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ABSTRACT

A COMPARISON OF THE EFFECTIVENESS OF THREE
METHODS OF ANCHORAGE REINFORCEMENT IN THE
TREATMENT OF MAXIMUM ANCHORAGE PATIENTS:

A RANDOMISED CLINICAL TRIAL.

The primary intention of this study was to add to the body of scientific evidence
by determining whether a recently introduced method of anchorage reinforcement,
namely Temporary Anchorage Devices (TADs), is effective. It is clear that there
are several commonly used methods for anchorage support but some of these are
totally dependent for success upon good patient compliance. Orthodontic
clinicians would enthusiastically welcome as an alternative, an effective and

efficient method that is less dependent upon patient co-operation.

The introduction of new orthodontic techniques is rarely supported by high
quality evidence on efficiency or effectiveness, in advance of them being
promoted for widespread clinical use. New appliances and techniques are often

promoted based upon very low levels of clinical evidence.

Temporary Anchorage Devices were first introduced in 1983. Since then many
papers have referred to Temporary Anchorage Devices as a source of stationary
anchorage yet to date, few Randomised Clinical Trials (RCTs) have been carried

out into this treatment method.
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AIMS
To evaluate the effectiveness of Temporary Anchorage Devices for orthodontic

anchorage when compared with the Nance button palatal arch and to Headgear.

METHOD

The TADs assessment trial is a prospective, dual-centre RCT involving 78
‘maximum anchorage’ patients between 12 and 18 years of age with 39 males and
39 females. The three treatment arms of the study were Headgear, a Nance button
palatal arch and TADs. Outcomes recorded included: anchorage loss measured
both on lateral cephalometric radiographs and 3D model scanning, length of
treatment, number of visits, quality of the outcome and the patients’ perception of

the various treatment methods.

RESULTS
Sample summary showed the groups to be matched in terms of age, start PAR

score and SNA.

There was a statistically significant (p=0.002) overall effect of treatment when the
right molar position was assessed on cephalograms. The Nance group lost
2.03mm (0.81-3.25) more anchorage than the Headgear group. No other
statistically and clinically significant results were recorded between the groups on

the cephalograms or on the superimposed digital models.

Mean treatment times in months varied from 26.83 (SD 9.35) to 28.01(SD 5.38)

and the total number of visits from 18.38 (SD 5.95) to 21.77 (SD 4.41).
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Casual visits and DNAs were almost identical between the groups but PAR scores
were nearly 4 points better with TADs than Headgear and Nance. This result was

statistically and clinically significant.

From the patient questionnaires, the comfort levels both on placement and
removal were similar with TADs and the Nance, and both techniques were highly
recommended by the patients. Headgear was more troublesome and much less

popular with the patients.

CONCLUSIONS

1) There is no difference in the effectiveness of temporary anchorage
devices, Nance button palatal arches and headgear in reinforcing
anchorage in orthodontic treatment.

2) Patients’ perceptions suggest that there were greater problems with
headgear and Nance buttons, than with temporary anchorage devices.

3) The quality of treatment as measured by PAR scores was significantly
better with TADs than with headgear

4) Temporary anchorage devices may be the preferred method of choice for

reinforcing orthodontic anchorage
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Chapter 1 Introduction

Chapter 1 GENERAL INTRODUCTION
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Newton’s third law of motion was published in Principia Mathematica (Figure
1.1) in 1687, (Smith, 2008) and is translated as ‘For every action there is an equal
and opposite reaction’. The teeth naturally obey this basic law of physics, which
means that when practicing orthodontics we have to learn to manage forces to
obtain optimum tooth movement as part orthodontic care. This is termed

‘anchorage management’.

One of the fundamental keys to successful orthodontic care is to build into the
treatment plan sufficient anchorage, to allow all the required tooth movements to
be efficiently and effectively achieved. Since the advent of modern orthodontic
therapy in the 19" century, many suggestions have been made as to the most
effective method of holding the posterior teeth in position, whilst correction of the

position of anterior teeth is carried out. Despite much heated debate about these
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Chapter 1 Introduction

methods for well over a hundred years, consensus has not yet been reached. This
has resulted in a plethora of ‘anchorage supplementation’ devices, each having

the aim of distalisation or stationary anchorage.

The key to accurate assessment of the anchorage requirements, in almost every
orthodontic treatment is a full appreciation of the patient’s canine relationship
when in the retruded contact position. In most adolescent orthodontic treatments,
the upper and lower permanent canine teeth will form an integral part of the final
dentition and in most patients a class 1 canine relationship will be the ideal
outcome for a satisfactory static and functional occlusion. The clinician providing
the orthodontic care needs to understand where the lower canines will need to be
moved to, to allow full correction of the position and alignment of the lower
labial segment. This should be carried out as a mental exercise, before orthodontic
treatment commences, then a second assessment is necessary of the initial upper
canine position relative to the ‘corrected’ lower canine tooth. The evaluation of
the canine relationship, in this hypothetical situation, will then allow

determination of whether anchorage needs to be reinforced in any particular case.

A number of different methods of supplementing anchorage by controlling the

posterior teeth are currently used and I will discuss these in subsequent sections.



Chapter 2 LITERATURE REVIEW

2.1 HISTORY OF HEADGEAR

Edward Angle, the father of modern orthodontics, was quoted in 1887 as saying
that ‘the occipital bandage, as part of orthodontic treatment, was becoming more
and more appreciated’ when used for maxillary protrusion cases and it was one of
the oldest methods described for controlling the position of the teeth (Figure 2.1).
Angle felt, following his experience of having used it only 16 times, that it was
‘more satisfactory than any of the few devices described in the literature’ Graber

(1955).

Figure 2.1 Historical versions of orthodontic headgear used in the 19" C.

Whilst this was a small number of cases on which to form an opinion, it was
probably more than any other clinicians of the day had performed with this

particular anchorage supplementation technique.

Similarly the use of an orthodontic headcap to distalise the buccal segment teeth
was described by Oppenheim (1936). He felt that by creating space in the
appropriate area of the dentition, this would allow ‘biologic’ correction,

particularly of aberrant canine teeth. Interestingly, he was against the use of

4



Chapter 2 Literature review

constant elastic force to correct malpositioned teeth and he preferred using elastics
sparingly at night, and then ideally not even every night. He stated, “In his vast
experience, constant forces on teeth would ultimately lead to loss of vitality of
these teeth, even if this was many years after the event”. Also if the distal
movement of the teeth was occurring too rapidly, as would be evidenced by
unwanted spacing opening up between the premolar teeth, he advised alternate
nights with the headcap rather than every night. This approach to headgear
therapy is completely contrary to the commonly held belief that the more hours
the headgear is in place, the more chance there is of achieving the desired effect,

therefore daily use is strongly recommended currently by most practitioners.

The use of occipital headgear was advocated in many cases almost as soon as the
upper first molars had fully erupted, by Kloehn (1947), who was an enthusiastic
supporter of this ‘biologic orthodontic therapy’. He was keen to instigate this
treatment early, because of the declining rate of growth of the jaws and the
alveolar process, as the child gets older. This general approach to providing early
treatment to children persists to this day in the United States of America, where
patients are commonly called in for their first assessment, as early as 7 or 8 years

of age as evidenced by the article in the Wall St. Journal by Keates (2010).

Kloehn’s work was followed by that of Graber (1955) who described a
retrospective study of the treatment of 150 Class II division 1 patients. Even at
this early stage in the formation of an ‘evidence base’ for orthodontic treatment he
acknowledged the need to report on all the cases treated, not just the ones that
responded well to treatment. This may be one of the earliest references to an

‘intention to treat analysis’. All cases in the study were treated with cervical
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headgear and standardised records were used to allow comparison of treatment
effects on three different age groups: 3-6 years, 7-10 years and 11-19 years. He
concluded that extra-oral headgear forces could efficiently correct Class II
division 1 malocclusions. To be successful not only was patient co-operation
essential, but coordination of the treatment with the pubertal growth spurt would
also significantly increase the likelihood of a successful outcome. The most
favourable treatment results in this study were seen when the headgear was
provided for 10-12 year old females and 12-17 year old males. Graber also
recognised that associated with this headgear treatment were some undesirable but
unavoidable sequelae; such as incomplete correction of the malocclusion, marked
lingual tipping of upper incisors and excessive molar tipping, leading to second

and sometimes third molar impaction.

2.2 STUDIES OF HEADGEAR

Randomised clinical trials (RCTs) are now accepted as one of the highest levels of
investigation that can be carried out into any particular medical or surgical
intervention. As a result, from this point onward, I will confine this review to

studies that can be judged as being at this high level of scientific evidence.

Jakobsson (1967) carried out one of the first high quality studies in 1967 where he
and his co-workers divided sixty 8-9 year old children into ‘triples’, matched for
dental development and malocclusion traits. One of the triples received treatment
with an activator 11.5 hours per day for 18 months, the second of the triples with
a Kloehn bow cervical pull headgear, 12 hours per day, for 18 months and the
third triple received no active orthodontic treatment but acted as a control. They

reported that the headgear group demonstrated a posterior repositioning of the
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molar teeth, by nearly 4mm. Unfortunately there was no mention of how much of
this movement could have been due to distal tipping, rather than actual bodily
movement of the teeth. The authors felt that, as a direct result of the headgear
treatment, there was a definite effect upon the basal parts of the maxilla, as well as

the effect on the dentition.

A fascinating, but unrepeatable randomised clinical study, was described by
Melsen (1978) in which 20 Scandinavian children aged between 8 and 10 had four
maxillary permanent metal implants and five mandibular permanent metal
implants placed to act as fixed reference points. Lateral cephalometric radiographs
were taken at the start of treatment, then again after 3 months to check the
implants had not moved, and once again after 8 months of headgear treatment. All
of the children “wore their headgear for exactly 12 hours per day” for the 8

months of the study.

One strength of this study was that the movement of the respective jaws,
represented by the implant lines to the cranial base, could be separated from
movement of the teeth within the jaws, i.e. the intra-maxillary tooth movements.
In one group, where the cervical headgear was applied using a downward pointing
extra-oral bow, the average distal movement of the teeth was 3.5mm, and was
described as purely distal tilting. This would have been expected with the
particular bow design, as the applied force was so far below the centre of
resistance of the tooth that little else could have occurred. Where the extra-oral
bow was tilted up by 20° to the inner bow, the distal movement was a much more

modest 1.5mm, and in this group there was insignificant tilting of the teeth.
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One unexpected finding was that extrusion of the molars was seen in both groups
to a similar extent. It was thought that the upward tilted outer bow would extrude
the teeth more than the downward facing bow. The author proposed that the
occlusal forces and the occlusal contacts may have a role in determining the
overall effects of treatment and that mathematical calculations alone, cannot
solely be used to predict the results of headgear treatment. Individual adjustments
were, and always will be, necessary depending upon each patient’s response to the
therapy. The patients were all followed up with a further cephalometric
radiograph when facial growth had largely ceased. In all but two of the cases the
change in growth direction, thought to be induced by the headgear, reverted back

to the original, anterior growth direction.

A RCT to examine the anteroposterior skeletal and dental effects of a Bionator
functional appliance and a Headgear/biteplane combination on groups of nine year
olds with a Class II malocclusion was carried out by Keeling et al. (1998). They
compared the effects of both of these appliance systems with a control group. The
recommended headgear was either cervical pull or high pull, and 450gm of force
per side was recommended for 14 hours per day. The patients were instructed to
wear the Bionator for 22 hours per day, the appliance only being removed for
eating, cleaning and contact sports. A dentist, who was part of the research team,
removed all appliances at each data collection point therefore it was claimed that
the orthodontist doing the measurements will have been ‘blinded’ to the treatment
method. It should however have been obvious to the examiners, which of the
patients had recently had first molar bands removed (the headgear group),
therefore some bias could have been introduced at this point. The Johnson

‘Pitchfork’ type analysis was carried out, which allowed separation of the effects



Chapter 2 Literature review

on the upper and the lower jaws and also separation of skeletal from the dental

effects, of any particular treatment.

