0
1.2

7.1 +
4.3
1.76

19.5±
3.2
1.3

9.6±
4.6
1.8

24.9±
3.7
1.5

4.3±
3.0
1.2

38.0±
6.1
2.5

10.2±
6.0
2.4

21.5±
3.0
1.2

30.2
31.9
32.6
31.3
29.4
31.2

9.3
11.4
8.6
10.5
16.3
11.7

19.7
22.0
27.1
21.6
20.9
20.1

12.4
13.1
14.7
7.9
6.9
13.7

21.3
22.0
21.0
22.7
19.3
22.4

6.4
1.2
3.1
0.4
3.5
1.8

24.3
27.4
27.0
29.7
28.9
28.8

13.2
13.4
16.5
13.1
12.7
14.2

19.9
18.6
16.7
19.9
16.6
20.0

11.5±

21.5±
1.2
0.5
p=.1

2.7±
2.1
0.8
p=.005

27.7±
1.9
0.8
p=.01

13.9±
1.4
0.5
p=.18

18.6±
1.6
0.6
p=.17

Denar Facebow
11.0
12.4
10.0
12.4
17.0
10.4

22.3
25.5
25.9
23.9
21.7
24.3

2.9
3.5
3.0
1.4
0.5
0.9

12.2+
2.6
1.0
p=0

24.0±
1.7
0.6
p=.2

31.1± 11.3+ 21.9±
2.0+
2.7
1.3
1.2
2.7
1.0
0.5
0.4
1.1
p=.001 p=0.01 p=.1 p=.3

3.2
1.3
p=.2
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Table 4.1.3
The distances between the cast and the mounting plate reference points for both
operators and systems with mean ± SD, S.E.M. and paired t test results. Subjects:
skeletal Class ill AOB and Class III.
Class III AOB, Facebow Dentatus
Operator A
Operator B
RX
23.5
21.4
18.3
20.4
22.6
30.5

RY
28.7
26.9
28.0
31.5
24.9
23.1

AX
3.3
2.1
2.6
0.0
8.4
5.2

AY
38.0
33.8
35.9
35.8
29.5
28.0

LX
22.9
21.9
18.0
16.7
21.3
21.4

22.8±
4.2
1.7

27.2±
3.0
1.2

3.6±
2.9
1.1

33.5±
3.9
1.6

LY
23.4
25.0
25.3
30.5
27.9
27.5

RX
17.0
10.0
16.5
21.1
21.1
21.6

RY
28.3
25.6
29.9
33.0
23.8
34.9

AX
7.7
0.4
1.0
4.8
4.3
3.2

AY
35.9
32.3
37.7
41.5
32.5
41.6

LX
12.5
8.9
12.9
16.2
17.5
16.1

LY
28.1
24.4
28.0
28.5
28.4
29.8

20.4± 26.6±
2.5
2.4
0.9
1.0

17.9±
4.5
1.8

29.3±
4.3
1.7

3.6±
2.7
1.0

36.9±
4.1
1.6

14.0±
3.2
1.3

27.9±
1.8
0.7

20.1
24.5
21.0
19.3
27.4
21.6

24.6
28.1
24.8
25.2
21.7
23.9

4.7
1.2
0.9
8.2
7.0
4.2

26.0
26.9
25.2
27.3
24.2
26.3

19.4
17.9
17.6
20.6
20.8
15.7

22.1
28.2
22.2
27.9
21.6
27.7

22.3±
3.1
1.2
p=.12

24.7± 4.4±
26.0±
2.1
3.0
1.1
0.8
1.2
0.4
p=.06 p=.002 p=.0008

18.7±
2.0
0.8
p=.01

25.0±
3.3
1.3
p=.14

Denar Facebow
16.6
21.0
15.1
17.5
21.6
21.9

25.7
28.7
24.7
24.7
24.2
23.7

1.8
3.4
1.4
2.1
4.1
0.3

29.7
31.1
29.2
26.3
25.8
25.4

12.5
15.0
10.0
12.4
17.1
17.1

19.0±
2.9
1.1
p=.03

25.3±
1.8
0.7
p=.2

2.2±
1.4
0.5
p=.002

27.9±
2.4
0.9
p=.006

14.0± 24.9±
2.6
2.9
1.1
1.0
p=.001 p=.41

Class III

26.1
29.7
23.3
22.8
23.4
24.1

Dentatus Facebow

2.4
3.4
16.1
9.4
9.4
18.3

28.1
27.1
25.2
20.2
24.5
27.1

3.5
4.8
8.9
0.6
2.4
6.1

33.9
34.2
30.9
36.2
33.5
30.5

11.5
11.6
16.5
19.3
16.4
15.9

28.0
26.7
23.3
28.2
26.0
23.2

3.6
5.4
1.0
6.6
7.7
4.0

25.5
31.7
28.2
27.6
25.5
23.7

5.1
4.1
7.5
4.6
4.8
3.4

38.0
35.2
37.2
39.4
36.4
40.9

13.4
14.6
10.7
17.3
18.5
9.5

26.5
30.2
30.0
28.0
34.8
27.7

9.8±
6.5
2.6

25.4±
2.9
1.1

4.4±
2.9
1.1

33.2±
2.2
0.8

15.2±
3.1
1.2

25.9±
2.2
0.9

4.7±
2.4
0.9

27.0+
2.8
1.1

4.9+
1.4
0.5

37.9±
2.1
0.8

14.0±
3.6
1.4

29.5±
2.9
1.2

13.7
13.6
10.5
16.7
16.7
17.0

23.1
23.7
25.9
21.7
21.8
22.6

10.6
13.3
19.7
7.5
9.3
4.3

25.4
27.6
26.5
25.5
23.6
23.6

7.5
0.4
6.8
4.2
3.5
1.0

27.2
22.8
23.5
28.1
28.6
23.8

18.2
24.4
17.4
16.0
14.4
12.4

24.8
24.9
23.1
23.7
22.7
20.7

23.1 ±
1.6
0.6
p=.09

10.8±
5.3
2.1
p=.08

25.4±
1.6
0.6
p=0.04

3.9±
25.7+ 17.1±
4.1
2.9
2.6
1.6
1.0
1.1
p=.0003 p=.0002 p=.2

Denar Facebow
5.7
5.8
3.2
9.7
5.1
9.9

25.9
24.6
24.9
23.1
23.2
23.2

3.2
1.9
0.4
1.3
2.0
1.5

26.7
26.0
26.6
25.9
25.0
25.0

6.6±
2.7
1.0
p=.27

24.2±
1.2
0.4
p=.26

1.7±
0.9
0.3
p=.005

25.9± 14.7±
2.6
0.7
0.3
1.0
p=.0004 p=.7
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23.3+
1.6
0.6
p=.007

The overall mean (mm) of the distances between the cast and articulator plate
points were calculated for each pair of points in both directions, for both
systems and were compared by a paired t test (p.t.test) (Table 4.4).

Table 4.1.4.
RX

RY

AX

AY

LX

LY

11.3±

26.5±

3.8±

35.5±

11.9±

24.3±

(6.5)

(3.3)

(3.1)

(4.0)

(6.1)

(3.7)

Denar

12.1±

24.7±

2.6±

27.4±

12.2±

22.8±

SD

(5.4)

(2.3)

(2.0)

(2.9)

(4.6)

(3.1)

P<.001

P<.001

P<.001

NS

P<.01

t=3.96

t=-15.34

t=13.82

t=-0.41

t=2.73

Dentatus SD

p.t test
df=59

NS
t=-1.02

The overall mean distance (mm) between plate and cast reference points in
the horizontal (X) and vertical (Y) planes, for the Dentatus (n=60) and the
Denar (n=60) systems for both operators and five subjects. There was a
significant difference in the variations between the two methods apart from the
right (RX) and left (LX) horizontal measures.

4.1.4.1 Statistical Methods
As seen above the data between the systems was analyzed using the paired
students' t test. It showed that only the right(RX) and left(LX) horizontal
movements did not show a significant difference between the two
facebow/articulator systems. However the coefficient of variability within each
system, as can be seen from tablets, showed a major difference between the
measurements in the horizontal plane compared to those in the vertical plane
with the latter suggesting greater reliability. However both systems indicate
relatively poor overall reproducibility with apparently very little difference
between them.
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Table 4.1.5
RX

RY

AX

AY

LK

LY

Dentatus

57

12

82

11

51

15

Denar

45

9

74

11

38

14

The coefficient of reproducibility (SD/x %) of each facebow articulator system,
where 5-8 % is considered to be appropriate for biometrics. There was great
variation for the horizontal (X) measures, with the vertical (Y) reproducibility
showing an approximation to the acceptable range. There was no significant
difference between the systems by this analysis.

These data as stated have limited accuracy in describing the spatial variation
of the entire cast. For this reason the envelope of movement was devised.

4.1.4.2 Analysis of the Envelopes of Movement (3D computer graphics)
Results of 3D computer graphics(parallelepiped) envelopes of movements are
illustrated in Figures 4.1.10 - 4.1.13. The volumes (mm^) of the envelopes
of movement for the Denar Slidematic and the Dentatus type AEB (Table
4.1.6) showed that although operator A was relatively more consistent than
B, the difference between them for each skeletal type and overall was not
significant (paired t test). Dentatus; operator A versus operator B, = t=2.5;
df=4; P<0.1 and Denar; operator A versus operator B, = t=0.21; df=4; P>0.2.
However the difference between the systems was significant, operator A;
Dentatus V Denar = t=5.2; df=4; P<0.01 and operator B; Dentatus V Denar
= t=5.46; df=4; P<0.01.

As no difference was noted between the operators, their data were integrated
into one envelope of movement for each method and occlusal relationship
(Table 4.1.7). The Denar Slidematic using the ear plug method showed overall
superiority (paired t test, t=9.44; df=4; P<0.001).
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Two way analysis of variance showed that differences between the skeletal
type envelopes of movements were not significant (ANOVA, f=4.072; df=4;
P>0.05). The Class II div.2 patient had the largest rectangular volumes for
both the Denar and the Dentatus, whereas the smallest was the Denar Class
III patient (Table 4.1.6). Projection of the normals from the anterior and the
right lateral views also showed that Class II div.2 Dentatus patient's records
had the largest variation in both planes. Looking from the superior view, which
indicates anteroposterior and lateral inaccuracy, the variation was in
decreasing order of Class II div.2. Class III AOB, Class II div.1. Class III and
Class I. The Denar showed greater variation in the horizontal plane than in the
vertical in Class II AOB and Class III patients. Subjects with Class II div.2
showed overall poorer results when compared with other skeletal types but
statistically these differences between the subjects were not significant.
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Subject 1: Denar

Subject 1: Dentatus

Subject 2: Denar

Subject 2: Dentatus

Figure 4.1.10 The envelopes of movements (parallelepiped) for subject 1 and
2.
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Subject 3: Denar

Subject 3: Dentatus

Subject 4: Denar

Subject 4: Dentatus

Figure 4.1.11 The envelopes of movements (parallelepiped) for subject 3 and
4.
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Subject 5; Dentatus

Subject 5: Denar

Figure 4.1.12 The envelopes of movements for subject 5.
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O perator A

Operator A

O perator B

Operator B

Facebow Dentatus

Denar

Figure 4.1.13 The envelopes of movements (parallelepiped) for both
operators and systems.
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Table 4.1.6.
Subjects

Operator A

Operator B

Dentatus

Denar

Dentatus

Denar

Class 1

61987

43571

77065

21114

01. II div.1

45307

25689

84282

33745

01. II div.2

88007

43260

119360

44942

01. II AOB

57869

28561

69517

23874

01. Ill

65206

17516

62454

43571

The envelopes of movement volumes(mm^) for operators A and B and both
systems.

There was no significant difference between operators for each system (paired
t test), Dentatus; operator A versus operator B = t=2.5; df=4; P<0.1 and
Denar; operator A versus operator B = t=0.21 ; df=4; P>0.2. However, there
was a significant difference between systems for both operators, operator A;
Dentatus V Denar = t=5.2; df=4; P<0.01 and operator B; Dentatus V Denar
= t=5.4; df=4; P<0.01.

Table 4.1.7
Subjects

Dentatus

Denar

Class 1

94926

50680

01. II div.1

107182

41402

01. II div.2

131096

57108

01. II AOB

85156

38566

01. Ill

85481

36787

Envelopes of movements(mm^) of both systems after integrating the data of
Operator A and B.

The Denar had significantly smaller envelopes in all

skeletal groups showing overall superiority as a facebow\articulator system
(paired t test, t=9.44; df=4; p<0.001).
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4.1.5 Discussion
Both systems showed significant variation in the horizontal and the vertical
planes at all three references points, with vertical variation being clearly better
than the former. This may be due to both systems having reproducible
anterior reference points. Overall the Denar earplug method was better than
the Dentatus average anatomical hinge axis point, despite movements of the
ear piece due to the individual shape, symmetry and structural elasticity of the
external auditory meatus (Fig. 4.1.14).

Contrary to the results of previously reported studies, which were done for
restorative and prosthodontic patients (Gold and Setchell 1983, Yanus et al
1983), the results of this investigation have shown relatively poor face bow
transfer reproducibility. This may be because previous investigators used a
tattooed hinge axis location and the same bite fork for ail records, which was
thought to be unrealistic in assessing orthognathic planning practice. In this
investigation each operator located each hinge axis point independently for
each subject, for each session. The relative reproducibility and accuracy of a
face bow procedure not only rely upon the accuracy of terminal hinge axis
location and its transfer to the articulator, but also the laboratory techniques.
An error can be introduced at the stage of seating the cast into the bite fork
indentation and the subsequent mounting. All these clinical and laboratory
based variables were included in this investigation to enable a realistic
rationalisation of bimaxillary osteotomy planning techniques.

Both systems use the ear for the location of an arbitrary hinge axis which is
obviously a variable structure. It was also noted that the Dentatus type AEB
face bow locking nuts when tightened firmly, could still move with relatively
light digital pressure. This could happen during transportation to the
laboratory, whereas^the Denar Slidematic does not suffer from this drawback.
Only the Denar transfer jig needed to be transported to the laboratory, and the
bow does not have to leave the clinic. These factors may contribute to a
degree of error in the Dentatus face bow transfer system.
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Envelopes of movements

Dentatus

Denar

Figure 4.1.14 The overall envelopes of movements (parallelepiped) for both
face bow systems, showing the Denar significantly better than the Dentatus.

126

The only analytic method used by previous investigators has been to present
the means of the deviations at various reference points independently. As
stated this does not provide a true picture of orientation in space and results
at one reference point can contradict the results at another point (Table 4^4).

The correlation test confirmed that the movements of each reference point
affect the other reference points (t=3.16; df=4; P<0.05), so it is not appropriate
to treat each pair as being independent.

With this novel technique of

envelopes of movement, the position of the maxilla is represented in true
three-dimensional

space,

with

computer graphics

providing

visually

comprehensive information on the variation in position.

4.1.6 Conclusion
This investigation showed that the overall face bow/articulator procedure has
poor

reproducibility,

even

when

two

experienced

operators

repeat

measurements on a number of subjects. The Denar Slidematic face bow is
however comparatively better. There was no significant difference between the
two operators and skeletal types.

In clinical practice the range of variations, found by this investigation, in the
vertical plane is small and therefore the reliability of the facebow system is
maximal, with minimal disturbance at occlusal level (Marko 1986, Nattestad
et al 1991, and Bamber and Harris (in press).

The wider variation in the horizontal plane invalidate the use of small units of
movements in planning movements e.g. mm, which also cannot be perceived
by the eye.

Forward and backward movements can be more reliably

estimated in 3mm units which correspond to minor, moderate and major
moves of the maxilla. Furthermore the actual discrepancy is compensated for
when the mandibular osteotomy is carried out to give a final Class I
relationship, regardless of the maxillary position. Despite these weaknesses
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the use of the facebow gives the clinician greater insight into the patient's
deformity and provides a standard means of planning which links the clinic,
laboratory and operating theatre and is invaluable for the simultaneous use of
rigid fixation in both the mandible and the maxilla.
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study 2

The Reproducibility of the Angie between
The Maxillary Transverse and Occlusal Planes to
The Model Frankfort Plane
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4.2.1 Introduction
The angular relationship of the occlusal and Frankfort horizontal plane (8°±
4° for Caucasians) is important in both diagnosis and treatment planning for
craniomaxillofacial deformity surgery. The Frankfort horizontal plane is almost
always used as a baseline for clinical assessment and treatment planning,
and subsequent preoperative work-up for osteotomies (Ellis 1984, Harris and
Reynolds 1991, and Bell 1992). This is transferred to the articulator using the
facebow records and on the mounted models it is represented by the upper
member of an anatomical articulator and known as model Frankfort plane. It
is important that the transverse and occlusal plane angle in relation to the
Frankfort horizontal plane is reproduced accurately in the articulator for model
surgery (Polly et al 1993, Bamber 1995).
Clockwise rotation or increase of the occlusal plane angle of the
maxillomandibular complex in bimaxillary surgery has been advised
particularly in open bite cases. Counter clockwise rotation or decrease in
occlusal plane angle has also been advocated by Wolford et al (1993) and
disputed by Epker (1993). Changes in occlusal plane angle are practiced in
this department mainly for two reasons; 1) to close anterior open bite, 2) to
change incisal angle.

Correction of the transverse occlusal plane asymmetry is also essential for
optimal aesthetics. Alteration of occlusal plane angle must be decided after
mounting the models in an anatomic articulator, as it will affect the functional
relationship between maxillomandibular skeleton, dentition, condyle, articular
eminence, fossa and disc (Epker 1993). The anatomic, anthropometric,
orthodontic,

orthognathic and basic bone literature is replete with

documentation of the important inter-relatives of these areas, hypothesised
on the basis of basic bone biomechanics often referred to as Wolff’s law.
However, the reproducibility of the facebow transferred articulator (model)
Frankfort-occlusal plane angle has been supported by Fletcher (1985), and
disputed by Ellis e /a /(1992), who found a significant difference between the
130

Frankfort-occlusal plane angle on the cephalogram and the mounted
maxillary model in the articulator.

They suggested dispensing with the facebow anterior reference point and
instead use the measurements from cephalogram (incisal tip-infraorbital
margin) to mount the models in the articulator for model surgery. Similarly,
Pitchford (1991) reported that the facebow mounted models had the axial
inclination of the teeth almost perpendicular to the Frankfort horizontal plane,
instead of expected 110°. Transverse asymmetry of articulator mounted
models is often linked with a facebow transfer.

4.2.2 Aims of the Study
Aims of this study were to test the maxillary anteroposterior and transverse
occlusal plane-model frankfort plane angle reproducibility in a semiadjustible
articulator.
4.2.3 Materials and Methods
Cartesian (X and Y co-ordinates) data, from 120 facebow transfer records
taken by two operators for facebow reproducibility (study one), were used for
this investigation. Face bows were the Denar Slidematic (Fig.4.1.2) and the
Dentatus ARB standard (Fig.4.1.3). 5 patients included in this investigation,
were skeletal class I, class II div.1 class II div.2, class III and class III anterior
open bite. These patients were free of craniofacial asymmetry.

A 3 dimensional computer graphic programme was written in Turbo c4-4- and
used to compute and draw the maxillary position within the articulator space,
as transferred by the each facebow record. Reference marks on the custom
made mounting plate and maxillary model were used for measurements
(Fig.4.1.6). Measurements in both horizontal and vertical planes were taken
with the travelling microscope as described earlier in study one. The model
and plate reference co-ordinates were built into the programme and the
programme was asked to draw normal vector angles for anteroposterior (AP)
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and transverse (mediolateral-ML) occlusal plane in relation to the model
frankfort plane (Fig 4.2.1 and 4.2.2), for each record.
Then an auxiliary customised computer programme was used to calculate
both the anteroposterior (AP) and mediolateral (transverse-ML) occlusal
planes angles.
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Posterior

Anterior

Fig 4.2.1 The anteroposterior normal vectors indicating the anteroposterior
occlusal to model Frankfort plane angle.

Left

Right

Fig 4.2.2 The mediolateral normal vectors indicating the transverse occlusal
plane angle.
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4.2.4 Results
The computed vectors for each subject are presented in Fig.4.2.3 to Fig.4.2.7
and after integrating both operators’ data in Fig. 4.2.8 to 4.2.13. The
anteroposterior vector angles (degrees), representing the anteroposterior(AP)
occlusal plane and the mediolateral (ML) vector angles indicating the
transverse occlusal plane were calculated and presented in the tables 4.2.1
and 4.2.2 respectively. Negative readings in the case of the anteroposterior
(AP) plane angle indicated posterosuperior tilt, and in the mediolateral (ML)
plane, superior tilt on the left side.

Mean and standard deviation (degrees) for each subject is in table 4.2.3 and
for each operator and system in table 4.2.4.

The occlusal plane angle showed higher standard deviation than transverse
plane. Analysis of variance and t test showed that differences between the
subjects were not significant. In both planes Dentatus showed higher
standard deviations indicating poor reproducibility.
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Operator A

Operator B
Dentatus

Anterior View

Laterai View

Denar

Anterior View

Lateral View

Figure 4.2.3. Vector angles for subject 1, 6 records for each facebow
transfer.
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Operator A

Operator B
Dentatus

Anterior View

Lateral View

Denar

Anterior View

Lateral View

Figure 4.2.4. Vector angles for subject 2, 6 records for each facebow
transfer.
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Operator A

Operator B
Dentatus

Anterior View

Laterai View

Denar

Anterior View

Laterai View

Figure 4.2.5. Vector angles for subject 3, 6 records for each facebow
transfer.
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Operator B

Operator A
Dentatus

Anterior View

Lateral View

Denar

Anterior View

Laterai View

Figure 4.2.6. Vector angles for subject 4, 6 records for each facebow
transfer.
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Operator B

Operator A
Dentatus

Anterior View

Lateral View

Denar

Anterior View

Laterai View

Figure 4.2,7, Vector angles for subject 5, 6 records tor each facebow
transfer,,

139

Dentatus

Sub. 1

Denar

Lateral View

Anterior View

Sub. 2

Laterai View

Anterior View

Figuré 4.2.8 Vector angles for subject 1 and 2 for both systems, 12
records each, after integrating both operators.
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Dentatus

Sub. 3

Denar

Lateral View

Anterior View

Sub 4

Laterai View

Anterior View

Figure 4.2.9 Vector angles for subject 3 and 4 for both systems, 12
records each, after integrating both operators.
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Dentatus

Denar

Lateral View

Anterior View

Figure 4.2.10 Vector angles for subject 5,
integrating both operators.
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12 records each, after

Anterior

Lateral

Operator A

Operator B

Figure 4.2.11 Vector angles for the Dentatus facebow, operator A and B
all subjects
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Anterior

Lateral

Operator A

Operator B

Figure 4.2.12 Vector angles for the Denar facebow, operator A and B all
subjects
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Denar

Dentatus

Lateral View

Anterior View

Figure 4.2.13 All the subjects both operators and systems.
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Table 4.2.1
Computed anteroposterior (AP) plane normal vector angles (N 120).
RECORDS

OP.A DENTATUS

OP.B DENTATUS

OP.A DENAR

OP.B DENAR

1

-12.3603

-15.8641

-2.5515

-6.7588

2

-7.8050

-7.0430

-0.0144

-5.9622

3

-7.8931

-20.2193

-1.4595

-6.0015

4

-6.7293

-19.3581

-6.3208

-5.8270

5

-7.5769

-22.5126

-5.3870

-5.8636

6

-8.3713

-11.1376

-6.5855

-6.7719

7

-8.5007

-17.5001

-3.4968

-3.1084

8

-10.6793

-6.3403

-2.7777

-4.5849

9

-9.7981

-11.5659

-1.6415

1.9639

10

-16.8747

-16.9211

-5.2220

-5.2811

11

-11.9339

-7.8851

-3.8078

-8.0235

12

-7.7922

-22.5269

-2.7776

-2.7127

13

-7.8260

-21.3726

3.2173

-6.3231

14

-15.5959

-18.1951

-6.2488

-4.3929

15

-13.1518

-22.9768

-9.6539

-6.2133

16

-22.4050

-0.7968

-5.9994

0.1489

17

-14.4031

-15.0781

-11.2002

-4.3897

18

-15.7326

-19.4598

-9.7585

0.0198

19

-21.0322

-15.7714

-13.5597

-5.4431

20

-18.6945

-34.6574

-12.0210

-10.5015

21

-24.9617

-32.0778

-8.9592

-12.1680

22

-27.9357

-17.5276

-12.5766

-12.5393

23

-27.5042

-15.4853

-11.9247

-16.3676

24

-26.1108

-19.7307

-13.4174

-11.2255

25

-17.8622

-11.3007

-5.5706

-3.8849

26

-11.5854

-10.7267

-2.8327

1.8133

27

-13.6805

-12.8319

-7.5366

-2.4057

28

-7.3438

-15.7438

-3.6257

-1.0257

29

-4.5580

-9.5794

-2.8838

-3.7082

30

-4.3781

-13.4121

-2.2076

-0.9653
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Table 4.2.2
Computed mediolaterai(ML) normal vector angles (N 120)
RECORDS

OP.A DENTATUS

OP.B DENTATUS

OP.A DENAR

OP.B DENAR

1

4.67374

2.83984

2.39483

3.17689

2

1.57979

2.67664

4.56820

2.84037

3

1.81128

7.32987

2.71471

4.29819

4

2.20419

6.32713

3.82783

3.02094

5

0.06371

5.54438

2.41600

-0.72997

6

2.14557

5.60850

2.36966

1.61856

7

-0.39282

-1.66306

2.26783

0.33396

8

-0.22190

0.98463

0.62150

2.75606

9

0.93271

-2.27733

-0.98308

2.74931

10

-8.39466

-1.07170

0.90633

1.29338

11

-1.99976

-9.04540

1.07285

0.28545

12

2.49781

-4.47093

-0.00137

2.40537

13

1.43014

1.08240

-0.55531

-2.55148

14

3.07886

0.99733

1.72679

2.82825

15

6.48710

0.10123

0.94653

0.58245

16

-0.96085

1.72046

-0.41087

2.50974

17

2.55788

2.45469

1.73893

1.26221

18

2.68364

1.43822

-1.19646

1.38625

19

3.98016

2.87999

1.31822

0.76126

20

4.14944

-2.96839

2.11312

2.13622

21

3.93565

3.15622

-1.54948

2.93746

22

-6.17794

1.36035

1.08459

1.82110

23

2.56479

3.23403

-0.07643

1.73034

24

2.33437

8.33060

2.81274

1.29717

25

3.71615

-0.58956

-0.70951

1.69635

26

0.87212

0.28219

-0.93865

0.07126

27

1.46169

0.69768

0.49338

1.77843

28

0.61571

2.67390

1.11655

-2.25875

29

-2.67026

-4.16443

0.37231

-0.21690

30

-3.32910

3.08071

-0.46278

-2.80709
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Table 4.2.3
Angles (degrees) of normal vector; mean ± SD for both facebow systems
after integrating

both operators’ data,

in anteroposterior (AP) and

mediolateral(ML) planes for each subject.

