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Natural reference structures in the human mandible: a
systematic search in children with tantalum implants

S. D. Springate

Eastman Dental Institute, London, UK

SUMMARY The purpose of this study was to locate stable natural reference structures (NRS) in the mandible
as seen on lateral cephalometric radiographs. The material consisted of pairs of serial radiographs of 34
children (15 males and 19 females aged 8.7-14.3 years at the initial radiograph, with a mean interval of
4.1 years between radiographs). Each child had three Bjork type tantalum implant markers in the left side
of the mandible. The pairs of radiographs were converted to digital image format, superimposed, and
registered using stable implants. Potential NRS were located by visual examination of the superimposed
images. The morphological and spatial stability of these potential NRS were tested using automated
computer-based analysis employing cross-correlation.

NRS were located in each subject (range 4-15 NRS). The number of NRS was statistically significantly
correlated with age at the initial radiograph (riank = 0.39, P = 0.02) but not with the interval between
the radiographs (r;ank = 0.21, P = 0.23). Two groups of NRS were found: a small group of amorphous
bony condensations and prominent trabeculae mainly in the body and ascending ramus, and a larger
group of nine anatomical structures consisting of neurovascular canals and bony striae close to the
endocortical surface of the inferior cortex. Two bony structures previously reported as stable (the inner
inferior contour of the symphysis and prominent trabeculae within the symphysis) were generally
found to drift, presumably because of gradual differential remodelling, making them unreliable
as NRS. Based on these findings, two alternative methods are proposed for accurate mandibular

superimposition.

Introduction

The earliest cephalometric studies used the inferior border of
the mandible, and later the mandibular plane, as the reference
sites for the evaluation of growth and treatment changes in the
mandible and mandibular dentition. By the late 1940s, however,
the findings from vital staining studies in growing primates
began to cast doubt on the validity of this procedure (Brodie,
1949). These doubts were later confirmed in human subjects
by the classic implant studies of Bjork (1955, 1963), which
showed that the inferior border and angle of the mandible
undergo extensive differential remodelling during growth.

As a result of these studies, it has been suggested that
using the mandibular plane or inferior border of the mandible
as the site of superimposition will lead to incorrect
representation of the changes taking place in the mandible
and mandibular dentition (Bjork, 1969; Mathews and Payne,
1980; Isaacson et al., 1981; Bjork and Skieller, 1983).

While it is now widely accepted that stable implanted
markers offer the most valid means of superimposing
cephalometric tracings, such markers are seldom available.
In addition, the insertion of implanted markers is generally
considered unethical for routine cephalometric evaluation.

As a result of his investigations in subjects with metallic
implants, Bjork (1963, 1969) suggested four anatomical
structures, which might usefully act as natural substitutes
for implants in the mandible. Later, a fifth structure was

added to the list by Bjork and Skieller (1983). The exact
methods by which these structures were detected and their
stability verified, however, have not been published,
although Bjork (1963) implied that their detection was not
the result of intentional or systematic analysis.

Although the short-term stability of Bjork’s original
structures has been corroborated by the independent implant
study of Julius (1972), other researchers have questioned
their usefulness because of the difficulty in locating, tracing,
and superimposing them, especially where bilateral images
occur (Feasby, 1981; Cook and Gravely, 1988; Isaacson,
1996). This difficulty inevitably leads to high levels of
imprecision regardless of the validity of the structures. This
imprecision can be improved by replication and averaging
but there is some evidence that similar mean positions may
not be achieved by Bjork’s structures and implants
(Springate and Jones, 1998).

The purpose of this study was to locate stable anatomical
structures on mandibular lateral cephalometric images that
could be reliably used for mandibular superimposition. It
was hoped that systematic analysis of serial cephalometric
radiographs of subjects with stable tantalum implants might
reveal additional natural reference structures (NRS) that
could be used to supplement, or substitute for, Bjork’s
reference structures where they were either not present or
not easily identifiable.
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Materials and methods

The material for this investigation consisted of pairs of
serial lateral cephalometric radiographs of children drawn
from the implant research files of the Department of
Orthodontics of the University of Washington, Seattle and
from the Mathews’ implant files of the University of
California at San Francisco. Each subject had three Bjork
type tantalum marker pins (Bjork, 1968) implanted
unilaterally in the left side of the mandible.

No subjects with known mandibular or craniofacial
pathology were included in the study. Pairs of serial
radiographs were selected from the available material on
the basis of image quality and the similarity of the mandibular
projection in both radiographs of each subject.

The radiographs of 34 subjects (15 males and 19 females)
fulfilling these criteria were available for study. The subjects
ranged in age from 8.7 to 14.3 years at the initial radiograph,
with a mean interval of 4.1 years (standard deviation = 1.25
years) between the radiographs. Although not deliberately
selected, the sample included the full range of antero-
posterior skeletal discrepancies (skeletal Class I, Class II,
and Class III) and high and low mandibular angles, and
included both treated (extraction and non-extraction) and
untreated cases.

Experimental method

The experimental method consisted of two stages: (1) the
visual identification of ‘candidate sites’—potentially stable
sites which appeared in both the earlier and later
radiographs—and (2) the subsequent testing of the
morphological and spatial stability of the candidate sites
using automated computer—based analysis of the images.

For ease of manipulation, the radiographs were first
converted into a digital format using a flatbed scanner
(DuoScan HiD, Agfa-Gevaert, Mortsel, Belgium) and the
comparisons and measurements carried out by computer.
The radiographs were scanned to give a pixel size of 0.08 x
0.08 mm. The images of each pair of radiographs were then
adjusted to similar contrast and brightness levels.

Validation of implant stability

It is known that implants may be displaced by periosteal
drag resulting from inadequate depth of placement, from
electrolytic action, and by uncovering during periods of
rapid remodelling of the bony cortices (Bjork, 1963; Rune,
1980). It was therefore essential to establish the stability of
the implants before they could be used as valid reference
markers.

The validation of implant stability was carried out by
measuring the distances between the implants on each
radiograph (at 1:1 magnification) and then comparing the
distances between the pairs of serial radiographs. The
implants forming each implant pair were only accepted as
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stable where the inter-implant distances differed between
the radiographs by less than 0.64 mm; otherwise, the implant
pair was rejected. This value represents the 99.9 per cent
confidence limit for the differences in inter-implant distance
arising from random error (Table 1).

Identification of potentially stable sites

The images of each pair of radiographs were superimposed
and registered on the stable implants, thereby establishing
a common co-ordinate system for the two radiographs.
Corresponding regions approximately 1 cm square were then
carefully compared sequentially across the entire mandibular
image, avoiding the crowns and roots of the teeth.

Image cross-correlation

When potentially stable structural details were found, the
full extent of the perimeter of the structure was located and
its co-ordinates (relative to the implants) were recorded. An
area of the image around the structure on the earlier
radiograph was then selected and used as a ‘template’. A
search was then conducted across a much larger region from
the later radiograph (the ‘search area’) to locate the precise
position of any site matching the structure within the
template. The search area was at least four times the area of
the template with the centre of the search area located at the
same co-ordinates as the template (Figure 1).

The search and match procedure was carried out
automatically by computer using the mathematical
procedure known as cross-correlation (Pratt, 2007). In
effect, the template is shifted pixel by pixel both vertically
and horizontally across the search area; at each shifted
position, the correlation is calculated between the template
and that part of the search area over which it lies. This

Table 1 Method errors.

Systematic Random
error error
(mm) (mm)
N  Mean t-test P SD 99.9%
difference confidence

limit

Inter-implant 102 —0.02 0.63 0.53NS 0.19 0.64
distance

Location of 34
cross-correlation

peak

0.21%* —_ - 0.18%* 0.59

NS, indicates not statistically significant (P > 0.05).

*It was not possible to test for a systematic error between the two
determinations of the cross-correlation peak because the differences were
measured as absolute distances.

**Calculated from the relationship between the mean absolute difference
and the standard deviation (SD) of the underlying distribution (with zero
mean) (Bland and Altman, 1999).
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Figure 1 Diagrammatic representation of the cross-correlation procedure: (a) initial (1) and later (2) radiographs; (b) the ‘template’ from the earlier
radiograph is shifted pixel by pixel across the ‘search area’ from the later radiograph. At each shifted position, the cross-correlation is calculated between the
template and that part of the search area over which the template lies. (¢) Cross-correlation map showing the point of maximum probability of match (ppax)-

procedure produces a three-dimensional mathematical
function of the spatial distribution of the correlation over
the entire search area (Figure 1c).

If the structure for which validation is being sought is
indeed stable, the maximum value of the cross-correlation
function should occur when the template and that part of the
search area over which it is aligned are at identical spatial
positions relative to the implants in the two radiographs.
This would then confirm that the anatomical structure was
both present and in an identical location (relative to the

implants) on both radiographs and thus could be deemed to
represent a stable anatomical structure.

In practice, the measurement of the spatial position of the
peak will be subject to error. It was necessary therefore to set
an upper bound on this error for the peak to be accepted as a
true match. This was achieved by reference to the random
error for the location of the cross-correlation peak. Only
where the measured peak occurred within 0.59 mm of the
implant determined position was it accepted as indicating a
true match. This value represents the upper bound of 99.9 per
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cent confidence interval for the differences in position of the
cross-correlation peak arising from random error (Table 1).

The basic manipulation and measurements of the digital
images were made using Image Tool version 3 (University
of Texas Health Sciences Center, San Antonio, Texas, USA)
and the detection of potentially stable structures was carried
out using the variable transparency feature of CorelXara®
imaging software (Corel Corporation, Ottawa, Ontario,
Canada). The cross-correlations were calculated and
mapped using the least squares cross-correlation program,
CORR (Wiles and Foreshaw, 1993).

Statistical methods and error of the method

The magnitude and direction of the relationship between the
numbers of NRS found in each subject and (1) the age at the
initial radiographs and (2) the interval between the radiographs
was assessed by correlation. Spearman’s rank correlation
coefficient (k) Was employed rather than the more usual
Pearson product-moment coefficient because, in both cases,
the joint distribution of the variables was non-linear.

The random error of measurement for the inter-implant
distances was calculated from replicate measurements of
the inter-implant distance for each implant pair made under
similar conditions several weeks apart. The replicate
measurements were then combined to form double-
determination pairs and the random error was calculated as
described by Jaech (1985). The possibility of systematic
error between the double determinations was examined
using a one-sample Student’s #-test.

d 8.6 years

5mm
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The random error for the location of the cross-correlation
peak was determined by repeating the process of locating and
cross-correlating the template and search areas for one
arbitrarily selected candidate site from the earlier radiograph
of each pair for all 34 subjects. The random error was
calculated from the absolute differences in positions of the
peak between the repeat and original location found in the
main study using the method described by Bland and Altman
(1999). The possibility of systematic error between the
double determinations of the cross-correlation peak could not
be examined because absolute (rather than signed) differences
were used. The method errors are shown in Table 1.

Results

Visual comparison of the superimposed images followed by
validation using cross-correlation revealed structural details
that remained stable (NRS) across the serial radiographs of
each subject. The smallest number of NRS was four (2
subjects), the largest was 15 (3 subjects), and the median was
nine. The number of distinct stable structures was positively
correlated with age at the initial radiograph (7anx = 0.385,
P =0.024) but showed no significant association with the time
interval between the radiographs (ranx = —0.211, P =0.234).

The NRS were notevenly distributed across the mandibular
image but tended to cluster near the inferior border and were
most numerous in the anterior half of the mandible and
particularly in the mental interforaminal region. They were
fewest in the ascending ramus and none were found above
the level of the mandibular foramen (Figure 2).

10.3 years

Figure 2 An example of the serial radiographs used in the study. In the lower illustrations, the regions enclosed
in white boxes contain (stable) structures that correspond on earlier and later images; the regions enclosed in
black boxes appear to correspond in the two images but are not stable because remodelling or ‘drifting’ has

occurred between the recording of the radiographs.
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Two situations of interest arose during the process of
validating potentially stable structures (candidate sites) in the
most anterior region of the mandible. First, several candidate
sites detected within the symphysis were rejected as unstable
when examined by cross-correlation because of relocation or
drift of the radiopaque outline of these structures—presumably
due to gradual remodelling (the structures in black boxes in
Figure 2). Second, narrow regions of the external contour of
the symphysis (bony chin) often remained in the same location
but it was not possible to validate the stability of these regions
because they lacked sufficient identifying detail. In addition,
the part of the chin that appeared to remain stable varied from
subject to subject. In some cases, it was high up at the point of
inflexion of the external contour and in others it occurred at the
most prominent point of the chin or, occasionally, substantially
more inferiorly.

Anatomical designation of the structures

On the basis of their morphology, the NRS could be grouped
into two distinct classes: a small group consisting of
amorphous condensations in the bone and prominent
(radiodense) trabeculae and a larger group consisting of
(usually paired) lines of bony compacta. Within this latter
group, the spatial patterning of the distribution of the
structures and the consistent patterns identified point
strongly to well-defined anatomical entities being
responsible for the radiographic appearance rather than
simply arbitrary thickening of the bony trabeculae.

Nine primary structures were identified, as shown in
Figure 3. The anatomical designation of these structures
was determined by reference to a range of anatomical and
radiographic sources but primarily the classic descriptive
studies by Hirschfeld (1923), Ennis (1937), Shiller and Wiswell
(1954), Benkow (1961), Carter and Keen (1971), and Sutton
(1974) together with more modern studies by Anderson et al.
(1991), Gahleitner et al. (2001), and Mraiwa et al. (2003).

It is important to realize, however, that there are limits to
the anatomical inferences that can be drawn from single
perspective films and that both the anatomy and radiographic
interpretation of the internal structures of the mandible are
still controversial areas, particularly in the mental
interforaminal region (Baldissera and Silveira, 2002;
Trikeriotis et al., 2008). Consequently, the designations
should not be seen as definitive or final but rather as tentative
and subject to revision.

In this context, a particular problem arose with the
anatomical designation of the two NRS in the form of paired
(possibly bilateral) linear bands passing anteriorly into the
symphysis from above and below the approximate region of
the mental foramen. It seems likely that these linear bands
represent the corticated walls of the neurovascular canals
arising from the superior and inferior genial spinal foramina
(Baldissera and Silveira, 2002; Mraiwa et al., 2003). In the
majority of cases, however, this was probably not the correct

S. D. SPRINGATE

designation because the bands extended posteriorly beyond
the lingual symphyseal margin. As a consequence, the exact
anatomical nature of these bands remains uncertain and, at
present, it may be more sensible to avoid specific but potentially
incorrect anatomical designations and simply employ the
general terms ‘superior’ and ‘inferior interforaminal striae’.

Discussion
Limitations of the study

Before discussing the results of this study, it is important to
recognize that no structure within a living subject can be
totally stable, at least at the ultrastructural or cellular levels.
The concept of stability is useful, however, at the
microstructural and macroscopic levels where we wish to
make quantitative measurements of clinically meaningful
changes. At these spatial scales, we are concerned to
establish limits on the level of instability of the reference
structures. That is, the best we can ask for is that the level of
instability of the reference structures should be too small to
have any detectable influence on the measurements. From a
practical perspective, if the level of instability of a reference
structure is smaller than the spatial resolution of the
radiographic system, then this cannot be distinguished from
genuine stability. In the case of conventional cephalometric
radiographs recorded with a screen—film system, total
movement or instability of less than approximately 0.2 mm
(over whatever maximum time period is to be considered)
will be undetectable (Barrett and Swindell, 1981; Ishizuka,
1981) and is indistinguishable from ‘true’ stability.

The nature of the reference structures

The purpose of this study was to locate stable structures
within the mandibular image that could be used as valid
reference markers. Although the brightness and contrast
were equalized for each pair of films, no other processing or
visual enhancement of the images was performed prior to
the detection stage. Nevertheless, the detection of stable
structures was not difficult. The finding that there are many
previously unreported NRS and that they are widely
distributed throughout the mandible is, at first, a little
surprising given the number of cephalometric studies which
have been conducted on subjects with tantalum markers
over the last 50 years. This raises the question that if these
structures are so numerous and easily visible why have they
eluded detection for so long? The answer probably lies in
the difficulty of directly superimposing and analysing serial
radiographs. The NRS found in this study required the
examination of small details in the radiographic images.
Such details are not easily amenable to tracing and have
thereby probably eluded detection because it has generally
been the tracings and not the original films that were
superimposed and compared as in the case of Julius (1972).
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Figure3 Natural reference structures (NRS) detected and validated in the study. (a) Diagrammatic representation
of the general form and location of the NRS; (b) examples of the NRS seen on the cephalometric radiograph of a
subject from the study. Key to the NRS: (1) Corticated margins of the mandibular canal (in children older than ~9
years); (1a) Sections of the superior margin of the mandibular canal distal to the second permanent molar; (2)
Accessory supra-gonial (inferior ramal) neurovascular canal; (3) Apical neurovascular (nutrient) canals; (4)
Superior interforaminal striae; (5) Inferior interforaminal striae; (6) Intra-symphyseal transverse neural canals; (7)
Juxtacortical endosteal lamellae; (8) Lateral lingual (retromental) canal; (9) Intra-cortical striae. The tantalum
implant markers appear as radiopaque dots and are indicated by the letter ‘i’
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However, some investigators have previously called
attention to the constant relationship between the more
prominent trabeculae in the jaws and implant markers. For
example, Poulton (1968) and Bjork and Skieller (1983)
suggested that any ‘prominent trabecular feature’ within
the symphysis could be used as a reference structure. This
later suggestion is not wholly supported by the findings of
the present study. That is, although many of the more
prominent features in the symphyseal image appeared on
both radiographs, the majority appeared to move relative
to their original, implant-defined positions. This was
presumably due to gradual remodelling, which makes
them unreliable as growth markers. An analogous situation
has been seen in some of the NRS used for evaluation of
growth in the long bones of the arm and leg where
resorption acts unequally on the margins of transverse
lines (‘Harris lines’) leading to gradual drift of these
reference structures (Garn et al., 1968).

Only those structures that delineate the boundaries of
the most prominent neurovascular canals that enter and
leave, or are contained within, the symphyseal region were
both persistent and immobile relative to the implant
markers.

This finding was, however, not carried over to the main
neurovascular canal in the body of the mandible—the
mandibular canal—which, in the youngest subjects, was not
found to be morphologically or spatially stable. This is an
interesting but not unexpected finding and was not simply
related to difficulties in locating or visualizing the margins
of the mandibular canal. It seems likely that in the youngest
subjects, the mandibular canal would not have completed
its developmental migration beneath the molars and
developing premolars where it gradually fuses with a
smaller inferolateral canal, ‘Serres’ canal’ (Tsusaki, 1950;
Wendler et al., 1980).

d 9.5 years
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In those subjects at the later stages of development, where
the bony margins of the mandibular canal were clearly
visible throughout the body of the mandible, the canal
remained both morphologically and spatially stable. This
finding supports the earlier reports by Bjork (1963) and
Julius (1972).

Although it was not the purpose of this study to examine
the validity of Bjork’s structures, it is interesting to note that
of the three remaining structures mentioned by Bjork (1963,
1969) and Bjork and Skieller (1983), the internal inferior
contour of the symphysis, the anterior contour of the bony
chin, and the lower (bony) contour of the third molar germ
before root development begins, none were identified as
stable structures. In the case of the third molar germ, there
were too few subjects with third molars at the appropriate
stage of development for any conclusion to be drawn. In the
case of the bony chin, although variable parts of this contour
were identified as potentially stable sites in some subjects,
the region lacked sufficient morphological detail to allow it
to be precisely and unambiguously located on both
radiographs. Consequently, it is not possible to judge from
the present study whether or not it was stable.

Even in the absence of fine morphological detail, however,
it was clear that the internal inferior contour of the symphysis
was generally unstable. Occasionally, marked differences
were observed in the position of this contour, indicating that
it is far from stable in some subjects, as seen in Figure 4.
Instability of the inner inferior contour of the symphysis has
been previously reported by several researchers, including
Bjork (1963) who indicated that the contour could be
unstable (as could the anterior contour of the chin) in cases
of severe backward growth rotation.

While it has long been suspected that some neurovascular
and nutrient canals might be stable (Payton, 1932; Moss
et al., 1959), the lamella structure of the mandibular cortex

15.5 years

Figure 4 Serial cephalometric radiographs showing the sites that can be used for rapid and accurate
superimposition (the ‘simplified method’ described in the text). The dotted outlines indicate (a) the inner
(endocortical) surface of the inferior cortex below the canine and premolars and (b) the inner anterior
surface of the symphysis (the internal surface of the bony chin). These two sites alone should provide a
reasonably accurate superimposition in most cases where the interval between radiographs is short (<2.5
years). Where the interval is greater or where fine-tuning is required, the images can be adjusted to align
the structures indicated by white arrows. The white arrows point to the transverse neurovascular canals in
the posterior inferior third of the symphysis. The white arrowheads without stems indicate the superior
interforaminal striae as they cross the posterior outline of the symphysis. Note the marked resorption and
remodelling of the inner inferior contour of the symphysis between earlier and later radiographs making

this site unsuitable as a reference structure.
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has not previously attracted any attention as a source of
stable structures. It seems likely that little attention has
been directed to this region of the mandible because it has
long been viewed as being continuously remodelled during
growth. This remodelling is largely appositional and, in
the age range examined in this research, it appears to leave
the inner (endocortical) surface largely intact. Where,
however, the cortex is subject to extensive remodelling
(beneath the ascending ramus and angle), no cortical NRS
were found.

Although it appears that these cortical NRS are
incremental ‘tree-ring’—like structures within the cortex, it
seems much more likely that they are approximately linear
bands lying at or just superior to the endocortical margin,
the lateral cephalometric projection being responsible for
the apparent inclusion of the lamellaec within the cortex.
More detailed radiographic examination using different
projections will be required to resolve this issue.

In all cases where these structures were evident on both
radiographs (within or close to the inferior cortex and just
distal to the symphyseal shadow), they were both persistent
and immobile in relation to the stable implant markers.

Clinical application

The size and nature of the fine details delineating the NRS
found in this study means that few of these structures will
be amenable to tracing. Consequently, this implies that
direct superimposition of the radiographs will be required
to make use of them. With the increasingly widespread use
of digital imagery in clinical practice, this should, perhaps,
pose less of a problem now than in the past.

However, one major difficulty in applying the findings of
the present study to the superimposition of clinical
radiographs is distinguishing the right and left sides of the
mandibular body and ascending ramus. In clinical practice,
there are always unavoidable differences in the projection
from film to film which lead to differences in the
superimposition of the two sides of the mandible.
Consequently, structures close to the midline should be
preferred to overtly bilateral structures in the posterior of
the mandibular body or ascending ramus.

With this in mind, the mandibular images should first be
grossly aligned vertically using the endocortical margin and
juxtacortical lamellae of the inferior cortex beneath the
canine and first premolar (structure 7, Figure 3) and then
brought into fine horizontal alignment using the transverse
neurovascular canals in the posterior inferior third of the
symphysis (structure 6, Figure 3). This should produce an
accurate vertical and horizontal superimposition in the
anterior midline. A final rotational adjustment may then be
required to bring the mandibular and supra-gonial canals on
ecarlier and later images into alignment (structures 1, 1a, and
2, Figure 3). If two separate posterior orientations are
required to align the mandibular and supra-gonial canals,
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then, for the clinical situation, these should be averaged to
produce a single (posterior) orientation between the earlier
and later images.

Alternatively, a simplified method that should provide a
rapid but accurate superimposition in the majority of cases
would be to align the mandibular images using (1) the inner
(endocortical) surface of the inferior cortex below the canine
and premolars and (2) the inner anterior surface of the
symphysis (the internal surface of the bony chin). While
recognizing that both contours are subject to gradual
remodelling, the magnitude of the change is very small during
all periods examined in this study. If fine-tuning of the
superimposition is required, it can be achieved by adjusting
the images to bring the transverse neurovascular canals and
the superior interforaminal striae into alignment. In younger
subjects, the latter structure is most easily seen where it
crosses the posterior symphyseal border (Figure 4).

Although the validity of these methods is derived from,
and supported by, the findings of this study, they have not
been tested in an independent implant sample nor has their
precision been examined in clinical practice.

Finally, it is worth noting that there are some structures
that appear remarkably stable but which remodel and
undergo continuous relocation during growth, presumably
due to gradual remodelling of the bone. Where stable
implanted markers are available, there is no real danger of
wrongly identifying them as ‘stable’, but in clinical cases
and in cephalometric research, without the aid of tantalum
implants, such mistakes will be easy to make. In this regard,
particular care should be taken to avoid using the mandibular
canal close to the mandibular foramen and lingula;
prominent trabecular patterns seen within the anterior half
of the symphysis; and the internal inferior contour of the
symphysis (as noted above).

Conclusions

The experimental method has proved to be effective in
detecting and validating several hitherto unknown NRS on
the lateral cephalometric image of the mandible. It has also
cast doubt on the stability of two structures previously
reported to be stable (the inner inferior contour of the
symphysis and prominent trabeculae within the symphysis).

Some of the NRS found in this study may prove difficult
to identify on routine clinical radiographs but those
structures at, or close to, the endocortical margins should be
relatively easy to locate and apply in cephalometric analysis
of patients and in clinical research studies.
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Assessed facial normality after Twin Block therapy

Ali Payam Sattarzadeh and Robert T. Lee
Orthodontic Department, Royal London Hospital, UK

SUMMARY The first aim of this study was to identify any difference in the perception of facial
normality between orthodontists and lay people of patients with the initial presentation of a Class Il
division 1 malocclusion, the second is to investigate whether there was an identifiable facial change
following Twin Block (TB) therapy, and lastly, the relationship between identifiable facial change
and clinical measurements was explored. Animated laser scans of 16 randomly selected adolescent
patients, nine males aged 12-14 years and seven females aged 11-13 years with Class Il division 1
malocclusions before and after TB therapy, were assessed on a visual analogue scale (VAS) by 34
orthodontists and 35 lay people. The ‘Mark and Measure’ and ‘Orientated’ techniques were used to
determine soft tissue dimensions. Overjet was also recorded. Non-parametric statistical analyses
were employed, including Mann-Whitney, Wilcoxon signed value, and Spearman’s rank-order
correlation tests.

There was no statistically significant difference in facial normality scores of adolescents before TB
therapy when assessed by orthodontists (46.2 mm) and lay people (50.9 mm; P = 0.120). However, TB
therapy significantly improved the assessment score of the orthodontists (54.8 mm) and lay people (57.8
mm; P =0.000). Using a 5 per cent threshold in categorization of change in VAS scores, the majority of
assessors perceived an overall ‘improvement’ (87.0 per cent). An increase in soft tissue lower face height
(ST LFH) and overjet reduction was strongly correlated with the higher assessments of lay people (r =
0.515) and orthodontists (r = -0.505), respectively.

Although orthodontists and lay people assess facial normality of patients with Class Il division 1
malocclusions similarly, following TB therapy an increase in ST LFH with lay people and overjet reduction

with orthodontists were most closely related to improved facial normality.

Introduction

Facial appearance has an important influence on social well-
being and others perception of one’s personal attributions
(Albino et al., 1990). There is national as well as international
agreement on faces deemed most attractive (Ilife, 1960;
Udry, 1965). The more a particular facial type is observed,
the more likely we are to perceive it as being correct (Peck
and Peck, 1970), and attractive faces tend to be those of the
average of that population (Alley and Cunningham, 1990;
Langlois and Roggman, 1990).

Studies show that Skeletal I profiles (Cochrane et al.,
1990; Kerr and O’Donnell, 1990; Johnson et al., 2005) and
those with average vertical proportions are perceived as
most attractive (De Smit and Dermaut, 1984; Johnston
et al., 2005). Skeletal II profiles are the least attractive
and are poorly tolerated in males (Cochrane et al., 1990;
Knight and Keith, 1990). Extremely convex profiles or
recessive chins and those with increased vertical proportions
(De Smit and Dermaut, 1984; Czarnecki et al., 1993) are
deemed least attractive.

The Twin Block (TB) is a functional appliance
extensively used to treat Class II malocclusions during
adolescence. Overjet reduction is mainly through
dentoalveolar change (Illing et al., 1998; Lund and Sandler,

1998; Mills and McCulloch, 1998). Soft tissue changes
following TB therapy include retraction of the upper lip,
an increase in lower lip length, opening of the labiomental
fold, and anterior positioning of soft tissue pogonion
(Morris et al., 1998; Singh and Clark, 2005; Quintéo et al.,
2000).

The use of manipulated images has shown that horizontal
mandibular changes are more accurately identified by
professionals, while vertical changes are more readily
recognized by lay people (Burcel ef al., 1987; Romani
etal., 1993).

There is conflicting evidence as to whether changes in
facial appearance are identifiable following functional
appliance therapy. The facial appearance of patients
represented in photographs has been considered more
attractive after treatment in some studies (Kerr and
O’Donnell, 1990; Shell and Woods, 2003). O’Neill et al.
(2000); however, using profile silhouettes, reported no
change in facial attractiveness following functional
appliance therapy.

Facial laser scans have been used to report dimensional
changes following TB therapy (Sharma and Lee, 2005; Lee
et al., 2007). They are obtained in a non-invasive manner
with a precision greater than 0.5 mm (Moss et al., 1989).
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Figure 1 Frames from an animated laser scan of an adolescent patient (a) before and (b) after treatment with the Twin Block appliance.

Table 1 Definition of points used in the Mark and Measure method.

Point Definition

A: Right chelion

B: Left chelion

C: Subnasale

D: Labrale superioris
E: Labrale inferioris

F: Right tragion

G: Left tragion

H: Soft tissue pogonion
I: Soft tissue menton

Most lateral part of the right labial commissure

Most lateral part of the left labial commisure

Maximum depth of concavity occurring at the junction of columellar base and the upper lip
Most prominent point of the mucocutaneous border of the upper lip in the mid-sagittal plane
Most prominent point of the mucocutaneous border of the lower lip in the mid-sagittal plane
Most superior and posterior tip of the right tragus

Most superior and posterior tip of the left tragus

Most prominent mid-sagittal point of the soft tissue chin

Most inferior mid-sagittal point of soft tissue chin

Table 2  Each soft tissue dimensions obtained using the Mark and Measure method involves digitizing two points.

Dimension

Points used

Unit mandibular length (on left and right)
Upper lip length

Lower lip length

Commissural width

F and H (on the right), G and H (on the left)
Cand D

EandI

Aand B

These three-dimensional (3D) images may be animated,
providing more information on facial shape than profile
silhouettes which lack texture and colour.

Laser scans demonstrate facial shape exclusively and the
present study adopted the term facial normality instead of
attractiveness, which is influenced by colour, age, and
texture. The aims of this study were to:

1. Investigate whether there is a difference in the
perception of facial normality between orthodontists
and lay people of patients with Class II division 1
malocclusions.

2. Investigate whether there is identifiable change in facial
normality following TB therapy.

3. Explore the relationship between identifiable facial
normality change and change in clinical measurements.

Subjects and methods

Ethical approval (East London and The City, REC Ref. 06/
Q0604/108) and signed informed consent from all
participants were obtained. Data collection for both sections
of the study was performed by one author (APS). This study
had two elements, a facial normality exercise in which
animated facial laser scans were assessed by groups of
orthodontists and lay people, and a clinical measurements
evaluation in which soft tissue dimensions were obtained
from facial laser scans and the overjet was also recorded.

Facial normality exercise

This was a cross-sectional study located at the Orthodontic
Department of the Royal London Hospital. A minimum
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overall sample size of 64 assessors, 32 in each group, was
proposed to offer 80 per cent power at the 95 per cent
confidence interval to demonstrate a one standardized
difference in assessments between the two groups, with an
alpha of P < 0.05. Significance was set at the 5 per cent
level. To reduce the effect of age and experience, the
inclusion criteria for the group of orthodontists comprised
dentists in the third to the fifth year of extended orthodontic
training. The lay group consisted of adults visiting the
hospital aged 30-40 years, who were unrelated to the
patients and with no working or educational knowledge of
dentistry or orthodontics.

Animated facial laser scans of patients before and after
treatment with the TB appliance were assessed on a visual
analogue scale (VAS) by both groups of assessors.

Patients treated with the TB appliance were selected from
a clinical trial, that compared the hard and soft tissue effects
of the TB and Dynamax appliances (Lee et al., 2007). The
subjects were originally recruited on the basis of overjet (at
least 7 mm) and age (males were aged 12—14 years and
females 11-13 years). Based on the results from a pilot study,
it was decided to present pre- and post-treatment laser scans
of 16 patients (nine males and seven females) to maintain the
duration of the facial normality exercise to approximately 15
minutes. This time limit was enforced to keep the interest of
the assessors. No bias was introduced in selection of the
laser scans with the first 16 names on the database of treated
patients being chosen. The patients had been recruited on an
intention to treat basis and had varying degrees of treatment
success. This meant that patients were available for collection
of records prior to the start of TB therapy and 12 months
later, regardless of their compliance with wear.

In the current study, each laser scan was resized and
positioned with the Frankfort plane parallel to the base of
the screen. The animation smoothly moved the face through
profile, three-quarter and frontal views, demonstrated
diagrammatically in Figure 1. The 32 moving images were
presented in a set random order. The participants were asked
to assess the level of facial normality on a 100 mm VAS
ranging from ‘abnormal’ to ‘normal (ideal)’. No background
information on treatment was provided during the
presentation. The viewer was informed that animated laser
scans were to be used that did not show skin colour or
texture. This was followed by an example of an animated
scan that was not used in the study. The main question
underlying each of the images during the presentation was:
‘do you believe the face shown has normal facial
proportions?” To rate facial normality, assessors were
instructed to ‘consider the size and relationship of different
facial features to one another’.

Clinical measurements

Soft tissue measurements were obtained from facial laser
scans using a ‘Mark and Measure’ method (Sharma and
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(b)

Figure 2 The Mark and Measure method of obtaining soft tissue
dimensions. (a) Initially a number of landmarks are digitized (see Table 1).
(b) Soft tissue dimensions obtained using the method were unit mandibular
length (left and right sides), upper and lower lip lengths, and commissural
width (see Table 2).

Lee, 2005; Lee et al., 2007) and a new ‘Orientated’
technique.

The Mark and Measure method involved identification
and digitization of landmarks (Table 1) to quantify various
soft tissue dimension (Table 2). Dimensions obtained were
commissural width, upper and lower lip length, and soft
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Table 3  Soft tissue dimensions obtained using the Orientated method.

Dimension

Additional point used

Horizontal projection of maxillary reference point to facial vertical
Horizontal projection of mandibular reference point to facial vertical
Horizontal projection of soft tissue pogonion to facial vertical

Soft tissue upper face height (ST UFH)

Soft tissue lower face height (ST LFH)
Soft tissue total face height (ST TFH)

G: Deepest concavity of philtrum

H: Deepest concavity of labiomental fold

I: Most prominent mid-sagittal point of the soft tissue chin

F: Maximum depth of concavity occurring at the junction of columellar base
and the upper lip

Direct subtraction of ST UFH from ST TFH

J: Lowest point on the lower border of the chin in the mid-sagittal plane

For each dimension, an additional point is used once the facial laser scan is correctly orientated.

tissue mandibular length on the left and right sides (Figure 2).
The average soft tissue mandibular unit length was obtained
from measurements on the left and right sides.

The Orientated technique involved orientation of the
facial laser scan to the Frankfort plane with registration at
soft tissue nasion. Thereafter, the horizontal projections of
four landmarks (mandidular and maxillary reference points
and soft tissue pogonion) relative to a facial vertical through
soft tissue nasion were quantified. This new technique also
provided measurements of vertical facial proportions (upper,
lower, and total face heights) relative to this facial vertical
(Table 3, Figure 3).

Overjet measurements were recorded in the Lee et al.
(2007) trial at the start and after 12 months of TB therapy by
independent clinicians who took repeated measurements
using digital callipers, which were averaged.

Data analysis

Analysis of data was carried out using the Statistical Package
for Social Sciences, Version 14 (SPSS, Inc., Chicago,
Ilinois, USA). All scores in the facial normality exercise
were calculated by measuring the distance of the marked
vertical line from the abnormal end of the VAS.

Data were not considered to be normally distributed;
hence, non-parametric tests were used.

The Mann—Whitney test was selected to compare the
differences in the facial normality score of untreated Class 11
division I patients between orthodontists and lay people. The
Wilcoxon signed-value test was employed to compare, for
each assessor group, the change in facial normality score
before and after TB therapy. Finally, Spearman’s rank-order
correlation was used to calculate the strength of the
relationship between changes in facial normality and changes
in clinical measurements (soft tissue dimensions and overjet).
The level of statistical significance was set at 0.05.

Results
Analysis of facial normality

Thirty-five eligible people in each assessor group were
approached to participate in the study. Overall, 34

orthodontists and 35 lay people agreed, representing a
response rate of 97.1 and 100 per cent, respectively.

A mean facial normality score for 16 patients with
untreated Class II malocclusions was calculated for both
groups. Lay people provided a higher mean score for facial
normality (50.9 mm) than orthodontists (46.2 mm). However,
this difference was not statistically significant (P = 0.120).

Orthodontists and lay people provided higher mean facial
normality scores, 54.8 and 57.8 mm, respectively, following
TB therapy. This change was highly statistically significant
(P =10.000).

Based on a 5 per cent threshold, as indicating a significant
change in facial attractiveness (Shell and Woods, 2003), the
change in each patient’s facial normality score following
TB therapy was categorized into three groups:
‘improvement’, ‘deterioration’, or ‘no change’. Scores
following TB therapy greater than +5 per cent were
categorized as improvement, less than —5 per cent as
deterioration, and up to a level of 5 per cent as no change.

The frequency distribution of the overall types of change
in facial normality of all patients following TB therapy
as assessed by orthodontists and lay people is given in
Table 4. In total, the majority of all assessors (87 per cent)
perceived an improvement. This was perceived in similar
proportions of orthodontists (85.3 per cent) and lay people
(88.6 per cent).

Relationship between changes in facial normality and clin-
ical measurements

The strength of association between the patients’ change in
each of the 10 soft tissue dimensions and the change in their
facial normality scores was also investigated (Table 5). Lay
people recorded a strong positive correlation (r = 0.515)
between the change in facial normality and that of soft tissue
lower face height (ST LFH), following TB therapy. This
association was of statistical significance (P = 0.041). A
weaker relationship between the change in ST LFH and that
in facial normality as assessed by orthodontists was recorded
(Figure 4a).

A strong negative correlation was found between the
change in facial normality reported by orthodontists and
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(b)

Figure 3 The Orientated technique is a new method of obtaining soft
tissue measurements from facial laser scans. (a) Initially the Frankfort
plane is constructed using three points, i.e. right and left infra-orbital, C
and D, and inter-tragal, K, points. K is the mid-point of right and left
tragal points, A and B. (b) Next, there is horizontal orientation of the
facial laser scan relative to the Frankfort plane and registration at soft
tissue nasion, E. (¢) Horizontal and vertical dimensions (blue) are
obtained relative to a facial vertical (green) perpendicular to the
constructed Frankfort plane (red).
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Table 4 Frequency distribution of facial normality changes, as
assessed by orthodontists and lay people following Twin Block
therapy.

Improvement No change Deterioration Total
Orthodontists 29 (85.3%) 4(11.8%)  1(2.9%) 34 (100%)
Lay people 31 (88.6%) 0 (0%) 4 (11.4%) 35 (100%)
Total 60 (87.0%) 4 (5.8%) 5(7.2%) 69 (100%)

the change in overjet (» = —0.505), which was statistically
significant (P=0.046). Thisrelationship was not statistically
significant when assessed by lay people (r = —0.332,
P =0.210; Figure 4b).

Measurement reliability

Repeatability of the facial normality exercise was assessed
using Cohen’s kappa coefficient. Seven assessors in each
group repeated the facial normality exercise 2 weeks after the
main study. The overall change in patients’ facial normality
was categorized into ‘improvement’ (change in the VAS
greater than +5 mm) and ‘no improvement’ (change in the
VAS less than or equal to +5 mm). Orthodontists demonstrated
perfect agreement (kappa = 1.00) and lay people showed
moderate to strong agreement (kappa = 0.59).

The repeatability of soft tissue measurements using the
Mark and Measure and Orientated techniques was tested by
repeating measurements of 50 per cent of the scans 4 weeks
after the main study. The validity of soft tissue measurements
was assessed using graphical techniques described by Bland
and Altman (1986). Both techniques demonstrated a good
level of agreement between repeated measurements with
variation of less than 2 mm being accepted.

Discussion

In the current study, no bias was introduced in the selection
of patients for laser scanning. The first 16 names chosen
from the database of subjects (Lee et al., 2007) were cases
with varying levels of success with TB therapy. They may
be considered as representative of a typical cohort of patients
treated in everyday practice.

A matched, untreated, randomized control group was
not recruited, as it was unethical to withhold treatment
from patients considered to be at an optimal time for
treatment. Nevertheless, a similar Class II group of 38
patients aged 9-14 years with laser scan records were
recruited by Barnes (2005). Over 1 year, the dimensional
and proportional changes were minimal. It is, however,
accepted that the natural growth of adolescents with Class
II division 1 malocclusions is favourable with a reduction
in the Skeletal II discrepancy (You et al., 2001; Chung and
Wong, 2002) and the current study investigated identifiable
change in facial normality following TB therapy, which
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Table 5 Spearman’s correlation between soft tissue changes and changes in facial normality following Twin Block therapy assessed by orthodontists and lay people.

Dimensions obtained using the new Orientated technique

Dimensions obtained using the Mark and Measure

technique

Soft tissue changes

Soft tissue
total face

height

Soft tissue  Soft tissue

Horizontal

Horizontal projection Horizontal

mandibular length of maxillary reference. projection of

Commissural Upper lip Lower lip Soft tissue unit

width

projection of soft upper face lower face

tissue pogonion

length

length

height

height

mandibular

point

reference point

0.265
0.32

0.418
0.107
0.515

—0.035
0.897

0.121
0.656
—0.138

0.144
0.594
—-0.024

—-0.710
0.795
—0.288

0.294 -0.224
0.405

0.269

0.312
0.240

0.147

Orthodontists (7 = 34) Correlation coefficient () —0.379
P-value

0.315

—0.030

—-0.329
0.213

0.332

0.171

Correlation coefficient (r) —0.388

P-value

Lay people (n = 35)

0.235

0.0417

0.991

0.610

0.931

0.279

0.208

0.528

0.137

Significant at the 5% level. (Scale 2: 1).

*p =
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would be as a result of appliance wear and natural
growth.

The use of animated 3D laser scans to identify facial
shape change eliminates potential bias from observation of
the colour and texture of eyes, hair, and skin. Spyropoulos
and Halazonetis (2001) reported that while hairstyle does
not affect the perception of the most attractive faces, it can
affect opinion of less attractive ones. Laser scans may also
be considered more appropriate for lay peoples’interpretation
than two-dimensional profile silhouettes, as 3D form is
encountered during interaction with other people.

There was no statistically significant difference between
facial normality assessed by orthodontists and lay people.
Most other studies have shown that professionals are more
critical of facial attractiveness than lay people (Bell et al.,
1985; Kiekens et al., 2005, 2007); however, the converse
has also been reported (Spyropoulos and Halazonetis,
2001). For both assessor groups, the average VAS score
following TB therapy increased and was highly statistically
significant. Using a 5 per cent threshold, a change in facial
normality score may be categorized into overall
improvement. This is in agreement with studies considering
facial attractiveness following correction of this occlusal
trait (Kerr and O’Donnell, 1990; Shell and Woods, 2003).

The current study also aimed to investigate whether
changes in certain clinical measurements were associated
with higher facial normality scores.

For orthodontists, the strongest correlation was found
between the change in ST LFH and that of facial normality
(r = 0.418). However, a level of statistical significance was
not reached (P = 0.107), which may be due to utilization of
an insufficient number of patients and the inclusion of a
group of patients with varying degrees of clinical success. It
was not practical to include more animated scans, which
would excessively prolong the presentation. This could also
lead to assessors losing interest and the repeatability of the
facial normality exercise becoming unacceptably low. No
other change in specific soft tissue dimensions was
associated with an improved perception of facial normality.

An increase in ST LFH was associated with an improved
facial normality score provided by lay people. This supports
the work of Romani et al. (1993) who found that lay people
were more sensitive to changes in lower face height than
orthodontists. Mills and McCulloch (1998) reported that TB
therapy results in two-thirds of the additional increase in
mandibular length being manifested in the vertical and only
one-third in the antero-posterior dimension. In this sample,
overjet reduction was associated with improved facial
normality by orthodontists, but not by lay people.

Tulloch et al. (1993) also found a strong correlation
between the reduction in overjet and facial attractiveness
following treatment, when assessed by undergraduates,
dental students, and orthodontic residents. A greater
reduction in overjet may be associated with a greater
change, in particular, in soft tissue dimensions, such as lip
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Figure 4 Relationship between the changes in ST LFH and change in facial normality (a) and between the change in overjet and change in facial
normality (b), as assessed by orthodontists and lay people.

length and positioning, which can be identified by 2. There was an identifiable change in facial normality

orthodontists. following TB therapy.
In the current study, a new system of assessing soft tissue 3. An increase in ST LFH led to facial normality change
dimensions from laser scans was developed called the identifiable by lay people.
Orientated technique. It is more time consuming than the Mark 4. Overjet reduction led to facial normality change
and Measure method but is reliable in obtaining alternative identifiable by orthodontists.
measurements, such as the anterior projection of facial landmark
relative to a facial vertical and vertical facial proportions, when Address for correspondence
the scan in orientated relative to the Frankfort plane.
R.T. Lee
Orthodontic Department
Conclusion Royal London Hospital
New Road

1. Orthodontists and lay people assess the facial normality =~ London E1 1BB
of patients with Class II division 1 malocclusions, UK
similarly. E-mail: r.t.lee@.qmul.ac.uk
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SUMMARY While both intermittent and continuous forces are commonly used to expand sutures, it
remains unclear which force is most effective. Using nickel-titanium (NiTi) open coil springs (50 g) and
3 mm long miniscrew implants (MSls) for skeletal anchorage, intermittent and continuous forces were
used to expand the midsagittal sutures in 18 New Zealand white juvenile male rabbits, 11 weeks of age,
for 29 days. In the intermittent group, expansion forces of 50 g were delivered for 5 days (on) and paused
for 1 day (off); the on/off cycles were repeated five times. Expansion forces of 50 g were delivered for 29
consecutive days in the continuous group. Longitudinal biometric and histomorphometric analyses were
performed to evaluate sutural separation and bone formation using implanted tantalum bone markers and
fluorescent bone labelling, respectively. Multilevel modelling procedures were undertaken to compare
the groups and time intervals.

Continuous forces produced significantly greater overall sutural separation (1.3 mm) than intermittent
forces (0.8 mm). Although they were delivered over a period of time 86 per cent as long, intermittent forces
produced only 61 per cent of the sutural separation of continuous forces. Between days 7 and 17, continuous
forces resulted in significantly greater mineral apposition and bone formation rates than intermittent forces.
Intermittent forces produced approximately 59 per cent as much mineral apposition and 61 per cent as much
bone formation as continuous forces. Due to greater sutural separation and bone formation, continuous

forces provide a more effective approach for separating sutures than intermittent forces.

Introduction

Both intermittent and continuous forces are routinely
applied to expand sutures in patients with maxillary
deficiencies. Palatal expanders, which are used by the vast
majority (>96 per cent) of orthodontists (Keim et al., 2002),
are intermittently activated, but apply a continuous residual
force across the suture during active treatment (Isaacson
and Ingram, 1964). In contrast, face masks used to protract
the maxilla apply intermittent forces.

While continuous (Nanda, 1978; Jackson et al., 1979;
Mossaz-Jo€lson and Mossaz, 1989) and intermittent
(Kambara, 1977) forces are both capable of separating
sutures, their relative effects on sutures have not been
systematically studied. Most experimental research has
focused on the effects of continuous forces (Cotton, 1978;
Nanda, 1978; Jackson et al., 1979). Assuming the same force
magnitude, continuous forces might be expected to produce
more sutural separation than intermittent forces because they
are maintained over a longer duration. Differences in
magnitude explain why greater amounts of continuous force
produce more sutural separation than lower continuous forces
applied over the same time periods (Hickory and Nanda,
1987; Morndal, 1987; Parr et al., 1997). Alternatively, it is
possible that intermittent forces could produce more sutural
bone formation than continuous forces, because bone is a
unique tissue that alters its mass as an adaptation to changes

in stress and strain (Forwood and Turner, 1994;1995). Breaks
or recovery periods between loadings, ranging from seconds
to weeks, have been shown to increase bone formation,
presumably by resuming cell sensitivities (Lanyon and
Rubin, 1984; Robling et al., 2001a; Srinivasan et al., 2002;
Saxon et al., 2005). Whether or not such rest periods or
breaks associated with intermittent forces, increase in bone
formation has not been previously investigated.