This was a large study in which 325 patients were enrolled, however
unfortunately 49 of the patients did not reach the third data collection point. The
Bionator and the headgear group both showed more Class II correction than the
controls when mandibular and apical base measurements were made. The
headgear group also showed significant dental Class II correction. In this study,
the main effect was enhancement of mandibular growth in both groups and it is
thought that the biteplane was a major contributory component in the headgear
group, however the specific nature of this contribution to mandibular
advancement was unclear. The authors could not find a convincing effect on
maxillary growth with either treatment modality, which was counter to commonly
held opinion that some distalisation of the maxillary teeth is seen with both

headgear and functional appliances.

This sample of patients was analysed further by Ashmore et al. (2002), when they
compared a control group from one particular study with a treatment group from a
second study. The investigators used the palatal rugae on which to superimpose
sequentially taken models. They found that in the headgear group the molars
moved distally by over 2mm during the 24-month treatment period, compared
with a molar mesialisation of 0.76mm in the control group. It has to be stressed
again that these patients were not randomly assigned to treatment or control
groups, but were brought together from two unconnected studies. It was therefore
considered important to test the baseline groups and this was done using ‘t’ tests,

which indeed confirmed the pre-assessment equivalence. Despite this overall
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‘confirmation of equivalence’, there was a significant difference between the
groups pre-treatment ANB measurement, thought to be due to the inclusion

stipulation of >4.5° ANB for one study, but not the other.

Overall the 3mm molar difference between the headgear group and the control
group over the 2-year period was felt by the authors to be in agreement with the
findings of other researchers. They also felt that despite the fact there could be a
change in the distance between rugae of up to 2% over the 2-year treatment
period, this was not sufficient to materially effect the measured molar movement.
Model superimposition was therefore recommended as the method of assessment,
as serial models could be taken regularly, with no detriment to the patient,
compared to the potential harm caused by repeated exposures to ionising radiation

with each cephalogram taken.

An unusual study was carried out by Sari et al. (2003), involving a rather unique
Jasper Jumper (JJ)/removable plate system, whereby the active JJ pre-formed
component or the occipital pull headgear, was attached to the removable
appliances. The patient was then asked to wear the appliance for 18 hours per day
and heavy headgear forces of 700gm per side were applied. The other study
group in this RCT were treated with a Headgear-Activator appliance and again a
heavy headgear force of 700gm was applied. Both groups were treated for an

average of 8.5 months.

In both treatment groups there was significant molar distalisation compared to the
slight molar mesialisation in the control group. The final difference was 2.6mm in

the Activator HG group and 3.1mm in the JJ/HG group. The authors reported that
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in every single case a Class I skeletal pattern was achieved. The activator group
was felt to have more effect on the mandible and the mandibular dentition,
whereas the JJ group showed a greater effect on the maxillary teeth and the

maxilla.

In a further study Altug et al. (2005) took a sample of Class II patients requiring
unilateral molar distalisation and randomly assigned 10 patients to a group with
asymmetric headgear attached to a removable plate and the other group were
fitted with cervical headgear also applied to a removable plate. They used
radiographic markers on molar teeth to identify molar tooth movement and to
enable them to separate the molars being actively distalised from the molars on

the passive side.

They did not report any data on the duration of headgear wear, or the duration of
treatment. However they reported that distalisation was achieved in all patients,
and they recorded 6.6mm of molar distalisation in both treatment groups, which

represents highly successful treatment.

It was unsurprising in this study that a number of significant findings were
reported, as the method included something of a ‘ceph fest’. Twelve radiographic
measures were used on the lateral cephalogram and thirteen measures on the
somewhat unconventional analysis. When reporting the statistically significant
results, there was no reference to the magnitude of the movements so their clinical
significance could not easily be ascertained, the tables did not include units of
measurement (mms or degrees) and different levels of statistical significance were

used for the various reported measurements with no apparent consistency. It was
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also noted that there were statistically significant rotations and distal tipping of
the molar and premolar teeth, between 8 and 12 degrees. If these patients
subsequently moved to fixed appliances, and full sized archwires were employed,
much of the apparent molar distalisation would be lost, as the molars would

upright and derotate.

Efstratiadis et al. (2005) analysed the results of a RCT involving either straight
pull headgear or Function Regulator (FR) treatment. The investigators looked at
both conventional cephalometry and at regional superimposition of radiographs
on the cranial base and the maxilla. The 84 patients in the study were allocated to
wear headgear for 14 hours per day, or the Frankel FR appliance for 16 hours per
day. The authors judged 19 of the patients as ‘non-compliant’ and only included
the 65 ‘compliant’ patients in their final data set. This would certainly seem to

contravene best practice of an ‘intention to treat analysis’ (ITT).

The concept underpinning the regional superimpositions was to allow a better
understanding of conventional measurements, by including the effects of
structural displacements. They quite rightly pointed out that a decrease in SNA
after headgear use would leave the reader with the impression that point A had
moved backwards, however a large contribution to this reduction was from a
downward movement of point A, i.e. maxillary rotation. Forward growth of
Nasion could also be the cause of the observed SNA decrease. They concluded
that the main effect of the straight pull headgear, as used in their study, was on the
maxilla and the maxillary molars, as opposed to the Function regulator that

mainly affected the mandibular position, as well as affecting the maxillary
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incisors, the mandibular molars and incisors. In this study the average distal

movement of the upper first molars was less then 2mm.

Another RCT into anchorage methods was conducted by Bondemark and
Karlsson (2005) where they randomised 40 11-year-old Scandinavian children.
The children were allocated to treatment either with a cervical headgear or an
intra-oral appliance comprising NiTi springs on a palatal wire between molar and
premolar or second deciduous molar bands. The children were compliant with
headgear and wore this with an average force of 400-500gm for 10.8 hours per
day. The intra-oral appliance (IOA) was only activated once on insertion, and
required no further adjustments. There were no dropouts after randomisation,
although the authors noted there were four patients who refused to be included

into the study at the outset.

The results of the study were that there was effective distalisation of the molars of
3mm, occurring over a significantly shorter time period of 5.2 months with the
IOA, compared to a distalisation of 1.7mm over 6.4 months with the headgear.
Interestingly the overjet increased by Imm in the IOA because the Nance button
clearly failed to provide complete anchorage support. In the headgear group the
overjet actually decreased by 1mm and this would be a distinct advantage of this

approach.

The cephalometric findings of a RCT comparing two different methods of
anchorage reinforcement, in a series of ‘maximum anchorage’ cases were
described by Benson et al. (2007). The study involved 51 orthodontic patients

who were randomised for either Headgear, as the method of anchorage
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supplementation, or placement of a mid-palatal implant under local anaesthesia.
Following a 3-month healing period, to allow osseointegration of the implant,
forces were applied to the anchor unit via a custom made palatal arch. The authors
found that all the skeletal and dental cephalometric points moved mesially during
treatment, more in the headgear group than in the implant group. The range of
mesial movement of these landmarks was between 0.5mm and 1.5mm. None of
the treatment changes between the groups were found to be statistically
significant. They concluded that mid-palatal implants were as effective as

headgear in reinforcing anchorage.

One criticism of this study is the failure to use molar markers to accurately
identify the left and right molars. This would have allowed more accurate

measurement of the effect of each treatment modality upon the molar teeth.

Sandler et al. (2008) described in detail all the clinical aspects of the above study.
They pointed out that headgear and mid-palatal implants were equally effective in
providing anchorage support and that despite the greater number of visits with the
implant group, the overall treatment times were almost identical. This was the
first time that palatal implants had been included in an RCT and though they
reported a surgical success rate of only 75%, they reported an orthodontic success
rate of 90%, which was in accordance with other studies looking at success of this

particular method.

There were also no statistically significant differences in the Peer Assessment
Rating (PAR) scores at the end of treatment between the two groups

demonstrating an equally high standard of treatment in both groups of patients.
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Once again, taking into account all the clinical aspects of treatment, it was
concluded that there was little to choose between the two techniques, when
considering the effectiveness of anchorage supplementation with mid-palatal or
extra-oral anchorage. The factors that might determine the treatment choice

therefore, will be patient preference for an implant or headgear.

2.3 SUMMARY OF HEADGEAR FINDINGS

It can be seen from the 8 RCTs described above, that a small amount of distal
movement of the maxillary first molar teeth can be achieved with headgear.
Usually the success of headgear is thought to be due to a combination of the force

applied and the number of hours the headgear is actually worn.

Most clinical researchers applied a force of between 400 and 500gm, although one
group used a force of 250gm and another group used 700gm per side. The
requested duration of wear in study patients was generally 12-14 hours per day,
and it is likely that the hours of wear is at least as important as the actual
magnitude of the force applied. This aspect of the orthodontic treatment was
generally continued for a minimum of 6 months and in one study for the entire

treatment time that averaged 24 months.

In all but one study the movements achieved with the headgear were less than
4mm and in most studies the average movement was less than 2.2mm. In the one
study that claimed over 6mm of molar correction, (Altug et al. (2005)), it was

accepted that a significant amount of this movement was from molar tipping,
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which is of little clinical use because as soon as the fixed appliances are placed,

the teeth upright again, thus losing much of the apparent ‘distalisation’.

It can be concluded from these studies that one could reasonably expect headgear
in a cooperative patient, to at least provide stationary anchorage. This means that
in ‘maximum anchorage’ cases, providing the patient was cooperative with all the
reasonable demands made of them, it should be possible to avoid a significant
amount of mesial molar movement during the anchorage supplementation phase

of treatment.

2.4 THE NANCE PALATAL ARCH

In the United Kingdom at this current time, amongst both patients and clinicians,
there is a general dislike of headgear and all reasonable alternatives are usually
explored. This was illustrated by the results of a survey of specialist orthodontists
carried out by Banks at al. (2010). In this study they gathered the opinions of 935
practicing specialists on all aspects of fixed appliance treatment and the authors
had a 66% response rate. When asked specifically about anchorage
supplementation techniques, only 38% of respondents said they were using
headgear routinely. When broken down on a regional basis, 45% in the North of
England responded positively to the routine headgear query. In this study, 20% of

respondents confided that they did not use headgear at all.
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Figure 2.2 Acrylic Nance button added to the palatal arch to supplement

anchorage

A commonly used alternative to headgear is the use of a palatal arch either with or
without a large acrylic Nance button (Figure 2.2) Dr Hays Nance first described
this modification to the simple palatal arch in 1947. The theory behind the palatal
arch is that the 0.9mm stainless steel wire connecting the two teeth fixes the
intermolar distance. This means that if the molars were to move mesially the
buccal roots would press on the cortical bone, as the arch became narrower as
they moved forward, thus providing ‘cortical anchorage’. Even if there was a
slight tendency for mesial movement of the molar teeth, this would be further
resisted by the acrylic button added onto the anterior part of the palatal arch
referred to as the ‘Nance button’. This is meant to cover the vertical part of the
hard palate and to be kept 2-3mm clear of the gingival margins to minimise the

chances of any irritation.
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Clinical problems with the Nance button have been listed in a recent article by
Singh and Cox (2009) and include: breakage, irritation of the gingival tissues,
poor oral hygiene under the button and more seriously deep embedding in the
tissues leading to soft tissue overgrowth, denudation of palatal bone and damage
to the palatal roots of the incisor teeth. Treatment to correct one adverse event
involved immediate removal of the appliance, prescription of antibiotics and
periodontal flap surgery. Fortunately reports of problems with Nance buttons are
rare and in a response to this particular case Morris (2010) implied that an
inappropriate treatment plan by an inexperienced operator, using a poorly
designed appliance was the probable cause of the problem, rather than any

inherent problem with the Nance button.

There have been several studies that have investigated the effectiveness of palatal
arches and most of these have been retrospective. There has only been one RCT
(Stivaros et al. (2010)). This was a two-centre trial evaluating the effectiveness of
the Goshgarian and the Nance palatal arches. They also evaluated patient comfort

and ease of removal.

A sample size calculation indicated 57 patients should be included in the study
and 86% of these patients completed the trial period. The molar movements were
assessed using a sophisticated method of 3D scanning of the T1 and T2 plaster
models of the upper dental arch. The results showed that there were no
statistically significant differences between the two interventions in terms of
mesial drift or distal tipping however the Goshgarian palatal arch allowed more

disto-palatal molar rotation than the Nance arch. This was despite neither
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appliance having been activated in any way or form. Pain scores, which had been
recorded by the patients on a 7-point Likert scale, also differed with the
Goshgarian being more comfortable than the Nance palatal arch. The authors
concluded there was no preference of one type of palatal arch over the other,
unless the slightly increased discomfort with the Nance was considered

significant.

