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three-dimensional optical surface scanning.

further similar studies.

1 Orthodontic treatment can effect the appearance of the face in all three dimensions of space.
The extent of these effects can be accurately assessed using an imaging technique such as

1 Itis evident from this study that three-dimensional optical surface scanning allows a greater
degree of assessment of facial changes occurring with orthodontic treatment than two-
dimensional analyses. This non-invasive three-dimensional technique has great potential for

1 Itis important (in particular in this aspect of orthodontics) that the profession make use of
the best available resources to allow informed decisions on treatment to be reached.

The three-dimensional effects of orthodontic
treatment on the facial soft tissues — a

preliminary study.
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Objective To examine the three-dimensional effects of extraction
and non-extraction orthodontic treatment on the facial soft tissues.
Setting Department of Orthodontics, Royal London Hospital.
Design Longitudinal study of two prospective cohorts of patients
who were attending for orthodontic treatment.

Method 12 patients were included in each group, in accordance with
the selection criteria. Three-dimensional optical surface scans of
these patients were obtained in the one month prior to having fixed
appliances placed and this was repeated at the end of treatment.
Results The average face of the non-extraction patients was of
greater general dimensions than the extraction average, both at the
start and the end of treatment. During the fixed appliance treatment,
the vermilion of the upper lip became more protrusive to a similar
extent in both groups in relation to the reference plane. The lower lip
vermilion and the philtrum showed no change for either group over
the treatment time. The labiomental fold area showed a slightly
greater forward movement in the extraction group with treatment.
Conclusion Three-dimensional optical surface scanning allows data
from the whole of the face to be assessed, as opposed to the lateral
profile view used in the majority of the studies to date. The effects of
the two types of treatment on the facial soft tissues were very similar,
indicating that orthodontic treatment involving the extraction of
teeth does not have a detrimental effect on the face.

The controversy as to whether teeth should be extracted or not
as part of orthodontic treatment has been debated since the
turn of the last century. Angle! argued that the ‘best
balance and proportions of the mouth and its relation to other
features require that there shall be a full complement of teeth in
all cases. This non-extraction philosophy as taught
by Angle had a significant following with the North American
orthodontic profession in the early twentieth century. However,
in the United Kingdom, the respective roles of genetics and the
environment in the aetiology of malocclusion were given
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greater significance.? This resulted in a less marked tendency
for non-extraction treatment.

Charles Tweed,> who was trained under the Angle school,
found that cases he had treated in accordance with the Angle
philosophy showed poor stability after treatment. To overcome
this problem, he re-treated certain cases with the extraction of
premolar teeth and this resulted in good aesthetics and stabili-
ty. The publication of his findings led to a sway of opinion
away from the non-extraction ethos.

Begg,* who was also a student of Angle, agreed with the
findings of Tweed. He argued that increases in arch length due
to dietary and evolutionary changes, resulted in the need to
extract teeth as part of orthodontic treatment.

The modern-day scenario of greater patient awareness on
the effects of treatment, and the advancements in orthodontic
appliances have led to a more critical approach to the outcome
of treatment. For example, we have progressed from merely
examining the occlusion after treatment on models, to appreci-
ating the changes that orthodontic treatment may have pro-
duced in the facial profile. Investigations into the frequency of
extractions as part of orthodontic treatment have shown a sur-
prising variation of between 15% and 95% in orthodontists
questioned. This figure reported by Peck and Peck,® has been
confirmed by more recent work® which showed good intra-
operator correlation in the frequency of orthodontic extrac-
tions, but poor inter-operator agreement.

Changes in profile with extraction and non-extraction treatment.
The majority of work investigating the effects of orthodontic
treatment on the face has been based on lateral cephalometric
assessments or two dimensional profile photographs.

The prospective studies of Bishara et al 7 comparing extrac-
tion and non-extraction treatments, have shown that after
treatment, the extraction group had straighter faces and
slightly more upright incisors in both arches. The authors con-
cluded that if the decision to extract was based on sound diag-
nostic criteria, it seemed to have no deleterious effects on the
facial profile. Other studies have indicated that at the end of
both types of treatment, the mean values for facial contours fell
within normal ranges.’