The lack of appropriate animal models could explain why
continuous and intermittent forces have not previously been
compared. The experimental model should make it possible to
apply the same force magnitudes continuously in one group and
intermittently in the other. In order to control force magnitudes,
both absolute anchorage and constant forces are required.
Expansion forces applied by helical springs, for example, would
not be acceptable because they dissipate rapidly during
expansion (Hinrichsen and Storey, 1968; Southard and Forbes,
1988). Nickel-titanium (NiTi) open coil springs make it possible
to ensure the constancy of the expansion force (Miura et al.,
1988; Von Fraunhofer et al., 1993). Moreover, expansion forces
applied to teeth are difficult to control due to reciprocal
anchorage. Miniscrew implants (MSIs) provide absolute
skeletal anchorage and greater control of the forces (Creeckmore
and Eklund, 1983; Kyung et al., 2003).

Using immediately loaded MSIs and NiTi coil springs,
the purpose of this study was to compare continuous or
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intermittent forces. The null hypotheses tested are that there
are no differences in sutural separation or bone formation
between these two types of forces.

Material and methods
Sample

The sample included 18, 11-week-old, juvenile male New
Zealand white rabbits. The housing, care, and experimental
protocol were in accordance with the guidelines set forth by
the Institutional Animal Care and Use Committee. After
their arrival at the facilities, all the animals were quarantined
for a period of 3 days. The animals were maintained under
standard laboratory conditions and were provided with a
stock diet and water ad libitum.

Experimental design

The rabbits were randomly assigned to three groups: a
continuous force (n = 7), an intermittent force (n = 7), or a
control (n = 4). Expansion forces (50 g) were delivered for 29
consecutive days in the continuous force group. In the
intermittent force group, a 50 g force was delivered continuously
for 5 days, paused for 1 day, and then resumed for 5 days
(Figure 1). The expansion/pausing cycles were repeated five
times until sacrifice at day 29. Previous studies have shown that
time-off as short as 10 seconds and 8 hours, or as long as 5
weeks between continuous loadings can stimulate greater bone
formation in long bone (Robling ef al., 2001a; Srinivasan et al.,
2002; Saxon et al., 2005). It is postulated that a 1 day time-off
between continuous sutural expansion may trigger greater
sutural bone formation. No forces were employed in the control

group.
MSI insertion, bone marker placement, and force delivery

All animals were anaesthetized with ketamine at 75 mg/kg/im
and acepromazine 5 mg/kg/im. Marcaine® 0.5 per cent with

Continuous force
50g —
R R R R R
T o] T

50g d——p d— > < > =
Intermittent force

0 5 " 17 23 29
Days

Figure 1 Experimental timeline. Expansion forces were applied over a
29 day period. They were paused four times (days 5, 11, 17, and 23) in the
intermittent group. Bone labels were given at day 7 (oxytetracycline), 17
(calcein), and 27 (oxytetracycline). Records (R) were taken at days 5, 11,
17,23, and 29.
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1:200000 epinephrine as the local anaesthetic. The surgical
sites were shaved and disinfecting agents were applied. All
surgical procedures were performed under sterile conditions.
Two 2.0 mm diameter regions of skin were removed using a
tissue punch (Miltex, York, Pennsylvania, USA) approximately
4-5 mm on either side of the midsagittal suture (inter-frontal
bones) midway between the anterior and posterior limits of the
orbital rims (Figures 2A, B and 3A). Pilot holes were drilled
using a size 2 round bur with a low-speed handpiece (less than
600 rp.m.) and copius saline irrigation. Two custom-made
MSIs (Dentos, Seoul, Korea; thread 3.0 mm long x 1.7 mm in
diameter; Figure 2C) were placed in each animal with a manual
screw driver.

Two 1.5 mm long 99.95 per cent tantalum bone markers
with a diameter of 8 mm were tapped into the skull 3—4 mm
anterior to the MSIs using a custom-made stainless steel
appliance. The bone markers were used to radiographically
quantify sutural width and implant movements (Figure 3A).
All animals were given penicillin (60000 IU/Ib/im)
immediately after surgery to prevent infection.

A 20 mm long, 0.020 inch diameter, stainless steel inter-
abutment guide wire was engaged into the holes located in
the MSI heads. A 15 mm long Sentalloy® NiTi open coil
spring (GAC, Bohemia, New York, USA), which delivered
a force of 50 g was telescoped over the wire between the
two MSIs. Two stop loops were bent to prevent the spring
and wire from becoming dislodged (Figure 2D, E). The
forces exerted by the NiTi open coil springs were maintained
because the spring remained compressed at lengths ranging
from 8 to 12 mm (Von Fraunhofer et al., 1993). The force
levels were checked on days 5, 11, 17, 23, and 29. When
necessary, sliding tubes were added to the inter-abutment
guide wire to maintain the compressed length of the spring.
In the intermittent force group, a 0.010 inch diameter
ligature wire was ligated through the inner lumen of the
NiTi open coil spring to pause the expansion forces. The
force was resumed by loosening the ligature wire.

Records

Records, including animal weights, ventrodorsal cephalometric
radiographs, and digital calliper width measurements accurate
to 0.01 mm (Figure 3B), were obtained under anaesthesia at
six time points (Figure 1). Using a customized head holder,
standardized ventrodorsal radiographs were taken at 60 kVp
and 10 mA, for 12 seconds at fixed distances.

Bone labelling

To localize the bone-forming regions on the midsagittal
suture, oxytetracycline (13.6 mg/lb/im; Teradura™ 300,
Duluth, Minnesota, USA) and calcein (10 mg/kg/im; Sigma,
St Louis, Missouri, USA) fluorescent labels were admin-
istered to all animals. Oxytetracycline was given at days 7 and
27, calcein was given at day 17 (Figure 1). It has previously
been shown that advancing bone fronts during sutural expansion
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Figure2 (A) Planned miniscrew implant (MSI) insertion sites, (B) removal of skin by tissue punch, (C) the 3 mm MSI used, (D) the expander consisting
of the two MSIs, a guide wire, and a nickel-titanium open coil spring, and (E) superior view of the expander.

incorporate fluorescent labels, making it possible to quantify
new bone formation (Parr et al., 1997).

Histological preparation

After 29 days of suture expansion, the rabbits were killed
using an overdose of Beuthanasia (intracardiac injection of
1 cc per animal) and perfused with 70 per cent ethanol.
A standardized area, including the midsagittal region,
adjacent bone, and MSIs, was dissected and fixed with
70 per cent ethanol for 7 days. The anterior region of bone
was decalcified, embedded with paraffin, sectioned (6 pm)
coronally, and haematoxylin and eosin (HE) stained (eight
sequential sections per animal). The posterior region
remained undecalcified; it was embedded along with the
MSIs in polyester resin and then sectioned (approximately
60 um) coronally using a diamond saw (four sequential
sections per animal; Figure 3), followed by grinding and
polishing.

Analysis

Biometric. Biometric assessments were based on the
calliper and radiographic measurements. Calliper width
measurements between each MSI pair were taken at the top
and bottom of the outermost margins (Figure 3B). The bone
markers and outermost margins of the MSI (Figure 3A)
were digitized (again blinded) on the radiographs and the
widths were calculated using Viewbox 3.1 (dHal, Kifissia,
Greece). After 2weeks, 40 radiographs were re-measured to
establish intra-examiner method error (bone marker widths:
0.10 mm; inter-MSI radiographic widths: 0.12) using
Dahlberg’s formula [\/(Zdz/Zn)].

Histomorphometric. AZeissAxiomicroscope (Thornwood,
New York, USA) was used to examine the HE sections
(n = 136) and a Nikon microscope (Melville, New York,
USA) i80 epifluorescence with excitation wave lengths of
390 nm for oxytetracycline and 485 nm for calcein was used
for the undecalcified sections (z = 72). Blinded with respect
to the groupings, standardized measurements were performed
on each of the saved images by the same investigator
(SS-YL) using MetaMorph 6.3 (Molecular Devices,
Sunnyvale, California, USA).

New bone formation, suture area, and overall sutural
expansion (Figure 4A) were measured on the HE sections
using standardized (x50) regions of interest located at the
centre of the suture. New bone area was defined based on
the presence of Sharpey’s fibres in the bone tissue.

Widths and lengths of the fluorescent bone labels at the edges
of the sutures were measured by the same blinded examiner
(SS-YL). The grid and intercept method (Figure 4B) was used
to calculate mineral apposition rates [MARs (um/day) = inter-
label width/number of days] and bone formation rates [BFRs
(mm?2/year) = MAR x (double label length + 1/2 single label
length)/365] (Parfitt et al., 1987). For each image, the suture
was orientated as vertical as possible and a horizontal grid was
randomly displayed on the computer monitor parallel to the
direction of sutural bone formation. The widest 10 inter-label
widths on the grid were selected to be measured on both sides
of the sutural margins. MAR was calculated based on the
average of 20 measurements.

Statistical analysis

All statistical procedures were performed using the Multilevel
Win 2.0 (Centre for Multilevel Modelling, University of
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+ Bone marker

o MSI
7 Decalcified region for hematoxylin and eosin staining

Lot

[] Uncalcified region for observations of bone labels

B Inter-MSI measurement at top

Inter-MSI measurement at bottom

Figure 3 Illustrations showing (A) locations of miniscrew implants
(MSIs) and bone markers, radiographic measurements of inter-MIS and
inter-bone marker widths, and regions of the skull dissected for
histomorphometric analysis and (B) calliper width measurements taken at
the top and bottom outermost margins of the MSIs.

Bristol, UK) with a 95 per cent confidence interval (P <0.05).
The fixed part of the models was used to compare the groups
and time intervals. Because MAR and BFR were acquired as
repeated measurements over two time intervals (days 7-17
and days 17-27), a two level model was used, with animals at
one level, and time intervals at the second level. The
measurements of new bone formation, suture area, and
overall sutural expansion were evaluated at one time point
(end-of-experiment) and required only a one level model.

The curves describing the changes of the repeated calliper,
radiographic widths, and weight measurements were
modelled over time as polynomials. The fixed part of the
models described the changes that occurred as a function of
time and statistically compared groups. Iterative generalized
least squares were used to estimate the polynomials.

Results

The animals increased their weights by approximately 3-9
per cent and showed no obvious signs of discomfort during
the study. One rabbit in the intermittent group lost two MSIs

S.S.-Y. LIU ET AL.

Suture

Figure 4 (A) Top: area measurements of the suture (S) and new bone
(NB); bottom: closer view showing fibre orientation and (B) 1: inter-label
width AB. 2: inter-label width CD. A: oxytetracycline (day 7), B: calcein
(day 17), and C: oxytetracycline (day 27). Bar = 100 pm.

between days 1 and 2; it was reclassified to the control
group. A continuous group rabbit lost two MSIs on day 18;
it provided biometric data up to day 17, but was not included
in the histomorphometric analyses. The overall MSI success
rate was 86 per cent (24 out of 28).

Biometric

The biometric measurements showed significant group
differences in sutural separation over time (Table 1). The
continuous group, which demonstrated the greatest separation,
displayed a curvilinear—decelerating—pattern of expansion
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Table 1 Fixed and random parts of the polynomial models describing longitudinal width changes in the control and experimental groups

(constant fixed at day 29).

Width Group Fixed part Random part
Constant Day Day? Between animals  Between days
Coefficient SE Coefficient SE Coefficient SE Variance SE Variance SE
Bone marker Continuous  10.300 0.700  0.009 0.014 —0.001 0.000 3.377 1.810  0.061 0.013
Intermittent 8.985 0.507 0.027 0.002 1.536 0.888 0.010 0.002
Control 7.981 0.646 2.071 1.310  0.000 0.000
Miniscrew implant radiograph ~ Continuous  12.910 0.660 0.008 0.028 —0.003 0.001  2.821 1.529  0.224 0.055
Intermittent  11.900 0.473  0.035 0.003 1.329 0.768  0.025 0.007
Miniscrew implant top Continuous  12.910 0.070  0.007 0.032  —0.002 0.001  2.840 1.545 0.294 0.072
Intermittent  11.580 0.479 0.025 0.004 1.345 0.782  0.061 0.016
Miniscrew implant bottom Continuous  12.690 0.676  0.001 0.032  —0.002 0.001  2.898 1.577  0.297 0.073
Intermittent  11.500 0.476 0.022 0.008 1.236 0.736  0.233 0.060
SE, standard error; width = constant + (coefficient x day) + (coefficient x day?).
. . . . A 25+
for both the radiographic and calliper measurements; the
intermittent group showed a linear pattern of increase 204
(Figures 5 and 6). Inter-bone marker widths increased 1.28
mm in the continuous force group and 0.78 mm in the 15 -
intermittent force group. The control group showed no E
significant changes in inter-bone marker widths (Figure 5A). 1.0
Inter-MSI widths measured radiographically increased 2.35
mm and 0.78 mm between day 0 and 29 in the continuous 0.5
and intermittent groups, respectively (Figure 5B). 004
Call'lper width measure;ments tak'en at the tops of the 0 5 1 17 23 20
MSIs increased 2.30 mm in the continuous group and 0.73 Days
mm in the intermittent group (Figure 6A). For width
measurements taken at the bottoms of the MSIs, there was B 25+
an increase of 2.06 mm in the continuous group and of 0.64
mm in the intermittent force group (Figure 6B). 207
) ) 15+
Histomorphometric E
HE sections showed stretched collagen fibres in the midsagittal 101
suture, osteoblasts at the sutural margins, new bone formation 05
and Sharpey’s fibres connecting the bone and suture in both ‘
the continuous and intermittent force groups (Figure 7). In Y
the control group, the midsagittal suture remained intact and 0 5 11 17 23 29
showed minimal or no new bone formation. Days

New bone formation, sutural, and overall expansion areas
were all greater in the continuous than the intermittent group,
followed by the control group (Figure 8). While the continuous
group consistently showed larger area measurements than the
intermittent group, none of the differences were statistically
significant (Figure 9A). All area measurements in the control
group were significantly less than in the two experimental
groups. The ratio of new bone formation to overall sutural
expansion was significantly less in the control group than in the
continuous and intermittent groups. The ratio showed no
significant difference between the continuous and intermittent
force groups (Figure 9B).

Figure 5 Longitudinal radiographic changes (mm). (A) Inter-bone
marker widths and (B) inter-miniscrew implant widths for the continuous
force ¢, the intermittent force m, and the control A groups. Initial
measurements (day 0) have been adjusted to zero by subtraction.

The bone labels showed significant differences in the
rates of bone formation between the three groups. In the
control group, the labels were almost overlapping,
indicating minimal bone growth; the experimental groups
demonstrated clear separations between the three labels
(Figure 10). MAR was significantly greater in the continuous
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than in the intermittent group, which was in turn significantly
greater than in the control group, both between days 7 and
17 and between days 17 and 27 (Figure 11A). MAR between
days 7 and 27 was also significantly greater in the continuous
than the intermittent group, followed by the control group.
MARs within each group remained constant over time;
there were no significant differences in MAR between days
7 and 17 and days 17 and 27.

mm

mm

Days

Figure 6 Longitudinal changes (mm) of calliper width measurements
taken at the top (A) and bottom (B) of the miniscrew implants for the
continuous ¢ and intermittent m force groups. Initial measurements (day 0)
have been adjusted to zero by subtraction.

S.S.-Y. LIU ET AL.

BFR also showed significant group differences. BFR
was significantly greater in the continuous than in the
intermittent group, and both were significantly greater
than in the control group between days 7 and 17 and 17
and 27 (Figure 11B). As with MAR, BFR between days 7
and 17 was not significantly different than BFR between
days 17 and 27 for either of the experimental groups.
BFR between days 7 and 27 was significantly greater in
the continuous than in the intermittent group, followed
by the control group.

Discussion

Most of the 3 mm MSIs withstood the 50 g expansion force
and provided stable skeletal anchorage. The MSI success
rate (86 per cent) was similar to or slightly less than
previously reported after immediate loading (Melsen and
Costa, 2000; Carrillo et al., 2007; Owens et al., 2007). The
first pair of MSIs was lost between days 1 and 2, probably
as a result of trauma-induced changes in the bone that
occurred during insertion (Schatkzer et al., 1975). Failure is
commonly due to the destruction of the bone threads formed
around the screw (Schatkzer et al., 1975; Collinge et al.,
2000; Ikumi and Tsutsumi, 2005). which causes the bone to
strip and the screw to fail (Carano et al., 2005). On day 18,
the second pair of MSIs was lost. Since there were no signs
ofinfection, this may have been due to insufficient secondary
stability associated with inadequate bone healing or
micromovements (Carter and Giori, 1991; Goodman ef al.,
1993; Heller et al., 1996). Since the MSIs in the present
study were 3—4 mm shorter than those commonly used
MSIs, the relatively high success rate supports the notion
that screw diameter is more important than length for
stability (Miyawaki ef al., 2003).

Sutural separation

The biometric and histomorphometric results showed that
continuous forces produced substantially more sutural

Figure 7 Sutural bone formation in (A) the continuous and (B) the intermittent groups after expansion and (C) the control group without expansion.
Sharpey’s fibres (solid arrow) were stretched and embedded in osteoid; osteoblasts (dotted arrow) deposited at the bone margin. Bar = 25 um.
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Figure 8 Haematoxylin and eosin stained coronal sections from (A) the continuous, (B) the intermittent, and (C) control groups. Bar = 100 um. NB, new

bone; S, suture.
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Figure 9 Group comparisons of (A) new bone formation area (NB),
suture area (Su), and overall (S + NB) expansion area and (B) the ratio of
new bone formation to overall expansion area (Bars = standard errors).

separation than intermittent forces. This supports findings
showing that both the amount and duration of force are
important for determining the amount of sutural separation
(Hickory and Nanda, 1987; Morndal, 1987; Steenvoorden et
al., 1990). If sutural separation is proportional to duration, then
the intermittent forces that were delivered for 25 days should
have produced 86 per cent as much expansion as the continuous
forces delivered for 29 days. However, the intermittent forces
only produced 61 per cent as much sutural separation. This
indicates that there was approximately a 25 per cent sutural
relapse in the intermittent group during the four, one-day
breaks that the NiTi open coil springs were ligated.

The bones adjacent to sutures are connected by collagen
fibres that have been shown to stretch during expansion
(Murray and Cleall, 1971; Storey, 1973). Stretched collagen
fibres retain pull-back potential for considerable periods of
time. For example, gingival fibre bundles remain stretched
for up to 33 weeks after tooth rotation (Reitan, 1959). The
pull-back potential of the fibres may explain why maxillary
expansion relapses without retention (Hicks, 1978).
Alternatively, the difference may be due to changes in the
growth dynamics of the tissues associated with the intermittent
forces. Regardless, the sutures separated with intermittent
forces did not totally rebound to their original width, even
though they were not retained. The amount of relapse may
have been limited by new sutural bone formation.

The rates of sutural separation decelerated over time with
continuous forces and remained constant with intermittent
forces. With continuous forces, sutural width increased almost
linearly until day 11, after which the rates regularly decreased.
This suggests increased resistance to expansion after day 11,
perhaps due to interferences from other bones or non-compliant
soft tissues. While 11-week-old White New Zealand rabbits
can be considered as young adults (Masoud ef al., 1986), the
increased resistance was probably not due to sutural
interdigitation because the sutures showed the greatest rates of
initial expansion. Another explanation for the decelerated
sutural separation rates might be simply because binding
occurred between the guide wire and the holes of the implant
heads. Since the pattern of expansion was linear, the intermittent
group may not have attained the critical amount of sutural
separation necessary for developing resistance. Alternatively,
the linear pattern may represent the adaptation of the suture
following partial relapse during the four breaks. This suggests
that lower magnitudes of continuous force may produce more
physiological sutural separation with less relapse potential.

In contrast to the intermittent forces, continuous forces
demonstrated considerably greater increases in inter-MSI
than inter-bone marker widths. With continuous force, MSIs
and bone markers increased 1.3 and 0.7 mm, respectively,
before the rates started to decelerate. Despite the lack of
significant differences, calliper width measurements taken
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Figure 10 Fluorescent labelled sections. The oxytetracycline (green) label
close to the bone marrow was given at day 7, the calcein (orange) label was
given at day 17, and the oxytetracycline (green) label, adjacent to the
midsagittal suture, was given at day 27. (A) The continuous force group. (B)
The intermittent force group. (C) The control group. Notice that distances
between green and orange lines were greater in the continuous than in the
intermittent and control groups under higher magnification. Bar =1 mm.

at the tops of the MSIs were consistently greater than
comparable measurements taken at the bottom. Tipping of
the MSIs, indicating triangular expansion of bone, might be
expected because the forces were exerted above the suture.
Triangular expansion, with a centre of rotation located
approximately at the nasal bridge, has been demonstrated
for the midpalatal suture (Wertz, 1970). The MSIs showed
only limited amounts of tipping, perhaps due to the fact that
the force vectors were located close to the bone or due to the
relatively rigid 0.020 inch wire supporting the coil springs.
Movements of the MSIs within the bone could also explain
the small differences observed; it has been previously shown
that MSIs can move up to 2 mm within bone during
orthodontic treatment (Liou ef al., 2004; Mortensen, 2007).

Bone formation

MAR and BFR were higher with continuous than intermittent
forces. As a percentage of continuous force, the mineralization

S.S.-Y. LIU ET AL.
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Figure11 Comparisons of (A) mineral apposition rate and (B) bone formation
rate for the controls and experimental groups (Bars = standard errors).

and BFRs with the intermittent forces were 59 and 61 per cent,
respectively. Intermittent forces also increased inter-bone
marker widths approximately 61 per centas much as continuous
forces. Moreover, independent of the type of expansion, sutural
bone formation was proportional to sutural separation. As a
percentage of the overall expansion area, bone formation was
approximately 60 per cent for both the continuous and
intermittent forces. This suggests that there is a relationship
between the amounts of sutural separation and bone formation.
During expansion, the periosteum that surrounds the bony
margins is stretched by the collagen fibres connecting the two
sides, which initiates sutural bone formation (Murray and
Cleall, 1971). Greater amounts of expansion might therefore
be expected to produce greater stretch of the periosteum and
greater bone formation (Parr ef al., 1997). These relationships
remain to be established experimentally.

While oscillating loads favour long bone adaptation
(Robling et al., 2001b), the intermittent forces produced
smaller MAR and BFR than the continuous forces. It has
been established that dynamic (oscillating) loading can
trigger greater endocortical and periosteal bone formation
than static (constant) loading (Hert ef al., 1971; Lanyon
and Rubin, 1984). With prolonged loadings, bone fails to
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‘sense’ further stimulations and reduces bone formation
(Rubin and Lanyon, 1984; Umemura et al., 1997). Bone
formation activities have been increased by inserting
breaks or recovery periods between loadings (Robling
et al., 2001a; Srinivasan et al., 2002; Saxon et al., 2005).
However, the intermittent forces with four one-day breaks
produced less bone formation, suggesting that sutural and
long bone formation adapt differently to mechanical
stimulations.

Regardless of the type of force delivered, BFRs remained
constant over time. In other words, MARs and BFRs
showed no significant differences in the changes that
occurred between days 7 and 17 or between days 17 and 27.
Temporal changes in BFRs of expanded sutures have not
previously been evaluated. Using a rat leg four-point
bending model, it has been shown that BFRs are significantly
greater after 6 weeks than 12 weeks, while rates after
12 weeks are in turn greater than BFRs after 18 weeks
(Cullen et al., 2000). This again indicates that there may be
different mechanisms controlling long bone and sutural
bone formation. Long bone formation is controlled by
sensitivities of osteocytes (Skerry, 2008), while sutural
bone formation appears to be controlled by fibre stretching
(Storey, 1973; Ten Cate et al., 1977).

The experimental model used in the present research
provides a novel approach for evaluating the quantitative
relationships between forces, separation, and bone formation
across sutures. While sutures have been previously expanded
with varying forces, experimental outcomes remain unclear
due to the lack of control over the forces (Hinrichsen and
Storey, 1968; Hickory and Nanda, 1987; Southard and
Forbes, 1988). Using osseointegrated implants as anchorage,
Parr et al. (1997) showed no differences in bone formation
between 1 and 3 N of expansion forces. While their model
was similar to that used in the present study, osseointegrated
implants are more limited than MSIs in terms of potential
implants sites; they also require more invasive techniques
and produce more tissue damage.

Because it is morphologically similar to the rabbit
midsagittal suture, the human midpalatal suture could be
expanded using MSIs and NiTi springs (Persson et al.,
1978). It has been shown that 350 g of continuous force
anchored to the teeth can open the midpalatal suture of
adolescents (Karaman, 2002). On this basis, 300—400 g
of force or less when anchored to bone should be
sufficient to expand the midpalatal suture in growing
individuals.

Conclusion

Within the limits of this study, continuous forces produced
greater sutural separation, mineral apposition, and BFRs
than the intermittent forces. On this basis, continuous forces
are more effective for expanding sutures than intermittent
forces.
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Comparison between tongue volume from magnetic resonance
images and tongue area from profile cephalograms

Fabrice Liégeois*, Adelin Albert** and Michel Limme*
Departments of *Orthodontics and **Biostatistics, University of Liege, Belgium

SUMMARY The aim of this study was to measure lingual volume and to correlate it with and predict it
from the area of the radiographic shadow of the tongue as well as with demographic and biometric
characteristics.

In 70 healthy subjects (35 males and 35 females) aged between 20 and 37 years, tongue volume was
determined using magnetic resonance imaging (MRI). Volumes were correlated with the area of the
tongue on the sagittal plane determined from the lingual shadow on profile cephalometric radiographs.
Demographic and biometric characteristics were also available for each subject.

The mean lingual volume was 79.5 + 14.2 cm3 and was gender dependent. The mean lingual volume was
89.9 + 11.5 and 68.9 + 7.0 cm?3 in males and females, respectively. Correlations between tongue volume
and body height, weight, and the body mass index (BMI) were highly significant. A strong correlation
(r=0.83, P<0.001) was found between lingual volume measured using MRI and the radiographically
determined area of the lingual shadow. The associated regression line allowed the area of the lingual
shadow to be used to estimate the corresponding tongue volume in individual subjects.

Multiple regression analysis showed that lingual volume was best predicted by the lingual shadow,

gender, age, and BMI (R2 = 0.80).

Introduction

Clinicians generally agree on a morphogenetic role for the
tongue. Biourge (1967) stated that ‘The influence of tongue
on the morphology of dental arches and on the occlusion
depends not only on the lingual volume but also on its
posture and on its mobility’. However, tongue volume has
rarely been studied and, generally, the consequential effects
of'the variations of this parameter are only analysed in terms
of deformations that can appear, such as infraclusions,
diastemas, crowding, prognathism, retrognathism, or open
bite.

Several animal investigations have reproduced clinical
observations by creating modifications of tongue volume.
Such studies have been carried out on rats (Stutzmann and
Petrovic, 1974; Simard-Savoie and Lamorlette, 1976) and
monkeys (Harvold et al., 1972, 1973; Bernard and Simard-
Savoie, 1987). In humans, different glossoplasties can lead
to spontaneous correction of a variety of malocclusions
(Deplagne, 1968, 1985, 1993) with results similar to those
obtained in animal studies. The lingual volume is also a
factor in obstructive sleep apnoea (OSA; lida-Kondo et al.,
2006).

The ability to precisely determine tongue volume is
important for two reasons. Firstly, it would allow the
influence of tongue size on the morphology of face and
dental arches to be evaluated, and secondly, it would permit
an accurate diagnosis of micro- or macroglossia and allow
appropriate planning of the amount of tissue volume to be
removed in glossoplasty.

Unlike the dental arches, the teeth, and the skull, where
linear and angular measurements are easily performed, the
tongue has, for a long time, not been subject to standard
measurement techniques. This is because of the mobility,
shape variation, variable posture of the tongue, and lack of
natural radiographic marker points.

Various techniques have been used to estimate lingual
volume. Some interesting direct post-mortem measure-
ments have been made (Kunimoto, 1912; Hopkin, 1967,
Siebert, 1985) but the techniques are not applicable in
vivo. Another approach, based on a fluid displacement
procedure, has been used to estimate the volume of the
free part of the tongue in vivo (Bandy and Hunter, 1969).
Using a plaster model of the tongue, Tamari et al. (1991a,b)
estimated the corresponding volume. Impressions were
taken of the tongue at rest and in the protruded position.
The volumes of the plaster models of the tongue were then
estimated using a fluid displacement technique. In the
same context, different authors have used cephalometric
measurements from profile radiographs (Eifert, 1960;
Cookson, 1967; Vig and Cohen, 1974; Natali and Polacco,
1981). Nevertheless, determination of the size of the
tongue from the size of the radiographic shadow of the
tongue gives only an approximate measure of its actual
volume. Measurements of lingual volume and the oral
cavity have also been undertaken using computed
tomography (CT; Roehm, 1982; Lowe et al., 1986).
However, magnetic resonance imaging (MRI) techniques
are more appropriate to study the soft tissues and are
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particularly applicable to dentofacial orthopaedics (Unger,
1985; Lauder and Muhl, 1991). These technologies allow
imaging without the necessity of exposing the patient to
the potential danger of ionizing radiation. Lauder and
Muhl (1991) reported the measurement of tongue volume
using MRI in rabbits followed by volume measurement
after dissection, when the volume was estimated from the
surface areas of tongue slices multiplied by their thickness.
Subsequently, they used MRI in humans for measuring the
volume of the tongue, the oropharynx, and the oral cavity.
Since that time, virtual techniques have permitted
reconstruction of organs allowing automatic estimation of
their corresponding volumes. Different studies have
utilized this technique to objectively quantify the upper
airway and surrounding soft tissue structures (Do et al.,
2000; Welch et al., 2002).

The aim of this study was to measure lingual volume
using MRI and to correlate it with and predict it from the
area of the radiographic shadow of the tongue, evaluated
from classic profile cephalometric radiographs, as well as
with demographic and biometric characteristics.

Subjects and methods

The protocol for this study was approved by the local ethics
committee of the Faculty of Medicine. All subjects were
informed of the purpose of the research and gave their
agreement before any examination.

Seventy healthy subjects (35 males and 35 females) aged
20-37 years with a complete dentition were investigated.
The presence or absence of the third molars was not a
selection criterion. None of the subjects had undergone
orthodontic treatment, dentofacial orthopaedics, or speech
therapy.

All the radiographs were taken for diagnostic purposes at
the Department of Orthodontics, University of Liege. For
each subject, gender, age, height (cm), weight (kg), and
body mass index (BMI) were recorded. BMI was calculated
using the formula BMI = Weight (kg)/Height (m?).

The area of the tongue shadow (cm?) was determined
from lateral skull radiographs taken with a Polydoros
(Siemens, Miinchen, Germany). The magnification of the
cephalostat was negligible due to the long distance (5 m)
between the object and the anode.

A barium mixture was applied to the dorsal surface and
tip of the tongue so that, radiographically, the tongue borders
could be more easily identified. The inferior border of the
tongue was defined as the separation between the
genioglossus and the geniohyoid muscles from the genial
tubercle to the hyoid bone body. This inferior border was
defined as a line from the genial tubercle to the hyoid bone
body. The tracing continued above the hyoid bone.

The cephalometric tracings were digitized and the area of
the radiographic shadow of the tongue was calculated twice
by the same operator (ML) using Autocad®2000 (Autodesk,
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San Rafael, California, USA). The mean value was used in
the study.

The volume of the tongue (cm?3) was calculated from the
MRI tracings. A semi-automatic calculation of the borders
permitted virtual reconstruction of the tongue. The tongue
was defined as all of its intrinsic muscles plus the entire
genioglossus and hyoglossus muscles. For each subject, a
series of images including 15 sagittal slices, 4 mm thick,
were collected. Because sagittal orientation gave greater
resolution than frontal orientation, only sagittal views were
used in this study. The measurement of tongue volume was
made twice by the same operator (ML) and the mean value
was used in the study. The images were obtained at the
Department of Medical Imaging of the University Hospital
of Liége, using a Siemens (Erlangen, Germany) machine
with a 1.5 T magnet. A head/neck phased-array surface coil
was used for signal reception.

All examinations were performed in the supine position
and the subjects were asked not to move or swallow and to
keep their tongue against the roof of the mouth with their
teeth in occlusion during imaging.

Virtual reconstruction of the tongue (Figure 1) and
estimation of its volume were made on an ISG® Allegro
workstation (Ontario, Canada).

Statistical analysis

The results are presented as the mean * standard deviation
(SD). Correlation coefficient were used to assess the
association between two variables. The mean values were
compared using an unpaired Student’s f-test. Multiple
regression analysis was applied to determine the relationship
between MRI lingual volume and the radiographically
determined area of the lingual shadow, as well as the
demographic and biometric parameters. The quality of
the regression was ‘appraised’ by the coefficient of
determination R2.

Figure 1 Digitization and three-dimensional reconstruction of slices of
the face and the tongue.
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To determine the 95 per cent reference values for the
lingual volume in males and females, respectively, the
method of Guttman (1970) was used because of
the small sample sizes (n = 35). Guttman tolerance interval
limits are given as the mean = k-SD, where k£ = (1 +
1/n)”:0(0.975; n — 1) and 0(0.975; n — 1) is the 97.5th
percentile of the Student’s 7 distribution on n — 1 degrees of
freedom. For large n, k is equal to the classic 1.96 value.

Test results were considered to be significant at the 5 per
cent level (P < 0.05). All calculations were performed using
SAS® 6.12 for Windows (SAS Institute, Cary, North
Carolina, USA) and S-Plus 2000® (Mathsoft, Cambridge,
Massachusetts, USA) software.

Results

Demographic, biometric, and lingual characteristics of the
study subjects are reported in Table 1.

Demographic and biometric characteristics

The mean age of the subjects was 24.5 + 4.4 years.
However, males were slightly but significantly older than
females (25.5 + 4.4 versus 23.5 + 4.3 years, P < 0.05).
Global mean height was 175 £ 9.5 cm with a highly
significant difference between genders (P < 0.001). A
similar significant difference was also found for body
weight, with a mean of 73.3 + 12.6 and 59.6 + 9.4 kg for
males and females, respectively (P < 0.0001). BMI was also
significantly different for males and females with a mean of
23.6 £3.2 and 21.1 £ 2.5 kg/m?, respectively (P = 0.0006).
No correlation was observed between age and biometric
parameters (height, weight, and BMI). By contrast, height and
weight were significantly correlated (» = 0.79, P < 0.001).

Lingual shadow area and volume evaluation

The lingual shadow was significantly greater in males (32.4 £
4.1 cm?) than in females (26.6 + 3.0 cm?; Table 1). A low
correlation was found with age (» = 0.29, P = 0.016).
Correlations between lingual shadow area and height (» =
0.66), weight (» = 0.69), and BMI (» = 0.52) were all highly
significant.

Lingual volume was significantly greater in males (89.9
11.5 cm?) than in females (68.9 = 7.0 cm?; Table 1). No
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correlation was found with age (r = 0.13, P = 0.29).
Nevertheless, correlations between lingual volume and
height (» = 0.73), weight (» = 0.74), and BMI (r = 0.55)
were highly significant (P <0.001). As biometric parameters
were gender dependent, the variables related to the lingual
shadow area and tongue volume were examined.

Comparison of the area of the radiographic shadow of the
tongue and its volume

As shown in Figure 2, a highly significant and clinically
relevant correlation was found between the area of the lingual
shadow and the calculated volume from the MRI data ( =
0.83, P <0.001). The corresponding linear regression is given
by the equation

Volume =3.91 + 2.56 x (Area of tongue shadow),

which allows the lingual volume to be satisfactorily
determined from the area of the tongue shadow (R? = 0.69).

Prediction of tongue volume

To improve prediction of tongue volume from the area of
the tongue shadow, multiple regression analysis was applied
to the demographic and biometric characteristics of the
subjects. Specifically, tongue volume could be best predicted
from the following equation (where gender is set equal to 1
for males and 0 for females):

Volume = 20.5 + 1.76 x (Area of tongue shadow) + 10.3
x (gender) — 0.49 x (age) + 0.62 x (BMI).

The impact of each parameter was highly significant and the
multiple determination coefficient increased to R? = 0.80.
Thus, the volume was found to be positively related to an
increase of the surface (P <0.001), male gender (P <0.001),
and BMI (P < 0.05), and negatively correlated with age
(P<0.05).

Determination of standards of reference

Globally, and independently of gender and other parameters,
95 per cent reference intervals were established using
Guttman’s method (k = 2.01) for the lingual shadow and
calculated volume.

Table 1 Demographic, biometric, and lingual characteristics of the study subjects.

Variable Total (n=70) Males (n = 35) Females (n = 35) P value
Age (years) 245+ 4.4 255+ 4.4 23.5+43 0.05
Height (cm) 175+9.5 182+5.7 168 +6.8 <0.001
Weight (kg) 68.9+ 145 783+ 12.6 59.6 +9.35 <0.0001
Body mass index (kg/m?) 223+3.12 23.6+3.22 21.1+2.48 0.0006
Lingual surface (cm?) 29.5+4.6 324+4.1 26.6+3.0 <0.001
Lingual volume (cm?) 79.5+14.2 89.9+11.5 68.9+7.0 <0.001
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Figure 2 Correlation between the area of the radiographic shadow of the
tongue and its calculated volume on magnetic resonance images.

For the area of the tongue shadow, reference limits
were equal to 29.5 + (2.01 x 4.585), yielding a 95 per
cent reference interval of 20-39 cm? For lingual volume,
reference limits were equal to 79.5 + (2.01 x 14.17),
yielding a 95 per cent reference interval of 51-108 cm3.

Reference intervals for lingual surface and volume are
also given in Table 2 by gender (k= 2.006).

Variable standards of reference

The results show that the area of the radiographic shadow
and the volume of the tongue were significantly
correlated with gender and the weight of the subject.
Height was not taken into account because a high
correlation existed between this parameter and the
weight of the subject. It was possible to use BMI
instead of weight, but in this case the relationship was
weaker.

Reference limits for the lingual shadow in relation to
weight for each gender (1 = male, 0 = female) are shown in
Figure 3 and for lingual volume in Figure 4.

For the area of the lingual shadow, the equations were

Shadow area = 17.5 + 2.86 x (gender) + 0.154 x (weight),
Shadow area = 16.8 +4.59 x (gender) + 0.466 x (BMI)

and for lingual volume,

Volume = 43.0 + 12.8 x (gender) + 0.435 x (weight),
Volume = 40.6 + 17.7 x (gender) + 1.35 x (BMI).

Discussion

MRI is an objective means of measuring the tongue or
soft tissues. The limits of the tongue can be defined more
easily with MRI than by radiography and also avoids
exposing the patient to ionizing radiation. The calculated

F. LIEGEOIS ET AL.

Table 2 Standard reference limits for lingual shadow (surface)
and volume of the tongue in healthy subjects, totally and for each
gender.

Variable Total (n="70) Males (n=35) Females (n=35)
Lingual surface (cm?) 20-39 24-41 20-33
Lingual volume (cm?) 51-108 66114 55-83
Males Females
b s . % e
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Figure 3 Correlation between the lingual shadow (surface) and weight
for each gender.
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Figure 4 Correlation between lingual volume and weight for each
gender.

mean tongue volume of 79.5 cm? found in this study was
comparable with that reported by Lauder and Muhl (1991)
of 79.29 c¢cm3. The volume was also shown to be gender
related with a mean value of 89.9 and 68.9 cm? in males
and females, respectively. Yoo et al. (1996) found a mean
tongue volume of 64.6 cm? in a control group of 10 adult
females. This value was lower than that in the present
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study but the mean weight of the subjects was different
(53.4 kg). However, when using the equation relating
lingual volume and weight, the mean value obtained,
namely, 43 + (12.8 x 0) + (0.435 x 53.4) = 66.2 cm?, was
much closer to 68.9 cm?3.

Roehm (1982) and Lowe ef al. (1986) both used CT to
draw tongue outlines of the section and then to determine
tongue volumes. However, they obtained disparate results
with mean tongue volumes of 59.12 and 71.96 cm?,
respectively.

Recently, Iida-Kondo ef al. (2006) calculated the tongue
volume with MRI in normal male adults and in male sleep
apnoea patients. They found a mean tongue volume value of
86.98 ¢cm? in the controls and 90.56 ¢cm? in the apnoea
subjects. These results are close to those reported in this
study.

Using a MRI technique (real-time TrueFISP) imaging,
Ajaj et al. (2005) studied 50 subjects selected on the basis
of age, dental status, and other factors. A mean tongue
volume of 117 cm? was found for males and 77 cm? for
females, which is substantially greater than the values of the
present study (mean of 89.9 and 68.9 cm?, respectively). No
clear explanation can be offered for these differences
although the two groups of male and female subjects may
have differed in height and weight.

The strong correlation between lingual volume and the
weight of the subject was clinically significant. It is known
that excess weight can be associated with OSA, and thus,
excess lingual volume can be responsible for such a
disorder. Similar to Do et al. (2000), it is considered that a
variation in tongue size alone cannot explain the severity of
apnoea and that tongue size may simply reflect the larger
body mass often seen in these patients.

Somedental, dentoalveolar, or dentoskeletal consequences
of tongue size can be expected. It would therefore be useful
to determine the influence of excess tongue volume on tooth
position and dental arch morphology.

In future research, it would be helpful to clarify the
discrepancy between studies supporting the well-known
hypothesis that a large tongue is highly correlated with
mandibular prognathism or to confirm the contradictory
findings of other studies (Natali and Polacco, 1981; Yoo
et al., 1996).

The highly significant correlation found in this study
between the area of the radiographic shadow of the tongue
and the lingual volume determined by MRI indicates that
lingual volume can be accurately estimated from classic
lateral skull radiographs in daily practice. However, a
precise value, in some cases, may require MRI assessment.

The correlation between MRI-derived volume and the
radiographically determined area of the tongue shadow
confirmed the results of previous studies in which, due to
technical limitations, only data on the area of the tongue
shadow were available (Eifert, 1960; Cookson, 1967; Vig
and Cohen, 1974; Natali and Polacco, 1981).
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The present results indicate that studies with an appropriate
number of subjects can be carried out accurately on the
basis that the areas of the lingual shadows represent useful
quantitative data. However, although the MRI technique is
more time-consuming and expensive than radiography, it
has the advantage of avoiding irradiation of the subject.

Overall, the lingual volume estimated by MRI or derived
from the lingual shadow will permit a more precise analysis
of'the morphogenetic influence of the tongue on the orofacial
region.

Conclusions

MRI is a precise and reliable procedure for determining
tongue volume. Virtual computerized reconstructions greatly
facilitate volume measurements. Nevertheless, this costly
technique is not appropriate for daily orthodontic practice.

The results of the present research show that not only the
size of the tongue is closely related to other demographic
and biometric characteristics but also a highly significant
correlation exists between lingual volume measured on
MRI and the area of the lingual shadow measured on profile
radiographs. This equation was used to propose an estimation
of the tongue volume from the latter parameters.
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SUMMARY Patients’ and parents’ perception of malocclusion are important in determining orthodontic
treatment demand, motivation, and cooperation. The aim of this study was to investigate differences
in perception of treatment need in currently orthodontically treated, previously treated, and untreated
subjects.

The sample comprised 3196 children and adolescents (1593 males and 1603 females) aged 8-19 years
(mean age 13.0+3.6 years) from 24 randomly selected public schools in Zagreb, Croatia. Objective
treatment need was assessed clinically using the Dental Aesthetic Index (DAI). Subjective treatment
need was estimated separately by an orthodontic resident, the child/adolescent and his/her parent using
the Standardized Continuum of Aesthetic Need (SCAN) procedure. The children/adolescents completed
a questionnaire that had five questions with five-point Likert-type scale answers concerning satisfaction
with dental appearance, importance of teeth for facial appearance, and malocclusion-related quality of
life. Spearman correlation and logistic regression were used for statistical analysis.

Associations between objective and subjective orthodontic treatment need were weak but statistically
significant (Rho from 0.20 to 0.50; P<0.05). Malocclusion-related quality of life was poorly associated with
treatment need. Satisfaction with tooth appearance showed the most frequent statistically significant
correlation (Rho from -0.14 to -0.35; P<0.05), while importance of aligned teeth for facial appearance
and social contacts had the weakest correlation with treatment need. Perception of treatment need was
greater in previously treated subjects. Parents’ perception had a low predictive value.

The findings of this study show that malocclusion has more impact on emotional well-being than on
function or social contacts.

Introduction . . .
the child, parents, dentist, orthodontist, and payment agency

(Shaw, 1981). Patients’ and parents’ perception of
malocclusion cannot be underestimated. The patient’s self-
perception is of considerable importance in determining
treatment demand and co-operation, while parents are the
most powerful single factor in the motivation for treatment
(Shaw, 1981; Lewit and Virolainen, 1986).

Several studies have investigated the relationship between
objective orthodontic treatment need and subjective patient
and parent perceptions of malocclusion (Shaw, 1981; Burden
and Pine, 1995; Pietili and Pietild, 1996; Mandall
etal., 1999; Birkeland et al., 2000; Yeh et al., 2000; Hamdan,
2004; Abu Alhaija et al., 2005; Nobile et al., 2007). Data
concerning self-perception of orthodontic treatment need

Traditional occlusal indices define orthodontic treatment
need from a clinician’s point of view, but often no
consideration is given to the concepts of perceptual,
functional, and social needs (Hamdan, 2004). Recently
there has been increasing interest in relating occlusal indices
to individual perceptions of orthodontic treatment need and
quality of life (Yeh et al., 2000; Cunningham and Hunt,
2001; Onyeaso and Aderinokun, 2003; Kok et al., 2004;
Abu Alhaija et al., 2005; Klages et al., 2006; Bernabé et al.,
2008). The importance of oral health-related quality of life
(OHRQoL) is relevant for children and adolescents since it
may affect their psychological development and social skills
(Nobile et al, 2007). Gender, age, socio-economic

background, self-esteem, and peer group norms have been
suggested as factors affecting the self-perception of dental
appearance, malocclusion, and the uptake of orthodontic
treatment (Jenkins ef al., 1984; Shaw ef al., 1991; Burden,
1995; Mandall et al., 2001; Abu Alhaija et al, 2005).
Previous orthodontic experience could also be a factor
influencing perception of treatment need (Birkeland et al.,
2000; Kerosuo et al., 2000). Decisions to provide and accept
orthodontic treatment are not defined only by orthodontists,
but are arrived at by negotiation between interested parties—

are available, but there is no evidence on differences in
perception between currently orthodontically treated,
previously treated, and untreated children and young adults.

Therefore, the purpose of this study was to investigate
differences in perception of orthodontic treatment need
in these three groups of subjects. Special attention was
given to psychosocial factors influencing the demand
for orthodontic treatment. These included: satisfaction
with dental appearance, importance of teeth for facial
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appearance, and malocclusion-related quality of life
(manifested in difficulties with speech, laughing without
embarrassment, and interacting with other people). A
further aim was to determine the strength of the correlation
between clinicians’, children’s/adolescents’ and parents’
perceptions of treatment need.

Subjects and methods

The study protocol was approved by the Croatian Ministry
of Science, Education and Sports, the Ministry of Health
and Social Affairs, and the Ethics Committee of the Zagreb
University School of Dental Medicine. Written parent
informed consent was also obtained for dental examinations
and interviews/questionnaires.

Data were collected during an epidemiological survey in
the period September 2006 to February 2007 of 3196
children and adolescents (1593 males and 1603 females)
aged 8-19 years (mean age 13.0%£3.6 years) randomly
selected using a one-stage cluster sampling procedure in
24 public schools in Zagreb, Croatia (12 elementary and
12 secondary, Table 1). Three elementary schools were
randomly selected from each of the four administrative
sections of the city of Zagreb and the four secondary schools
from each of three types of schools (general, technical, and
crafts) regardless of location. According to the 2001 census
(Drzavni zavod za statistiku, 2006), there were around 8800
subjects in each age group (range 8089—10118). Thus, the
investigated sample included approximately 10 per cent of
that population.

A fieldwork team of four previously trained and calibrated
examiners performed the intra-oral examinations using the
World Health Organization’s (WHO) manual probe (WHO,
1997), a mouth mirror, and an artificial light placed on the
examiner’s head. The training and calibration of the examiners

Table 1 The sample population according to age group and gender.
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involved a 2-day duration workshop, including theoretical
and practical aspects ofthe indices to be used. The calibration
procedures were planned in order to simulate the conditions
that the investigators would find in the field. Professional
treatment need was assessed using the Dental Aesthetic
Index (DAI) according to the WHO (1997) guidelines. In
children in the mixed dentition, DAI scoring was modified
(Johnson et al., 2000).