While the results of this study were interesting the study is of doubtful clinical
relevance because they only evaluated tooth movement during the levelling and
aligning stage of treatment. As a result, they did not evaluate tooth movement
during the application of force to the molar teeth when retracting canines and/or
reducing the overjet. This is important because when we consider anchorage
reinforcement, it is during this stage that the need to prevent mesial molar

movement is the most critical.
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2.5 MINI-IMPLANTS

Titanium dental implants were developed in Sweden during the 1970s and since
this time they have been used extensively in the USA and Europe mainly to
replace missing teeth. They offered an acceptable solution to both single and
multiple edentulous spaces where the general dental health was of a good
standard. For implants to be successful in general dentistry, the titanium surface
must form a mechanical bond with the bone and become osseointegrated. As a
result it appeared that osseointegrated implants might have a role to play in
reinforcing orthodontic anchorage as they provide a stable point from which force
can be applied and may therefore be a viable alternative to headgear. If these
implants were placed in the mid-palate and could be satisfactorily attached to

buccal segment teeth they could act as anchorage devices.

As long ago as 1983 Creekmore and Eklund described a technique of anchorage
reinforcement using small, non-osseointegrating ‘mini-implants’. These small
screws were placed in a patient’s maxilla above the upper anterior teeth and were
successfully used to intrude these teeth. Since then many case reports and case

series have been published in the orthodontic literature.

Skeggs et al. (2007) published a Cochrane review on mini-implants or Temporary
Anchorage Devices (TADs) in which they examined all the randomised or quasi-
randomised studies purporting to investigate surgically assisted anchorage
supplementation. They only found one study, by Benson et al. (2007), that could
be considered to be of ‘Cochrane Quality’ from which they concluded that there

was limited evidence to suggest mid palatal implants are effective in assisting
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anchorage support. The quality of all other studies before 2007 was considered

poor and their recommendation was that more RCTs are required.

A RCT using osseointegrated implants for anchorage supplementation was carried
out in Chesterfield by Sandler et al. (2008). This study described the treatment
process in detail and demonstrated that both headgear and mid-palatal implants
were successful for anchorage supplementation and also that the palatal implants
were well accepted by the patients. Sadly, at the end of 2008, the mid-palatal
implants were taken out of production, despite the fact that they had been
scientifically proven to work effectively. The manufacturers (the Straumann

Company) felt they would never appeal to anything more than a ‘niche market’.

A systematic review of the literature by Reynders at al. (2009) using the subject
heading ‘orthodontics’, and keywords: implant, screw, mini-implant, mini-screw,
micro-implant, screw implant, and temporary anchorage device revealed 3364
abstracts, all of which were read to identify high quality scientific studies. At the
initial assessment stage of the review 3312 were excluded from the review having
fallen foul of general selection criteria leaving 52 abstracts for further review.
These 52 papers were analysed and a further 21 were excluded, again on the
general selection criteria (they were only interested in miniscrews for orthodontic
anchorage, human studies, minimum of 10 patients, implants <2.5mm diameter,
studies not involving miniplates). Another 12 were then excluded on specific
selection criteria (success not defined, force duration not specified, study < 3

months, studies that failed to measured success at predetermined time).
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This, therefore, left only 19 articles of which fewer than 50% were prospective
studies. The validity of the conclusions from these studies were rated as clear (5),
partially clear (8) and unclear (6), and detailed explanations were offered of the
grading given. None of the 3364 articles was a RCT, and the authors noted,
agreeing with Skeggs et al. (2007), that high quality studies in this area of
orthodontic research were absolutely essential, and that scientific study into this

area, really was in its infancy.

2.5.1 FAILURE RATE OF TADS

Mini-implants have become extremely popular over the past couple of decades as
they are considered to be a simple and cheap way of offering an alternative to
more traditional methods of anchorage reinforcement that often rely heavily on
patient compliance. The ability of these small implants to remain stationary
within the bone and the lack of significant disadvantages or problems with the

technique was discussed by Liou et al. (2004).

Complications with TADs have however been described by Melsen and Verna
(2005) and efforts have been made by these authors to iron out some of the
potential problems by modifying both the implant and the technique. The Aarhus
system was eventually the one proposed by Dr Melsen and is the one used in this

current study.

Many factors have been suggested as possible contributors to the failure of TADs,

for example injury to adjacent structures (periodontal membrane, roots, blood

vessels and nerves) can lead to inflammation and infection.
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The site of TAD placement has been suggested as an important issue and the
recommendation was made that attached gingivae is more appropriate than
moveable mucosa (Miyawaki et al. (2003)). The time period after loading was
suggested to be important by Weichmann et al. (2007), who found most failures in

their studies occurred within 5 months of loading.

Papageorgiou et al. (2012) carried out a meta-analysis following guidelines
covered in the PRISMA statement detailed in the Cochrane Handbook for
Systematic Reviews of Interventions. (Version 5.1.0). The authors not only
included RCTs but also prospective controlled trials and prospective cohort
studies. The meta analysis was aimed at identifying possible risk factors affecting
mini-implant failure and a minimum of five studies covering the same specific
aspect of treatment was required for inclusion in the analysis. Any comparisons
that occurred with less than five studies to back them up were merely described as

exploratory analyses.

Their initial search revealed 4491 articles that were reduced to 4115 once the
duplicates had been removed. 3954 of these articles were then removed as the title
and abstract indicated their inadmissibility and 109 articles were also removed
after the full text revealed flaws. The 52 remaining studies were categorized into 5

RCTs, 8 prospective controlled clinical trials and 39 prospective cohort studies.

The total included 4987 implants placed to supplement anchorage in 2281
patients, which revealed an overall failure rate of 13.5% (95% CI, 11.5-15.8). A
meta-analysis limited to trials of over 100 miniscrew implants yielded a failure

rate of 14% (9.5-17). No difference in failure rates were observed when gender or
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age were used, nor was thread diameter or length shown to play a part. Side of
implant placement (left vs right) and site of placement (buccal vs lingual) was
also irrelevant. However jaw of placement showed differing success rates,

mandibular implants failed in 19.3% of cases and maxillary implants in 12%.

Exploratory analyses (those with fewer than 5 studies to support them) must be
viewed with caution, but there was no effect of self-drilling vs no self-drilling,
the type of tissue into which the implant was placed made no difference 1i.e.
attached vs moveable mucosa, and the time of loading (immediate vs > 2 weeks)
appeared not to effect the success of the technique. Root contact during insertion
increased the failure rate from <8% to 29% so this is clearly one event to be

avoided.

The overall miniscrew implant failure rate is similar to that found in the previous
systematic review (16.4%) carried out by Schaetzle et al. (2009). Only one paper,
Cheng et al. (2004) made reference to the possibility of overheating when drilling
sites of dense cortical bone and these authors recommended constant irrigation

with saline throughout the placement to prevent necrosis.

The higher failure rate in the mandible (19.3%) compared to the maxilla (12%)
was attributed to: (1) greater density of bone requiring greater insertion torque, (2)
overheating, (3) less cortical bone around the implant, and (4) narrower vestibule

leading to inadequate cleaning.

The strength of the above meta-analysis is that despite strict inclusion and

exclusion criteria it included a large number (52) of published studies. Where
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possible between-studies heterogeneity and publication bias was minimized and
the robustness of the failure estimates were checked and only risk-factor studies
were included. The arbitrary level of five studies was chosen; any factors studied
with fewer than five supporting studies was listed under ‘exploratory’

comparisons which require further RCTs before their effect can be verified.

2.5.2 CONCLUSIONS ON TADS FAILURES

The modest mean failure rate of 13.5% indicates the usefulness of this technique
in orthodontic practice. Many of the previously held beliefs about the age and
gender of the patient, or the site of the implant, or the method of drilling or timing
of force placement, were all found not to affect the success or failure of the

technique.

This meta-analysis reiterates the assertion of the previous systematic review of

Reynders et al. and the conclusions of the previous Cochrane review by Skeggs et

al. (2007) that more RCTs need to be carried out into this area.
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2.6 UPDATE OF THE COCHRANE REVIEW

The most relevant piece of work pertinent to my study was the systematic review
of the literature carried out by Skeggs et al. (2007), which had the aim of
evaluating the effectiveness of surgical methods of reinforcing anchorage
compared with more conventional methods. Other objectives were to report on

failure rates, discomfort and patient acceptance of the particular techniques.

The authors examined all randomised and quasi-randomised clinical trials using
surgically assisted anchorage reinforcement techniques and two reviewers
independently assessed the data. The results were collated then entered into
RevMan. Analysis of mean differences and 95% confidence intervals for
continuous data was reported along with risk ratios and 95% confidence intervals
for dichotomous data. Only one study was judged of sufficient quality for a
scientific assessment of effectiveness of surgically enhanced anchorage: Benson

et al. (2007).

In 2009 the original Cochrane review of Skeggs et al. (2007) was updated. 1
participated in this update together with Dr Safi Jambi and Professor Kevin
O’Brien of Manchester University. Following the Cochrane guidelines the same
search criteria and Medline search strategy as used by the original authors was
used, the details of which can be seen in Appendix 1 of this thesis. The aim of the
update was once again to identify any randomised clinical trials that used

surgically assisted anchorage reinforcement.

Electronic searching of the following databases was carried out: Cochrane Oral

Health Group Trials Register (searched 1 February 2006), Cochrane Central
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Register of Controlled Trials (CENTRAL), The Cochrane Library 2006, Issue 1,

MEDLINE (1966 to 31 January 2006) and EMBASE (1980 to 1 February 2006).

The journals that were hand searched included: American Journal of Orthodontics
and Dentofacial Orthopedics, Angle Orthodontist, European Journal of
Orthodontics, Journal of Orthodontics, Orthodontics and Craniofacial Research,
Journal of Dental Research, Journal of Dentistry, Journal of Clinical Orthodontics,
Clinical Oral Implant Research, Orthodontics and Craniofacial Research
International, Journal of Oral and Maxillofacial Implants, Clinical Implant

Dentistry and Related Research, and Implant Dentistry.

The results of the initial electronic and hand search of the relevant literature
revealed 108 initial reports. The titles and abstracts of each report were reviewed
by two reviewers (PJS and SJ) and the decisions recorded on the ‘surgical
reinforcement of anchorage during brace treatment’ form. Two basic questions
were asked: was it a clinical trial, case controlled study or case series involving
humans and is surgical anchorage involved? If the answer was yes to both of these
questions then it was deemed worthy of further investigation and the outcome of
each assessment of all 108 papers was recorded on the initial assessment sheet

(Appendix 2).

Each author assessed the forms individually and recorded the result on a basic
inclusion sheet. The results from both reviewers were then tabulated listing the
108 papers initially picked up by the search. A note was made if each reviewer put
the study down for inclusion or exclusion and a third column listed whether the

two reviewers agreed or disagreed on the outcome. Where there was agreement
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the studies were either included or excluded accordingly and when there was an
area of disagreement the paper was discussed and a consensus view agreed and
recorded. In the case of on-going disagreement then a third assessor (KO’B)

arbitrated.

There was agreement that further data extraction was required on 10 of the 25
papers and that 7 could be excluded at that stage. Both reviewers felt that 2 papers
were ‘unclear’ and further clarification was required and on five papers there was
disagreement and further discussion was required. It was felt that there was

missing data from one paper and an attempt would be made to retrieve the data.

A final column was agreed upon that then listed at the top, the 25 papers that were
to be investigated further and the 83 papers that were going to be excluded from

further assessment, (Appendix 3).

The 25 papers still in the study were then obtained and printed in full and sent to
each of the reviewers for the next stage of the process. The ‘Study Eligibility
Form’ (Appendix 4) applied to all 25 papers included four questions:

Is the study a RCT?

Are the participants having brace treatment?

Are there two groups of patients, at least one with surgical anchorage?

Were outcome measures reported?

The answers to each question could be Yes, Unclear or No

If the answers to the four questions were ‘Yes’ the author would decide to include

the study in the list for further investigation. If a decisive ‘No’ was recorded for
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any of the four questions then the study was excluded and the reason for
excluding the study was listed. At this stage 11 of the 25 reports were excluded:
four because of non-random assignment of patients to particular treatment
modalities, three because the method of patient treatment was not relevant to our

study and four because the outcome measures were not relevant.