Subject

AP Dentatus

AP Denar

ML Dentatus

ML Denar

1

12.24± 5.78

4.96± 2.84

3.5± 2.25

2.83± 1.08

2

12.36± 4.98

3.78± 1.77

2.83± 2.98

1.31 ± 0.99

3

15.58± 6.35

5.63± 3.5

2.08±

1.63

1.48± 0.82

4

23.46± 6.37

11.73± 2.66

3.76±

1.86

1.64± 0.82

5

11.08± 4.12

3.2± 1.87

2.01 ±

1.40

1.08± 0.87

N 60 p.t test

p=0.00

p=0.000

The occlusal plane angle showed higher standard deviation than transverse
plane. Analysis of variance showed that differences between the subjects
was significant. In both planes Dentatus showed higher standard deviations
indicating poor reproducibility.
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Table 4.2.4
Angles (degrees) of normal vector, mean ± SD and standard error mean for
both facebow methods and operators, in anteroposterior (AP) and
mediolateral (ML) planes (30 records each).

A

Operator

B

AP

ML

AP

ML

Dentatus

-13.7

1.05

-16.19

1.29

SD

6.92

3.15

7.09

3.67

S.E.M

1.26

0.58

1.29

0.67

Denar

-5.96

1.00

-4.98

1.3

SD

4.31

1.54

4.62

1.73

S.E.M

0.78

0.28

0.84

0.32

Operator

Mean (degrees) occlusal plane - model frankfort angle in the Dentatus
articulator was 14.9 ± 7.1 and Denar 5.5 ± 4.5. In the mediolateral plane
mean (degrees) tilt (cant) to the right side for Dentatus was 1.17 ± 3.39 and
Denar 1.15 ± 1.6. Each subject’s data are presented in table 4.2.3.

4.2.4 Statistical Analysis
Two-way analysis of variance (row and column effect) and paired student's
t test were applied to find out the significance of differences between subjects
and systems. It showed that there was no significant difference between the
operators and subjects p >0.05<0.96. Reproducibility of mediolateral plane
was better than anteroposterior plane P=0.00001 as shown in Table 4.2.5
and 4.2.6. The difference between the two mounting systems was significant
see Table 4.2.6.
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Table 4.2.5
Angles(degrees) of normal vector means and standard deviations for both
planes.
Dentatus

Denar

AP V ML

AP

ML

AP

ML

Operator A

-5.96

1.00

-13.70

1.05

SD

4.31

1.53

6.92

3.15

Operator B

-4.98

1.30

-16.19

1.29

4.62

1.73

7.09

3.67

p=0.4

p —.5

p=0.12

p=O.B

SD
t test

p= .00001

It is clear from the Table that their was no difference between the two
operators for both systems, and planes. But there was significant difference
between the two planes, anteroposterior and transverse, the transverse plane
being

more

reproducible than

occlusal

plane.

Transverse

plane

reproducibility in the Denar was much better than in the Dentatus.

Table 4.2.6
Angles (degrees) of normal vector, mean, and SD, for both facebow systems
and operators, in anteroposterior (AP) and mediolateral (ML) planes (paired
t test results).
AP

ML

-14.945

1.17

7.056

3.39

Denar

-5.469

1.15

SD

4.455

1.63

p = .00001

p = .967

Dentatus
SD

t test

p = .00001

p = .00001

This Table shows clear difference in both systems in anteroposterior plane
but no difference in mediolateral plane. But within each system, difference
between both planes was significant, mediolateral plane clearly being more
reproducible.
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4.2.5 Discussion
The so-called ’normal’ occlusal-Frankfort horizontal plane angle is 8° Sd 4° for
Caucasians and the results of this study showed that the mean occlusalmodel Frankfort plane angle for the Dentatus was 15° ± 7° and the Denar 6°
± 5°. Clearly the Dentatus, which uses orbitale as an anterior reference point,
located the maxillary model at steeper angle than an average\hypothetical
patient. Results of this investigation are similar to the findings of Pitchford
(1991) and Ellis (1992), but contrary to Fletcher (1985).

The Denar mean angle (6° ± 5°) was a little less than the normal range (8°±
4) but relatively close to it. The Dentatus showed a higher standard deviation
in the anteroposterior Plane which may be due to poor clamping mechanism.
Both systems had poor occlusal plane angle reproducibility than transverse
plane angle, which indicated the vertical displacement of the posterior border
of the maxillary model (Fig.4.2.1). This is probably due to the bitefork clamp
design, as very likely the posterior part of maxillary model would move as a
result of any undesirable bite fork arm rotation in the vertical plane during the
transportation or handling, whereas the anterior part of the clamp would be
held firm and unable to rotate vertically, in both systems. Although a bitefork
support was used at the time of mounting the models, this error could be due
to inaccurate location of the maxillary model into the bitefork indentations
before mounting. Secondly, at the time of facebow registration, any vertical
displacement at the posterior part of the facebow bitefork may go undetected
by being out of the operator’s sight, but the anterior bitefork displacement
from the teeth would be readily noticed.

Any vertical displacement of the occlusal transverse plane would create
pseudo occlusal cant. It was interesting to note that both systems produced
relatively small variations (degrees) in this plane; the Dentatus 1.2 ± 3.4, and
Denar 1.2 ± 1.6, again the Dentatus had the largest deviation. This error was
to the right side indicating inferior displacement of left maxilla. This could be
due to the operator normally standing on the right hand side of the patient
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and having less control on left side. The difference between both systems
was not significant in transverse (mediolateral) plane (P=0.96), and clearly
none of the facebow systems created any significant transverse asymmetry
(cant).

4.2.6 Conclusion
The Dentatus articulator system is likely to transfer steeper occlusal plane
angle than a hypothetical patient with normal range (8°± 4°), which is very
likely due to the use of the orbitale as the anterior reference point and when
the Denar arbitrary reference point at 43mm was close to so called ’normal
range’. A facebow transfer is unlikely to produce a significant transverse
occlusal cant in anatomically mounted models for model surgery work-ups,
so its reliability in the transverse plane is optimal, the exception being in
gross facial deformities and external auditory meatus asymmetric deformities
(Bamber 1995). On the other hand the facebow is unlikely to reproduce the
Occlusal-Frankfort plane angle accurately in the articulator mounted models.
So it is advisable that the occlusal plane alteration must be decided clinically
and then carried out on the articulated models during model surgery work
ups.
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study 3
Compatibility of Cephalometric and
Model^Occiusai-Frankfort Plane Angle

4.3.1 Introduction and Statement of Problem
Established practice is to compare the true lateral skull x-ray cephalometric
interpretation of Occlusal-Frankfort plane angle, with the normal range (8°±
4°). The 8°± 4° occlusal plane angle exits only in normal skeletal-occlusal
class I Caucasian patients. The ’normal’ values for the different dentofacial
deformities are at significant variance with this! Thus a), these normal values
could not be applied to the orthognathic patients to transfer their OcclusalFrankfort plane angle to the articulator, e.g using the Denar slidematic
facebow and b), any change in anteroposterior occlusal plane angle is carried
out on facebow articulated models, when a facebow transferred occlusal
plane angle may be different from a cephalometric occlusal plane angle.
Hence at the end of this investigation it was decided to trace the true lateral
skull x-rays, if available, of those subjects who participated in this study, to
obtain the individual cephalometric Occlusal-Frankfort plane angle and
compare it with the facebow transferred angle.

4.3.2 Aims of the Study
To assess the compatibility of cephalometric and facebow transferred model
Occlusal-Frankfort plane angle, as an extension of earlier studies in this
chapter.

4.3.3 Materials and Methods
The records of 5 subjects who participated in the facebow transfer
reproducibility were used for this investigation, 4 female and 1 male, each
representing a surgical skeletal disproportion group; ie skeletal class 1, class
II div.1, class II div.2, class III and class III anterior open bite. The subject with
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the class I skeletal relationship was a volunteer as his lateral skull x-rays were
not available and it was decided not to expose him to unnecessary radiation.
The other 4 patients had lateral skull radiographs done as part of their
treatment. Facebow transferred (model) Frankfort-occlusal plane angles for
each patient (24 records each), as computed in study two were used for this
investigation.

Lateral skull x-rays were traced on a digitiser (SSI Microcad) using
orthognathic planning programme (COGSOFT Version 3.4) with double
digitisation (Fig.4.3.1 and 2). Frankfort-occlusal plane angle was measured
and compared with the model frankfort-occlusal plane angle.

154

NAME
OKEKE, UZO

SEX

DOB
LL 5721

X-RAY DATE
2 2 -0 7 -9 3

SKELETAL

o

SNA
SNB
ANB
SN/MxP
MxP/MnP
LAFH
UAFH
LAFH/TAFH
LPFH
UPFH
PFH
W its

SOFT TISSUES

mm
mm
X
mm
mm
mm
mm

8 4 .5
9 2 ,0
-1 0 ,5
7 .0
3 5 .0
7 3 ,0
4 7 .5
6 0 .5
3 3 .0
4 3 .0
6 6 ,0
-2 4 ,5

L ip Sep
Exp U I
LS—E
L I-E
NLA
LLA

mm
4 ,5
mm
1 .0
mm - 1 0 . 0
mm
-4 ,5
•
-1 0 6 .0
"
-1 0 9 .0

NOSE PROMINENCE
Nose t i p
mm
Nose a n g l e '

2 6 .5
3 5 ,0

CHIN PROMINENCE
TEETH
O v e r je t
O v e r b it e
U I/M x P
L I/M n P
Ila n g le
L I-A P o
L I-N P o

im
mm
•
•
•
mm
mm

-5 .5
0 .0
1 2 4 .5
6 6 .0
1 1 5 .0
1 4 ,0
1 1 ,5

C h in t i p
B-NPo
LADH

mm
mm
mm

1 4 .0
9 ,0
4 0 ,5

C LINICA L RMENTS
Exp U I

mm

CO
0)
3
o >

NAME
MC6RATH, JENNIFER

SEX

00 9

X-RAY OATE

KK 1 0 868

1 6 -0 3 -9 2

SKELETAL

u

SNA
SNB
AN8
SN/MxP
MxP/MnP
LAFH
UAFH
LAFH/TAFH
LPFH
UPFH
PFH
N it s

SOFT TISSUES

mm
mm
X
mm
mm
mm
mm

9 2 .5
8 4 .5
8 .0
5 .0
9 .5
5 4 .0
5 2 .0
5 1 .0
4 4 .5
4 8 .5
8 9 .0
6 .5

L ip Sep
Exp U I
LS—E
L I-E
NLA
LLA

mm
3 .5
mm
5 .0
mm
—9 . 0
mm
-8 .5
-1 2 5 .5
•
1 1 2 .0

NOSE PROMINENCE
Nose t i p
mm
Nose a n g le *

2 9 .0
3 9 .0

C HIN PROMINENCE
TEETH
O ver j e t
O v e r b it e
U I/M x P
L I/M n P
Ila n g le
L I-A P o
L I-N P o

mm
mm
•
•
mm
mm

1 4 .5
1 0 .0
1 2 0 .5
8 7 .5
1 4 2 .0
-1 0 .0
-5 .5

C h in t i p
8 —NPo
LADH

mm
mm
mm

1 4 .0
—6 . 0
4 0 .5

C LIN IC A L MMENTS
Exp U I

mm

W

crj
0)
k_

3
O)

4.3.4 Results
Facebow transferred (model) angles together with the cephalogram angles
for 4 patients are in table 4.3.1, and the differences between them are in table
4.3.2. Mean ± SD, standard error of the mean for model Frankfort to occlusal
plane angle for each patient is in table 4.3.3, and mean differences in table
4.3.4.

157

Table 4.3.1
Cephalometric and model, occlusal-Frankfort plane angles for 4 patients.
Rec. Sub. Op.A.Dent.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

1
1
1
1
1
1
2
2
2
2
2
2
3
3
3
3
3
3
5
5
5
5
5
5

12.3603
7.8050
7.8931
6.7293
7.5769
8.3713
8.5007
10.6793
9.7981
16.8747
11.9339
7.7922
7.8260
15.5959
13.1518
22.4050
14.4031
15.7326
17.8622
11.5854
13.6805
7.3438
4.5580
4.3781

Ceph. Op.B.Dent.
11
11
11
11
11
11
13
13
13
13
13
13
8
8
8
8
8
8
14
14
14
14
14
14

15.8641
7.0430
20.2193
19.3581
22.5126
11.1376
17.5001
6.3403
11.5659
16.9211
7.8851
22.5269
21.3726
18.1951
22.9768
0.7968
15.0781
19.4598
11.3007
10.7267
12.8319
15.7438
9.5794
13.4121

Op.A.Denar Op.B.Denar
2.5515
0.0144
1.4595
6.3208
5.3870
6.5855
3.4968
2.7777
1.6415
5.2220
3.8078
2.7776
3.2173
6.2488
9.6539
5.9994
11.2002
9.7585
5.5706
2.8327
7.5366
3.6257
2.8838
2.2076

6.7588
5.9622
6.0015
5.8270
5.8636
6.7719
3.1084
4.5849
1.9639
5.2811
8.0235
2.7127
6.3231
4.3929
6.2133
0.1489
4.3897
0.0198
3.8849
1.8133
2.4057
1.0257
3.7082
0.9653

Rec= Record number, Sub=Subject, OP.A=Operator A, Dent=Dentatus,
Ceph=Cephalometric angle, OP.B=Operator B.
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Table 4.3.2
Cephalometric and model Occlusal-Frankfort plane angle(degrees) difference.
Minus sign (-) indicate model Frankfort plane angle was greater than
cephalometric angle.

Rec. Sub

Cep-A.Dent

Cep-B.Dent Cep-A.Den. Cep-A.Den.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

-1.3603
3.1950
3.1069
4.2707
3.4231
2.6287
4.4993
2.3207
3.2019
-3.8747
1.0661
5.2078
0.1740
-7.5959
-5.1518
-14.4050
-6.4031
-7.7326
-3.8622
2.4146
0.3195
6.6562
9.4420
9.6219

-4.8641
3.9570
-9.2193
-8.3581
-11.5126
-0.1376
- 4.5001
6.6597
1.4341
- 3.9211
5.1149
-9.5269
-13.3726
-10.1951
-14.9768
7.2032
- 7.0781
-11.4598
2.6993
3.2733
1.1681
-1.7438
4.4206
0.5879

1
1
1
1
1
1
2
2
2
2
2
2
3
3
3
3
3
3
5
5
5
5
5
5

8.4485
10.9856
9.5405
4.6792
5.6130
4.4145
9.5032
10.2223
11.3585
7.7780
9.1922
10.2224
4.7827
1.7512
-1.6539
2.0006
-3.2002
-1.7585
8.4294
11.1673
6.4634
10.3743
11.1162
11.7924

4.2412
5.0378
4.9985
5.1730
5.1364
4.2281
9.8916
8.4151
11.0361
7.7189
4.9765
10.2873
1.6769
3.6071
1.7867
7.8511
3.6103
7.9802
10.1151
12.186
11.5943
12.9743
10.2918
13.0347

Rec= Record, Sub=Subject, Ceph-A=Cephalometric occlusal to Frankfort
plane angle of operator A s record-model Frankfort plane angle.
Dent=Dentatus, Cep-B=Cephalometric occlusal to Frankfort plane anglemodel Frankfort plane angle for operator B, Den=Denar.
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Table 4.3.3
Mean ± SD, standard error of the mean for model Frankfort-occlusal plane
angle for each subject.

Sub.1 Op.A
Op.B
Op.A
Op.B
Sub.2 Op.A
Op.B
Op.A
OP.B
Sub.3 Op.A

Dentatus
=
Denar
=
Dentatus
=
Denar
=
Dentatus

Mean

SD

S.E.M

Min.

Max.

N

8.5

2.0

0.8

6.7

12.4

6

16.0

5.9

2.4

7.0

22.5

6

3.7

2.8

1.1

0.0

6.6

6

6.2

0.4

0.2

5.8

6.8

6

10.9

3.3

1.3

7.8

16.9

6

13.8

6.3

2.6

6.3

22.5

6

3.3

1.2

0.5

1.6

5.2

6

4.3

2.2

0.9

2.0

8.0

6

14.9

4.7

1.9

7.8

22.4

6

Op.B

=

16.3

8.1

3.3

0.8

23.0

6

Op.A

Denar

7.7

3.0

1.2

3.2

11.2

6

OP.B

=

3.6

2.8

1.2

0.0

6.3

6

9.9

5.4

2.2

4.4

17.9

6

12.3

2.2

0.9

9.6

15.4

6

4.1

2.0

0.8

2.2

7.5

6

2.3

1.3

0.5

1.0

3.9

6

Sub.4.0p.A
Op.B
Op.A
Op.B

Dentatus
=

Denar
=
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Table 4.3.4
Mean ± SD, standard error of the mean, minimum and maximum of
differences. Minus (-) indicate that the model angle was greater than
cephalometric angle.

Sub.1 Op.A
Op.B
Op.A
Op.B
Sub.2 Op.A
Op.B
Op.A
OP.B
Sub.3 Op.A

Dentatus
=
Denar
=
Dentatus
=
Denar
=

Dentatus

Mean

SD

S.E.M

Min.

Max.

N

2.5

2.0

0.8

-1.4

4.3

6

-5.0

5.9

2.4

-11.5

4.0

6

7.3

2.8

1.1

4.4

11.0

6

4.8

0.4

0.2

4.2

5.2

6

2.1

3.3

1.3

-3.9

5.2

6

-0.8

6.3

2.6

-9.5

6.7

6

9.7

1.2

0.5

7.8

11.4

6

8.7

2.2

0.9

5.0

11.0

6

-6.9

4.7

1.9

0.2

6

14.41
Op.B

=

Op.A
OP.B
Sub.4.0p.A
Op.B
Op.A
Op.B

-8.3

8.0

3.3

-15.0

7.2

6

Denar

0.3

3.0

1.2

-3.2

4.8

6

=

4.4

2.8

1.1

1.7

8.0

6

4.1

5.4

2.2

-3.9

9.6

6

1.7

2.2

0.9

-1.7

4.4

6

9.9

2.0

0.8

6.5

11.8

6

11.7

1.3

0.5

10.1

13.0

6

Dentatus
=
Denar
=
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4.3.4.1 Statistical Analysis
Students' t test and analysis of variance were applied to analyze the results.

Students' t test (pable'^.^J?) showed that differences between cephalogram
occlusal - Frankfort plane angle and facebow transferred (model) angle in the
Dentatus was not significant in subject 1 operator B, and subject 2 and 4 both
operators, whereas in the Denar, differences in both readings (cephalogram
and model) were highly significant in all subjects except 3 Operator A.

There was no significant difference between the subjects for model Frankfortocclusal plane angle in the Dentatus (p=0.09 Anova), whereas in the Denar
differences between subjects were significant (p=0.003 Anova), and the
difference between systems was also significant. After calculation of variation
from cephalogram angle, the difference in both systems was significant
(p=0.000).

162

en

w

N
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6

INDIVIDUAL 95 PCT CI'S FOR MEA N
BASED ON POOLED STDEV
M EA N
8 .456
16 .022
10 .930
13.790
14.852
16.313
9 .901
12.266
3 .720
6 .198
3 .287
4 .279
7.680
3 .581
4 .109
2 .301

STDEV
1 .987
5 .922
3 .269
6 .248
4 .708
8 .071
5 .405
2 .202
2 .755
0 .444
1.207
2 .205
3 .013
2 .836
2 .043
1.277

(--

A

----)
(------)

(-

* ----)

>

((
(--

--- )
* ----- )

(
(---(-(--{--(-

-)
--)
)

(-

---)

(-(-

(-------- -4
0 .0

-)

)

>

Denar

)
)

- --------------

3 .930

6 .0

12 .0

18 .0

Figure 4.3.3a. Analysis of variance on Frankfort-occlusal plane angle; both
systems, both operators and all subjects. Showing clear difference between
both systems.

Dentatus

Gi

N
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6

INDIVIDUAL 95 PCT Cl'S FOR MEA N
BASED ON POOLED STDEV
MEAN
2 .544
-5.022
2 .070
-0 .790
-6.852
-8.313
4 .099
1 ,734
7 .280
4 .802
9 .713
8 .721
0 .320
4 .419
9 .891
11.699
3 .930

STDEV
1 .987
5 .922
3 .269
6 .248
4 .708
8 .071
5.405
2 .202
2 .755
0 .444
1 .207
2 .205
3 .013
2 .836
2 .043
1 .277

+
(

(
(

*

*

)

(

*

)

*

)

+ -

)
(
)

*
*

+ - ---------

+
(

Dentatus

^

)
(
(

*
*

)
)

^

(
*
( ----- * ---------)

)

(
(
(

*

*
*

)
)

)

>

( ---- ★------- j
(

*
(

+-------------------- + ------------------ +
-8.0
0.08.0
16.0

)
*

)

f

_

Figure 4.3.3b Results of analysis of variance on the differences between the
cephalogram and model frankfort angle for all subjects and both systems.
Showing differences between the systems and the subjects.

Denar

4.3.4.1.1 Difference Between Subjects
Dentatus; subject 1 v subject 2: p=0.8, subject 1 v 3: p=0.01, subject 1 v 5:
p=0.4, subject 2 V 3: p=0.0007, subject 2 v 5: p=0.5 and subject 3 v 5:
p=0.03. In the Denar differences between subjects were significant (p<0.05)
except subject 1 v 5: p=0.18(not significant).

4.3.5 Discussion
The Denar recorded the occlusal-Frankfort plane angle as less than the
cephalometric angle, whereas the Dentatus transferred occlusal - model
Frankfort angle was close to the cephalometric angle. This is clearly due to
both the Dentatus facebow and cephalometric measurements using the same
anterior reference point (orbitale-inferior infra-orbital margin). Although the
Denar was close to the normal range, it was not necessarily close to the
patient's angle. The Dentatus recorded generally a steeper occlusal plane
angle which is similar to previous studies by Pitchford (1991) and Ellis et al
(1992).

4.3.6 Conclusion
It is hypothesised that;
a) the Denar gives a high degree of reproducibility of model occlusal plane
angulation by virtue of the mechanical rigidity of system when mounting the
models to the articulator, but different from the patient's true Frankfortocclusal plane angle because of the standard convention of depicting the
infraorbital margins, 43mm above the incisor tip, and
|7 C û Y

b)(reproducibility of the occlusal-Frankfort plane using the Dentatus facebow
transfer, because of the inherent mechanical elasticity of the system when
mounting the models to the articulator mounting plate. However the ultimate
angle is closer to that measured on the lateral cephalogram tracing, when
digitised by an experienced eye.
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Chapter 5

Investigation into the Effect of Posture and Anaesthesia
on Occlusal Registration for Orthognathic Surgery Planning
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5.1 Introduction
Following orthognathic surgery, the dental occlusion sometimes significantly
differs from that predicted in the treatment planning, and frequently further
adjustments of the occlusion, usually by training elastics and orthodontic
treatment, or even repeat surgery, are necessary to mitigate these occlusal
discrepancies.

The dental occlusion is thought to be a static anatomical tooth relationship,
which depends upon the position of the teeth and the architecture of the
supporting alveolar and basal bone and is activated by the masticatory muscles
(Fig 5.1).

However, this is a dynamic relationship subject to variation

depending on a variety of factors,

including

many which

influence

proprioception. This may, in turn, be related to posture, habits, level of
consciousness and psychological or even psychiatric factors.

5.1.1 Neuromuscular Influence
A difference in the contraction patterns of the mandibular muscles in dentofacial
anomalies compared to those with normal dentofacial development has been
reported. Moyers (1949) concluded that the temporomandibular musculature in
Class II division 1 malocclusion did not demonstrate completely normal spike
potentials and aberrations. This muscle function pattern could be due to the
malocclusion of the teeth, and also the orthodontic treatment could alter the
spike potentials in certain muscles.

Perry (1955) found that normal occlusions had a continual graded contractile
response, whereas, in Angle Class II division 1 malocclusions there was an
irregular contraction pattern with the interspersed relaxations giving the
impression that the muscles seemed to be guiding the mandible in a "searching
" effort for a suitable occluding position. This could possibly involve
interferences which were abundant in severe malocclusions. More recently,
Benington and Hunt (1994), Kok and Hunt (1994) has explored the role of
muscle fibre type and facial form, but this is beyond the scope of this thesis.
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5.1.2 Body Postures and Mandibular Movements
Proprioceptors in the temporomandibular complex include the muscle spindles
in the muscles, Golgi's and Pacinian corpuscles in the tendons, joints,
periosteum, fascia and subcutaneous tissue. The nucleus concerned with
proprioception (anatomical position) is the mesencephalic nucleus.