Subjective aesthetic treatment need, based on the
appearance of the anterior teeth, was estimated separately for
each subject by an orthodontic resident (SV), the child and
his/her parents using the 10-point visual scale of the
Standardized Continuum of Aesthetic Need (SCAN), also
known as the Aesthetic Component of Index of Orthodontic
Treatment Need (Evans and Shaw, 1987). The scale is
illustrated by a series of photographs rated for overall dental
attractiveness, with grade 1 representing the most attractive
and grade 10 the least attractive. The children and adolescents
completed afive-section questionnaire concerning satisfaction
with the appearance of their teeth, the importance of teeth for
facial appearance, and malocclusion-related quality of life
(difficulties in speech, laughing without embarrassment, and
contacts with other people). Satisfaction and importance
were scored using a five-point Likert-type scale with the end
points ‘very dissatisfied’ (1) and ‘very satisfied’ (5) for
satisfaction and ‘completely unimportant’ (1) and ‘completely
important’ (5) for importance. Frequency of difficulties
during speaking, laughing, and social contacts was also
scored using a five-point Likert-type scale as follows: ‘never’
(1), ‘rarely’ (2), ‘monthly’ (3), ‘weekly’ (4), and ‘daily”’ (5).
For logistic regression analysis, dummy variables were
constructed yielding the categories ‘dissatisfied” (0) and
‘satisfied’ (1) with respect to satisfaction with teeth appearance
and ‘unimportant’ (0) and ‘important’ (1) for importance of
aligned teeth for facial appearance. Frequency of occurrence

Age group (years) Gender Orthodontic treatment Total
Never treated Orthodontically treated Currently being treated
9 Male 481 10 15 506
Female 300 3 30 333
Total 781 13 45 839
12 Male 359 56 78 493
Female 339 63 114 516
Total 698 119 192 1009
15 Male 245 61 26 332
Female 228 69 84 381
Total 473 130 110 713
18 Male 163 77 22 262
Female 190 112 71 373
Total 353 189 93 635
Total males 1248 (78.3%) 204 (12.8%) 141 (8.9%) 1593
Total females 1057 (65.9%) 247 (15.4%) 299 (18.7%) 1603
Total sample 2305 (72.1%) 451 (14.1%) 440 (13.8%) 3196
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of difficulties in speech, laughing without embarrassment,
and contacts with other people was also dichotomized:
‘never/rarely’ (0) and ‘monthly/weekly/daily’ (1).

All data were analyzed using the SAS 9.0 and Statistica
7.1 statistical software (SAS Institute Inc., Cary, North
Carolina, USA and StatSoft Inc., Tulsa, Oklahoma, USA,
respectively). Non-parametric Spearman rank correlation
was used to explore the relationship between perception of
treatment need, clinically assessed need, and related
factors in the three groups of subjects. Using the Fisher
r-to-z transformation, a value of z was applied to assess
the significance of the difference between correlation
coefficients of untreated, previously treated, and currently
treated subjects. Associations between factors influencing
perception of orthodontic treatment need were estimated
by multiple regression using the logit model with 95 per
cent confidence intervals given for the odds ratios,
indicating statistically significant relationships if both
values were cither greater or less than 1. The backward
conditional method of binary logistic regression was used
to select variables to fit the criteria for multiple logistic
regression. The significance of the effects in the model
was performed via Wald statistics and likelihood-ratio test
with chi-square statistics. An alpha level of 0.05 was
considered statistically significant.

Results

The dropout rate in the initial sample of 3337 children and
adolescents was 4.2 per cent, so the final sample comprised
3196 children and adolescents. Inter- and intra-examiner
reliabilities were evaluated by means of repeated
measurements on 10 subjects, with age similar to the sample,
with a 7-day interval from the first examination. The
agreement proportion of over 83 per cent and weighted
Kappascore ofover 0.64 indicated significant reproducibility
and substantial agreement (Table 2).

Prevalence and severity of malocclusions assessed by the
DALI in the groups of untreated, previously orthodontically
treated, and currently treated subjects are shown in Figure 1.
Associations between clinical and aesthetic assessments of
orthodontic treatment need were weak but statistically
significant (Table 3, P<0.05). Correlation was stronger in
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previously treated subjects. The association was similar for
both males and females. The greatest disagreement in
aesthetic assessment using the SCAN was evident between
parents and children/adolescents. Malocclusion-related
quality of'life, expressed as difficulties with speech, laughing
without embarrassment, and contact with other people, was
poorly associated with clinically and aesthetically assessed
treatment need. The importance ofteeth for facial appearance
also had a poor relationship with severity of malocclusion
and orthodontic treatment need. Satisfaction with dental
appearance showed the most frequent statistically significant
correlation (Spearman Rho from —0.14 to —0.35; Figures 2
and 3), and importance of aligned teeth for facial appearance
and contacts with other people the weakest correlation with
treatment need. Untreated subjects were most satisfied with
their dental appearance, regardless of treatment need, but
satisfaction—malocclusion correlation was significantly
stronger in previously treated subjects than in those untreated
or currently treated (Table 3, P<0.05). Parents’ aesthetic
assessment of their children’s/adolescent’s treatment need
had the lowest predictive value for all variables concerning
the satisfaction of children/adolescents with their dental
appearance, importance of teeth for facial appearance, and
malocclusion-related quality of life. Associations between
orthodontic history and factors influencing the demand for
orthodontic treatment are shown in Table 4. Untreated
subjects in relation to those previously treated were younger,

definite

normal/minor

severe Very severe

Figure 1 Prevalence of malocclusions in the groups of untreated,
previously orthodontically treated, and currently treated subjects.

Table 2 Inter- and intra-examiner reliability scores for all examiners assessed by Cohen Kappa test.

Examiner 1 Examiner 2 Examiner 3 Examiner 4 Examiner 5
Examiner 1 0.815* 0.795 0.953 0.820 0.825
Examiner 2 0.795 0.838* 0.852 0.716 0.856
Examiner 3 0.953 0.852 0.821%* 0.773 0.640
Examiner 4 0.820 0.716 0.773 0.862%* 0.642
Examiner 5 0.825 0.856 0.640 0.642 0.899*

*Intra-examiner reliability evaluated with a 7-day interval from the first examination.
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Table 3 Correlation of subjective and objective assessment of orthodontic treatment need using Spearman correlation.

S. SPALJET AL.

Treatment DAI SCAN O SCAN C SCAN P
DAI NT 0.474%* 0.265%* 0.325%*
T 1 0.497%* } 0.309%* 0.190 NS}
IT L 0.383%* 0.200%** 0.456*
SCAN O NT 0.474%* 0.446** 0.411%*
T 0.497%* } 0.528%** —0.037 NS
IT 0.383** 0.537** 0.450%*
SCAN C NT 0.265%* 0.446** 0.280**
T 0.309%* 0.528** 0.845%*
IT 0.200%* 0.537%* 0.726**
SCAN P NT 0.325%* 0.411%* 0.280**
T 0.190 NS} —0.037 NS 0.845%*
IT 0.456* 0.450%* 0.726**
Satisfaction NT —0.182%* ] —0.196** —0.241%* —0.113 NS
T [ —0.295%* —0.350** —0.336%* —0.113 NS
IT 1 —0.138* —0.191%%* —0.255%%* —0.137 NS
Importance NT —0.04 NS —0.067* —0.111%* 0.097 NS
T —0.014 NS —0.070 NS —0.033 NS 0.223 NS
IT 0.057 NS —0.078 NS —0.023 NS 0.212 NS
Speech NT 0.119** 0.126%* 0.041 NS —0.046 NS
T —0.016 NS 0.004 NS 0.005 NS —0.317 NS
IT —0.003 NS 0.179** 0.123* —0.108 NS
Laughing NT 0.097* 0.127%* 0.102%* —0.149 NS
T 0.021 NS 0.084 NS 0.152%* 0.334 NS
IT 0.113 NS 0.144* 0.125% —0.055 NS
Contacts NT 0.04 NS 0.093* 0.018 NS —0.040 NS
T 0.034 NS 0.075 NS 0.110* —0.317 NS
IT 0.02 NS —0.018 NS 0.027 NS —0.139 NS

Brackets represent significant differences between correlation coefficients. DAI, Dental Aesthetic Index; SCAN, Standardized Continuum of Aesthetic
Need; SCAN O, assessment by orthodontist; SCAN C, assessment by child; SCAN P, assessment by parent; NT, never treated subjects; T, previously

treated; IT, currently in treatment.
*P <0.05; **P <0.01 (two tailed).

ORTHODONTIC HISTORY
-~ never treated

= orthodontically treated
—#— currently tre ated

SATISFACTION - LIKERT SCALE

1 2 3 4 5 6 7 8 9 10
SCAN SCORE - DENTIST

Figure 2 Association between treatment need (Standard Continuum of
Aesthetic Need, SCAN) assessed by the clinician.

more satisfied with dental appearance, and had a lower
objective treatment need. In relation to subjects in active
orthodontic treatment during the study, untreated subjects

often males, were more satisfied and had a lower objective
treatment need. Previously treated children and adolescents
in relation to currently treated subjects were mainly older
males who less frequently had problems with laughing due
to malocclusion and had a lower objective treatment need.
Associations between satisfaction with dental appearance,
importance of aligned teeth for facial appearance, and
OHRQoL with orthodontic treatment need are listed in
Table 5. Younger untreated boys with lower objective and
subjective treatment needs were more satisfied with their
dental appearance. Teeth were more important for younger
girls with lower self-perceived orthodontic treatment need.
Laughing without embarrassment was a more frequent
problem in older currently treated girls with a higher
objective and self-perceived treatment need. Problems in
interacting with other people were more pronounced in
younger children and adolescents with a higher subjective
treatment need.

Discussion

Associations between clinical and aesthetic assessments of
orthodontic treatment need, as well as between treatment
needs and OHRQoL, were mainly weak, often with stronger
correlations in subjects with an orthodontic history.
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Several studies have also shown a discrepancy between
an individual’s own view of the acceptability of his/her
dental appearance and the views of dental assessors
(Shaw, 1981; Abu Alhaija et al., 2005; Alkhatib et al.,
2005). Not only can objective and subjective treatment
needs differ, but there is also a moderate correlation
between different self-assessment visual scales (Flores—
Mir et al., 2004). It seems that perceptions of dental
aesthetics and orthodontic treatment need are very similar
in different races and ethnic groups (Otuyemi et al.,

ORTHODONTIC HISTORY
=~ never treated

= othodontically treated
=&~ currently treated

SATISFACTION - LIKERT SCALE

1 2 3 4 ] =] 7 8 =]
SCAN SCORE - SELF-PERCEIVED

10

Figure 3 Association between self-perceived treatment need (Standard
Continuum of Aesthetic Need, SCAN) and the child’s satisfaction with
their own dental appearance.
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1998; Alkhatib et al., 2005). The present results indicate
moderate correlation between a clinician’s objective
(DAI) and subjective (SCAN) assessment (Rho=0.4—
0.5) and a weak correlation between a clinician’s
objective and the children’s and parents’ subjective
assessment (Rho=0.2-0.3 and 0.2-0.5, respectively).
There is some evidence that the majority of children and
parents fail to accurately describe the anterior occlusal
characteristics (Shaw, 1981). It seems that the association
is weakest between parents and professionals in
assessment of treatment needs of previously treated
children and adolescents (Rho<0.2). Although the
children’s and parents’ perception of malocclusion
severity is of considerable importance in determining
treatment demand, the data showed a weak correlation
between their perceptions and clinically assessed needs,
but very good agreement between parents and children in
subjective assessment of previously treated and currently
treated subjects (Rho=0.7-0.9). Difference between the
parents’ and clinician’s perception could be explained by
parents’ overscoring treatment need due to a sense of
obligation to provide the best care for their children
(Hamdan, 2004). Although parents play an important
role in the motivation of children for treatment and often
make the final decision about treatment, according to the
data, they had the lowest predictive value concerning
children’s satisfaction with dental appearance, importance
of teeth for facial appearance, and their malocclusion-
related quality of life.

Differences not only exist in perception of treatment
need between untreated, previously treated and currently
treated patients, but certain variations can be found even
between orthodontists and dentists worldwide. These
differences are basically related to the practitioner’s country
of origin and method of remuneration (Richmond et al.,

Table 4 Associations between orthodontic treatment history and factors influencing the demand for orthodontic treatment as estimated

by the multiple logistic regression models.

Dependent variable Independent Logistic Standard Wald test Odds 95% Confidence
variable coefficient error significance ratio interval
Never treated (1) versus previously treated (0)* Age -0.327 0.024 <0.001 0.721 0.688-0.756
DALI score —0.018 0.008 0.016 0.982 0.967-0.997
Satisfaction 0.210 0.070 0.003 1.233 1.074-1.416
Never treated (1) versus currently treated (0)** DAI score —-0.032 0.008 <0.001 0.969 0.954-0.984
Satisfaction 0.314 0.073 <0.001 1.369 1.186-1.581
SCAN dentist 0.155 0.037 <0.001 1.167 1.085-1.255
Gender—male 0.949 0.138 <0.001 2.583 1.970-3.386
Previously treated (1) versus currently treated (0)*** DAI score —-0.034 0.010 0.001 0.966 0.947-0.986
SCAN dentist 0.156 0.055 0.005 1.169 1.049-1.302
Age 0.231 0.051 0.000 1.259 1.140-1.391
Laughing —0.208 0.094 0.026 0.812 0.676-0.976
Gender—male 0.604 0.183 0.001 1.830 1.279-2.618

Only statistically significant variables are listed. DAI, Dental Aesthetic Index; SCAN, Standardized Continuum of Aesthetic Need.

*R2=0.135; **R2 = 0.051; ***R2 = 0.080 (Cox and Snell Pseudo R-square).
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Table 5 Associations between satisfaction with dental appearance (0 = dissatisfied, 1 = satisfied), importance of aligned teeth for facial
appearance (0 =unimportant, 1 = important), difficulties in speech, laughing without embarrassment, and social contacts (0 = never/rarely,
1 = monthly/weekly/daily) and orthodontic treatment needs considering the effect of gender (0 = girls, 1= boys) as estimated by multiple

logistic regression models.

Dependent variable  Independent variable Logistic coefficient ~ Standard error ~ Wald test significance ~ Odds ratio ~ 95% Confidence
interval
Satisfaction*® Age —0.132 0.017 <0.001 0.877 0.848-0.906
Gender—male 0.564 0.109 <0.001 1.758 1.419-2.177
DAI score —0.034 0.007 <0.001 0.967 0.955-0.979
SCAN child —0.232 0.031 <0.001 0.793 0.747-0.843
SCAN orthodontist —0.174 0.031 <0.001 0.840 0.791-0.893
Untreated subjects 0.395 0.155 0.011 1.484 1.096-2.010
Importance** Age —0.036 0.012 0.003 0.964 0.941-0.988
Gender—male —0.787 0.094 <0.001 0.455 0.379-0.547
SCAN child —0.084 0.024 <0.001 0.920 0.878-0.964
Laughing*** Age 0.155 0.047 0.001 1.167 1.065-1.279
Gender—male —0.405 0.182 0.026 0.667 0.466-0.953
DAI score 0.022 0.010 0.027 1.022 1.002-1.042
SCAN child 0.164 0.049 0.001 1.178 1.069-1.298
Untreated subjects —0.529 0.219 0.016 0.589 0.383-0.905
Previously treated subjects —0.585 0.265 0.027 0.557 0.332-0.936
Contacts**** Age -0.221 0.045 <0.001 0.802 0.735-0.875
SCAN orthodontist 0.243 0.054 <0.001 1.276 1.148-1.418

Only statistically significant variables are listed. DAI, Dental Aesthetic Index; SCAN, Standardized Continuum of Aesthetic Need.
*R2=0.131; **R2 = (0.034; ***R2 = (.028; ****R2 = (.027 (Cox and Snell Psecudo R-square).

1994; Richmond and Daniels, 1998; Grzywacz, 2004).
There is also a tendency for dental attractiveness to be
scored higher and orthodontic treatment need lower when
assessing facial photographs than study models (Sherlock
et al., 2008). Poor dental aesthetics is the main motivating
factor for undertaking orthodontic therapy, but the demand
for treatment often exceeds objective need (Grzywacz,
2004). However, it is likely that perceived treatment need
tends to be similar within the same interest groups. Contrary
to the clear differences in lay people, Berk ef al. (2002)
found a high level of agreement on treatment need between
dental practitioners—general dentists, orthodontists, and
paediatric dentists. The treatment decisions by orthodontists
could be predicted with an accuracy of over 80 per cent in
scoring aesthetics, upper arch crowding, crossbite, overbite,
and sagittal molar relationship (Richmond and Daniels,
1998). Orthodontists and general dentists, as treatment
providers, appear to be more restrictive, consistent, and
reliable in their judgement of orthodontic treatment need
than both orthodontically treated and untreated subjects
(Petersen and Dahlstrom, 1998). Prospective orthodontic
patients and those previously treated rated treatment need
in a very similar way among themselves, but had a more
positive perception towards treatment (Petersen and
Dahlstrém, 1998).

Malocclusion-related quality of life, expressed in terms
ofdifficulties withspeech, laughing withoutembarrassment,
and social contacts, was poorly associated with clinically
and aesthetically assessed treatment need. Some studies
also found low or near zero correlation between higher

normative orthodontic treatment need and a lower
OHRQoL (Onyeaso and Aderinokun, 2003; Kok et al.,
2004). Satisfaction with dental appearance in the present
study was also poorly related to treatment need but usually
had a statistically significant correlation (Spearman Rho
from —0.14 to —0.35), while the importance of aligned
teeth for facial appearance and contacts with other people
had the weakest correlation with treatment need. Katz
(1978) failed to find a meaningful association between a
subject’s levels of satisfaction with dental appearance and
any orthodontic indices. The satisfaction—malocclusion
correlation in the present study was significantly higher in
previously treated subjects than in those both never treated
and currently treated.

Perceptions of orthodontic treatment need are multifactorial
and influenced to a greater or lesser degree by many factors.
In fact, 50 per cent of the demand for orthodontic treatment
is not related to measurable malocclusions (Lilja-Karlander
et al.,2003). It seems that satisfaction with dental appearance
and perception of treatment need is affected by age, gender,
and urban/rural areas of living. This can be explained by the
greater dental awareness and attractiveness concerns of older,
female, and urban populations (Roberts et al., 1989; Pietila
and Pietild, 1996; Abu Alhaija et al., 2005; Peres et al., 2008).
Some other investigations, including the current research,
did not identify gender as an influencing factor (Burden and
Pine, 1995; Flores—Mir et al., 2004). Children’s self-esteem
appears to be related to their self-perceived malocclusion
and its psychosocial impact (Mandall ez al., 2001). Teasing
experiences and bullying at school may play a role in the
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self-perception of malocclusion and uptake of orthodontic
treatment (Shaw, 1981; Mandall et al., 1999; Di Biase and
Sandler, 2001; Hamdan, 2004).

There is some evidence that the majority of young adults
are satisfied with their dental appearance regardless of
various degrees of objective treatment need (Kerosuo et al.,
2000; Lilja-Karlander et al., 2003). Kerosuo et al. (2000)
calculated that the odds ratio of being satisfied with dental
appearance was three times higher in orthodontically treated
subjects. Untreated subjects in the present investigation
showed the best satisfaction scores but their malocclusion—
satisfaction correlation was low. Twenty per cent, on
average, of orthodontically treated patients showed no
change or even a worsening in DAI scores with treatment
(Lobb et al., 1994), while results of present investigation
show that the malocclusion—satisfaction correlation was
stronger in previously treated patients. They may be the
most competent group to judge the relationship between
their previous malocclusion and an individual functional-
occlusal optimum achieved by therapy.

Conclusions

Associations between clinical and aesthetic assessments of
orthodontic treatment need are weak and poorly related to
quality of life. The findings of the present investigation
support the view that malocclusion has more impact on
emotional well-being than on function or social contacts.
Perception of orthodontic treatment need is greater in
previously treated subjects, while parents’ perception has a
low predictive value.
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Professionals’ and laypersons’ appreciation of various options
for Class lll surgical correction

M. Fabré, C. Mossaz, P. Christou and S. Kiliaridis

Department of Orthodontics, School of Dental Medicine, University of Geneva, Switzerland

SUMMARY The objectives of this study were to evaluate the assessments of maxillofacial surgeons,
orthodontists, and laypersons on the predicted aesthetic outcome of various surgical options in Class
Il correction and the associations between certain initial cephalometric values and the judges’ preferred
option.

Pre-surgical lateral headfilms and coloured profile photographs of 18 skeletal Class Ill Caucasian adult
patients (10 males and 8 females) with a mean age of 24.5 years were used. The headfilms were hand
traced and digitized. Conventional cephalometric analysis was performed. Computerized predictions
of three surgical options, mandibular setback, Le Fort | advancement, and bimaxillary surgery, were
made. For each case, the pre-surgical profile photograph with the three predictions was presented on a
printed page. The questionnaire was sent to 51 maxillofacial surgeons (response rate 45.1 per cent), 78
orthodontists (response rate 71.8 per cent), and 61 laypersons (response rate 100 per cent) to aesthetically
evaluate the pre-surgical photographs and the surgical predictions by placing a mark along a 10-graded
visual analogue scale (VAS) using a standard profile for calibration. Confidence interval was calculated
for each patient. An independent samples t-test was used to detect initial cephalometric values associated
with the judges’ preferred option and analysis of variance/Tukey’s honestly significant differences to
evaluate differences between judges. Intra-observer reliability was assessed with a paired t-test.

All treatment predictions led to improved scoring of facial aesthetics with the exception of the setback
option for three patients. For 14 patients, general agreement for the preferred option existed between
the three groups of judges. Laypersons tended to give lower improvement scores than professionals.
Overjet, nasofacial, and nasomental angles were important in decision making between the mandibular
setback and Le Fort | options (the more negative the overjet, the larger the nasofacial angle, the smaller
the nasomental angle, the greater the preference for the Le Fort | option). Wits appraisal seemed to
be important in decision making between the mandibular setback and bimaxillary options (the more
negative the Wits appraisal, the greater the preference for the latter option).

Introducti
firoduction sleep apnoea (Riley et al., 1987) was high. Long-term

Class III malformations are the consequence of insufficient
forward growth ofthe maxilla, excessive forward mandibular
growth, or a combination of both. It is often combined with
excessive vertical growth and less frequently with
insufficient vertical development.

Nowadays, a combined orthodontic—surgical approach is
widely accepted as the preferred method to correct moderate
to severe skeletal deformity in adults. This approach resolves
the problems for which orthodontic treatment alone would
do little to improve facial aesthetics.

In the past, a mandibular bilateral sagittal split
osteotomy (BSSO), as described by Trauner and
Obwegeser (1957), modified by Dal Pont (1961) and later
by Epker (1977), was the only surgical alternative. This
operative technique appeared very unstable (Kobayashi
et al., 1986; Bailey ef al., 1995; Schatz and Tsimas, 1995)
and the results were unpredictable. They depended greatly
on the ability of the surgeon to position correctly the two
proximal fragments during intervention under general
anaesthesia (Fish and Epker, 1986). Moreover, with a
large mandibular setback, the risk of inducing obstructive

evaluation of facial profiles also revealed more premature
signs of ageing in patients with retrusive compared with
protrusive profiles.

Maxillary advancement with Le Fort I osteotomies
became popular in the early 1980s to correct moderate Class
IITI malocclusions. It was found to be a more stable technique
(Wardrop and Wolford, 1989) that resulted in a more stable
occlusion and a more pleasing profile (Bailey et al., 1995;
Proffit and Phillips, 2003) and was also indicated in Class
III patients with vertical excess.

In subjects with severe malformations and in those with
mandibular asymmetry, combined mandibular and maxillary
osteotomies were, however, indicated.

Based on studies that show excellent profile improvement
and good long-term stability (Proffit et al, 1991), the
tendency of'the last decade has been to undertake bimaxillary
surgery on most Class III patients (Bailey et al., 1995).
However, the differences between single- and double-jaw
surgery concerning surgical risks and costs, time of recovery,
and patient inconvenience during this period should also be
considered.
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The recognition of aesthetic factors and the ability to
predict the final facial profile play an increasingly important
role in orthognathic treatment planning since aesthetics
remains the principal motive for the majority of patients
seeking orthognathic surgery (Laufer e al., 1976; Kiyak
etal., 1981; Jacobson, 1984). However, a number of studies
have confirmed that the general public and professionals
view facial aesthetics differently (Lines ef al., 1978; Prahl-
Andersen et al., 1979), with the general public demonstrating
the greatest variation in what they consider attractive
(Cochrane et al., 1999).

The purpose of this study was to evaluate the assessments
of maxillofacial surgeons, orthodontists, and laypersons on the
predicted aesthetic outcome of the various surgical options in
Class III correction in order to establish guidelines that derive
not only from the professionals’ but also from patient peer
opinion. The choice of a certain orthognathic option depends
on many factors, one of which is the initial facial morphology.
Therefore, the aim was to identify certain cephalometric
variables which could be related to the preferred option.

It was hypothesized that a difference between
professionals and laypersons exists in the evaluation of
Class III surgical predictions and that laypersons do not
perceive the differences between the various options as
clearly as professionals.

Subjects and methods
Subjects

Eighteen Caucasian skeletal Class III adult patients seeking
treatment during the period 1984-2001 and treated with
combined orthodontics and orthognathic surgery were
selected. They had to meet the following inclusion criteria:
a Class III malocclusion in centric relation, with a negative
or zero overjet and an ANB angle of 1 or less degree before
treatment. Patients with a cleft lip/palate, recognized
syndromes, or facial trauma were excluded.

The selected patients (10 males and 8 females) with a
mean age of 24.5 years, range 17.5-38.4 years presented a
mean pre-surgical overjet and ANB angle of —5.4 mm
(range —10.5 to —0.4 mm) and —2.6 degrees (range —6.4 to
0.8 degrees), respectively.

Methods

Lateral headfilms, taken in the natural head position (NHP)
with the lips in the rest position, and coloured facial profile
photographs taken prior to surgery were obtained from the
patients’ records.

The lateral cephalograms were hand traced and the tracings
were digitized by the same examiner (MF). Angular and
linear cephalometric variables, as shown in Table 1 and
Figure 1, were calculated by computer using the OTP software
(OTP for Windows, Version 8.5.4, Pacific Coast Software,
Smith Micro Software, Inc., Aliso Viejo, California, USA).

M. FABRE ET AL.

Table 1 Cephalometric variables studied.

Cephalometric variables

Angles (°)

ANB (point A—nasion—point B)

SN-MEGO (sella turcica—nasion/menton—gonion)

Nasolabial angle”
(ac—pc—sl: anterior columella—posterior columella—labrale superius)

Nasofacial angle™
(g—pg: soft tissue glabella—soft tissue pogonion/line tangent to
dorsum of nose)

Nasomental angle™
(n—nt/nt—pg: soft tissue nasion—nasal tip/nasal tip—soft tissue
pogonion)

Facial contour angle
(g—pc/pc—pg: soft tissue glabella—posterior columella/posterior
columella—soft tissue pogonion)

Hokok

Distances (mm)
Overjet
Wits appraisal
Upper lip protrusion
(sl to nt—pg: distance labrale superius to nasal tip—soft tissue
pogonion line)
Lower lip protrusion™**
(11 to nt—pg: distance labrale inferius to nasal tip—soft tissue
pogonion line)
Upper face height
(E—pc: eye—posterior columella)
Lower face height™"
(pc—me: posterior columella—soft tissue menton)
Upper lip length™
(pc—s: posterior columella—stomion)
Lower lip length™*
(s—me: stomion—soft tissue menton)

EEEEY

sekk

Ratios
MEGO/ANS-PNS
(menton—gonion/anterior nasal spine—posterior nasal spine)
Upper lip length/lower face height

*Arnett and Bergman (1993), **Powell and Humphreys (1984),
***Worms et al. (1976), ****Ricketts (1960).

The profile photographs were checked for adequate
quality: each photograph had to show the profile in the NHP
with the lips in the rest position and without the subjects
wearing spectacles.

From the headfilms and profile photographs, predictions
of the three surgical options (mandibular setback, Le Fort I
advancement, and bimaxillary surgery) were made using
the OTP software. Colour and blending of the predictions
were adjusted with Image Magician (Version 2.0.10, Pacific
Coast Software, Inc.) to provide an appearance as natural as
possible, eliminating distracting discontinuities between
discrete distortions. This was obtained without changing the
profile outline.

For each subject, the pre-surgical profile photograph and
the three predictions, in random order, were presented on
one printed page with a modified visual analogue scale
(VAS) from 0 to 10 cm underneath each profile (Figure 2).
A total of 72 photographs were presented on 18 pages,
accompanied by a standard calibration profile.
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Figure 1 Reference points and lines used in the cephalometric analysis.
Hard tissue points: S, sella turcica; N, nasion; ANS, anterior nasal spine;
PNS, posterior nasal spine; A, point A; B, point B; PG, pogonion; GN,
gnathion; ME, menton; SI, incision superius; LI, incision inferius; GO,
gonion. Soft tissue points: g, soft tissue glabella; n, soft tissue nasion; snt,
superior nasal tip; nt, nasal tip; ac, anterior columella; pc, posterior
columella; slc, superior labial sulcus; sl, labrale superius; s, stomion; 11,
labrale inferius; il, infralabiale; pg, soft tissue pogonion; gn, soft tissue
gnathion; me, soft tissue menton. Constructed points: E, eye, the
intersection of soft tissue glabella—posterior columella plane by a
perpendicular line bisecting the eye (Worms ez al., 1976). LFH, lower face
height; LLL, lower lip length; ULL, upper lip length.

Judges

The questionnaire was sent to 51 maxillofacial surgeons (48
males and 3 females), 78 orthodontists (48 males and 30
females), and 61 laypersons (20 males and 41 females).

The judges represented a wide age range but all were
adults. The professionals had various levels of experience.
The laypersons consisted of participants recruited from
incidental contacts and had a mixed socio-economic
background, but none of them was trained in dentistry or
facial surgery.

The assessors were given a written explanation of the
study. They were asked to aesthetically evaluate the pre-
surgical photographs and the surgical predictions of all 18
patients by placing a mark along the VAS from 0 to 10
underneath each photograph, 0 being described as ‘a very
unattractive profile’ and 10 being described as ‘a very
attractive profile’ [profile assessment score (PAS)] in the
most objective way, without being influenced by factors
such as make-up, colour of the eyes, and hair style.

To standardize the assessments of the judges, the
photographs were to be rated in relation to a standard
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calibration profile, with a mean PAS of 6.0 on the VAS,
which had been previously validated (Fabré et al., 2009).

‘Improvement’ of facial aesthetics was considered when
there was a positive difference in PAS of at least 0.5 units
on the VAS between the pre-surgical and predicted post-
surgical profile.

Statistical analysis

Based on the mean scores for the pre-surgical photograph and
the mean improvement units for each prediction of the 18
patients, when all 140 judges were taken together, confidence
interval (CI) was calculated for each patient individually. A
positive/negative CI of at least 0.5 units was considered as an
improvement/worsening of facial aesthetics, respectively.

For every option for each Class III patient, the percentage
of surgeons, orthodontists, and laypersons who preferred
that option was calculated. This differentiated three groups
of patients with consensus of preferred surgical option by
all judges.

Independent samples t-tests were used to investigate
differences in the pre-surgical cephalometric variables
(Table 1, Figure 1) between the three groups of patients, to
detect why, for a certain group of patients, a certain surgical
option was preferred.

To compare the improvement units (with standard deviation)
for the preferred option by the three groups of judges, repeated
measures analysis of variance was used to determine if there
was a difference in judgement between the maxillofacial
surgeons, the orthodontists, and the laypersons. A repeated
measures design was employed because each patient was
evaluated three times, once by the surgeons, once by the
orthodontists, and once by the laypersons. Tukey’s honestly
significant differences test was used to ensure that any
differences found were not due to chance. This was undertaken
for the patients for whom there was a general agreement of
preferred surgical option between the three groups of judges.

Method error

To test intra-observer reliability, the questionnaire was
submitted for re-evaluation with a minimum interval of
6 months to five maxillofacial surgeons, five orthodontists,
and five laypersons. All the pre-surgical values and one
prediction per patient taken at random were submitted to
statistical analysis. A paired #-test was used to assess
systematic error between the two occasions.

The error of the method (SE) was calculated using the

formula of Dahlberg
X
SE = ,
2N

where d? is the sum of the squared differences between
the first and the second occasion and N is the number of
subjects evaluated twice (Houston, 1983).
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Figure 2 The mark sheet with the pre-surgical profile photograph on the top of the page with the three surgical
predictions below in random order. The judges were asked to aesthetically score each photograph by placing a
mark on the visual analogue scale (0 = a very unattractive profile; 10 = a very attractive profile).

When assessing the pre-surgical photographs, a difference
between the two occasions of 0.25/0.09/0.18 units on the
VAS was found for the surgeons, orthodontists, and
laypersons, respectively.

When assessing the predictions, the laypersons were the
most consistent (0.42), followed by the orthodontists (0.63)
and then the surgeons (0.65).

Tracing and point identification error between duplicate
measurements had been previously assessed (Fabré et al.,
2009). The systematic error between the two sets of
measurements was low.

Results
Response rate

The response rate for maxillofacial surgeons, orthodontists,
and laypersons was 45.1,71.8, and 100 per cent, respectively.
The orthodontists and laypersons represented both genders,
while there was an over-representation of males among the
surgeons.

Evaluation of the improvement scores

CI showed that most of the results were reliable and were
not an accidental finding. Depending on the pre-surgical
photograph, a specific surgical option was preferred, and it
could be any of the three proposed alternatives. For all the
subjects, each option was an improvement, except for the

setback option where three subjects did not meet the
standards (Figure 3).

For 14 of the 18 patients, there was a general agreement
on the preferred surgical option between maxillofacial
surgeons, orthodontists, and laypersons (Figure 4): the
setback option was preferred for four patients, the Le Fort I
option for seven, and the bimaxillary option for three
patients by the three groups of judges.

Comparison between the judges showed that for the
setback option (four patients), the surgeons and the
orthodontists found an aesthetic improvement of 3.2 and
3.3 units, respectively, and thus were both more satisfied
with the predicted outcome as compared with the laypersons
(1.8 units, P = 0.004 and P = 0.003, respectively). No
difference was found between orthodontists and surgeons.
For the Le Fort I option (seven patients), the surgeons and
orthodontists gave a higher improvement rate (3.1 and 3.6
units, respectively) as compared with the laypersons (1.9
units, P = 0.041 and P = 0.005, respectively), while no
difference was found between orthodontists and surgeons.
No significant difference between the three groups of judges
was found in the improvement score for the three patients
where the bimaxillary option was preferred (surgeons: 3.3,
orthodontists: 3.7, and laypersons: 2.2).

For the remaining four patients, there was not total
consensus. Two of the three groups of assessors agreed on the
option while the third group had this option as the second
choice (Figure 4). For these four patients, the preferred option
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Figure 3 Mean profile assessment scores (PAS) (with SEM = SD/x/;) for the pre-surgical photograph
and mean improvement units (with SEM) for each surgical prediction for each of the 18 patients, based on

all assessments (n = 140 assessors).

fluctuated between Le Fort I and bimaxillary surgery. None
of the three groups of judges preferred the setback option.

Correlation between preferred prediction and initial
craniofacial disharmony

When comparing the four patients selected for setback with
respect to the seven patients selected for the Le Fort I option,
independent samples #-tests showed that overjet, nasofacial,
and nasomental angles were important in the decision-
making process. The more negative the overjet before
surgery, the more probable the judges would choose the Le
Fort I option (compared with the setback option; P=0.013).

The larger the nasofacial angle, the more the judges preferred
the Le Fort I option (P =10.01) and the larger the nasomental
angle, the more the judges preferred the setback option (P =
0.024).

When comparing the four patients selected for setback
with the three patients selected for the bimaxillary option,
only the Wits appraisal seemed to be important. The more
negative the Wits appraisal, the greater the probability
that the judge would choose bimaxillary surgery (P =
0.01).

Nosignificantdifferencesininitial craniofacial characteristics
were found between the patients selected for the Le Fort 1
advancement and those selected for bimaxillary surgery.
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Figure 4 Percentage of maxillofacial surgeons (a), orthodontists (b), and laypersons (¢) who preferred mandibular
setback/Le Fort I advancement/bimaxillary surgery for each of the 18 patients.

Discussion

It has been shown that both laypersons and orthodontists
consider subjects with Class I profiles as more attractive
than those with Class III profiles, and, when assessing the
aesthetics of Class III profiles, laypersons are less critical
(Fabré et al., 2009).

In the present investigation, three surgical options for
skeletal Class III correction were proposed to maxillofacial
surgeons, orthodontists, and laypersons in order to evaluate
their assessments on the eventual final aesthetic outcome.

While the orthodontist and the layperson groups were
representative of their professional population, the surgeon
group, with the lowest response rate, consisted almost
exclusively of males. It can be assumed that this selection
corresponded to a specific European area and thus may not
be comparable with other countries. However, since
De Smit and Dermaut (1984) found no significant difference
between male and female participants in aesthetic preference
for the gender of a profile, it can be assumed that the results
were not biased by the selection of the judges.
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Overall, all types of predicted interventions led to an
improved scoring of facial aesthetics and, depending on the
pre-surgical photograph, a different type of surgery was
preferred.

For 14 of the 18 patients evaluated, there was general
agreement for the preferred surgical option. For the
remaining four patients, there was always an agreement for
a certain option between two of the three groups of judges,
while the third group chose the same option as the second
best. The hypothesis that laypersons do not perceive
differences between the different options as clearly as
professionals was not totally verified.

Surgeons and orthodontists tended to differentiate pre-
and post-surgical profile better than laypersons since most
of the time the former gave higher improvement scores.
Only for the bimaxillary surgical option, was there no
difference between the judges. In Class I surgical correction
using either mandibular advancement alone or combined
maxillary impaction and mandibular advancement, Dunlevy
et al. (1987) demonstrated that professionals systematically
ranked the surgical outcomes higher than laypersons.
Professionals frequently perceive facial aspects that may
appear unimportant to laymen. Orthodontists tend to focus
on facial profile and different portions of the face, whereas
laymen tend to view facial aesthetics as a whole (Cochrane
etal., 1999).

Only few initial cephalometric characteristics could be
identified as influencing the choice for a certain surgical
option, possibly due to the limited number of cases studied.
Enacar et al. (1999) evaluated the soft tissue profile changes
resulting from double-jaw surgery and mandibular setback
alone in Class III patients and found that the soft tissue ratios
seen in double-jaw surgery were similar to those in mandibular
setback surgery, with the exception of the changes in nasal tip
projection and upper lip area. Altug-Atac et al. (2008)
concluded that because maxillary advancement does not
significantly improve nose/upper lip tissues, it should be
avoided in borderline Class III patients who may benefit from
a mandibular setback. Increasing the number of subjects
studied with a larger spectrum of severity of Class III
malocclusion may have permitted the identification of more
cephalometric variables important in decision making.

The present investigation was also undertaken to
determine if bimaxillary surgery was systematically ranked
as the best alternative to correct Class III skeletal
malformations. It was clearly not the case, and for that
reason, when planning surgery, all three options must be
considered and factors other than aesthetics, such as surgical
risks, pain, discomfort, and costs, should be carefully
evaluated.

Girod et al. (2001) found that major adverse outcome
from maxillary osteotomy is infrequent but serious, whereas
adverse outcomes in mandibular surgery are more common
but less problematic. Furthermore, Lenzen et al. (1999)
found that operation mode (maxillary or bimaxillary) and
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the duration of surgery were the most significant factors for
intra-operative blood loss; analysis of the rate of autologous
blood transfusion showed a significant correlation with
blood loss in bimaxillary surgery.

Another important complication to consider is relapse.
Forward movement of the maxilla is reasonably stable but
not so mandibular setback. After combined mandibular
setback and maxillary advancement, the post-surgical
changes appear to be similar to, and no greater than, the
changes seen in each jaw after maxillary advancement or
mandibular setback alone (Proffit et al, 1996). In a
systematic review of the literature on stability after double-
jaw surgery in skeletal Class III malocclusion subjects,
Mucedero et al. (2008) found good stability for pre-surgical
sagittal intermaxillary discrepancies smaller than 7 mm.

A study by Panula et al. (2002) found that a BSSO alone
was the most cost-effective procedure and bimaxillary
osteotomies the most expensive. They suggested that this
fact should be considered in pre-treatment planning,
especially in borderline cases where several treatment
alternatives exist.

In severe cases, however, the bimaxillary approach is still
indicated or is even preferable to single-jaw surgery, as
mentioned by Kahnberg and Ridell (1988). Also in patients
who require a change in the occlusal plane (Enacar et al.,
2001), a change in facial vertical dimension, or in patients
who present a severe mandibular asymmetry, bimaxillary
surgery remains the only available option.

The present study demonstrated that, even if a consensus
was found between the three groups of judges for a surgical
option in Class III correction, differences in aesthetic
perception exist between professionals and patients.
Communication with the patient concerning aesthetic
expectations, surgical risks, discomfort, and cost is thus
important. Computerimaging canbe helpful indemonstrating
to the patients the eventual outcome of surgery. Three-
dimensional prediction images are already available and are
a more realistic tool for this purpose in the future.

Conclusions

1. Overall, all types of predicted interventions for skeletal
Class III correction led to an improved scoring of facial
aesthetics.

2. For the majority of patients evaluated, there was a
general agreement on the preferred surgical option
between maxillofacial surgeons, orthodontists, and
laypersons.

3. Orthodontists and surgeons tended to rank surgical
outcomes higher than laypersons.

4. Overjet, nasofacial, and nasomental angles were
important in decision making between mandibular
setback and Le Fort I option. Wits appraisal seemed to
be important in decision making between the mandibular
setback and bimaxillary option.
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A comparison of pain experienced by patients treated with labial
and lingual orthodontic appliances

Abby K. Y. Wu*, Colman McGrath*, Ricky W. K. Wong*, D. Wiechmann**
and A. Bakr M. Rabie*

*Department of Orthodontics, Faculty of Dentistry, The University of Hong Kong, SAR, China and **Department of
Orthodontics, Medical School, Hannover, Germany

SUMMARY The aim of this prospective longitudinal study was to compare pain experiences among
Chinese adult patients treated with labial and lingual orthodontic appliances. Sixty patients, 30 with labial
appliances (18 females and 12 males, mean age 20.33 years, SD + 4.205) and 30 with lingual appliances
(22 females and 8 males, mean age 21.63 years, SD + 2.236), rated their overall pain experience on a
100 mm visual analogue scale (VAS) at three time points: 1 week (T1), 1 month (T2), and 3 months (T3)
after bracket placement. In addition, on a separate 100 mm VAS, they rated their pain experience at the
locations of the tongue, lips, cheeks, gums, face, and jaw at Tq, T2, and T3. Changes in pain VAS were
conducted using Friedman analysis of variance, area under the curve (AUC) analysis and the data were
compared using a t-test.

There was no significant difference in global ratings of pain among those treated with labial or lingual
appliances (P > 0.05). Among both groups, global ratings of pain decreased over the study period (P <
0.001). Patients treated with lingual appliances reported higher ratings of tongue pain (P < 0.001), while
those treated with labial appliances reported higher ratings of lip (P < 0.001) and cheek (P < 0.001) pain.
The findings indicate that patients treated with labial and lingual appliances rate similarly the level of
overall pain they experience during treatment. Ratings of overall pain experienced decreased for both
treatment groups with time. However, ratings of pain differed at various sites with respect to the type of
orthodontic appliance. These findings have implications in informing patients’ treatment decision-making
processes regarding labial and lingual appliances and in the management of discomfort associated with

different treatment modalities.

Introduction

There has been a paradigm shift within orthodontics to the
use of lingual fixed appliances as opposed to conventional
labial fixed appliances in the treatment of malocclusions
(Caniklioglu and Oztiirk, 2005). Lingual appliances can
produce a comparable treatment outcome over similar time
periods and are thus an alternative treatment modality for
patients to consider (Gorman, 1988; Fillion and Leclerc,
1991; Gorman and Smith, 1991; Shum et al, 2004).
Although lingual appliance therapy is often more expensive
than conventional labial appliance therapy, it has obvious
aesthetic advantages during the active treatment phases
(Valenci, 1984; Hugo et al., 2000; Hohoff ez al., 2003). For
example, even colour-matched labial brackets appear to
offer no alternative in aesthetics compared with the lingual
technique (Fritz et al., 2002; Hohoff et al., 2003).

Poor aesthetics, however, are not the only consequence
of orthodontic treatment. Pain has long been recognized as
a sequelae of orthodontic treatment and is experienced by
the majority of patients (Kluemper ef al., 2002; Asham and
Southard, 2004; Keim, 2004). Pain is one of the greatest
dislikes and a major fear of orthodontic treatment (O’ Connor,
2000). Moreover, pain is a common reason why orthodontic
treatment is interrupted and even terminated, affecting

compliance and treatment times (Haynes, 1974; Oliver and
Knapman, 1985; Brown and Moerenhout, 1991; Kluemper
et al.,2002). Thus, it is imperative that experience of pain is
considered in the orthodontic treatment decision-making
process.

The experience of pain from conventional fixed labial
appliances has long been reported following the placement
of orthodontic separators (Ngan et al., 1989, 1994,
Bondemark et al, 2004) to archwire placement and
activation, particularly in the early stages of treatment
(Jones, 1984; Jones and Chan, 1992; Firestone et al., 1999;
Polat and Karaman, 2005). There is conflicting evidence
regarding pain experienced by those wearing removable
orthodontic appliances compared with those treated with
conventional labial appliances (Oliver and Knapman, 1985;
Stewart et al., 1997; Sergl et al., 1998). A recent study has
suggested that Invisalign® causes less pain during treatment
than conventional labial appliances (Miller et al., 2007).
There is a paucity of information comparing the experience
of pain among those treated with conventional labial
compared with those treated with lingual appliances
(Caniklioglu and Oztiirk, 2005).

The aims of this study were to investigate and compare
pain experienced by patients treated with lingual and labial
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fixed appliances during the early phase of appliance therapy
and to compare the sites of pain experienced by those treated
with labial versus lingual appliances.

Subjects and methods

This study was approved by the local ethics committee of
the University of Hong Kong.

Sixty adult patients treated in the Orthodontic Department,
Prince Philip Dental Hospital, Hong Kong, over a 3 month
period were included in this age-matched case—control
prospective longitudinal study. It consisted of 30 patients
(22 females and 8 males, mean age 21.63 years, SD £2.236)
treated with lingual appliances (Incognito, Bad Essen,
Germany) and 30 patients (18 females and 12 males, mean
age 20.33 years, SD £ 4.205) treated with conventional
labial appliances (Mini-Diamond, Ormco, Orange, California,
USA).

The patients rated their experience of pain at three different
time points during treatment: 1 week after the placement of
the fixed appliances (T;) and 1 (T,) and 3 (T3) months
thereafter. Subjective pain assessment was made on a 100
mm visual analogue scale (VAS) with anchors of ‘0°—‘no
pain at all’ to ‘10°—‘worst pain imaginable’. Ratings of
global overall pain experienced and pain at different oral
sites were assessed. In addition, information about the time
of onset of pain, pattern of pain, use of analgesia, and sleep
disturbances as a result of pain was recorded.

Patients’ experience of pain over the study period
was assessed using Friedman two-way analysis of variance.
The total pain experienced over the study period was
assessed by area under the curve (AUC) analyses;
AUC =(1/2) 27:0(241 —t )y, +¥.,), where n =number of
measurements, ¢ = timing of measurement, and y = mean
pain score. Differences in the level of pain experienced
(AUC) by those wearing labial and lingual appliances were
compared using a t-test for independent samples. A
comparison of the frequency of pain time, sleep disturbance,
and analgesic consumption was assessed using chi-square
statistics.

Results

Patients’ global rating of pain decreased over the study
period for both labial and lingual appliance wearers (P <
0.001; Figure 1). There was no significant difference in
reported experience of overall pain by those treated with
lingual appliances compared with those treated with labial
appliances (P > 0.05; Figure 1).

Differences in ratings of pain experienced over the study
period were observed at various sites with respect to the
type of orthodontic appliance used. Those treated with
lingual appliances reported significantly greater tongue pain
compared with those treated with labial appliances (P <
0.001) as calculated by AUC scores (Figures 2 and 3).

A.K. Y. WUETAL.
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Figure 1 Comparison of overall pain experienced by patients treated

with labial compared with lingual appliances at each time point.

However, those treated with labial appliances reported
experiencing significantly more lip (P < 0.001) and cheek
(P <0.001) pain (Figures 2 and 3).

Onset of pain was reported to occur earlier (within 3
hours of the treatment visit) by patients treated with lingual
appliances compared with those treated with labial
appliances at Ty, T», and T3 (P < 0.001; Table 1). There was
no significant difference (P > 0.05) in reported sleep
disturbance during treatment between the two groups
(Table 1). Patients more frequently consumed analgesics
during the early phase of treatment. However, no significant
difference (P > 0.05) in consumption of analgesics between
the two groups was apparent (Table 1).