Three reports were still unclear and I attempted to contact the three authors to
obtain further clarification. One author replied stating that there was non-random
allocation of patients and therefore this study was excluded. One author failed to
reply, and it proved impossible to track down the contact details of the third
author. These final two papers were therefore also excluded from further
investigation. A flow diagram of progression of the papers through the study can

be seen in Figure 2.3.

Eleven reports from the original 108 papers were deemed worthy of
comprehensive data extraction. Each reviewer, on three selected papers,
independently piloted a data extraction form and after discussion further
modifications of the form were made (Appendix 5). This final form was then used
to perform data extraction on the 8 studies, which represented the 11 reports still
included in the sample. One of these papers was written in Chinese and it was not

possible to obtain a satisfactory translation, to allow adequate data extraction.
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108 reports identified
by initial search

Title and abstract scanned independently
by two reviewers as to inclusion suitability

-

{ Initial 25 }

-

~ Study eligibility form

[\

11 reports
excluded

3 reports unclear, 11 reports
ultimately excluded included

Duplicate studies identified and combined

8 individual studies

Data extraction form now applied — Chinese
translation incomprehensible, therefore excluded

7 studies - eventually
included in the review

Figure 2.3. Flow diagram of |Cochrane update of TADs for anchorage 3
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Seven studies were therefore found to be appropriate for adequate data extraction
and therefore inclusion in this review. These were Benson et al. (2007),
Feldmann and Bondemark (2008), Garfinkle et al. (2008), Jackson et al. (2008),

Upadhyay et al. (2008a), Upadhyay et al. (2008b) and Jung et al. (2010).

Primary outcome measures were looked for in these seven studies. We wanted to
identify those that recorded mesial movement of maxillary molars, measured in
millimetres. Studies recording these primary outcomes were Benson et al. (2007),
Feldmann et al. (2008), Upadhyay et al. (2008a) and Upadhyay et al. (2008b) . At
least one of the secondary outcome measures of interest was referred to in the
other three studies namely: success rate, pain and discomfort, number of visits,

treatment duration and acceptability of the anchorage device.

Due consideration was given to the quality of all of the studies and it was
generally felt that the quality was not very high. We took into account allocation
concealment, blinding and information given on the subjects who withdrew from
the studies. In only one study did the two independent assessors rate the

methodology ‘A’ and that was the study by Benson et al. (2007).

The main source of bias was inadequate concealment of the allocation sequence.
The Benson et al. (2007) study suffered from the fact that the person generating
the sequence was actually involved in treating a few of the patients. Envelopes

were also kept at the treatment centres and theoretically could be tampered with.

31



Chapter 2 Literature review

The same criticism could be made of the Feldmann (2008) study. In the
Upadhyay' (2008a) study a statistician generated the allocation sequence and the
operators were blinded, but no details were given as to how the sequence was
kept. In the Upadhyay* (2008b) study the allocation sequence and concealment

were not specifically mentioned.

The flip of a coin was used in Garfinkle et al. (2008), for sequence generation that
is considered an inadequate method for allocation by the CONSORT group as it

can apparently be manipulated.

Jackson et al. (2008) used computer generated permuted blocks, which were
sealed in a brown envelope by a third party and only opened immediately before
implant placement. Again centralised storage of the envelopes and tamper proof

envelopes lined with foil or thick paper would have been the ideal method.

Blinding of the person doing the radiographic assessment of the various treatment
groups is thought to be important. Only in the Benson et al. (2007) study can it be
said with confidence that blinding was definitely performed. In the other studies
blinding was either clearly not performed, or it was unclear as to whether it had

been carried out.
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2.6.1 Comparison 1: Mesial movement of the upper first molar between

surgical and conventional anchorage

When examining maxillary molar movement in the TAD group Upadhyay et
al.(2008a) reported a net distal movement of the molar (-0.78 £ 1.35)(p<0.05).
These differences were significant when compared to conventional methods of
anchorage reinforcement such as palatal arches, headgear, banding of second
molars and application of differential moments, all of which were applied as
necessary. Anchorage loss when conventional anchorage methods were used was
measured as mesial movement (3.22 = 1.06 mm) (p<0.001). From this RCT the
authors concluded that mini-implants provided a stable source of absolute
anchorage for en-masse retraction of the anterior teeth. The success rate was high
(93%) but no statistically significant shortening of the treatment time was found.
Molars were actually distalised and intruded when TADs were used as opposed to
the horizontal and vertical anchorage loss seen with conventional methods of

anchorage reinforcement.

The same group of authors conducted a second RCT, this time on maximum
anchorage cases requiring just upper premolar extraction, instead of upper and
lower arch extractions (Upadhyay et al. (2008b)). En-masse retraction of the
anterior teeth was once again assisted by TADs or by conventional methods of
anchorage support such as headgear, palatal arches and inclusion of second
molars, depending upon the needs of the case. Comparing lateral cephalometric
radiographs before retraction started, with radiographs after all extraction space
was closed, allowed assessment of mesial molar movement. Maxillary molars

moved distally (-0.55 £ 0.98 mm) in the TAD group compared with anchorage
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loss seen as mesial movement (1.95 £ 1.19) in the non-TAD group relying on
conventional methods. The success rate of the implants was slightly lower in this
study (87%), however each one that was lost was replaced after 6 weeks of
healing. Treatment times for space closure were similar in the two groups.
Upadhyay et al. (2008b) concluded that TADs prevented loss of anchorage both in
the vertical and horizontal plane compared to conventional methods of anchorage

reinforcement, however a decrease in intermolar width was noted.

The results of the four studies recording this primary outcome measure of interest

are shown on the Forest plot (Figure 2.4).

1.1 Mesial movement of the upper first permanent molar (radsograph)

surgical anchorage comventional anchorage Mean Difference Mean Difference

Study or Subgroup Mean SD  Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
15 26 23 3 34 24 3% -150(3.23,0.23) ~ T
-01 067 54 1.59 174 59 E 69 21) ——
078 35 18 322 1.06 1 65] —_—
083 4 207 0 1 % 3,-0.45) -
Total (95% CI) 110 116 100.0% -1.75[-2.24,-1.26] B

Heterogeneity Tau*= 009, Chi*= 4,66, df=3 (P=0.20), F= 35%

Figure 2.4. Mid-palatal implants are seen to be more effective than conventional
methods in reinforcing anchorage, although there was moderate heterogeneity,

(Cochrane Review on TADs Safa, Sandler, O’Brien, in Press).

2.6.2 Comparison 2: Mesial movement of the upper first molar between mid-
palatal implant and headgear.

Feldmann and Bondemark (2008) conducted the world’s first study that compared
two osseointegrated palatal anchorage systems as to their anchorage
reinforcement capabilities. They were compared with headgear and a trans-palatal
arch in cases requiring upper premolar extractions. The onplant allowed very

slight mesialisation of the maxillary molars (0.1mm; S.D. 0.42) and using the
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Orthosystem implant the molars exhibited very slight distalisation (-0.Imm; S.D.
0.82 ). Both of the conventional methods allowed anchorage loss and this was

smaller with the headgear group (1.2mm; S.D. 1.96) compared with the palatal

arch group (2.0mm; S.D. 1.39).

Figure 2.5. Orthosystem mid-palatal implant provides excellent anchorage support

They defined unacceptable anchorage loss as greater than 1 mm of mesial molar
movement and therefore concluded that the Orthosystem implant was the one to

use if maximum anchorage was required (Figure 2.5).

The Feldman and Bondemark (2008), and the Benson et al. (2007) study both

compare these two methods of anchorage reinforcement. A fixed effects meta-

analysis was used to combine these two studies (Figure 2.6).
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1.2 Mesial movement of the upper first permanent molar (radiograph)
midpalatal implant orthodontic headgear Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
8enson 15 26 23 3 34 24 163% -150(3.23,023] T
Feldmann 01 082 29 12 195 30 837% -1.30(2.06,-0.54] -
52 54 100.0% -1.33[-2.03,.0.64) R
. Chi*=004 -:ir=1|F=:8‘4}‘l’=D“r. 94 =Z ! 5 A
effect Z=3.75 (P=0.0002) Favours palatal implant Favours headgear

Figure 2.6. Forest plot demonstrates that the mid palatal implants are more
effective than conventional methods, (Cochrane Review on TADs Safa, Sandler,

O’Brien, in Press).

2.7 SUMMARY OF THE LITERATURE ON SURGICALLY ASSISTED

ANCHORAGE SUPPORT

In the studies analysed in this systematic review the primary outcome measure
was anchorage loss, however the methods of measuring this aspect of treatment
were not identical in each study. Benson et al. (2007), in their study of mid-palatal
implants versus headgear, when assessing anchorage loss concentrated on the
maxillary molar position comparing the start of treatment position with that at the
end of anchorage supplementation. In this study no statistically significant

differences were identified between the two groups.

Three time points were used by the Feldman group when measuring anchorage
loss, comparing two types of mid-palatal implant with headgear and palatal
arches. Combining the two surgical methods and likewise combining the two
conventional methods of anchorage supplementation allowed the four different
interventions to be handled. They first measured the molar position at the start of
treatment to the end of leveling and alignment, and then again measured molar
position from this point to the end of space closure, and finally calculated the

overall anchorage loss. The difference in anchorage loss between cases using
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implants and cases relying on conventional methods of anchorage support did

reach statistical significance, and the difference was in favour of palatal implants.

The Upadhyay studies (2008a & b) compared TADs with conventional anchorage
comprising headgear, palatal arches and banding of second molars ‘where
necessary’. Both studies measured the maxillary molar position from the start of
treatment to the end of space closure and both found in favour of TADs, the
results being statistically significant. They gave no clear indication however, in
either study, how many patients required each of the specific conventional
anchorage supplementation interventions. It was also a slightly spurious
comparison between whether to use TADs or band the second molars, as it is

normal practice to include second molars unless there is an indication not to do so.

Secondary outcome measures included the success rate of the anchorage
supplementation technique, as well as specific aspects of the treatment process
including: length of treatment, number of visits and the patients’ perception of the
particular treatment they received. The problem with comparing success rates is
that the different groups measured success in different ways. The Feldmann group
reported surgical and conventional anchorage success but the other studies merely

recorded the success rates of the surgical anchorage technique.

Surgical success was defined by Sandler et al. (2008), as whether or not the
palatal implant osseointegrated successfully and, wusing this definition,
approximately 25% of the implants failed. Orthodontic success of the implant
however, was defined by whether or not anchorage supplementation was

ultimately provided by palatal implants or not (the original or a subsequent
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replacement), in which case the success rate was closer to 90%.

Upadhyay et al. (2008a) and (2007)) defined success as when the TADs were
stable throughout the space closure phase of treatment, but if they loosened and
fell out they were deemed to have failed. Their final success rates were reported in

the two studies as 93% and 87% respectively.

Anchorage loss of less than 1mm, with no failure of osseointegration, was a
definition of success by the Feldmann group, when comparing their two palatal
implants with headgear and palatal arches. An 83% success rate was recorded
with the Nobel Biocare onplant compared with a 93% success rate with the
Straumann, Orthosystem implant. These were in stark comparison to the 47%
success with the headgear group and 28% success recorded with the palatal arch
group. The large failure rate with the latter two groups were recorded because

there was > 1mm anchorage loss.

Had this definition, depending upon <Imm of anchorage loss for success, been
used for the Benson et al. (2007) study, then their reported failure rate would have
been much higher, as the mean average anchorage loss was 1.5mm in the implant

group and 3.0mm in the headgear group.

Early loading of the implants was compared to delayed loading in the Garfinkle et
al. (2008) and the Jackson et al. (2008) study, with the former looking at TADs
and the latter studying mid-palatal implants. They both defined success as the
ability to use the implant for anchorage supplementation throughout the treatment.

Success rate of TADs was reported at 80% both for the early loaded and the
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delayed loaded implants and for both types of palatal implants the success rate

was greater, at 95%.

Sandler et al. (2008) was the only study to report on the number of patient visits,
which was 26.21 (SD 7.41) in the implant group, compared with 19.29 (SD 4.58)
in the headgear group. This difference was statistically significant, but could be
explained by the additional number of visits the patient required specifically for
issues surrounding the surgical assessment, subsequent placement and follow up
of the implant, and then subsequent surgical removal of the mid-palatal implant

and associated follow up appointment.