168

Fig 5.1

This diagram illustrates the complexity of neuromuscular influences

on the functional occlusion and the mandibular condyle position.
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The proprioceptors are stimulated by the action of the body itself and provide
information to the central nervous system to appreciate the sense of movement
and position of the body parts, and in turn to control muscle tonus, thereby,
maintaining posture and regulating movement of the body parts.
Lund et al (1970) using electromyographic recordings found that the anterior
temporal and digastric muscle activity decreased from the upright to the
intermediate (back rest 45°) and to the supine position. The lateral pterygoid
muscle activity was strongest in the inclined (back rest 45°) position and least
in the supine position. McLean et al (1973) also documented similar results.
Contrary to this Helkimo, et al (1971,1973) found that there was no clinical
difference in the retrusion of the mandible on passive recording whether the
subject was sitting or lying. On the other hand, the mandible was positioned
much more posteriorly if the subject was lying and actively closed the mouth
into a relaxed position.

5.1.3 Effect of General Anaesthesia on Condylar Position
Posselt (1952) found no change in the position or configuration of the Gothic
arch tracings of one patient in conscious and in general anaesthesia. Whereas,
Boucher and Jacoby (1961) reported that eleven out of twelve subjects showed
mandibular movement 2.0 mm posterior to the posterior border position when
under générai anaesthesia.

McMillen (1972) recorded slight posterior

displacement but a considerable vertical drop (0.9 to 5.5mm, mean 2.43mm)
of the condyles under general anaesthesia . Similarly Zak et al (1992) reported
that six of their ten patients had changes in the condylar position between the
conscious and the anaesthetized state.

5.1.4 Extent of Condylar Movements
Ricketts (1950, 1953) found that the joints of Class III, when compared with
Class II cases, were flatter with shorter eminences, and the fossa positioned
weil above the external auditory meatus. The extent of the condylar
anteroposterior, movements were 13-14.5 mm. Similariy, Rees (1954) studied
dissected cadavers and reported that the excursion of the condylar ridge
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relative to the meniscus was 8.0 mm and the meniscus moved forward on the
temporal bone about 7.0 mm between the most retruslve and the most
protrusive positions of the mandible. Hence the total forward excursion of the
condylar ridge relative to the temporal bone was 15.0 mm.

5.2 Statement of Problem
Centric relation (OR) Is a maxillomandibular relationship, whereas centric
occlusion (00) Is a tooth-directed position, which Is Independent of condylar
position. Deflecting tooth contacts and deviating tooth Inclines are abundant In
malocclusions, and may give rise to In-co-ordinated Jaw muscles function
(Moyers 1949, 1950, Perry 1955, Griffin and Munro 1970).

In orthognathic surgery patients, disruption of the occlusion Is further
compounded by the presurglcal decompensatory orthodontic treatment.
Therefore, it may seem Inappropriate to use the tooth-directed Intercuspal
position as a point of reference In planning orthognathic surgery. Posselt (1952)
reported that only 12% of the adult subjects had their retruded contact position
coincident with the Intercuspal position. The remaining 88% had 1.25 ±1.0 mm
differences between the two positions. Ramfjord and Ash (1984) reported 0.5
mm to 0.8 mm difference between the retruded contact position and maximum
Intercuspation. Dawson (1989) reported 0.2 mm anteroposterior difference
between the two positions and Celenza (1973) 0.02 mm to 0.36 mm, Shlldkraut
et al (1994) showed a difference of 2-4mm, and they also pointed out that what
appeared to be a Class I skeletal pattern in CO would be a class II when
observed In CR. However one might question the reproducibility of such small
measurements.
In orthognathic model surgery planning centric occlusion and centric relation are
based on the upright conscious patient, and several assumptions are made
Including that the base-line psychoneuromuscular controls are normal, and
therefore continuously reproducible in time. It is also assumed for the model
surgery that; a) CO = CR in conscious upright patient, and b) CR In the
conscious upright = CR in anaesthetized supine patient.
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These assumptions raise the following questions; should preoperative occlusal
registration be based on CR? If so should conscious CR be done upright or
supine and do the cumulative discrepancies influence outcome? The most
crucial discrepancy would appear to be the difference between postoperative
CO and anaesthetized supine CR. If these discrepancies do influence the
outcome, can this difference be compensated for by proprioceptive adaptation?
Or does this require preoperative overcorrection?

This problem has emerged since the transition from prolonged intermaxillary
fixation (IMF) to rigid fixation of the mandible. There are significant differences
in outcome between IMF and mandibular rigid fixation, e.g with IMF and a
circumferential wire at the osteotomy site, the condyle and fossa can readapt
to the new occlusion during fixation with static muscle activity, whereas, with
rigid fixation, the mandibular osteotomy site is unyielding and any occlusal
discrepancy has to be eliminated by a neuromuscular proprioceptive adaptation
of whole mandible or orthodontic refinement. This must also overcome such
problems as a tendency for a postural corrective habit of the lower Jaw, which
might have been acquired by the patient to meet the need of a unsatisfactory
occlusal function and/or to mask the dentofacial deformity, or to overcome
speech difficulties.
In some patients with a personality disorder e.g. a dysmorphophobic trait, the
posturai habits may be persistent. Needless to say these factors are
significantly more important with bimaxillary corrections.

5.3 Aims and Objectives
To investigate the variation in centric occlusion (intercuspal-CO) and centric
relation contact position (CR) in; a) upright and supine postures when
conscious, and b) supine posture under general anaesthesia, in order to
rationalise complex bimaxillary osteotomy planning.
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To test the null hypotheses that:
a) there is no significant difference between centric relation contact position in
conscious upright and conscious supine postures, and the supine CR under
general anaesthesia and
b) the difference between Co and the several CRs is not significant,
c) these variations do not influence the outcome of orthognathic surgery.

5.4 Methodology
58 patients were included in this investigation. The mean age was 24.7 ± 4.6
years with a gender distribution of 24 male and 34 female.

Of these 58

patients, 5 patients' records were excluded from the investigation, because they
were not reliable, these records were done in the very beginning of this
investigation. The remaining 53 patients were; 15 Class I (a control group), who
underwent third molar extraction under general anaesthesia, 16 Class II div. 1,
9 Class II div.2 and 13 Class III, orthognathic cases.

5.4.1 Clinical and Laboratory Records
Squash bite occlusal records per patient were; 1 record of the intercuspal
position (CO) as a base reference point and 3 records of centric relation (CR),
taken with the patient in; a) the sitting upright position (Fig 5.2) with the head
adequately supported and the Frankfort horizontal plane parallel to the floor as
a reference, b) supine position but conscious (Fig 5.3) and c) supine under
general anaesthesia (Fig 5.4) prior to the insertion of the throat pack. So in total
530 wax check bites were done, measurements for each wax bite were taken
at 4 recording tables; 2 on the left and 2 on the right side of the Vericheck (Fig
5.5), so in total 2120 measurement records. All centric relation records were
taken in Moyco Extra-Hard Beauty wax using the bilateral manipulation
technique. In some cases 4 occlusal records were taken in each position and
the best 3 out of 4 were selected.
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1

Fig 5.2 Occlusal registration (CR) being recorded with the patient in conscious
upright posture.
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Fig 5.3 Centric relation recording with the patient in conscious supine posture.
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Fig 5.4 Centric relation registration in anaesthetized supine posture.
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Fig 5.5

a) Vericheck a measuring tool, illustrating the upper and lower

assembly and the 4 recording tables with 4 styli, b) wax bite records used for
this study, and c) modelling wax generally used for occlusal records.
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The conscious records were taken either during the preoperative orthognathic
surgery work-up visit to the Eastman Dental Hospital, or when the patients
were admitted to the Middlesex Hospital or the Victor Goldman unit, Eastman
Dental Hospital. The anaesthetized records were taken on the day of the
operation, after the patient was anaesthetized and intubated in the induction
room, prior to the placement of the throat pack.

Upper and lower impressions of each patient were taken in irreversible
hydrocolloid impression material during the orthognathic work-up or at
preoperative clerking and cast in class 2 stone, Kemrock, or dental stone,
Kaffir-D. A face bow record for each patient using the Denar slidematic face bow
I
(Fig 4.2) was also transferred to the Denar Mark II articulator (Denar Corp.,
A

Anaheim, California, USA). The upper model of each patient was articulated
using the face bow and the lower with the centric occlusal record. These
mounted models were then transferred to the Vericheck instrument and the
differences in the various centric relation records relative to the intercuspal
position were measured.

5.4.2 Fabrication of the Wax Wafers for Occlusal Records.
The Extra-Hard Beauty wax was used due to its proven stability and accuracy.
The wax sheet was softened in warm water at about 55° C, and a strip of soft
metal foil (Amalgamated Dental Trade Distrib., London, England) was cut into
an oblong shape, folded and adapted to the centre of the wax wafer. The sides
of the wax wafer were doubled over to meet the metal and sealed with a hot
wax knife. The wax wafer was cut out so that it was slightly larger than the
upper arch by about 2 mm all around and the metal foil cleared the lingual
cusps of the lower teeth by at least 3 mm. This standardised wax wafer was
then stored away from heat ready for use.

After the occlusal registrations the checkbite records were carefully examined
and if needed, trimmed to remove any interferences. This was especially
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important in orthognathic patients with their orthodontic brackets and wires,
since the cast surfaces were hard and ungiving and the Beauty wax being very
rigid, compared to other waxes used for this purpose and, could not adapt in
the presence of any interferences (see Fig 5.5).

5.4.3 Centric Relation Registration Procedure
The centric relation was recorded using the bilateral manipulation technique,
with the patient in the upright or supine position and the operator worked
seated or standing behind the patient with the patient's head between the two
arms. The operator supported the patient's mandible bilaterally by placing the
fingers of each hand just below the lower border of the mandible on each side
and the thumbs in the depression of the labiomental fold. (Fig.5.2-5.4). This
technique emphasised the superior placement of the condyles in the fossae by
the positioning of the fingers which is said to exert a superiorly directed force,
while the thumbs exerted a downward pressure over the chin area. With the
softened wax occlusal wafer in between the occlusal table, the mandible was
guided into centric relation position.

5.4.4 Measuring Apparatus and Procedures
Throughout the investigation, the upper and lower models were mounted in the
intercuspal position on the Denar Mark II articulator. These articulated models
were transferred to the Vericheck instrument and measurements taken. The
Vericheck consists of an upper and a lower bow assembly. The lower bow has
a detachable crossbar assembly carrying 1 vertical and 1 horizontal stylus
support on each side. The upper assembly carries a recorder crossbar which
has a graph paper record table on each side, with a vertical and a horizontal
component opposing the four recording styli on the lower bow assembly (Fig
5.5). A self-adhesive graph paper was used for recordings. Once the articulator
mounted models were secured to the Vericheck bows, they were occluded
using the intercuspal (CO) occlusal record and the styli on the lower assembly
were depressed to punch holes into the paper record tables (Fig 5.6). These
punch holes or dots (one for the vertical and one for horizontal recording
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grid/table) were used as a base reference point (0.00) and from this the
distances to the centric relation (CR) records were measured. The intercuspal
position (CO) record was removed and the casts were then occluded using the
first centric relation (CR) record. The styli were again depressed to punch a
hole or mark a dot on the graph paper record table and the distance measured.
This procedure was repeated using all subsequent centric relation records in
3 postures, for each patient. To distinguish the different punch hole records or
dots very fine tipped pens of different colours were used to highlight these
spots in the following manner; CO = pink, CR1 = green, CR2 = purple, CR3 =
Black, CR4 if taken = Blue. The distance between the base point (intercuspal
position) and the centric relation record point was measured using a Vernier
calliper, under a fluorescent light (Fig 5.7) and with a X 1.75 magnification lens
(Philip Harris Scientific, London).

18 0

Fig 5.6 Close up picture of the Denar Vericheck recording table showing a
method of marking with the styli.
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Fig 5.7 Measurements were taken under the fluorescent light with X 1.75
magnification (a), after marking the measurement points in the vericheck (b),
on the graph paper (c) with a vernier calliper (d).
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There were 4 reading tables on the Vericheck, one vertical and one horizontal
on each side of the Instrument. Measurements were taken In anterior, posterior,
superior. Inferior, medial and lateral planes. In relation to the point 0.0 (CO).
These readings were used for the statistical analysis and displacement vectors
analysis using 3D computer graphics. Measurements were also taken to the
shortest direct distance In a straight line between the centric occlusion and
centric relation, but these were not processed as they did not provide the
Individual plane of movements (anteropsterlor, superolnferlor, medolateral),
which were Important for orthognathic planning artifacts. The mean of the 3
registrations recorded In each posture for each patient was used for processing
the data.

5.4.5 3 Dimensional (3D) Computer Graphics
Due to large amounts of biometric data and significant diversity of results In
different postures and skeletal groups, It became desirable to develop an
unconventional method of analysis to make the results easy to comprehend.
Hence a computer package was designed, which processed the data of each
skeletal type and posture, and provided a more realistic and easily
comprehensible visual displacement vector of movement analysis, using 3D
computer graphics.

This custom written programme computed the position of the centric occlusion
representing each condyle and from this point centric relation records were
projected In various axes. These displacement vectors of movements Indicated
the variation In direction and movement of each CR from CO, the length of
these vectors was proportional to the amount of movement.

These graphical representations could be viewed from any angle by adjusting
the directions of the 3 axes; X, Y, Z, from 0-360° (Fig 5.8 a, b, c, d and e).
With the 3D graphics, the displacement of the 'condyle' as recorded by various
centric relation records could be closely examined and the spatial variations
more readily appreciated. At a later stage the programme was modified to
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identify and link the two readings, the right and the left (displacement vectors),
of same occlusal record (Fig 5.9. a,b and c). This useful modification revealed
mandibular rotations (MR), where one condyle was moved backwards and the
other forwards in the anteroposterior plane and one condyle moved upward
when its opposite number moved downwards in superolnferlor plane.
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Fig 5.8a Seen from in front ( axes at 0.0) showing down displacement of the
CR-CO vectors.

Fig 5.8b Seen from the right side and above the horizontal plane (axes at
X=20, Y=20, Z=20).
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Fig 5.8c Seen from the right side and above the horizontal plane (axes at
X=45, Y=00, Z=20).
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Fig 5.3d Seen from the left side and above the horizontal plane (axes at X=10,
Y=10, Z=170).
SUP,

;UP.

Fig S.Be Seen from the right side and little above the horizontal plane (axes at
X=5, Y=00, Z=85).
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Fig 5.9 Displacement vectors after modifying the programme to identify and link
the 2 vectors on both sides (b= 00 degree looking from in front and c= X 90,
Y 45, Z 45), which originated from the same occlusal record. This modification
enabled the detection of mandibular anteroposterior and superoinferior rotation.
Also note the scale mark 5 (mm)
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5.5

Results - Axial shift

The data were collected using a custom designed proforma for each patient,
and are presented in the tables (5.1-5.8) and appendices (5.1-5.12). The
negative readings indicate posterior and inferior displacements for the
anteroposterior and superoinferior axes respectively, and shift to the right side
for medolateral axes. Both the horizontal and the vertical recording tables
measured anteroposterior movements, providing a repeat measurement of the
same occlusal record. Paired t test showed that there was no significant
difference between the measurements at these recording points. So
anteroposterior dispiacement data from both points of both tables were
integrated by taking the means of two readings (Appendix 5.13).
The data were divided into various occlusal groups and postures, and then fed
into a computer for 3D computer graphics analysis (Fig 5.10-5.1/i) and
described in the captions.

A paired t test was also unable to detect a significant variation between the
right and left sides of the patients. So for descriptive statistics and overall mean
displacements in 3 axes; anteroposterior, superoinferior and medolateral, the
data from both sides were also integrated by calculating the mean of both
readings (Appendix 5.l)^).
The CR-CO mean (mm) ± SD variations for each skeletal group in each
posture, are presented in; anteroposterior. Table 5.1, absolute values 5.6;
superoinferior. Table 5.3, absolute values 5.8 and medolateral. Table 5.5.
The mean is presented in Fig.5.18 a, b and c, and 95% confidence intervals of
the means for the 3 axes are presented in (Fig. 5.19 a, b and c, 5.20 a, b and
c, 5.21 a, b and c, 5.22 a, b and c.
The anteroposterior variations CR-CO (mm) mean ± SD were;
Class I; conscious upright:1.2 ± 0.4, conscious supine: -1.5 ± 0.5,
anaesthetized supine: -2.3 ± 0.6.
Class II div.1; conscious upright: 1.7 ± 0.8, conscious supine: -2.2 ± 0.6,
anaesthetized supine: -2.5 ± 1.2.
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Class II div.2; conscious upright: -1.7 ± 0.9, conscious supine, -1.7 ± 1.1,
anaesthetized supine -2.8 ± 0.6.
Class III; conscious upright: -0.6 ± 1.0, conscious supine: -1.0 ± 1.0,
anaesthetized supine: -0.4 ± 1.7.

The largest mean anteroposterior CR displacement in conscious supine posture
was for Class II div. 1, the smallest for Class III and in anaesthetized supine
the largest was in class II div. 2 and smallest again in Class III.
In the superoinferior plane the largest mean displacement was Class I and
smallest again in Class III. In the medolateral plane there was no significant
difference but the majority of the records showed a shift to the right side.
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Table 5.1
a) The CR-CO mean ± SD differences (mm) in the anteroposterior plane.
b) the percentage of centric relation records (CRs) posterior to CO. Negative
X-

values indicate posterior movements. For statistical analysis see Table S.f(.
Conscious

(a)

Anaesthetized

n

Upright

Supine

Supine

Class(CI) 1

15

-1.2±0.4

-1.5±0.5

-2.3±0.6

Cl.II div.1

16

-1.7±0.8

-2.2±0.6

-2.5±1.2

Cl.II div.2

9

-1.7±0.9

-1.7±1.1

-2.8±0.6

Cl.Ill

13

-0.6±1.0

-1.0±1.0

-0.4±1.7

(b)
% of CRs posterior to CO

Class(CI) I

15

97%

100%

100%

Cl.II div.1

16

93%

98%

92%

Cl.II div.2

9

99%

89%

99%

Cl. Ill

13

71%

90%

69%
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Table 5.2

Results of the paired t tests on the differences (mm) between the centric
occlusion(CO) and the centric relation (CR) in anteroposterior plane, for each
skeletal group and posture.

C.Up.

V

C.Sup.

C.Sup.

V

Ana.Sup

C.Up

V

Ana.Sup

n

t value

p value

t value

p value

t value

Class 1

15

4.05

0.0012*

5.19

0.0001*

7.17

Cl.ll div.1

16

5.76

0.0*

1.02

0.32

-2.84

0.012*

Cl.ll div.2

9

0.07

0.95

-3.62

0.0066*

-3.64

0.0066*

13

1.69

0.12

1.7

0.11

0.52

div.2

Cl.ll div.2

Cl.lll

Cl.l vCI. II div.1

Cl.ll div.1

V

0.00*

0.61

V

Cl.lll

t value

p value

t value

p value

C.Upright

-1.81

0.092

0.18

0.86

2.33

0.048*

C. Supine

-2.6

0.02*

1.1

0.3

2.74

0.025*

-0.03

0.97

-1.2

0.26

5.23

0.0008*

Ana.Sup

t value

p value

p value

Key; 0 = conscious, up = upright, sup = supine, ana = anaesthetized.
01 = class. *=significant
There was a significant increase in posterior displacement of CR from upright
to supine and to anaesthetized supine in Class I and II. In Class III cases there
was large increase in the SD from upright to anaesthetized supine indicating an
anterior displacement of CR.
Between the skeletal groups, there was significant increase in posterior
displacement of CR in supine in Class II div.1 when comparing with Class I,
otherwise Class I and II were very similar. Class III was significantly different
from both. Class I and II.
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Table 5.3

a) The mean ± SD differences (mm) between the centric occlusion (CO) and the
centric relations (CRs) in the superoinferior plane, b) percentage of records
inferior to CO. Negative values indicate inferior movements, c) Percentage of
CO=CR. For statistical analysis see Table 5.4.

a)

Conscious

Anaesthetized

n

Upright

Supine

Supine

Class(CI) 1

15

-1.2±0.6

—1 4±0.8

-1.5±0.9

Cl.ll div.1

16

-0.6±1.3

-1.0±1.4

-0.9±2.1

Cl.ll div.2

9

-1.0±1.2

- 1 .2±0.9

-1.3±1.0

Cl.lll

13

-0.4± 1.8

-0.6±1.9

-0.4±2.0

b)
% of CRs inferior to CO
Class(CI) 1

96%

94%

92%

Cl.ll div.1

54%

70%

74%

Cl.ll div.2

84%

89%

86%

Class III

58%

67%

57%

c)
No change (Co=CR)
Class 1

1%

1%

1%

Cl.ll div.1

20%

15%

6%

Cl.ll div.2

2%

2%

6%

Class III

15%

10%

1%

192

Table 5.4
Results of paired t tests on differences (mm) between the centric occlusion
(CO) and the centric relation (CR) in the superoinferior plane, for each skeletal
group and postures.
C.Up.
Postures

V

C.Sup.

C.Sup. V
Ana.Sup

C.Up

V

Ana. Sup

n

t
value

P
value

t
value

P
value

t value

p value

Class 1

15

1.23

0.24

0.65

0.52

1.75

0.1

Cl.ll div.1

16

3.06

0.008*

-0.21

0.83

-0.93

0.37

Cl.ll div.2

9

1.01

0.34

-0.52

0.61

-1.64

0.14

13

0.80

0.44

2.63

0.022

2.09

0.059

Cl.lll

Skeletal
groups

Cl.l

V

Cl. II div.1

Cl.ll div.1 V
div.2

Cl.ll div.2

V

Cl.lll

C. Upright

1.8

0.094

-1.38

0.21

0.84

0.43

C. Supine

1.2

0.25

-1.31

0.23

1.05

0.33

Anaes.Sup

1.36

0.19

-1.92

0.091

3.57

0.0073*

Key; C = conscious, up = upright, sup = supine, ana = anaesthetized.
Cl = Class. *= significant

This table shows that only in Class II div.1 the condyle came down significantly
in the conscious supine posture when compared with conscious upright.
In Class III cases only in the anaesthetized supine posture the condyle moved
significantly in a superior direction compared with the other two postures.

Class III was also significantly different from other 2 skeletal groups.
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Table 5.5
The mean ± SD differences (mm) between the centric occlusion (CO) and the
centric relation (CR) in medolateral plane. Negative values indicate condylar
displacement to the right side.
Conscious

Anaesthetized

pall

n

Upright

Supine

Supine

Class I

15

-0.3±0.3

-0.1 ±0.4

-0.2±0.4

MS

Cl.ll div.1

16

0.0±0.6

-0.2±0.7

-0.4±1.4

MS

Cl.ll dive.2

9

-0.2±0.8

0.0±0.7

-0.1 ±0.6

MS

Cl.lll

13

-0.3± 1.4

-0.3±1.2

-0.1±1.3

MS

In the anteroposterior plane a large proportion of centric relation records (CRs)
were posterior; Class I, conscious upright: 97% conscious and anaesthetized
supine: 100%.

Class II div.1; conscious upright, conscious supine

anaesthetized supine > 90%.

and

Class II div.2; conscious upright and

anaesthetized supine 99% and conscious supine 89%. Whereas in Class III in
conscious upright 71%, conscious supine 90% and anaesthetized supine 69%
CRs were posterior to CO. The percentage of data in each direction for each
axis was also worked out, before integrating the data, which showed that the
large portion of the CR records were inferior to CO.
Class I; conscious upright, conscious supine, and anaesthetized supine > 90%.
Class II div.1; conscious upright: 54%, conscious supine and anaesthetized
supine > 70%.
Class II div.2; conscious upright, conscious supine and anaesthetized supine
>80%.
Class III; conscious upright: 58%, conscious supine: 67%, anaesthetized supine
57%.
CO=CR (no change) in superoinferior plane; In Class II div. 1; conscious
upright: 20%, conscious supine: 15% and anaesthetized supine: 6%, and in
Class III conscious upright: 15%, conscious supine: 10% and anaesthetized
supine: 1% (also see Table 5.3).
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5.5.1 % Records of CR-CO Greater than 2mm
The anteroposterior plane; Class I : 80%, Class II div.1 : 57%, Class II div 2 :
88% and Class III : 31%.
The superoinferior plane; Class I : 30%, Class II div. 1: 38%, Class II div. 2:
22% and Class 111:31%.
Overall, including all skeletal groups, differences (CR-CO) in 3 axes were;
anteroposterior plane: 77% > 1mm, 41% > 2mm and 10% > 3mm,
superoinferior plane: 95% > 1mm and 25% > 2mm, and medolateral plane
75% of records were less than 0.5mm.
The scatter and reproducibility of the centric relation contact position
registrations, plotted using the 3D graphics, around the intercuspal position
showed that the centric relation contact positions in class II were clustered
mostly inferior and posterior to the CO, and in the anaesthetized supine, the
centric relation positions were even more posterior to the previous two
postures.

5.5.2 Statistical Analysis
A statistical computer programme was written and executed in the Minitab
statistical package. This programme averaged the 3 readings of each posture
for each patient and applied the paired t test and analysis of variance, after
segregating the data into 4 skeletal groups and 3 postures. The results are in
table 5.2 and 5.4.

The variation in medolateral plane was not significant

between skeletal groups and postures. Statistical significance was set at the
0.05 level and t and p value quoted are derived from paired t test.
To calculate the standard error 10 occlusal records were taken in conscious
upright and supine postures for one subject (Appendix 5.15). The standard error
was calculated using the following formula; X ± SD/sqr n x 1.96. The average
error was 13%.
Students' t test showed that differences between the postures in the
anteroposterior plane (Table 5.4) were significant;
In Class I cases the , conscious upright v conscious supine: p = 0.001, the
conscious supine v anaesthetized supine: p = 0.0001, and the conscious
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upright v anaesthetized supine were highly significant: p = 0.0000.
Class II div.1; cases the conscious upright v conscious supine: p=0.0000, the
conscious upright v anaesthetized supine: p=0.01, but not in conscious supine
V

anaesthetized supine: p=0.3.