Discussion

Within orthodontics there has been increased attention
regarding patients’ experiences of treatment and outcome
from therapy (Jones and Chan, 1992; Sergl et al., 1998;
Firestone et al., 1999; Erdinc and Dincer, 2004). Pain is a
complex experience for which there is widespread agreement
that patients are in the best position to provide reports on
their experiences (Melzack, 1975; Jones and Chan, 1992;
Simmons, 1994). The use of a VAS has been shown to be
valid and reliable in pain assessments and also permits
assessment of severity of pain over time since ratings are
obtained on a continuous scale (Huskisson, 1974; McGrath,
1990; Linacre, 1998).

Overall pain experiences as calculated by AUC analyses
were relatively low compared with the possible range of
pain experiences, indicating that pain experienced as a
result of orthodontic treatment was not described as
‘excruciating’. This concurs with other estimates of pain
experienced during treatment with different orthodontic
procedures (Oliver and Knapman, 1985; Firestone et al.,
1999; O’Connor, 2000; Polat and Karaman, 2005). This
should be borne in mind in reassuring patients that pain
encountered is likely to be of low intensity but is nevertheless
a sequel that occurs throughout treatment.
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Figure 2 Comparison of pain experienced at different sites by patients treated with labial compared with lingual appliances at each time point.
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Figure 3 Comparison of pain experienced at different sites between those treated with labial and lingual
appliances over the whole study period.
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Table 1 Frequency of reported sleep disturbance, analgesic consumption, patients’ pain pattern, and onset time of pain by those treated

with labial compared with lingual appliances over the study period.

Comparison 1 week 1 month 3 months
Labial Lingual Labial Lingual Labial Lingual

Reported sleep disturbance Yes 2 (6.7%) 2 (6.7%) 2 (6.7%) 3 (10.0%) 1(3.3%) 0 (0.0%)
No 28 (93.3%)  28(93.3%) 28 (93.3%) 27 (90.0%) 29 (96.7%) 30 (100%)
P-value >0.05 >0.05 >0.05

Reported analgesic consumption  Yes 1(3.3%) 4 (13.3%) 0 (0.0%) 2 (6.7%) 0 (0.0%) 0 (0.0%)
No 29 (96.7%) 26 (86.7%) 30 (100%) 28 (93.3%) 30 (100%) 30 (100%)
P-value >0.05 >0.05 >0.05

Patients’ pain pattern Day 9 (30.0%) 9 (30.0%) 5(16.7%) 4 (13.3%) 3 (10.0%) 3 (10.0%)
Night 6 (20.0%) 6 (20.0%) 7 (23.3%) 2 (6.7%) 2 (6.7%) 2 (6.7%)
Same 15 (50.0%) 15 (50.0%) 18 (60.0%) 24 (80.0%) 25(83.3%)  25(83.3%)
P-value >0.05 >0.05 >0.05

Timing of initial pain reported < 3 hour 2 (6.7%) 29 (96.7%) 0 (0.0%) 29 (96.7%) 0 (0.0%) 26 (86.7%)
>3 Hour 28 (93.3%) 1(3.3%) 30 (100%) 1(3.3%) 30 (100%) 4 (13.3%)
P-value <0.001 <0.001 <0.001

No significant difference in overall pain experience over
the study period was observed between those treated with
lingual appliances compared with those treated with labial
appliances, suggesting that both methods result in similar
levels of discomfort. The paucity of research on global
ratings of pain experience between labial and lingual
modalities of treatment prohibits comparison to be made
with other studies in the literature. It would be useful to
replicate this study in other settings with other populations
to refute or support the findings.

Forboth patients treated with labial and lingual appliances,
their experiences of pain decreased over the observation
period. At Ty, both groups reported the highest level of pain
but subsequently pain ratings were lower at T, and T;. It has
been observed in a number of studies that pain experience
diminishes over time (Firestone et al, 1999; Polat and
Karaman, 2005; Krishnan, 2007). It is unclear whether this
is because the procedure and effect of treatment during later
stages are less painful than those of the early treatment
phase, or that patients have simply adapted to pain
experiences and accepted them as a consequence which
they then do not report.

Of note was that pain experience differed with respect to
the oral site. Patients treated with lingual appliances
experienced more tongue pain, which concurs with findings
from a previous study (Caniklioglu and Oztiirk, 2005). This
is most likely to be as a result of the placement of lingual
brackets, which may impinge on the tongue space and/or
irritate the tongue, leading to discomfort. Patients treated
with labial appliances were found to experience more lip
and cheek pain than those treated with lingual appliance, as
inthe findings of Caniklioglu and Oztiirk (2005). Presumably,
the placement of brackets close to the labial and buccal
mucosa results in the associated discomfort encountered.
Identification of the sites of pain associated with different

orthodontic treatment modalities is important in determining
appropriate pain management approaches, including
prevention of discomfort and pain. It would be interesting
to determine if the consequences of lingual and buccal (lip
and cheek) pain are different in terms of oral function and
whether that might influence patients’ decision-making
process in selecting one treatment modality over another.

Use of analgesics was reported to be low during the
study period as found in previous research (Firestone et al.,
1999; Bergius et al., 2002). Interestingly, analgesics were
used more frequently during the initial treatment phases
when pain intensity was reported to be highest, which
supports the hypothesis that pain experiences as a
consequence of orthodontic treatment are relatively low
(Feinmann et al., 1987; Scheurer et al., 1996). There was
no significant difference in reported use of analgesics
between those treated with labial or lingual appliances.
However, the small number of subjects who consumed
analgesic during the observation period resulted in a low
statistical power to distinguish differences between the two
treatment groups.

Conclusions

No significant differences in patients’ global ratings of pain
experienced during treatment were observed between those
treated with labial or lingual appliances. For both groups,
pain reduced over the observation period. Subjects with
lingual appliances experienced more tongue pain, whereas
those treated with labial appliances experienced more lip
and cheek pain. Patients treated with lingual appliances
reported experiencing pain earlier than those treated with
labial appliances.

The present findings provide orthodontists and patients
with useful information in relation to the likelihood of pain
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when undergoing fixed labial and lingual orthodontic
treatment. This information could also be used in educating
patients and clinicians concerning what to expect during
fixed appliance therapy and help support ‘informed
consent’.
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Plague control effectiveness and handling of interdental brushes
during multibracket treatment—a randomized clinical trial

Niko C. Bock, Julia von Bremen, Miriam Kraft and Sabine Ruf
Department of Orthodontics, University of Giessen, Germany

SUMMARY The aim of this randomized clinical trial was to compare the plaque control effectiveness and
handling of an interdental brush with a short curved handle and a triangular cross-section of the brush
head (IDB) and an interdental brush with a long straight handle in combination with a monotufted brush
head (MTB).

In a split-mouth design, 110 multibracket patients were randomly assigned to group A using the MTB in
the first and third quadrants and the IDB in the second and fourth quadrants or to group B who proceeded
the other way around. A crossover was performed after 3 months. The plaque index (PI) was scored
every 6 weeks for a period of 24 weeks, and handling was evaluated using visual analogue scales (VAS).
Wilcoxon tests were used to determine differences in Pl and VAS scores between the two brushes and
for Pl differences between the different observation periods. Differences concerning personal preference
and perceived cleaning efficacy were analysed with chi-square tests. The significance levels used were
P<0.001 and P< 0.01.

The Pl decreased significantly, but no statistically significant difference was found between the two
brushes. Subjects experienced less pain and reported better access behind the archwire with the IDB. The
use of aninterdental brush reduced the Plirrespective of the design of the brush head. In direct comparison,
adolescent patients preferred the IDB. Further trials are required to investigate the effectiveness of the

IDB in reducing decalcification during orthodontic treatment.

Introduction

White spot lesions are an undesired side effect of orthodontic
treatment with multibracket (MB) appliances occurring
between 2 and 96 per cent of patients (Gorelick et al., 1982;
Artun and Brobakken, 1986; Geiger et al., 1988; Mitchell,
1992; Ogaard, 1989).

It is generally accepted that fluoride reduces the rate of
demineralization. However, fluoride treatment has a reduced
effect under bacterially produced decreased pH conditions
(@gaard and Rella, 1993), and these occur in MB patients
when compared with untreated individuals (Chatterjee and
Kleinberg, 1979). Orthodontic measures, such as the use of
fluoride-releasing materials, seem to have minimal or no
positive effect (Derks et al., 2004). Nevertheless, the daily
use of a fluoride rinse reduces the caries incidence during
MB therapy (Benson et al., 2005; Stecksén-Blicks et al.,
2007). However, chemical prevention alone does not seem
to be able to completely prevent white spot formation during
MB treatment.

Some authors have found electric toothbrushes to be
more effective than manual toothbrushes as mechanical
cleaning aids in MB patients (Wilcoxon et al., 1991; Boyd
and Rose, 1994; Clerehugh et al., 1998; Doll et al., 1999),
while others could not confirm this superior effect
(Jackson, 1991; Thienpont et al., 2001; Kaklamanos and
Kalfas, 2008) or found manual toothbrushes to be superior
to electric toothbrushes (Trimpeneers et al, 1997).
Furthermore, no significant difference in plaque removal

effectiveness was found between standard manual
toothbrushes and orthodontic toothbrushes (Williams et al.,
1987; Kilicoglu et al., 1997; Heasman et al., 1998; Hickman
et al., 2002; Rafe et al., 2000).

However, all latter studies revealed that the sole use of a
toothbrush (manual or electric) does not adequately clean
all tooth surfaces. Remaining plaque around the brackets
and behind the archwire causes demineralization and
subsequently white spots (Gorelick et al., 1982; Mizrahi,
1982; Artun and Brobakken, 1986; @gaard, 1989; Mitchell,
1992; Chang et al., 1997; Arici et al., 2007). Therefore, the
additional use of interdental cleaning aids is recommended
(Jackson, 1991; Heintze et al., 1996; Sudjalim ef al., 2006).
However, non-randomized controlled trial data are equivocal
in supporting the use of interdental cleaning aids in MB
patients (Kossack and Jost-Brinkmann, 2005), while the use
of floss is often not regularly observed (Djamchidi et al.,
2004). According to a recent systematic review (Goh, 2007),
there is no actual corresponding evidence so far for
recommending the use of interdental brushes for MB
patients.

However, an interdental brush with a new type of brush
head has recently been introduced by elmex®. It has a
triangular cross-section, which is supposed to imitate the
shape of the interdental space, offering an alternative way
of removing plaque. Concerning resistance to insertion, an
experimental set-up demonstrated superior results compared
with conventional interdental brushes (Wolff ez al., 2006).
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However, the clinical situation has not as yet been evaluated
in orthodontic patients. Furthermore, the handle, being short
and curved, was designed according to ergonomic principles
suggesting easier use than conventional handles of other
interdental brushes.

Therefore, the aim of this study was to compare plaque
control effectiveness and handling of the new elmex®
(GABA International, Therwil, Switzerland) interdental
brush no. 6 (IDB) and an interdental brush with a long
straight handle in combination with a monotufted brush
head (MTB)—the TePe® (TePe, Malmo, Sweden) Compact
Tuft during 6 months of MB treatment (Figures 1 and 2).

The null hypothesis was that there would be no difference
in plaque control effectiveness (primary outcome measure)
and handling (secondary outcome measure) between either
type of brush.

Subjects and methods

The study protocol was approved by the Ethic Committee
of the University of Giessen (no. 110/06).

Figure 1 TePe® Compact Tuft with a long straight handle (MTB: top) and
elmex® interdental brush no. 6 with a short curved handle (IDB: bottom).
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One hundred and ten adolescent MB patients (Tip-
Edge®; TP Orthodontics Inc., La Porte, Indiana, USA)
treated at the Orthodontic Department, University of
Giessen were consecutively enrolled in this prospective,
randomized, observer-blind clinical trial between January
and May 2007. The inclusion criteria were between 11
and 17 years of age and MB treatment (including at
least 10 teeth per arch) scheduled to last for at least a
further 6 months. Patients were not included if
orthognathic surgery was planned, they refused to follow
the instructions given, had oral or systemic diseases, or
were mentally or motor disabled. Due to the split-mouth
design and the crossover, each patient acted as his/her
own control. Thus, no intention-to-treat analysis was
performed, but reasons and circumstances of study
dropouts were documented.

After written informed consent, the baseline evaluation
(TO) was performed by single examiner (MK), who was
trained during a pilot study. The plaque index (PI; Figure 3)
according to Attin (2005) was calculated using the incisors,
canines, and first and second premolars:

Index = Amount of plaque scores x 100
Number of teeth judged x 3

All subjects underwent professional dental cleaning at TO
and were randomly assigned by an independent person
using a die either to group A (MTB first and third and IDB
second and fourth quadrants) or to group B (MTB second
and fourth and IDB first and third quadrants). The split-
mouth design was colour coded (two colours of ligatures on
the brackets), and the patients were instructed to use the
interdental brushes only as allocated. To exclude bias
through left- or right-handed brushing, after week 12, a
crossover of the brushes and professional dental cleaning
were performed.

In addition, all patients were provided with the same
dental hygiene products [anticaries toothpaste, anticaries

Figure 2 elmex® interdental brush no. 6 with a triangular cross-section of the brush head (IDB:
left) and TePe® Compact Tuft with a monotufted brush head (MTB: right).
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mouthrinse, and InterX short head manual toothbrush (elmex®)]
and were required to use only these products for the
duration of the study. The PI was scored after 6 (T1), 12
(T2), 18 (T3), and 24 (T4) weeks (twice before and twice
after the crossover) by one examiner (MK) blinded to the
brushes used.

During the first week after the start of the study (TO0)
and after the crossover (T2), the patients were asked to
complete questionnaires using visual analogue scales
(VAS) directly after brushing athome. These questionnaires
had been developed together with a psychologist and
contained questions concerning the subjective plaque
removal effectiveness, pain or bleeding during use, and
handling. At the follow-up (after 6, 12, 18, and 24 weeks),
the same questionnaires, with additional questions
considering illnesses requiring antibiotic medication and
cross-check questions to ensure correct use of the
interdental brushes, were completed. The return rate of
the questionnaires was between 92.3 and 100 per cent
for the different time points.

Statistical analysis was performed with the Statistical
Package for Social Sciences version 12.0 for Windows
(SPSS Inc., Chicago, Illinois, USA). The proposed sample
size was calculated on the basis of the results of a pilot
study. A sample size of 110 subjects would be sufficient to
detect a statistically significant difference of 20 per cent
(one score of the PI with oo =5 per cent and 3 = 10 per cent)
and therefore giving the study a power of 90 per cent. The
sample size reduction due to the crossover design was
expected to be the same as the sample size increase due to
possible dropouts.

Wilcoxon tests were used to test for differences in PI and
VAS scores between the two brushes and for PI differences
between the different observation periods. Differences
between the two brushes concerning personal preference
and perceived cleaning efficacy were analysed with chi-
square tests. The significance levels used were P < 0.001
and P <0.01.

Figure 3 Plaque index (Attin, 2005). The criteria of the different scores are as follows: 0, no
plaque visible; 1, moderate accumulation on surfaces lateral to the brackets; 2, moderate

accumulation on surfaces lateral and cervical to the brackets; 3, one-third of the surface gingival
to the bracket covered with plaque.

Results

One hundred and four (65 females and 39 males) of the 110
(group A: 59 and group B: 51) subjects completed the study.
The reasons for the dropouts (n = 6) were early debonding,
severe illness, and missed appointments. The mean age at
TO was 13.5 years (females) and 13.7 years (males).

At baseline (TO0), the mean PI was 38 per cent. During
TO-T1, the PI decreased by 12 per cent (P < 0.001). During
the remaining trial period (T1-T4), the changes were not
significant. There was no statistically significant difference
between the two brushes at any time point.

The percentage of patients with excellent oral hygiene
increased from 19 per cent at TO to 41 per cent at T1 and
varied between 40 and 48 per cent thereafter. The percentage
of patients showing good oral hygiene increased from 42
per cent at TO to 53 per cent at T4. While 6 per cent of the
patients showed poor oral hygiene at T0, no subject showed
poor oral hygiene between T1 and T4 (Figure 4).

On average, patients described a higher resistance (P <
0.001) on inserting the MTB (VAS score 65.0) under the
archwire than on inserting the IDB (VAS score 43.8) as the
ideal value was 50. The use of the IDB was reported to be
less painful than that of the MTB (VAS score 90.5 versus
84.3, P < 0.001). There was no significant difference
concerning bleeding during use (IDB: 86.3 and MTB:
84.5, n.s.).

The insertion of the IDB underneath the archwire was
stated to be easier than the insertion of the MTB. This was
the case for all regions (upper and lower anterior and
posterior teeth), with a significant difference (P < 0.001) in
favour of the IDB (Figure 5a). Generally, the IDB was
found to be more suitable for the removal of food debris
(P < 0.001). For subjective plaque removal, however, no
difference was found between the two brushes (Figure 5b).

Finally, the patients were asked which brush they felt was
more effective and which they preferred. Seventy-eight per
cent of the patients thought that the IDB cleaned the teeth
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Figure 4 Quality of oral hygiene according to the plaque index (PI). For each category (excellent, good,
moderate, and poor), the percentage of subjects is shown for the five occasions TO (baseline), T1 (6 weeks
after start), T2 (crossover), T3 (6 weeks after crossover), and T4 (end of the study).
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Figure 5 Handling (a) and objective cleaning effectiveness (b) of the
new elmex® interdental brush no. 6 (IDB) and the TePe® Compact Tuft
(MTB) as assessed by patients using visual analogue scales.

better, whereas 22 per cent believed that the MTB was more
effective (P < 0.001). Concerning their preferred brush,
67.5 per cent favoured the IDB compared with 32.3 per cent
preferring the MTB (P < 0.001).

Discussion

The subjects in this study were homogenous, including only
adolescent orthodontic patients treated with the same type
of MB appliance. Furthermore, due to the split-mouth
design, the significance of variation between individuals
was reduced as the subjects represented their own control.
The number of dropouts was reasonable, as was the
percentage of returned questionnaires. For sample size
generation, a pilot study had been performed by the same
examiner (MK).

The PI by Attin (2005) was chosen because it scores the
high-risk areas around the brackets and behind the wire
(Gorelick et al., 1982; Mizrahi, 1982; Artun and Brobakken,
1986; Ogaard, 1989; Mitchell, 1992; Chang et al., 1997,
Arici et al., 2007).

The brushes tested were selected because they represent
two basically different types of brushes available on the
market. One marked difference is the length and shape of
the handle, and the other is the shape of the head. According
to a previous investigation, the IDB showed significantly
lower resistance to insertion than conventional interdental
brushes (Wolff ez al., 2000).

The split-mouth design seemed to be appropriate for this
investigation as the outcome achieved with one brush could
not affect the performance of the other.

The mean PI decreased significantly during the initial
observation period (T0-T1) in both groups. No significant
difference between the two types of brushes was seen. This
result is supported by Wolff ez al. (2006) who showed, in an
experimental study, that the relative cleaning efficacies of
the IDB and conventional interdental brushes were equal.
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However, due to lower resistance to insertion values, the
IDB cleaned more effectively.

Comparing the percentage of patients exhibiting excellent
or good oral hygiene at baseline (approximately 60 per cent)
to T1 (84 per cent) or thereafter (greater than or equal to 93
per cent) clearly shows the positive effect of the use of
interdental brushes. Improved oral hygiene due to the use of
specific interdental cleaning aids was also seen by Kossack
and Jost-Brinkmann (2005). The present findings are also in
agreement with a systematic literature review (Gray and
Mclntyre, 2008), which found oral health promotion during
orthodontic treatment to have a positive effect. On the other
hand, the improvement might also be due to the Hawthorne
effect (Roethlisberger and Dickson, 1939), with patients using
interdental brushes more regularly due to their participation
in the trial, despite the fact that they had been instructed to do
so directly after insertion of the MB appliance.

When evaluating the effectiveness of different interdental
brushes, not only the objective PI reduction has to be
considered but also the acceptance of the brush, which
might influence oral hygiene long term (Warren and Chater,
1996).

On average, patients described the MTB as having too
much resistance (VAS value 65.0) and the IDB (VAS score
43.8) as having too little upon insertion underneath the
archwire. Wolff et al. (2006) also found a significantly
better relationship between resistance on insertion and
cleaning effectiveness of the IDB in an experimental study.
However, they evaluated the insertion resistance in
interdental spaces and not under archwires or between
brackets. The amount of resistance on insertion of interdental
brushes between brackets depends on the interbracket
distance and the bracket thickness (distance between tooth
and archwire). Whereas the latter is normally the same for
one patient, the interbracket distance varies depending on
the individual mesiodistal crown widths of the different
teeth. Since it was decided that the use of two or more sizes
of interdental brushes for the different regions of the mouth
was unrealistic, an experimental pilot study preceded the
present research to determine the appropriate brush size.
The no. 6 size of the IDB seemed to be best suited for both
large (i.e. upper incisors) and small (i.e. lower incisors)
interbracket distances. For the MTB, only one size was
available.

An important parameter in the use of any type of
toothbrush is discomfort or pain since patients are unlikely
to frequently use a brush if it hurts. The use of the IDB was
reported to be less painful than the MTB, probably due to
the lower resistance upon insertion. Bleeding on use was
not a problem with either brush.

Besides pain, it also seems important that the brush is
good to handle and easily reaches all regions of the mouth.
Stiideli (2004) evaluated the ergonomic aspects of different
interdental brush designs and found that in general their use
is challenging (high demand on hand-eye co-ordination).

N. C.BOCK ET AL.

That author proposed that the handle should be made for
two- and three-finger grasping to optimize intuitive
handling. In the present study, the insertion of the IDB
underneath the archwire was stated to be easier than the
insertion of the MTB. It seems likely that preferred scoring
was due to the curved handle of the IDB. Furthermore, the
shape of the IDB was designed to resemble the triangular
interdental anatomy, where resistance upon insertion is
reduced through the adapted shape of the brush (Wolff
et al., 2006). The area around the brackets or underneath
the archwire is, however, not triangular. It thus, remains
unclear, if the easier handling of the IDB is due to its
more ergonomic handle, the triangular cross-section, or its
smaller more flexible head.

The perceived improved removal of food debris is
probably due to the fact that patients generally found it
casier to reach all areas underneath the archwire with the
IDB. The plaque-removing efficacy of the two brushes was,
however, not felt to be different by the patients. This, of
course, is difficult for patients to judge but corresponds with
the clinical PI measurements.

Concerning their personal preference and the perceived
cleaning efficacy, the IDB was preferred by the adolescent
patients in the present study, which seems to be due to the
casier handling and the less painful use.

Conclusions

Use of interdental brushes significantly reduced the PI.
However, neither brush (IDB/MTB) was found to be
superior. Since, however, adolescent patients significantly
preferred the use of the IDB over the MTB and thus might
use it more often, the use of the IDB can be recommended
during MB therapy. Further trials are required to investigate
the effectiveness of the IDB in reducing decalcification
during orthodontic treatment.
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SUMMARY Treatment with fixed orthodontic appliances can cause enamel demineralization by increased
biofilm adhesion. The purpose of the present study was to investigate whether a polytetrafluoroethylene
(PTFE) coating reduces biofilm formation on orthodontic brackets.

One PTFE-coated bracket and one uncoated stainless steel bracket were bonded symmetrically on the
first or second (four maxillary and nine mandibular) primary molars in 13 adolescent patients (five females
and eight males, aged 11.2+2.8 years; four dropouts) for 8 weeks. Quantitative biofilm formation on
brackets was analysed with the Rutherford backscattering detection (RBSD) method, a scanning electron
microscopy technique. A total of five RBSD micrographs were obtained per bracket with views from the
buccal, mesial, distal, cervical, and occlusal aspects. A two-sided paired t-test was used to compare data.
A P-value less than 0.05 was considered significant.

Total biofilm formation was 4.0+3.6 per cent of the surface on the PTFE-coated brackets and 22.2+5.4
per cent on uncoated brackets. Differences between the two groups were statistically significant (P<0.05).
Pairwise comparison of biofilm formation with respect to location (buccal, mesial, distal, cervical, and
occlusal) revealed a significantly lower biofilm accumulation on PTFE-coated brackets on all surfaces.

The results indicate that PTFE coating of brackets reduces biofilm adhesion to a minimum and might
have the potential to reduce iatrogenic side effects, e.g. decalcification during orthodontic treatment with

fixed appliances.

Introduction

Treatment with fixed orthodontic appliances allows three-
dimensional correction of malocclusions. Compared to
treatment with removable appliances, fixed orthodontic therapy
affords non-compliance treatment and superior efficacy in terms
of treatment time and treatment results (Tang and Wei, 1990).

However, the detrimental effects of fixed therapy can be
observed in the short- and long-term. Bracket insertion induces
ecological changes of the oral microbiota by affecting its
amount, composition, metabolic activity, and pathogenicity,
which clinically results in a higher incidence of periodontal
disease and incipient carious lesions (Atack et al., 1996; Naranjo
etal.,2006; Ahn et al.,2007; van Gastel ef al., 2008). In contrast
to periodontal and microbial side-effects of fixed orthodontic
treatment, which are considered to be largely reversible, signs
of previous decalcification resulting in persisting white spot
lesions can be observed even long-term after completion of
treatment (@gaard, 1989; Sallum ef al., 2004).

These side-effects of fixed orthodontic therapy can be
explained by the higher number of plaque-retentive sites
and impaired mechanical plaque removal after bracket
insertion (Boyd, 1983). In clinical studies, an influence of
the bracket material used was also shown to affect intraoral
biofilm formation, as well as surface properties of the
brackets used (Fournier ef al., 1998; Anhoury et al., 2002).

Current strategies to avoid the clinical side-effects of
fixed orthodontic treatment are professional tooth cleaning,
the local application of fluorides, and the use of antimicrobial
mouth rinses (Alves et al., 2008; Shafi, 2008; Tufekci et al.,
2008). Furthermore, sealants are used to reduce enamel
decalcification (Buren ef al., 2008). All these strategies are
focused on reducing or removing oral biofilm and are aimed
at increasing the resistance of hard tissues against bacterial
metabolic waste products, i.e. bacterial acids.

Despite increased preventive efforts, fixed orthodontic
treatment still entails the risk of enamel demineralization (Attin
et al., 2005; Lovrov et al., 2007). Furthermore, none of the
preventive strategies have the potential to inhibit bacterial
adhesion on bracket surfaces ab initio. Consequently, a preferable
method to inhibit the detrimental effects of fixed orthodontic
therapy is the development and clinical implementation of
bracket surfaces with anti-adhesive characteristics.

Therefore, the objective of the present study was to
compare biofilm formation on uncoated brackets with those
coated with polytetrafluoroethylene (PTFE).

Subjects and methods

The present study was approved by the Ethics Committee of
Hannover Medical School (No. 4347). The examination
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was performed with the understanding and written consent
of each participant and his/her parents.

Using nQuery Advisor 5.0 (Statistical Solutions, Saugus,
Massachusetts, USA), power and sample sizes were calculated.
Power calculation revealed that a sample size of four would
have a power of 80 per cent to detect a difference in means of
18.2 [e.g. a first condition mean (u,) of 22.2 and a second
condition mean (u;) of 4.0], assuming that the standard
deviation of the differences was 7.8. In the case of the bracket
debonding, the subject was considered as a dropout.

A total of 13 consecutive adolescent patients (five females
and eight males, aged between 8 and 16 years, mean 11.2+2.8
years) who received orthodontic treatment were included in
the present study. Criteria for inclusion were need for
orthodontic treatment in the late mixed dentition with symmetric
primary teeth in at least one jaw. Criteria for exclusion were
systemic diseases, pharmacological, or antibiotic therapy
6 weeks before the start of and/or during the study, a history of
periodontal disease, excluding gingivitis, the presence of
carious lesions, and congenitally missing permanent teeth. The
patients were instructed not to seek professional tooth cleaning
during the study and not to use antibacterial mouth rinses.

Of a total of 26 sterile brackets (Victory Series; 3M Unitek,
Monrovia, California, USA), 13 were coated with food-safe
PTFE after sandblasting with 54 um Al,O; (Adelhelm
Kunststoffbeschichtungen GmbH, Eningen, Germany). To
avoid bracket debonding, PTFE was removed from the mesh
by sandblasting with 110 um Al,Os. During this procedure, a
dental silicone embedding material (Silagum; DMG
Chemisch Pharmazeutische Fabrik GmbH, Hamburg,
Germany) was used to protect the PTFE-coated facial
surfaces. For all 26 brackets, a 0.016x0.022 inch stainless
steel segment of archwire (OrthoForm; 3M Unitek) was fixed
with of two elastomeric ligatures (Alastik; 3M Unitek).

In all patients, one PTFE-coated bracket and one uncoated
bracket were temporarily and symmetrically bonded
(Transbond; 3M Unitek) to the first or second primary molars
(four maxillary and nine mandibular) for a period of 8 weeks
(Figure la and b). Selection of the right and left quadrants
was randomized using a random list. Before bracket bonding,
the teeth were sandblasted for 3—4 seconds with 50 um
AlL,O3 (Microetcher; Danville Engineering, San Ramon,
California, USA) and etched with orthophosphoric acid for
30 seconds (Conditioner 36; DeTrey, Konstanz, Germany).

After 8 weeks, the brackets were debonded with
orthodontic pliers and the archwire, including the elastomeric
ligatures, was removed. The brackets were then gently
rinsed with sterile water and air-dried.

Analysis of quantitative biofilm formation was performed
with the Rutherford backscattering detection (RBSD)
method, a scanning electron microscopy (SEM) technique
(Leo 1455 VP; Carl Zeiss SMT AG, Oberkochen, Germany).
For each bracket, a total of five RBSD photomicrographs
were obtained with identical views from the mesial, distal,
occlusal, cervical, and buccal aspects. After obtaining the
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Figure 1 Intraoral view of the uncoated (a) and polytetrafluoroethylene-
coated (b) premolar bracket bonded to primary second molars, including a
segmented 0.016x0.022 inch stainless steel archwire and two elastic
modules per bracket.

RBSD micrographs, positive findings of biofilm coverage
were validated using SEM at high magnification.

The extent of biofilm-covered surfaces on the RBSD
photomicrographs was calculated using surface analysis
software (Image J 10.2 for Apple; National Institutes of Health,
Bethesda, Maryland, USA). On these photomicrographs,
biofilm coverage appears as dark areas and uncoated surfaces as
bright areas as a result of different atomic weights (Figure 2a
and b). Firstly, the regions of interest on each photomicrograph
were marked. The threshold value for ideal representation of
biofilm-covered surface in the region of interest was then
determined. Depending on these different grey values, biofilm
coverage was calculated for each photomicrograph after
conversion to a binary display (Figure 3a—d; Chin et al., 2006).

Documentation and evaluation of the data were performed
with the Statistical Package for Social Sciences Version 16.0 for
Windows (SPSS Inc., Chicago, Illinois, USA). Reproducibility
of surface analysis was assessed by repeated measurements of
10 randomly selected photomicrographs applying the method
of Bland and Altman (1986). Firstly, the means and standard
deviations of absolute and relative biofilm coverage were
calculated for each view of a bracket. Furthermore, total biofilm
formation was calculated for both surface modifications. Data
were compared using a two-sided paired #-test. For multiple
tests, Bonferroni corrected levels of P-values were calculated.
All tests were performed at a significance level of a.=0.05.

Results

A total of four dropouts were recorded during the study, due to
bracket loss. Therefore, analysis of quantitative biofilm
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Figure 2 Rutherford backscattering detection method photomicrographs
of an uncoated (a) and a polytetrafluoroethylene-coated bracket (b) as
viewed from the buccal aspect. Both brackets were obtained from the same
patient. Dark areas indicate adherent biofilm. The bright surfaces in Figure
2b represent abraded surfaces due to high shear forces.

formation was based on a total of 90 photomicrographs. A total
area of 21.7£0.7 mm? per bracket was investigated. The results
of total biofilm analysis on brackets are shown in Figure 4. On
PTFE-coated brackets, total biofilm formation was 4.0+3.6
per cent (0.9+0.8 mm?) of the bracket surface and on uncoated
brackets 22.2+5.4 per cent (4.8+1.2 mm?). The results of
pairwise comparison with respect to location are shown in
Table 1. For all locations, significantly less biofilm formation
was found on PTFE-coated surfaces compared with stainless
steel surfaces. After Bonferroni correction, the difference in
biofilm formation was not significant for the cervical surfaces.

For PTFE-coated brackets, the highest values of
biofilm formation were found on the mesial surfaces
(6.8 £4.4 per cent) and the lowest on the occlusal surfaces
(1.2+1.2 per cent). On uncoated brackets, the greatest
biofilm accumulation was present on the distal surfaces
(29.7+17.0 per cent), whereas the lowest values were found
on the occlusal surfaces (16.0+7.2 per cent).

A total of 13.9+5.2 per cent (3.0+1.2 mm?) of PTFE-
coated brackets were abraded. Abrasion was found in
regions with high shear forces (occlusal bracket wings).

As regards the reproducibility of surface analysis, the
empirical standard deviation for biofilm coverage was
0.5%1.2 per cent, indicating good reproducibility.

A.DEMLING ET AL.

Figure 3 Converted Rutherford backscattering detection method
photomicrographs of an uncoated (a) and a polytetrafluoroethylene-coated
(b) bracket viewed from the approximal aspect. Biofilm coverage was
calculated based on grey levels (c and d).

Discussion

In the present study, mid-term analysis of biofilm formation
on orthodontic brackets was performed in adolescent patients.
This age cohort was selected because it is the major treatment
group in orthodontics, and these patients possess primary
teeth, which can be used for study purposes without inducing
lesions on permanent teeth. Primary teeth were selected for
bonding, as cleaning and finishing of bonded tooth surfaces
induces enamel loss of about 50 pm (Al Shamsi et al., 2007).
Furthermore, mechanical bracket debonding entails the risk
of enamel fractures (Stratmann ez al., 1996). As clinical
studies involving adolescents are associated with ethical
concerns, sample size was reduced to the minimum with
respect to statistical requirements.

Biofilm formation on alloplastic materials endangers the
integration of medical devices and the integrity of human
tissues. Consequently, the clinical implementation of anti-
adhesive and antibacterial surfaces for medical purposes are a
major goal in current research (Fu et al., 2006; Coughlan et al.,
2008). PTFE was selected as the coating in the present study
since clinical research has shown that the use of PTFE coatings
reduces bacterial adhesion on medical devices (Berry ef al.,
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p = 0.0001
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Figure 4 Total biofilm formation of uncoated and polytetrafluoroethylene-
coated brackets.

Table 1 Mean values and comparison of biofilm formation on
uncoated and polytetrafluoroethylene (PTFE)-coated surfaces with
respect to location (per cent).

Uncoated PTFE coated P-value P-value (Bonferroni)
Buccal 17.7+4.4 2.7+3.2 0.0001 0.0005
Occlusal  16.0+7.2 12412 0.0001 0.0005
Cervical 21.8+11.7 6.4+95 0.043 0.215
Mesial 28.149.9 6.8+4.4 0.0001 0.0005
Distal 29.7+17.0 3.8+3.1 0.001 0.005

2000). So far, PTFE has been used in the field of orthodontics
to reduce the frictional resistance between the archwire and the
bracket slot, but not as an anti-adhesive coating to reduce
biofilm formation (De Franco et al., 1995; Husmann et al.,
2002; Bortoly et al., 2008). The PTFE was white coloured to
demonstrate that an anti-adhesive coating also fulfils aesthetic
demands of patients during fixed orthodontic treatment.

An archwire segment was engaged using elastic ligatures in
all brackets to provide an environment with plaque-retentive
sites that can be compared with treatment conditions. Elastic
ligatures are knownto induceanincrease in biofilmaccumulation
(Turkkahraman et al., 2005). Iatrogenic biofilm dislodgement
during the removal process was reduced by minimizing the
contact surface when placing the pliers on the bracket wings.
To ensure biofilm formation that can be compared with long-
term orthodontic treatment, the investigation was performed
over the specific period of 8 weeks (Ristic ef al., 2007).

In the present study, quantitative analysis of biofilm
formation on brackets was performed using the RBSD
technique and surface analysis software. This method has been
previously used to detect biofilm on supra- and subgingival
surfaces of orthodontic bands and dental implant abutments
(Elter et al., 2008; Demling et al., 2009). With the RBSD
technique, element-contrast photomicrographs are obtained by
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showing surfaces with low atomic weight (such as oral
biofilms) as darker grey values than surfaces with higher
atomic weight (such as stainless steel). The representation of
three-dimensional structures such as brackets in two-
dimensional photographs results in distortion. In this study, the
problem of distortion was overcome, as the photomicrographs
were obtained from identical views, data were compared
pairwise, and relative biofilm formation was compared.

On uncoated brackets, biofilm was found on 22.2+5.4 per
cent of the surfaces. This amount of biofilm is comparable
with that on other intraoral alloplastic materials, such as
titanium (Heuer ef al., 2007). On uncoated brackets, the
biofilm was mostly located on surfaces that are not accessible
with a toothbrush or the tongue. These findings can be
explained by reduced shear forces in these regions, where
bacteria are protected from mechanical removal and
hydrodynamic effects such as saliva flow or movement of
oral soft tissues (Quirynen and Bollen, 1995; Hannig, 1999).

In contrast, only 4.0+3.6 per cent of the coated surfaces
were covered with biofilm. Even on occult and covered
surfaces, hardly any biofilm was found on coated brackets.
These results can be explained by the material characteristics
of PTFE, which consists of carbon and fluorine, and can be
chemically described as a fluoropolymer. These fluorocarbons
exhibit a high electronegativity and, as a consequence, are
not susceptible to dispersive factors, such as Van der Waals
forces. The exploitation of dispersive forces is considered to
bethepredominantattachmentmechanism formicroorganisms
on hard intraoral surfaces (Eliades ef al., 1995).

Results of biofilm analysis showed a relatively high standard
deviation, representing interindividual differences in the amount
of biofilm-covered surfaces. This can be explained by
covariables, such as nutrition, tongue activity, and oral hygiene.

Pairwise comparison of data showed a significantly lower
biofilm formation for all bracket locations. These results
demonstrate that the anti-adhesive effect of a biofilm-reducing
PTFE coating can be found on the complete bracket. However,
after Bonferroni correction, the differences were not significant
for the cervical surfaces. The values for biofilm formation on
cervical surfaces indicate that in a larger cohort, significant
differences between uncoated and PTFE-coated brackets
would also have been found for this location.

On surfaces with high shear forces, the PTFE coating
was partially abraded. The coated brackets used in this
research must be considered prototypes. Long-term stability
of the PTFE coating might be improved by application of
other coating techniques or selective coating of surfaces
with low shear forces (Luo ef al., 2008).

Conclusions

Uncoated orthodontic brackets are highly susceptible to
biofilm formation that endangers the integrity of oral hard
and soft tissues by means of decalcification and periodontal
disease. A PTFE coating on brackets reduced the biofilm
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formation to a minimum. Although the coating was partially
abraded on surfaces exposed to high shear forces, the results
of the study are encouraging. In the future, coatings with
long-term stability could contribute to reduced biofilm
accumulation on fixed orthodontic appliances.
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Soft tissue profile changes following maxillary protraction in
Class lll subjects

Nihat Kilic, Gulhan Catal, Ali Kiki and Hlisamettin Oktay

Department of Orthodontics, Faculty of Dentistry, Atatlirk University, Erzurum, Turkey

SUMMARY The dentoskeletal effects of maxillary protraction (MP) therapy have been extensively
investigated, while those relating to soft tissue profile changes are limited. Thus, the aim of this study
was to determine the degree of soft tissue profile changes following MP therapy. The material consisted
of the cephalometric films of 24 female subjects (12.69 + 1.08 years) with a Class Ill malocclusion who
underwent MP therapy; these were compared with a control group of 15 females (12.13 + 0.63 years) with
a Class | occlusion and matched for chronological age and observation period. Cephalometric films were
available for all subjects before (T1) and after (T2) treatment/observation. The initial measurements and
treatment/control changes were compared between the groups by means of a Student’s t-test.

The subjects in the MP group had a concave facial profile when compared with the controls. Comparison
of the changes induced by MP therapy showed that the maxilla and surrounding soft tissues showed
significant anterior movement (P < 0.001), whereas the mandible and surrounding soft tissues showed
a backward and downward rotation. The improvement in facial profile predominantly resulted from
maxillary soft tissue changes and mandibular hard tissue changes. The concave soft tissue profiles of the
Class Il subjects were corrected by anterior movement of the maxilla and a concomitant increase in the
fullness of the upper lip. The concave skeletal profiles were, however, corrected mainly by backward and

downward rotation of the mandible.

Introduction

Class III patients often show an anterior crossbite with a
concave soft tissue profile. Class III malocclusion subjects
can exhibit a variety of skeletal and dental components.
Skeletal manifestations of the malocclusion include (Ngan,
2001): a normally positioned maxilla and prognathic
mandible, a retrusive maxilla and normally positioned
mandible, or a retrusive maxilla and prognathic mandible.
Dental components of the malocclusion may include a
protrusive maxillary and/or retrusive mandibular dentition
(Guyer et al., 1986).

Protraction of the maxilla with a facemask is a common
treatment procedure for Class III malocclusions with
maxillary retrusion and mandibular protrusion. The primary
aim of this procedure is t o obtain well-balanced faces by
enhancing growth of the mid-facial structures (Campbell,
1983; McNamara and Brudon, 1993). The effects of
treatment with such orthopaedic appliances have been
extensively investigated and reported to be as follows:
acceleration of forward growth of the maxilla with a
counterclockwise rotation, forward movement of the
maxillary dentition, retardation of mandibular growth, and
backward movement of the mandible with a clockwise
rotation (Irie and Nakamura, 1975; Campbell, 1983; Allen
et al., 1993; Deguchi and Kitsugi, 1996; Sung and Baik,
1998; Ugiincii et al., 2000).

The primary goal of treatment of Class 111 subjects should
be to obtain an excellent or acceptable soft tissue profile,
unlike in other malocclusion groups, since the main concern

of these patients is their soft tissue profiles. Holdaway
(1983) stated that ‘“The soft tissue profile plays an important
part in our orthodontic considerations. Usually, as we
correct malocclusions, we bring about changes in appearance
that are pleasing to all concerned.’

The soft tissue response to orthopaedic treatment of Class
IIT malocclusions, with a chin cup or maxillary protraction
(MP) appliances, has been investigated in previous studies
(Lin et al., 1985; Ngan ef al., 1996a,b; Kilicoglu and Kirlig,
1998; Abu Alhaija and Richardson, 1999; Arman et al.,
2004, 2006; Kircelli and Pektas, 2008). In the most of these
studies, the focus was on soft tissue changes induced by
combined rapid maxillary expansion (RME) and MP. Arman
etal.(2004,2006) and Ngan et al. (1996a,b) noted significant
improvement in the soft tissue profile as a result of this
combined therapy.

Surprisingly, little interest has been given to the soft
tissue changes induced only by MP (Kiligoglu and Kirlig,
1998; Kircelli and Pektas, 2008). Kiligoglu and Kirlig
(1998) evaluated Delaire mask therapy in growing children
with a mean age of 8.5 years, and found that soft tissue
profile changes were characterized by forward movement
of the upper lip and backward repositioning of soft pogonion.
In a recent study, Kircelli and Pektas (2008) used skeletal
anchorage in conjunction with facemask therapy and found
remarkable advancement in the mid face and consequent
fullness in the soft tissue profile in patients with a mean age
of 11.8 years.
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The purpose of this study was to investigate soft tissue
profile changes induced by only MP in subjects with
maxillary retrusion and mandibular protrusion.

Materials and Methods

The material consisted of the lateral cephalograms of 24
females who underwent MP therapy and of 15 female
subjects who served as the controls. The mean ages of the
subjects were 12.69 £ 1.08 and 12.13 £ 0.63 years in the
treatment and control groups, respectively. Individuals
with maxillary retrusion or a combination of maxillary
retrusion and mandibular protrusion (dental and skeletal
Class III relationship with anterior crossbite and retrusive
nasomaxillary area) were included in the treatment group.
The selection of the control subjects was based on the
presence of normal growth and development, a balanced
skeletal profile, Class I occlusion, minimal dental crowding,
and the absence of anterior and/or posterior crossbites.
None of the subjects had a history of previous orthodontic
treatment.

A Petit type face mask was used for MP therapy, and a
force of 400-500 g was applied from hooks near the
maxillary canines on each side. The direction of force was
adjusted to be approximately 20-30 degrees downward
from the occlusal plane (Figure 1). The patients were
instructed to wear the appliances for at least 14 hours per
day until a positive overjet was achieved.

Figure 1 Petit type face mask.
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Cephalometric radiographs were obtained before (T1)
and after (T2) MP therapy in the study group. The films of
the control subjects were obtained from the longitudinal
archive of the Department of Orthodontics, University of
Atatirk, Erzurum, Turkey. All cephalometric films were
taken in the same cephalostat (Siemens Nanodor 2,
Siemens AG, Munich, Germany) in habitual, unstrained
body posture. The subjects were requested to keep their
teeth in centric occlusion during exposure, and special
attention was given to ensure that the lips were at rest to
overcome possible soft tissue distortion. The observation
period of the control subjects corresponded with the
treatment time in the study group.

Twelve linear and seven angular parameters were
measured on the radiographs to determine the treatment and
growth changes in both soft tissue profile and hard tissues.
These measurements were adopted from the studies of
Nanda et al. (1990) and Varlik ef al. (2008). The landmarks
and the measurements used in the present study are shown
in Figures 2 and 3, respectively.

Statistical analysis

To determine the errors associated with digitizing and
measurements, 15 radiographs were randomly selected, and
landmark identification, tracing, and measurement were
repeated after a period of 2 weeks by the same author (GC).

Prn

Figure 2 Landmarks used in the study: S, sella; N, nasion; Or, orbitale;
Ss, sulcus superior; Ls, labrale superior; Li, labrale inferior; Si, sulcus
inferior; Pog’, soft tissue pogonion; A, point A; B, point B; Pog, pogonion;
Me, menton; Go, gonion; Po, porion; Se, intersection of the greater wing of
the sphenoid bone with the floor of anterior cranial fossa; Ptm, the most
inferior and posterior point on the anterior outline of pterygomaxillary
fissure; Prn, pronasale.
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Intraclass correlation coefficients were performed to
assess the reliability of the measurements (Houston,
1983). The coefficients of reliability for all measurements
were above 0.90.

The measurements of both groups at T1 were compared
by means of a Student’s #-test. The changes between T1 and
T2 periods were determined and comparisons between the
groups were analysed using a Student’s #-test. All statistical
analyses were performed using the Statistical Package for
Social Sciences (Windows 98, version 10.0, SPSS Inc.,
Chicago, Illinois, USA).

Results

The initial chronological ages and observation periods of
the study and control groups are shown in Table 1. There
was no statistically significant difference between the
groups regarding these parameters.

Figure 3 Lines used in the present study: y-axis (PMV plane): a line
passing through Se and Ptm points. E line: aesthetic line of Ricketts,
extending between the nose tip and soft tissue pogonion. Mandibular
plane: a plane passing through gonion and menton. Frankfort horizontal
plane: horizontal plane passing through porion and orbitale. Linear and
angular measurements: (1) A—y, (2) Ss—y, (3) Ls—y, (4) Li—y, (5) Si-y, (6)
By, (7) Pog’—y, (8) Pog—y, (9) Ss-E, (10) Ls—E, (11) Li-E, (12) Si-E, (13)
UL-SN, (14) Z angle, (15) nasolabial angle, (16) labiomental angle, (17)
IMPA, (18) FMA (Frankfort-mandibular plane angle), (19) SN—-GoMe.
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The results of the Student’s #-test comparing the initial
values of the groups are shown in Table 2. The distance
from point A to PMV and lower incisor inclination (IMPA)
were significantly less, whereas superior sulcus and labial
superior to E line measurements were greater in the treated
group. Point B and inferior sulcus to PMV measurements
and labiomental angle were found to be greater in the MP
group.

The changes which occurred during the treatment and
observation periods are shown in Table 3. Changes in all
measurements, except Li—E distance and nasolabial angle,
were significantly different between the groups. The maxilla
(A-y), superior sulcus (Ss—y, Ss—E), and upper lip (Ls—y,
Ls—E) showed significantly greater anterior movement, but
the mandible (B—y, Pog—y, Pog’~y) and lower lip (Li—y,
Si—y) showed posterior movement in the MP group. The
distance between inferior sulcus to the E line (Si-E)
increased in the control group but decreased in the MP
group; these changes were statistically significant. The
upper incisors proclined, the lower incisors retroclined, and
Z and labiomental angles decreased significantly in the MP
group. The vertical dimensions of the face also significantly
increased in the MP group.

Discussion

The soft tissue facial profile has been considered by patients
and orthodontists as an important objective of orthodontic/
orthopaedic therapy, especially in patients with a concave
facial profile and Class III malocclusion (Kiligoglu and
Kirlig, 1998). Thus, the main aim of the present research
was to evaluate the soft tissue profile changes induced by
MP therapy relative to a control group in subjects with
maxillary retrusion and mandibular protrusion.