Despite the additional visits required by the patients having surgical anchorage
supplementation, the mean duration of active treatment was not significantly
different: 2.15 and 2.23 years for the implant and headgear groups respectively.
The additional 3 months taken for osseointegration was, of course, not included

within the record of active treatment time.

Treatment duration was also considered in both of the Upadhyay studies, however
they only looked at the time taken for space closure, with the TAD group
compared to the headgear group. In their first study (Upadhyay et al. 2008a), time
for space closure was measured at 8.6 months for the group requiring surgical
anchorage supplementation compared to 9.4 months when conventional
anchorage was employed. This difference in treatment timings was not
statistically significant. In their second study (Upadhyay et al. 2008b) the mean
time for space closure was 9.2 months in the surgical anchorage group compared

to 10.6 months when conventional anchorage was used. The missing standard
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deviations in the Upadhyay et al. (2008b) study meant these results could not be

combined to be included in the meta-analysis.

Patient perception of treatment is an increasingly important factor to be studied. In
these investigations the authors included questions on the pain and discomfort
associated with placement and removal of the anchorage device. This was a
secondary outcome measure reported by Sandler et al. (2008), Feldmann et al.
(2007) and Garfinkle et al. (2008). The latter two groups used visual analogue

scales ranging from no pain (0) to very painful (100).

Feldmann et al. (2007) measured pain at a number of stages; including at
injection, on implant placement and after extractions both the evening after the
surgery and also one week after the surgery had been carried out. In their study
pain during anaesthetic placement was similar with a median score of 15 (0-72)
for Nobel Biocare onplant, 16 (0-84) Orthosystem and 10 (0-55) for premolar
extractions. Thankfully, the pain during the actual surgery was much less, with
scores of 3(0-14), 3(0-16) and 4 (9-28) respectively. The evening after the surgery
pain levels were high with Nobel Biocare (38; 0-100), low with Orthosystem (5;
0-90) and intermediate with premolar extractions (28; 0-100). One week after

surgery the pain was insignificant in all three groups.

In the Garfinkle et al. (2008) study the patients were asked to record the pain 1)
on TAD placement, 2) during treatment, and 3) on TAD removal. The scores
again on a range of 0-100 were recorded as 54.77 (SD 35.1), 35.92 (SD 28.53)

and 27.1 (SD22.78) respectively.
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The assessment of pain was simpler in the Sandler et al. (2008) study as a six-
point scale was used where 1 indicated maximum discomfort and 6 was totally
comfortable. The questionnaire was completed on placement, after 3 days and on
removal of the implant. 75% of the respondents listed the score 4-6 both on
placement and after 3 days however on removal more discomfort was recorded,
with 20% scoring 1 and 40% scoring 3. Only 40% scored the palatal implant

removal as a comfortable procedure.

Li et al. (2011) published a systematic review looking at all the studies that
compared the anchorage capacity of implants and headgear, when looking at
anterior segment retraction. Whilst the initial search revealed 35 articles, only 8
studies met all the inclusion criteria. Two of the studies (Huang and Han (2007)
and Qin and Mao (2008)) reported significantly less mesial movement of the

molar teeth in the mini-implant group than with the headgear group.

2.8 CONCLUSIONS ON SURGICALLY ASSISTED ANCHORAGE
There are only a few studies of high quality with low risk of bias identified in the
literature, comparing surgical reinforcement of anchorage with more conventional

methods.

When data was combined using Cochrane guidelines in a meta-analysis, a
statistically significant result favouring the surgically assisted anchorage was

obtained.

There is still a need for more RCTs to strengthen the evidence to allow us to make
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even more reliable recommendations about the anchorage supplementation value

of TADs, compared with more conventional methods of anchorage support.
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2.9 THREE DIMENSIONAL MEASUREMENTS AND ORTHODONTICS

Three-dimensional measurements have always been a goal of orthodontists. Since
the introduction of the cephalostat by Broadbent (1931), in an attempt to
standardise lateral cephalometric radiographs, suggestions were made that 3D
measurements had more value than the traditional 2D measurements. These
pioneers attempted to introduce coordination of lateral and posterior-anterior (PA)
radiographs to the orthodontic community using ‘the Orientator’, Figure 2.7. The
patient was placed in the cephalostat, which after taking the lateral cephalogram
was rotated through 90 degrees to allow a PA cephalogram to be obtained,
without the patient having moved at all. Points were then identified on both views
and corresponded on ‘the Orientator’ which could be then said to be a two
dimensional representation of the three dimensional position of the landmarks.
The aim was to compensate for the inherent distortions due to the spread of the x-

ray beam.

-
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Figure 2.7 The Bolton Orientator - 3D representation of 2D points from

Broadbent (1931)
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This development was not accepted into routine practice by orthodontists because
they maintained that orthodontic problems were usually symmetrical and there
was no need for a PA view. Furthermore if there were distortions on a lateral
cephalogram, these were the same for all patients, as a result they could be largely
ignored. This perception remains today as evidenced by the fact that most
cephalometric projects are based on averaging out the position of the right and left

upper first molar.

Other workers such as Baumrind, Moffet and Curry (1983), have used true three-
dimensional cephalograms using coplanar cephalometric stereo pairs but the
disadvantage of needing expensive machinery for visualising the reconstructed
form was highlighted. The other recognised problem with all the new techniques

was an absence of normative data.

When considering the technique of three-dimensional cephalograms Grayson et
al. (1988), pointed out that the technique will proceed more accurately if bilateral

landmarks on the lateral film have not been averaged.

Burstone et al. (1982) made early attempts at measurement of tooth movement in
three dimensions. They used pulsed laser hologram interferometry to measure the
effect of axially directed forces on maxillary central incisors. The technique
involved splitting the laser beam into two to allow one beam to illuminate the
subject and the other to be steered towards the high-resolution photographic plate
to produce the hologram that allowed reconstruction of a 3D image of the subject.

The pulsed laser had extremely short exposure times hence eliminating the effects
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of movement, and holograms were repeated 4 times at 30-second intervals to see
the immediate effects of the axial loading. Four subjects were tested with forces
of 200gm and 300gm, which produced measurable tooth movement over the two-
minute time interval and the translation and rotation allowed calculation of centres
of rotation that were found to lie at a vertical level coincident with the root

centroid.

In 1985 the first publications started to appear detailing attempts to use laser
scanning as a tool for prediction and planning in maxillofacial surgery. For
example Arridge at al. (1985) listed the potential benefits of this approach
including integration of soft tissue scans with the information obtained from CT
scans of the underlying hard tissues. They gave details of the early attempts at
data acquisition along with how the two data sets were subsequently managed.
The main limiting factor was the processing speeds of the computers and the
choice of hardware to manage even a few thousand triangular surface elements
was critical. The need to set up a database was stressed so that the simulated

tissue behaviour following reconstructive ‘surgery’ bore some relation to reality.

An attempt to start compiling a database of 3D facial form was made by Ferrario
et al. (1995). They used an automated infrared photogrammetry system to record
22 standardised soft-tissue facial landmarks on 40 men and 40 women selected for
their dento-facial ‘normality’. Facial volumes were calculated and sample
variability described. They felt that in the future non-invasive surface
measurements would be employed with or without conventional radiographic data

to allow classification of facial types.
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2.10 SUPERIMPOSITION OF 3D MODELS

An early attempt to make 3D measurements on dental casts was described by
Lebret (1962) who found inter-rugae distances to be constant, particularly those
near the midline. Peavy and Kendrick (1967) found the lateral ends of the rugae
were affected by tooth movement, but they looked at movement of canines and
second premolars only, not the molar movement and also failed to study the

medial ends of the rugae.

In 1978, van der Linden reported on 65 cases that had been studied over a 10-year
period. He found the canine distance to the lateral end of the first rugae to be a
stable measurement but the first molars moved mesially, relative to the lateral
ends of the third rugae in these untreated cases over a 10-year period. He didn’t
study the medial ends of the rugae in great detail, but he finally concluded that the
palatal rugae could be used as stable points against which movement of molar
teeth could be measured, agreeing with his other researchers such as Moyers et al.

(1976)

Almeida et al. (1995) looked at 94 patients involved in a Class 2 study and
identified that the lateral ends of the rugae moved with treatment. She concluded

that the medial ends of the rugae could be used for model superimposition.

It is clear from these studies that possible drawbacks of using palatal landmarks
include that the lateral ends of the rugae could be effected by both headgear
treatment (Almeida et al. (1995)), by maxillary premolar extraction (Bailey et al.
1996) and by large amounts of maxillary expansion (Damstra et al. (2009)).

However it appears that the medial part of the palatal rugae are sufficiently stable
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to allow reliable superimposition of maxillary models, from which accurate

measurements can be taken.

Another study that looked at the stability of the palatal rugae was that by
Ashmore et al. (2002). These authors were trying to develop a technique to
superimpose 3D data taken from selected landmarks on serial models to allow
them to assess first molar movement in patients subjected to two years of

headgear therapy, Figure 2.8.

Figure 2.8 All models orientated in the same plane X-Y represented AP direction
and bucco-lingual direction and the Z-axis indicates vertical direction, from

Ashmore et al. (2002).

This study was carried out because it was recognised that, up until that point, most
of the conclusions about the anterior and vertical effects of headgear had been
derived from superimposing serial lateral cephalometric films with all the
attendant drawbacks. These problems with cephalograms include exposure of the
patients to potentially harmful radiation limiting the number of films which can be
taken, the necessary annualisation of changes, because of the varying interval
between films, may mask the true dynamic change, superimposition of bilateral

landmarks can lead to interpretational inaccuracies, and errors in patient
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positioning and in identification of stable structures, may lead to

misrepresentation of the actual clinical effect.

Ashmore et al. (2002) therefore aimed to measure the molar movement using a 3D
digitiser to measure landmarks on stable maxillary structures from bi-monthly
maxillary casts. A desktop mechanical 3D digitiser comprised a stylus tip on a
mechanical arm, which allowed movement in all 3 planes of space. On activation
of a foot pedal the X, Y and Z coordinates of the stylus tip were captured and fed

to a computer.

The authors found statistically detectable changes in the shape of the palatal rugae
in both the control and the headgear group but these amounted to only 2% of the
distance between measured rugae. It was felt this was insufficient to effect the
conclusions drawn in the study. In future studies the authors suggested using a
weighting superimposition method that would put greater statistical emphasis on
the most stable parts of the rugae (medial ends) and less emphasis on the
moveable parts of the rugae (anterior and lateral parts). Using their 3D method of
study model measurement they concluded that headgear treatment could lead to

up to 3mm of distalisation of first molars compared to an untreated control.

Vertical growth changes in the position of the palatal rugae were studied in detail
by Christou and Kiliaridis (2008). Whilst it was accepted that palatal rugae are
reliable points against which short-term anteroposterior dental changes can be
measured, they found that significant vertical changes in the rugae occur, having

observed 10 adults and 13 adolescents over a four-year period. They felt that only
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the third rugae can be reliably used to assess dental changes, as vertical and

anteroposterior growth changes around the third rugae are almost negligible.
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2.11 LASER SCANNING IN ORTHODONTICS

The use of lasers in the head and neck region was another step forward to allow
more accurate 3D assessment of the clinical situation. Colour stereo lithography
has been put to good use in preoperative planning when working up patients with
complex maxillofacial tumours (Kermer et al. (1998)). Colouring of the area
affected by tumour is produced by slowing the rate of scanning thus exposing the
area to a larger dose of laser that solidifies the resin and changes its colour to a
deep red. Greater accuracy in planning the resection can be achieved as well as

enhanced preparation of the plates needed in the reconstruction.

The first investigator to use surface laser scanning of study models was Kuroda et
al. (1996). They used a slit-ray laser and two charged coupled devices within
video cameras to record the images, Figure 2.9 Two cameras were needed to
allow a record to be made of undercuts and it took about 40 minutes to record a

dental cast.
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Figure 2.9 Slit ray laser projector and two CCD devices capture images (from

Kuroda et al. (1996))
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The computer stored 90,000 sets of X, Y and Z coordinates and the measurement
error was found to be less than 0.05mm. They felt that an important advantage
was the ability to measure both the palatal area and the volume of the oral cavity
and suggested that time consuming mock surgery on models will eventually be

replaced by virtual set-ups on laser-generated models, Figure 2.10.