In the Class II div.2 cases;

the conscious supine v anaesthetized supine:

p=0.006, and the conscious upright v anaesthetized supine: p=0.006, but not
in conscious upright v conscious supine: p=0.9.
By contrast in Class III cases the differences between postures were not
significant; as conscious upright v conscious supine: p=0.1, conscious supine
V anaesthetized supine: p =0.1, conscious upright v anaesthetized supine: p
=

0.6

Skeletal groups were also compared in each posture, conscious upright; Class
I V Class II div.1 :p=0.09. Class II div.1 v Class II div.2: p=0.8. Class II div.2 v
Class III: p=0.04.

Conscious supine; Class I v Class II div. 1: p=0.02. Class II div.1 v Class II
div.2: p=0.3. Class II div.2 v Class III: p=0.02.

Anaesthetized supine; Class I v Class II div.1: p=0.9. Class II div.1 v Class II
div.2:p=0.2. Class II div.2 v Class III: p=0.0008.
In the superoinferior plane (Tables 5.3 and 5.4) the only differences which were
significant were Class II div.1 ; conscious upright v conscious supine : p=0.008,
and Class III; conscious supine v anaesthetized supine: p=0.022.

However Class III was significantly different from other 2 groups in
anaesthetized supine (p=0.0073).
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Table 5.6
The CR-CO mean ± SD differences (mm) in the anteroposterior plane, using the
values without - sign (absolute values). For statistical analysis see Table 5.7.
Conscious

Anaesthetized

n

Upright

Supine

Supine

Class(CI) 1

15

1.2±0.4

1.5±0.5

2.3±0.6

Cl.ll div.1

16

1.7±0.8

2.2±0.6

2.5±1.1

Cl.ll div.2

9

1.7±0.9

1.8±0.8

2.8±0.6

Cl.lll

13

0.9±0.7

1.1 ±0.9

1.5±0.9

Table 5.7
Results of the paired t tests on the differences (mm) between the centric
occlusion(CO) and the centric relation (CR) in anteroposterior plane, for each
skeletal group and posture, using absolute values.
Postures

C.Up.

V

C.Sup.

C.Sup.

V

Ana.Sup

C.Up

V

Ana.Sup

n

t value

p value

t value

p value

t value

Class 1

15

-4.05

0.0012*

-5.19

0.0001*

-7.17

0.00*

Cl.ll div.1

16

-5.76

0.0*

-1.02

0.28

2.99

0.009*

Cl.ll div.2

9

-0.07

0.87

4.74

0.0015*

3.64

0.0066*

13

-0 .8 6

0.41

1.75

0.11

2.21

0.047*

div.2

Cl.ll div.2

Cl.lll

Skeletal
groups

Cl.l

V

Cl. II div.1

Cl.ll div.1

V

p value

V

Cl.lll

t value

p value

t value

p value

1.81

0.092

-0.18

0 .8 6

-2.08

0.07

2 .6

0.02*

-1.1

0.3

-3.33

0.01*

0.08

0.93

1.19

0.27

-3.38

0.009*

C.Upright
C. Supine
Ana.Sup

t value

Key; C = conscious, up = upright, sup = supine, ana = anaesthetized.
Cl = class. *=significant
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p value

There was a significant increase in posterior displacement of CR from upright to
supine and to anaesthetized supine in Class I and II. In Class III cases there was
significant difference between conscious upright to anaesthetized supine, which
is contrary to the results tabled earlier (Table 5.2).
Between the skeletal groups, there was significant increase in posterior
displacement of CR in supine in Class II div.1 when comparing with Class I,
otherwise Class I and II were very similar. Class III was significantly different from
both. Class I and II, which is similar to previous results (Table 5.2).

Table 5.8

a) The mean ± SD differences (mm) between the centric occlusion(CO) and the
centric relations (CRs) in the superoinferior plane, after removing the - sign
(absolute values). For statistical analysis see Table 5.9.

Conscious

Anaesthetized

n

Upright

Supine

Supine

Class(CI) 1

15

1.23±0.6

1.4±0.8

1.6±0.8

Cl.ll div.1

16

1.07±0.9

1.4±1.0

1.9±1.3

Cl.ll div.2

9

1.3±0.8

1.4±0.6

1.5±0.6

Cl.lll

13

1.3± 1.2

1.4±1.3

1.7±1.2
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Table 5.9
Results of paired t tests on differences (mm) between the centric occlusion (CO)
and the centric relation (OR) in the supercinferior plane, for each skeletal group
and postures, using absolute values.
C.Up.

V

C.Sup.

C.Sup.

V

Ana.Sup

C.Up v Ana. Sup

n

t value

p value

t value

p value

t value

p value

Class 1

15

-1.2

0.24

-1.14

0.28

-2.24

0.04*

Cl.ll div.1

16

-3.1

0.009*

-1.64

0.12

-3.13

0.007*

Cl.ll div.2

9

-0.4

0.71

0.72

0.49

0.86

0.41

13

-0.2

0.82

0.63

0.47

0.89

0.39

Postures

Cl.lll

Skeletal
groups

Cl.l V Cl.ll div.1

Cl.ll div.1 V div.2

Cl.ll div.2 V Cl.lll

C. Upright

-0.9

0.38

0.65

0.53

0.75

0.47

C. Supine

-0.3

0.79

0.42

0.69

0.32

0.76

Ana.Sup

0.37

0.71

0.1

0.9

0.93

0.38

Key; 0 = conscious, up = upright, sup = supine, ana = anaesthetized,
01 = Class. *= significant
This table shows that the differences were only significant in Class I in conscious
upright and anaesthetized supine postures, and in Class II div.1

in conscious

upright and conscious supine, and conscious upright and anaesthetized supine.

In Class III cases differences were not significant.
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5.5.3 Displacement Vector Analysis with 3D Computer Graphics
The displacement vectors in 3D graphic iliustrations for each skeletal group and
posture are in Fig 5.10-5.17,

^

This analysis supported the conclusions drawn from the statistical analysis of the
measured data. These 3D graphic illustrations could be viewed from any angle (0360°), the following 3 settings were found to be most useful. Figs 5.10 to 5.17
and appendix 5.16-5.23 shows the variation between the Class I (control group)
and Class II div.1 and Cl. III.

Each line represent the linear direction and displacement of CR-CO of each
patient (mean of 3 wax wafers). The natural variation within each occlusal group
is also seen. If one considers the central point of origin as CO, the lines are
therefore analogous to the direction and length of displacement of the condyle.

After identifying and connecting the two displacement vectors (right and left),
which originated from the same occlusal record, it appeared that in some cases
there was a significant rotation of the mandible when recording the centric relation.
Comparing the graphic diagram at 0.00 degree, looking from in front(Fig.5.145.17) of the class I and Class III anaesthetized supine patients showed that in
Class I the major portion of the CR displacements were inferior and in Class III
large numbers of the CRs were superior especially on the left side. Whereas, in
Class II div.1 the majority followed the control group i.e. the majority were inferior
and only 3 were superior. These 3 records were the cases where the mandible
had rotated to one side, i.e. one condyle moved down while other moved up.
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SUP,
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.\N T
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d
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,\NT

Fig 5.10 Class I displacement vectors using 3D graphics; a) conscious upright b)
conscious supine, and c) anaesthetized supine. Each line represent the right
(lat.R) and left (med.L) CR-CO for each Class I control patient. Despite the
individual variation in direction and length the overall consistency of pattern is
evident.
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SUP
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.\NT

Fig 5.11

Class II div.1 displacement vectors using 3D graphics; a) conscious

upright b) conscious supine, and c) anaesthetized supine. Each line represent the
right (lat.R) and left (med.L) CR-CO for each patient. As with Class I note the
variation from A conscious upright through B conscious supine to C anaesthetised
supine for each patient in the group.
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SUP

a
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AT(R)

SUP

.\N T

SUP
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Fig 5.12 Class II div.2 displacement vectors; a) conscious upright b) conscious
supine, and c) anaesthetized supine. Each line represent the right (lat.R) and left
(med.L) CR-CO for each patient. As with Class II div.1 note the variation from
A conscious upright through B conscious supine to C anaesthetised supine for
each patient in the group.
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SUR
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[T(L)

.\NT
ATfR)

SUR,
SUR

ANT

Fig 5.13 Class III displacement vectors; a) conscious upright b) conscious supine,
and c) anaesthetized supine. Each line represent the right (lat.R) and left (med.L)
CR-CO for each patient. The Class III patients showed the least variation between
postural groups and also showed greater variation in anteroposterior shifts.
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SUP
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L A liR

UAT-L,
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SUP

jLAT. L)

Fig 5.14 Class I displacement vectors, after identifying and linking right and left
side; a) conscious upright b) conscious supine, and c) anaesthetized supine.
Looking from in front shows rotation of the mandibular condyle and also variations
in both condyles.
205

SUP

SUP

\T

SUP

SUP
5

6

UVT

M

SUP

SUP

J^ATCL)
l a il s i

Fig 5.15 Class II div.1 displacement vectors; a) conscious upright b) conscious
supine, and c) anaesthetized supine. Contrary to Class I note the variation from
A conscious upright through B conscious supine to C anaesthetised supine for
each patient in the group, and also rotation and superoinferior shift of the
condyles.
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SUP

SUP

U A T fU

.A T fL )

1.A T iR l

SUP

SUP

ATŒU

J.AT.L)

Fig 5.16 Class II div.2 displacement vectors; a) conscious upright b) conscious
supine, and c) anaesthetized supine. Note the anteroposterior and superoinferior
rotation of the condyles.
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^SUP

SUP

i _A r , L ,

Fig 5.17 Class III displacement vectors; a) conscious upright b) conscious supine,
and c) anaesthetized supine. Note the rotation and superoinferior shifts of the CR
vectors.
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In Class I as represented in the anterior view of the graphic diagram (Fig. 5.14 5.17) the CO to CR displacements were consistent. In supine under general
anaesthesia the inferior displacement of CRs was greater than conscious upright
and supine. This pattern was more or less followed up by the Class II, with even
longer displacement vectors, indicating significantly larger displacements of CRs
than Class I with a few going superiorly. Conversely, in the Class III group some
upright CRs were posterosuperior as patients moved into supine these numbers
increased, whereas, in anaesthetized supine nearly 43% of CRs moved into
superoanterior direction, which was at significant variance from the Class I and
Class II group, it was best seen by setting the axes angles as X = 10°, Y = 0°, and
Z = 80°).

Right and left side linked CR displacement vectors which were from same source
(occlusai record) indicated the superoinferior movements more clearly, when
looking from the front. 1 patient in Class I conscious upright and 2 in supine
showed rotation of the mandible, the left condyle moved up and the right moved
down.
The Class II div.1 patients showed wider variation with large movements. In
anaesthetized supine, 4 patients condyles showed contradictory movements where
one condyle moved up and the other down. In one Class II div.2 patient the CR
moved superiorly under general anaesthesia. Class III cases showed larger
variation and in two patient's both condyles moved in opposite direction to each
other i.e. left side moved up and the right down. One patient also showed a large
left lateral shift. Axes setting at X = 20°, Y = 10°, Z = 50° (Appendixoo-5.16-to
iSrfS) gave a medial view of the left side and a 3/4 view of right side. The most
interesting and infomative observations were made in the following settings;
X=80“, Y=50“, Z=10“ (AppBDdiees^Tge-æ) and X = 90°, Y = 45° and Z = %°. (Fig
5.9c). Comparison of three groups; Class I, Class II div.1 and Class III clearly
showed the significant variation; Class I displacement vectors were shorter but
consistent followed up by the Class II with larger variations whereas, Class III had
wide directional variations, contrary to both previous groups, and also showed
mandibular rotation in 1 record, however the length of shift was shorter.
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Fig. 5.18a Effect of posture and anaesthesia
Mean(mm) CR-CO anteroposterior plane
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Fig 5.21a 95% Confidence intervals of mean (mm) CR-CO
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mm
95% Cl

Mean

-0.5

to
VO

-2.5
-3.5

Upright
Conscious

Supine
Conscious

Supine
Anaesthetised

Fig.5.21b 95% Confidence intervals of mean (mm) CR-CO
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Fig.5.21c 95% Confidence intervals of mean (mm) CR-CO
Class II div.2 mediolaterai plane (n=9)
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Fig 5.22a 95% Confidence intervals of mean (mm) CR-CO
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Fig. 5.22b 95% Confidence intervals of mean (mm) CR-CO
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Fig. 5.22c 95% Confidence intervals of mean (mm) CR-CO
Class III mediolateral plane (n=13)
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5.6 Discussion
Preoperative planning for orthognathic surgery is done on a conscious upright
patient using centric occlusal records and the patient is operated in an
unconscious supine position (Fig. 5.23). This diagram illustrates a typical situation
where the mandibular rigid fixation screws are applied with the maxilla and the
mandible in centric occlusion determined by the final planning wafer but the
condyle in the supine anaesthetised CR position (a). The discrepancy arises with
the patient vertical and conscious, when the condyle assumes its natural functional
position within the fossa (b).

Although these analysis artificially divide variation in the condylar movements into
geometrical planes ie X horizontal and Y vertical, taken together with the vector
diagrams the individual differences both within and between groups can be
appreciated. These are undoubtedly flawed by significant differences in postures,
where the true role of muscle tone and gravity are disturbed by the interfering
operator and the wax wafers. But they are still very revealing.
With conventional intermaxillary fixation and circumferential wire at the osteotomy
site

th is difference in the condyle position was taken care of by creeping adjustments
(Fig. 5.24 a, b and c, the flexi omega plate) of the condyle in the fossa with the
restoration of muscle tone. This difference is revealed with the use of the rigid
fixation and requires both operative overcorrection and postoperative orthodontic
refinement. These important (CR-CO) findings explain the occlusal discrepancies
created by rigid fixation of the mandible.

Some of the superoinferior movements of some records in all 4 groups could be
a result of this diverse superoinferior movement of two condyles of the same
patient. Whereas, in Class III 30-40% of the CRs were superior to CO, which was
well above the number of cases noted to have diverging condylar superoinferior
rotation.
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e

a.

Fig 5.23 a) Fixation in supine anaesthetised CR, b) Effect of consciousness tone
and gravity on (a)
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Fig. 5.24 These x rays show the change in the shape of the flexible bone plate
omega loop due to creeping adjustment of the posterior condylar segment with
static muscular activity, a) immediate postoperative showing a slight change in the
shape of the right bone plate loop, b) 8 weeks later a clear change in the loop
shape indicating further readjustment of the posterior condylar segment.
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Fig. 5.24 a c) PA view showing a space between two cortical plates on the right
side.
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For these reasons the definition and position of CR is a very controversial subject
and previous studies report contradictory result. Williamson et al (1980) reported
that CRs were inferior (mean 1.0 mm) to CO, whereas, Shildkraut et al (1994)
studied adolescents (mean age 12.8 years) and reported CR as a superoanterior
position, which is contrary to the resuits of this study. This investigation showed
that CRs in Class I and Class II were in posteroinferior position and in Class III,
30% of CRS were superior. This investigation found wider spread of CRs in
anaesthetized supine position. It seems more natural that some patient's CRs will
be in inferoposterior and some in superoposterior position. Therefore a question
which needs to be addressed is the nature of the errors in the methodology of this
study.

Use of Vericheck as a measuring tool is an established method, widely reported
in the literature by restorative and orthodontic research studies (see literature
review). An alternative measuring tool was SAM Mandibular position indicator
(SAM PRAZISIONSTECHNK,MÜNCHEN, GERMANY) which works on similar
principles and also requires wax (or other materials) occlusal records. It was not
considered to be more accurate than the Vericheck instrument, used for this study.
Also as stated that the nature of the slide at the occlusal level does not
necessarily reflect the condylar movement but a simulation of it.

The 3mm thickness of wax was standardised for all records including CO, from
which point the displacement of CRs was measured. The wax was heated at 55°
for all records, although softness of wax might have, understandably, varied
slightly between the records.

Moyco Extra Hard Beauty wax was a better alternative to the occlusal wax
currently used for orthognathic work-up. Since it set hard when cooled, and there
was less chance of distortion during transportation from the clinic to the laboratory
or when in use. A study by Pierse (1983) concluded that this wax was a very
accurate material which gave more consistent records.
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The thickness of the occlusal wax wafer, although standardised for all postures
might have Introduced some Inconsistency In occlusal records. Other contributing
sources of errors could be the distortion In locating the dental casts In the occlusal
records and mounting of the models due to plaster setting expansion, although
casts were mounted using an antl-expanslon solution. However It must be
appreciated

that all these factors and variables are relevant to orthognathic

surgery model planning Itself.

Some large movements, and some time Inconsistent variation In 3 wax check bites
In the same posture were found, which might be a reflection of recording materials
and measuring apparatus weakness.

The use of bilateral manipulation technique for occlusal registration may also have
some bias In posterior direction but It Is reported to be the most reliable occlusal
registration technique.

The centric relation position variability with the technique of jaw registration was
demonstrated by Kantor et al (1972), Strohaver (1972 ) and Calagna et al (1973).
Kantor et al (1973) found greatest reproducibility with bilateral manipulation
technique and recorded the most posterior position of the condyle with the anterior
jig technique to the point where It was Influenced by the posterior slope of the
articular fossa thereby causing an Inferior displacement.

Previous Investigations have shown that centric relation position was affected by
many variables. Grasso and Sharry (1968) found variation In the reproducibility of
this position over a 29-day period. Past Investigators have also Indicated that
registration of the centric relation contact position showed time variability (Grasso
and Sharry 1968, Shafagh et al 1975), and was technique sensitive (Kantor et al
1972, Strohaver 1972, Calagna et al 1973).

Other variables which affect the

registrations of the centric relation contact position might not, unknowingly, have
been accounted for.
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The maximum mean (CR-CO) in anteroposterior plane was 4.3mm in Class II
div.1 cases and the minimum was 0.0 in Class III. This study also showed that the
anteroposterior and superoinferior CR-CO discrepancy was likely to be greater In
Class II div.1 cases, probably due to the large overjet and the posturing habit
developed by the patients to mask aesthetic anomalies and compensate for
masticatory or speech difficulties. Again indicating adaptability and flexibility of
Class II div.1 temporomandibular joints. Whereas, in Class III statistically no
significant difference was found between the postures and 31% CRs were anterior
to CO and 42% superior to CO under general anaesthesia(GA). Such patients
seemed to function as a simple hinge axis.

In the Class II div.2 patients the differences between postures, and conscious and
unconscious were significant with maximum variation in posteroinferior direction
in both; conscious and anaesthetized supine postures.

Results of this investigation are similar to Lund et al (1970), Helkimo et al (1971)
who showed that the occlusal registration varied with the posture at the time of
registration, except that this study showed relatively large discrepancy between
CO and CR, which could be due to the selection of the samples. This study was
done for orthognathic surgery planning and the selection of patient's sample
reflected that. The orthognathic patients would be expected to have larger
variation (CR-CO) due to their deformity and type of treatment. Results of this
investigation also support the studies by Boucher and Jacoby (1961) who reported
further 2mm mandibular posterior movement under general anaesthesia. McMillen
(1972) and Zak et al (1992), who reported changes in the condylar position
between the conscious and anaesthetized state. McMillen (1972) reported a
considerable vertical drop of the condyle under general anaesthesia.

All these reported previous studies were restorative. This study has tried to clearly
define and quantify the variation in the axes relevant to orthognathic surgery
planning. There is no reported orthognathic surgery study with which to compare
the results of this study with.
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Lund et al (1970) using electromyography observed that subjects in the supine
position had minimal activity in the muscles that determined the vertical and
horizontal position of the mandible.

After the operation the patient will try to go back to the CO guided by the
preoperative proprioception to achieve maximum intercuspation, which may not
be available. Furthermore haematoma, oedema, and neuromuscular damage will
interfere with the natural postoperative occlusal relationship. Therefore immediate
postoperative proprioceptive guidance and reeducation should be provided by the
final wafer left in situ suspended from the maxilla and assisted by elastics. The
direction of the elastic guidance is probably more important than the force.
In practice there is usually a lateral (buccal) open bite suggesting a down recoil
of the condyle, perhaps under the influence of the gravity. This was not clearly
shown in the Y axis CR-CO displacement and highlights the problem of
measurements in this study (Fig 5.25 diagram showing how the V axis becomes
neutral when horizontal).
The best evidence was that in the superoinferior plane, CR-CO was > 2mm in
only Class I: 30%, Class II div.1: 38%, Class II div.2: 22% and Class III: 31% of
cases.

These

measures

nevertheless

indicated

that

posture,

state

of

consciousness, and muscle tone together with those factors that influence
neuromuscular control in the conscious patient produced an overall significant
difference, which must be considered in preoperative planning and postoperative
care.
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X.
a.

Fig 5.25

With the change from the upright to the supine posture X axis is

changed into Y axis and Y axis is neutralised.
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5.7 Conclusions
Clearly the results of this investigation show that overcorrection should be built
into the model surgery planning to compensate for these discrepancies, although
some of these discrepancies may be compensated for by the postoperative
proprioceptive adaptation, it is important to also take into account the persistent
neuromuscular activity of certain facial forms tending to create relapse.

All skeletal Class II osteotomy patients should be overcorrected with the
understanding that 10-15% of these patient's may not have required the
overcorrection. Similarly it must be appreciated that 20-30% of the Class III
patients might not have required over correction. However the overcorrection in
this unit, is based on two stages; a) over correction in the preoperative model
planning, b) intraoperative over correction i.e. in Class II cases pushing the
condyle distally and in Class III pulling the condyle as forward as possible
(Fig.8.1). In Class II, both of these over corrections should be employed but in
Class III cases if possible those patients with CRs anterior to CO (31%) should be
identified and over correction limited to one stage only.

Apart from a few Class II patients with obvious posturing habits, it is not possible
to determine clinically which patient will have a large CR-CO discrepancy. This
creates the need to mount all cases in an articulator to detect this discrepancy. As
the maxilla is positioned by "autorotation" from anaesthetized CR with the
intermediate wafer all maxillary positions will be behind the planned position,
except for the Class III case where the CR shift is anteriorly. This discrepancy is
probably not noticed because minor shifts in the maxilla do not alter the overlying
soft tissues, also the final wafer relates the mandible to the maxilla where ever it
is, in a Class I occlusion.
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Chapter 6

study 1
A Comparative Study of
Two Orthognathic Model Surgery Techniques
with a Modification of the Articulator incisal Pin

Study 2
Analysis of Maxillary Dental Midline and
Occlusal Cant alteration in relation to Facial Midiine
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6.1.1 Introduction
Osteotomies which change the occlusal level to Improve function and enhance
physical appearance require to be planned preoperatlvely with the help of
model surgery. Surgical movements of the facial structures are a complex
three dimensional

operation, Involving a complex series of surgical and

nonsurglcal procedures.

The diagnostic Information gained from preoperative clinical and radiographic
assessment and model analysis Is Integrated to establish a treatment plan. This
final treatment plan Is expressed In the model surgery. The 'postoperative
models' are used to fabricate the intermediate and final occlusal wafers, splints
and arch bars. The agreed treatment plan Is thus transferred to the patient In
the operating theatre using the occlusal wafers as a guide.

Although Hulllhen (1849) cast models after an osteotomy operation and made
a splint for fixation, it was Angle (1903) who first described a detailed model
surgery technique. He mounted the models In a metal hinge articulator, did the
model surgery, and fabricated a metal cap splint, to be used both as a guide
during the operation, and as a fixation appliance after the surgery. Since then
many authors have discussed the use of model surgery for osteotomy planning
as discussed in the literature review earlier.

Cutting et al (1986) and, Guyuron and Ross (1989) described the use of
computerised tomography (GT) based models for craniofacial surgery, which
are expensive and time consuming to produce. Parett and Caruso (1983)
described the use of acrylic spacers for model surgery, very similar to the
Lockwood keyspacer technique.

Various methods of model surgery planning are practised In this country, but
the Lockwood keyspacers planning system (Lockwood 1974) and the Eastman
anatomically-orientated model surgery technique (Anwar and Harris 1990) are
the most widely used techniques. The Lockwood Keyspacer system
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incorporates thin plaster slabs or spacers at the interface of the upper and
lower study models and the plaster mounting assembly of the articulator
(Fig.6.1.1). The plaster inserts are of known thickness and follow the shape of
a dental model base. The key spacers act both as a monitor for the jaw
relationship and provide a record of the pre-and postoperative occlusion. This
planning system has the benefit of an in-built reversible method for moving a
segment or whole arch from one position to another, whilst retaining a record
of the original intermaxillary relationship. A coding system can be used to define
the position of each model or segment in the pre-and postoperative relationship
by introducing a water-soluble dye into the keyspacer plaster mix, or by just
painting the piaster keyspacer. (Fig 6.1.7).

The Eastman anatomically-orientated model surgery technique is a modification
of a popular North American technique, which advocates the use of a facebow
recording and semiadjustable articulator (Fig.6.1.2) to mount the models in
relation to the model Frankfort plane. The use of an anatomic articulator allows
movement of the maxillary and mandibular models in three spatial planes within
the articulator in a reaiistic manner, analogous to the surgical movement of the
jaws within the facial skeleton. Horizontal and vertical reference lines are drawn
on the mounting plaster to register the pre- and postoperative position of each
maxillary and mandibular segment. This enables the planned movement to be
carried out according to the treatment plan. After the osteotomy cuts, the
segments are reassembled and held together with sticky wax in the
postoperative position. If any late adjustments are necessary the wax can be
softened and the maxillary or mandibular segments repositioned.
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Fig. 6.1.1. The Lockwood Keyspacer System, model surgery technique. The
keyspacers are 7mm thick and held In place with elastics.
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Fig.6.1.2 The Eastman Anatomically-orientated model surgery technique. Note
the reference points used for pre- and postoperative measurements for this
investigation were; VM = distobuccal cusp tip of the last molar, VB = Buccal
cusp tip of the second bicuspid, VC = the canine cusp tip and VF = interincisal,
the mesio-incisal corners of the centrals.
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6.1.2 Aims of the Study
Aims of this investigation were to compare the reproducibility of both the
Lockwood Keyspacer System, and the Eastman anatomically-orientated
technique for the relocation of the maxilla after a simulated Le Fort I down
fracture osteotomy, using thick (before mandibular autorotation), and thin (after
the autorotation), intermediate wafers, in 3 skeletal groups.