Since ethical principles did not allow postponement of
treatment in Class III subjects for scientific purposes, the
control group was formed of subjects with an acceptable
occlusion and a skeletal Class I relationship. Many authors
have used Class I untreated samples as control groups (Ishii
et al., 1987; Takada et al., 1993; Kapust et al., 1998; Sung
and Baik, 1998; Altug and Arslan, 2006). The chronological
ages of the control subjects and the control durations were
closely matched to those of the subjects in the study group.

The main focus of the present research was to determine
treatment outcomes of Class III patients aged 11-16 years.

Table 1 Initial chronological age and observation periods of the groups and their comparison.
Parameters Study group (n = 24) Control group (n = 15)

Mean Standard deviation Mean Standard deviation Test
Chronological age (years) 12.69 1.08 12.13 0.63 Not significant
Observation period (months) 12.08 3.68 12.06 0.46 Not significant
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Table 2 The means and standard deviation (SD) of the initial
cephalometric values of the two groups (Student’s #-test)

Parameters Study group Control group P value

(n=24) (n=15)

Mean SD Mean SD
A-y 48.75 2.40 50.37 2.00  0.036*
Ss—y 65.04 3.34 66.07 246 0311
Ls—y 69.13 3.70 70.07 3.07 0416
Li-y 72.47 4.98 69.90 3.62  0.092
B-y 57.04 6.21 52.90 3.89  0.027*
Si—y 68.10 5.78 64.13 3.13  0.020%*
Pog-y 60.02 7.79 56.17 475  0.094
Pog’—y 71.60 7.68 67.57 478  0.077
Ss—E —11.69 1.97 —8.87 132 0.000%**
Ls—E —6.79 2.07 -3.53 1.81  0.000%***
Li-E -2.06 2.84 —-1.53 2.08  0.537
Si-E -5.02 2.63 —=5.70 1.53 0370
UI-SN 101.88 492 102.57 6.88  0.716
Z angle 82.81 4.56 80.07 5.15  0.090
Nasolabial angle 107.27 8.88 103.93 8.51 0.253
Labiomental angle 139.52 12.02 127.57 13.45  0.006**
IMPA 84.92 6.23 91.07 480  0.002%*
SN-GoMe 35.83 4.56 34.10 3.84  0.229
FMA 28.54 4.24 27.03 395  0.275

*P <0.05; **P <0.01; ***P < 0.001.

Table 3 Comparisons of mean changes and standard deviations
between the groups (Student’s #-test).

Parameters Study group Control group P value

(n=24) (n=15)

Mean Standard Mean Standard

deviation deviation

A-y 1.48 0.79 049 0.27 0.000%***
Ss—y 1.81  0.96 0.47 040 0.000%***
Ls-y 2.13 145 0.40 0.34 0.000%***
Li-y -1.16 244 020 0.37 0.040%*
B-y —246 223 0.50 033 0.000%***
Si~y -2.38 231 033 0.31 0.000%***
Pog-y -2.06 2.68 0.67 031 0.000%***
Pog’—y -2.17 230 0.60 0.28 0.000%***
Ss—E 1.15  0.90 043 1.15 0.037*
Ls-E 2,02 1.26 0.50 1.82 0.004%**
Li-E -0.17 1.55 -0.03 1.52 0.794
Si-E -0.83  0.99 0.17 0.56 0.001**
U1-SN 331 3.86 0.40  0.60 0.006%**
Z angle —4.48 2.54 0.67 142 0.000%**
Nasolabial angle -0.15  9.66 -0.13  1.51 0.996
Labiomental angle -6.38 8.35 0.07 1.05 0.005%*
IMPA —298 2.54 0.07 0.18 0.000%**
SN-GoMe 248 229 0.17 0.24 0.000%***
FMA 2.81 250 0.13 030 0.000%***

*P <0.05; %P <0.01; ***P <0.001.

There is controversy regarding the timing of facemask
therapy. Mermigos et al. (1990) and Baccetti ef al. (1998)
noted that greater skeletal changes with MP appliances are
possible at younger ages. Clinical experience suggests that
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stimulation of the circum-maxillary sutures at an ecarly
phase of growth can provide favourable treatment results.
Kim et al. (1999) showed in a meta-analysis that more
favourable outcomes occurred in younger (4—10 years) than
older (10-15 years) subjects, although the differences were
not statistically significant. This was also found by Altug
and Arslan (2006), where favourable skeletal changes
occurred during the pubertal growth spurt.

On the contrary, some clinical studies have shown that
treatment changes in different age groups ranging from 7 to
13 years were not statistically significant regarding skeletal
parameters (Mermigos et al., 1990). Kapust et al. (1998)
divided their patients into three age groups (4—7, 7-10, and
10-14 years) and found minimal statistical difference
between the three groups. Yiiksel ef al. (2001) found no
significant difference between early (9 years 8 months) and
late (12 years 6 months) treatment groups.

The Class III subjects in the present study exhibited a
retrusive maxilla and upper lip, a protrusive mandible and
lower lip, and compensated incisors, which are the main
characteristics of a Class III malocclusion (Table 2). The
pre-treatment features of the sample were almost coincident
with relevant studies in the literature (Guyer et al., 1986;
Battagel, 1993; Kiligoglu and Kirlig, 1998; Mouakeh, 2001;
Ngan, 2001; Arman et al., 2004, 2006).

The results of this study showed that significantly greater
anterior movement occurred in the maxilla, upper lip,
and superior sulcus (approximately 1.5, 2 and 1.8 mm,
respectively) in the MP group than in the control group.
There is a consensus that forward movement of the basal
maxilla and upper lip inevitably occurs (Baik, 1995; Ngan
et al., 1996a,b; Baccetti et al., 1998; Kim et al., 1999;
Yoshida et al., 2007). According to the relevant studies,
disarticulation of the maxilla with MP therapy, with and
without RME, produces significant anterior movement of
the mid-face. The findings of the present study are almost in
agreement with those of Arman et al. (2004, 2006), who
investigated the effects of MP with RME in growing children
(mean age 11 years 6 months). In a meta-analysis of 14
articles, Kim et al. (1999) reported that point A moved
between 0.9 and 2.9 mm in the horizontal plane after MP
plus RME.

Kircelli and Pektas (2008) evaluated the effects of mid-
facial protraction with skeletal anchorage. Those authors
reported greater movements in the basal maxilla and upper
lip (4.8 and 3.3 mm) than those observed in the current
research. Kiligoglu and Kirli¢ (1998) evaluated profile
changes of subjects treated with the Delaire type facemask
and found more prominent anterior movements in both the
maxilla and upper lip area than those in this study. Appliance
design and the age of the subjects may be reasons for these
differences.

Statistical analysis showed that the upper incisors
proclined significantly compared with the controls.
Ugiincii et al. (2000), Arman et al. (2004, 2006), and
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Altug and Arslan (2006) showed similar changes after
MP with RME. Since the appliance was anchored to the
upper first premolars and molars, upper incisor
proclination after MP therapy was expected. On the
contrary, Kircelli and Pektas (2008) and Kiligoglu and
Kirli¢ (1998) reported insignificant changes in the
inclination of the upper incisors. It must be remembered
that Kircelli and Pektas (2008) used a skeletal anchorage
system on young patients and that earlier therapy
produces skeletal rather than dentoalveolar changes.

The results of the present study showed that MP therapy
induced a downward and backward movement of the
mandible and surrounding soft tissues (lower lip and soft
tissue pogonion). These findings are compatible with previous
studies (Baik, 1995; Kiligoglu and Kirli¢, 1998; Arman
et al., 2004, 2006; Wells et al., 2006). Considering that the
centre of resistance of the maxilla is between the root apices
of first and second premolars (Hirato, 1984; Tanne et al.,
1988), protraction forces at the level of the occlusal plane
inevitably produce upward and forward rotation of that the
maxilla (Ichikawa, 1984). It has been shown that significant
posterior rotation of the palatal plane and extrusion of the
posterior teeth occurs after MP (Ngan et al, 1996a,b;
Kiligoglu and Kirlig, 1998; Alcan et al., 2000; Arman et al.,
2004, 2006). In addition to this rotation, the force exerted by
the chin cup of the appliance has been speculated to induce
redirection of the mandible downward and backward during
MP (Kim et al., 1999). This backward rotation of the
mandible during chin cup therapy is thought to be important
in correcting Class III malocclusions (Deguchi ef al., 2002).

It was observed that the lower incisors retroclined after
MP. It is postulated that this effect occurs as a result of the
pressure exerted by the chin cup and soft tissues (Ngan
et al., 1996a; Kim et al., 1999; Arman et al., 2004). The
significant change in labiomental angle is the result of lower
incisor retroclination and adaptation to the changes in the
hard tissues.

The Class I1I malocclusion and concave facial profile of
the subjects were mainly corrected by hard and soft tissue
improvements in the sagittal direction and, to some extent,
by vertical movement of the mandible and dentoalveolar
changes. Since soft and hard tissue profile changes in the
sagittal direction have a pronounced impact on the correction
of the concave soft tissue facial profile of Class III subjects,
focussing on soft tissues may result in apparently pleasing
faces. The data in the present study clearly show that soft
tissue changes in the sagittal direction were mainly the
result of improvements in the upper lip (60 per cent anterior
movement of upper lip, 40 per cent posterior movement of
lower lips); the upper lip moved anteriorly 2.13 mm and the
lower lip posteriorly 1.16 mm relative to the PMV reference
line. Hard tissue changes in the maxilla and mandible were
in reverse order (60 per cent posterior movement of the
mandible, 40 per cent anterior movement of the maxilla).
This means that the soft tissue effects are mainly in the
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maxillary region and the hard tissue effects in the mandibular
region. According to Ngan et al. (1996a), forward movement
of the maxilla is accompanied by a corresponding increase
(50-79 per cent) in the soft tissues, whereas mandibular
repositioning is accompanied by a corresponding reduction
(71-81 per cent) of the soft tissues. Soft tissue changes after
MP therapy have been noted by Kiligoglu and Kirli¢ (1998)
and Arman et al. (2004, 2006). Kircelli and Pektas (2008)
reported that improvement in facial aesthetics using skeletal
anchorage in conjunction with facemask therapy mainly
resulted from mid-facial and infraorbital changes.

Conclusions

1. Significant changes were observed in the hard and soft
tissue profile and incisor inclinations after facemask
therapy.

2. The maxilla and surrounding soft tissues showed
significant anterior movement, whereas the mandible
and surrounding soft tissues rotated backward and
downward.

3. Concave soft tissue profiles were corrected by anterior
movement of the maxilla and a concomitant increase in
the fullness of the upper lip. Concave skeletal profiles,
however, were corrected mainly by backward and
downward rotation of the mandible.

4. The results of MP without RME were similar to those of
a facemask plus RME.
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SUMMARY The purpose of this study was to evaluate changes in dentofacial growth before, during, and
after use of a magnetic activator device (MAD) Il in high-angle Class Il division 1 patients.

Lateral cephalometric and hand-wrist radiographs of 10 patients (six girls and four boys) with an average
chronological age of 10 years 5 months were obtained at the beginning of the observation period (T1,
9.5 months), beginning of MAD Il application (T2), at the end of the treatment (T3), and approximately 4
years after the end of treatment (T4). Thirteen linear, 1 ratio, and 10 angular measurements were evaluated.
Paired t-tests were used for statistical evaluation of differences that occurred between the time points.

The increase in gonial angle, GnGoAr angle, S-N, Co-Gn, Go-Ar, ANS-Me, S-Go, and N-Me distances
and the decrease of overjet, UT-NA distance, and ANB angle were statistically significant during the
treatment. At T4, there was a decrease in gonial angle and U1-NA distance, which was significant. The

changes as a result of treatment were stable at T4.

Introduction

It is known that treatment of skeletal Class I malocclusions
with increased vertical dimensions is more difficult than in
Class 1II subjects with normal facial development. Nanda
(1988) stated that the vertical pattern of facial development
was established before the eruption of the first permanent
molars and long before the adolescent growth spurt. Changes
in the anterior facial bones play a key role in determining
the vertical growth pattern direction of the face (DeBerardinis
et al., 2000).

Patients exhibiting an increased lower anterior vertical
face height usually have a mandible tending to rotate
downward and backward during growth. Current treatment
methods are aimed at restricting further dentoskeletal
vertical growth or intrusion of the posterior teeth in order to
reduce lower anterior face height and cause the mandible to
rotate forward (DeBerardinis et al., 2000).

An increase in lower face height can be accompanied by
increased alveolar growth, dental extrusion, lack of
ramal growth, insufficient vertical condylar growth,
underdevelopment of the middle cranial fossa, and insufficient
alveolar growth in the anterior portion of the maxilla
(DeBerardinis et al., 2000). Factors such as underdevelopment
of the middle cranial fossa that produce an elevation of the
glenoid fossa and inadequate alveolar growth in the anterior
portion of the maxilla have been shown as potential causative
factors for excessive vertical eruption of the maxillary
dentoalveolar region that hinges the mandible down and back
(Sassouni and Nanda, 1964; Bjork, 1969; Isaacson et al.,
1971; Speidel et al, 1972). In addition, airway problems
can sometimes cause abnormal muscle and soft tissue
development, which increase anterior face height and lead to
an open bite (Bresolin et al., 1983; Trask et al., 1987).

Treatment of skeletal Class II subjects with increased
vertical facial dimensions can be performed in various
ways (Teuscher, 1978; Dinger, 1989; Darendeliler, 2006).
Inhibiting maxillary forward growth and stimulating
growth of mandible in a forward and upward direction are
key determinants of this treatment. Providing an appropriate
intermaxillary relationship without using extraoral
appliances can be a better treatment approach, which may
enhance patient tolerance to functional therapy.

The use of magnets that can be positioned according to the
required direction and form of motion, that would not restrict
maxillary and mandibular movement, and that would apply
no-friction forces allowing functions such as talking and
swallowing, has been the focus of attention for a number of
years (Darendeliler, 2006). Use of magnetic forces, although
not common and still controversial, will open new horizons
in the field of orthodontic treatment and biomechanics
(Darendeliler ef al., 1995). Although subjects with a vertical
facial face type can be recognized at a very early stage, it
remains as a characteristic of the individual, i.e. each
individual has his/her own growth pattern.

No data concerning the long-term maintenance of
Class II magnetic activator therapy could be found in the
literature. The objective of this study was therefore to
evaluate the changes in dentofacial growth before, during,
and after application of the magnetic activator device
(MAD) II on Class II division 1 high-angle patients.

Subjects and methods
Sample selection

The sample in this study consisted of 10 Class II division 1
high-angle (ANB > 4 degrees and SN-GoGn > 38 degrees)
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patients (six girls and four boys) caused by mandibular
retrognathism. Informed consent to participation in the study
was given by the parents/guardians of the subjects. The average
chronological age of the patients at T1 was 10 years 5 months.
According to hand—wrist radiographic evaluation, determined
using the atlas of Greulich and Pyle (1959), their skeletal ages
ranged between 9 years 3 months and 11 years 1 month at
the beginning of the observation period (T1). The minimum
calculated growth potential of the patients was 80.0 per cent,
whereas the maximum was 88.4 per cent. All patients had
an increased overjet and slightly increased overbite at T1.

Observation period (T1-T2)

The material comprised the lateral cephalometric and hand—
wrist radiographs obtained at T1 and at the beginning of
treatment (T2). The patients were observed for 9.5 months
without any orthodontic or orthopaedic approach to define the
direction of facial growth (T2-T1). No extraction of primary
or permanent teeth was performed during this time. At the end
of this period, lateral cephalometric and hand-wrist films
were taken to evaluate dentofacial growth (T2). The growth
potential of the patients was between 81.2 and 91.0 per cent.

MAD II appliance

The MAD II appliance consisted of removable upper and
lower plates, seated onto the mandibular and maxillary
dental arches, each of which contained three cylindrical
neodymium iron boron magnets coated with stainless steel
(Kuster and Ingervall, 1992; Figures 1 and 2).

The MAD II appliance was modified by positioning the
lower posterior repelling magnets 1 mm mesial, and the
lower anterior attractive magnets 4 mm distal to their upper
antagonists in the sagittal direction in order to increase the
efficiency of the functional orthopaedic forces (Figure 3).
Anterior midline magnets were placed in a configuration
where 300 g attractive magnetic force was achieved when
the magnets were in full contact.

A 5.5-6 mm vertical bite opening was generated to
accommodate the posterior magnets. The four posterior
magnets were placed in a repelling configuration, which
produced a continuous intrusive and distal force on the
upper posterior segments and a continuous intrusive force
on the lower posterior segments while pushing the mandible

Figure 1 Magnets on the removable upper and lower plates of the
magnetic activator device II appliance.

S. YUKSEL ET AL.

forward. The initial force produced between each posterior
magnet pair was approximately 250 g.

Treatment period (T2-T13)

The patients in both groups were instructed to wear the
magnetic appliances 24 hours per day, except during meal
times. The patients were monitored monthly. The average
treatment time was 10.8 months. When a normal dental
relationship was obtained, treatment was ended and records
were taken (T3). The growth potential of the patients had
reached 84.3 and 94.0 per cent. The patients were instructed
to use the appliances at night-time because of the high
remaining growth potentials.

Post-treatment period (T3-T4)

Approximately 4 years after the end of retention, post-
treatment records were obtained (T4). None of the patients
used any retention appliance during this period. The growth
potential of the patients calculated from the hand—wrist

Figure 2 Frontal view of the magnetic appliance. Posterior parts of the
upper and lower plates tend to repel from each other, whereas anterior parts
are in full contact due to the magnetic field.

| |

= s d:1 mm

) s.d: 4 mm

v.d:0 mm v.d: 0 mm

| |

Posterior

Anterior

Figure 3 Diagram showing the position of the magnets (sagittal view).
s.d, sagittal distance; v.d, vertical distance.
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radiographs had reached 96.9-100 per cent of overall
growth.

Cephalometric and statistical analysis

The lateral cephalograms and hand—wrist radiographs used
for this study were collected at the beginning of T1, T2, and
T3 and at the end of T4. All cephalograms were taken in the
natural head position with the lips relaxed and the teeth in
occlusion. The cephalograms were traced by the one author
(EK) and superimposed on the anterior curvature of sella
turcica, and x, y co-ordinates were traced to maintain
reproducibility of measurements. The distances of some
anatomic landmarks to these co-ordinates were also measured
in order to evaluate the treatment changes (Figure 4).

The method error was assessed by the same author
retracing and redigitizing 24 randomly selected
cephalometric radiographs after a period of 15 days. Method
error coefficients for all measurements were calculated and
were within acceptable limits (range 0.98-0.99; Winner,
1971). Statistical analysis was performed with the Statistical
Package for Social Sciences 15.01 for Windows (SPSS Inc.,
Chicago, Illinois, USA). Repeated measures analysis of
variance was used to evaluate significant longitudinal
changes during T1, T2, T3, and T4.
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Figure 4 (1) S-N distance (millimetre), (2) SNA angle (degrees), (3)
maxillary plane angle (SN-ANS-PNS), (4) CoA distance, (5) ANB angle,
(6) CoA—CoGn (difference), (7) SNB angle, (8) Co—Gn distance, (9) Y
angle (frankfort plane-SGn), (10) GoAr distance, (11) Go—Me distance,
(12) SN-GoGn angle, (13) esthetic plane of Ricketts-lower lip distance,
(14) GnGoAr angle, (15) upper incisor (U1)-NA distance, (16) UI-NA
angle, (17) overjet, (18) overbite, (19) lower incisor (L1)-NB distance,
(20) L1/NB angle, (21) occlusal plane/SN angle, (22) S—-Go distance
(posterior face height), (23) N-Me distance (anterior face height), and (24)
S—Go/N-Me x 100 per cent (postero-anterior face height ratio).
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Results

The mean, standard error of the mean, significance of the
measurements, and the changes during T1, T2, T3, and T4 are
shown in Table 1.

Cranial, maxillary, and maxillomandibular changes

Anterior cranial base length (SN distance) increased for all
periods, but changes during T1-T4 and T2-T4 were more
significant (P < 0.001). ANB angle did not change during
the observation period but decreased significantly during
treatment (P < 0.01). Although the decrease in ANB
continued at T4, it was not statistically significant. Maxillary
effective length (Co—A) increased significantly during the
observation period (P < 0.05). The increase in Co—A was
not significant during T2-T3 and T3-T4, but the overall
change (T1-T4) was statistically significant (P < 0.01).

Mandibular changes

The change in SNB angle was not statistically significant,
although a total increase of 2.3 degrees was measured
between T1-T4. Mandibular effective length (Co—Gn)
showed a significant increase during T1-T2, T2-T3, and
T3-T4 (P <0.05) and the overall change during T1-T4 was
statistically significant (P < 0.001). Gonial angle showed
a significant decrease in all periods, except for T2-T3
(P < 0.05). Corpus (Go—Me) and ramus (Go—Ar) lengths
increased significantly during T1-T3 (P < 0.05). Corpus
length continued to increase during T3-T4 (P < 0.01) and
the change during T1-T4 and T2-T4 was significant (P <
0.001). The increase in ramus length during T1-T4 and
T2-T4 was also significant (P < 0.01).

Dental and dentoalveolar changes

Overjet showed a significant decrease during T2-T3 and
T1-T4 (P < 0.001), but the change in overbite was not
significant. A significant decrease in U1-NA distance during
the treatment period changed to a significant increase during
T3-T4 (P < 0.05). A significant decrease was observed in
U1-NA during T2-T3 (P < 0.01). During T1-T2, both L1-
NB distance and L1-NB angle significantly increased (P <
0.05). The change in L1-NB angle between T1 and T4 was
also significant (P < 0.05).

Vertical changes

Posterior face height (S—Go) increased significantly during
T1-T2 and T3-T4 (P < 0.01). Anterior face height (N-Me)
also increased significantly during T1-T2 (P <0.05), T2-T3
(P <0.05), and T3-T4 (P < 0.001); however, increases in
postero-anterior face height ratio (S—Go—N-Me x100) were
not significant except for TI-T4 (P < 0.05). SN-GoGn
angle decreased during all periods, although the change was
not statistically significant.
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Table 1 Changes in the descriptive statistics, the mean value (X), standard error (Sx), and their statistical significance in the observation,
treatment, and post-treatment periods. T1: beginning of observation; T2: beginning of treatment; T3: end treatment; and T4: post-treatment.

Regions Descriptive statistics ~ Periods Statistical significance (P)
Tl T2 T3 T4 T1-T2 T2-T3 T3-T4 TI-T4 T2-T4
X Sx X Sx X Sx X Sx
Cranial S-N (mm) 699 1.1 705 12 715 1.3 742 15 * * *x Ak ok
Maxillary SNA (°) 776 07 781 07 773 09 772 1.1 NS NS NS NS NS
SN-ANS-PNS (°) 79 0.8 7.6 0.6 7.7 0.6 79 0.7 NS NS NS NS NS
Co—A (mm) 832 1.1 856 13 873 10 879 1.7 * NS NS o NS
Maxillo-mandibular ANB (°) 6.8 0.6 6.8 04 51 05 4.7 05 NS wox NS oA NS
CoA—CoGn (mm) 221 14 235 15 266 20 307 14 NS NS NS Hxx NS
Mandibular SNB (°) 708 05 713 05 722 0.7 721 09 NS NS NS NS NS
CO-Gn (mm) 1053 14 109.1 20 1139 24 1171 19 * * * oA NS
Y angle (°) 740 08 741 0.8 738 1.1 739 14 NS NS NS NS NS
Go—Ar (mm) 400 13 420 1.6 437 1.6 465 23 * * * ** *k
Go-Me (mm) 659 13 677 16 69.6 1.1 738 14 * * wx oAk ok
REP-LL (mm) 21 12 1.2 1.0 0.6 1.1 0.1 0.7 NS NS NS NS NS
GnGoAr (°) 1300 1.3 1280 1.5 1299 14 1264 1.6 ** * * ** NS
Dental and dentoalveolar UI-NA (mm) 55 0.8 5.0 0.6 42 0.8 6.2 0.8 NS * * NS NS
UL-NA (°) 233 24 267 23 234 23 249 28 NS o NS NS NS
Overjet (mm) 82 04 8.0 0.5 44 04 55 04 NS HxE NS *xx NS
Overbite (mm) 29 09 3.1 1.0 23 07 2.1 1.1 NS NS NS NS NS
L1-NB (mm) 5.7 0.7 6.5 0.7 6.7 0.6 81 09 * NS NS NS *
LI1-NB (°) 245 22 278 18 306 24 296 18 * NS NS * NS
Occlusal plane-SN (°) 204 0.6 201 09 202 0.7 19.6 09 NS NS NS NS NS
Vertical changes PFH (SGo, mm) 679 1.7 708 1.6 738 1.7 785 23 ** wok wk Ak NS
AFH (NMe, mm) 1172 23 1205 2.7 1239 32 130.6 3.5 * * ** HEE ok
SGo-NMe (%) 580 0.8 587 0.7 594 05 603 1.0 NS NS NS * NS
SN-GoGn (°) 41.0 09 402 12 399 13 393 20 NS NS NS NS NS

NS, not significant. * P <0.05; ** P<0.01; *** P<0.001; NS P> 0.05.

Discussion

Even though determining skeletal change was not the
primary goal of this study, it is evident that the MAD 11
appliance had a significant impact on the maxilla. S-N
measurement showed a significant increase for all periods,
which might be attributed to spontaneous growth of the
subjects rather than the magnetic forces. The forward
lengthening of the S—N line might have reduced the changes
in S-N-dependent angles (SNA and SNB); therefore, non-
significant changes occurred in SNA and SNB.

SNA decreased non-significantly with MAD II application
(T2-T3), which might be due to the observed increase in SN
distance as a consequence of growth and development. It has
been reported that maxillary growth is inhibited during classic
functional treatment (Teuscher, 1978). Vardimon et al. (2001)
found significant backward movement of point A as a result of
incisor retroclination in patients treated by functional magnetic
appliances. Darendeliler and Joho (1993) treated three patients
with Class II division 1 malocclusions with a MAD II and
observed that the mandible moved upwards and forwards;
however, minimal skeletal changes occurred in the maxilla.

While a significant increase was found in Co—A distance
during T1-T2, there were non-significant increases during
T2-T3 and T3-T4. Changes in effective maxillary length

and SNA showed that the MAD II appliance inhibited
maxillary growth.

Releasing the forward growth potential of the mandible
with the use of functional appliances is important. Kalra
et al. (1989) reported improvement in Class II structures
with appliances containing posterior repelling magnets,
especially when sagittal growth was continuing. Gavish
et al. (2001) observed a significant increase in SNB in 10
adult patients, treated with functional magnetic appliances.
In this study, a non-significant increase in SNB and
significant increase in mandibular length (Co—Gn) with the
application of the MAD II appliance were observed, which
is in agreement with previous studies (Kalra et al., 1989;
Gavish et al., 2001). Mandibular corpus (Go-Me) and
ramus (Go—Ar) dimensions were also significantly increased
in all periods, which were clinically relevant changes.

Barbre and Sinclair (1991) used a magnetic active vertical
correction appliance in 25 patients with an anterior open
bite and noted a significant increase in SNB and a significant
decrease in ANB. In this study, no differences occurred
during T1-T2 in ANB, but a significant decrease was
observed between T2 and T3, which continued during
T3-T4, although not significantly.

Gonial angle (Gn—Go—Ar) increased significantly during
T2-T3 as a result of posterior movement of the condyle but
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decreased significantly between T3 and T4 (P < 0.05). SN—
GoGn angle decreased non-significantly in all three periods.
The alterations in SNB, ANB, SN—GoGn, and gonial angles
were favourable changes (anterior rotation) and these were
stable at T4. The findings during T2—-T3 were in accordance
with previous studies in the literature (Darendeliler et al.,
1993, 1995; Meral and Yiiksel, 2003; Darendeliler, 2006).

The positioning of the magnets in the present study was
planned to achieve anterior rotation of the mandible in order
to prevent a further increase in vertical facial dimensions.
SN-GoGn angle decreased non-significantly, but posterior
(S—Go) and anterior (N-Me) face heights increased
significantly in all periods, although the increase in the
postero-anterior face height ratio (S—Go—N—Me x 100) was
not significant. Meral and Yiiksel (2003) treated 16
individuals with a skeletal and dental open bite using
functional magnetic appliances where the magnets were
placed as in the present study and reported that the mandible,
which was growing downward and backward, started to
move in a forward and upward direction during treatment.

Overjet decreased significantly between T2—T3 and T1-T4
(P < 0.001) because of forward movement of the mandible
and retroclination of the upper incisors. Non-significant
proclination of the upper incisors during T1-T2 changed to
a significant retroclination during T2-T3 (P < 0.05),
which might be attributed to the magnetic forces. Significant
protrusion of the lower incisors during T1-T2 (P < 0.05)
continued non-significantly between T2—-T3 and T3-T4. The
torque springs that can be seen in Figure 2 might have
enhanced proclination of the mandibular incisors. Darendeliler
etal. (1995) suggested that an anterior open bite was corrected
by anterior rotation of the mandible and retrusion of upper
incisors. The present findings are in agreement.

Conclusions

1. The use of a MAD II appliance resulted in a reduction of
the skeletal Class II relationship, which was stable 4
years post-treatment.

2. A significant reduction was found in overjet due to
retrusion of the upper incisors and protrusion of the
lower incisors, although there was a non-significant
increase post-treatment.

3. Increases in ramal and posterior face heights were
recorded which might be due to normal condylar growth.
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Comparison of dentoalveolar protrusion values in Moroccans
and other populations
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SUMMARY The aim of this retrospective study was to evaluate bimaxillary protrusion among Moroccans
and to compare the Moroccan population with other Arabic, Caucasian, and Mediterranean populations.
Cephalometric radiographs of 102 Moroccan adult university students (73 females and 29 males, mean
age: 21 years 6 months + 1 year 6 months) with a normal occlusion were traced. Fifteen measurements
concerning the upper and lower incisors, upper and lower lips, and the Frankfort to mandibular plane
angle were assessed. Statistical analysis of the data was undertaken using independent t-tests.

Eight angular and six linear measurements were statistically significantly different compared with
Caucasian cephalometric norms (P<0.001). Significant differences were observed compared with
other adult Arabic populations (Palestinians and Saudis) and with Turkish Anatolian adults. Relative to
Caucasian cephalometric norms, Moroccans showed bimaxillary protrusion and, therefore, these norms
cannot be applied to Moroccan faces. In general, there was a great similarity in incisor position between

the Moroccan and Saudi populations.

Introduction

Improvement in facial aesthetics and functional occlusion
are the main objectives of orthodontic treatment (Bishara
et al., 1990). Cephalometric norms have been used to
determine the location and severity of any existing dentofacial
discrepancies and subsequently to evaluate the changes that
accompany orthodontic treatment. Differences in the
dentofacial relationships of various ethnic groups have been
observed by many investigators (Loutfy et al., 1970; Chan,
1972, Shalhoub et al., 1987; Cooke and Wei, 1988; Al-Jasser,
2000; Hamdan and Rock, 2001; Behbehani et al., 2006), and,
as a result, a number of standards have been developed
regarding various racial and ethnic groups. All these studies
indicate that normal measurements for one group should not
be considered normal for others. Different racial groups must
be treated according to their own characteristics.
Bimaxillary protrusion is characterized by protrusive and
proclined upper and lower incisors and increased protrusion
of the lips. It is observed mainly in African American
(Fonseca and Klein, 1978; Rosa and Arvystas, 1978;
Keating, 1985; Farrow et al., 1993; Scott and Johnston,
1999) and Asian (Lamberton ef al., 1980; Lew, 1989; Tan,
1996) populations. Many Moroccan patients seek
orthodontic care to correct dental and labial protrusion
because of the negative perception of a protrusive dentition
and lips. The aetiology of bimaxillary protrusion is
multifactorial and consists of a genetic component as well
as environmental factors, such as mouth breathing, tongue
and lip habits, and tongue volume (Bills ez al., 2005).
Many publications in the orthodontic literature describe
bimaxillary protrusion in African Americans, Asians, and

other communities (Keating, 1985; Farrow ef al., 1993), but
descriptions for Arabs (Hussein and Abu Mois, 2007) and
Moroccans (Khattabi and Palot, 1980) are rare. Sarhan and
Nashashibi (1988) compared the cephalometric radiographs
of Saudi boys (10-14 years of age) with a similar British
sample. They found that Saudis had slightly more prognathic
faces, more protruded incisors and lower gonial and saddle
angles when compared with the British sample. Al-Jasser
(2000) described the craniofacial characteristics of 87 Saudi
students with acceptable profiles and occlusions. In comparison
with European-American standards (Steiner, 1960), it was
concluded that Saudis have different craniofacial features.
European-American norms are still used in orthodontic
treatment planning of Moroccan patients despite the different
ethnic backgrounds. The Moroccan population is historically
composed of Arabs, Amazighs (Berber), Jews, and Africans.
Since Morocco’s independence, this population is fairly
stable with no racial mix from other countries (Reffas, 1987).
Insufficient published data exists to establish cephalometric
values useful for diagnosis and treatment planning for
Moroccan young adults. Therefore, the aims of this study
were to evaluate the severity of bimaxillary protrusion in the
Moroccan population for clinical and research purposes, to
compare the measurements of dental and labial protrusion
with Caucasian cephalometric norms, essentially concerning
the decision for first premolar extractions, to study the
difference between Moroccan males and females regarding
their facial features, to compare the results with classic
standards of bimaxillary protrusion in other nationalities,
and to determine if the cephalometric averages and norms
for Caucasians can be applied to the Moroccan population.
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Subjects and methods
Subjects

This study was a retrospective analysis of radiographs and
approved by the medical research ethics committee of the
Medical School of Rabat.

A total of 102 healthy student volunteers (73 females and
29 males) were recruited from 272 students currently
enrolled at the Dental School of Mohamed V-Souissi
University of Rabat, Morocco. Their mean age was 21 years
6 months £ 1 year 6 months. The inclusion criteria were
Moroccan nationality, good general health, a Class I molar
and canine relationship, no missing teeth (except third
molars), crowding that did not exceed 4 mm, no visible
asymmetry, an overjet and an overbite that did not exceed 3
mm, and no previous orthodontic or surgical treatment.
Facial aesthetics were not considered.

Nine students meeting the inclusion criteria refused to
participate in the study. All other subjects signed consent
forms that explained the nature and purpose of the study
before beginning the project.

Data collection and measurements

The following information was recorded for each student:
age, gender, and nationality of parents and grandparents.
Lateral cephalograms were taken in a cephalostat (Orthophos
XG 5 DS/Ceph; Sirona Dental System, Bensheim, Germany;
C330x23,at200-240V, 12mA) in maximal intercuspation
with the lips in repose and the Frankfort plane horizontal to
the floor, according to the natural head position, by a single
technician. The distance from the focus of the radiographic
device to the midsagittal plane of the patient was 150 cm,
and the distance from the film to the midsagittal plane was
15 cm. Since no correction was made for cephalometric
measurements, all linear measurements had a 10 per cent
enlargement factor included.

The radiographs were traced by one author (KL), in order
to eliminate inter-examiner variability and analysed using
Orthalis V4.0 (Software Dental Suite 2003, Diedendorf,
France). The reference planes and measurements used for
the analyses are shown in Figure 1.

The position of the upper incisors was determined by
measuring them relative to the palatal plane, to the sella-
nasion plane, to the nasion-A line, and the A-pogonion line.
The lower incisors were measured by relating them to the
mandibular plane, to the nasion-B line, and to the A-pogonion
line, while inter-incisal angle was measured as an indicator
of the presence of anterior tooth flaring and proclination.
The nasolabial angle was measured to study soft tissue
protrusion and the position of the upper and lower lips
relative to Ricketts’ E plane, and the mandibular plane to
the Frankfort horizontal to determine the relationship
between bimaxillary protrusion and the vertical dimension
(Figure 1).

431

Figure 1 Landmarks: nasion (N), sella (S), porion (Po), orbitale (Or),
anterior nasal spine (ANS), posterior nasal spine (PNS), pogonion (Pog),
menton (Me), Point A (A), Point B (B), upper incisal axis (Ul), lower
incisal axis (L1), palatal plane (PP: ANS-PNS), mandibular plane (MP),
angular (A) [1: UI-SN, 2: UIl-NA, 3: Ul-PP, 4: LI-MP, 5: L1-NB,
6: Ul-L1, 7: nasolabial angle, and 8: FMA] and linear (B) [1: UI-NA,
2:L1-NB,3:Ul-APog,4: L1-APog, 5: UL-E, and 6: LL-E] measurements
used in the study.

Statistical analysis

The mean values and standard deviations (SDs) of eight
angular and six linear variables were determined for each
measurement. The resulting norms for Moroccans were
compared with those derived from the analyses of Riedel
(1952), Tweed (1954), Downs (1956), Ricketts (1960), and
Steiner (1960) using an independent ¢-test (Table 1). Males
and females were compared using a 7-test (Table 2). Finally,
the Moroccan results were compared with other adult Arabic
and Mediterranean populations: Palestinian (Hussein and
Abu Mois, 2007), Saudi (Hassan, 2006), and Anatolian
Turkish (Basciftci ef al., 2004; Table 3).
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The Levene test was performed to determine similarities
of variance. All variables were checked for normality
using the Kolmogorov—Smirnoff test. Data analyses were
performed with the Statistical Package for Social
Sciences, version 13.0 (SPSS Inc., Chicago, Illinois,
USA), and with the Primer of Biostatistics statistical
software program, version 4.02 (1996; McGraw Hill,
New York, USA).

Results
Reliability

All the radiographs were retraced by the same author after a
2 week period and reanalysed to determine reproducibility.

Table 1

K. LAHLOU ET AL.

A t-test showed no statistically significant difference at the
5 per cent level.

Combined norms, means, and SDs for the Moroccan
adults and their comparison with Caucasian norms are
shown in Table 1. The Moroccan sample showed significant
differences (P<0.001). The maxillary and mandibular
central incisors were more proclined and more protruded
than in the Caucasian sample. The inter-incisal angle was
smaller than that of Steiner’s (1960) norms, indicating
bimaxillary protrusion. The relationship of the lips to
Ricketts’ E line indicated a proclined position of the lips
compared with Ricketts’ mean. The low value of the inter-
incisal angle resulted in bimaxillary proclination features in
individuals with a Class I occlusion. The nasolabial angle
was decreased compared with the average value.

Combined norms, means, and standard deviations (SDs) for Moroccan adults as compared with European-American

cephalometric standard values as defined by Riedel (1952), Tweed (1954), Downs (1956), Ricketts (1960), and Steiner (1960).

Variable Moroccans (adults), n=102 European-American norms

Mean SD Mean t
UI-SN (°) 96.10 3.87 104 —20.58%**
Ul-NA (mm) 4.99 2.59 4 3.85%**
UI1-PP (°) 113.64 6.04 109 7.75%%*
UI-NA (°) 22.92 6.37 22 1.467
Ul-APog 7.33 2.48 2.7 18.84%%*
L1-MP 95.43 7.09 90 7.74%%*
L1-NB (mm) 6.06 2.51 4 8.20%**
L1-NB (°) 28.09 6.38 25 4.90%**
L1-APog 3.40 2.11 1 11.48%**
Ul-L1 124.98 9.51 131 —4.84%**
FMA 21.56 6.01 25 —5.76%**
Nasolabial angle (°) 93.33 10.15 102 —8.61%%*
UL-E -1.23 2.75 =7 21.10%**
LL-E —0.05 2.22 -2 8.86%**
***P=0.001.

Table 2 Means and standard deviations (SDs) of the measurements for both genders in the Moroccan sample of young adults.

Variable Females (n=73) Males (n=29)
Mean SD Mean SD t P

UI-SN (°) 95.77 3.77 96.94 4.06 1.38 NS
Ul-NA (mm) 4.46 2.35 6.31 2.73 3.40 HoHE
UL-NA (°) 21.71 6.21 25.98 5.82 3.18 o
Ul-PP 113.15 6.56 114.86 4.36 1.28 NS
Ul-APog 7.23 2.35 7.58 2.80 0.64 NS
L1-MP 96.47 6.78 92.81 7.29 —2.41 wox
L1-NB (mm) 6.16 2.30 5.82 3.02 —0.60 NS
LI-NB (°) 29.32 5.93 25.00 6.50 -3.23 NS
L1-APog 3.35 1.96 3.51 2.48 0.34 NS
Ul-L1 124.48 9.53 126.22 9.51 0.83 NS
FMA 21.94 5.84 20.62 6.42 —0.995 NS
Nasolabial angle (°) 94.00 10.50 91.63 9.18 —-1.06 NS
UL-E 0.08 2.05 -0.37 2.61 -1.95 NS
LL-E -0.71 1.92 -0.78 2.760 —0.94 NS

NS, not significant. **P<0.001; ***P<0.0001.
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Table 3 Comparison of measurements for Moroccans compared with Palestinian, Saudi, and Anatolian Turkish standards.
Variable Moroccans (adults), Moroccans versus Palestinians Moroccans versus Saudis Moroccans versus Turkish
n=102 (Hussein and Abu Mois, 2007) (Hassan, 2006) (Basciftci et al., 2004)
Mean SD Mean difference t Mean difference ¢ Mean difference t
UI1-SN (°) 96.10 3.87 9.7 —13.3%%% 11.7 —12.68%#* 6 =579k
Ul-NA 4.99 2.596 1.81 —4.28%%* —0.91 2.773%**
UI-NA (°) 22.92 6.37 4.11 —3.86%** —-1.45 1.68
Ul-PP 113.64 6.04 0.26 -0.28
Ul-APog 7.33 2.58 —-0.25 0.68 -4.9 15.26%%%*
L1-MP 95.43 7.09 —0.48 0.44 —-1.53 1.34 1.07 —-1.05
L1-APog 3.40 2.11 0.71 1.48 -0.97 3.20%**
L1-NB 6.06 2.51 1.46 —3.67%H* -1.24 3.9k
L1-NB (°) 28.09 6.38 1.25 -1.22 —0.41 0.51
Ul-L1 122.98 8.90 3.25 -2.23 —4.38 2.67%* 3.32 —2.84%%
FMA 21.56 6.01 2.5 0.066%*** 6.94 —8.06%**
Nasolabial angle (°) 93.33 10.15 16.97 6.42
UL-E -1.23 2.75 —4.61 —2.93%* -3.76 11.07 %%
LL-E —0.04 222 -2.21 5.9k -2.21 6.527%%*

**P=0.01; ***P=0.001.

The Frankfort mandibular angle indicated that the faces
of the Moroccan sample were slightly hypodivergent. The
increase in incisor proclination was not associated with any
significant change in vertical height.

When the data were separated according to gender to
obtain more specific cephalometric normative values,
gender-related dimorphism was found to be significant for
three variables: U1-NA (angle and distance) and L1-MP
(angle; Table 2).

When the data were compared with values from other
investigations (Table 3), no significant differences were
found except for four measurements: UL-SN (P<0.001),
UL-E (P<0.01), LL-E (P<0.001), and FMA (P<0.001) of
the Palestinian sample. Significant differences were found
when the sample was compared with Saudis except for L1-
MP and L1-NB. Saudis were found to have a steeper
mandibular plane angle and more proclined incisors and lips.
Significant differences were also found when the Moroccans
were compared with Anatolian Turks except for the upper lip
relative to the Na—A line (angle) and for the position of the
lower incisor relative to the mandibular plane and to NB.

Discussion

The present study focused on a sample of untreated
Moroccan students representative of the northern population
of Morocco. Two dental schools exist in Morocco, one in
Rabat, the administrative capital, and the other in Casablanca
(south of Rabat). The students of the Dental school of Rabat
come from the north of Morocco and the dental school of
Casablanca receives students from the south of the country.

The inclusion criteria and methodology used in the study
were orientated to identify normative values that can assist in
the diagnosis of bimaxillary protrusion and treatment planning

for Moroccan young adults. This investigation could be
considered the first cephalometric study to determine the
prevalence of bimaxillary protrusion using a sample of
Moroccans. Only one previous investigation has been
published (Khattabi and Palot, 1980) concerning cephalometric
norms of the Moroccan population. The objectives of the
present research were to evaluate the importance of bimaxillary
protrusion and to compare the subjects with Caucasian norms
in order to provide clinical guidance in the diagnosis and
treatment planning for adult Moroccan patients, essentially
concerning the decision of first premolar extraction.

The results showed highly significant differences between
Moroccan values and reported norms for other ethnic
groups. In comparison with Caucasians (Tweed, 1954;
Steiner, 1960), Moroccans had a reduced lower face height,
proclined upper and lower incisors, in relation to their
corresponding dental bases, and a reduction in inter-incisal
angle. The lower incisors were also significantly forward of
the A-Pog line in relation to the incisors of Caucasian
populations. U1-SN was the only value that showed a
reduced mean in the Moroccan sample, probably due to the
counterclockwise rotation of the cranial base (SN).

In agreement with previous finding for other ethnic groups
(Gianelly, 1970; Chan, 1972; Hamdan and Rock, 2001), the
present study showed no significant differences between
Moroccan males and females except for three variables:
U1-NA (angle and distance) and L1-MP (angle).

Notably, the findings showed significant differences from
the results reported by Hassan (2006). Saudi adults living in
the western region of Saudi Arabia were found to have
excessive bimaxillary protrusion compared with the Moroccan
population and a steeper mandibular plane angle. Compared
with Palestinian norms (Hussein and Abu Mois, 2007), the
Moroccan sample showed differences for Frankfort mandibular
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plane angle and for lip position relative to the E line. Moroccan
and Anatolian Turkish populations (Basciftci et al., 2004)
showed significant differences in cephalometric mean values,
Turkish means being comparable with those of Caucasians.

The limitations of the present research include those
associated with cross-sectional studies. All the subjects were
volunteers, so the sample is not necessarily representative
of the general population. Further investigations are needed
to confirm the present results. The finding should be
complemented by a study of people from the south of
Morocco to allow definitive conclusions as to the norms of
the Moroccan population in general.

Conclusion

Cephalometric norms taken from European-American
means are useful diagnostic aids, but should not be used
as treatment goals for individual patients. Moroccan
means show more bimaxillary protrusion, implying that
in diagnosis and treatment planning for Moroccans,
dentoalveolar protrusion is more acceptable than in a
Caucasian population. Similar results concerning
biprotrusion were found for Saudis and Palestinians.
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Does orthodontic tooth movement cause an elevation in
systemic inflammatory markers?

J. K. MacLaine*, A. B. M. Rabie* and R. Wong*
*Qrthodontics, Faculty of Dentistry, University of Hong Kong China

SUMMARY The aim of this study was to evaluate the effects of orthodontic treatment on systemic levels of
the inflammatory markers, C-reactive protein (CRP), tumour necrosis factor-o. (TNF-a), and interleukin-6
(IL-6). The study group comprised 11 girls and 6 boys (mean age 13.1 years) treated with fixed appliances
and distalizing headgear. Venous blood samples were taken from the cubital vein of each subject before
treatment (T0) and then at three further time points during treatment (T1-T3), 2 months apart. The sera
from these blood samples were analysed using enzyme-linked immunosorbent assay (ELISA) assay
technology for CRP, TNF-a, and IL-6 concentration levels. Data were compared between baseline and
subsequent sequential time points using a Mann-Whitney test for non-normally distributed variables.
The results showed that there was no significant elevation of any of the three inflammatory markers
at any of the time points. This research provides evidence that conventional orthodontic treatment is not

associated with a systemic immune response in the factors investigated.

Introduction

Recently, there has been speculation that oral health may
have a modulating or aetiological role in other systemic
diseases (Mustapha et al, 2007; Tonetti et al., 2007,
Parahitiyawa ef al, 2009). The systemic elevation of
inflammatory markers such as C-reactive protein (CRP),
interleukin-6 (IL-6), and tumour necrosis factor-a. (TNF-o)
as a response to an oral stimulus has been postulated as an
explanatory mechanism (Danesh ez al., 2004). Such a stimulus
could either be periodontal tissue inflammation, the systemic
spread of oral bacteria and their products, or a combination of
these factors. Studies have shown that orthodontic treatment
can cause or facilitate the following situations.

Periodontal tissue inflammation

At the beginning of orthodontic tooth movement, the
mechanical stimulus causes an acute inflammatory reaction
within the periodontal tissues, which, in turn, triggers the
biologic processes that result in bone resorption to
accommodate movement of the tooth (Sandy et al., 1993).
TNF-a is a typical mediator of inflammatory response that
has been shown to be involved in the process of bone
resorption and to be locally elevated in response to
orthodontic force (Alhashimi et al., 2001; Basaran et al.,
2006b; Karacay et al., 2007). It plays a prominent role in
the mechanism controlling the appearance of osteoclasts at
compression sites (Sandy et al., 1993; Meikle, 2006). This
inflammatory marker is produced not only by activated
monocytes and macrophages but also by osteoblasts, and
has been proven to be an activator of osteoclastic bone
resorption (Azuma et al., 2000).