Figure 2.10 Virtual set-up teeth moved to the ‘ideal’ position, on the computer

(from Kuroda et al. (1996))

In a more recent investigation the commercially available Minolta Vivid 700
scanner was used by Sohmura et al. (2000), to evaluate if accurate 3D scans of
models could be produced for diagnosis and treatment planning. They developed
a ‘goniometer’ that held the study models in 4 different positions to allow
scanning even of the undercut areas on the models. Each scan took 0.6 seconds
and the computer connected the data from the four scans to reconstruct the model.
They showed that data connections were accurate for flat surfaces, but less so for
inclined surfaces. It proved possible to reconstruct the patient’s occlusion and
they predicted that despite its current shortcomings, 3D models would replace the

traditional stone alternatives in the future.
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Using scanner technology Hoggan and Sadowsky (2001) studied 33 patients who
had upper first premolars extracted and subsequent orthodontic treatment.
Anteroposterior molar and incisor movement was assessed on 2 cephalometric
variables and 6 study model variables. Models in this study were scanned with a
simple flat bed scanner and a mm rule was placed on the models to allow
magnification to be checked. The molar points on the cephalogram were averaged
and on the scans the right and left molar points were also averaged. There were no
statistically significant differences whatsoever between the tooth movements
measured cephalometrically and measured from the medial and lateral ends of the
first or second rugae, or the medial end of the third ruga. The authors therefore
concluded that rugae landmarks are as reliable as cephalometric superimposition,

to assess anteroposterior molar movement.

Another experiment to assess the reliability of scanning, for measuring the 3D
position of landmarks, was carried out by Kusnoto and Evans (2002). They
pointed out that it was already possible to obtain 3D information on all patients
using CT scans, but felt the level of radiation was unacceptably high for them to
be used routinely. Their investigation also used the Minolta Vivid700 laser
surface scanner which in 0.6 seconds could produce a surface lattice of 380,000
points allowing models to be cross sectioned and superimposed and subsequently

measured on the computer screen (Figure 2.11).
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Figure 2.11 Three-dimensional computerised models proved to be very accurate

(from Kusnoto and Evans (2002))

The errors they found were between 0.2 and 0.7mm and in a similar way to other
investigators they had problems scanning undercuts necessitating 3 separate scans
with model repositioning in between. They demonstrated the technique to be more
accurate in measuring height and width aspects of the study models mainly due to
the units horizontal beam source however the time discrepancy when measuring
depth led to a slight enlargement in this dimension. A correction factor was
introduced to minimise errors of magnification and modifications made to

subsequent laser units to avoid this problem.

Since these early experiments with digital models many researchers have

investigated the validity and precision with which measurements can be made
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recognising the plethora of advantages including storage and retrieval as well as
communication, transfer of records, and long distance diagnosis and treatment
planning ( Kusnoto and Evans (2002), Zilberman et al. (2003), Quimby et al.

(2004), Redlich et al. (2008) and Fleming et al. (2011)).

An interesting study was carried out by Jang et al. (2009). On 10 patients an oral
surgeon placed 3 miniscrews in the palate prior to the extraction of upper first
premolars and comprehensive orthodontic treatment. The miniscrews were ligated
to a palatal arch so they were used primarily to supplement anchorage but were
also used as landmarks for superimposition. They accurately identified the medial
and lateral ends of the first three rugae thus identifying twelve palatal landmarks
in all. The 3D images were superimposed with the ‘best-fit” method on the three
implants, which were considered stationary landmarks. A co-ordinate system as
described by Cha et al. (2007) was used to measure the displacement of the rugae

in three planes of space.

They were therefore able to compare tooth movement measured by superimposing
3D scans on the three implants, with tooth movement measured by superimposing
on the palatal rugae. They found that the medial point of the third rugae, which in
the experiment was furthest from the retracted anterior teeth, was the most stable
thus agreeing with the work of Frans van der Linden (1978) (Figure 2.12). The
contour of the posterior region of the palatal vault was also particularly stable and
Jang et al. (2009) concluded that these landmarks can be reliably used as stable

points from which tooth movement can be measured.
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surface B

Figure 2.12 Landmarks identified for reproducible dental cast superimposition.
R3M = Right 3" rugae medial, L3M = Left 3™ Rugae medial, point A bisector

(from Jang et al. (2009))

Their superimposition method was based upon point A, the mid-point of the line
connecting medial points of the 3™ rugae, and surface B on the palatal vault
delineated by a line 10mm behind point A and Smm ahead of a line connecting
the distal surfaces of the second molar teeth. Laterally the line was 10mm from a
line connecting the gingival margins of the posterior teeth. Movement of both the
upper incisors and the molars, measured using the rugae-palate-superimposition
were not significantly different from the movements measured using the three

fixed screws.

This method was not considered necessarily appropriate for superimposing
maxillary casts in growing children as the dimensions of the alveolus have been

shown to change with growth (Simmons et al. (1987)).

A subsequent model of the laser scanner used by Kusnoto and Evans (2002), the
Minolta Vivid 9101, was tested by Thiruvenkatachari et al. (2009). They also
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wanted to test the accuracy of the 3D scanner and to compare it with
measurements from cephalometric radiographs. They developed a method of
superimposing scans from pre- and post-treatment models using primarily stable

points on the palatal rugae and a stable area in the centre of the hard palate (Figure

2.13).

Figure 2.13. Palatal rugae identified on start and end of treatment models (from

Thiruvenkatachari et al. (2009))

This newly designed hardware and improved measurement algorithms provide
four times the measurement accuracy of previous models. The model on a rotating
platform was scanned and light reflected from the surface is recorded on the
charged-couple device in a camera. The computer, using the Rapidform 2006
software, then triangulates the 300,000 points making a 3D polygon mesh. The
models are then aligned with their occlusal planes parallel to the horizontal then
superimposed on the prominent rugae. A stable mushroom shaped area on the

palate is then selected for final superimposition. Differences between the pre and
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post treatment models were then assessed and accepted if they were found to be

less than 0.8mm.

The next stage involved tracing the clinical crown of the molar, which then
allowed the software to calculate the centre of mass of the crown of the tooth.
When this was done for both molars, on both pre- and post-treatment models,
movement of the centre of mass in all 3 planes of space can be measured. The

whole procedure took 30 minutes for each set of models.

The accuracy of the computer measurements were compared with hand
measurements with digital callipers and with an experimental jig where the molar
crown could be moved bucco-lingually and mesio-distally in 0.5mm increments.
There were no statistically significant differences between the calliper and the
computer measurements. The scanner was accurate to 0.023mm for AP and
0.007mm for bucco-lingual movements when comparing it to the predetermined
(0.5mm increments) jig movements. The final part of the study was comparing the
movements measured by the scanner with those measured by cephalometric

radiographs and there were, once again, no statistically significant differences.

This study therefore showed that 3D scanning is accurate and is an acceptable
alternative to cephalometric measurements when assessing molar movement. The
main advantage is the avoidance of patient exposure to potentially harmful
ionizing radiation. It also meant that the movement of the individual molar teeth
in all 3 planes could be measured with great accuracy, which is not the case with

cephalometric radiographs. The disadvantage of this technique is the time

57



Chapter 2 Literature review

required for scanning of each set of models, which is currently 20-30 minutes, and

the initial cost of the hardware and software ($40,000).

Choi et al. (2010) carried out a study on 20 sets of plaster models whereby 3D
scans were taken and then the teeth were randomly moved having been sectioned
from the models. A second 3D scan was made with the teeth in the new position
and measurements were made having superimposed the scans on the palatal
tissues and also directly on the plaster model. Anteroposterior, vertical and
transverse movements were measured using both methods and the means did not
differ significantly. There were also very high correlations between the two types
of models demonstrating that the method of measurement on 3D scans was

precise and reproducible

Another study aimed at identifying a stable and reproducible reference region on
which 3D scans could be superimposed was carried out by Chen et al. (2011).
This study was carried out on fifteen patients who required reduction of maxillary
protrusion involving bilateral first premolar extractions. Six miniscrews were
placed but only two were loaded and used for anchorage reinforcement. The other
four miniscrews were left unloaded, which allowed confirmation that the
unloaded miniscrews were in fact stable. Impressions were taken 1 week after
screw placement, and then at 17 months when the active tooth movement was
complete. This methodology allowed a comparison between loaded and unloaded
miniscrews. The maxillary models were registered using iterative closest point
(ICP) methodology. ‘Iterative Closest Point’ is an algorithm employed to
minimise the difference between two clouds of points. It is used to reconstruct

two or three-dimensional surfaces from different scans. The algorithm iteratively
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revises the transformation (which comprises rotation and translation) needed to

minimise the distance between the points of the two raw scans.

The initial rotation and translation matrices were estimated using the unloaded
miniscrews, considered to be stationary implants. First, they investigated if the
unloaded screws remained stable by measuring the distances between the screws
at T1 and T2. All successful miniscrews were stationary i.e. displaced < 0.5mm.
Displacements of all the loaded miniscrews was also < 0.5mm. Mean
displacement of the unloaded miniscrews was 0.23+ 0.lmm while the loaded

screws was 0.24+ 0.13mm. There was no significant difference between the two.

Using the stable (unloaded) miniscrews as reference points, a stable palatal region
between the T1 and T2 models (deviation < 0.5mm) was also identified. It was the
area delineated anteriorly, by the curve of the anterior outline of the 3™ rugae and
a line connecting the medial points of the right and left 3" rugae, posteriorly by a
line connecting the first molars distal surface and laterally by a line connecting the
lateral 1/3 point of the 3™ rugae parallel to a line through the central groove of the
molars on the same side. The stable palatal region is therefore defined as the

medial 2/3 of the 3™ rugae and the regional palatal vault dorsal to it (Figure 2.14).
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Figure 2.14 Unloaded implants allowed the stable area of the palate to be
identified (blue), whilst the loaded implants facilitate retraction of the incisor

teeth (from Chen et al. (2011)).

A comparison was now drawn between the molar and incisor movements during
treatment, as measured using the miniscrews, and then measured again using the
palatal vault method. There was no statistically significant difference between the
two measurements. The palatal vault method was considered to be valid and
therefore there would be little need to place implants in future patients to allow

precise regional superimposition of T1 and T2 models.

In summary, the weight of evidence indicates that the medial ends are the more
stable parts of the major rugae and are least affected by extractions and
subsequent orthodontic tooth movement. The third rugae in particular appears to
be the most reliable area for superimposition particularly when combined with an

area stretching backwards over the hard palate, extending either side of the
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midline. This area should ideally be selected when ‘helping’ the computer find

correspondences, using algorithms such as ‘Iterative Closest Point’.
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3.1 AIMS

The aims of this study were:

* To compare the anchorage supplementation effectiveness of TADs with

both headgear and Nance button palatal arches

* To compare the patient perception of the above three methods of

anchorage supplementation

3.2 OBJECTIVES
Specific objectives were:

1) To determine if there is a difference in the amount of upper molar movement
when reinforcing anchorage in ‘maximum anchorage cases’ using:

(a) Headgear

(b) Nance button palatal arches or

(c) TADs.

2) To determine if there is a difference in the treatment process:

* duration of anchorage reinforcement

* total number of visits

* total treatment time

* number of casual appointments or number of failed appointments

when comparing the above three methods of anchorage reinforcement.

62



Chapter 3 Aims and Objectives

3) To determine if there is a difference in the quality of the final outcome, as
measured by PAR, when reinforcing anchorage in ‘maximum anchorage cases’

using: (a) Headgear, (b) Nance button palatal arches or (¢) TADs.

4) To determine if there are differences in patients perceptions of the three

methods of anchorage reinforcement

3.3 NULL HYPOTHESIS

There is no difference in the effects of TADs, Headgear or Nance button

palatal arches when used to reinforce orthodontic anchorage with respect to:

1. The amount of molar tooth movement.

2. Duration of treatment

3. Number of treatment visits

4. Dento-occlusal change (PAR Index) and final PAR score

5. Impact of anchorage supplementation method questionnaire
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MATERIALS AND METHODS
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CHAPTER 4.0 METHODOLOGY

4.1 INTRODUCTION

The TADs assessment trial was a dual-centre prospective randomized controlled
trial to evaluate the effectiveness of three different methods of supplementing
anchorage in a group of ‘maximum anchorage cases’. The study was made
possible following a successful grant application to the British Orthodontic

Society Foundation (Appendix 6)

The study and clinical treatment was carried out in two centres: Chesterfield and
North Derbyshire Royal Hospital (CNDRH) and Royal Derby Hospital (RDH).
The research team consisted of three members: the author of this thesis from
CNDRH (Mr Jonathan Sandler) from RDH (Ms Alison Murray) and the project

supervisor from Manchester (Professor Kevin O'Brien).