6.1.3 Methodology
This investigation was carried out in the laboratory.

6.1.3.1 Patients
15 osteotomy patients: 8 male and 7 female; 5 class II div. 1, 5 class II div. 2,
and 5 class III , including 1 class III anterior open bite, were investigated. All
patients had one piece Le Fort I osteotomies except one who had a Le Fort I
down fracture and Wassmund segmental procedure with a midline split. The
treatment plan was decided by a surgeon and an orthodontist, in the
orthognathic clinic.

6.1.3.2 Clinical and Laboratory Records
2 sets of upper and lower impressions, a facebow registration (Denar
Slidematic facebow, Denar Corporation, USA), a facial midline recording
(Bamber 1995), a centric occlusal record, and clinical measurements following
a set orthognathic work-up protocol, were recorded for each patient.
Impressions were cast in class two dental stone, and the models triplicated.
Using these records, the three upper and lower models for each case were
mounted in the Denar Automark articulator, using plaster mixed with an anti
expansion solution.

6.1.3.3 Methods
One anatomically mounted set of models was retained as a mock patient (a
surgical substitute). The remaining two sets were used for the Lockwood, and
the Eastman model surgery techniques (Fig.6.1.3), see also flow chart
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(Fig.6.1.3a). Although the Lockwood Keyspacer technique description does not
normally use a facebow registration, in order to do the test in a comparable
manner the Denar facebow registration and the anatomical articulator were
used for both techniques. For step by step details of both techniques see
Appendices 6.1.1 and 6.1.2.
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Fig. 6.1.3. Triplicate models of a case mounted in the Denar articulator, using
the Slidematic facebow and centric occlusal records; a) surgical substitute for
a mock operation, b) the Eastman model surgery technique and, c) the
Lockwood Key Spacer model surgery technique, all in the preoperative
positions.
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Diagnosis and
Treatment plan

Lockwood model surgery
& measurement of error
Eastman model surgery
& measurement of error

Wafer fabrication

Wafer fabrication

Simulated osteotomies
and measurement of outcome
Fig.6.1.3a. Flow chart showing methods and various stages of the investigation.
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6.1.3.4 Modification of Articuiator incisai Pin
The usual way to measure the anteroposterior movements of the maxillary
model, during model surgery work-up, is to measure the distance from the
maxillary central incisors to the articulator incisal pin. The measurements are
taken by simply looking across the pin and reading the ruler calibrations.
However the Denar articulator incisal pin is a 6.0 mm round rod that does not
provide an ideal reference surface. Variations in the angle one looks from, can
give up to 2.0 mm variation in the readings. To overcome this inaccuracy the
following simple modification of the Denar articulator incisal pin was designed
(Bamber 1995, in press).

10 mm short of both ends, the posterior surface of the pin was cut flat to a 1.5
mm depth (Fig.6.1.4a) providing a definitive edge to measure against, and a slit
0.5 mm wide was also cut, which allowed the metal ruler (Rabone Chesterman
England, UK) to pass through the pin (Fig.6.1.4b), this slit providing a frictional
fit to the metal ruler. The distance to the maxillary teeth from the pin was
measured in a direct line before and after the model surgery and the difference
readily calculated, providing an accurate anteroposterior movement of the
maxillary model. Besides measuring the anteroposterior maxillary and
mandibular movements, the amount of mandibular advancement by autorotation
can also be accurately measured by this method. This modified articulator pin
with a clear-cut surface, measures anteroposterior movements precisely.
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70

Fig.6.1.4a The posterior surface of the incisal pin is flattened to a depth of 1.5
mm that provides a definite surface to measure against. The ruler is passed
through the centre of the pin.
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Fig.6.1.4b A slit of 0.5 mm is machined through the pin. It provides a frictional
fit to the metal ruler for precise anteroposterior measurements. The anterior
view of the pin showing the ruler passing through the modified pin.
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6.1.3.5 Model Surgery
The preoperative position of the maxillary model was recorded with the
Erickson's model surgery platform electronic calliper. A mechanical Vernier
gauge, measuring to the accuracy of 0.01 mm and a metal ruler with 0.5 mm
divisions were used for model surgery measurements in both techniques. A
metal ruler with a modified incisal pin was used for the anteroposterior
movements of the maxillary model and a mechanical Vernier gauge for vertical
measurements to the reference points. After model surgery, the models were
transferred to the measuring apparatus and the variations in the maxillary
position from the treatment plan were computed and the model surgery errors
worked-out, see flow chart Fig. 6.1.3a.

6.1.3.6 Occlusal Wafers
Two intermediate occlusal wafers, per technique, per patient, were fabricated
using high impact acrylic (Associated Dental Products Ltd. UK) in the following
positions: a) before the mandibular auto rotation (thick wafer), that is the
articulator incisal pin was unchanged (usually at 0) (Fig.6.1.5), and
b) after the mandibular auto rotation (thin wafer), that is the articulator incisal pin
dropped down until the maxillary teeth contacted the opposing arch (Fig.6.1.6).
After the mandibular osteotomy the final wafer was fabricated (Fig.6.1.7).

247

.

Fig.6.1.5.

Intermediate occlusal wafers,

made before the mandibular

autorotation on the articulator (thick), for both model surgery techniques, a) the
Eastman and b) the Lockwood.

248

Fig. 6.1.6. Intermediate occlusal wafers made after the mandibular auto rotation
on the articulator (thin) with both model surgery techniques; a) the Eastman
and b) the Lockwood.
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Fig. 6.1.7. Final occlusal wafers made in the final occlusion for, a) the Eastman
and b) the Lockwood. Note the use of different colours to code various
keyspacers.
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6.1.3.7 Simulated Surgery
A simulated surgical procedure was then repeated on each patient's
anatomically articulated preoperative models. After recording the preoperative
position, the maxilla was sectioned at the Le Fort I level, just above the apex
of the maxillary teeth, with an electric band saw, and an appropriate amount of
dental plaster was removed above the osteotomy line, to allow for the planned
movements of the maxilla. Then using each type of intermediate wafer (thick
and thin) in turn for each technique, in a consecutive manner, the maxilla was
repositioned and fixed with the model cement. After stabilising the maxiila in the
new position, mandibular osteotomy was carried out according to the treatment
plan, using the final wafer as guide.

Models were then transferred to the

measuring apparatus and errors during the simulated surgery were computed.
In this was a cross over assessment carried out.

6.1.3.8 Apparatus for Error Measurements
The Erickson's vertically mounted electronic calliper, which has a digitally
displayed read out, was used to measure dimensional variations. The
Erickson's model surgery platform with a model block, (Great Lakes Orthodontic
Products LTD. Tonawanda, NY, USA) is a tool-grade granite base with a
smooth and even surface, levelled to a tolerance of 0.001 inch (Fig.8). A metric
electronic calliper, with measuring accuracy of 0.01mm, is inserted into the
granite base at 90°. The model block is an anodized aluminium rectangular
orientation block with the parallel top and bottom surfaces. Models were
mounted on the model block as they are in an anatomical articulator with a
mounting screw and indexing pins in a reproducible manner.

The pre-and postoperative positions, for both the model and the simulated
surgery,

were

recorded

in

vertical,

anteroposterior,

and

transverse

(mediolateral) planes, at the following reference points (see Fig.6.1.2);
VM=distobuccal cusp tip of the last molars, VB = buccal cusp tip of the second
bicuspid, VC = the canine cusp tip, and VF = interincisal (the mesial incisal tips
of the centrals, the upper dental midline). The actual movements achieved in
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3 planes by each method, after model and simulated surgery, were computed
and compared with the patient's treatment plan using a spread sheet computer
programme.

25 2

Fig. 6.1.8. The Erickson's Model Surgery Platform and the Model Block with
vertically mounted digital vernier gauge. Showing the method of measuring the
movements of the maxillary Incisors In the vertical plane. Note the calliper tip
In close contacts with the Incisal edge.
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6.1.4 Results
The measurements (distances) to the reference points and the maxillary
movements achieved; i) after the model surgery see final appendixes 6.1.3 to
6.1.17, and ii) after the simulated surgery, in appendixes 6.1.18 to 6.1.32.

The actual movements of the reference points were measured (ie, pre- v post
operative) and the variation from the planned movements expressed as a mean
and standard deviation. Minus sign (-) indicates that movements were less than
the plan. The patient with Le Fort I down fracture and segmental procedure
with the midline split and premaxillary push back, was the most difficult to
analyse, as the segmental changes were of a complex nature and not
accurately comparable to treatment plan. Therefore, part of the data for this
patient was excluded from the model and simulated surgery error calculation
and statistical analysis.

6.1.4.1 Model Surgery Error
Mean errors ± SD of the model surgery in the vertical, mediolateral and
anterioposterior planes are presented in tabie 6.1.1a. The mean ± SD of the
absolute values are in table 6.1.1b, and the 95% confidence intervais of the
mean model surgery and simulated surgery error, in Figs.6.1.9-6.1.11. The
negative sign indicates that the movement achieved was less than planned.
The mean(mm) ± SD model surgery error was:

6.1.4.2 Lockwood v Eastman
The vertical plane; Lockwood: -0.8 ±1.6 and Eastman 0.0 ± 1.0 (p=0.000), the
Eastman technique being better than the Lockwood. The Lockwood had overall
mean impaction less than that planned (-0.8), whereas the Eastman technique
showed no bias in either direction (mean 0.0mm).
The anteroposterior plane; Lockwood: 1.2 ± 1.8, and Eastman: -0.1 ± 1.4
(p=0.05). Again the Eastman was better than the Lockwood.
The mediolateral (transverse) plane; Lockwood: 0.9 ± 0.9, and Eastman: 1.0 ±
0.9 (P=0.34).
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6.1.4.3 Differences Between the 3 Skeletal Groups
The results of each skeletal group are presented in table 1c. No significant
difference between the skeletal types was found in all 3 planes in the Eastman
technique (p > 0.05), but in the Lockwood technique differences in the vertical
plane between the 3 skeletal groups were significant (p < 0.05). Class II div.2
group having the most errors in the vertical plane. In the Lockwood technique,
impaction was generally less than planned, also the cases with larger
movements tended to have larger errors.
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Table 6.1.1a
Mean (mm), standard deviation, standard error of the mean, minimum and
maximum model surgery errors for both techniques and the results of paired
student's t tests. Minus sign (-) indicates that the movement were less than
the plan.

Mean

SD

SEM

Min

Max

N

E.V.P

0.0

1.0

0.1

-2.3

2.4

94

LV.P

-0.8

1.6

0.2

-4.8

2.6

94

E.ML.P

1.0

0.9

0.1

0.0

4.2

84

LM LP

0.9

0.9

0.1

0.01

4.1

84

E.AP.P

-0.1

1.4

0.4

-2.9

1.6

14

L.AP.P

1.2

1.8

0.5

-3.6

3.6

14

t

P

4.3

0.000

0.96

0.34

-2.11

0.05

E = Eastman technique, L = Lockwood technique, V = vertical, p= plane
ML = mediolateral (transverse) plane, AP = anteroposterior plane.
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Table 6.1.1b

Mean (mm), standard deviation, standard error of the mean, minimum and
maximum of absolute model surgery errors, i.e. ignoring the direction of errors.
Results of the paired students' t test.

E.V.P

Mean

SD

SEM

Min

0.8

0.6

0.06

0.01

Max
2.4

N

T

P

94

LV.P

1.3

1.1

0.1

0.0

4.8

94

E.MLP

1.0

0.9

0.1

0.0

4.2

84

LM LP

0.9

0.9

0.1

0.01

4.1

84

E.AP.P

1.0

0.9

0.2

0.0

2.9

14

LAP.P

1.9

1.0

0.3

0.3

3.6

14

4.7

0.000

0.96

0.34

2.73

0.01

E = Eastman technique, L = Lockwood technique, V = vertical, p= plane
ML = mediolateral (transverse) plane, AP = anteroposterior plane.
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Table 6.1.1c

Mean(mm), standard deviation, standard errer of the mean, minimum and
maximum of model surgery error for each skeletal group, and results of the
paired student's t test; compared in the following order: class II div.1 v class
II div.2, cl.II div.1 v cl.Ill, cl. II div 2 v cl.III.

E.V.

T

P

30

0.05

0.5

2.0

33

1.27

0.21

-1.8

2.4

31

0.44

0.67

0.2

-3.3

2.6

30

9.6

0.00

1.4

0.2

-4.8

0.8

33

2.6

0.01

-0.7

1.5

0.3

-4.2

2.5

31

-4.67

0.0001

0.5

0.5

0.3

-0.1

1.1

4

1.14

0.34

Cl.ll d2

-0.1

1.2

0.5

-1.7

1.3

5

1.9

0.15

Cl.lll

-0.6

1.9

0.9

-2.9

1.6

5

0.6

0.58

Cl.ll d1

1.9

0.8

0.4

1.1

2.9

4

0.54

0.63

Cl.ll d2

1.4

1.8

0.8

-1.1

3.6

5

0.89

0.44

Cl.lll

0.4

2.4

1.0

-3.6

2.1

5

0.6

0.58

Mean

SD

SEM

Min

Max

N

Cl.ll d1

0.2

1.0

0.2

-1.8

1.7

Cl.ll d2

0.02

1.1

0.2

-2.3

0.1

0.7

0.1

Cl.ll d1

-0.01

1.3

Cl.ll d2

-1.6

Cl.lll

Cl.lll
LV.

E.AP.

LAP

Cl.lldl

E = Eastman technique, L =Lockwood technique, V = vertical plane,
ML = mediolateral (transverse) plane, AP = anteroposterior plane.
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6.1.4.4 Simulated Surgery Error
After performing the simulated surgery, using the intermediate wafers made
with each technique, the mean errors were calculated and are presented in
tabie 6.1.2a and means of the absolute values in table 6.1.2b. 95% confidence
interval of the mean model and the simulated surgery error are presented in
Figs.6.1.9-6.1.11.

The maximum variation in; (i) the vertical plane was; Lockwood: -3.8 mm, and
Eastman: 3.0mm, (ii) the anteroposterior plane; Lockwood:-3.2mm, and
Eastman -2.0mm, and (iii) the mediolateral plane Lockwood 3.5 mm, and
Eastman 2.0 mm, when the overall minimum error was 0.00 mm for both
techniques in the mediolateral plane.

The mean (mm) ± SD deviation of the maxilla from the treatment plan after the
simulated osteotomy was;

(i) the vertical plane; Lockwood without auto rotation: -0.5 ± 1.5, with
auto rotation: 0.1 ± 1.4, and Eastman without autorotation: 0.3 ±1. 1, with
autorotation: 0.8 ± 1.0.

(ii) the anteroposterior plane; Lockwood without auto rotation: 0.03 ± 1.5, with
autorotation 0.8 ± 2.0, and Eastman without autorotation: 0.3 ± 1.0 and with
autorotation: 0.7 ± 1.0.

(iii) the mediolateral plane; the Lockwood without autorotation: 1.0 ± 0.7, with
autorotation: 0.8 ± 0.6, and Eastman without autorotation: 0.6 ± 0.4 and with
autorotation: 0.7 ± 0.5.
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Table 6.1.2a
Simulated surgery error mean (mm), standard deviation, standard error of the
mean, minimum and maximum and number of records; for both techniques and
after using both, the thick and the thin intermediate wafers. Results of the
student's t test; model surgery error v simulated surgery error, t and p values.

Mean

SD

SEM

Min

Max

N

T

P

E.V.P

0.3

1.1

0.1

-1.3

2.8

93

-3.08

0.0028

E.V.AUT

0.8

1.0

0.1

-1.2

3.0

66

-5.5

0.0000

-0.5

1.5

0.2

-3.8

2.6

93

-2.05

0.043

L.V.AUT

0.1

1.4

0.2

-3.7

3.1

66

-3.89

0.0002

E.MLP

0.6

0.4

0.04

0.0

1.7

84

-4.12

0.0001

E.MLAUT

0.7

0.5

0.1

0.02

2.0

60

3.95

0.0002

LM LP

1.0

0.7

0.1

0.0

3.5

84

-0.54

0.59

L M LA U T

0.8

0.6

0.1

0.02

2.9

60

2.79

0.007

E.AP.P

0.3

1.0

0.3

-2.0

1.4

14

-1.45

0.17

E.AP.AUT

0.7

1.0

0.3

-1.6

1.8

10

3.57

0.006

0.03

1.5

0.4

-2.4

2.7

14

2.76

0.016

0.8

2.0

0.6

-3.2

3.1

10

0.71

0.49

LV.P

LAP.P
LAP.AUT

E = Eastman, L = Lockwood, AUT = with autorotation, ML = mediolateral
plane, AP = anteroposterior plane.
V = vertical plane, SEM = standard error of the mean.
Results of both techniques after simulated surgery were also compared.
Simulated surgery Lockwood v Eastman; vertical plane without autorotation:
p= 0.0000, with autorotation: p =0.0000. Mediolateral plane without
autorotation: 0.0002, with autorotation: p=0.84. Anteroposterior plane without
autorotation: p= 0.54 and with autorotation:p=0.89.
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Table 6.1.2b
Simulated surgery error absolute values, ie regardiess of the direction of error,
mean (mm), standard deviation, standard error of the mean, minimum,
maximum and number of records; for both techniques and after using both, the
thick and the thin intermediate wafers. Results of the student's t test; model
surgery error v simulated surgery error, t and p values.

Mean

SD

SEM

Min

Max

N

E.V.P

0.9

0.7

0.1

0.1

2.8

E.V. Aut

1.1

0.8

0.1

0.1

LV.P.

1.2

1.0

0.1

L.V.Aut

1.0

0.9

E.MLP

0.6

E. ML. Aut

T

P

93

-1.43

0.16

3.0

66

-3.3

0.0014

0.0

3.8

93

1.5

0.13

0.1

0.0

3.7

66

2.6

0.011

0.4

0.04

0.0

1.7

84

4.1

0.0001

0.8

0.5

0.1

0.02

2.0

60

3.95

0.0002

LM LP

1.0

0.7

0.1

0.0

3.5

84

-0.54

0.59

LM LAut

0.8

0.6

0.1

0.02

2.9

60

2.79

0.007

E.AP.P

0.9

0.6

0.1

0.1

2.0

14

0.44

0.66

E.AP.Aut

1.1

0.5

0.2

0.2

1.8

10

-0.01

0.99

LAP.P

1.1

0.9

0.2

0.1

2.7

14

2.84

0.014

LAP. Aut

1.7

1.1

0.4

0.3

3.2

10

0.89

0.39

E = Eastman, L = Lockwood, V= vertical plane, AUT = with autorotation, ML =
mediolateral plane, AP = anteroposterior plane.
Simulated surgery Lockwood v Eastman; vertical plane without autorotation:
p=0.01 with autorotation p=0.8. Mediolateral plane without auto rotation 0.0002,
with auto rotation p=0.84. Anteroposterior plane without auto rotation: p=0.42 and
with autorotation: p=0.19.
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6.1.4.5 Statistical Analysis
Students' t test (and analysis of variance and Wilcoxon's non parametric test) was
applied to analyze the overall results of this investigation. The p and t values
quoted are of students' t test. Analysis was carried out on the results with the
minus sign in to see if any technique was biased in a particular direction by under
or over achieving the planned movements (table 6.1.1 and 6.1.2) and then also
on the absolute values (table 6.1.lb and 6.1.2éi).

6.1.4.6 Lockwood v Eastman after Simulated Surgery
The overall differences in the vertical plane between the two techniques were
highly significant without auto rotation (p=0.000) and with autorotation p=0.000, i.e
Eastman better than Lockwood similar to the model surgery results. Whereas, in
the anteroposterior plane, the difference between the techniques was not
significant with or without autorotation (p=0.84, p=0.54, respectively). In the
mediolateral plane the Eastman was better both without autorotation (p=0.0002)
and with autorotation (p=0.84). However, the Lockwood technique with
auto rotation was more consistent in the mediolateral plane than the other two
planes.

6.1.4.7 Model Surgery v Simulated Surgery
The difference in the amount of error between the model surgery and the
simulated surgery;

(i) the vertical plane; the difference in the Eastman technique now significant, in
both with and without the autorotation (P=0.0028 and p=0.000) indicating error
after the simulated surgery was increased, whereas in the Lockwood technique,
error after simulated surgery was decreased in both with and without autorotation
(p=0.043, p=0.0002).

(ii) the anteroposterior plane; the difference was not significant (P>0.05), except
in the Eastman with autorotation where the errors were significantly increased
(p=0.006), and in Lockwood without auto rotation where the errors were
significantly decreased (p=0.016).
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(iii) the mediolateral (transverse) plane; in the Eastman technique; the errors after
the simulated operation were significantly less than model surgery, both with and
without autorotation (p=0.0001, p=0.0002, respectively), whereas in the Lockwood
technique, the difference was not significant without autorotation p= 0.59 and with
autorotation error ± SD was increased (p=0.007).

6.1.4.8 Variation in Skeietai Groups
Two-way analyses of variance showed that differences between the patients in
the vertical and anteroposterior plane with and without autorotation were highly
significant P<0.00001. These differences were not related to skeletal type but to
the amount of movement; the larger the movement the greater the error. Students'
t test confirmed that after the simulated surgery the differences between the 3
skeletal groups were not significant (p>0.05). The significant variation in the
skeletal types in the Lockwood vertical plane, after the model surgery, was lost
after simulated surgery procedure.

6.1.4.9 With

V

Without Mandible Autorotation

In the vertical and anteroposterior planes, the differences between the Eastman
with and without auto rotation were highly significant. Without auto rotation i.e. the
thick wafer being better than with auto rotation (p=0.000, p=0.02 respectively) and
in the mediolateral not significant (p=0.1). The Lockwood with and without
autorotation, the differences were not significant, vertical (p=0.16), anteroposterior
p=0.08, but were significant in the mediolateral plane p=0.001.
To test the null hypothesis that neither technique was accurate, and that the
preoperative model surgery planning was not reproducible in the simulated
operation, the errors in both techniques were tested against 0.00 using the
unpaired student's t test.

6.1.4.10 Model Surgery Error v 0.00
The t test showed that errors in model surgery in the vertical plane were not
significant in the Eastman technique (p=0.8), but were in the Lockwood technique
(p=0.000). In the mediolateral plane, errors were significant in both techniques
(p=0.000). In the anteroposterior plane, errors in the Eastman techniques were
not significant (p=0.75), in the Lockwood they were significant: p=0.03.
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6.1.4.11 Simulated Surgery error v 0.00
After the simulated surgery, the errors were significant in both techniques, in the
vertical and mediolateral plane (p<0.05), except the Lockwood technique, with
autorotation (p=0.4). When in the anteroposterior plane in both techniques and
with and with out autorotation, errors were not significant (p>0.05). These results
are similar to model surgery results.
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Fig.6.1.9. 95% Confidence intervals of mean (mm) error
Model V simulated surgery In vertical plan
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Fig.6.1.10. 95% confidence intervals of mean (mm) errors
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Fig.6.1.11. 95% confidence intervals of mean (mm) errors
Model surgery v simulated surgery in anteroposterior plane
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6.1.5 Discussion
The results of this investigation showed that both Lockwood and Eastman model
surgery techniques create variations from the treatment plan in model planning.
However, the Eastman technique was overall significantly better than the
Lockwood in the vertical plane. In the simulated surgical operation, positions
achieved with the wafers made without mandibular autorotation (thick wafer) were
less erroneous than those with auto rotation (thin wafer), and therefore close to the
planned changes, but the difference was only significant statistically in the
Eastman technique in the vertical and anteroposterior planes (p=0.000 and p=0.02
respectively), and Lockwood in mediolateral plane (p=0.001). As would be
expected, there was a significant difference between the predicted and the actual
changes.

Errors were higher in those cases where the planned movements were high (6 to
10mm), and also where the movement of the maxillary impaction differed between
anterior and posterior segments. These findings are similar to Cottrell and Wolford
(1994), Ellis (1990) Bamber and Harris (in press). Each technique had its
disadvantages, for example mounting the models with the face bow registration
was troublesome when using the Lockwood technique for the patients with a steep
Occlusal-Frankfort plane angle requiring large vertical movements. As the plaster
wafers (keyspacers) needed to be at least 10mm thick on top of the model base
thickness, the mounting space within the articulator became inadequate for vertical
impaction of the maxillary model. In two cases this problem was encountered and
the maxillary model base needed to be trimmed further to a minimum thickness,
thus, the Angle trimmed edges that serve as reference points for the measurement
of the horizontal movements, and are the essence of the Lockwood technique,
were lost. Also the prescribed keyspacer thickness of 7 mm in the Lockwood
technique was inadequate in cases requiring large impactions.

The Lockwood technique had the advantage over the Eastman for having Angle
trimmed parallel sides, which provided better control over the undesired transverse
shift of the maxillary model.

Also the Lockwood technique did not require a

second set of mounted models for the surgical work-up. In the anteroposterior
plane the difference between the techniques in model surgery was significant.
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Eastman was better than Lockwood (p=0.05). Whereas, after the simulated
surgery (with and without the auto rotation) the difference was lost.

Both techniques had occasional significant errors in the vertical plane, for example
in one case the Eastman had a rather large unplanned impaction of 2.7mm, and
the Lockwood 2.3mm. Whereas in cases where impaction was part of the
treatment plan Lockwood had a highest error of -4.07, and the Eastman 2.4. In
the anteroposterior plane Lockwood 3.2 and Eastman 2.9 mm of error.