CRP was the first inflammatory marker to be described. It
is a marker of inflammation and tissue damage (Pepys and

Baltz, 1983). It is an integral part of the acute inflammatory
response with multiple activation pathways.

IL-6 regulates immune responses in inflammation sites
(Okada et al., 1997) and stimulates osteoclast formation
and the bone-resorbing activity of osteoclasts (Uematsu
et al., 1996; Basaran et al., 2006a). Since it is responsible
for the up-regulation of CRP, an elevation of IL-6 followed
by an elevation of CRP might be expected (Pajkrt and
Manten, 1997). These inflammatory markers act locally and
systemically with overlapping functions.

There have been no studies investigating systemic
inflammatory marker levels in response to periodontal
inflammation caused by orthodontic tooth movement;
however, there have been many studies relating inflammatory
marker levels to the oral stimulus of periodontal disease.
Noack et al. (2001) related periodontal status in adults to
circulating CRP and reported a significant relationship
between the severity of periodontitis and circulating CRP.

The systemic spread of oral bacteria and their products

Bacteraemia have been reported in several studies during
orthodontic procedures of banding, debanding, and
placement of separators (McLaughlin et al., 1996; Erverdi
et al., 1999, 2000; Lucas et al., 2002). Plaque control in
orthodontic patients is often sub-optimal and therefore
mild-to-moderate gingivitis often develops during treatment.
This can lead to transient bacteraemia (Silver et al., 1977,
Schlein et al., 1991). Bacteria and their endotoxins are
capable of generating a range of systemic and local host
responses. As well as a non-specific activation of the
immune system, circulating micro-organisms, or their
products may promote atherogenesis and enhance local
inflammatory changes in vessel walls, as well as adversely
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influence the rheology of the blood, promoting clotting, and
thrombus formation (Herzberg and Meyer, 1996; Beck
et al., 1998; Chiu, 1999; Libby, 2006).

Inflammatory markers are recognized as surrogate
measures of inflammation, acting locally, and systemically.
CRP especially has gained much attention as CRP levels
show greater predictive power for cardiovascular disease
than conventional lipid parameters (Ridker et al., 1997,
2000a; Danesh, 2000). Other chronic diseases and
pathological processes associated with elevated levels of
inflammatory markers are summarized in Table 1 along
with lifestyle factors associated with decreased circulating
levels of inflammatory markers.

There are no data available on the acute systemic host
response to orthodontic treatment. The objective of this
study was therefore to assess if there is a clinically significant
rise in these inflammatory markers in response to
conventional orthodontic forces.

Subjects and methods
Study population

Approval for the study was obtained from the Institutional
Review Board of the University of Hong Kong to recruit
patients who were due to receive fixed appliance orthodontic
treatment in conjunction with distalizing headgear (IRB
Reference Number: UW 07-109).

Seventeen subjects (11 females and 6 males) aged 11.2—
15.3 years (mean 13.1 years) were recruited to the study. The
sample size was derived from a similar study by Ide et al.
(2004). Among children in this age range, third molars have
noterupted, and growth potential facilitates molar distalization.
Ineligible patients were those with persistent or recurrent

Table 1 Association of inflammatory marker concentrations and
non-cardiovascular medical conditions/lifestyle factors.

Association of medical condition/lifestyle Authors
factors with increased circulating inflammatory
marker levels

Periodontal disease

Depression

Rheumatoid arthritis before

onset of symptoms

Diabetes mellitus

Chronic fatigue

Obesity

Decreased physical performance

High level of alcohol consumption

Obstructive sleep apnoea

Coffee consumption
Association of medical condition/lifestyle
factor with decreased circulating inflammatory
marker levels

Regular exercise

Eating fish regularly

Low level of alcohol consumption

Mustapha ez al. (2007)
Lanquillon et al. (2000)
Masi et al. (2001)

Ford (1999)

Buchwald et al. (1997)
Lyon et al. (2003)
Geffken et al. (2001)
Imhof et al. (2001)
Yokoe et al. (2003)
Zampelas et al. (2004)

Mattusch et al. (2000)
Zampelas et al. (2005)
Imhof et al. (2001)
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upper respiratory tract infections, asthma, generalized
gingivitis, localized or generalized periodontitis or obesity.
Also ineligible were patients who were routinely taking
medication and those who had poor oral hygiene. Children
were only included if a parent/guardian agreed to accompany
them to each study visit. None of the patients were smokers.

Baseline 3 ml blood samples (T0) were taken from each
subject from the cubital vein before any orthodontic therapy
was started. EMLA (eutectic mixture of lidocaine and
prilocaine) topical anaesthetic cream was applied to the
cubital fossa area of each subject and left for 40 minutes.
The area was then cleaned with an alcohol wipe before each
blood sample was drawn. Baseline data were collected for
all subjects by questionnaire. This considered factors that
may possibly influence immune system status.

Three further 3 ml blood samples were taken during
treatment: 2 (T1), 4 (T2), and 6 months (T3) into treatment.
These blood samples were obtained 1 week following the
subject’s routine orthodontic appointment. None of the
blood taken was discarded.

Compliance with headgear wear was assessed using self-
reporting time charts.

Further health questionnaires were issued at the T1, T2,
and T3 time points to check for any recent health changes.

Laboratory analysis

The laboratory protocol followed the instructions of the
various manufacturers of the enzyme-linked immunosorbent
assay (ELISA) assay kits for CRP, IL-6, and TNF-a. The
following is a brief summary.

The blood was collected in serum separator tubes and left
to clot for 30 minutes. The tube was then centrifuged at
2300 rpm for 15 minutes to separate the serum. The serum
was then decanted into 0.2 ml aliquots and stored at —70°C
until all specimens had been collected.

Samples were assayed for CRP (DSL-10-42100 Ultra
Sensitive (US), Diagnostic Systems Laboratories Inc.,
Webster, Texas, USA), TNF-a (Quantikine HSTAOOD, R &
D Systems, Inc., Minneapolis, Minnesota, USA), and IL-6
(Quantikine HS600B, R & D Systems, Inc.) using quantitative
enzyme immunoassays. These have a lower detection limit
for CRP of approximately 1.6 ng/ml, for TNF-a of 0.106 pg/
ml, and for IL-6 of 0.039 pg/ml.

The DSL-10-42100 US CRP ELISA is an enzymatically
amplified sandwich-type immunoassay. In the assay,
standards, controls, and unknown samples were incubated
in microtitration wells that had been coated with anti-US
CRP antibody. After incubation and washing, the wells were
treated with another enzyme-linked anti-US CRP detection
antibody. After a second incubation and washing, the wells
were incubated with the substrate amplifier. An acidic
stopping solution was then added and the degree of
enzymatic turnover of the substrate was determined by dual
wavelength absorbance measurement at 450 and 620 nm.
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The absorbance measured was directly proportional to
the concentration of US CRP present. A set of US CRP
standards was used to plot a standard curve of absorbance
versus US CRP concentration from which the US CRP
concentrations in the unknowns can be calculated.

The IL-6 assay employed the quantitative sandwich
enzyme immunoassay technique. A monoclonal antibody
specific for IL-6 was pre-coated onto a microplate. Standards
and samples were pipetted into the wells and any IL-6 present
was bound by the immobilized antibody. After washing away
any unbound substances, an enzyme-linked polyclonal
antibody specific for IL-6 was added to the wells. Following
washing to remove any unbound antibody—enzyme reagent, a
substrate solution was added to the wells. After an incubation
period of 2 hours, an amplifier solution was added to the
wells and colour developed in proportion to the amount of
IL-6 bound in the initial step. The colour development was
stopped and the intensity of the colour was measured by dual
wavelength absorbance at 490 and 650 nm.

A similar process was used for TNF-a assay. This
assay also employed the quantitative sandwich enzyme
immunoassay technique. A monoclonal antibody specific for
TNF-o was pre-coated onto a microplate. Standards and
samples were pipetted into the wells and any TNF-a present
was bound by the immobilized antibody. After washing away
any unbound substances, an enzyme-linked polyclonal
antibody specific for TNF-o was added to the wells. Following
washing to remove any unbound antibody—enzyme reagent, a
substrate solution was added to the wells. After an incubation
period of 2 hours, an amplifier solution was added to the
wells and colour developed in proportion to the amount of
TNF-o bound in the initial step. The colour development was
stopped and the intensity of the colour was measured by dual
wavelength absorbance measurement at 490 and 650 nm.

Statistical analysis

Data were analysed using the Statistical Package for Social
Sciences (Windows version 15.0, SPSS Inc., Chicago,
Illinois, USA). Frequency distributions were determined for
all variables. It was not possible to transform the data for
any of the inflammatory markers to a normal distribution by
simple arithmetic functions. Data were compared between
baseline and subsequent sequential time points using a
Mann—Whitney test for non-normally distributed variables.

Results

A complete set of samples was taken from the 17 subjects.
Good general health was reported by all the subjects
during the experimental period. All patients reported
wearing the headgear for at least 8 hours/day (range 8-14
hours) during the experimental period.
Table 2 shows the findings at each recorded time point
for the inflammatory molecules CRP, TNF-a, and IL-6,

Change from TO,
Mann—Whitney

test, P
0.959 (ns)

0.959 (ns)
0.744 (ns)

Median
(pg/ml)
0.917
0.973
0.906
0.825

0.487-2.140
0.214-3.991
0.453-11.22
0.283-1.983

Range

IL-6
Mean
(pg/ml)
1.087
1.246
2.150
1.075

Change from TO0,
Mann—Whitney

test, P
0.125 (ns)

0.310 (ns)
0.117 (ns)

Median
(pg/ml)
1.084
1.405
1.019
1.220

Range

0.696-3.268
0.313-3.056
0.367-7.989
0.256-6.156

Mean
(pg/ml)
1.015
1.439
1.680
1.727

TNF-a

Change from TO0,
Mann—Whitney

test, P
0.959 (ns)

0.986 (ns)
0.692 (ns)

Median
(mg/ml)
0.069
0.069
0.073
0.129

0.039-0.824

0.042-1.618
0.041-0.730

Range
0.039-1.503

Mean
(mg/ml)
0.260
0.153
0.258
0.182

Table 2 Levels of C-reactive protein (CRP), tumour necrosis factor-a (TNF-av), and interleukin-6 (IL-6) at baseline (T0) and after 2 (T1), 4 (T2), and 6 months (T3) for the 17
CRP

subjects.

Time point

T2

T3

ns, not significant.

TO
T1
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respectively. Data are reported as the median and mean for the
Mann—Whitney test. Figure 1 summarizes the data. The results
show that there was no significant increase in concentration of
any of the inflammatory markers at any of the time periods.

Discussion

This study was undertaken to assess whether the immune
system was stimulated by orthodontic force, a result that
could have significant long-term health implications for
orthodontic patients. It was theorized that this could be
caused either by local inflammatory damage of periodontal
tissue having a systemic overlap or by the systemic spread
of bacteria or their toxins and products, or a combination of
both these factors. These situations could conceivably occur
during orthodontic treatment.

In adults, it is well documented that elevated CRP is an
independent predictor of adverse cardiovascular events
(DeFerranti and Rifai, 2007). Increasing levels of CRP are
associated with up to a 3-fold increase in the risk of
myocardial infarction and a 2-fold increase in the risk of
ischaemic stroke (Ridker et al., 1997). CRP has proven to
be the single strongest predictor of cardiovascular disease
in apparently healthy subjects, more so that standard lipid
measures (Ridker et al., 2000a). Elevated TNF-a and 1L-6
have also been shown by the same authors to be associated
with cardiovascular events (Ridker ef al., 2000b, ¢).

Atheromatous plaques are acknowledged to be present in
all humans from the second decade of life onwards, and
CRP, TNF-a, and IL-6 are regarded as being intimately
involved at various stages in atheromatous plaque formation
(Libby, 2006).

Because of the commonality of elevated CRP in both
periodontal and cardiovascular disease, there has been
much research into this relationship, adding to the debate
that an oral problem can have a systemic effect. In a recent

0.8
0.6
0.4
0.2
/
0 _ . : '
TO (baseline) T1 (2 months) T2 (4 months) T3 (6 months)
—— CRP median, mg/mL —=- TNF-o. median, pg/mL IL-6 median, pg/mL
Figure 1 Levels of C-reactive protein (CRP), tumour necrosis factor-o

(TNF-a), and interleukin-6 (IL-6) at baseline and during treatment.
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meta-analysis, Bahekar et al. (2007) reported an increase in
cardiovascular disease risk of between 1.14 and 1.59 times
among patients with periodontal disease.

Although the main research has been focused on
the relationship between inflammatory markers and
cardiovascular disease, there is a growing body of evidence
that associates inflammatory markers with a wide variety of
non-cardiovascular diseases and lifestyle factors, adding to
the speculation that a low grade chronic inflammatory state
is intrinsic to many pathological pathways (Table 1).

Drawing a precise boundary between ‘normal’ and
‘abnormal’ CRP, TNF-a or IL-6 levels is difficult. For CRP,
however, population research has shown CRP levels of
roughly 3 mg/ml or less to represent truly normal, or
innocuous, values, and CRP levels over 10 mg/ml to reflect
clinically significant inflammatory states (Macy et al.,
1997). Both circulating IL-6 and TNF-a can be found in the
blood of normal individuals in the 1 pg/ml range (Vassalli,
1992; D’ Auria et al., 1997). The results of the present study
for CRP, TNF-a, and IL-6 concentrations at all time points
were around the normal values, indicating a lack of systemic
immune activation.

In this study, subjects undergoing fixed appliance therapy
in conjunction with distalizing headgear were analysed,
reasoning that this patient group would undergo a higher
than average mechanical force burden which would reduce
the possibility of a false-negative result.

The experimental blood samples were taken 1 week
following the patients’ routine orthodontic appointments. It
was considered that this time lag was necessary to allow
any potential immune response to develop and also to make
the results more clinically relevant. D’Aiuto et al. (2005)
assessed circulating inflammatory marker levels in a time
period extending 30 days following intensive periodontal
therapy. In their subjects, they found that this induced a
moderate inflammatory response lasting 1 week but that
inflammatory marker levels had returned to normal after 30
days. In the present experiment, the potential insult to the
tissues was more subtle than intensive periodontal therapy.
If there was to be an immune response, it might be expected
after an initial delay to allow local inflammatory changes to
be induced by the pressure/tension scenario that develops.
By taking the blood samples 1 week following the subject’s
routine appointment, it was hoped to be safely within the
window of activation, if there was to be any.

Ide et al. (2004) assessed CRP, IL-6, and TNF-a
immediately following periodontal therapy with a sample
size similar to the present study. They found a significant
elevation of IL-6 and TNF-a in the hours following sub-
gingival scaling. However, it is a low-level chronic
inflammatory state that seems associated with many disease
pathways not transient elevations (Kushner et al., 2006).
So, again, for the current study, taking blood samples
following a time lag from the treatment date would have
more systemic significance.
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For further follow-up, it may be worth expanding this
research to enable a more sensitive determination of
difference in means. Also, different time points could be
assessed, both in terms of the relationship to routine
orthodontic appointments and with regard to the overall
length of therapy, as treatment can last for several years.

The present findings are important as they are the first to
provide evidence that orthodontic treatment is not associated
with a systemic immune response. Raised levels of
circulating inflammatory markers are associated with a wide
variety of chronic health problems as previously described,
with special emphasis on cardiovascular disease. Although
orthodontic treatment would not be the immediate cause of
any cardiovascular event for young healthy patients, the
systemic stresses caused by orthodontic treatment over an
average treatment period could possibly initiate or accelerate
atheromatous plaque development with associated sequelae
later in life. For adult patients, if orthodontic treatment
caused levels of inflammatory markers to elevate, then one
could speculate that orthodontic treatment may be a risk
factor for cardiovascular disease. More immediately
relevant for younger patients would be the association of
raised inflammatory markers with depression and obesity,
conditions that affect a significant proportion of the
adolescent population: around 5 and 16 per cent, respectively
(Essau and Dobson, 1999; Ogden et al., 2008).

From a medico-legal point of view, it is important to
establish the immunological safety of orthodontic treatment.
Patients who develop medical problems during orthodontic
treatment or those with chronically debilitating conditions
developed later in life may attempt to rationalize life events
relevant to them and perhaps apportion blame.

The findings of this study also add weight to the argument
that orthodontic tooth movement is not a pathological event
so much as an exaggerated form of normal physiological
turnover combined with foci of tissue repair as proposed by
Meikle (2006).

Conclusion

This study is the first to show that there is no activation of
the immune system (as indicated by normal levels of various
inflammatory markers) during active therapy, and
orthodontic treatment is therefore immunologically safe.

Address for correspondence

Professor B. Rabie
Department of Orthodontics
Faculty of Dentistry

The University of Hong Kong
Prince Philip Dental Hospital
34 Hospital Road

Hong Kong SAR

China

E-mail: rabie@hkusua.hku.hk

439

Funding

Professor Bakr Rabie A/C No. 10206968.22311.08003.
324.01 (RGC CERG).

Acknowledgement

Thanks to Mr S. Yeung for his help with the statistics, to Dr
B. Jones for technical and expert advice regarding ELISA
technology and to Mr A. P. K. Wong for his technical support
in the laboratory.

References

Alhashimi N, Frithiof L, Brudvik P, Bakhiet M 2001 Orthodontic tooth
movement and de-novo synthesis of proinflammatory cytokines.
American Journal of Orthodontics and Dentofacial Orthopedics 119:
307-312

Azuma Y, Kaji K, Katogi R, Takeshita S, Kudo A 2000 Tumor necrosis
factor-alpha induces differentiation of and bone resorption by osteoclasts.
Journal of Biological Chemistry 275: 4858-4864

Bahekar A A, Singh S, Saha S, Molnar J, Arora R 2007 The prevalence and
incidence of coronary heart disease is significantly increased in
periodontitis: a meta-analysis. American Heart Journal 154: 830-837

Basaran G, Ozer T, Kaya F A, Hamamci O 2006a Interleukins 2, 6, and 8
levels in human gingival sulcus during orthodontic treatment. American
Journal of Orthodontics and Dentofacial Orthopedics 130: 7.e1—6

Basaran G, Ozer T, Kaya F A, Kaplan A, Hamamci O 2006b Interleukine-1
beta and tumor necrosis factor-alpha levels in the human gingival sulcus
during orthodontic treatment. Angle Orthodontist 76: 830-836

Beck J D, Offenbacher S, Williams R, Gibbs P, Garcia R 1998 Periodontitis:
a risk factor for coronary heart disease?. Annals of Periodontology 3:
127-141

Buchwald D, Wener M H, Pearlman T, Kith P 1997 Markers of inflammation
and immune activation in chronic fatigue and chronic fatigue syndrome.
Journal of Rheumatology 24: 372-376

Chiu B 1999 Multiple infections in carotid atherosclerotic plaques.
American Heart Journal 138: S534-S536

D’Aiuto F, Parkar M, Tonetti M S 2005 Periodontal therapy: a novel acute
inflammatory model. Inflammation Research 54: 412-414

Danesh J 2000 Low grade inflammation and coronary heart disease:
prospective study and updated meta-analyses. British Medical Journal
321: 199204

Danesh J, Wheeler J G, Hirschfield G M 2004 C-reactive protein and other
circulating markers of inflammation in the prediction of coronary heart
disease. New England Journal of Medicine 350: 1387—1397

D’Auria L, Bonifati C, Mussi A 1997 Cytokines in the sera of patients with
pemphigus vulgaris: interleukin-6 and tumour necrosis factor-o levels
are significantly increased as compared to healthy subjects and correlate
with disease activity. European Cytokine Network 8: 383—387

DeFerranti S D, Rifai N 2007 C-reactive protein: a nontraditional serum
marker of cardiovascular risk. Cardiovascular Pathology 16: 14-21

Erverdi N, Biren S, Kadir T, Acar A 2000 Investigation of bacteremia
following debanding. Angle Orthodontist 70: 11-14

Erverdi N, Kadir T, Ozkan H, Acar A 1999 Investigation of bacteremia
following orthodontic banding. American Journal of Orthodontics and
Dentofacial Orthopedics 116: 687-690

Essau C, Dobson K 1999 Depressive disorders in children and adolescents:
epidemiology, course and treatment. In: Essau C, Petermann F (eds)
Epidemiology of depressive disorders. Jason Aronson Inc., Northvale,
pp. 69-103.

Ford E S 1999 Body mass index, diabetes, and C-reactive protein among
U.S. adults. Diabetes Care 22: 1971-1977



http://ejo.oxfordjournals.org/



440

Geffken D F, Cushman M, Burke G L, Polak J F, Sakkinen P A, Tracy R P
2001 Association between physical activity and markers of inflammation
in a healthy elderly population. American Journal of Epidemiology 153:
242-250

Herzberg M C, Meyer M W 1996 Effects of oral flora on platelets: possible
consequences in cardiovascular disease. Journal of Periodontology 67:
1138-1142

Ide M, Jagdev D, Coward P Y, Crook M, Barclay G R, Wilson R F 2004
The short-term effects of treatment of chronic periodontitis on circulating
levels of endotoxin, C-reactive protein, tumour necrosis factor-alpha,
and interleukin-6. Journal of Periodontology 75: 420428

Imhof A, Froehlich M, Brenner H, Boeing H, Pepys M B, Koenig W 2001
Effect of alcohol consumption on systemic markers of inflammation.
Lancet 357: 763-767

Karacay S, Saygun I, Bengi A O, Serdar M 2007 Tumor necrosis factor-
alpha levels during two different canine distalization techniques. Angle
Orthodontist 77: 142—-147

Kushner I, Rzewnicki D, Samols D 2006 What does minor elevation of
C-reactive protein signify? The American Journal of Medicine 119:
166.¢17-166.¢28

Lanquillon S, Krieg J C, Bening-Abu-Shach U, Vedder H 2000 Cytokine
production and treatment response in major depressive disorder.
Neuropsychopharmacology 22: 370-379

Libby P 2006 Inflammation and cardiovascular disease mechanisms.
American Journal of Clinical Nutrition 83: 456S—460S

Lucas V S, Omar J, Vieira A, Roberts G J 2002 The relationship between
odontogenic bacteraemia and orthodontic treatment procedures.
European Journal of Orthodontics 24: 293-301

Lyon CJ, Law R E, Hsueh W A 2003 Minireview: adiposity, inflammation,
and atherogenesis. Endocrinology 144: 2195-2200

Macy E M, Hayes T E, Tracy R P 1997 Variability in the measurement of
C-reactive protein in healthy subjects: implications for reference intervals
and epidemiological applications. Clinical Chemistry 43: 52-58

Masi A T, Aldag J C, Sipes J 2001 Do elevated levels of serum C-reactive
protein predict rheumatoid arthritis in men: correlations with pre-RA
status and baseline positive rheumatoid factors. Journal of Rheumatology
28:2359-2361

Mattusch F, Dufaux B, Heine O, Mertens I, Rost R 2000 Reduction of the
plasma concentration of C-reactive protein following nine months of
endurance training. International Journal of Sports Medicine 21: 21-24

McLaughlin J O, Coulter W A, Coffey A, Burden D J 1996 The incidence
of bacteremia after orthodontic banding. American Journal of
Orthodontics and Dentofacial Orthopedics 109: 639-644

Meikle M C 2006 The tissue, cellular, and molecular regulation of
orthodontic tooth movement: 100 years after Carl Sandstedt. European
Journal of Orthodontics 28: 221-240

Mustapha I Z, Debrey S, Oladubu M, Ugarte R 2007 Markers of systemic
bacterial exposure in periodontal disease and cardiovascular disease
risk: a systematic review and meta-analysis. Journal of Periodontology
78:2289-2302

Noack B, Genco R J, Trevisan M, Grossi S, Zambon J J, De Nardin E 2001
Periodontal infections contribute to elevated systemic C-reactive protein
level. Journal of Periodontology 72: 1221-1227

Ogden C L, Carroll M D, Flegal K M 2008 High body mass index for age
among US children and adolescents, 2003—2006. Journal of the American
Medical Association 299: 2401-2405

Okada N, Kobayashi M, Mugikura K, Okamatsu Y, Hanazawa S, Kitano S
1997 Interleukin-6 production in human fibroblasts derived from

J. K. MACLAINE ET AL.

periodontal tissues is differentially regulated by cytokines and a
glucocorticoid. Journal of Periodontal Research 32: 559-569

Pajkrt D, Manten A, ven der Poll T 1997 Modulation of cytokine release
and neutrophil function by granulocyte colony-stimulating factor during
endotoxemia in humans. Blood 90: 1415-1424

Parahitiyawa N B, Jin L J, Leung W C, Yam W C, Samaranayake L P 2009
Microbiology of odontogenic bacteremia: beyond endocarditis. Clinical
Microbiology Review 22: 46-64

Pepys M B, Baltz M L 1983 Acute phase proteins with special reference to
C-reactive protein and related proteins (pentaxins) and serum amyloid A
protein. Advances in Immunology 34: 141-212

Ridker P M, Cushman M, Stampfer M J, Tracy R P, Hennekens C H 1997
Inflammation, aspirin, and the risk of cardiovascular disease in
apparently healthy men. New England Journal of Medicine 336: 973—
979

Ridker P M, Hennekens C H, Buring J E, Rifai N 2000a C-reactive
protein and other markers of inflammation in the prediction of
cardiovascular disease in women. New England Journal of Medicine
342: 836-843

Ridker P M, Rifai N, Sacks F, Lepage S, Braunwald E 2000b Elevation of
tumour necrosis factor-o and increased risk of recurrent coronary events
after myocardial infarction. Circulation 101: 2149-2153

Ridker P M, Rifai N, Stampfer M J, Hennekens C H 2000c Plasma
concentration of interleukin-6 and the risk of future myocardial infarction
among apparently healthy men. Circulation 101: 1767-1772

Sandy J R, Farndale R W, Meikle M C 1993 Recent advances in
understanding mechanically induced bone remodeling and their
relevance to orthodontic theory and practice. American Journal of
Orthodontics and Dentofacial Orthopedics 103: 212-222

Schlein R A, Kudlick E M, Reindorf C A, Gregory J, Royal G C 1991
Toothbrushing and transient bacteremia in patients undergoing
orthodontic treatment. American Journal of Orthodontics and Dento-
facial Orthopedics 99: 466472

Silver J G, Martin A W, McBride B C 1977 Experimental transient
bacteremias in human subjects with varying degrees of plaque
accumulation and gingival inflammation. Journal of Clinical
Periodontology 4: 92-99

Tonetti M S, D’Aiuto F, Nibali L 2007 Treatment of periodontitis and
endothelial function. New England Journal of Medicine 356: 911—
920

Uematsu S, Mogi M, Deguchi T 1996 Interleukin (IL)-f, IL-6, TNF-a.,
epidermal growth factor, and -2-microglobulin levels are elevated in
gingival crevicular fluid during human orthodontic tooth movement.
Journal of Dental Research 75: 562-567

Vassalli P 1992 The pathophysiology of tumor necrosis factor. Annual
Review of Immunology 10: 411-452

Yokoe T, Minoguchi K, Matsuo H 2003 Elevated levels of C-reactive
protein and interleukin-6 in patients with obstructive sleep apnea
syndrome are decreased by nasal continuous positive airway pressure.
Circulation 107: 1129-1134

Zampelas A, Panagiotakos D B, Pitsavos C, Das U N, Chrysohoou C,
Stefanadis C 2004 Associations between coffee consumption and
inflammatory markers in healthy persons: the ATTICA study. American
Journal of Clinical Nutrition 80: 862-867

Zampelas A, Panagiotakos D B, Pitsavos C, Das U N, Chrysohoou C 2005
Fish consumption among healthy adults is associated with decreased
levels of inflammatory markers related to cardiovascular disease:
the ATTICA study. Journal of the American College of Cardiology 46:
120-124



http://ejo.oxfordjournals.org/




European Journal of Orthodontics 32 (2010) 441446
doi:10.1093/ejo/cjp144
Advance Access Publication 20 January 2010

© The Author 2010. Published by Oxford University Press on behalf of the European Orthodontic Society.
All rights reserved. For permissions, please email: journals.permissions@oxfordjournals.org

Psychosocial reward of orthodontic treatment in adult patients

Talia Gazit-Rappaport*, Miri Haisraeli-Shalish*** and Esther Gazit****

*Private practice, Tel Aviv, **Department of Orthodontics, Hebrew University-Hadassah School of Dental Medicine,
Jerusalem and ***Department of Occlusion and Behavioral Sciences, Dental School, Tel-Aviv University, Israel

SUMMARY The purpose of this study was to assess the short-term psychosocial impact of dental aesthetic
improvement in adult subjects.

Sixty-nine adult patients (61 females and 8 males, aged 21-59 years) requesting aesthetic dental
improvement were prospectively and randomly recruited for the study in a private orthodontic office.
A general interview included patient motivation and expectations from treatment. After clinical
examination, discussion of the mode of treatment and the expected outcome, the patients were
requested to complete the Psychosocial Impact of Dental Aesthetics Questionnaire (PIDAQ) with several
additions. The duration of their treatment was 6-14 months, and the main goals were tooth alignment,
crowding alleviation, or space closure. After removal of the appliances, they completed an identical
PIDAQ. Each patient served as his/her own control. Assessment of the impact of aesthetic improvement
was based on the responses to the same questions relating to the patients’ perceived dental aesthetics
before and after treatment, their self-esteem, and changes in their social behaviour resulting from the
treatment. The data were analysed using Cohen’s and Pearson’s correlation analyses and chi-square
and Student’s t-tests.

A statistically significant improvement (P < 0.001) was found for all four factors: dental self-confidence
(DSC), social impact (Sl), psychological impact (Pl), and aesthetic concern (AC). The reliability of the
questionnaire, using Cronbach’s alpha, was between 0.709 and 0.947. The degree of significance was not
related to age, marital status, education, or gender.

Dental aesthetics generated a significant improvement in adult patients’ quality of life for the period

examined (up to 6 months post-treatment).

Introduction

Aesthetics often plays a pivotal role in a patient’s decision
to seek orthodontic treatment, even in cases of clear medical
necessity (Gosney, 1986). The motivation to improve one’s
aesthetics is clearly of a psychosocial origin (Peck and Peck,
1970). Does orthodontic treatment achieve this psychosocial
goal?

Physical attractiveness is naturally a major contributor to
self-esteem and thus affects one’s overall sense of well-
being. It is commonly appreciated that dental aesthetics
contributes to physical attractiveness, physical health, and
beauty (Giddon, 1995; Hunt et al., 2001).

The positive relationship between physical attractiveness,
health-related behavioural patterns, and appearance
enhancement has been the subject of ongoing research
(Jacobson, 1984; Patzer, 1997; Klages et al., 2005).

Dental aesthetics is a key factor in overall physical
attractiveness. High standards of living, together with
increased longevity in the west, have led to a growing
demand for orthodontic care in adults. Smile aesthetics has
received exponentially growing attention from dental
professionals leading to the emergence of a new speciality,
designated ‘aesthetic dentistry” (Goldstein, 1993).
Periodontists attend to the gingival architecture of the
anterior region, prosthodontists attend to the black triangles,

black corridors, and emergence profile of crowns, and the
role of the orthodontist in this integrated search for dental
aesthetic perfection is vital.

Attempts to assess the impact of medical and dental
conditions on subjective well-being have been made in
several studies, using the health-related quality of life
(HRQoL) instrument (Locker and Jokovic, 1996; Jokovic
et al., 2002). Since tooth malalignment is primarily an
aesthetic inadequacy that does not usually cause pain
or discomfort, this instrument has not been applied to
patients with various malocclusions (O’Brien et al., 1998;
Cunningham and Hunt, 2001). Another proposed instrument,
the oral health quality of life, was used to determine patients’
expectations and experiences of fixed appliance therapy in
children during orthodontic treatment. The results appeared
more favourable during the treatment process than had been
anticipated (Zhang et al., 2007).

The HRQoL was also proposed to measure the impact of
dental aesthetics on the subjective perception of well-being
(McGrath and Bedi, 2001; Huppert and Whittington, 2003).
Another instrument, the Orthognathic Quality of Life
Questionnaire, was designed to test reliability, validity, and
responsiveness of orthognathic patients with severe
dentofacial deformities before orthodontic treatment, prior
to surgery, and 6-8 weeks after the removal of fixed
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appliances (Cunningham et al., 2000, 2002). The authors
claimed that the instrument provided some support for the
contention that orthognathic patients improved their quality
of life post-treatment.

In a prospective study of 40 adult patients followed during
and shortly after the completion of orthodontic treatment, a
significant overall facial and body image improvement was
reported, though the psychological impact was unequivocal
(Khan and Fida, 2008). Long-term impact on self-esteem
was assessed recently by Kenealy ef al. (2007). Those authors
concluded that orthodontic treatment carried out at the age of
11-12 years had only a marginal effect on the psychological
health and quality of life in adulthood.

What then is the impact of orthodontic treatment
performed in the adult population on their sense of well-
being? Is this impact solely based on clinically successful
results or are there other factors involved which should be
considered? In a recent study, Cunningham and Shute
(2009) emphasised the importance of interaction and
communication, both within the orthognathic team and
between the team and the patient, to achieve optimum
patient satisfaction.

Thus, the present study was undertaken to address patient
satisfaction post-treatment and changes in their sense of
well-being using a modified version of the questionnaire
developed by Klages et al. (2006), for the assessment of the
psychosocial impact of dental aesthetics in young adults.
The four factors studied included dental self-confidence
(DSC), social impact (SI), psychological impact (PI), and
aesthetic concern (AC). Their results showed that this
questionnaire met the criteria of ‘factorial stability across
samples and criterion-related validity and reliability’. This
instrument was used on a sample of adults whose main
complaint was cosmetic dental dissatisfaction in a
prospective randomly designed study.

The objective of the present study was to test the
hypothesis that orthodontic treatment in the setting of a
private orthodontic office with a compassionate atmosphere
has a positive impact on the subjective sense of well-being
in an adult population with a wide age range, as expressed
by the four-factor scale of the Psychosocial Impact of Dental
Aesthetics Questionnaire (PIDAQ).

Subjects and methods

Sixty-nine adult patients [61 females and 8 males aged 21—
59 years, mean 33.4 years (SD 9.5)] were prospectively and
randomly recruited for the study. All patients were motivated
to improve their dental aesthetics and requested orthodontic
consultation for exploration of how their expectations could
be met.

The reasons for seeking treatment were one or more of
the following: (1) crooked teeth, (2) spaced teeth, (3)
protruding jaw, or (4) dentist referral for orthodontic
consultation for aesthetic improvement.

T. GAZIT-RAPPAPORT ET AL.

The subjects displayed a spectrum of intra-arch
malalignments and inter-arch malocclusions. The majority
of patients exhibited a Class I or Class II malocclusion with
upper and/or lower anterior malalignment with various
degrees of overbite and overjet. Two patients had a mild
Class III malocclusion and lower anterior crowding.

The exclusion criteria were (1) presence of chronic
diseases, (2) daily use of antidepressive medication, (3)
presence of advanced periodontal disease, (4)
maxillomandibular discrepancies requiring orthognathic
surgery, or (5) orthodontic treatment with no aesthetic
impact (e.g. molar uprighting or forced eruption).

All patients were requested to complete the PIDAQ
(Figure 1) prior to the start of treatment. The version used in
this study contained four items on demographic information
regarding age, gender, education, and marital status. Twenty-
eight items were clustered into five main groups; groups
I-1V were based on the four factors of Klages et al. (2006)
and group V included four questions on general beliefs
regarding dental aesthetics.

Group I contained six items from the DSC factor scale;
group II contained nine items: eight from the SI factor scale
of Klages et al. (2006) and one additional item related to
consciousness of the poor appearance of the teeth throughout
the whole day, group III contained six items from the PI of
dental aesthetics and group IV three items from the AC.
Group V included four items related to patient beliefs
concerning dental aesthetic impact on (1) dental health, (2)
professional career, (3) social success, and (4) improvement
in general appearance.

In order to avoid increased awareness of the patient to the
factorial relevance of each question, the names of the factors
were not specified on the relevant items in the questionnaire.
All questionnaires were collected and kept until the
completion of treatment.

Treatment utilised buccal or lingual fixed appliances and
standard orthodontic treatment modalities in order to
achieve optimal tooth alignment and articulation. Bonded
anterior lingual retainers and upper Hawley appliances were
used for retention.

During the active phase of the orthodontic treatment, the
patients were given positive feedback and encouragement
and were informed continuously about the progress of their
treatment.

Shortly after appliance removal, each patient completed
an identical questionnaire. All paired questionnaires before
and after treatment for each one of the 69 patients were
statistically analysed.

Statistical analysis

Statistical analysis was carried out using the Statistical
Package for Social Sciences for Windows Release 14.0
(SPSS Inc., Chicago, Illinois, USA). Reliability analysis
was conducted to assess the consistency of the four factor
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Psychosocial Impact of Dental Aesthetics Questionnaire (PIDAQ)

Personal information: Age ___, gender__, Education , Marital status

The reason for seeking orthodontic treatment:
score from 1-5 (1- least and 5 - most appropriate)
e Crooked teeth
e Spaced teeth
e Protruding jaw

o Dentist referral

Dental Self Confidence |

e | am proud of my teeth

* | like to show my teeth when | smile

* | am pleased when | see my teeth in the mirror
« My teeth are attractive to others

« | am satisfied with the appearance of my teeth

« | find my tooth position to be very nice

Social Impact n

Psychological Impact 1]

* | hold myself back when | smile so my teeth don't show so much

e If I don't know people well | am sometimes concerned what they

might think about my teeth

e | am afraid other people could make offensive remarks about my

teeth

« | am somewhat inhibited in social contacts because of my teeth

* | sometimes catch myself holding my hand in front of my mouth to

hide my teeth

* Sometimes | think people are staring at my teeth

e Remarks about my teeth irritate me even when they are meant

jokingly

* | sometimes worry about what members of the opposite sex think

about my teeth

* | am conscious of the poor appearance of my teeth throughout the

most of the day
« | envy nice teeth of other people

« | am somewhat distressed when | see other people's teeth

* Sometimes | am somewhat unhappy about the appearance of my

teeth
« | think most people | know have nicer teeth than | do
« | feel bad when | think about what my teeth look like

« | wish my teeth looked better

Aesthetic Concern v

. | don't like to see my teeth in the mirror
* | don'tlike to see my teeth in photographs

* | do not like to see my teeth when | look at a video of myself

Patient Beliefs v

Figure 1

1. Do you think straight and beautiful teeth can promote
dental health?

2. Do you think straight and beautiful teeth can promote
your career?

3. Do you think straight and beautiful teeth can promote
social success?

4. Do you think straight and beautiful teeth have a

significant effect on your general appearance?

Psychosocial Impact of Dental Aesthetics Questionnaire.
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scales by calculating Cronbach’s alpha. To be evaluated as
a reliable factor, an alpha of at least 0.70 was required.
Correlations of each item with the sum of the remaining
items in the same factor scale were calculated. Cohen’s d
and T values were determined to find the clinical relevance
of any changes in the scores.

A Student’s -test was used to determine the influence of
education, marital status, gender, and age on the PIDAQ
scores for all four factors and also for the additional items in
the questionnaire. A paired ¢-test was used to check the
differences in the mean scores pre- and post-treatment for
the four factor items (groups 1-4). Pearson’s correlation
was applied to test the relationship of age on pre- and post-
treatment delta scores for the various factors (groups 1-4).

A Wilcoxon signed ranks test was used to assess whether
there were any pre- and post-treatment differences regarding
the four item beliefs of ‘straight teeth benefit’ in factor V,
namely improved dental health, professional career, social
success, and improved general appearance. A chi-square
test was used to determine significance by comparing high-
score (4 + 5) and low-score (1 + 2 + 3) respondents within
each item either before or after treatment.

Results

Of the 69 subjects, 49.3 per cent were married and 50.7 per
cent were single (divorced, not married, or widowed) and
18.8 per cent had a high school education and 81.2 per cent
an academic education.

Patient motivation for treatment was for aesthetic reasons.
Fifty-five patients (79.7 per cent) complained of ‘crooked
teeth’, 39 (56.5 per cent) of spaces, and 38 (55.1 per cent) of
a ‘protruding jaw’. Thirty-two (46.4 per cent) had been
referred by their dentist for similar aesthetic reasons. More
than one answer could be marked in this section.

Since the Student’s z-test did not reveal any gender
differences between the groups, they were combined for
further analysis.

Table 1 shows the mean scores for all items in the relevant
group factor before and after treatment. All four factors pre-
and post-treatment showed reliable Cronbach’s alpha values
between 0.709 and 0.947 and all four delta scores were
highly significant (P < 0.001). Cronbach’s alpha values for
the DSC and AC before and after treatment were highest
(0.947, 0.898, 0.890, and 0.886, respectively) and slightly
lower but significant for SI and PI (0.709, 0.743, 0.760, and
0.719, respectively).

No differences were found between married and
unmarried patients.

Education, however, had a minor impact on two of the
four factors post-treatment; DSC and PI were significantly
greater in the high school group (P = 0.006 and P = 0.02,
respectively).

Pearson’s test did not reveal any difference regarding
age. Dividing the study group into ‘younger’ (21-30) and
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‘older’ (31-59) subgroups also did not reveal any
differences.

The reliability of each item of the 24 items clustered in
the four-factor scale was evaluated. When an item was
deleted and the value of Cronbach’s alpha was higher than
the mean factorial value, this item was considered
‘problematic’. From all items, two items related to ‘looking
in the mirror’ one in the DCS and one in the AC were
problematic.

The frequencies of the four items in factor V before and
after treatment are shown in Table 2.

Wilcoxon signed ranks test did not reveal any statistical
differences before or after treatment in the four item beliefs,
namely improved dental health, professional career, social
success, and improved general appearance.

Chi-square testing showed significant differences between
the high- (4 + 5) and low- (1 + 2 + 3) score respondents for

T. GAZIT-RAPPAPORT ET AL.

the two item beliefs: improved dental health and improved
general appearance, both before and after treatment (P <
0.001). After treatment, significance was also found for a
third item: social success (P = 0.003).

Discussion

The findings of the present study support the contention
that orthodontic treatment not only results in improvement
in dental aesthetics but also has a significant impact on the
psychosocial aspects of the patient’s life. From the results
of this prospective randomised study on four decades of
age (twenties to fifties) the hypothesis was confirmed.
Orthodontic treatment has a short-term positive impact on
the subjective sense of well-being in both genders, married
or unmarried, high school or academically educated, and
younger and older subjects. Since each patient served as

Table 1 Paired mean scores for dental self-confidence (DSC), social impact (SI), psychological impact (PI), and aesthetic concern (AC)

before and after treatment and their significance.

Pairs Factors Mean N Standard deviation Delta Cronbach’s o Cohen’s d T P

Pair 1 DSC before 1.94 69 0.95 D DSC 0.947 -2.18 -8.17 <0.001
DSC after 4.48 69 0.55 -2.548 0.898

Pair 2 SI before 2.26 69 0.67 D SI 0.709 1.10 9.13 <0.001
SI after 1.35 69 0.54 0911 0.743

Pair 3 PI before 2.87 69 0.88 D PI 0.760 0.98 8.16 <0.001
PI after 1.73 69 0.65 1.144 0.719

Pair 4 AC before 3.83 68 1.10 D AC 0.890 1.75 14.48 <0.001
AC after 1.44 68 0.66 2.392 0.886

Table 2 Frequency (number of respondents and their percentages) of scores (1-5) of four items of factor V, related to general beliefs

(Figure 1), before and after treatment.

Frequency % Frequency % Frequency % Frequency %

Before treatment

1 2 3 4
1 7 10.1 8 11.6 3 43 2 29
2 1 1.4 7 10.1 5 7.2 1 1.4
3 4 5.8 20 29 19 27.5 7 10.1
4 12 17.4 10 14.5 16 232 13 18.8
5 45 65.2 24 34.8 26 37.7 46 66.7
Total 69 100 69 100 69 100 69 100

After treatment

A B C D
1 10 14.5 9 13 5 7.2 4 5.8
2 0 0 4 5.8 3 43 1 1.4
3 7 10.1 18 26.1 14 20.3 6 8.7
4 13 18.8 14 20.3 21 304 17 24.6
5 39 56.5 24 34.8 26 37.7 41 59.4
Total 69 100 69 100 69 100 69 100
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his/her own control, was treated in the same office by the
same team (interaction and communication), and had the
same internal and external factors (Cunningham and
Shute, 2009), the significant differences in the mean
values of all items in the four factor scales pre- and post-
treatment resulting in patient satisfaction were extremely
reliable.

Previous research has shown that females are more
dissatisfied with the appearance of their dentition than males
and focus on improved appearance as a reward (Shaw, 1981;
Sheats et al., 1998). Those studies also contained a higher
percentage of females. The current sample followed the
same trend, with a majority of females.

Some studies have questioned the psychosocial benefit of
orthodontic treatment (Klima et al., 1979; O’Regan et al.,
1991). However, these were cross-sectional where the pre-
and post-treatment groups were different and the populations
were younger. Statistically, it is clearly desirable that post-
treatment results are paired with those pre-treatment to
eliminate hidden variables, e.g. different personalities and
circumstances. To date, there are no prospective randomised
adult population studies related to orthodontic treatment
that investigated these issues.

Interestingly, DSC showed the largest delta between the
pre- and post-treatment questionnaire followed closely by
AC, although the level of significance was high for all
factors. This was probably due to correction of their main
complaint—dental malalignment.

The aesthetic dental improvement after orthodontic
treatment and the newly acquired level of confidence is
probably reflected in more relaxed social behaviour and
smiling without hesitation. An additional support to this
finding is that factor V, the social success item, became
significant post-treatment.

The effect on the psychological and the social parameters
is subjective and other factors may also be involved. A
critical role in a patient’s mental satisfaction, in addition to
professional performance, is the patient—doctor relationship.
Patient and dentist interpersonal appraisals are most
significant for the successful outcome of treatment in the
patient’s eyes and the appreciation of the result. This is true
for many different disciplines in dentistry and aesthetic
medicine (Carlsson, 2009; Cunningham and Shute, 2009).

In this study, all patients were treated in the same practice
and by the same team. Active patient involvement in
treatment advancement, positive feedback on the part of the
orthodontist, and interchange of treatment experiences with
other patients created a positive anticipation for treatment
outcome. This atmosphere probably contributed to achieving
patient satisfaction.

The PIDAQ is a reliable instrument that was found to
‘meet the criteria of factorial stability across samples and
criterion-related validity and reliability’ (Klages et al.,
2006). From all items examined, only one relating to looking
in the mirror presented a problem.
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Analysing the reliability of each item, i.e. how the deletion
of this item would affect the Cronbach’s alpha, revealed that
looking in the mirror was a problematic issue especially in
factor IV of AC. One question that arises is why looking at
photographs and/or a video are more reliable than when
looking in a mirror. Occasionally, in a given set of
circumstances, the orthodontic result does not coincide with
the mental picture that the patient has (Hollywood smile). The
mirror presents a close and concentrated look at one’s anterior
teeth that can reveal very minor imperfections, e.g. tooth size,
shape and colour that do not match the ideal. In addition, some
of the orthodontic improvement (torque, overjet reduction,
etc.) cannot be appreciated. Another possible reason for this
finding could be some degree of body dysmorphic disorder in
some patients (Cunningham and Shute, 2009).

It would be of interest to repeat this study in the same
study group of patients in a few years time and to compare
the results of a new PIDAQ with the previous scores. Similar
studies should be undertaken in patients undergoing
restorative procedures in the anterior region.

Conclusion

Dental aesthetics generated a significant improvement in
adult patients’ quality of life for the period examined (up to
6 months post-treatment).
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Patient and parent motivation for orthodontic treatment—a
questionnaire study
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SUMMARY The aims of this investigation were to examine patients’ and parents/guardians’ motivation
for seeking orthodontic treatment and to determine the influence of age and gender in this process. The
sample comprised 674 subjects (365 girls and 309 boys) aged 7-18 years and 674 of their parents/guardians,
as well as 86 adult patients aged 19-42 years (57 females and 29 males). Similar questionnaires, designed
to assess motivation for orthodontic treatment, were completed by all subjects. Statistical analysis was
undertaken using Pearson’s chi-square test.

In the patient groups, a desire to improve aesthetics was the main motivational factor for undergoing
treatment. With increasing age, 13 per cent more girls (P=0.039) were more aware of their malocclusion.
The influence of their surroundings on the uptake of treatment decreased with increasing age. Less than 5
per cent of the examined subjects started treatment because other children made fun of them, and only 3
per cent of older patients were motivated by future improvements in health. Between 63 and 67 per cent of
parents reported pressurizing their children to seek orthodontic treatment in order to avoid possible future
claims of neglect. No statistically significant dependence on gender or age of the children was found.