42  STUDY DESIGN
This was a two-centre randomised clinical trial and was approved by Derbyshire

Research Ethics Committee REC reference 07/Q2401/50 (Appendix 7)

43 OUTCOME MEASURES

The following primary outcome measures were used in the trial:

Amount of movement of the upper molar teeth as measured by:
* Restricted cephalometric analysis
* Three-dimensional tooth movement using a laser scanner on study models

The following secondary outcome measures were used in the trial:

* Duration of anchorage reinforcement
*  Number of treatment visits

* Number of casual (emergency) visits and failed appointments
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e Total treatment time
¢ Dento-occlusal outcome — final PAR score

* Patient impact of anchorage supplementation method (questionnaires)

44  CENTRES INVOLVED

The study was coordinated from Chesterfield and North Derbyshire Royal
Hospital Foundation Trust and some patients were also treated at the Royal Derby
Hospital. Both of these centres are District General Hospital orthodontic
departments, primarily concerned with the delivery of high quality orthodontic

care for patients and for the clinical training of orthodontic registrars.

4.5 SUBJECTS

Comparison of experimental and control group

The sample size calculation was based on a clinically meaningful difference in
anchorage loss from a previous investigation into the effectiveness of mid-palatal
implants and headgear (O'Brien and Fleming, 1979). If we consider that a
variance of means to be 1.5mm (Common SD — 3.035) then for a trial with a
power of 80% and an alpha of 0.05 a sample of 25 patients was needed in each
group, assuming an estimate of non-compliance of 20%. The table from the
nQuery Advisor statistical software is included for reference (Table 4.1).

Table 4.1 Sample size calculation: One-way analysis of variance (equal n’s)

1 2 3
Test Significance level, a 0.05 0.05 0.05
Number of groups 3 3 3
Variance of means V= 3(ui-u)’/G 1.50 0.50 0.72
Common standard deviation, o 3.04 3.04 3.04
Effect size, A*=V/o’ 0.16 0.05 0.08
N per group 21 61 42

66



Chapter 5 Clinical treatment

4.5.1

INCLUSION CRITERIA

Patients aged between 12-18 years

Patients who desired orthodontic treatment for correction of their
malocclusion

No previous experience of orthodontic treatment

Patients who satisfy the ‘absolute anchorage’ requirement.
Absolute anchorage was determined on the need to prevent any mesial
movement of the molar teeth, until the anterior teeth had been moved to an
appropriate position.

Clinical examination confirmed a functional appliance was not indicated

Orthognathic surgery not considered appropriate

4.5.2 EXCLUSION CRITERIA

Clinical indication that the patient would benefit from a functional
appliance approach

Previous orthodontic treatment and/or tooth extraction, for orthodontic
purposes

Hypodontia of more than one tooth, in any quadrant, excluding third
molars

Inadequate level of oral hygiene or persistent gingival disease
Orthognathic treatment indicated, or may be required in the future

Presence of a cleft or craniofacial anomaly

4.5.3 RECRUITMENT OF SUBJECTS

Patients were initially selected from the new patients referred to CNDRH and

RDH for orthodontic treatment.

The pattern of recruitment can be seen in Figure 15.
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Recruitment to the
anchorage study
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Figure 4.1 The pattern of recruitment can be seen over a 28-month period.

4.6 ENROLMENT OF PARTICIPANTS

If a patient satisfied the eligibility criteria, they met with the clinician who
would be performing the orthodontic treatment. The study was explained to both
the patients and their parents and they were given comprehensive verbal and
written information. They were given the opportunity to ask any questions that
they might have. In addition, they were given leaflets that fully explained all
aspects of the study: one document was written for the parents and a second

document specifically written for the patients (Appendix 8).

The patients and parents were then given a ‘cooling off” period of at least 7 days,
to consider whether they wished to be involved in this RCT. A subsequent

appointment was made at least one week after the orientation meeting, to allow
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written consent to be obtained for inclusion in the study if they chose to

participate.

4.7 CONSENT PROCESS

The parents and patients each had three copies of the consent form to sign
(Appendix 9 & Appendix 10). They consent gave permission for clinical
photographs and radiographs to be used in future presentations. One copy of each
form was then given to the parent; a second placed in the research file and the

original copy was kept in the patient’s medical notes.

If they declined to participate in the study but were still keen on correction of their
problem they were still offered orthodontic treatment. Under these circumstances
we used the default method of anchorage supplementation, which was the
provision of headgear, extractions as appropriate and upper and lower fixed

appliances.

The patients General Dental Practitioner was also informed that their patient had
been enrolled into a trial (Appendix 11) which has full ethical approval and is
supported by the British Orthodontic Society Foundation (BOSF) and by

Chesterfield Royal Hospital NHS Foundation Trust.

4.8 METHOD OF RANDOM ALLOCATION

Randomisation was performed by The University of Nottingham, Clinical Trials

Unit thereby separating the process of patient recruitment and randomisation.
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When the patient and parent had consented to be in the study, the randomisation
centre at The University of Nottingham, Clinical Trials Unit was contacted via the

Internet address: http://www.ctsu.nottingham.ac.uk /0822/login.asp

The clinician was instructed to enter their login name and preset password
(Appendix 12). The clinician then entered the following data: (i) patient’s initials,
(i1) gender (iii) date of birth. Once confirmation of the patient details was given,
the computer instantly randomised the patient to one of three groups.

The randomisation was based on a computer generated pseudo-random code using
random permuted blocks of randomly varying size. This random sequence was
created by the Nottingham Clinical Trials Unit and held on a secure server in

accordance with their standard operating procedure.

The clinicians and the patients were blinded to the allocation sequence.

Once randomisation was complete we printed out the page as verification of the
group to which the patient was randomised. In addition, a sticker was placed on
the front of the patient’s notes that indicated which group the patient was in. This
served as a visual prompt to any other clinicians who happen to see the patient for

an emergency appointment, that they are part of the TADs trial.

At the end of the study the full randomisation list was printed out (Appendix 13)

to be referred to during the data analysis stage.
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Once the patient had been randomised they were given specific details about their
particular treatment protocol and arrangements were made to start clinical
treatment.

Molar derotation was carried out before the anchorage supplementation method
was fitted. This was done by fitting a sectional fixed appliance on the premolars
and molars. We progressed through a standard archwire sequence of 016
Sentalloy, 18/25 Neo-Sentalloy and 19/25 Stainless Steel. Once this wire had been
in place for at least 4 weeks, and the molars were seen to be fully uprighted and
derotated an appointment was made for debond of the sectional appliance (Figure

5.1), and collection of further records.

Figure 5.1 Sectional appliances removed, molar markers prepared in 19/25

Up until this point all three patient groups were treated identically but from this
visit onwards, three distinctly different paths were followed. To aid efficient and
effective completion of subsequent visits, to ensure nothing was overlooked and

all necessary records were taken at the appropriate stage, a single laminated sheet
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was provided for all the assistants involved in the study (Appendix 14). The
assistants were instructed to familiarise themselves with the contents of the sheet
appropriate to the patients they were dealing with on each anchorage clinic.
Wherever possible the patients were booked onto the same treatment day for the
whole of their treatment. Apart from the occasional emergency visit, all

treatments were carried out by a single operator (PJS or AMM).

Different coloured folders were given to the three groups of patients:
* red=TADs
* green = Headgear (HG)

* yellow = Nance button

This allowed both the operator and the assistant to instantly identify research
patients. This would then ensure that the required paperwork was completed with

meticulous precision at every visit.

Silicone impressions, alginate impressions and two wax bites were taken to allow
subsequent assessment of the molar position at the start of anchorage
supplementation. Molar bands were then fitted to the upper molars and
cephalometric markers were placed prior to an initial lateral cephalometric
radiograph. This allowed the ‘base-line’ antero-posterior position of the upper left
and right molar teeth to be identified on the cephalogram taken at the start of

treatment.

In order to allow the right molar tooth to be differentiated from the left molar

tooth on the lateral cephalometric radiograph, ‘molar markers’ were bent up in
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0.019" x 0.025" stainless steel arch wire. These markers were bent into the shape
of an ‘R’ or an ‘L’ to indicate their respective sides; these were held hard up
against the mesial edge of the molar band using a separating module (Figures 5.2

and 5.3).

Figure 5.2 and 5.3 Right and Left molar markers held in place with elastics for the

radiograph

After the lateral cephalometric radiograph had been taken (Figure 5.4), checked
for errors and approved as acceptable, the markers were removed from the molar
bands. These were then placed in a small plastic bag that was subsequently
stapled to the patients’ orthodontic treatment sheet. These markers would be
required for use at the end of the anchorage supplementation period, at which

point the second lateral cephalogram would be taken.
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Figure 5.4 Lateral cephalometric radiograph with molar markers in place,

allowing the left molar to be clearly distinguished from the right molar.
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5.1 TREATMENT PROTOCOLS

5.1.1 HEADGEAR DESIGN

It was felt that the specific choice of headgear (High-pull, Combination-pull or
Low—pull) would be determined by the many clinical aspects of the case. For
example, if a significant vertical pull (intrusion) was required, as well as the need
to prevent forward movement of the molars, then occipital pull headgear would be
most appropriate (Figure 5.5). The converse situation might be a low angle deep
bite case where some extrusion of the upper molars may be more appropriate; in

which case a neck strap in combination with a head cap may be used.

Figure 5.5 Occipital pull safety headgear and safety Ni-Tom, Kloehn bow

The important feature for headgear success was to use a force of 250gm per side,
and to achieve at least 100 hours per week; therefore this was requested right from
the outset. To help encourage the patients to comply with the headgear treatment,

they were also asked to complete a headgear diary chart on a daily basis. Both
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operators involved in the study resolved to take an active and enthusiastic interest
in these headgear charts every time the patients attended an appointment. Patients
were also asked to demonstrate placement and removal of their headgear at every
visit, to ensure they could do this with ease and ideally without the aid of a mirror.
As well as checking the headgear charts, the magnitude of the force on the

headgear was also checked and adjusted where necessary.

Before patients were allowed to leave the department they had to demonstrate
their ability to safely and efficiently place and remove the headgear. In addition,
they had to show that they fully understood all the safety features of their
appliance, as well as understanding when they should and should not wear the
headgear. Once the patients demonstrated satisfactory headgear placement and
removal both to their parents and the clinicians, an extraction letter was given to

them for their General Dental Practitioner.

5.1.2 NANCE BUTTON ON A PALATAL ARCH

Figure 5.6 Nance button palatal arch
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Molar bands were selected and fitted, and an alginate impression was taken over
the molar bands. The bands were then removed and placed accurately in the
impression. This was then taken to the laboratory to allow working models to be
cast, on which the Nance button palatal arch was fabricated (Figure 5.6). A Imm
stainless steel wire was formed to the palatal surface of the upper first molars and
then bent over the posterior palate and across the anterior palate. Much of the
vertical part of the anterior hard palate was covered with cold cured acrylic that,

after curing, was polished smooth to minimise patient irritation.

No separation was required during the initial placement of the molar bands, as
these teeth had been moved over the previous 3-4 months with sectional wires.
Once molar bands had been fitted and subsequently removed, a further pair of
bands was placed to help keep the space until the Nance arch had been
constructed and was ready to fit. Once the Nance arch was cemented in place, the

patient could take the extraction letter to their General Dental Practitioner.