Models were mounted using anti-expansion solutions, but even so some degree
of dimensionai change due to plaster expansion was very likely to affect the
accuracy of the mounting assembly for model surgery. In both techniques
segments were held in postoperative position with the sticky wax, which
contracted on cooling and thus may have altered the position of the jaws or
segments, introducing some dimensional inaccuracies. This may be the reason for
the high percentage of error in the superior direction. The differences between
with and without autorotation in the Eastman technique were significant in vertical
and anteroposterior pianes (p=0.000and p=0.02 respectively), without autorotation
being better than with, whereas in the Lockwood it was significant in mediolateral
plane, (p=0.001).
Overall, the errors were small and likely to be higher with mandibular autorotation
in both techniques especially with large maxillary impactions. This suggests that
the

mechanical

hinge

axis

of

the

articulator

can

not

simulate

the

temporamandibular joint without some error with impactions greater than 5mm.
There was no significant difference in 3 skeletal groups except in Lockwood
vertical plane, but after the simulated surgery this difference was lost. Class II
div.2 patients had the highest mean error compared to the other two skeietai
groups, probably due to high impaction values in this group.

The errors after the simulated surgery were not significantly greater than the
model surgery errors, which might have been expected. In fact, in some cases the
errors after the simulated osteotomy were less than model surgery error. These
errors were unpredictable, and in some cases the model and the simulated
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surgery errors compensated each other and resulting in less overall error,
especially in the Eastman, where the errors after the 'surgery' in vertical and
anteroposterior planes were less than model surgery error. So it is clear that
model planning errors were reduced or neutralised by compensating (favourable)
errors during the simulated surgery.

6.1.6 Conclusion
This investigation showed that neither of the two model surgery techniques could
carry out the prescribed treatment plan with absolute accuracy. The Eastman
technique was relatively better than Lockwood in vertical and anteroposterior plane
although the actual differences were small, e.g. less than 1mm, and the difference
in the anteroposterior plane was lost after the simulated surgery.

The Lockwood technique in its original form, with a simple hinge articulator, is
useful for single jaw and segmental surgical procedures such as mandibular
prognathism, but, in bimaxillary osteotomies requiring large complex movements,
it was inadequate and totally unable to record the vertical facial changes
accurately. By incorporating face bow registration in the Lockwood technique for
bimaxillary osteotomies, the technique is substantially improved, but for large
vertical movements it is inappropriate and does not fit easily within the vertical
constraints of the articulator.

The difference in the Eastman technique, with and without auto rotation, in the
vertical plane was highly significant so it could be concluded that the auto rotation
in the articulator can introduce errors and should be avoided especialiy with
impactions greater than 5 mm. In the mediolateral plane the difference between
both techniques was statistically significant, but errors in Lockwood were
consistent, and less than in the other two planes, very likely due to having Angle
trimmed parallel surfaces.

Two-way analyses of variance showed that in the verticai and mediolateral plane
the difference between patients was highly significant P<0.05. This difference was
not related to the skeletal type but to the amount of movement, i.e the cases of
planned movements of high values (6-10mm), had relatively large errors.
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This investigation has also shown that cases requiring large vertical movements
are highly likely to have unplanned movements and the precision in orthognathic
model surgery planning needs to be improved. However, until more refined
methods are available, it is advisable to fabricate the intermediate occlusal wafer
without the mandibular autorotation, ie a thick wafer.

In the anteroposterior plane, in the Eastman and Lockwood after simulated
surgery, the difference between the mean error and 0.0 was not statistically
significant, thus it could be concluded that model surgery, in the anteroposterior
plane, is an accurate procedure, also that this model surgery planning can be
reproduced with a reasonable accuracy in the operating theatre using an
intermediate wafer as a guide, and that the use of an unoperated mandible as a
guide for anteroposterior and mediolateral movements is appropriate.

Although neither of the techniques carried out the prescribed treatment plan with
absolute accuracy the variations were anatomically small and were unlikely to be
clinically significant.
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study 2

Analysis of Maxillary Dental Midiine and Occlusal Cant Alteration In
Relation to Facial MIdllne

6.2.1 Introduction
The mouth is the most potent factor in making or marring the beauty and
character of the face, (Angle 1907). An ideal occlusion is no longer an
acceptable result of treatment, it is inseparable from optimal facial aesthetics.
The disturbance of facial harmony and aesthetic balance between the dental
and facial structure as a result of inadequately planned orthognathic surgery in
adolescence, may well compromise an individuals ability to communicate
effectively in a life time of interpersonal contacts, at best their fullest potential
may never be attained and at worst they may be psychologically harmed. An
irritating factor, which can mar the success of an otherwise very successful
osteotomy operation is the realisation that the upper dental midline does not
coincide with the facial midline.

Deviation of the upper dental midline from the facial midline is common and can
usually be easily corrected by the rotation of the maxilla at the time of a Le Fort
I osteotomy (Harris and Reynold 1991), but it must be planned at the model
surgery stage. On the other hand, the deviation of the dental midline from the
facial midline can be created by an inaccurate model or operative surgery (Ellis
1990). If the facial midline is not recorded clinically and transferred to the
articulator for the preoperative work-up, then any prudent maxillofacial
technician or "model surgeon" has to draw a facial midline on the mounted
models using their judgement from the information supplied.
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6.2.2 Statement Of Problem
Without preoperative planning and the help of an accurate intermediate wafer,
accurate relocation of the dental midline of the osteotomised maxilla
coincidental with facial midline, is often difficult, especially where nasal and chin
asymmetry is already present. This will be compounded by the operating
position with the nose displaced by the anaesthetic and feeding tubes.
A face bow registers the upper dental midline in relation to external auditory
meati or condyles. If either of the external auditory meati or condyles is
asymmetrical in any direction then the dental midline will also be deviated on
the articulator, although it may not be so clinically (Fig.6.2.1a), whereas a face
with symmetric proportions will have the facial midline coincident with the
articulator (Fig.6.2.1b). Therefore, the midline of the articulator, which is the
incisal pin of the semiadjustable articulator, must not be taken for granted as
equivalent to the patient's facial midline. It therefore makes it very important
that the patient's facial midline and long axis are recorded, individually and
independently from the facebow. This problem has been overcome by using a
novel facial midline recording device.
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D

____ I

Fig. 6.2.1a Diagram showing that asymmetry of external auditory meatl or
condyle may be reflected In the articulator by Incorrectly recording the midllne
shift.
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Fig. 6.2.1b A face of symmetric proportions showing coincident facial and
articulator midlines.

275

6.2.3 Aims and Objectives
The aims of this study were; a) to establish a criteria for facial midline recording
and a method of transfer to the articulator for orthognathic work-up, and b), to
analyse the upper dental midline changes following the bimaxillary osteotomy
operations.

6.2.4 Materiais and Methods
For this investigation 66 maxillary and bimaxillary osteotomy patients, 41 female
and 25 males age mean 25 ± 4 years, were studied. These were; 2 skeletal
class I, 17 Class II div.1, 4 class II div.2, 4 class II AOB, 35 class III, and 4
class III AOB. Surgical procedures; 2 single jaw maxillary osteotomy and the
rest bimaxillary procedure: 2 Le Fort II, and the rest Le Fort I, high or low level,
with a mandibular ramus osteotomy. In all these cases the maxilla was fixed
using miniplates, and for the mandible, 47 were rigid with plates or bicortical
screws and 19 non rigid (intermaxillary fixation). Deviation of their upper dental
midline from the facial midline was recorded pre- and postoperatively in the
orthognathic clinic.

6.2.5 The Facial Midllne
In prosthodontic restorations the anterior plane to which the anterior teeth are
set is drawn parallel to a line joining the pupils, or a line at right angles to the
median sagittal plane of the face. Sometimes the lip line or the interpupillary
line will be found to have a distinct cant to one side of the face in which case
the operator must establish the anterior piane by aesthetic judgement. Also, in
prosthodontic restorations, guidance is obtained from the incisive papilla or
labial fraenum to mark the facial midline. In orthognathic cases these landmarks
cannot be relied upon. For the orthognathic planning, the following aids were
used as a help in deciding where to mark a vertical line representing the facial
midline and long axis of the face.
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Apart from artistic intention, the aids to establishing the facial midline were a
vertical line;

(a)

from the centre of the glabella to the centre of the chin, unless the chin
is deviated to one side.

(b)

the centre of the philtrum unless it is deformed.

(c)

at the bisection of the line from corner to corner of the mouth when the
lips are relaxed.

(d)

at the right angle to the interpupillary line from a point midway between
the pupils when the patient is looking directly forward.

The face bow transfer record was taken with the midline mark on the face bow
bite fork matching the patient's facial midline, not the dental midline. The facial
midline indicator (FMI) jig had a U shaped nickel silver tray, to take composition
or wax, similar to a face bow bite fork. The extra oral bar had two vertical bars
to represent the long axis of the face. Two notches were cut on the upper and
lower ends of both bars as on a gun barrel, to help in aligning these bars to the
facial midline (Fig.6.2 2). The composition impression material was applied to
the U shaped part of the jig. While the composition was soft the jig was placed
in the mouth and the patient was asked to close into centric occlusion slowly,
while the operator adjusted the vertical bars so that they match exactly to the
facial midline of the patient (Fig.6.2 3). When the composition material had set
the jig was removed from the patient and chilled.

Using a facebow record the dental casts were mounted in a semiadjustable
articulator, the jig was then located over the teeth, using the notches on the
parallel vertical bars two reference points were marked on the surfaces of upper
and lower mounting assembly plaster work. The third reference point was then
taken from the facebow bite fork midline mark. Now the faciai midline was
drawn, using these three reference points, from the upper mounting plate or the
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upper A line (Anwar and Harris 1990) to the iower mounting plate or the lower
A line (Fig.6.2.4). This iine represented the true faciai midline i.e. the iong axis
of the face.

Modei surgery was then carried out ensuring that the dentai midiines coincided
with the faciai midline as drawn on the articulator. Presence or absence of the
occlusal cant and the dental midline deviation was related to this recorded facial
midline and iong axis of the patient's face, not the articulator pin, which as
stated previousiy may be totally inaccurate.

278

m

Fig. 6.2.2 Frontal view of the facial midline indicator (jig). Note the notches on
vertical bars for alignment it with the facial midline.
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m

Fig. 6.2.3 Clinical Picture of the facial midline indicator jig in use on a subject.
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Fig. 6.2.4 Illustration showing the jig on the articulator, indicating the facial
midline and the long axis. See (Figs.6.2.5-7). This preoperative planning was
transferred to the patient using an intermediate wafer during the operation.
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Fig.6.2.5 A Patient's upper and lower preoperative facebow mounted casts
showing a facial midline, drawn using the jig. Note the deviation of the patient's
facial midline from the midline of the articulator (pin). The articulator pin has
been removed to get clear frontal view of the patient's diverging long axis.
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Fig.6.2.6 Casts after the model surgery: upper dental midline is coincidental
with the recorded long axis (not the articulator), when the mandibular model has
been rotated to coincide the lower dental midline with the upper dental midline.
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Fig. 6.2.7 Clinical picture preoperative (a) and postoperative after debonding(b):
showing the postoperative result of the patient whose pre- and post model
surgery models are shown in figs.6.2.5 and 6.
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6.2.6 Clinical Measurements
During the preoperative work-up, each patient's faciai midiine was marked with
superfine feit tip pen, using the set criteria, as outiined above, and any
deviation of the upper dental midline in relation to the faciai midline measured,
using a metai ruler with 0.5mm calibrations. The occlusal cant in relation to the
faciai midiine was also assessed by asking the patient to bite on the wooden
spatula and recorded, by measuring the distance between the canine and the
inner canthus of the relevant eye on both sides. This procedure was repeated
postoperatively at 2 and 4 weeks periods. Any deviation of less than 1 mm was
not recorded at either pre- or postoperative stages. For collection of results, a
proforma was designed and filled in by the investigator, during the patient's
pre- and postoperative visits to the joint orthognathic clinics.

6.2.7 Results
The midline deviations (mm) and occlusal cant (mm) were computed and are
presented in appendix 6.2.1. 3 patient's had incomplete records, and 16
coincident (0 reading) facial and maxillary dental midlines in the pre- and
postoperative stages, the remaining 47 patients had the maxillary dentai midiine
deviation from the faciai midline 0-5mm. The mean ± SO were; preoperative:
1.9 ± 1.3, postoperative: at 2 weeks mean 0.6 ± 0.6, at 4 weeks 0.3 ± 0.7. 95%
confidence interval of the mean is illustrated in Fig.6.2.8a and 6.2.8b.
30 out of the 47 patients had > 2mm, and 14 > 3mm dental midline shift,
before the operation and after the operation, 3 had 2mm, and 21 1mm.
Whereas measurements taken after 4 weeks showed 3 cases with 2mm, and
only 4 with 1mm maxillary midline deviation.
6 patients had no variation between the dental and facial midline before the
osteotomy, but had 1-2mm shift after the operation.
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6.2.7.1 Maxillary Occlusal Cant
In 56 out of 66 cases the occlusal cant measurements, were taken and are
included in appendix 6.2.1. 24 cases had no occlusal cant (0 reading) at both
pre- and postoperative stages. In the remaining 32 cases, 0-5mm occlusal
cant was recorded. The mean(mm) ± SD was; preoperative: 1.9 ± 1.1, and
postoperative: at 2 week 0.2 ± 0.6 and at 4 weeks 0.0. 95% confidence
intervals of the means are presented in Fig. 6.2.8b. 20 patients had maxillary
occlusal cant > 2mm and 6 > 3mm before the operation and after the operation
2 patients had = 2mm.

6.2.7.2 Statistical Analysis
A paired t test was applied to test the significance of the variation between
upper dental and facial midlines, and the occlusal cant before and after the
osteotomy.

The midline; Pre v 2 and 4 weeks postoperative highly significant, p=0.000.
Occlusal cant was also significantly improved, pre v postoperative p=0.000.
95% confidence intervals of difference between before and after the operation
are in Fig. 0a and 9b.
The t test analysis also showed that the preoperative deviations of the maxillary
midline from the facial midline and occlusal cant readings were significantly
different from 0.0(p<0.05).
Analysis of variance and Wilcoxon's non parametric test also showed similar
results.
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Fig 4.2.8a 95% C I of mean (mm) facial-dental midiine
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6.2.8 Discussion
Results of this study showed that the dental midline deviation can be easily
corrected with the help of the facial midline jig, since postoperatively midline
deviation was significantly reduced (P=0.000). 21 cases showed 1mm deviation
of the midline at 2 weeks postoperative readings but after 4 weeks these were
reduced to 4 cases, probably due to postoperative settling of soft tissues and
training elastics. Whereas any deviation > 2mm at 2 weeks was persistent even
after 4 weeks.

The change in occlusal cant was also significant after the operation(p=0.000),
after two weeks 2 cases had 2mm occlusal cant. The four week period was not
recorded.
Interestingly 2 patients who had high Le Fort II osteotomy, had 3mm and 2mm
maxillary midline deviation before the operation, and it was successfully
corrected during the operation.

As discussed earlier a midline deviation and occlusal cant may well be created
during operation since this study showed that, even though the operations were
very carefully planned, 6 patients had matching dental and facial midlines
before the operation but after operation 1-2 mm deviation was recorded, and
1 patient who had no cant preoperatively, postoperatively showed a 2mm
occlusal cant. There is no similar study reported in the orthognathic literature
with which to compare the results of this study. (Ellis (1990) found significant
deviation of dental midline after the model surgery which reflected weakness
in model surgery procedure. Despite these small variations the facial midline,
jig is a useful device, which facilitates the correction of the maxillary midline
deviation and occlusal cant with reasonable accuracy, and improves the
operative outcome significantly.

289

6.2.9 Conclusion
An osteotomy, carefully planned, using this technique and executed by the
surgeon involved in the diagnosis and planning, can produce results within a
1mm margin of error. Facial midline should be recorded and transferred to the
articulator independently from a facebow and correct at model surgery stage.
Deviation of the upper dental midline and occlusal cant can be easily corrected
with rotation of the maxilla even in Le Fort II osteotomy cases, and the
noticeable immediate postoperative midline shift of 1mm may become
insignificant after the soft tissues have settled down.
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Chapter 7

The Role of the Occlusal Wafer In Orthognathic Surgery;
a Comparison of Thick and Thin Intermediate Osteotomy Wafers
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7.1. Introduction
Osteotomy wafers are used in orthognathic surgery as; (a) an Intermediate
guide for repositioning the mobilised maxilla relative to the Intact mandible, (b)
as an aid to achieve the planned final occlusion (Fig.7.1), (c) postoperative
proprioceptive guidance (see below). The wafer enables the dental arches to
be put In any desired preplanned position and eliminates Intraoperative
decisions, which are often Impaired by limitations of access especially In
viewing the posterior segments. Also (d) when the dental arch Is segmented
and mobilised the wafer Is used to stabilise the segments In the planned
position, whilst an orthodontic arch wire, a supplemental arch bar, or segmental
splint, Is secured Into place. Without the occlusal wafer, this can be difficult and
may give poor results.
The wafer Is also valuable (e) when the postoperative occlusion Is not
sufficiently stable for temporary or permanent intermaxillary fixation.

7.1.1 Postoperative Proprioceptive Guidance
After rigid fixation of the mandible the wafer may be wired to the maxilla, or less
frequently to the mandible, to provide postoperative proprioceptive guidance for
up to two weeks. The wafer may thus help the patient to occlude Into the
planned occlusion with or without the help of elastics by over-rlding the
patient's preoperative proprioceptive drive. This also Improves the arch
relationship for any final orthodontic refinement of the occlusion.
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Intermediate

Final

Wafers

Figure. 7.1. High-impact intermediate (a), and final (b) osteotomy wafers.
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7.1.2 Materials and Types of Osteotomy Wafers
The wafers may be fabricated from cold or heat cured methylmethacrylate or
more rarely cast In silver or cobalt chromium alloy. It Is essential to use recent
models for wafer construction, Impressions must be taken at least 48 hours
after any final adjustment of the orthodontic stabilising arch wire, similarly It Is
futile to use models which precede the removal of an appliance pre-operatlvely.
A poorly designed and fabricated wafer can spoil the most skilful surgical
technique (Harris and Reynold 1991, Proffit and White 1991, Cottrell and
Wolford 1994).

Proffit and White (1991) advised that for patients whose arches had been
levelled before surgery, the thinnest practical wafer had 1 to 2mm of material
between the teeth, the minimum necessary to keep the wafer from breaking
easily during use. This problem may be overcome by the use of high Impact
acrylic. It has also been suggested making the wafer slightly thicker posteriorly
(<2mm) to allow some room for upward recoiling of the condyle postoperatively.

The following various types of wafers were used for 185 osteotomy patients In
this department during the period of this study, all with satisfactory results
except for 5 cases; In 2 cases the wafer broke during the operation, and In the
remaining 3 a short high Impact wafer design created an anterior open bite.

1)

Clear cold or heat cured acrylic wafer with or without holes for wire loop
suspension.

2)

Short or full, high impact acrylic wafer with provision for wire loop.

3)

High Impact with ball end and C clasps with full occlusal coverage.

4)

Thick and thin (before and after the autorotation) wafers In high Impact
acrylic.

5)

Posterior wafer (with lingual connector) in high impact and clear acrylic.

6)

Anterior wafer (short), without posterior coverage, in high impact acrylic.

7)

Wafer with transplatal acrylic connectors, full occlusal coverage in cold
cure acrylic.
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8)

Cast silver and cobalt chromium alloy wafers, with buccal loops and
palatal holes for wiring.

Block and Hoffman (1987) suggested the use of ball-end clasps incorporated
into the wafer to make it removable, and claimed that patients could maintain
an improved level of oral hygiene, at the same time having the use of a wafer
and training elastics to maintain occlusal stability.

In practice however, we have found it provides poor stability without improved
oral hygiene, and therefore does not offer sufficient advantage over simple wire
loop suspension (Fig.7.2) to justify the additional time for design and
construction. In the immediate postoperative phase with the use of a
chlorhexidine gluconate mouth wash or gel, oral hygiene is not a problem with
the fixed wafer. Ripley(1982) suggested the use of a composite wafer which is
relatively thick and cumbersome.

Conversely, Telfer and Page (1990) suggested the use of carbon fibre to
strengthen the occlusal wafer so that it could be made very thin. Harris and
Reynolds (1991), Proffit and White (1991) have also emphasized the use of the
thinnest possible wafer. The latter authors also suggested the incorporation of
a wire in the edge of a wafer to provide greater strength. Our experience has
shown that a quick cure high impact acrylic (Austenal Dental Products Ltd.
England) is substantially more reliable for thin wafers than cold cured clear
acrylic, which may fracture. Occasionally with neuromuscular disorders or with
cleft maxillary surgery requiring extra-oral suspension, a silver or cobalt
chromium alloy wafer may be required.
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Figure 7.2. Final wafer illustrating the holes for wire loop suspension to the
maxillary teeth.
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7.2 Statement of problem
For bimaxillary osteotomy osteotomies it is common practice to construct both
the intermediate and the final wafers as thin as possible. The justification has
been that a semiadjustable articulator is unable to reproduce the patient's true
mandibular hinge axis movements and that thick wafers have been assumed
to introduce discrepancies in the final occlusion. It has been argued that
separation of the teeth at the time of fixation should be kept to a minimum in
order to minimise occlusal discrepancies. Paradoxically the use of a thin
intermediate wafer also assumes that the 'autorotation' of the articulated models
used to fabricate this wafer is an accurate simulation of an operative anatomical
change. To test this, a thick wafer constructed without autorotation of the
articulated models relating the repositioned maxilla to the unchanged
mandibular model was compared with a thin wafer constructed between the
repositioned maxilla and 'autorotated' mandible (Fig.7.3a and b).
7.3 Aims and objectives
The aim and objectives of this investigation were;
1)

To establish if the use of thick and thin intermediate occlusal wafers
influence the location of a mobilized maxiila in osteotomies for maxillary
impaction.

2)

To test the hypothesis that 'the semiadjustable articulator with its
arbitrary facebow cannot reproduce the hinge axis movements of an
anaesthetized patient'.

7.4 Materials and Methods
25 patients; (19 female and 6 male) consisting of 9 skeletal Class II div.1, 4
Class II div.2, 3 Class II AOB, 5 Class III and 4 Class III AOB, undergoing
bimaxillary osteotomies were included in this study. The selection of the patient
was random in that every consecutive patient undergoing an osteotomy
involving maxillary impaction was included in the study. The maxillary impaction
ranged between 2-10 mm, mean 5.6±2.0 mm. The treatment plan was agreed
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in the joint orthognathic clinic by the surgeon and orthodontist. Surgery was
performed by two consultants and their registrars. All 25 patients had Le Fort
I combined with mandibular sagittal split osteotomies. 6 patients had
anteroposterior movement as part of their treatment plan in addition to
impaction of the maxilla.

2 upper and 2 lower alginate impressions together

with 3 wax bite centric occlusal records were taken for each patient. The Denar
Slidematic facebow (Denar Corporation, USA) and facial midline jig (Bamber
1995) recordings were made. Impressions were cast in Kemrock, a synthetic
dental stone (Associated Dental Products, UK) and the models were mounted
in the Denar automark articulator using the facebow transfer record. The facial
midline was marked as indicated by the jig recording and model surgery was
carried out following the Eastman technique (Anwar and Harris 1990). After the
maxillary intrusion, one thick (reflecting the amount of intrusion, 2-10mm) and
one thin (0-3mm) wafer representing mandibular autorotation of the articulator
(Fig 7.3a and 7.3b) were fabricated from high impact acrylic following the
standard procedure. For the data collection a proforma (Appendix 7.1) was
designed and this accompanied the wafers to the operating theatre with the
request that the surgeons complete the measured observations based on the
following operative procedure.

After mobilisation of the maxilla and adequate bone removal, the jaws were
held in occlusion with the thin intermediate wafer. The maxilla was then located
against the stable part of the facial skeleton above, using the yet unoperated
mandible as an autorotated guide (Fig 7.4a).
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Figure 7.3a. Thick intermediate wafer, made without the mandibular
auto rotation of the articulator.
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Figure 7.3b. Thin Intermediate wafer, made after the mandibular autorotation
of the articulator. The pin has been raised to allow closure of the gap
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Vertical reference lines were drawn with bur marks across the osteotomy cuts
on the lateral walls of the maxilla on each side. The thin intermediate wafer was
then replaced by the thick wafer (Fig 7.4b), the maxilla re-positioned against
the middle third of the facial skeleton, and any change in the reference marks
position noted and measured. Any change of less than 1 mm between the
wafers was disregarded. Temporary inter-maxillary fixation (IMF) was applied
and the maxilla immobilized with the help of the thin wafer whilst completing
rigid fixation with minipiates and screws. To check the previous results after
release of the IMF the thick wafer was reinserted to assess whether the
mandibular teeth would occlude into it. If they occluded accurately it confirmed
the previous observation of coincident reference lines.
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a

Figure 7.4a. Diagram showing the trying in of the wafer during the operation,
the thin wafer is tried in and the reference lines marked.
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Figure 7.4b Diagram showing the thick wafer tried in. Note the reference lines
shifted.
3 03

7.5 Results
The results are presented in the Table 7.1. In 6 out of 25 patients the data was
not considered reliable. Of the remaining 19, in 14 cases (74%) the operator
concluded that both the wafers were the same i.e. both wafers located the
maxilla in the same position, and in 5 cases (26%) up to 2mm difference (mean
1.6mm ± 0.6mm) in maxillary position was recorded.
In the 14 cases where both wafers were the same, the maxillary intrusions
ranged from 2-8 mm (mean 4.8±1.5 mm), and 4 cases also required anterior
movement of the maxilla. In 5 cases where the wafer positions were different,
the intrusion of the maxilla ranged from 6-10 mm (mean 7.6 ± 1.6mm). 2 cases
required anteroposterior movement in addition to the intrusion of the maxilla.
In 2 of the 5 cases the thin wafer brought the maxilla forward 1 mm and 2 mm
respectively, and in 1 case the thick wafer brought the maxilla forward 2mm.
In the other 2 a difference of 1 mm and 2mm was recorded but no direction
was noted by the surgeon.
In one case, the impaction was 8 mm but no difference was recorded between
the two wafers, while the subject with the highest impaction of 10 mm had the
smallest variation rather than the largest.