Improvement in dental aesthetics was the principle motivational factor for the children (29-48 per cent),

their parents/guardians (54 per cent), and adult patients (55 per cent) seeking orthodontic treatment.

Introduction

Facial aesthetics seems to be a significant determinant of
self and social perceptions (Bos et al., 2003). Optimal facial
appearance is not only seen as being more attractive but
also more socially accepted by peers, teachers, employers,
and others (Phillips et al., 1998; Tung and Kiyak, 1998;
Trulsson et al., 2002). Smiling is still considered to be one
of the most effective methods of influencing people (Kokich
et al., 1999, 2000).

Some individuals with dentofacial disharmonies seeking
treatment experience a level of psychological distress that
may warrant psychological/psychiatric intervention (Phillips
et al, 1998). However, the most common reasons for
seeking professional help by orthognathic patients were
due problems in biting and chewing, temporomandibular
disorders, and headache (Nurminen ef al., 1999).

Correlations between satisfaction with dental and facial
appearance and expectations of orthodontic treatment
appear to be age, but not gender, related (Bos et al., 2003).

Although many different factors motivate patients in their
decision to undergo orthodontic treatment, many adolescents
are not fully conscious of such external influences, such as
social norms, and the beauty culture in their reference group
and in society (Trulsson et al., 2002). Their opinion, as a
group, was that they had made an independent decision
to undergo orthodontic treatment. Thus, it is essential to
understand subjective motives for undergoing orthodontic
therapy and thereby set realistic treatment goals (Trulsson
etal.,2002).

According to Sheats et al. (1998), eighth graders with no
history of orthodontic treatment were generally satisfied
with the appearance of their teeth and perceived less
treatment need than clinicians. Tung and Kiyak (1998)
reported that although Caucasian and minority children
were similar in their self-ratings and expectations from
orthodontics, the former were more critical in their aesthetic
judgement.

However, it has been reported that up to 75 per cent of
adult patients are dissatisfied with their dental aesthetics
and that this is their prime motive for seeking treatment
(Birkeland et al., 1999; Riedmann ef al., 1999). Bergstrom
et al. (1998) found that three out of four individuals
considered orthodontic treatment important, even when
irregularities of the teeth were minor. A majority of the
individuals stated that they would have been able to wear
visible fixed appliances if needed, even in adulthood.

Females demonstrated less satisfaction than males with
the appearance of their dentition and were more likely to
perceive a treatment need. Asians and females had higher
Index of Orthodontic Treatment Need Dental Health
Component scores, but a better aesthetic appearance than
Caucasians and males (Sheats ef al., 1998; Mandall et al.,
1999).

Adult patients, including those who had been previously
treated (during childhood or adolescence), reported
satisfaction with their decision either to choose to undergo
orthodontic treatment or to decline it (Bergstrom et al.,
1998). They were also satisfied with their dental appearance.
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Dental professionals were considered to have had the
greatest influence on this decision (Bergstrom ef al., 1998).

Kokich et al. (1999) reported that even if both the
orthodontist and the general dentist detect specific dental
aesthetic discrepancies, which may help the dental
professional in their treatment recommendations,
orthodontists were more critical than dentists and laypeople.
The desire for treatment may be guided to a considerable
extent by the orthodontist (Stenvik ef al., 1996; Bergstrom
et al., 1998; Birkeland et al., 1999; Espeland and Stenvik,
1999). It has also been noted that patients treated by
specialists were more satisfied than individuals treated by
general practitioners (Bergstrom et al., 1998).

It is of note that individuals with malocclusion and
treatment need, but who refused treatment, were, in general,
more unhappy with their dental appearance (Bergstrom
et al., 1998). More than half regretted their decision. Thus,
the perceptions of orthodontic treatment need are
multifactorial and that they are also influenced by factors
other than health measures of normative orthodontic treatment
need and perception of aesthetics (Hamdan, 2004).

Kerosuo et al. (2002) stated that patients from rural areas
expressed a treatment need less often than those from more
urban areas. Orthodontic treatment is often undertaken on
the assumption that an improved dental appearance will
benefit a patient by increasing his/her social acceptance and
self-concept (Dann et al., 1995). On the other hand, an
objectively favourable occlusal treatment result may lead to
patient dissatisfaction, particularly when there is a difference
between the patient’s motivation and expectations (Bos
etal., 2003).

Thus, it is important to determine prior to treatment both
the patient’s and their parents/guardians’ motivations for
and expectations of treatment. A well-designed questionnaire
may prove to be a valuable tool (Arnett and Worley, 1999).

The aims of this study were to examine and compare
patients’ and their parents/guardians’ reasons for seeking
orthodontic treatment, and to explore and analyse the
conformity for orthodontic treatment in relation to age and
gender, and to examine the influence of specialists and
parents in motivating patients.

Table 1 Age and gender of the respondents.

B. WEDRYCHOWSKA-SZULC AND M. SYRYNSKA

Subjects and methods

This questionnaire-based study was carried out between
June and December 2006 in north-west Poland among 674
(365 girls and 309 boys) children aged 7—18 years and 674
of their parents/guardians. In addition, 86 adult patients
aged 19-42 years (57 females and 29 males) were evaluated
using a similar questionnaire. The patients were recruited
from the Department of Orthodontics of the Pomeranian
Medical University and four private orthodontic practices
in Szczecin and Kotobrzeg. All subjects were Caucasian.

Seven hundred and sixty patients (674 children and 86
adult patients) who applied for orthodontic treatment
completed a questionnaire, which contained nine items on
motivation for starting treatment (Appendix 1). The 674
parents/guardians completed a similar questionnaire,
containing 10 items (Appendix 2). The subjects could, if
applicable, select more than one answer to each question.

To determine any influence of the patient’s age and/or
gender, Pearson’s chi-square independent test for
contingency tables was used. The calculations were made
using the Statistica program for Windows version 6.0
(StatSoft, Tulsa, Oklahoma, USA).

Results
Subject demographics

The age and gender distribution of the study sample are
shown in Table 1. With the exception of the 7- to 9-year-
olds, more females than males sought orthodontic treatment.
The 10- to 12-year-old group demonstrated the greatest
percentage of males and females presenting for treatment.

Patients’reasons for seeking orthodontic treatment

The majority of patients selected aesthetics as the main
reason for their decision to undergo orthodontic treatment
(Table 2; Appendix 1: answers a=64 per cent and b=42 per
cent). The intention to improve self-image increased with
age (P<0.001) and gender (P=0.029). In addition to
increasing age, a significantly higher percentage of females

Patient’s age (years) Patient’s gender, 1 (%)

Parents/guardians, n (%)

Females Males Total
7-9 72 (17) 73 (22) 145 (19) 145 (21.5)
10-12 164 (39) 148 (44) 312 (41) 312 (46)
13-15 89 (21) 58 (17) 147 (19.5) 147 (22)
16-18 40 (9.5) 30(8.5) 70 (9) 70 (10.5)
More than 18 57 (13.5) 29 (8.5) 86 (11.5) —
Total patients 422 338 760
Total parents/guardians 365 309 674
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(P=0.039) expressed dissatisfaction with their dental
appearance, whereas the number of subjects who wanted to
improve their appearance increased more slowly among
males (P=0.029). On the contrary, the percentage of patients
whose decision to undergo the treatment might be guided
by dental professionals decreased by 20 per cent with
increasing age (P=0.007).

The influence of parents/guardians on the patient decision
to undergo orthodontic treatment (Appendix 1: answer e)
decreased with patient age (P<0.001). Less than 5 per cent
of patients in all age groups sought orthodontic treatment as
a result of the influence of their peers. Health did not appear
to be a key motivational factor in seeking treatment among
adults [Appendix 1: answers f (P=0.018) and g (P<0.001)].

Parent/guardian reasons for their child seeking orthodontic
treatment

The percentage of parents/guardians that selected irregular
teeth and a wish for their child to look ‘pretty’ as reasons for
seeking orthodontic treatment was 77 and 54, respectively
(Table 3). No statistically significant differences relating to
age or gender of the child were found.

Along with increasing patient age, the percentage of the
parents/guardians whose children were referred for treatment
by other clinicians decreased (P<0.001).

Sixty-four per cent of parents/guardians reported that
they sought treatment for their child out of fear of any
possible future blame from the child that their parents/
guardians neglected their duty to make sure they underwent
orthodontic treatment.

No relationship was found between the age or gender of
the patients and conformity of the motivations for the
treatment stated by the patient and/or parents/guardians.

With reference to the question h (Appendix 2), only 16
parents/guardians reported any influence of the school in
their decision to seek treatment for their child.

Discussion
Patient’s reasons for seeking orthodontic treatment

Taking into consideration the relationship between a
patient’s age and their motivation for seeking orthodontic
treatment, the present study found that the number of
patients dissatisfied with the appearance of their teeth
increased with age. Similar results have been reported by
Birkeland et al. (1999) and Bos et al. (2003). Espeland and
Stenvik (1991) noted that among young adults who were
characterized as having an almost ideal occlusion or only
minor deviations, almost all (98 per cent) expressed
satisfaction with their actual occlusal status.

In relation to gender (while assessing themselves
subjectively), females in the present study demonstrated
more concern for appearance (56 per cent) than males (44
per cent), which corresponds with the findings of previous

B. WEDRYCHOWSKA-SZULC AND M. SYRYNSKA

studies (Sheats et al., 1998; Tung and Kiyak, 1998; Mandall
et al., 1999; Nurminen et al., 1999; Riedmann et al., 1999;
Kerosuo et al., 2002; Bos et al., 2003; Hamdan, 2004).

The patient’s decision in relation to starting orthodontic
treatment was based on the recommendation of either the
dentist or their parents/guardians. The influence of these
advisors decreased with increasing patient age. This
corresponds to the findings of others (Dann et al., 1995;
Birkeland et al., 1996; Bergstrom et al., 1998).

The influence of social stereotypes based on facial
appearance as a major factor in total life adjustment is one
reason for seeking orthodontic treatment. Dental anomalies
have been reported to be the cause of teasing and ‘general
playground harassment’ among children and are associated
with lowered social attractiveness (Phillips et al., 1998;
Hamdan, 2004). In the present study, less than 5 per cent of
patients in all age groups sought orthodontic treatment as a
result of the influence of their peers. In addition, negative
attitudes of school authorities and employers were not found
to be a significant factor.

Problems with biting and chewing, temporomandibular
disorders, and headache have been reported as reasons for
seeking professional advice (Phillips ez al., 1998; Nurminen
et al., 1999). In the present study, health did not appear to be
a key motivational factor for the adults to seek treatment.
However, according to Nurminen ef al. (1999) and Trulsson
et al. (2002), functional reasons were reported by 47—68 per
cent of patients who had undergone orthognathic surgery.

Parent/guardian reasons for their child seeking orthodontic
treatment

Previous studies have shown that not only parents’ motivation,
especially that of the mother, is the most important factor in
initiating orthodontic treatment, but also that treatment is
considered to be more important by the parents than by the
child (Birkeland ef al., 1996; Bergstrom et al., 1998; Daniels
and Richmond, 2000; Kerosuo et al., 2002; Hamdan, 2004;
Zhang et al., 2007). Thus, parents appear to make the final
decision about treatment, although they may have different
motives to their children (Birkeland et al., 1996; Hamdan,
2004; Hamdan et al., 2007). In line with the findings of
Birkeland ez al. (1996) and Tung and Kiyak (1998), the
number of parents/guardians dissatisfied with the appearance
of their children’s teeth was 75 per cent, of which 54 per cent
wanted their children ‘to look pretty’. The current study also
found that the final decision of parents/guardians for their
child to undergo orthodontic treatment was not solely their
own but also influenced by the referring dentists, other
physicians, and speech therapists. However, this influence
decreased significantly (P<0.001) with increasing age of the
children. Similar findings were noted by Trulsson et al. (2002)
and Bergstrom ez al. (1998). Interestingly, response to the
question ‘I want my child not to blame me in the future that I
have neglected his/her treatment for his/her dental trouble’
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revealed a positive response of 64 per cent, which was not
influenced by either the child’s age or the gender.

The results of the current study are in agreement with the
findings of Dann et al. (1995) that dentofacial appearance
undoubtedly plays an important part in establishing the
overall attractiveness of individuals.

Limitations of the study

There is evidence that socio-economic background may
also play a role in the self-perception of malocclusion, with
individuals in a higher social class considered to be more
critical of their dental aesthetics (Lewit and Virolainen,
1968; Al-Sarheed et al., 2003; Reichmuth et al., 2005).
The current study did not take account of the influence of
socio-economic factors.

Conclusions

1. The principle motivational factor in children and adults
seeking orthodontic treatment was the desire to improve
aesthetics.

2. From the parents/guardians perspective, the most
important reason for seeking orthodontic treatment for
their child was also the improvement of dental aesthetics.

3. The percentage of patients whose decision to undergo
treatment might be guided by dental or other
professionals, or their parents/guardians decreased with
increasing patient age.
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Appendix 1

Questionnaire

Patient’s age. . .. . ..
[the correct is to be underlined]
guardian
[the correct is to be underlined]
The following questions to be answered:

Patient’s gender: male/female
Child’s father/mother/

Patient:

1. The reason for which the patient has applied to the

orthodontist:

a. I can see that I have ‘irregular teeth’ [malocclusion]

b. 1 want to correct my appearance

c. I have been referred by: my dentist—another
physician—speech therapist [the correct is to be
underlined]

d. The other children laugh at my ‘irregular teeth’

e. My parents wanted me to be treated

f. I have some difficulties while: speaking—eating [the
correct is to be underlined]

B. WEDRYCHOWSKA-SZULC AND M. SYRYNSKA

g. I feel some pain/clicking around my ears (at the
temporomandibular joint) [the correct is to be
underlined]

h. I have been ordered by employer — school authorities
[the correct is to be underlined]

i. Other reasons . . .

Appendix 2

Child’s father/mother/guardian

2. The reason of coming with the child to the orthodontist:

a. I have realized that my child has got ‘irregular teeth’
[malocclusion]

b. I want my child to look pretty

c. Child has been sent for treatment by: his dentist—
another physician—speech therapist [the correct is to
be underlined]

d. Other children are laughing at my child’s ‘irregular
teeth’

e. I do not want my child to blame me in the future that
I have neglected his/her treatment for his/her dental
trouble

f. Child has some difficulties while: speaking — biting
solid food [the correct is to be underlined]

g. My child has complained of some pain around his/her
ears (at the temporomandibular joint)

h. Such are the school requirements

i. I think that to correct my child’s malocclusion could
help him/her in the future to find a better job

j- Other reasons . . .
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Masticatory muscle activity in children with a skeletal or
dentoalveolar open bite
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SUMMARY The aim of this study was to compare the electromyographic (EMG) characteristics of
masticatory muscles in children with either a skeletal or dentoalveolar open bite, compared with a control
group (CG).

Forty-five children (31 boys and 14 girls), aged 6-11 years, were included in the study, 15 with a skeletal
anterior open bite (SAOB), 15 with a dentoalveolar anterior open bite (DAOB), and 15 with a normal
occlusion (CG), defined by clinical evaluation and lateral cephalograms. EMG recordings of the temporal
and masseter muscles were performed under maximal voluntary clenching and during chewing. Analysis
of variance was used for inter-group analysis, followed by the Tukey post hoc test. A Student’s t-test for
paired data was used for intra-group analysis.

There were statistically significant differences among the three groups (P < 0.05), with the mean EMG
being highest in the CG and lowest in children with a SAOB. The percentage EMG activity during chewing
in relation to that during maximal voluntary clenching was more than 100 per cent in the SAOB group.
The CG and DAOB groups presented higher EMG activity during clenching compared with chewing
(P<0.001), as well as a greater difference between tasks.

In the SAOB group, the neuromuscular system appeared to have a lower capacity to produce EMG
activity according to the task, while that in the DAOB group suggests that their functional capacity during

growth should also be carefully observed.

Introduction

It has been widely accepted that accurate differentiation
between a dentoalveolar and a skeletal open bite is essential
in determining an appropriate treatment plan (Burford and
Noar, 2003). In a dentoalveolar open bite, the disorder
occurs during tooth eruption and alveolar growth. With
this type of malocclusion, the skeletal components are
relatively normal. In a skeletal open bite, in addition to the
dentoalveolar disorders, there is a lack of proportion
between the bones of the craniofacial complex (Proffit,
2000). When there is a predominance of vertical growth, i.e.
a dolichofacial pattern, open bite patients present problems
in prevention, correction, and post-treatment retention
(Pepicelli et al., 2005; Remmers et al., 2008).

According to Proffit and Fields (1983), not all adult
individuals with a long face present such a pattern before
puberty. Therefore, it would be interesting to investigate the
masticatory muscle electromyographic (EMG) activity of
subjects with a dentoalveolar anterior open bite (DAOB) and
skeletal anterior open bite (SAOB) during the growth phase.

The relationship between EMG parameters of the
masticatory muscles and vertical craniofacial morphology
has been described in children and adults (Ingervall and
Thilander, 1974; Ueda et al., 2000; Serrao et al., 2003;
Cha et al., 2007). Maximal voluntary contraction was

negatively correlated with anterior face height, mandibular
inclination, vertical jaw relationship, and gonial angle
(Bakke and Michler, 1991), i.e. the mean EMG amplitude
for masticatory muscles of ‘long face’ subjects was lower
than those of subjects with a ‘short face’ (Serrao et al.,
2003).

The evaluation of masticatory muscle activities may be
useful inimproving orthodontic treatment and in determining
a correct retention period after treatment (Kayukawa, 1992),
because it has been widely accepted that function of the
masticatory muscles is related to craniofacial morphology
(Bakke and Michler, 1991; Ueda et al., 2000; Kiliaridis
et al., 2003; Serrao et al., 2003; Satiroglu et al., 2005,
Kiliaridis, 2006; Charalampidou et al., 2008).

It may also be useful in order to establish treatment goals
and procedures to be adopted in orofacial myofunctional
therapy, which has proved to be effective in resolving the
muscular and functional disorders frequently associated
with an anterior open bite (Degan and Puppin-Rontani,
2005; Trawitzki et al., 2006; Felicio et al., 2008).

In the present study, the EMG characteristics of children
with a SAOB or a DAOB were analysed during static and
dynamic tasks, and the data were compared with that
obtained of subjects of comparable age, without an open
bite.
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Subjects and methods

The study was approved by the Human Research Ethics
Committee of Sdo Paulo University and the parents of all
subjects gave written informed consent.

Subjects

One-hundred consecutive children on the university
waiting list for orthodontic treatment were examined. Sixty
presented an open bite, 25 a SAOB, and 35 a DAOB.
Fifteen children were randomly selected from the SAOB
group and 15 from the DAOB group, using the GraphPad
Software (www.graphpad.com/quickcalcs; 10 boys and 20
girls: mean age 8.47 years; range 6—11 years). In each
group with an open bite, there were eight children with a
crossbite.

The control group (CG) comprised 15 matched volunteer
children (4 boys and 11 girls: mean age 9.87 years; range
6-11 years) with an Angle Class I occlusion, without an
open bite and with normal cephalometric measurements.

The inclusion criteria were: no apparent or reported
history of neurological, developmental, or intellectual
problems according to parental report and examiner
observation; no previous or current tumours or traumas in
the head and neck region; and no previous orthodontic
treatment or orofacial myofunctional therapy.

The groups were defined by clinical examination and
cephalometric measurements, performed by the same
orthodontist (AT) for all subjects.

Methods

The vertical relationship between the upper and lower
incisors was measured using digital callipers (Mitutoyo;
Absolute Coolant Proof IP66, Aurora, Illinois, USA) during
the clinical examination. Radiographs were obtained for all
subjects according to the Broadbent technique (Broadbent,
1931) in habitual dental occlusion. The radiographs were
traced and cephalometric measurements were undertaken.
In order to standardize the cephalometric measurements of
the bilateral anatomical structures on the two radiographic
images, the image closest to the film (in this study, the
left side) was used, which more accurately represents
the real size of the radiographic structures. Points, lines,
and cephalometric planes used for the cephalometric
measurements were those defined by Krogman and Sassouni
(1957).

From the cephalograms individually traced for each case,
the facial skeletal pattern was analysed in the vertical plane
using the cephalometric measurements: NS—GoGn angle,
the inclination of the mandibular plane with respect to the
anterior base to the cranium that expresses the opening
degree and anterior vertical height of the mandible; it also
determines the vertical growth pattern; NS—Gn angle,
vertical and antero-posterior mandibular growth; Facial
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axis angle, the direction of mandibular growth that expresses
the vertical position of the chin. This angle is determined by
intersection of nasion—basion (NBa) line with the pterygoid—
gnathion (PtGn) line.

For the differential diagnosis between a DAOB and
SAOB, a formula was used based on cephalometric analysis
of the angles that express mandibular plane inclination (NS—
GoGn), vertical and antero-posterior mandibular growth (NS—
Gn), and the facial axis angle: y =—0.2787xx,—0.5422%x; +
1.2029xx3, where x; = NS-GoGn; x,= NS-Gn and x3 =
facial axis (Ali-Mere et al., 2005).

The subjects presenting a y value greater than 55.83 degrees
were assigned to the DAOB group and those presenting a
yvalue less than or equal to 55.83 were assigned to the SAOB
group. The error of the method was 3.5 per cent, i.e. there is a
3.5 in 100 chance that a subject belonging to one group is
classified as belonging to the other (Ali-Mere et al., 2005).

Surface differential active electrodes (two, 10 mm long
and 2 mm wide, silver-chloride bars, separated by a distance
of 10 mm) were used in the study. Electromyography was
performed using five channels of the Myosystem-Brl
apparatus (DataHomins Techonologia Ltda, Uberlandia,
Minas Gerais, Brazil), with simultaneous acquisition,
common grounding to all channels, input impedance of
each channel of 10 GQ in differential mode, 12 bites of
dynamic resolution range, and amplitude band of =10V to
+10V. The software Myosystem I, version 3.5 (DataHomins
Techonologia Ltda), was used for signal visualization and
processing, allowing, after digitization, the signals to be
analogically amplified with a gain of 1000, filtered by a
0.01-1.5 kHz band-pass filter and sampled by a 12-b A/D
converter with an acquisition frequency of 2 kHz.

The skin region where the electrodes were placed was
cleaned with alcohol. The differential active electrodes were
positioned in the ventral region of both masseters and in the
anterior portion of the left and right temporalis muscles.
The position of the electrodes was determined by palpation
and they were fixed with adhesive tape, with the longest
extension of the bars perpendicular to the direction of the
muscle. A stainless steel circular electrode (3 cm in diameter)
was used as a reference electrode (ground electrode), fixed
on the skin in the region of the sternum. The localization,
orientation, and tests for placing the electrodes was that
suggested by the European Recommendations for Surface
Electromyography for the non-invasive assessment of
muscles (Hermens et al., 1999, 2000). Muscle activity was
assessed as the root mean square of the amplitude (micro
volt). EMG signals were recorded for further analysis. All
examinations were performed by the same author (SCHR).

The EMG recordings were carried out under the following
clinical conditions: maximal voluntary clenching (4
seconds) and during usual chewing (20 seconds).

The chewing tests were undertaken using five products
with diverse viscoelastic properties, which were obtained
directly from the manufacturers to maintain consistency. The
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chosen foods were Nutry® cereal bar (Nutrimental SA,
Sdo Jos¢ dos Pinhais, Parana, Brazil), consistent and
fibrous; Trident® gum (Cadbury-Adams, Bauru, Sdo Paulo,
Brazil); Mendorato® peanuts (Santa Helena, Ribeirfo
Preto, S@o Paulo, Brazil), a hard food; biscuits Bono®
(Nestle, Sao Paulo, Brazil), and BIS® chocolate (Lacta S/A,
Curitiba, Parana, Brazil), being soft and easy to swallow. The
diverse properties of the foods promoted different functional
stimuli for the masticatory system.

Data were analysed statistically using analysis of variance
(ANOVA; 2 groups x 6 tasks x 4 muscles) in order to
separately compare the subgroups with and without a
crossbite in the DAOB and SAOB groups.

Percentage EMG activity during mastication (PMA) in
relation to activity during maximal voluntary clenching was
calculated according to the following formula:

(RTm + LTm + RMm + LMm) o
(RTmev + LTmev+ RMmcev + LMmcv)

PMA = 100

El

where RTm, LTm, RMm, LMm correspond to muscle
activity during the chewing of a given food and RTmcv,
LTmcv, RMmecv, LMmecv to muscle activity during maximal
voluntary clenching.

Groups CG, SAOB, and DAOB were analysed by one-
way ANOVA, followed by Tukey’s post hoc test.

A Student’s #-test for paired data was used for intra-group
data analysis regarding EMG activities of the temporal and
masseter muscles, during maximal voluntary dental
clenching and while chewing gum and natural foods.

All calculations were made using the Statistica software
(StatSoft, Inc., Tulsa, Oklahoma, USA), with the level of
significance set at 0.05.

Results

ANOVA for EMG activity data showed no significant
differences between the subgroups with and without
crossbite in the DAOB [F(1,13)=0.79, P> 0.05] or SAOB
[F(1,13) = 0.60, P > 0.05] groups. ANOVA showed
significant differences between tasks [F(3,39) = 8.13,
P < 0.01] and effects of task and muscle interaction
[F(15,195) = 2.15, P < 0.01] in the DAOB group. There
were also significant differences between muscles in the
SAOB group [F(3,39) =3.96, P <0.01].

ANOVA for EMG activity data showed a significant
difference among the groups. Post hoc testing demonstrated
a significant difference among all three groups (P < 0.05).
The CG presented significantly higher mean EMG activity
than the DAOB and SAOB groups during clenching and in
cereal bar, gum, and peanut chewing, and a higher activity
than the SAOB group also when chewing a biscuit (Figure 1).
There were significant differences between the DAOB and
SAOB groups in clenching and biscuit chewing, with higher
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mean values for the DAOB group. In contrast, the PMA index
was higher in the SAOB group (Table 1).

In intra-group analysis, both the CG and DAOB groups
presented higher EMG activity when clenching compared
with chewing (P < 0.001). During chewing, these groups
presented a different EMG activity regarding cereal bar and
gum chewing compared with the other foods, and a different
activity regarding peanut chewing compared with biscuit or
chocolate chewing. The SAOB group showed no significant
differences between clenching and chewing. EMG activity
regarding cereal bar, gum, and peanut chewing differed
from that when chewing biscuits and chocolate (Table 2).

Discussion

There is consensus that in subjects with an anterior open
bite, it is necessary to make a differential diagnosis between
a dentoalveolar and a skeletal open bite (Proffit, 2000;
Burford and Noar, 2003), which require different treatment.

Radiographic cephalometry is an excellent tool for the
diagnosis of these abnormalities (Ali-Mere et al., 2005).
However, it does not represent the dynamic state of the
maxillofacial and intraoral environments (Usui et al., 2007).

The muscles of the maxilla and mandible would seem to
be of paramount importance in the actiology and active
treatment of malocclusions and jaw deformities, and also
for the stability of such therapies (Pepicelli ef al., 2005).

EMG isausefultool for diagnosis and for the determination
of treatment outcomes (Degan and Puppin-Rontani, 2005;
Trawitzki et al., 2006; Felicio et al., 2008 Tartaglia et al.,
2008) and therefore was the method chosen in the present
study to determine the activity of the temporal and masseter
muscle of subjects with a DAOB or SAOB during the
growth phase, with a CG being used as the reference.

Due to the presence of a crossbite among the subjects in
the two groups with an open bite, a comparison was first
made between the subjects with and without a crossbite. As
no significant difference was observed, a crossbite was not
considered in further analyses.

In the present study, the CG, in general, showed higher
mean EMG values than the DAOB and SAOB groups. During
clenching and biscuit chewing, the EMG activity was higher
in the DAOB than in the SAOB group. The CG and DAOB
groups showed a higher EMG activity when clenching, which
differed from the mean values when chewing. In contrast, no
difference in EMG activity was observed in the SAOB group
between clenching and chewing.

EMG activity has been investigated in subjects with
different patterns of craniofacial growth and different
types of malocclusion, and significant relationship, have
been reported between masticatory muscle activity and
cephalometric variables (Ingervall and Thilander, 1974;
Ueda et al., 2000; Serrao et al., 2003; Cha et al., 2007), as
also found in the present study. Lower occlusal strength has
also been previously observed in subjects with a skeletal
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Figure 1 Mean electromyographic activity during clenching and chewing
in the control group (CG), dentoalveolar anterior open bite (DAOB), and
skeletal anterior open bite (SAOB) groups.

Table 1 Temporal and masseter muscle percentage activity
(PMA) during mastication in relation to clenching (mean and
standard deviation) in the control group (CG), dentoalveolar anterior
open bite (DAOB), and skeletal anterior open bite (SAOB) groups.

CG(n=15) DAOB (n=15) SAOB (n=15) P

Clenching 85279+ 50.38 61.52°+28.18  42.13¢+£28.79 0.000
Cereal bar 60.332+29.56 49.60+19.40 4499 +22.50 0.002
Gum 57.072£26.38 46.85*+17.19  46.56>+25.96 0.020
Peanut 52.09+£25.99 44.74+18.50  43.72+18.94 NS
Biscuit 46.782+19.29 38.089+16.72 37.17°+20.00 0.040
Chocolate 4336+27.65 38.04+18.87  39.97+2127 NS
PAM

Cereal bar  89.862+57.72 86.80°+25.54 139.33b+76.61 0.026

Gum 82.42:+41.06 81.812+25.82 138.83v+75.43 0.005

Peanut 78.20%+52.45 78.918+28.10 142.50*+89.69 0.009

Biscuit 68.08°+43.70 68.98 +31.21 110.51*+53.24 0.015

Chocolate 62542 +28.03 68.29° +26.10 135.25>+102.02 0.004

NS: not significant, P > 0.05.
Means with different superscripts (a, b, or ¢) differed in the pos hoc test.

Table 2 Mean electromyographic activity during clenching and
chewing in the control group (CG), dentoalveolar anterior open
bite (DAOB), and skeletal anterior open bite (SAOB) groups.

Groups Clenching Cereal bar Gum Peanut  Biscuit Chocolate

GC 85.27 60.33%a 57.07*a 52.09%b 46.78*c 43.36%c
DAOB 61.52 49.60%a  46.85% 44.74%b 38.08%c 38.04%
SAOB 42.13 44.992 46.56* 43722 37.17°  39.98>

Means with *: significant difference between clenching and chewing
tasks.

Means with different superscripts (a, b or ¢): significant difference
between chewing tasks.

Student #-test for paired data.
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open bite compared with controls in all biting positions
(Ellis et al., 1996).

Since in the clenching test the subjects were asked to
perform maximum tooth clenching, PMA indices were
expected to be always less than 100 per cent, and this
occurred in the CG and DAOB groups but not in the SAOB
group. The differences in EMG activity in the SAOB group
when the subjects chewed the different foods were less
frequent, suggesting a lack of adaptation to the demands of
the tasks.

The teeth, the masticatory muscles, and the temporo-
mandibular joints are important for the chewing process
because together they form the mechanism by which food
particles are fragmented (Pereira et al., 2006). Among other
factors, the chewing process is adapted to accommodate
food texture, i.e. when harder foods are being chewed there
is a greater amplitude of EMG activity of masticatory
muscles than when softer foods are being chewed (Mioche
et al., 1999; Foster et al., 2006).

Variations in EMG activity according to food consistency
demonstrate the capacity of the stomatognathic system to
adapt to the load and its neuromuscular equilibrium (Piancino
et al., 2005). Neurophysiologic evidence of receptor activity
and reflex interaction with the basic motor programme of the
craniomandibular muscles tends to indicate that the peripheral
occlusal control of the elevator muscles is provided by
feedback from periodontal pressoreceptors. Occlusal stability
keeps the muscles fit and enables the masticatory system to
meet its functional demands (Bakke, 1993). There is
symmetry between left and right side chewing, with higher
EMG activity on the working side than on the non-working
side (Ferrario et al., 2004) and relative contraction from
muscle to muscle (Belser and Hannan, 1985). Thus, this
capacity seems to be reduced in subjects with a SAOB.

The data showed that the DAOB group presented the
same tendency as the CG regarding the PMA of the various
foods and the comparison of tasks, although EMG activity
was always lower, especially during clenching.

Based on the results of the present study, it may be
suggested that, just as there is concern about the function of
masticatory muscles in subjects with a SAOB, there should
also be a similar concern for children with a DAOB during
growth since when a long face is manifested during childhood
the subjects will rarely grow outside this pattern. However,
not all individuals who become adults with a long face present
this growth pattern before puberty (Proffit and Fields, 1983).

According to previous research, the functional capacity
of masticatory muscles may be considered to be one factor
that influences facial morphology (Kiliaridis et al., 2003;
Satiroglu et al.,2005; Charalampidou et al., 2008). Increased
loading of the jaws associated with masticatory muscle
function increases sutural growth and stimulates bone
apposition, resulting in greater transverse growth of the
maxilla and broader bone bases for the dental arches.
Furthermore, an increase in masticatory muscle function is
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often associated with an anterior growth rotation pattern
and well-developed mandibular angular, coronoid, and
condylar processes (Kiliaridis, 20006).

Clinical evaluation of masticatory activity can be useful
for the improvement of orthodontic treatment and for the
determination of a specific retention period after treatment.
In addition, orthodontic treatment should include some type
of dynamic myofunctional therapy allied to the correction
of static structural abnormalities (Kayukawa, 1992).

Conclusion

On the basis of the current results, it may be concluded

that:

1. EMG activity of the masseter and temporal muscles
during clenching and chewing was significantly higher
in the CG compared with the DAOB and SAOB groups.

2. The DAOB group had a higher mean EMG than the
SAOB group during clenching and biscuit chewing.

3. The activity of the masticatory muscles varied according
to the demands of the tasks in the CG and DAOB group.

4. The SAOB group did not show differences between
clenching and chewing and the percentage EMG activity
during chewing was greater than 100 per cent, indicating
a reduced capacity of adaptation to the demand of the
task.

5. During the growth phase, attention should be paid to the
function of masticatory muscles in subjects with a SAOB
or DAOB.
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Molar distalization with a pendulum appliance K-loop
combination

Ahu Gungor Acar*, Seda Gursoy* and Mufide Dinger**
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SUMMARY The aim of this study was to evaluate the dentoalveolar effects of a pendulum appliance
supported buccally by a K-loop, and to compare these with a cervical headgear (CHG) group. The records
of 30 patients with skeletal Class | and dental Class Il malocclusions were divided in to two groups:
Patients in group 1 (seven females and eight males; mean age, 15.0 + 3.4 years) were treated with a
pendulum appliance supported with a K-loop buccally, while in group 2 (10 females and 5 males; mean
age, 14.2 + 2.9 years), the patients were treated with CHG. Standardized lateral cephalograms and study
models were taken at the beginning of treatment (T0) and at the end of distal molar movement (T1). TO-
T1 changes within the groups were analysed with a paired t-test, and between the groups with a t-test.

The mean amount of distalization was 4.53 + 1.46 mm in group 1 and 2.23 + 1.68 mm in group 2. The
mean amount of distal tipping for group 1 was 5.13 + 4.90 degrees; the mean amount of mesial tipping
for group 2 was 0.80 + 2.27 degrees. Intrusion and mesiobuccal rotation of the maxillary molars were
achieved in both groups. In group 1, the amount of labial protrusion and tipping of the maxillary incisors
was not statistically significant. In group 2, palatoversion and retrusion of the maxillary incisors was
statistically significant (P < 0.01 and P< 0.001, respectively).

The two major disadvantages of intraoral appliances, which are distal tipping of molars and loss of
anchorage at the anterior teeth, were significantly decreased with the use of a pendulum appliance K-loop

combination.

Introduction

Treatment of Class II malocclusions, without extractions,
frequently requires distalization of maxillary molars into a
Class I relationship by means of extra or intraoral forces.
Several methods and devices can be used to correct Class I1
malocclusions and to create space in the maxillary dental
arch (Ghosh and Nanda, 1996; Gianelly, 1998; Gulati et al.,
1998; Runge et al., 1999; Wong et al., 1999; Bondemark,
2000; Bolla et al., 2002; Keles et al., 2003; Chiu et al.,
2005; Ferguson et al., 2005).

Extraoral traction with headgear is one of the earliest
methods used to move the maxilla and maxillary teeth
distally. Although headgear is useful for correcting skeletal
problems, they depend heavily on patient cooperation. To
eliminate the dependency inherent in extraoral appliances,
various fixed intraoral appliances for molar distalization
have been introduced. However, these methods are not
without their challenges, including patient compliance,
aesthetics, comfort, loss of anterior anchorage, and tipping
and rotation of the molars (Ghosh and Nanda, 1996;
Gianelly, 1998; Gulati et al., 1998; Runge et al., 1999;
Wong et al., 1999; Bondemark, 2000).

Among the methods introduced, the Hilgers pendulum
appliance seems to decrease the severity of most of these
issues. However, even this device can produce undesirable
tipping of the maxillary molars and loss of anterior
anchorage during distalization (Hilgers, 1992).

According to Kalra (1995), molar tipping and anterior
movement of the anchorage teeth are two areas of particular
concern. To allow effective control and manipulation of the
moment-to-force ratio, that author developed a K-loop
molar distalizing appliance and suggested that by altering
the moment-to-force ratio, bodily movement, and controlled
tipping could be achieved.

Bodily movement and controlled tipping of molar teeth
can be achieved with both the pendulum and the K-loop
appliances (Hilgers, 1992; Jones and White, 1992; Hubbard
et al., 1994; Kalra, 1995).

The aims of this study were to evaluate the dentoalveolar
and skeletal effects associated with the pendulum appliance,
supported with a K-loop buccally, and to compare these
changes with those in a group of patients treated using
cervical headgear (CHG).

Subjects and methods

Thirty adolescent patients participated in this prospective
study. Written informed consent was obtained from all
patients, parents or guardians, and the study protocol, was
approved by the ethics committee of Bagkent University.
The selection criteria were a dental Class II malocclusion
due to mesial migration of the upper first molars, no
vertical or transverse skeletal or dental problems, and
minor arch length discrepancies. The patients were
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randomly divided into two groups: group 1 (seven females
and eight males; mean age 15.0 £ 3.4 years), were treated
with a pendulum appliance supported with a K-loop
buccally, while subjects in group 2 (10 females and 5
males; mean age 14.2 2.9 years) were treated with CHG.
Because of the short treatment time, gender differences
were not considered.

Treatment protocol

The pendulum appliance described by Hilgers (1992) was
used (Figure 1a). The beta titanium alloy (TMA) springs
exerted a force of 230 g when the springs were activated 90
degrees. The K-loop was constructed according to the
description of Kalra (1995). The K-loop was made from
0.017 x 0.025 inch TMA wire and was positioned between
the upper first molar and first premolar. The K-loop was
activated to produce a force of 200 g (Figure 1b).

After insertion of the appliances, the patients were
monitored every 3 weeks and the K-loop was activated
every 6 weeks. When a Class I molar occlusion was
obtained, the appliance was replaced by a Nance button for
retention. The patients were then instructed to wear the
high-pull headgear at night to achieve molar uprighting.

Figure 1 The pendulum (a) and K-loop (b) appliances in situ.

A.G.ACAR ETAL.

In the CHG group, long outer bows were used, which were
parallel to the occlusal plane, exerting a force of 400 g. The
patients in group 2 were instructed to wear their appliances
for 16-20 hours a day and were motivated at each visit.
Patients in both groups were matched according to GoGnSN
angle and length of treatment (Haydar, 1994).

Cephalometric measurements

Cephalometric head films were obtained before treatment
(TO) and at the end of molar distalization (T1). The
cephalograms were traced by one investigator (AGA) in a
random order. For bilateral structures, a single average
tracing was made. Two coordinate systems related to the
cranial base and maxilla were established, a CT horizontal
reference plane passing through point C (the most anterior
point of cribriform plate at the junction with the nasal bone)
and point T (the most superior point of the anterior wall of
sella turcica, at the junction with tuberculum sella). A
vertical reference plane (Vp) was constructed perpendicular
to the CT horizontal reference line at point T, as recommended
by Viazis (1991). The cephalometric profile analysis
included 15 landmarks (eight skeletal and seven
dentoalveolar, Figure 2) and 10 linear and 12 angular
variables (Figure 3a—c). Descriptions of the measured
parameters are given in Table 1.

For each patient, rotations of the maxillary first molars
and premolars and changes in intermolar distance were
measured on dental casts obtained at TO and T2. Photocopies

Figure 2 Cephalometric points used in this study.



http://ejo.oxfordjournals.org/



MOLAR DISTALIZATION WITH COMBINATION APPLIANCES

a

s/ = : CT
(s B

/

461

Figure 3  Angular (a) (1)SNA (°). (2)SNB (°). (3)ANB (°). (4)GoGnSN (°). (5)U1-CT (°). (6)U4—CT (°). (7)U5-CT (°). (8)U6-CT (°) and (b) Linear. (1)
Ul-Vp. 2)UI-CT. (3)U4m—Vp. (4)U4—CT. (5)USm-Vp. (6)U5-CT. (7)U6d—Vp. (8)U6—CT cephalometric measurements used in this study.

of the models were obtained as described by Champagne
(1992). The measurements analysed on the photocopies are
shown in Figure 4.

Statistical analyses

Descriptive statistics (mean, standard deviation, and
Spearman correlation coefficients) were calculated for each
of the cephalometric measurements at TO and T1. The data
were analysed using the Statistical Package for Social
Sciences (version 10.0; SPSS Inc., Chicago, Ilinois, USA).

Paired -tests were used to analyse differences between
the TO and T1 cephalometric variables of the two groups,
and a f-test to evaluate differences between the groups.
Values of less than 0.05 were considered statistically
significant.

The size of the combined method error (ME) in the
changes in the different landmarks was calculated according
to Dahlberg’s formula. Ten randomly selected cephalograms
from TO to T1 were retraced and remeasured by the same
investigator after a period of 2 weeks. The combined ME
did not exceed 0.7 mm for any variable investigated.

Results

In group 1, a super Class I molar relationship was achieved
in all patients. The mean treatment time for both groups
was 12 * 2.9 weeks. There were no significant age
differences between the groups. Descriptive statistics,
including mean and standard deviation for observations at

TO and T1 and changes during the treatment as measured on
the cephalometric radiographs, are shown in Table 2.

Skeletal changes

The pendulum K-loop appliance caused insignificant
changes in both the maxilla and mandible. There was no
change in the mandibular plane angle. However, in group 2,
the maxilla moved backward by 1 mm, and the mandible
rotated posteriorly causing a decrease in SNB of 0.9 degrees
and an increase in GoGnSN of 0.9 degrees. There was a
statistically significant overall change in SNA during
treatment between the groups (P < 0.05).

Dental changes

There was an increase in UI-CT angle and a decrease in
Ul-Vp distance in the headgear group, with statistically
significant retrusion of the upper incisors (P < 0.05). The
pendulum appliance K-loop combination seemed to have
no significant effect on upper incisor position.

Although no changes were observed in group 1 U4—Vp
or U5-Vp distance, a significant reduction in these
distances was achieved in the CHG group. There was also
a decrease in US-CT angle in group 1, resulting in a
statistically significant difference in the amount of mesial
tipping of the upper second premolars. In both groups,
there was a statistically significant reduction in U6—Vp
distance, but this reduction was significantly greater in
group 1 than in group 2 (P <0.001). There was an increase
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Table 1 Skeletal and dentoalveolar variables used in this study.

Skeletal measurements

SNA (°) Anterior position of the maxilla
SNB (°) Anterior position of the mandible
ANB (°) Difference between SNA and SNB
GoGnSN (°) Angle formed between the anterior cranial base (cephalometric reference line connecting the centre of the sella turcica with nasion)
and the mandibular plane (cephalometric reference line connecting gnathion and gonion)
Dentoalveolar measurements
UI-CT (°) Angle formed between the upper incisor axis and the CT horizontal plane
Ul-Vp Distance from the vertical plane to the upper incisor crown tip
UI-CT Distance from the CT horizontal plane to the upper incisor crown tip
U4-CT (°) Angle formed between the upper first premolar axis and the CT horizontal plane
Udm-Vp Distance from the vertical plane to the upper first premolar mesial point
U4-CT Distance from the CT horizontal plane to the upper first premolar crown tip
U5-CT (°) Angle formed between the upper second premolar axis and the CT horizontal plane
USm—Vp Distance from the vertical plane to the upper second premolar mesial point
Us-CT Distance from the CT horizontal plane to the upper second premolar crown tip
U6-CT (°) Angle formed between the upper first molar axis and the CT horizontal plane
u6d-Vp Distance from the vertical plane to the upper first molar distal point
U6-CT Distance from the CT horizontal plane to the upper first molar mesiobuccal crown tip
UR6m-UL6m Distance between the mesiobuccal cusp tips of the right and the left upper first molars
UR6d4-UL6d Distance between the distopalatal cusp tips of the right and the left upper first molars
UL6axis (°) Angle formed between the midline and a line passing through the mesiobuccal cusp tip and the distopalatal cusp tip of the upper left
first molar
UR6axis (°) Angle formed between the midline and a line passing through the mesiobuccal cusp tip and the distopalatal cusp tip of the upper
right first molar
UL4axis (°) Angle formed between the midline and a line passing through the mesiobuccal cusp tip and the distopalatal cusp tip of the upper left
first premolar
UR4axis (°) Angle formed between the midline and a line passing through the mesiobuccal cusp tip and the distopalatal cusp tip of the the upper
right first premolar
decreased but only in group 2 (P < 0.05); the difference
between the groups was not significant. There was a
decrease in U6—CT distance in both groups, but the amount
of intrusion was statistically significant only in group 1
(P < 0.01). The differences between the two groups were
also significant (P <0.01). UR6m—UL6m and UR6d-UL6d
distances increased in both groups, and for UR6m—-UL6m,
they were statistically significant in both groups. The
I‘ 6|5 “1 increases in UR6d-UL6d were statistically significant only
URS in group 2. There was an increase in UL6axis and UR6axis
R A 7 UL6m angles in both groups, with a statistically significant rotation
’ 1 ‘ of the maxillary first molars (P <0.05, P<0.01, P<0.001).
The amount of rotation of the maxillary right and left
UR6 2 UL6d premolars was statistically significant but only in group 1
(P < 0.05). There was a statistically significant difference
in the amount of change in UL4-axis angle during treatment
4l 3 between the two groups (P <0.05). A statistically significant
difference was also found for the amount of change in the
US/CT and U6/CT angles between the groups (P < 0.01

and P <0.001, respectively; Table 2).

Discussion

Figure 4 Measurements on the model photocopies. (1)UR6m-UL6m. (2)
UR6d-UL6d. (3)UL6axis (°). (4)UR6axis (°). (S)UL4axis (°). (6)UR4axis (°).

in the U6/CT angle in group 1, showing a statistically
significant difference in the amount of distal tipping of the
upper first molar (P < 0.001). Ul-CT distance was

A common strategy to correct Class II malocclusions using
a non-extraction protocol is to move the maxillary molars
distally during the initial stage of treatment to convert the
Class II molar relationship to a Class I molar relationship.
An efficient force system to move molars distally is a
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Table 2 Treatment changes with a pendulum appliance K-loop combination (group 1) and cervical headgear (group 2).