5.1.3 TADs

The upper and lower straight wire appliances were placed and an appointment was
made for the extractions to be carried out by the General Dental Practitioner. The
TADs were to be placed for anchorage supplementation, prior to straining the
anchorage unit. In this group of cases no canine lacebacks were used from the
molar bands and no initial canine retraction was performed in advance of TAD
placement. Soon after the extraction sockets had healed the patients were booked

in for placement of the TADs.
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If the patients were particularly nervous about TAD placement, they would first
have some topical anaesthetic gel placed on the mucosa, immediately mesial to
the molar tooth in the upper arch. A small amount of lignocaine was then
carefully infiltrated into the reflected mucosa, immediately mesial to the molar
tooth and this was digitally massaged into the tissues. A few minutes later, further
anaesthetic was infiltrated and three or four minutes later the area was tested with
a sharp probe to ensure complete soft tissue anaesthesia. A 2mm biopsy punch
was then used to remove a small cylinder of mucosa, where possible at the

junction of the attached and reflected mucosa.

The 8mm x 1.6mm Aarhus screw (Figure 22) was lifted from the screw rack in
the Aarhus kit, using the custom made screwdriver. Using copious water irrigation
and narrow bore suction the screw was gently but firmly screwed into place over a
60-90 second period. Water irrigation was continued throughout this period of
screw placement. The TAD was tightened until there was minimal space between
the collar and the mucosa and each screw was checked for primary stability.
Occasionally undue resistance was felt as attempts were made to pierce the buccal
plate of bone. In this situation the screw was removed and a site at least 2-3mm
distant from the original site was selected for a subsequent attempt at screw

placement.
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Figure 5.7 Aarhus 8mm x 1.6mm TAD

The TADs were loaded immediately via a 6mm NiTi coil spring that had metal
ligatures attached to both ends. One ligature was threaded through an internal hole
in the head of the screw and the other ligature tied around the bracket on the tooth
to be distalised. A gentle pressure of 80-100gm was immediately applied from the

TAD to the canine teeth that required distalisation.

5.2 PROTOCOL DEVIATIONS

= Any patient who failed an appointment was sent another in the near future

= Patients failing two appointments, were contacted by telephone and
encouraged to attend

= Patients were allowed to withdraw from the study at any point, they were
assured that this would not have a detrimental effect on their subsequent

treatment in the department
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5.3

Patients withdrawing from the study had records taken at the point of
withdrawal

If there was a casual appointment, an attempt was made for the patient to
be seen by their regular clinician, although in an emergency other

operators would do the necessary treatment

OUTCOME ASSESSMENT

Data collection was carried out at the following points

5.4

1-

DC1 - After initial molar derotation prior to the anchorage
supplementation
DC2 - At the point where anchorage supplementation was no longer

required

DC3 - At the end of all active orthodontic treatment

RECORDS AND DATA COLLECTED

Upper and lower impressions (silicone) to allow accurate models to be cast
for analysis by 3D laser scanner (DC1, DC2, DC3) and alginate
impressions as a back up

Lateral cephalometric radiographs with markers on Right and Left molars
(DC1, DC2, DC3)

Photographs — the standard 4 extraoral and 5 intraoral photographs

(DC1, DC2, DC3)

Orthopantomogram (DC1, DC3)

TADs questionnaire (2 weeks after placement and removal)

Headgear questionnaire (2 weeks after cessation of headgear)

Nance questionnaire (2 weeks after placement and removal)

PAR scores (DC1, DC3)
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Data collected from patient notes
* Number of attendances
*  Number of visits DC1-DC2 and DC2-DC3
* Duration of overall treatment
* Number of failed or cancelled appointments
* Frequency and reason for additional attendance for appliance

breakages

5.5 OPERATOR STANDARDISATION
The following factors were standardised:
* The design of the Nance button palatal arch
* The magnitude of force on the headgear
* The number of hours of headgear wear requested
* The headgear charts that were given to the patients
* The timing of microscrew placement

* The site and type of microscrew placed

5.6 PROGRESS OF TREATMENT

A standard approach was taken to treatment in that three archwires are used in the
vast majority of cases. Initial alignment was carried out with a 0.016” Sentalloy
wire using its properties of low flexural rigidity and high elastic recovery. After
one or two visits involving re-tying, progression was made to a Neo-Sentalloy
018x025” archwire, again left in place for at least two visits. If malaligned

canines were a significant problem, a piggyback of 0.016” Sentalloy was used on
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a base archwire of 0.018” stainless steel, until the canines could be included in the
0.018x0.025” Neo-Sentalloy. Progressive alignment allowed eventual placement

of the 0.019x0.025” stainless steel working archwire.

In this study the exception to this approach was in the TAD cases where initial
retraction of the displaced canines was sometimes carried out directly to the TAD

which had been placed mesial to the upper molars.

The main indicator for when anchorage supplementation was no longer required
was when the upper canines were in a Class 1 relationship with the lower canines
which in turn were positioned behind a perfectly aligned lower labial segment.
There also had to be sufficient anchorage in the upper arch to allow completion of

anterior tooth alignment and reduction of the overjet.

Once it was judged that no further anchorage supplementation would be required,
the particular method of supplementing anchorage was stopped so the headgear
use could be stopped or the springs attached to the TADs could be removed.
Further records including impressions, a cephalogram and photographs could be
taken immediately and a questionnaire was handed to the headgear patients for the

first time and to the TADs patient for the second time.

In the case of the Nance button on a palatal arch, this was removed and the palatal
tissues were given at least 2 weeks to recover before any further records were
taken. The patient was scheduled for a records appointment and this involved a

post anchorage questionnaire, impressions and a lateral Cephalogram, (DC2).
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In all three groups the original markers, which had been stored in the notes, were
replaced in the molar slots and the lateral cephalogram was repeated. On
confirmation of securing an adequate lateral cephalogram the markers were
removed, upper molar bands were also removed and following cleaning of any
cement remnants, another double set of impressions were taken of the upper and

lower arches as well as two wax bites to record the jaw relationship.

Alginate impressions were taken to allow fabrication of the routine study models,
as this is standard practice in both of the departments involved in the study. To
enable the intricate anatomical detail of the palatal rugae to be accurately
recorded, impressions were taken using both heavy bodied and light bodied
silicone impression material in a two-stage technique. This allowed for
subsequent production of the accurate and detailed study models that were to be

used in the 3D scanning process.

5.7 QUESTIONNAIRES

Questionnaires were used at DC1 and DC2 for both the Nance and the TADs
groups to determine the patient’s views on the placement and removal of these
two anchorage supplementation devices. There was a six-point Likert scale to
complete, with numeric scores ranging from 1, representing significantly
uncomfortable, to 6 if the process was judged as being completely comfortable.
The scoring was done 2 weeks after fitting of the appliances and questions were
asked specifically on the levels of comfort during fitting, the level of discomfort
experienced over the first few days and for how long this discomfort lasted.
Similar questions were again asked 2 weeks after the end of treatment. The

questionnaires can be seen as Appendix 15 and Appendix 16.
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The headgear patients were given a single questionnaire, 2 weeks after they had
been asked to stop wearing the headgear, and this time the patient views and

experiences of headgear were recorded (Appendix 17).
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5.8 STATISTICAL ANALYSIS

The primary outcome measures of molar tooth movement as measured both on
lateral cephalometric radiographs and on superimposed 3D scans are continuous
variables. Summary statistics were derived for the data at the start and finish
points of the study. The data were checked for normality and, once found to be

normally distributed, parametric tests were deemed appropriate.

An intention to treat analysis was appropriate for this study and all patients that
had been enrolled in the study were either included in the final data analysis or, if

they had dropped out, were reported on individually.

The study design involved the measurement of the same dependent variable
(mesial molar movement, as a measure of anchorage loss) in three independent
groups (Nance, Headgear and TADs) over two time points (start and finish of
anchorage supplementation). It was also important to consider the effect of any co
variates, for example, gender. As a result, the data were analysed with analysis of
covariance (ANCOVA), which is a variant of linear regression analysis. This
allowed the fitting of gender as a covariate and also adjusted for the baseline

SCOres.
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6.1 SCANNING THE MODELS

To allow 3D digital scan of the models to be produced, the high quality study
models were sent to Bioprecision Diagnostics (Yeovil, Somerset) where they were
placed in a 3D scanner to allow image capture. The scanner used was supplied by

3Shape (www.3shape.com). It is conveniently sized for worktop use,

approximately 46cm x 54cm x 32cm (Figure 6.1).

Figure 6.1 3D scanner connected to two PCs, to allow image capture and

manipulation

The scanner was linked to two personal computers; the first controlled the

movement of the scanner and the second was required for processing the
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information in the scanned file. The programmes used by the scanner include

"3Shape Scanserver" and "3Shape ScanltOrthodontics" software packages.

The scanner had an opening on the front behind two small sliding doors into
which the plaster models were positioned for scanning (Figure 6.2). A laser and
two cameras were used to obtain the images, using the principle of laser
triangulation. The study models were scanned with laser stripes and the charge
couple devices of the two cameras received the reflected light from the surface of
the model. Surface shape measurements of the model were recorded through
triangulation and the computer then converted this information into a 3D polygon

mesh.

Figure 6.2. Mounted models placed in scanner to register the occlusion

When scanning the arches, the individual models were mounted on a plate before
placing in the scanner (Figure 6.3). When scanning pairs of arches in occlusion,
they were mounted in a clamp stand that had a maximum height capacity of about

6.5cm (Figure 6.4). The scanning process for a set of models involved making
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detailed scans of each arch individually, and a slightly less detailed scan of both
arches positioned in occlusion. The operator was presented with a view of both
the detailed scans of the arches and of the occlusal scan. By indicating common
areas on both the detailed models and occlusal scans, the operator manipulated the

software to align the detailed scans in the correct occlusion.

Figure 6.3 Individual model, mounted on scanning plate, Figure 6.4 Models held

in occlusion with a clamp to allow scanning to be performed

The detailed scans were saved and loaded into another piece of software

("Rhinoceros" CAD, www.rhino3d.com ) to allow the operator to 'trim' the digital

models by removing excess plaster and making the tops and bottoms parallel,

before finally being returned to the investigating team.

Within 3 or 4 weeks the batch of models were returned to Chesterfield Hospital,

along with the 3D scans for each patient and each set of models, recorded as

digital information on compact discs.
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6.2. ASSESSING TOOTH MOVEMENT USING 3D SCANS

The following steps were used to measure molar tooth movement on the scans:

1) Each scan was made up of approximately 300,000 points which when imported
resulted in a 3D polygon mesh appearing in the computer screen as an ill-defined

grey mesh image (Figure 6.5).

-
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Figure 6.5 3D polygon mesh comprised > 300,000 data points

2) The orientation of the scans was then adjusted to give an occlusal view of the

model (Figure 6.6).

Figure 6.6 Virtual model re-orientated to show the occlusal view, then converted

to solid colour

3) The mesh was changed to a solid colour: the scans of start models (M;) were
coloured gold and the scans of the ‘finish’ models (M¢) crimson (Figure 6.7). This

convention was adhered to throughout the study
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Figure 6.7 Superimposed images - gold selected for pre-treatment model, crimson

for post-anchorage supplementation model

4) The preliminary superimposition of Mg and My was carried out on landmarks
identified on the palatal rugae. Each of the 3D scans was manipulated
independently, primarily to enlarge the area showing the detailed anatomy of the
palatal rugae. The image of each model was enlarged to fit into half of the
computer screen and the split computer screen allowed simultaneous visualization
of both My and M This enabled the specific anatomical detail of the rugae to be
seen simultaneously on both models, to ensure identical anatomical points were
identified and subsequently selected on both scanned images. It was a simple
operation to adjust the viewing angle or alternatively the magnification as
necessary, at any stage, to improve visualization of anatomical detail of the palatal

rugae on both scans (Figure 6.8).
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Figure 6.8 The palatal rugae of both models could be simultaneously viewed on

the split screen.

Landmarks were now alternately selected between Mg and My and the same colour
dots were used on both images to identify identical anatomical points. Ideally,
points on a minimum of 3 of the major rugae were identified on either side of the
midline. The most notable points on the rugae were usually selected at their
medial and lateral extremities. The points were highlighted on the surface of both
of the models by identical coloured dots on Mg and My. Once a sufficient number
of anatomical points were identified the programme was instructed to carry out an

initial superimposition of the two 3D images based upon those anatomical points

(Figure 6.9).

Figure 6.9 The corresponding anatomical points are indicated by the same

coloured dots

The accuracy of the superimposition was then visualized on a histogram, and also

on the coloured upper model, the colours of which indicate the magnitude of the
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discrepancy (Figure 6.10). A ‘perfect fit’ of an