Paquette et al'® looked at ‘borderline’ extraction/non-extrac-
tion cases 14.5 years out of retention and found that in the long
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term, the non-extraction patients had profiles that were 2 mm
fuller. A similar study!! looked at carefully selected and defined
first premolar-extraction cases and non-extraction cases over the
same post-retention time frame. The results indicated that the
extraction of first premolars tended to flatten the profile by 2-3
mm when compared with non-extraction treatment. Interestingly,
the non-extraction patients had the more concave faces post-
treatment and this challenges the concept of extractions as part of
orthodontic treatment ‘dishing the face’

The ability to predict from post-treatment lateral photographs,
whether individuals had been treated with or without extractions
has been investigated.!? The findings indicated a correct response
in only 54% of cases — just greater than pure chance.

Profile changes with growth.

The soft tissues of the face will change with growth and it is
important to be aware of the likely growth changes when assess-
ing the effects of orthodontic treatment.

Studies investigating the facial changes that occur with growth
have used indirect measurements from lateral cephalograms.!31415
Bhatia and Leighton'® have produced the most comprehensive lon-
gitudinal cephalometric data from British patients. Following
patients from 4 to 20 years old, they found that on average, the
upper lip retracted by 3 mm and the lower by 1.5 mm to the Rickett’s
‘E’ plane. The upper lip lengthened by 2 mm in both sexes and the
lower increased by 4 mm in females but by 8 mm in males.

Patients usually tend to look at themselves from a ‘front-on’
or three-quarter profile perspective and infrequently from the
side-on view as depicted in lateral cephalograms.

To ascertain changes over the soft tissues of the face, an accu-
rate, reproducible, non-invasive and straight forward technique is
ideally required.

Optical surface scanning!”181% allows a three-dimensional
image of the whole of the face to be recorded with no hazard to the
patient and enables the face to be viewed from any direction. The
accuracy of this system has been investigated®® and has been shown
to vary between 0.5 mm and 2 mm from the direct measurement.

The aims of this study were to obtain three-dimensional optical
surface scans of patients at the start of fixed appliance treatment and
compare these with scans taken at the end of treatment. Using these
it was possible to assess the changes that occurred during treatment.

MATERIALS AND METHOD

A prospective study was undertaken using consecutive patients

attending for treatment in the orthodontic department of a sin-

gle institution, fulfilling the following criteria for selection

e (aucasian race.

e Aged between 10 and 18 years and requiring fixed appliance
treatment.

e No previous orthodontic treatment.

e No history of congenital abnormalities or associated syn-
dromes.

e (ephalometrically skeletal I patterns with a mean ANB value

of 3.5 degrees (range 0.74 to 5.31).

e Maxillary — mandibular planes angle with a mean value of

30 degrees (range 19.88 to 38.31).

Twelve extraction cases (7 females and 5 males) and twelve
non-extraction cases (6 females and 6 males) were included in the
study. The sexes were pooled in both groups due to the small sam-
ple sizes.

All patients were treated with the pre-adjusted edgewise
appliance in order to establish a class I occlusion.

Data acquisition
Those patients included in the study underwent an optical surface
scan at the start of fixed appliance treatment which was recorded

using the three-dimensional optical scanning apparatus previously
described.!®!7 Each optical surface scan consisted of sixty thousand
three-dimensional data points recorded from the surface of the face.
This process of scanning was repeated at the end of treatment. The
two scans allowed an assessment to be made of the changes that
occurred in the facial soft tissues during the course of treatment.

Clarity of the image depended on correct calibration of the
apparatus and the co-operation of the patient in not moving
while the scan was being produced. Poor quality scans were dis-
carded and the process was repeated as necessary until an accept-
able image resulted.

Averaging

This allowed one representative image of the collection of scans
in each subset to be created. The software package enabled the
user to automatically configure an average scan based on 5 refer-
ences points over the forehead region. These were calculated
using the computer software programme and were located in a
horizontal plane 30 mm superior to soft tissue nasion using the
landmark points. A total of 4 average scans were produced, one
pre-treatment and one at the end of treatment for each group.