7.5.1 Statistical Analysis
Students' t test and analysis of variance showed that there was significant
difference between these 2 groups(p=0.005), for analysis of variance see table
7.2.
However the

and Fisher's Exact test showed that the difference between the

2 groups overall was not significant (p=0.06).

304

Table 7.1
Patients' data; planned movements(mm) and the results.
S.No

Vertical

AP

Same

1

4

6A

*

2

6

3

4

4

4

3A

5

8

1A

6

6

3A

7

4

6A

8

4

9

3

10

4

11

6

*

12

6

*

13

4

14

6

15

6

*

16

2

★

17

10

18

8

19

4

20

5

21

4

6A

22

6

3A

*

23

8

24

8

3P

*

25

3

Different

Variance

*

2 mm

*

2 mm

*

1 mm

*

1 mm

*

2 mm

*
*

*

*
6A

6A

*

2P

★

★

Vertical = Maxillary impaction. AP = Maxillary anteroposterior movement. A =
Anterior. P = Posterior. Same = thick and thin wafer were same. Different =
thick and thin wafer were different. Blank = No results/ proforma not filled.
Variance = Amount of difference.
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Table 7.2
The results of the analysis of variance, which indicates that difference between
the groups was significant.

ANALYSIS OF VARIANCE
SS
DF
^SOURCE
16.17
1
, FACTOR
22
ERROR
81.83
23
98.00
TOTAL

LEVEL
Imp. Di f f
All.stac

N
5
19

MEAN
7.600
5.579

MS
16.17
3.72

STDEV
1.673
1.981

F
4.35

INDIVIDUAL 95 PCT C l ' S FOR MEAN
BASED ON POOLED STDEV
-{ ___ __ _________ * _______________ \
\
( - ------- * ..............)

1.929
POOLED STDEV =
MTB > AO VO new ay c l - c 3
ANALYSIS OF VARIANCE
SS
SOURCE
DF
27.72
2
FACTOR
113.55
ERROR
35
37
141.26
TOTAL

P
0.049

6.0

MS
13.86
3.24

F
4.27

7.5

p
0.022

INDIVIDUAL 9 5 PCT C l ' S
BASED ON POOLED STDEV
LEVEL
Im p.Sam e
I mp. Di f f
All.stac

N
14
5
19

POOLED STDEV =

MEAN
4.857
7.600
5.579
1.801

STDEV
1.562
1.673
1.981

9.0

FOR MEAN

{ --------- * ------------ )
( -------------------- * --------( ------- * ---------- )
4.5
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6.0

7.5

9.0

7.6 Discussion
Contrary to expectations, centric relation in the anaesthetized recumbent patient
appeared to function in the same way as the articulator hinge axis. Not only did
14 cases (74%) show no difference between the thick and the thin wafers, but
in the remaining 5 the mean difference was only 1.6mm ± 0.6mm. It is
interesting to note that in these 5 cases the vertical impaction was 6-10 mm
with a mean of 7.6 ± 1.6 mm, whereas in the 14 cases where both wafers gave
the same outcome, the impaction was 2-8 mm with a mean 4.8+1.5 mm.
Students' t test and analysis of variance showed that there was significant
difference between these 2 groups (p=0.005), but the nonparametric test did
not show a significant difference.
There was minimal or no difference between the planning and anaesthetised
anatomical axis within the usual range of maxillary impaction. Of the 5 cases
where the wafer localisation differed, in 2 cases the thin wafer advanced the
maxilla 2mm further than the thick wafer and in one the shift was distal. In the
other 2 cases the operator did not record the direction of the variation. This
error in the anteroposterior direction would appear to be determined by a
discrepancy between the anatomical hinge axis in relation to the articulator axis
(Nattestad et al 1991), which as stated would be anticipated more frequently
with an arbitrary facebow system and marked individual anatomical variation.
Thus this amount of error at occlusal level would be a direct reflection of hinge
axis location error in superior (S), inferior (I) anterior (A), or posterior (P)
direction in relation the true centre (C) as shown in Figure 7.5.
It would be reasonable to assume that the unplanned anteroposterior
movements recorded in this investigation were produced by the autoratation
associated with the thin wafer, as the thick wafer eliminated simulation of the
patients mandibular autorotation. This investigation also showed that the errors
increased with large maxillary intrusions (6mm or above), but even then errors
of 2mm and less would not be apparent post-operatively. Furthermore, they
would have been concealed by the surgical correction of the mandible into a
final Class I relationship. The patient with the largest impaction of 10 mm had
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the smallest error, and 1 patient with an 8 mm impaction had no difference in
thick and thin wafer. In these cases their recumbent hinge axes must have co
incided with their arbitrary hinge axes, as determined by the Denar Slidematic
face bow.
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Figure 7.5. Mandible template Illustrating variation in the forward slide of the
mandible as a result of the superior autorotation from the 5 axes; superior(S),
posterior(P), centre(C), anterior(A) and inferior(l). Note the higher the axes the
further forward the rotation.
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McCance et al (1992) have shown that maxillary impaction is likely to be less
than planned and, Sarver and Welssman 1991 reported in some cases, in the
opposite direction to the planned movement. This may be due to the tendency
of operators to remove less bone from the posterior aspect of the maxilla than
required and impaction against the pterygoid plates, this may be masked by the
use of a thin intermediate wafer. A bulky thick wafer proved to be more
revealing of posterior bone interference on auto rotating the mandibular/
maxillary block for plate fixation. As it was a common operator's belief that the
thick wafer gave a different or wrong position or was difficult to manipulate
inside the mouth, the thin wafer was used for final stabilization of the maxilla
in all cases.

It is also important to separate the planning errors in maxillary movements
which are attributable to variations between the face bow / articulator axis and
the recumbent TMJ axis, and those related to the postoperative position of the
mandible when mandibular rigid fixation is used. These arise due to
discrepancies between the recumbent anaesthetized hinge axis and the
conscious upright neuromuscular determined condylar axis. Such differences
between the anaesthetized centric relation and active centric occlusion can
usually be eliminated by overcorrection of the anteroposterior position of the
mandible, and immediate postoperative proprioceptive training with elastics and
the final wafer for 2 weeks, followed when necessary, by orthodontic refinement
of the buccal occlusion.

7.7 Conclusion
Thick intermediate wafers do not produce clinically significant anomalies in
maxillary localisation. The impaction figure of 6mm seems critical, as
differences between thick and thin wafers were recorded only with impactions
greater than this. However these anterior movements were 2 mm or less and
did not appear to affect the outcome. Since the thick wafer was not influenced
by the articulator's auto rotation of the mandibular cast it was likely to be less
erroneous than a thin wafer provided the centric occlusal record was accurately
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recorded. As a result of this Investigation it also seems advisable to use thick
intermediate wafers for large maxillary impactions of 8-10 mm.
This discrepancy is also "lost" with the final positioning of the osteotomised
mandible, and where anteroposterior movements are planned in units of 3 mm
(Harris and Reynolds 1991) the final overall aesthetic outcome is unlikely to be
significant. Also as a result of this investigation, it would appear that the
semiadjustable articulator with its arbitrary face bow can reproduce the hinge
axis movements of an anaesthetized patient.
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Chapter 8

Summary and Conclusions
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8.1 Sumary and Conclusions
There has been little research interest in preoperative orthognathic surgery
planning techniques, involving the use of face bow transfers, anatomical
articulators, model surgery and occlusal wafers, in this country. This Is probably
because osteotomies in the past were considered to be an art rather than a
science, now this trend is changing.

For some experienced orthognathic surgeons it still seems all too far fetched
to have these operations planned with model surgery using an anatomical
articulator, face bow transfer and supine centric relation occlusal records.
However audit has shown the results of such an approach can be highly
unsatisfactory (Sarver and Weissman 1991, McCance et al 1992). Whereas,
for a less experienced surgeon the complicated movements of the facial
structures especially with rigid mandibular fixation is seen to require a planned
step by step approach for superior results.

The objectives of this research were to evaluate the following fundamental
stages of osteotomy planning;

a)

face bow transfer and compare and contrast the efficacy of the Denar
and the Dentatus face bows,

b)

the reproducibility of the angle between the maxillary transverse and
occlusal planes to model Frankfort plane,

c)

compatibility of cephalometric and model occlusal- Frankfort plane
angle,

d)

occlusal registration and the variation in centric occlusion and centric
relation

contact

position,

between

the

conscious

upright

and

anaesthetized supine patient,
e)

model surgery planning techniques, comparing the Lockwood and the
Eastman anatomically-orientated technique.
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f)

analysis of maxillary dental midline and occlusal cant alteration in
relation to facial midline,

g)

a comparison of thick and thin intermediate wafers, which also assessed
the surgical reproducibility of preoperative planning.

a) The patients in this study represented 5 skeletal groups with 24 face bow
transfer records of each subject i.e. 12 per operator, taken by two operators,
so in total 120 face bow records. This large number of repeated, transfer
records was the recommendation of our statistician Dr John Bulman for the
reproducibility study to eliminate random error. The use of a travelling
microscope as a measuring tool is a well accepted and documented method.
Alternative methods, of using reference pins in the dental casts and measuring
the distance to each condyle, or alternatively using a contour gauge to measure
maxillary model, displacement were not considered to be accurate enough.

The novel parallelepiped envelope of movement volume analysis (PEMVA)
enabled realistic comparisons to be made for each facebow system, operator
and skeletal type and will have important applications in future research. Overall
the facebow articulator procedure showed surprisingly poor reproducibility,
below the accepted standard for biological values.

The variation was

determined by comparing the two envelopes of movement (mm^) for each
system. The conventional method of comparing the systems at each pair of
reference points proved to be indecisive. However, the Denar slidematic
facebow was relatively better than the Dentatus type AEB standard facebow.

For orthognathic surgery planning, it is the amount of error introduced by the
inaccuracy of facebow transfer which is important. The amount of error
introduced by an arbitrary facebow is widely reported (Weinberg 1959,
Zuckerman 1982, Marko 1986 and Nattestad et al 1991). Zuckerman (1982)
reported that 10mm error in the hinge axis location and 10mm opening ie
vertical movement of incisors, would introduce 1.5mm anteroposterior error.
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Similarly Marko (1986) and Nattestad at al (1991) reported that 20mm error in
the hinge axis location and 15mm maxillary impaction would introduce 3mm
anteroposterior error. All of these studies were based on either geometric
drawings or computer models. No clinical research in vivo is reported in the
literature to date prior to this study. This study based on 25 patients' data
(chapter 7) showed that mean anteroposterior error, within the normal range of
hinge axis error and normai range of maxillary vertical movement (2-10mm)
was 1.6 ± 0.5 mm, in 26% of cases. 74% of cases had their true hinge axes
coincident with or not significantly different from an arbitrary hinge axis located
by the Denar Slidematic facebow.

This investigation showed that both arbitrary face bows systems, especially the
Denar, had acceptable reproducibility in the vertical plane, which reduces the
chance of introducing a significant amount of error into the orthognathic
planning of maxillary impactions.

In the light of these results and given the

plasticity of the temporomandibular joint the final error introduced by the
facebow would be minimal, if planning and surgery is carried out in substantial
units of 3mm, i.e. movements of 3, 6, or 9 mm.

b) The established use of the Frankfort horizontal plane as a baseline for
assessment of orthognathic surgery patients, requires that the relationship
between the Frankfort horizontal plane and the maxillary occlusal plane be
transferred to the articulator accurately. This study was therefore extended to
assess the occlusal plane to Frankfort plane angle transfer reproducibility. A
custom designed computer programme analyzed the vector angles using 3D
graphics (chapter 4 study two and three). The Denar facebow was proved to
be more reliable but tended to always;

c) articulate the models close to the normal range 8° ± 4°,

whereas, the

Dentatus facebow mounted the models with a steeper occlusal to model
Frankfort plane angle, which was close to the patient's cephalometric occlusal Frankfort plane, angle but with relatively poor reproducibility. Usually any
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occlusal plane angle changes are decided clinically by the surgeon and carried
out in the articulator during the model surgery.

In the transverse occlusal

plane, both facebow systems, the Denar with ear plug and the Dentatus with
arbitrary hinge axis location method were reproducible. So it could be
concluded that if the facebow was recorded correctly, it was unlikely to produce
pseudo-transverse occlusal cant in the articulated models. Both operators
found the Denar Slidematic facebow easy to manipulate. A problem arises
however when the ears are asymmetrical and this must be checked if an
unexpected cant appear on the mounted maxilla.

From this study it is concluded that the facebow is very reliable in the
transverse plane transfer and for anteroposterior occlusal plane transfer.
However further refinement of the system is desirable for surgical applications.
The study on the comparison of intermediate wafers showed that in 74% of the
cases the semiadjustable articulator with its arbitrary facebow was able to
reproduce the anaesthetized supine patient's hinge axis and a maximum
anteroposterior error of 2mm was only recorded in 15% of the cases.

d) The effect of posture and anaesthesia on occlusal registration (Chapter 5),
(fifty eight patients were included in this study), which was considered to be
fundamental to the problems that have been revealed by rigid fixation of the
mandible. Interestingly whereas, Class II div.1 patients were abundant in the
orthognathic surgery clinics, the Class II div. 2 were scarce because they were
mostly changed into Class II div.1 by the orthodontists before the surgery. This
is reflected in the relatively small sample size of the Class II div.2 group for this
study. In order to achieve high levels of precision in occlusal relationship
measurements the data from 3 replicate occlusal records were averaged. To
obtain reliable results applicable to orthognathic surgery planning it was thought
to be imperative to use reference planes, which are used in diagnosis, planning
and execution of osteotomy operations. This was absent in previous studies
reported in restorative and orthodontic literature.
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This study showed a significant difference between the centric occlusion (CO)
and centric relation contact positions (OR) in conscious upright and the
anaesthetized supine, the positions normally used for planning and operation,
respectively. However the conscious supine and the anaesthetized supine
positions were relatively close, which indicate that centric relation occlusal
records taken in this position would be relatively close to the operative condyle
to fossa relationship.

It was concluded that the Class II div.1 group was more likely to cause occlusal
discrepancies postoperatively, and should be significantly overcorrected
anteroposteriorly in the preoperative work-up and during the operation (Fig.
8 . 1).
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OPERATIVE OVERCORRECTION

Class II
Class III

Preserve Gonial
Angle

Fig 8.1 Illustration of intraoperative overcorrection; in Class II cases pushing the
condyle posteriorly and in Class III pulling the condyle forward.
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It is difficult to explain the pattern of differences in the Class III group where
32% of CRs were anterior and superior to CO. It could be explained by a
"retruded" centric occiusion being determined by the intercuspai relationship of
the arches particulariy after orthodontic decompensation. These resuits indicate
that 68% of this group of patients wiii aiso require overcorrection, to overcome
the forward recoii from anaesthetized CR. This study reveaied relatively little
discrepancy in the verticai piane (Y axis) which is surprising considering that
most cases of mandibuiar rigid fixation have a posterior open bite, which
requires to be ciosed orthodontically. However the verticai piane represented
by the Y axis becomes horizontai during surgery and so gravity creates most
dispiacement in the x axis (Fig 5.25). Also the operator taking the anaesthetized
CR squash bite may artifactualiy displace the condyle into the roof of the fossa.
It would be worth further study to measure the postoperative Y axis changes
brought about by gravity and alterations in ramus height.

Neuromuscular revenge is the outcome of disturbed established proprioceptive
patterns, muscle fibre direction and length, due to this operative trauma. The
patients also have a disturbed neuromuscular responses in the immediate
postoperative stage sometimes wrongly raising serious doubts about the
surgical results. They might thus show a pseudoreiapse, and therefore most
cases benefit from proprioceptive guidance provided by the final wafer and
training elastics. But this must be differentiated from the surgical relapse which
may be due to inadequate surgery and other factors.

e) The objectives of the investigation on model surgery planning (chapter 6
study one) were to compare the reproducibility of two popular model surgery
techniques, the Lockwood keyspacer system and the Eastman anatomicallyorientated technique, for the relocation of the maxilla after a simulated Le Fort
I down fracture osteotomy. Two types of wafer, a thick and the thin, made
before and after the mandibular autorotation, were tested in 3 skeletal groups.
This investigation was done as a two stage procedure; at stage 1, model
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surgery and measurement of errors, and stage 2, the simulated surgery and
measurement of outcome.

The original study was based on 7 osteotomy patients, it was then extended to
15 patients to include equal numbers of patients in each skeletal group. Model
surgery was done with both techniques, using facebow transferred models in
an anatomical articulator. The Ericksons model surgery platform and a Vernier
calliper were used for measurements.

This investigation showed that both techniques had a significant amount of
error, however, the Eastman technique was relatively better. The Lockwood
technique was likely to give less overall impaction than planned (mean error=
-0.8 ± 1.6), whereas, the Eastman showed no bias in either direction (mean
error= 0.0 ± 1.0). This variation was probably due to inadequate articulator
space for the Lockwood keyspacers. In large maxillary impactions it was difficult
to accommodate the upper and lower models with the keyspacers in an
anatomical articulator. In the anteroposterior plane the Lockwood technique had
a tendency for movements greater than planned. In the medolateral plane the
differences between the both techniques were not significant.

This investigation showed that regardless of the technique being used, there
were very likely to be errors in model planning. Errors were higher in those
cases where the planned vertical movements were high (6 to 10mm) and also
where the maxillary impaction differed between anterior and posterior
segments. Comparison between the skeletal groups showed that Class II div.2
had a larger mean error than the other 2 groups in the Lockwood technique.
This was due to a large planned movements in this group. As explained earlier,
it was difficult to accommodate such vertical movements in the Lockwood
technique,

There were no differences between the skeletal types in the

Eastman technique.
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Analysis of the simulated surgery outcome also revealed that the difference
between two techniques was highly significant in the vertical plane, whereas in
the anteroposterior plane, the difference was not significant. However the
Lockwood technique with its angle trimmed sides was more consistent in the
medolateral plane.

The errors after the simulated surgery did not significantly increase from the
model surgery errors, which might have been expected. Infact, in some cases
the errors after the simulated osteotomy were less than the model surgery
errors as the simulated surgery errors compensated the model surgery errors
and resulted in less overall errors. On the other hand in few cases in the
Lockwood technique model surgery errors were amplified due to unfavourable
errors in simulated surgery.

f) This investigation showed that any correction of maxillary asymmetry must
be carried out in relation to the long axis of the face and not the articulator
(chapter 6 study 2), and correction of a pseudo-asymmetry which may result
from the facebow mounted models, will produce disastrous results. The
maxillary dental midline asymmetry is more accurately corrected if transferred
to the articulator using the facial midline indicator (Bamber 1995).

g) Twenty five patients undergoing bimaxiilary osteotomies were included in the
comparison of two types of intermediate wafer (thick and thin). The surgeons
were requested to compare these wafers during the operation, using reference
points on the lateral walls of the maxilla.

Not unexpectedly, centric relation in the anaesthetized recumbent patient
appeared to function in the same way as the articulator hinge axis. Not only did
14 cases (74%) show no difference between the thick and the thin wafers, but
in the remaining 5 the mean difference was only 1.6mm ± 0.6mm. It is
interesting to note that in these 5 cases the vertical impaction was 6-10 mm
with a mean of 7.6 ± 1.6 mm, whereas, in the 14 cases where both wafers
32 1

gave the same outcome, the impaction was 2-8 mm with a mean 4.8±1.5 mm
(p=0.005).

Thus there was minimal or no difference between the planning and
anaesthetized anatomical axis within the usual range of maxillary impaction.
It is concluded that the anteroposterior error was caused by the articulator
autorotation associated with the thin wafer, which was contrary to general belief
of the surgeons. This is not unexpected as both wafers are fabricated on the
articulator one with (thin wafer) and one without (the thick wafer) autorotation
around the hinge axis. Similarly in the supine anaesthetized patient the
mandible rotates the intermediate wafer and the attached maxilla upwards into
its position for fixation around a different hinge axis i.e. supine anaesthetized
CR. However this study also revealed that this technique invariably positions
the maxilla behind the planned anteroposterior position because of the
increased difference between CR and CO.

The last decade has witnessed extensive development of 3 dimensional (3D)
graphics methods and morphometric techniques. Parallelepiped envelopes of
movements volume analysis were developed for this study, to analyze the
facebow reproducibility and occlusal-Frankfort plane angle transfer, and the
displacement vector movement analysis using 3D graphics for centric occlusion
and centric relation variations evaluation, are examples of these new co
ordinate based methods.

The parallelepiped envelope of movement volume analysis integrate of
reference points and provides comprehensive information about each system,
by measuring an increase or decrease in the volume, which may change
depending on the reproducibility of each system. This method lends itself to
standard statistical analysis and allows comparison of differences within groups
or systems, and was found to be extremely useful for clear and decisive results
and provides a new horizon for evaluation of clinical and non clinical data.
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This vector analysis gave a directional dimension to the traditional concepts of
centric occlusion and centric relation.
The awareness of systematic errors Is Important to the surgeon In using
compensatory strategies such as overcorrection In both planning and operative
techniques, and to the maxillofacial technician In developing novel methods to
measure biological variation.

As stated although statistically significant many of the errors were small and
readily corrected or compensated for. These techniques demand careful
consideration and execution and thus bring together the patient, surgeon,
orthodontist and maxillofacial technician for the best Interest of the patient.
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Glossary of Terms
Articulator
A mechanical Instrument used to; a) reproduce the functional relation of the
teeth as they come together In the mouth b) Imitate physiological motion by
substituting mechanical equivalents for anatomical parts. The reason for using
an articulator Is to transfer the patient to the laboratory bench.

Axis-orbital Plane
The terminal hinge axis (THA) to the Infra-orbltal margin forms a horizontal
cranial plane of reference with which the maxillary cast In the articulator may
be orientated. This reference plane called the 'axis-orbltal plane' corresponds
to the upper mounting plate of most articulators.

Cant
Angle which the maxillary transverse occlusal plane makes with the axial plane
of the face. An undesirable clinical mediolateral tilt of the upper jaw.

Centric Occiusion
Synonyms for maximum intercuspation, include the maximally Intercuspidated
or Interdigitated position, intercuspal or cuspal position, centric occlusion, and
habitual or acquired occlusion.

Maximum Intercuspation may be defined as "complete Intercuspation of the
opposing teeth Independent of condylar position "(Glossary of prosthodontic
terms, 1987). It Is a tooth-directed position irrespective of the position of the
condyles in or out of centric relation. It is a learned position and the patient can
return to It as long as the tactile references remain.

Centric reiation
Synonyms Include the centric position, centric jaw relation, terminal hinge
position or relation and retruded condylar position or relation.Currently, the
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accepted definition of centric relation is a maxillomandibular relationship in
which the condyles articulate with the thinnest avascular portion of their
respective disks with the complex in the anterosuperior position against the
slopes of the articular eminences. This position is independent of tooth contact.
This position is clinically discernible when the mandible is directed superiorly
and anteriorly and restricted to a purely rotary movement about a transverse
horizontal axis.

Facebow
A facebow is a calliper-like device used to record the relationship of the maxilla
to the temporomandibular joint and to orientate the maxillary cast in the same
relationship to the opening axis on the articulator.

Facial Midline
An aesthetic visual line that divides the face into two equal halves.

Final Wafer
Occlusal plate, usually made of plastic and rarely of metal, used as a guide to
achieve and maintain the final occlusion after an osteotomy operation.

Hinge Axis Point
The point on the preauricular skin which lies on the terminal hinge axis(THA).
It is usually 2-3mm lateral to the centre of the condyle rotation and is
representative of that point.

intermediate Wafer
Occlusal plate or any device usually made of plastic, which is used to transfer
the planned position of the maxilla from the articulator to the patient during
osteotomy operation, with the help of the unoperated mandible.

Kinematic
Defined by the Oxford Encyclopedic English Dictionary (1991) as "the branch
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of mechanics concerned with the motion of objects without reference to the
forces which cause the motion". The kinematic technique of locating the THA
establishes the nearest possible approximation to the centre of an imaginary
circle. Arcs of this circle are described during rotatory movement by a point
mechanically related to the mandible.

Weinberg (1961) described this

technique as 'physiological', whilst McCollum (1938) called this method the
'trial-and-error' technique.

Mandibular Hinge Axis
An imaginary line between the mandibular condyles around which the mandible
can rotate without translatory movement. This is the transverse or the horizontal
hinge axis.

Model Frankfort
Model Frankfort or articulator Frankfort is a plane parallel to upper member of
a semiadjustable articulator and the laboratory bench, which has been
transcribed from the patient's Frankfort horizontal plane.

Model Surgery
Model Surgery is a mock surgical procedure carried out on dental casts in the
maxillofacial laboratory.

Mounting Assembly
Plaster work holding the dental cast(modei) in an articulator.

Orthognathic Technology
Orthognathic technology is a branch of maxillofacial technology which deals
with the methods of planning and execution of operations for craniofacial
deformities.

Proprioception
Perception mediated by proprioceptors. Proprioceptors are sensory nerve
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terminals which give information concerning movements and position of the
body. They occur chiefly in the muscles and tendons.

Ramping
Premature tooth contact with the occiusal wafer, which stops the patient from
biting into the occiusal wafer.

Retruded Axis Position
The relationship of the maxiila to the mandible when the condyles are in the
terminai hinge axis (THA), synonyms are centric relation or terminal hinge
position.

Reference horizontai plane
Any surface that forms a right angle to the force of gravity, for exampie the top
of the laboratory bench or floor.
Terminai Hinge Axis (THA)
The mandibular hinge axis when the condyles are in their most retruded
position in the gienoid fossa and viewed in the sagittai plane. This is an archto-arch reiationship. The THA is the centre of pure, retruded mandibuiar
rotational motion. This motion is independent of the location and position of
maxiliary and mandibular teeth and their relationship to each other.