Registration and superimposition
The superimposition of the scans allowed detection of any dif-
ferences between the pre-treatment and end of treatment
images. These differences were displayed in colour, using a reg-
istration programme that incorporates the ‘least squares patch
technique’ that has been previously described.!®17

Warm colours (yellow, orange and red) indicate positive changes
and the colder colours negative ones, (green, blue and purple). Each
colour change represented a 2 mm difference in the respective direc-
tion, with brown indicating no change.

RESULTS

Study of method error

To critically assess the accuracy of the scanning procedure, an error
study was undertaken. Ten adult subjects were requested to have
two scans taken, seven days apart. The completion of normal
growth in these cases should mean that there is no difference
between the two average scans, presuming the method was
employed correctly (Figure 1).

ERROR STUDY

DAY 1 SCAN DAY 7 SCAN

Figure 1. Average faces of the patients used to test the method error in left
3/a view, with millimetre colour scale. The scans were taken 7 days apart.
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Pre-treatment (Figures 2 and 3)

The non-extraction average face was seen to have slightly larger
dimensions, both vertically and laterally, when compared with the
extraction face. In the non-extraction face, the soft tissues over the
chin region were 7-9 mm in advance of the same area in the extrac-
tion group. In the vertical dimension this difference was in excess of
9 mm.

The philtrum This area was similar in both groups at the start of
treatment.

The lips The vermilion of the upper lip was 1-3mm further
forwards in the non-extraction group. Part of the lower lip
vermilion was 1-3 mm further forward in the extraction group.
The labiomental fold This region was in a similar position in the
two groups at the start of treatment.

The chin The majority of this area was 1-3 mm further forwards
in the non-extraction group at the start of treatment.

Post-treatment (Figures 4 and 5)

Overall, the non-extraction face maintained the greater vertical
and lateral dimensions seen before treatment.

The philtrum Part of the philtrum was 1-3 mm further
forwards in the non-extraction group, however most of this
area showed no difference between the two groups.

The lips The upper lip vermilion was 3-5 mm further forwards
in the non-extraction group at the end of treatment. The lower
lip vermilion showed no difference between the two groups.
The labiomental fold The non-extraction group was 1-3 mm
in advance of the extraction group at the end of treatment.
The chin This area showed no difference between the two
groups at the end of the treatment period.

PRE-TREATMENT

EXTRACTION NON-EXTRACTION

END OF TREATMENT

EXTRACTION NON- EXTRACTION

Figure 2. Comparison of the pre-treatment average scans for the extraction
and non-extraction groups, in left 3/ view.

Figure 4. Comparison of the end of treatment average scans for the extraction
and non-extraction groups, in right 3 view.

PRE-TREATMENT

EXTRACTION

NON-EXTRACTION

Figure 3. Colour superimposition of the pre-treatment scans for the two
groups in left %2 view, with millimetre scale to illustrate the metric differences.

END OF TREATMENT

EXTRACTION

NON- EXTRACTION

Figure 5. Colour superimposition of the end of treatment scans for the two
groups in left 3/4 view, with millimetre scale to illustrate the metric differences.
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EXTRACTION GROUP

PRE-TREATMENT END OF TREATMENT

Figure 6. Colour superimposition of the extraction group scans before and
after treatment in right 3 view, with millimetre scale to illustrate the
changes that have occurred during the treatment period.

NON-EXTRACTION GROUP

PRE-TREATMENT END OF TREATMENT

Figure 7. Colour superimposition of the non-extraction group scans before
and after treatment in left % view, with millimetre scale to illustrate the
changes that have occurred during the treatment period.

Extraction group (Figure 6)

The time period has resulted in a general increase in the overall
dimensions of the face.

The philtrum There was no change in this area over time.

The lips The vermilion of the upper lip was 3-5 mm further
forwards at the end of treatment. The majority of the lower lip
vermilion showed no difference over the time period.

The labiomental fold At the end of treatment this region was
3-5 mm further forwards when compared with the start of
treatment.

The chin There was no change in this area during the course of
treatment.

Non-extraction group (Figure 7)

There was an increase in the facial dimensions on the right side
with time. There was little change over the left side.

The philtrum — The majority of the philtrum showed no
difference over the treatment period, although there were
minimal areas showing a 1-3 mm difference.

The lips — The majority of the upper lip vermilion came
forwards by 3-5 mm with a small area advancing by 5-7 mm.
The majority of the lower lip vermilion showed no difference
over the time period.

The labiomental fold — There was a central area that was

3-5 mm further forwards at the end of treatment.

The chin — This area did not exhibit any change over the
treatment period.

DISCUSSION

The studies undertaken investigating the effects of extraction
and non-extraction orthodontic treatment wusing lateral
cephalograms, indicate that there is great variability in the
effects on the facial soft tissues.!’2! However, the indication is
that the face flattens slightly” with extraction treatment.

Long term cephalometric studies of class II division 1 maloc-
clusions have indicated that on average, in borderline extrac-
tion cases, the facial profiles of the non-extraction patients
were on average 2 mm more protrusive when compared with
the extraction patients after treatment.'%!! This study indicates
that over the course of treatment, the upper lip has become

3-5 mm more protrusive in both groups, and the lower lip in
both cases has shown no change. If these lip changes are related
to the reference points of the Rickett’s ‘E’-plane?? (a tangential
plane to the tip of the nose and the tip of the chin), which has
been used in the majority of the lateral cephalometric studies
on this topic, it appears that during treatment, the lips in the
non-extraction group have advanced 1-3 mm further than the
lips in the extraction group.

One of the drawbacks with many of the studies undertaken
to date is that the reference points used in the methods of
analysis, are known to be undergoing growth changes during
the period of assessment, for example the Rickett’s aesthetic
plane?!' and Merrifield’s ‘Z’ angle.?>

This study included two fairly small sample groups of grow-
ing patients. This entails a potential source of inaccuracy in the
study as individual growth rates may affect the results. Due to
the difficulty with establishing numbers of patients, the groups
were not matched for age or sex.

Pre-treatment

The non-extraction average face appears to be larger and there-
fore the majority of features appear further forward than those
same areas in the extraction group. This may have been due to
the non-extraction patients being on average, almost 1 year
older than the extraction patients.

Post-treatment

The average non-extraction scan still appeared to be further for-
wards when compared with the average extraction scan. The
slightly greater area of 1-3 mm difference between the two
groups over the central regions of the face implies a wider ‘full-
ness’ of the facial tissues around the lips and labiomental fold in
the non-extraction group. However, more peripherally (over the
cheeks), the difference between the two groups became less evi-
dent over the treatment period. This indicates that somewhat sur-
prisingly, in the peripheral regions, the extraction group appears
to show relatively more advancement of the facial structures than
the non-extraction group over the treatment period. However, it
must be remembered that the effects of growth on each group
have not been accounted for in these scans.
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Extraction group changes

The upper lip is 3-5 mm further forwards as a result of both
growth and treatment changes, and the labiomental fold region
advances by 3-5 mm over this time period. The lower lip ver-
milion and the philtrum area show little change.

Non-extraction group changes
The majority of the changes were very similar to those in the
extraction group over the treatment period.

The evidence from this study indicates that when considering
the effects of extraction and non-extraction orthodontic treat-
ment on the facial soft tissues, there is very little difference
between the two treatment modalities. At most, the lips and the
labiomental fold advanced 1-3 mm more in the non-extraction
group, with the chin showing negligible change during the treat-
ment period.

This study has illustrated the merits of being able to assess
facial changes three-dimensionally when comparing extraction
and non-extraction treatment. As the technique is non-invasive;
it is possible to record scans at the start of space closure, and
repeat these when space closure is complete. This will allow the
effects of space closure on the soft tissues of the face to be
analysed.

The ability to record data from the whole of the face with
this degree of detail, and to observe the face from any desired
perspective, allows the profession a more in-depth analysis on
the effects of orthodontic treatment on the face.

CONCLUSIONS

Firstly, optical surface scanning allows three-dimensional data
to be recorded from the whole of the face. Secondly, there is no
evidence that in these groups of patients, the extraction of teeth
as part of orthodontic treatment, results in a flattening of the
facial soft tissues when assessed three-dimensionally. However
these findings should be looked upon as a preliminary study
and not be extrapolated to the population as a whole. A more in
depth study with larger sample sizes and better matched groups
needs to be undertaken to verify these findings.
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