Training Elastics
Orthodontic eiastics used in immediate postosteotomy phase as a non-rigid
intermaxiilary fixation, or to guide the mandible into a pianned occlusion and
alter the preoperative Proprioception. These are colour coded for grading, from
very light to heavy.
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The role of the occlusal wafer in orthognathic surgery; a comparison of
thick and thin intermediate osteotomy wafers
M. A. Bamber, M. Harris
Joint Department o f O ral and M axillofacial Surgery, Eastman Dental and University College London
Hospitals, London, UK.

S U M M A R Y . The aim of this study was to compare two types of osteotomy wafers, derived from model surgery on
a semi-adjustahle anatomical articulator. The thick wafer was fabricated before autorotation of the mandibular cast
and the thin after the autorotation. Twenty-five patients, 19 female and 6 male, who had osteotomies with a
maxillary impaction as part of a bimaxillary correction were included in this study. Thick and thin wafers were
fabricated and the surgeons were requested to compare both wafers, intra-operatively. Valid results were received
for 19 cases, in 14 (74%) the surgeons concluded that both wafers located the maxüla in the same position.
cases (26%) there was up to 2 mm difference in the maxillary position. These were cases when the im paction/^s'
> 6 mm, however,
and Fisher’s exact test showed that the difference in impaction between the two groups Iwas
not significant (p = 0.06).

INTRODUCTION

j

W. 4

Osteotomy wafers are used in orthognathic surgery as
an intermediate guide for repositioning the mobilized
maxilla relative to the intact mandible and as an aid to
achieving and maintaining the planned final occlusion
(Hig. I). The wafer enables the dental arches tOj[put in
any desired pre-planned position and ehminates intra
operative decisions, which are often impaired by
limitations of access especially in viewing the posterior
segments. Also, when the dental arch is segmented
and mobilized the wafer may be used to stabilize the
segments in the planned position whilst an ortho
dontic arch wire, a supplemental arch bar or segmental
splint is secured into place. Without the occlusal
wafer, this can be difficult and may give poor results.
Bimaxillary cases principally require an intermedi
ate wafer, which relates the mobilized maxilla during
temporary intermaxillary fixation to the unchanged
mandible. This is helpful in stabilizing the maxilla
whilst it is plated into its definitive position. The final
wafer relates the osteotomijled mandible to the fixed
maxilla, both during the insertion of bicortical screws,
and when the occlusion is not sufficiently stable for
temporary or permanent intermaxillary fixation. A
third and invaluable role is the establishment of
postoperative proprioception. After rigid fixation of
the mandible the wafer may be wired to the maxilla, or
less frequently to the mandible, to provide post
operative proprioceptive guidance for up to 2 weeks.
The wafer may thus help the patient to occlude into
the planned occlusion with or without the help of
elastics, by over-riding the patient’s preoperative
proprioceptive drive. This also improves the arch
relationship for any final orthodontic refinement of
the occlusion. The wafers may be fabricated from

cold- or heat-cured methylmethacrylate or more rarely
cast in silver or cobalt chromium alloy.
Although Block and Hoffman (1987) suggested the
use of ball end clasps incorporated into the wafer to
make it removable, in practice, we have found it
provides poor stabihty, and therefore does not offer
sufficient advantage over simple wire loop suspension
to justify the additional time required for design and
construction. In the immediate postoperative phase,
with the use of a chlorhexidine gluconate mouth wash
or gel, oral hygiene is not a problem with the fixed
wafer. Ripley (1982) suggested the use of a composite
wafer which is relatively thick and cumbersome.
Conversely, Telfer and Page (1990) suggested the use
of carbon fibre to strengthen the occlusal wafer so that
it could be made very thin. H arris and Reynolds ( \ 9 9 \ )
and Proffit and White (1991) have also emphasized the
use o f the thinnest possible wafer. The latter authors
even suggested the incorporation of a wi/e in the edge
of a wafer to provide greater strength. Our experience
has shown Ihai a quick-cure high impact acrylic
(Austenal Dental Products Ltd, The Crystal Centre,
Harrow, U K) is substantially more reliable for thin
wafers than cold-cured clear acrylic, which may
fracture. Occasionally, with neuromuscular disorders
or with cleft maxillary surgery requiring extra-oral
suspension, a silver or cobalt chromium alloy wafer
may be required.
For bimaxillary osteotomy operations it is common
practice to construct both the intermediate and the
final wafers as thin as possible. The justification has
been that a semi-adjustable articulator is unable to
reproduce the patient’s true mandibular hinge axis
movements and thick wafers have been assumed to
introduce discrepancies in the final occlusion. It has
been argued that the separation of the teeth at the
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Fig. 1 - High impact intermediate (A) and final (B) osteotomy wafers. Note the holes in the final (b) wafer for wire loop s’jspension to
the maxillary teeth.
—
'—

time of the fbtation should be kept to a minimum, in
order to minimise occlusal discrepancies. Para
doxically, the use of a thin intermediate wafer also
assumes that the ‘ autorotation’ of the articulated
models used to fabricate this wafer is an accurate
simulation of an operative anatomical change. To test
this argument a thick wafer constructed without
autorotation of the models relating the repositioned
maxilla to the unchanged mandibular model was
compared with a thin wafer constructed between the
repositioned maxilla and ‘ autorotated’ mandible.
The aims and objectives of this investigation were :
( 1) to establish if the use of thick and thin intermediate
occlusal wafers influenced the location of a mobilized
maxilla in osteotomies for maxillary impaction; and
(2) to test the hypothesis that ‘ the semi-adjustable
articulator with its arbitrary facebow cannot re
produce the anaesthetized patient’s hinge axis move
ments’.

MATERIALS AND METHODS
Twenty-five patients, 19 females and 6 males: 9
skeletal Class II div, 1, 4 Class II div. 2, 3 Class II
AOB, 5 Class III and 4 Class III AOB, undergoing
bimaxillary osteotomies were included in this study.
The selection of the patient was random in that every
consecutive patient undergoing an osteotomy in
volving maxillary impaction was included in the
study. The maxillary impaction ranged between 2 and
10 mm, mean 5 mm. The treatment plan was agreed in
the joint orthognathic clinic by the surgeon and
orthodontist. Surgery was performed by two con
sultants and their registrars. All 25 patients had Le
Fort I combined with mandibular sagittal spht
osteotomies. Six patients had anteroposterior move
ment as part of their treatment plan in addition to
impaction of the maxilla.

Two upper and two lower alginate impressions
together with three wax bite centric occlusal records
were taken for each patient. The Denar Slidematic
face bow (Denar Corporation, 901 E. Cerritos Ave.,
Anaheim, CA 92805, USA) and facial midline jig
(Bamber, 1995) recordings were made. Impressions
were cast in Kemrock, a synthetic dental stone
(Associated Dental Products, Kemdent Works,
Purton, Swindon, UK) and the models were mounted
in the Denar automark articulator using the facebow
transfer record. Facial midline was marked as indi
cated by the jig recording. Model surgery was carried
out following the Eastman technique (Anwar and
Harris, 1990). After the trial maxillary intrusion, one
thick (reflecting the amount of intrusion, 2-10 mm)
and one thin (0-3 mm) wafer representing before and
after mandibular autorotation of the articulator (Fig.
2A and 2B) were fabricated from high impact acrylic
following the standard procedure. For the data
collection a proforma was designed and this ac
companied the wafers to the operating theatre with a
request that the surgeons complete the measured
observations based on the following operative pro
cedure.
After mobilisation o f the maxilla and adequate
bone removal, the jaws were held in occlusion with the
thin intermediate wafer. The maxilla was then located
against the stable part of the facial skeleton above
using the yet unoperated mandible as an autorotated
guide (Fig. 3A).
Vertical reference lines were drawn with bur marks
across the osteotomy lines, on the lateral walls of the
maxilla on each side. The thin intermediate wafer was
then replaced by the thick wafer (Fig. 3B), the maxilla
re-positioned against the middle third of the facial
skeleton and any change in the reference marks
position noted and measured. Any change of < 1 mm
between the wafers was disregarded. Temporary inter
maxillary fixation (IM F) was applied and the maxilla
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Fig. 2 -(A ) Intermediate wafer; made before the mandibular autorotation in the articulator (thick) (B) intermediate wafer; made after
the mandibular autorotation (thin).

A

B

Fig. 3 -Diagram showing the methods of wafer trying during the operation: (A) thin wafer tried in and the reference lines marked; (B)
thick wafer tried in. Note the reference lines shifted.

immobilized with the help of the thin wafer whilst
completing rigid fixation with miniplates and screws.
To check the previous results after release of the IM F
the thick wafer was reinserted to assess whether the
mandibular teeth would occlude into it. I f they
occluded into the thick wafer accurately it confirmed
the previous observation of coincident reference fines.

RESULTS
The results are presented in the Table. In 6 out of 25
patients the data were not considered reliable. Of the
remaining 19 cases, in 14 (74%), the operator
concluded that both the wafers were the same, i.e.
both wafers located the maxilla in the same position
and in 5 cases (26%) up to 2 mm difference (mean
1.6 mm and SD 0.6 mm) in maxillary position was
recorded.
In the 14 cases where both wafers were the same,
the maxillary intrusions ranged from 2 to 8 mm (mean
4.8 mm), and 4 cases also required anterior movement

of the maxilla. In 5 cases where the wafer positions
were different, the intrusion of the maxilla ranged
from 6 to 10 mm (mean 7.6 mm). Two cases required
anteroposterior movement in addition to the intrusion
of the maxilla (see Table). In 2 of the 5 cases the thin
wafer brought the maxilla forward 1 mm and 2 mm
respectively, and in 1 case the thick wafer brought the
maxilla forward 2 mm. In the other 2 a difference of
1 mm and 2 mm was recorded but no direction was
noted by the surgeon.
In one case, the impaction was 8 mm but no
difference was recorded between the 2 wafers while the
subject with the highest impaction of 10 mm had the
smallest variation rather than the largest which might
have been expected.

DISCUSSION
Contrary to expectations, centric relation in the
anaesthetized recumbent patient appeared to function
in the same way as the articulator hinge axis. Not only
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Table/t'- Patients’ data; planned movements and the results
Serial Impaction A? movement
no.
(mm)
(mm)
6A

1

2

3
4
5

3A
lA
3A
6A

6

7
8

6A

9
10

11
12

13
14
15
16
17
18
19

6A

2?

20

21
22

23
24
25

6A
3A
3P
3

Results
Same
Different
Same
Same
Different
Same
No result
Same
Did not try
No results
Same
Same
Same
Different
Same
Same
Different
Different
Did not try
Same
Did not try
Same
Did not try
Same
Same

Variation
2 mm
2 mm

1 mm
1mm
2 mm

Impaction = maxillary impaction, AP = maxillary
anteroposterior movements, A = anterior, P = posterior. Did not
try = operator did not try the thick wafer. No results =
results/proforma not completed, Variation = amount of
difference recorded.

did 14 cases (74%) show no difference between the
thick and the thin wafers but in the remaining 5 the
mean "difference was only 1.6 mm (SD 0.6 mm). It is
interesting to note that in these 5 cases the vertical
impaction was 6-10 mm with a mean of 7.6 mm,
whereas in the 14 cases where both wafers gave the
same outcome the impaction was 2-8 mm with a
mean 4.8 mm. Thus there was no or minimal
difference between the planning and anatomical axis
within the usual range of maxillary impaction.
Of the 5 cases where the wafer localisation differed,
in 2 cases the thin wafer advanced the maxilla 2 mm
further than the thick wafer and in one the shift was
distal. In the other 2 cases the operator did not record
the direction of the variation. This error in the
anteroposterior direction will be determined by a
discrepancy in the anatomical hinge axis in relation to
the articulator axis (Nattestad et al., 1991), which is to
be anticipated with an arbitrary facebow system and
marked individual anatomical variation. The amount
of error at occlusal level will be a direct reflection of
hinge axis location error in superior (S), inferior (I)
anterior (A), or posterior (P) direction in relation the
true centre (C) as shown in Figure 4. It would appear
that unplanned anteroposterior movements recorded
in this investigation were produced by the thin wafer,
as the thick wafer eliminated simulation of the patients
mandibular autorotation. This investigation also
showed that the errors increased with large maxillary
intrusions (6 mm or above) but even then errors of
2 mm and less would not be apparent postoperatively.
Furthermore, they would be concealed by the surgical

Fig. 4 - Mandible template illustrating variation in the forward
slide of the mandible as a result of the superior autorotation
from the 5 axes; superior (S), posterior (P), centre (C), anterior
(A) and inferior (I). Note that the higher the axes the further
forward the rotation.

correction of the mandible into a final Class I
relationship. The patient with largest impaction of
10 mm had the smallest error and one patient with an
8 mm impaction also had no difference in thick and
thin wafer. In these cases their recumbent hinge axis
must have coincided with their arbitrary hinge axis as
determined by the Denar Slidematic face bow.
McCance et al. (1992) have shown that maxillary
impaction is likely to be less than planned, and in
some cases in the opposite direction to the planned
movement {Sarver and Weissman 1991). This may be
due to the tendency for operators to remove less bone
from the posterior aspect of the maxilla than required,
and may be masked by the use of a thin intermediate
wafer. A bulky thick wafer proved to be more
revealing o f posterior bone interference on autorotating the mandibular/maxillary block for plate
fixation. As it was a common operator’s belief that the
thick wafer gave a different or wrong position or was
difiicult to manipulate inside the mouth, the thin
wafer was used for final stabilization of the maxilla in
all cases. It is also important to separate the planning
errors in maxillary movements which are attributable
to variations between the facebow/articulator axis
and recumbent TMJ axis and those related to the
postoperative position of the mandible when man
dibular rigid fixation is used. These arise due to
discrepancies between the recumbent anaesthetized
hinge axis and the conscious upright neuromuscular
determined condylar axis. Such differences between
the anaesthetized centric relation and active centric
occlusion can usually be eliminated by over-correction
of the anteroposterior position of the mandible and
immediate postoperative proprioceptive training with
elastics and the final wafer for 2 weeks, followed when
necessary, by orthodontic refinement of the buccal
occlusion.

«ÙOI
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Role of the occlusal wafer in orthognathic surgery

CONCLUSION
Thick intermediate wafers did not produce clinically
signihcant anomalies in maxillary localisation. The
impaction figure of 6 mm seems critical, as differences
between thick and thin wafers were recorded only
with impactions greater than this. However these
anterior movements were 2 mm or less and did not
appear to affect the outcome. As the thick wafer is not
influenced by the articulator’s autorotation of the
mandibular cast it is likely to be less erroneous than a
thin wafer as long as the centric occlusal record was
accurately recorded. As a result of this investigation it
also seems advisable to use thick intermediate wafers
for large maxillary impactions of 8-10 mm. However,
the X* &nd Fisher’s exact test showed that the
difference between the two groups overall was not
significant (p = 0.06).
The discrepancy is also Tost’ with the final
positioning of the osteotomijed mandible and where
anteroposterior movements are planned in units of
3 mm {Harris and Reynolds, 1991) the final overall
aesthetic outcome is unhkely to be significant. Also as
a result of this investigation it would appear that the
semi-adjustable articulator with its arbitrary facebow
can reproduce an anaesthetized patients hinge axis
movements.

operation in this investigation and also Dr Alf Linney and Dr John
Bulman for their advice on statistical analysis and Niela Bamber for
typing this paper.
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B
Fig. 2A - Semi-adjustable articulator with the face bow
supporting the maxillary model.

Fig. 2B - After mounting the upper dental model, the lower
model is ready to be mounted with plaster of paris.

rotating the model with its detached mounting
assembly on a flat surface against a fibre-tip pen
(Fig. 3). The B lines should be just clear o f the
apices of the teeth and not less than 15 mm from the
A lines. The actual distance between the A and B
lines is then recorded on the plaster (Fig. 4). These
lines w ill be used to plan vertical movements. The
distance between the upper and lower A lines is also
noted, and w ill indicate any change in facial vertical
height.
5. Three vertical lines VC, V B , V M are drawn
from upper base line (A ) to lower base line (A ) on
each buccal segment. These lines pass through the
buccal surfaces of the upper cuspid, bicuspid and the
distal cusp of the last upper molar tooth, respectively
and are extended downwards across their occluding
partners. These w ill be used to indicate the anterio
posterior movements achieved by the model surgery
(Fig. 5). An anterior vertical line is also drawn on
the upper and lower mounting plaster to indicate the
facial midline. This w ill be transferred to the models
if previously drawn with a felt-tip pen on the patients

gingiva and incisors prior to taking the impression.
However, it must be confirmed after mounting, in
the presence of the patient. A set square with a
scribe has been found useful to draw vertical lines.
6. The vertical distances from the tips o f the buccal
cusps of the three reference teeth and the edges of
the central incisors to their A baselines are recorded
to help calculate any vertical movements (Figs 4 &
5). Similarly, transverse changes are recorded by the
intercanine and intermolar distances measured across
the palate and recorded by taking reference points
on the canine tips and the buccal cusp of last molars
(Fig. 6). Finally the distance from the midline at
the upper interincisal edge to the incisal pin is
noted. This w ill help to measure maxillary forward
movement.
7. When all the reference lines have been drawn
and the measurements completed, the osteotomy
lines O (dotted lines) are drawn to correspond with
the bone cuts. The plaster mounting assembly is then
sectioned at the osteotomy sites with a saw or large
abrasive disc and the whole arch or segments are
repositioned in the planned postoperative position.
8. Care must be taken in planning rotation move
ments of the maxilla. A fte r making the horizontal
cut, rotate the dental midline on the model to match
the facial midline on the mounting plaster. This w ill
rotate the model VB and V M lines on the deviated
side forwards and the contralateral VB and V M lines
backwards. Carefully mark their new positions on
the mounting plaster above. A dditional forward
movements are then measured from these new
vertical references. This w ill be important at
operation where a significant rotation w ill increase
the actual forward movement on the deviated side
but may even eliminate completely any obvious
movement on the contralateral side.
Take care not to damage the teeth other than
those which are going to be extracted at the time of
surgery, in particular, those on the opposite side of
the arch, whilst sawing the models. The sectioned

Fig. 3 - Illustration showing the drawing of the reference lines.
Note the tracing of the canine root.

Model surgery for orthognathic planning
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Fig. 5 - The models showing vertical reference lines VC, VB,
Fig. 4 - Articulated dental models showing reference lines and

the measurements. Note A and B horizontal reference lines and
O, osteotomy line.

segments are sited in the desired position and fixed
with soft red beading wax which w ill allow manipula
tion of the segments into the desired position. The
segments must be placed to obtain the best possible
occlusion. To achieve this, it might be necessary to
grind some cusps. This should be recorded on the
model with felt-tip and in the notes. In the anterior
region every effort should be made to get an
acceptable overbite and overjet. A degree o f over
correction may be necessary to compensate for
relapse especially with mandibular forward move
ments. Postsurgical eruption w ill spontaneously
correct m inor discrepancies, otherwise orthodontics
may be planned. Once the desired position is
achieved the beading wax is replaced with hard
modelling or sticky wax to secure the mobilised
segments in their new position.

Examples
a) It has been determined clinically that the maxilla
should be elevated 5 mm posteriorly together
with an anterior segmental osteotomy displacing
the premaxilla 5 mm distally. Plaster is removed
from the outlined sections between A and B and

VM. The diagonal lines indicate the amount of plaster need to be
removed at the osteotomy site. The dotted line on the lower cast
showing the osteotomy line (O). Note the measurements from the
reference cusps, i.e. 41, 40, 40 mm.

VC and VB and the model reassembled with wax
in the postoperative position.
Removal o f the articulator incisal pin w ill now
demonstrate the postoperative occlusion follow 
ing autorotation o f the mandible. In some cases
minor occlusal discrepancies can be eliminated by
an acceptable modification of the position of the
maxilla which w ill be measured and recorded.
M ajor discrepancies as shown here w ill require
an additional mandibular osteotomy or seg
mental surgery which can now be planned by
further model surgery (Fig. 7). The intermediate
wafer is made at this stage to relate the un
changed mandible to the post-osteotomy maxilla.
Remember that when there has to be a change in
the maxillary occlusal plane a mandibular
osteotomy is usually required to match it even
when other movements are not necessary.
b) Carry out the mandibular surgery by designing
the anterior segmental set down to match the
maxillary occlusal plane, followed by a horizontal
osteotomy line to reproduce the forward or
backward movement (Fig. 8). Measure and record
all the movements on plaster and paper.
Make the wax pattern for the final wafer and
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prescribe a fixation appliance. For this it is essential
to have used a recent impression to produce accurate
master models o f the jaws. Old models w ill not show
recent changes in the occlusion, especially following
extractions and orthodontic treatment.

Fig. 8 - Illustration after completing the model surgery on both
jaws, the final wafer is made in this position.

Fig. 6 - Occlusal view of postoperative dental casts showing
transverse measurements, i.e. intercanine and intermolar.

(SI

i

Fig. 7 - Photograph after completing the model surgery on the

upper jaw only, i.e. 'The intermediate position’. The intermediate
wafer is made in this position.

If the cusps of the teeth were altered during
the planning exercise, the patient is recalled and the
natural dentition prepared with the help o f the
planning models. New impressions are taken and
the fixation appliance made on these new models.
Always record the direction and degree of move
ments and the face midline on the models and
remember to bring them into the operating theatre.
The models are as precious as radiographs and
should be named, dated and stored in boxes insulated
with sponge rubber or cotton wool to protect their
incisors. The boxes should also be accurately marked
with the patient’s name and carry a label indicating
that they must be returned to the named surgeon or
department. Concern for these crucial details falls
o ff rapidly in junior staff postoperatively!

DISCUSSION
Although many clinicians believe the natural head
position is the most useful means of orientating the
patient for preoperative analysis, in practice it
is difficult to achieve in a reproducible manner.
However, the traditional Frankfort plane as traced
from the tragus to inferior orbital margin not only
provides a reasonable standard orientation for the
patient but can also be correlated with photographs,
lateral skull radiographs and the face bow-orientated
models in a semi-adjustable articulator. The only

Model surgery for orthognathic planning

exception being gross facial deformity. Having
achieved this correlation, this model surgery tech
nique can accommodate in a realistic manner all the
movements of the dental arches or their segments to
any plane or angle. As the model segments are held
together with wax, it is possible to manipulate them
into any desired position, at any stage. Further
advantages include the important facility to record
changes in the facial height. Changes in the arch
width are also precisely measured and predicted by
taking pre- and post-model surgery intercanine and
intermolar distances.
In summary, this model surgery method is easy to
learn, is reproducibly accurate and also brings the
operator closer to the operative procedure.
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TEC H N IC A L NO TE
Recording the facial midline for orthognathic planning
M . A . B am ber

Joint Department oj Oral and Maxillofacial Surgery, Eastman Dental and University College London
Hospitals, London, UK

S U MMA R Y . The use of a facial midline indicator (F M I) to transfer the midline and long axis of the face from
the patient to the articulator for orthognathic planning is described.
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Fig. I - Frontal view of the facial midline indicator (jig). Note the
notches on vertical bars for aligning it with the facial midline.
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M ETHO DS
Apart from artistic intention the aids to establishing
the facial midline are a vertical line:1. from the centre o f the glabella to the centre o f
the chin, unless the chin is deviated to one side.
2. the centre o f the philtrum unless it is deformed.
3. at the bisection o f the line from corner to corner
o f the mouth when the lips are relaxed.
4. at the right angle to the interpupillary line from
a point midway between the pupils when the
patient is looking directly forward.
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The face bow is taken with the midline mark on the
face bow bite fork matching with the patient’s facial
midline, not the dental midline. The F M I jig has a
U-shaped tray to take composition or wax, like a
face bow bite fork. The extra oral bar has two vertical
bars to represent the long axis o f the face. Two
notches are cut on the upper and lower ends o f both
bars as on a gun barrel, to help in aligning these bars
to the facial midline (Fig. 1). The composition
impression material is applied to the U-shaped part
o f the jig. While the composition is soft the jig is
placed in the mouth and the patient is asked to close
into centric occlusion slowly, while the operator
adjusts the vertical bars so that they match exactly
to the facial midline o f the patient (Fig. 2). When
the composition material has set the jig is removed
from the patient and chilled. The F M I jig can also
be attached under the face bow bite fork with the
composition and aligned to the facial midline.
After the dental casts are articulated on the semi
adjustable articulator, using a face bow record, the
jig is located over the teeth, with the mounted casts
on or off the articulator. Using the notches on the
parallel vertical bars two reference points are marked

Fig. 2 - Clinical picture of the facial midline indicator jig in use on
a subject.

Fig. 4 - A patient's upper and lower preoperative face bow
mounted casts showing a facial midline, drawn using the jig. Note
the deviation of the patient's facial midline from the midline of the
articulator (pin). The articulator pin has been removed to get clear
frontal view of the patient's diverging long axis.

Fig. 3 - Illustration showing the jig on the articulator, indicating
the facial midline and the long axis.

Fig. 5 - Casts after the model surgery: upper dental midline is
coincidental with the recorded long axis (not the articulator), when
the mandibular model has been rotated to coincide the lower
dental midline with the upper dental midline.
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curate (Figs. 4, 5 & 6). This pre-operative planning
is transferred to the patient using an intermediate
wafer.

r

C O NC LUSIO N
An osteotomy carefully planned using this technique
and executed by the surgeon involved in the diagnosis
and planning, w ill produce results within a 1 mm
margin o f error.
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Fig. 6 - Clinical picture after debonding; showing the post
operative result of the patient whose pre and post model surgery
casts are shown in Figures 4 and 5.

on the upper and lower mounting assembly plaster,
respectively, and the third reference point is taken
from the face bow bite fork midline mark. Now the
facial midline is drawn, using these three reference
points, from the upper mounting plate or the A line^
to the lower mounting plate or the A line (Fig. 3).
This line w ill represent the true facial midline ie long
axis o f the face o f the patient.
Model surgery can now be carried out ensuring
that the dental midlines coincides with the facial
midline as drawn on the articulator. Presence or
absence o f the occlusal cant and the dental midline
deviation must be related to this recorded facial
midline and long axis o f the patient’s face, not the
articulator pin, which as stated may be totally inac
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