Variable Group 1 Group 2

ATO-T1

Pre-treatment  Post-treatment Pre-treatment
(T0) mean (T1) mean Significance (T0) mean

Post-treatment  Significance Group 1 mean Group 2 mean Significance
(T1) mean

Skeletal
SNA (%) 81.2+248 80.86+2.79 NS 82.73 +3.05
SNB (°) 7733+3.01 76.73+3.05 NS 78.03 +3.06
ANB (°) 386+ 124  400+1.06 NS 476 +3.07
GoGnSn (°)  31.33+4.18 31.66+3.97 NS 29.93 +3.08
Dentoalveoler
Ul-CT 77.67+9.74  76.60 + 10.41 NS 72.70 +7.57
Ul-Vp 65.46+5.14 65.80+5.04 NS 65.33+7.00
U1-CT 81.47+3.89 80.97+3.53 NS 79.70 + 6.07
U4-CT (°) 91.60+7.79 89.93+5.87 NS 95.53+4.51
U4-Vp 52.83+449 53.07+48 NS 49.60 +5.06
U4-CT 7540+4.50 74.97+4.14 NS 71.50 + 6.02
Us-CT (°) 97.53+8.15 9533+7.60 ** 102.8 +4.36
Us-Vp 4527+4.07 4553+439 NS 4237 +4.71
U5-CT 7400+426 73.73+3.78 NS 68.47+7.26
U6-CT (°) 102.87+10.78 108.00+10.64 *** 110.4 + 6.00
U6-Vp 2730 +4.49 2247+450 *F* 23.10 +4.70
U6-CT 71534470 70.63£4.19 ** 68.73 £5.24
UR6m-UL6m  52.07+2.02 54.37+2.41 *** 51.07 +1.43
UR6d-UL6d  43.13+1.81 44.00+2.51 NS 42.60 +2.69
UR6axis (°)  28.67+7.00 30.67 £7.40 *** 27.20 +5.53
UL6axis (°)  30.93+5.42 33.13+5.78 *** 27.67+7.12
URdaxis (°)  74.06+5.84 7327+5.65 * 74.00 +7 .59
UL4axis (°)  7827+9.74 77.33+4.79 * 76.73 +6.56

81.73+£339 * -1.53+£1.01 -086+1.13 **
81.74+3.41 * -1.54+1.02 -087+1.14 NS
81.75+2.43 * -1.55+1.03 -0.88+1.15 NS
81.76 +5.08 * -1.56+1.04 -089+1.16 NS
74.00 +£6.99 ** -1.07 £2.96 133+1.59 *
63.77 +6.58 *** 0.33+1.63 -1.57+137 **
7857 +4.61 * -0.50+1.64 -1.13+£2.09 NS
95.80 +4.65 NS -1.67+3.44  027+198 NS
48.40+5.10 ** 023+18 —-120+151 *
71.67 £4.06 NS -043+£1.50  0.17+2.83
103.00 £5.17 NS —2.20£2.51 020+1.74 **
40.90 +4.67 ** 027+1.62 -147+156 *
68.80+£5.75 NS -0.27 £ 1.11 0.33+£2.50 NS
109.6 +6.01 ** 5.13+490 -0.80+227 ***
20.87 +4.27 *** —453+1.46 -223+1.68 ***
68.53+4.19 NS -0.90+1.04 -020+1.48 **
5233+1.80 ** 2.30+1.03 127+139 *
43334292 * 0.87+1.77 0.73+133 NS
29.00+5.99 ** 2.00+1.77 1.80+2.40 NS
2847+721 * 220+1.52  0.80+1.15 **
7420 +7.46 NS -0.80+1.15 020+0.68 NS
77.00 +£6.35 NS -093+1.62 027+080 *

NS, not significant. *P <0.05 **P <0.01 ***P <0.001.

continuously acting force with little orno patient cooperation.
Although there are many intraoral appliances available to
move molars distally, none can control molar movement in
all three directions (Gianelly et al., 1988, 1989; Bondemark
and Kurol, 1992; Kalra, 1995; Bondemark, 2000). Therefore,
a combination of two intraoral appliances (the pendulum
and the K-loop appliance) were used, and the results
compared with a conventional method, CHG, in dental
Class II subjects.

It has been stated that continuous forces move teeth
faster than intermittent forces and that faster movement
occurs when the molar is tipped distally (Daskalogiannakis
and McLachlan, 1996). Similar to previous studies, the
molars moved distally to a greater degree with acombination
pendulum and K-loop appliance than with CHG during the
same period of time. The amount of distalization achieved
with the pendulum appliance K-loop combination and
CHGwas4.53 + 1.46 mmand 2.23 £ 1.68 mm, respectively,
in 12 weeks. Additionally, the degree of molar tipping was
greater with the pendulum appliance K-loop combination
(Table 2).

In the current study, mesial tipping of the maxillary
molars was observed in the CHG group. Cangialosi et al.
(1988) also found mesial tipping of the maxillary molars

during headgear therapy and attributed it to several factors,
such as lack of patient cooperation, duration of wear and
force ofthe headgear, and the plane on which superimposition
was based.

Many authors have reported distalization and distal
tipping of the maxillary first molars with other intraoral
appliances (Bondemark and Kurol, 1992; Ghosh and Nanda,
1996; Gianelly et al., 1988, 1989; Gulati et al., 1998;
Bussick and McNamara, 2000; Ferguson et al., 2005;
Schiitze et al., 2007). Distal tipping of the maxillary molars
in the current study was a consistent finding in both groups
(Table 2). Therefore, high-pull headgear was used for
uprighting roots and maintenance of molar position during
the retention period.

Similar to the findings of other authors, the upper incisors
were intruded and palatally tipped in the CHG group
(Droschl, 1973; Hershcopf, 1990; Wieslander, 1974).
Several studies have shown protrusion of the upper incisors
during distalization with intraoral appliances due to a loss
of'anchorage (Hilgers, 1992; Jones and White, 1992; Carano
and Testa, 1996; Runge ef al., 1999; Brickman et al., 2000;
Haydar and Uner, 2000; Keles and Sayinsu, 2000); however,
in the current study, there was slight retrusion of the upper
incisors in group 1. This finding may be attributed to the
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reinforced anchorage obtained with the K-loop (Kalra,
1995). The buccal support of this appliance seemed to
reduce anchorage loss and provide more effective
distalization. Thus, the major advantage of this appliance,
when compared with other intraoral appliances, is its
maintenance of anchorage on the anterior teeth (Bondemark
and Kurol, 1992; Ghosh and Nanda, 1996; Gulati et al.,
1998). This effect is similar to that of extraoral appliances
on the anterior dentition (Wieslander, 1974; Godt et al.,
2006). In group 1, mesial tipping and mesial movement of
the first premolars were insignificant. Mesial tipping was
statistically significant only on the second premolar teeth in
group 1 (P < 0.01; Table 2). Mesial tipping of the second
premolars during distalization of the molar teeth improved
spontaneously during fixed appliance treatment after
distalization had been completed.

In group 2, the premolars drifted distally as a consequence
of molar distalization, resulting in a statistically significant
difference between the groups due to premolar movement
in the opposite direction (Table 2).

Study model and photocopy analysis did not show a
significant expansion in the intermolar region in group 1;
however, mesiobuccal rotation of the maxillary first molars
was observed. In group 2, mesiobuccal rotation of the first
molars was accompanied by intermolar expansion (Table 2).
Several studies have also shown mesiobuccal rotation of the
first molars during distalization with intraoral appliances
and cervical traction (Ghosh and Nanda, 1996; Elekdag-
Tiirk, 1999; Kinzinger et al., 2005). Mesiobuccal rotation
of the first molars is desirable since it results in improved
molar occlusion (Ghosh and Nanda, 1996).

When vertical movement of the maxillary first molar
was analysed, significant intrusion was found in group 1.
The first molar was also intruded in the CHG group;
however, this movement was not statistically significant
(Table 2). Byloff and Darendeliler (1997) and Byloff et al.
(1997) demonstrated the intrusive force from a pendulum
appliance on the maxillary molars. However, when
compared with the findings of those authors, the amount of
intrusion in the present study was relatively less. Thus, the
intrusion effect of the pendulum appliance was inhibited
when combined with a K-loop.

In group 2, statistically significant decreases in SNA,
SNB, and ANB were found, which is similar to the results
of other studies (Barton, 1972; Uner et al., 1994; Ghafari
et al., 1998; Haydar and Uner, 2000). Other orthopaedic
effects of extraoral traction that have been reported include
reduced forward movement of pogonion, an increase in
overall face height and mandibular plane angle, and tipping
of the palatal plane downward and anteriorly (Poulton,
1967; Barton, 1972; Wieslander, 1974, 1975; Odom, 1983;
O’Reilly et al., 1993; Hubbard ef al., 1994). In agreement
with previous studies, a significant increase in the GoGnSN
angle (Table 2) was also found but no orthopaedic effects
were observed in group 1 (Table 2).

A.G.ACAR ETAL.

Conclusions

The mean amounts of distalization achieved with the
pendulum appliance K-loop combination and CHG were
4.53 £ 1.46 mm and 2.23 + 1.68 mm, respectively. The major
advantages of the pendulum appliance K-loop combination
were prevention of anchorage loss on the anterior teeth and
significantly less distal tipping at the maxillary molars.
However, the amount of distal tipping of the molar teeth
was still greater than with CHG. The mesiobuccal rotation
of the molars observed might be controlled by changing the
amounts of buccal and palatal force.
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Lip and tongue pressure in orthodontic patients

Heleen Lambrechts, Evelyne De Baets, Steffen Fieuws and Guy Willems
Department of Orthodontics, Faculty of Medicine, Katholieke Universiteit Leuven, Belgium

SUMMARY The contribution of the force of the lips, cheeks, and tongue is of particular interest in
planning treatment. Thus, the aim of this study was to determine if there are differences in lip and
tongue pressure as a function of gender, age, Angle classification, characteristics of occlusion, and
oral habits.

This cross-sectional study comprised 107 subjects (63 females and 44 males), between 7 and 45
years of age (median 15.2 years), seeking orthodontic treatment. The patients were characterized by
the variables gender, age, Angle classification, the characteristics of the occlusion, and oral habits. Lip
and tongue pressure were measured with a Myometer 160 and the obtained values were statistically
analysed (Kruskal-Wallis and Mann-Whitney U-tests) to highlight possible significant differences
between the groups.

There was a difference in lip pressure between males and females, between the Angle Classes, and
between patients with various associated oral habits. Lip pressure was not significantly correlated with
age or with occlusal characteristics. There was no evidence for a relationship between tongue pressure
and any of the five considered variables. The findings of present study showed statistically significant
differences in lip pressure between different orthodontic patients. There was a difference (P = 0.004) in
lip pressure between Class | and Class Il division 1 subjects. A higher lip pressure exists in males. Lip
pressure in subjects with an open lip relationship was lower (P = 0.026) when compared with those
with tongue interposition or with no particular habits. Lip pressure was also lower in subjects with lip

interposition compared with those with tongue interposition.

Introduction

Bone is one of the hardest tissues of the body, although also
very responsive to changes in environmental balance. The
musculature plays a major role in this field (Jung et al.,
2003). It is generally also assumed that alveolar bone
responds to external influences.

Most dental professionals accept the theory of Tomes (1873),
who asserted that opposing forces or pressure from the lips and
cheeks on one side and the tongue on the other, determine the
position of the teeth (Posen, 1976; Mitchell and Williamson,
1978). The contribution of the forces of the lips, cheeks, and
tongue are of particular interest to orthodontists in correct
treatment planning. The technical skills and protocol that the
orthodontist uses to assess these forces may determine the
ultimate success of orthodontic treatment (Winders, 1962).

Nevertheless, the literature on this topic contains many
contradictions. The aims of the present study were to
evaluate whether there are statistically significant differences
between lip pressure and tongue pressure, and to determine
whether those differences are influenced by gender, age,
Angle classification, characteristics of occlusion, and oral
habits.

Subjects and methods

The peak lip and tongue pressure of 107 subjects (63 females
and 44 males) between 7 and 45 years of age (median 15.2

years) was measured during maximum voluntary contraction.
At the initial orthodontic consultation, an informed consent
was obtained from the patients. They were classified into
groups based on gender, age, Angle classification (occlusion
of the first molars or the expected occlusion of the first
molars in the case of primary teeth), the characteristics of
the occlusion, and oral habits (Table 1).

Maximum lip and tongue pressure was measured with a
Myometer 160 (MFT-Products, Matzendorf, Switzerland,
Figure 1). This type of myometer, manufactured specifically
for measurement of pressure or tension of the intra- and
perioral muscles in the field of orthodontics, used in the
study of Horn et al. (1995). The Myometer 160 contains a
probe, which consists of two plates that are screwed together
on one side. On the other side (probe tip), the two plates can
be pushed towards each other. The applied force is measured
by an electronic device installed between the plates and
shown on a bar graph.

Lip pressure was measured by placing the thumb and
forefinger on one side of the probe behind the electronic
device to avoid interference with the measurements. The
patient was told to occlude maximally, which inhibited
biting on the probe. Two investigators (EDB and HL) were
trained and calibrated in the use of the Myometer. The probe
was held against the most prominent maxillary central
incisor. The patient enclosed the probe tip with the lips and
pressed the two plates towards each other as close as
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Table 1 Division of the patients into groups.

Group Number of patients
(total number of
patients: 107)
Gender 107
Female 63
Male 44
Age 107
<18 year 89
>18 year 18
Angle classification* 107
Class 1 49
Class 11/1 (+Class 1I/1-subdivision) 41
Class 11/2 (+Class 11/2-subdivision) 6
Class III (+Class I1I-subdivision) 11
Patients with characteristics of the occlusion** 78 (physiological
occlusion: 29)
Anterior open bite 15
Posterior open bite (uni- or bilateral) 10
Deep bite 18
Anterior crossbite 9
Posterior crossbite (uni- or bilateral) 12
Patients with habits** *** 61 (no habits: 46)
Tongue interposition during swallowing**** 30
Lip interposition (partial and full) 14
Habitual open lip relationship 21

*Qcclusion of the first molars: mesial step of the second primary molars
(one patient) was classified as Class I, distal step (four patients) as Class
/1.

**One subject can display a variety of characteristics or habits.
***Thumb and lip sucking, lip and nail biting, tongue thrusting, mentalis
habit, bruxism, and clenching were also diagnosed but the number of
patients with these habits was too small to be relevant.

****Infantile swallowing and tongue interposition as a consequence of
missing teeth.

Figure1 Myometer 160 (1) bar graph showing the current and peak values,
(2) scale (0-3 pounds or 0—6 pounds), (3) probe, and (4) tongue plate.

possible. This procedure was repeated three times and the
average of the obtained values was used.

The tongue plate was then screwed on the probe. The
patient placed the lips around the opening of the plate and
protruded the tongue as hard as possible against the probe
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tip. This procedure was also repeated three times and the
average value was obtained.

Statistical analysis

All analyses were performed using the SAS software,
Windows version 9.2 (SAS Institute Inc., Cary, North
Carolina, USA). Kruskal-Wallis and Mann—Whitney
U-tests were used to compare maximum lip and tongue
pressure between the four Angle Classes and between males
and females. Spearman’s correlation coefficients were
calculated in order to determine possible relationships
between age and pressure.

The relationship between pressure and the characteristics
of the occlusion was verified through a regression model
(using five dummy variables, value 1 if the subject had the
specific characteristic and value 0 if not; note a subject can
have multiple characteristics). A similar approach was used
for the classification of habits (using three dummy variables).
Gender, age, Angle Classes, characteristics of occlusion,
and oral habits were combined in a multivariable regression
model (main effects). Tongue pressure was log-transformed
in the regression models to obtain a symmetric distribution
of the residuals. The results from the regression models on
lip pressure were obtained after exclusion by the author of a
subject with a very high maximum lip pressure (7.50 N),
which had a high influence on the conclusions derived from
the models.

A regression model with tongue pressure log-transformed
was used to verify if the relationship between lip and tongue
pressure differed between males and females.

Allreported P-values were two-sided tests and considered
statistically significant if less than 0.05. Bonferroni and
Tukey—Kramer corrections for multiple testing were
performed.

Results

The average lip pressure was 2.95 N (SD 0.108) and the
average tongue pressure was 1.66 N (SD 0.06).

Lip pressure

There was evidence for a difference in lip pressure between
the four Angle Classes (Kruskal-Wallis test, P = 0.0009).
After correction for multiple testing, the only difference
was between the Class I and Class II division 1 subjects;
maximum lip pressure was lower in the Class II division 1
subjects (Figure 2).

Assignificant difference in lip pressure was found between
males and females (Mann—Whitney U-test, P = 0.009);
maximum lip pressure was higher in males than in
females.

Although a positive association was observed between
lip pressure and age (Spearman » = 0.19; Figure 3), the
result was not significant (P = 0.052).
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Figure2 Boxplot of lip pressure (in Newton) versus Angle classification.
The whiskers refer to minima and maxima values. The Kruskal-Wallis
mean rank sums were 65.55 for Class I, 39.94 for Class II division 1, 41.00
for Class II division 2, and 60.21 for Class III subjects.

Lip pressure (Newton)
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Figure 3 Lip pressure (in Newton) in relation to age.

No evidence was found for a relationship between lip
pressure and the characteristics of occlusion (P = 0.17).
However, a statistically significant relationship was
observed between lip pressure and oral habits (P = 0.006).
More specifically, maximum lip pressure was lower in
subjects with an open lip relationship compared with those
with a tongue interposition during swallowing (P = 0.026)
and with subjects with no particular oral habits (P = 0.028).
Lip pressure was also lower in subjects with partial and full
lip interposition during rest compared with those with
tongue interposition (P = 0.04; Figure 4). The statistical
significance of the latter relationship was negated after
correction for multiple testing.

Multivariate analysis was carried out to verify whether the
conclusion with respect to Angle classification still held true
when correction was made for gender, age, and oral habits.

H. LAMBRECHTS ET AL.

Lip pressure (Newton)

Tl ] OLR Other
Oral habits

Figure 4 Boxplot of lip pressure (in Newton) versus tongue interposition
(TI), lip interposition (LI), open lip relation (OLR), and subjects with no
particular habits (Other). Note that a subject with multiple habits appears
multiple times. The whiskers refer to minima and maxima values. The
Kruskal-Wallis mean rank sums were 73.60 for the tongue interposition
group of subjects, 43.43 for the lip interposition group, 49.31 for habitual
open lip relation group, and 73.09 for the subjects with no habits.

The difference between the four Angle Classes remained
statistically significant (P = 0.0002). After correction for
multiple testing, the difference was still significant between
the Class I (mean score: 65.55 N) and Class II division 1
(mean score: 39.94 N) subjects (P = 0.004).

The difference between males and females also remained
statistically significant after multivariate analysis (P =
0.016). The mean lip pressure was 14 per cent higher (SE =
0.053) in males than in females. However, there was no
evidence of a relationship with age (P = 0.076). With regard
to oral habits, a statistically significant relationship with lip
pressure was found (P = 0.026). After multivariate analysis
and correction for multiple testing, the relationship between
an open lip relationship and tongue interposition and
between an open lip relationship and no particular habit
remained significant. On the other hand, the significant
relationship between lip interposition and tongue
interposition disappeared (Table 2).

Tongue pressure

There was no statistical evidence for a difference in tongue
pressure between the four Angle Classes (Kruskal-Wallis
test, P = 0.72) or between males and females (Mann—
Whitney U-test, P = 0.063). Moreover, there was no
evidence of a relationship between tongue pressure and age
(Spearman » = 0.08, P = 0.38), the characteristics of the
occlusion (P = 0.80), and oral habits (P = 0.42).

A multivariate regression model (only main effects) for
the prediction of tongue pressure confirmed that there was
no evidence (P = 0.55) for a relationship with the available
information for gender, age, Angle classification, the
characteristics of the occlusion, or oral habits.
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Table 2 Pairwise comparisons between habits in the univarate regression model and the multivariate regression model.

Univariable regression model Multivariable regression model

Difterence in mean (N) SE P-value Difference in mean (N) SE P-value
Tongue interposition versus other 0.32 0.25 0.21 0.36 0.23 0.11
Lip interposition versus other —0.44 0.37 0.22 0.11 0.36 0.81
Open lip relationship versus other —0.63 0.30 0.028 —0.69 0.28 0.01
Tongue interposition versus lip interposition 0.74 0.37 0.041 0.28 0.36 0.45
Tongue interposition versus open lip relationship 0.92 0.42 0.026 1.02 0.39 0.007
Lip interposition versus open lip relationship 0.21 0.55 0.73 0.77 0.53 0.14

The reported P-values in the table are not corrected for multiple testing. In the multivariable model, differences of P < 0.05 remained significant after

correction for multiple testing (SE).

Relationship of tongue and lip pressure

Spearman correlation for the relationship between lip and
tongue pressure equalled 0.38 (P =0.01) for males and 0.05
(P = 0.67) for females. However, the degree of association
was not significant between males and females (P = 0.26).

Discussion

It is generally accepted that the forces acting on the dentition
are principally produced by the musculature of the tongue,
lips, and cheeks. These forces have different roles, such as
guiding tooth eruption, influencing occlusal formation, and
maintaining dental arch shape and stability (Weinstein
et al., 1963; Proffit, 1978; Ruan et al., 2005).

Gender

Evidence was found that a difference exists in lip pressure
between males and females. More specifically, a higher lip
pressure was measured in males than in females. Similar
results were reported by Horn et al. (1995), also using a
Myometer 160, who concluded that lip pressure in males
was higher than in females. Kato ef al. (1989) and Posen
(1972) also demonstrated the same variation between force
and gender. The same trend was found by Ruan et al. (2005),
who measured muscle pressure exerted on the primary
normal occlusion and concluded that the primary dentition
is in a state of dynamic equilibrium. Ruan et al. (2005)
showed a significant correlation between muscular forces
and gender, specifically at rest, but also during swallowing;
forces from the cheeks of males were higher than those of
females. Thiier and Ingervall (1986) and Ruan ef al. (2007),
contrary to previously reported results (Ruan et al., 2005),
found no difference between genders for lip pressure in
patients with malocclusions. A more recent study (Ruan
et al., 2007) rejected the previous findings (Ruan et al.,
2005) and concluded that, in the case of individuals with
various types of malocclusion, there were no significant
differences between the forces developed by the two genders

at rest, even though the muscle pressure of males appeared
somewhat higher than that of females.

Age

The findings of the present study did not demonstrate a
relationship between age and lip or tongue pressure.
Nevertheless, some authors have found a significant
relationship. Mitchell and Williamson (1978) showed that
15-year-old subjects had significantly higher maximum
perioral muscle force than 8 year olds. Posen (1972) also
reported similar results.

Angle classification

Thiier and Ingervall (1986) recorded, with a dynamometer,
the lip pressure of 84 patients at rest and during chewing
and swallowing of crisp bread. They considered that a Class
IT division 2 malocclusion was not provoked by a strong
upper lip but that the incisor position was responsible for
the low lip pressure in such patients. In contrast, the present
study of the maximum lip pressure during maximum
voluntary contraction showed that lip pressure was lowest
in children with a Class II division 2 malocclusion.

Jung et al. (2003) found, with a Y-meter (which measures
the vertical closing force of the upper lip), that a significant
relationship exists between maxillary incisor angulation
and the average and maximum upper lip closing force of
male subjects during maximum voluntary, as well as
rhythmic activity. Posen (1976) stated that great lip
strength, measured with the pommeter (perioral muscle
meter) during maximum voluntary contraction, can be an
indication of a high lip tonus and thus substantial outer
forces are acting on the anterior teeth. That author’s
findings showed that Class II division 2 subjects had a high
lip strength, while bimaxillary protrusion subjects had a
low lip strength. The same study showed that the pressure
in Class II division 1 subjects was lower than in subjects
with a Class I occlusion. Both the pommeter and the
myometer measure total lip force and cannot separately
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differentiate the effects of the upper and lower lip. For
example, it is possible to measure normal lip pressure in
patients with incompetent lips, i.e. when upper lip
hypotonicity (low upper lip pressure) is combined with a
mentalis habit (strong lower lip pressure). Therefore, the
results of both the study of Posen (1976) and the present
research should be interpreted with care. Posen (1976)
emphasized that knowledge of the maximum tonic activity
of the perioral muscles can be of great benefit and should
be utilized in orthodontic diagnosis. However, this does
not imply that other sources of information must be
neglected for analysis and treatment planning.

For Class III subjects, no significant relationship was
found between the forces exerted, by either lip or tongue.
Ruan et al. (2007) showed that patients with Class III
malocclusions generated lower perioral muscle forces at
rest and during swallowing. This was particularly marked
in the case of the upper lip. This may cause less bone
apposition in this area, which aggravates the clinical
features of a Class III malocclusion. They postulated that
their results reflected muscle hypofunction secondary to the
spatial relationship of the jaws in Class III subjects, namely
retroposition of the maxilla. This hypofunction may be also
related to the concave midface in Class III patients (Ruan
et al.,2007).

Characteristics of the occlusion

There was no significant relationship between the measured
lip pressure and the previously defined characteristics of the
occlusion, such as an open bite, uni- or bilateral crossbite,
and deep bite. Stahl ef al. (2007) also could not prove a
relationship. This implies that, for example, an open bite is
not always associated with higher tongue pressure. However,
according to Stahl et al. (2007), development of the dentition
is without doubt defined by functional patterns. Those
authors affirmed that the final dental balance is a result of a
different individual combination of intra- and extraoral
forces. This is probably the reason no relationship was
found between a definite characteristic of the occlusion and
lip or tongue pressure in the present study.

The reason why, until now, a significant relationship
between an open bite and abnormal high tongue pressure
could not be proven could be that the level of lingual force
in patients with a dental open bite malocclusion is similar to
that of normal subjects (Christiansen ef al., 1979).

Proffit (2007) noted that individuals with an anterior open
bite (AOB) placed the tongue between the anterior teeth
when they swallowed, while those with a normal incisor
relationship usually did not. It is consequently tempting to
identify the open bite as the aetiology on this pattern of
tongue activity. According to the equilibrium theory, the
effect of force produced by the tongue depends on the
duration of the specific pressure because only sustained
pressure by the tongue against the teeth would have an
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effect on the anterior dentition. The magnitude of force is
thought to be of less importance. Proffit (2007) also reported
that tongue thrusting is 10 times more frequent than an open
bite so that while the tongue could be an influencing factor,
it is not always the reason for an open bite. This could
explain why no significant relationship between tongue
pressure and an open bite malocclusion was found in the
current investigation.

Oral habits

In the present study, the significant effect of oral habits on
lip pressure was confirmed by analysis on an ‘inflated’
dataset where subjects were considered as many times as
they had multiple habits (maximum three). This is important
in the interpretation of the results.

There is evidence in the literature that an AOB is more
common among children with different functional disorders,
such as an open mouth posture, pathological tongue posture,
visceral swallowing pattern, and articulation disorders, than
in those without (Grabowski et al., 2007; Stahl et al,
2007).

The present study could not prove a significant difference
in lip or tongue pressure between subjects with or without an
AOB. This may be due to the multiple origins of an AOB.
This means that it is not correct to say that an AOB is only
due to an extreme tongue pressure or minimum lip pressure.

Grabowski et al. (2007) found no evidence of a
relationship between oral habits and lip or tongue pressure.
However, in that study, the percentage of lateral crossbites
was significantly higher in the primary or mixed dentition
of children with functional disturbances.

It is commonly acknowledged that an oral habit can
affect the position of the teeth, the dental arches, and the
growth of the alveolar processes. The effect of non-
nutritive sucking habits depends on the frequency, intensity,
and duration of the habit (Proffit, 2007). It is important
that parents should be informed about the consequences of
their child developing unphysiological functional patterns,
such as an open lip relationship, lip interposition, or tongue
thrust.

It is generally accepted that it is a good advice to
unlearn abnormal oral habits as early as possible
(preferably before the age of 4 years) in order to create an
environment in which normal development of the facial
skeleton can occur (Bertoldi et al., 2005). Screening for
malocclusions and orofacial dysfunctions of children in
the primary and early mixed dentition is required
(Korbmacher et al., 2004).

Conclusions

In this cross-sectional study, the aim was to determine
significant relationships between lip and tongue pressure on
the one hand and gender, age, Angle classification, the
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characteristics of the occlusion, and oral habits on the other.

The findings can be summarized as follows:

1. There is a difference in lip pressure between Class I and
Class II division 1 subjects. More specifically, lower lip
pressure was found in subjects with a Class II division 1
malocclusion than in those with a Class I occlusion.

2. There exists a significant difference in lip pressure
between males and females: maximum lip pressure is
higher in males than in females.

3. No evidence was found of a relationship between lip
pressure and age or between lip pressure and the
characteristics of the occlusion.

4. With regard to the relationship between oral habits and
lip pressure, it was found that lower lip pressure in
subjects with an open lip relationship was lower when
compared with subjects with tongue interposition during
swallowing, and with those with no particular habits. Lip
pressure was also lower in subjects with lip interposition
compared with those with tongue interposition.

5. No statistical difference in tongue pressure exists between
males and females or between the different Angle Classes.
Furthermore, a relationship with age, the characteristics
of the occlusion, or oral habits could not be proved.
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Mesiodistal angulations of the mandibular canines, premolars
and molars with or without the presence of third molars

Osmar Aparecido Cuoghi, Rodrigo Castellazzi Sella and Marcos Rogério de Mendonca

Department of Pediatric and Social Dentistry, Discipline of Orthodontics, School of Dentistry, Sao Paulo State
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SUMMARY The purpose of the present research was to compare the normal average values of mesiodistal
axial angulation, with the mesiodistal axial angulation of canines, premolars and mandibular molars in
individuals with and without the presence of the mandibular third molars. Panoramic radiographs of 19
male and 21 female Caucasians, with a mean age of 22.35 years, who had not undergone orthodontic
treatment were studied. The subjects were divided into two groups: group |, 20 radiographs of subjects
without, and group Il, 20 radiographs of subjects with mandibular third molars. The mean values of the
groups were compared using a Student’s t-test.

The results show that, in both groups, the mandibular premolars and molars had enhanced angulation
in the mesial direction, when compared with a control group of 42 Caucasians ranging in age from 12 to
17 years with a ‘normal’ occlusion (P < 0.05), while the mesiodistal axial angulation of the mandibular
canines was similar to the control group (P < 0.05). The two groups, when compared, exhibited similar
angular values for the canines, premolars and mandibular molars (P < 0.05), indicating no influence of

the third molars.

Introduction

Throughout history, different methods for achieving
correct tooth angulation at the end of orthodontic treatment
have been used. Initially, angulations were obtained
through artistic bends in the wires, following the angulation
of the brackets (Holdaway, 1952). These angulations were
obtained by an appliance developed by Andrews
(1976a,b,c) incorporating standard brackets; the necessary
requirements for obtaining the ‘six keys for normal
occlusion’.

Appropriate dental mesiodistal angulation is necessary.
Dental positioning is an important factor since stability of
the stomathognathic system can be maintained through
neutralization of occlusal forces and the provision of normal
function (Roth, 1981, 1987).

Thus, mesial force is intimately related to well-defined
contact points, dependent on correct axial angulation and
the occlusal relationship of a tooth against two teeth.
Therefore, the appropriate axial angulation should be
included in the orthodontic treatment objectives, as
accurate angulation is directly related to dental alignment.
Additionally, providing correct angulation is a decisive
factor for long-term stability of the treatment results
(Dewel, 1949; Swessi and Stephens, 1993; Artun et al.,
2005).

The panoramic radiograph constitutes an auxiliary
method of diagnosis, allowing the visualization of a series
of anatomical structures and relevant factors. The simplicity
of acquisition and the increased amount of information

obtained, combined with patient comfort and the minimal
amount of exposure to radiation, make the panoramic
radiograph an instrument well used in dentistry and in
orthodontics (Graber, 1966; Phillips, 1967). Accurate
measurement of structures on dental panoramic tomograms
(DPTs) is possible, provided sufficient care is taken with
head positioning (Stramotas et al., 2002). These radiographs
should be obtained under standardized conditions with a
cephalostat, with the clinical Frankfort horizontal plane
parallel to floor and the facial midline plane in a vertical
position (Akcam et al., 2003).

A panoramic image is made by generating an image layer
or a focal trough in a standardized jaw form and size. Any
deviation from this will result in some distortion of an object
that is not centred in the image layer (Langland ez al., 2002).
The reliability of the panoramic radiograph for angular
measurements has been demonstrated by mathematical
calculations and confirmed experimentally (Frykholm
et al., 1977; Phillip and Hurst, 1978; Samawi and Burke,
1984). Other researchers have developed methods for
evaluation of dental mesiodistal angulations (Tavano ef al.,
1989; Ursi et al., 1990).

There are two theories concerning the influence of the
third molars. The first is that these teeth are capable of
causing interferences, generating certain irregularities in
the positioning of adjacent teeth (Bergstrom and Jensen,
1961; Vego, 1962), and the second that the third molars do
not have this capacity (Weinstein, 1971; Ades et al., 1990),
or that other factors might be involved (Richardson, 1989).
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Despite a large number of studies (Dewel, 1949;
Holdaway, 1952; Roth, 1981, 1987; Ursi et al., 1990; Swessi
and Stephens, 1993) involving measurement of dental
angulations, there are many uncertainties regarding
appropriate treatment and whether the presence of the third
molars is capable of causing alterations in the positioning of
other teeth. Therefore, the purpose of this research was to
compare the normal mean values of the dental mesiodistal
angulation, proposed by Ursi et al. (1990), with the
mesiodistal angulation of canines, premolars and mandibular
molars in subjects with and without mandibular third
molars.

Materials and methods

The sample consisted of panoramic radiographs of 19 male
and 21 female Brazilian Caucasians with a mean age of
22.35 years (range 18-25 years) that had not undergone
orthodontic treatment and had all teeth present, except for
the third molars in 20 individuals. The radiographs were
divided into two groups: group I, 20 subjects with the
mandibular third molars absent due to agenesis, and group
11, subjects with the presence of mandibular third molars.
Individuals that presented agenesis of any tooth, except for
the third molars, were excluded from the sample, as well as
those with supernumerary teeth.

In group I, 12 subjects exhibited a Class I malocclusion
(6 females and 6 males) and 8 a Class II malocclusion
(5 females and 3 males) and in group II, 10 subjects had
a Class I malocclusion (6 females and 4 males) while
the other 4 females and 6 males exhibited a Class II
malocclusion.

To select the group 11 radiographs, the third molars had to
be present with a root length equal to or greater than the
crown stage (F stage) according to Demirjian ef al. (1973).
This stage presents high eruption potential. According to

Figure 1 Superimposition of tracing on the panoramic radiograph. The
angles formed by the reference line and the long axes of the teeth were: A33
and As—intersection of the long axes of the mandibular left and right
canines; As4 and Ags—intersection of the long axes of the mandibular left
and right first premolars; Ass and Ass—intersection of the long axes of the
mandibular left and right second premolars; Az and Aye—intersection of
the long axes of the mandibular left and right first molars; and Aj; and
Ag7—intersection of the long axes of the mandibular left and right second
molars.
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Richardson (1979), development of lower arch crowding in
late adolescence is a common orthodontic problem.

The dentoalveolar and skeletal structures drawn on the
radiographs were the external profile of the mandible, the
mental foramen and the contours of the canines, premolars
and mandibular molars (Tavano et al., 1989). A reference
line was used to determine the angular measurements of the
mandibular teeth. This reference line passed through the
centre of the mental foramen.

To determine the long axes of single-rooted teeth (canine,
first and second premolars), the image of the root canal at its
longest aspect was used, while the long axes of double-
rooted teeth (first and second molars) followed the average
image of the mesial and distal root canals (Ursi ef al., 1990;
Figure 1).

The tracings were digitized with a scanner (Genius Color-
Page-Vivid 111, Hong Kong, China) and the angle A4z, Ass,
A44, A34, A45, A35, A46, A36, A47 and A37 (Figure 1), formed
by the intersection of the long axes of the teeth with the
reference line were determined using the AutoCAD 2000
software program (Autodesk Inc., San Rafael, California,
USA).

The mean values of group I were compared with those of
group II.

The mean values of the two groups were also compared
with those of a control group (42 Caucasians ranging in age
from 12 to 17 years) who presented with a normal untreated
occlusion and exhibited normal mean values for mesiodistal
angulations (Ursi et al., 1990). This control sample, used
previously by Almeida-Pedrin et al. (2006), was obtained
from the files of the University of Sdo Paulo Growth Study.
They had a full complement of teeth (except third molars),
a Class I canine and molar relationship, a maximum overbite
of 3 mm, and a maximum overjet of I mm.

Method error assessment

The method error was determined through random selection
of 10 panoramic radiographs from each of the two groups

Table 1 Means and standard deviations (SDs) of the differences,
‘t’ values (systematic error), P levels and Dahlberg values (casual
error) in group I n = 20 (with the mandibular third molars
absent).

Angle Mean SD t P Dahlberg
Ayg 0.87 0.48 —4.02 0.99 0.98
Ase 1.05 0.59 —2.34 0.98 1.43
Ays 0.88 0.76 —2.53 0.98 1.31
Ay 1.13 0.39 —2.93 0.99 1.42
Ags 0.92 0.47 —3.83 0.99 1.05
Asz 1.03 0.55 —2.64 0.99 1.34
Asy 1.06 0.49 -2.75 0.99 1.36
Ass 1.03 0.60 —2.45 0.98 1.39
Ase 1.05 0.56 -2.52 0.98 1.38
Az 0.95 0.34 —=5.03 0.99 1.01
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that were traced and measured twice by the same author
(RCS), with an interval of 30 days (Houston, 1983).
The random error was determined using the formula

proposed by Dahlberg (1940): S = Zdz /2n, where S, is

Table 2 Means and standard deviations (SDs) of the differences,
‘t’ values (systematic error), P levels and Dahlberg values (casual
error) in group II, n =20 (with the presence of the mandibular third
molars).

Angle Mean group  SD t P Dahlberg
A7 0.95 0.34 -5.03 0.99 1.01
Ase 0.93 0.62 —2.84 0.99 1.23
Ays 1.05 0.56 -2.52 0.98 1.38
Auy 1.06 0.49 -2.75 0.99 1.36
Ay 1.05 0.59 -2.34 0.98 1.43
As; 1.13 0.39 -2.93 0.99 1.42
Asy 0.88 0.76 —2.53 0.98 1.31
Ass 1.03 0.60 —2.45 0.98 1.39
Ase 0.92 0.47 -3.83 0.99 1.05
Asy 0.87 0.48 —4.02 0.99 0.98

Table 3 Means and standard deviations (SDs) of the mesiodistal
angulations of the canines, premolar and mandibular molars in
groups I (third molars present), II (third molars absent) and the
controls.

Angle Mean groupl SD  Mean groupII SD  Control group SD

(n =20) (n =20) mean (1 = 42)
Ay 5872 5.15 61.63 745 7492 5.13
Aw 6536 550 68.06 6.09 82.64 435
Asis 7573 411 73.89 533 88.47 5.94
Ay 8214 4.65 81.67 349 86.42 4.13
Ay 87.96 569 85.76 344 88.02 355
Ay 84.60 5.77 84.84 570 86.11 423
Ay 82.28 419 82.14 4.66 85.57 4.09
As 7358 426 73.49 585 88.69 538
A 6724 493 68.97 6.61 85.50 448
Ay 60.93 570 62.79 7.93 76.92 5.70

O.A. CUOGHI ET AL.

the standard error of the method, d is the difference between
repeated measurements of a variable and 7 is the number of
repeated measurements. Systematic errors were determined
using a Student’s #-test.

Dahlberg values are recognized as significant when above
1.5 degrees (Sandler, 1988; Liu and Gravely, 1991).

Results

The method error was within acceptable parameters and did
not compromise the reliability of the conclusions (Tables 1
and 2).

The mean values and standard deviations for the canines,
premolars and molars in groups I and II and the control are
shown in Table 3, and comparisons of angular mean values
between the groups in Table 4. A value of P < 0.05 was
considered as being statistically significant.

Discussion

The panoramic radiographs were obtained in the same DPT
(Rotograph Plus, Milano, Italy) and all the subjects
positioned in the DPT fitted the universal focal trough and
did not compromise the fidelity of the angular measurements
values extracted from the radiograph.

The values for groups I and Il were compared individually
with the normal mean values of the control group (Ursi
et al, 1990). Additionally, in accordance with the
methodology used, smaller angular values than those shown
by the control group represented a situation of accentuated
crown angulation in a mesial direction.

Comparison of the angular values of groups I and II with
the controls demonstrated a statistically significant difference
(P <0.05) for the premolars and molars (Figure 2).

In both groups I and II, the angles were smaller than those
in the control group. Thus, it can be inferred that in Class I
and Class II malocclusion subjects with or without third
molars, the crowns of the premolars and molars are more

Table 4 Comparisons of the mean angular values between the control and group I (third molars present), control and group II

(third molars absent), and groups I and II .

Angle Control group Group | P Control group Group II P Group | Group 11 P

Ay 74.92 58.72 * 74.92 61.63 * 58.72 61.63 0.15
A 82.64 65.36 * 82.64 68.06 * 65.36 68.06 0.14
Ays 88.47 75.73 * 88.47 73.89 * 75.73 73.89 0.22
Ay 86.42 82.14 * 86.42 81.67 * 82.14 81.67 0.89
Ay 88.02 87.96 0.95 88.02 85.76 0.02 87.96 85.76 0.14
Asz 86.11 84.60 0.25 86.11 84.84 0.32 84.60 84.84 0.89
Asy 85.57 82.28 * 85.57 82.14 * 82.28 82.14 0.92
Ass 88.69 73.58 * 88.69 73.49 * 73.58 73.49 0.95
Asze 85.50 67.24 * 85.50 68.97 * 67.24 68.97 0.35
As; 76.92 60.93 * 76.92 62.79 * 60.93 62.79 0.40




http://ejo.oxfordjournals.org/



MESIODISTAL ANGULATIONS AND THIRD MOLARS

(a)
00 ¥ H K

c238888388

Ad4 A43 A33 A34 A35 A36 AT

o338888388

P T T T

AAT A46 A4S A44 A43 A3 A3 A5 A3 A
B crouri EGROUPII

Figure 2 Comparisons of angular mean values of the control and group I
(a), control and group II (b) and groups I and II (¢). *P < 0.05.
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Figure 3 Mean of angular values for the control and groups I and II.

angulated in a mesial direction when compared with subjects
with a normal occlusion.

Considering that the aim of orthodontic treatment is to
provide the same mesiodistal angulation as in a normal
occlusion (Ursi et al., 1990), the axial mesiodistal angulation
of the mandibular premolars and molars should receive
special attention at the end of treatment. While, the angular
values in subjects with malocclusions were smaller in
relation to those with a normal occlusion (Figure 2), when
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the means of the mesiodistal angulation of the canines,
premolars and mandibular molars in groups I and II were
compared (Figure 2), there was no difference between the
groups. The values between the groups and the difference in
these values compared with the subjects with a normal
occlusion (Figure 3) were similar.

Individuals with a malocclusion who had not undergone
orthodontic treatment had mandibular premolars and molars
with an increased mesiodistal angulation, independent of the
presence of mandibular third molars. Correction of premolar
and molar angulation during orthodontic treatment should
be established as one of the requirements for the correction of
malocclusion, independent of the presence of third molars.

Thereduced angular values, corresponding to an accentuated
mesial crown angulation in groups I and II, can be related to
other factors inherent in malocclusions. These include a deep
curve of Spee, influence of the anterior component of force
by functional vectors and dental wear. The findings of the
present study demonstrate that the third molars exercise little
or no influence in the mesiodistal angular positioning of the
canines, premolars and mandibular molars.

Considering the two theories on the development of the
third molars, the results of the present research are in
agreement with those of Weinstein (1971) and Ades ef al.
(1990) that third molars have a negative effect contrary to
the older theory of Bergstrom and Jensen (1961) and Vego
(1962). This more current theory considers that the actiology
of these alterations is multifactorial (Richardson, 1989),
involving the dynamics of the stomathognathic system,
such as the anterior component of force and the presence of
correct interdental contacts (Weinstein, 1971).

Individuals with Class I and II malocclusions did not
exhibit angulations of the premolars and molars, similar to
subjects with a normal occlusion (Ursi et al., 1990). These
teeth presented smaller values; in other words, they exhibited
crowns more angulated in the mesial direction when
compared with the normal pattern.

The canines did not show an influence on the malocclusion
from the third molars. Therefore, according to the findings
of the study, the canines have mean values similar to the
normal pattern.

This investigation did not consider bone architecture, but
it is a significant factor that can influence tooth movement
(Oppenheim, 1911). There are also racial differences in
craniofacial morphology among populations (Ishii et al.,
2002) and the condition of subjects in whom third molars
have been extracted should be considered. Thus, for precise
information about how these factors can influence
mesiodistal  angulations, future investigations are
necessary.

Conclusions

Individuals with and without the presence of the mandibular
third molars and with a malocclusion who had not undergone
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orthodontic treatment, when compared with a control group
of normal occlusion subjects, exhibited:

1. Mandibular premolars and molars more angulated in the
mesial direction.

2. Mandibular  canines  with
angulations.

similar  mesiodistal

The two groups investigated presented similar values for
mesiodistal angulations for the canines, premolars and
mandibular molars so that:

1. The presence of the third molars did not influence these
dental angulations.

2. The largest mesiodistal angulation was found for the
premolars and mandibular molars in both groups,
suggesting that this is a characteristic related to factors
inherent in malocclusions with little influence of the
third molars.
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Comparative dental morphology (2009)

Editors: T. Koppe, G. Meyer and K. W. Alt
Publisher: S Karger AG, Basel, Switzerland
Price: CHF 195.00, €139.50

ISBN: 978-3-8055-9229-1

This book is a compilation of selected papers from the 14th
international symposium on dental morphology held in
Greifswald, Germany, in 2008. The book contains up-to-
date original papers intended to provide a broad picture on
the current aspects of research in dental morphology. There
are 30 selected papers arranged into sections, including
dental evolution, dental morphology, dental tissues, and
dental growth and development.

Albert Dahlberg wrote, in 1965, that material pertinent to
modern mammalian dentitions was scattered in journals and
texts of many disciplines. The latest reports attempt to bring
together this material into a contemporary work of
researchers in this area. The collated material will be of

© The Author 2010. Published by Oxford University Press on behalf of the European Orthodontic Society.
All rights reserved. For permissions, please email: journals.permissions@oxfordjournals.org

interest to dental anthropologists and hard tissue and basic
anatomy scientists. Of particular relevance to orthodontists
is the work on dental growth and development. Such
research may assist clinicians in discriminating between
normal and abnormal developmental patterns. In one
report, an interesting observation is made of a correlation
between root length and face height in chimpanzees,
which may merit further study in humans.

The volume will be of interest to students and orthodontists
with an enquiring mind, who strive to understand the oral
environment in which they work.

D. R. Willmot
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McMinn’'s color atlas of head and neck anatomy, 4th edn (2010)
Authors: Bari M. Logan, Patricia A. Reynolds and Ralph Hutchings

Publisher: Mosby Elsevier, Kidlington, Oxford, UK
Price: £47.99
ISBN: 978-0-323-05614-4

Since the first edition in 1981, this book has set the standard
in illustration of head and neck anatomy for students and
clinicians at all levels and stages of their careers in any
discipline with involvement above the clavicles. The
excellence of the prosections and their detailed photographic
display has rightly won wide acclaim.

The name McMinn is again retained in the title as a
tribute to Professor R H M ‘Bob’ McMinn who retired
almost 20 years ago from his chair of anatomy at The Royal
College of Surgeons of England, but whose work, in tandem
with Bari Logan, the prosector, and Ralph Hutchings, the
photographer, maintains a palpable freshness and relevance
in this new fourth edition. The editorial team, including
Patricia Reynolds, provides a winning formula and continues
to refine and update this beautifully illustrated atlas.

There are additions of new specimens and diagrams,
including some prosections, all of which match the high
standard previously set. Sections relating to clinical

relevance in craniofacial and dental development have also
been added, plus representation of pathological processes
and surgical examples. The presentation ofthree-dimensional
perspective has also been enhanced in some areas by new
diagrams and even clearer labelling.

While the stunning detail of the prosected specimens
and the individual bones of the skull has lost none of its
ability to fascinate and engross the reader, it must be said
that some of the clinical photographs retained from the
previous edition are beginning to appear dated; this
criticism applies only at a cosmetic level. It is difficult to
find any fault with a book that has been so painstakingly
prepared and remains so comprehensively relevant. A copy
in the library for reference is not good enough—everyone
with an interest in head and neck anatomy should have
their own!

Paul D. Robinson
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Atlas of oral implantology, 3rd edn (2010)

Authors: Pankaj P. Singh and A. Norman Cranin
Publisher: Mosby Elsevier, Kidlington, Oxford, UK
Price: £143.00

ISBN: 978-0-323-04510-0

This third edition of the Atlas of oral implantology comes
10 years after the second edition and has been completely
reworked.

The book is extensive with 29 chapters and nearly 500
pages. The whole field of implant surgery is covered,
with the early chapters dealing with patient selection and
evaluation, preparation for surgery and the types of implants
and their uses. The latter chapters cover a wide range of
related topics, including the principles of occlusion in
implantology, diagnosis and treatment of complications,
along with maintenance and hygiene.

Chapters 17 and 18 are new, covering zygomatic implants
and the use of ‘all-on-4’ implants for prosthetic support.
The step-by-step placement guides are clearly written and a
great tool for understanding the technique in implant
placement for those with a limited background in placing
implants.

The book is well written and richly illustrated with
a combination of high-quality photographs and colour

BOOK REVIEWS

diagrams showing the techniques described in detail. Each
chapter has a suggested reading list, and is well indexed.

From an orthodontic perspective, this book is far in advance
of the knowledge needed by orthodontists who are creating
space for the placement of a single tooth implant, or indeed a
number of implants. Itis obviously aimed at the implantologist/
restorative consultant, as a large part of the text is dedicated
to implant retained prostheses and bone augmentation.

While beyond the scope of the orthodontic practitioner
with regard to the required knowledge of dental implants, I
enjoyed reading this book and chapter 6 took me back to my
oral surgery training with some excellent photographs of
the procedures. While I would not suggest purchasing this
book as an orthodontist, the authors should be congratulated
on a fine effort. It is worth more than a glance if one of your
restorative colleagues has a copy, if only to update your
knowledge on the subject.

Paul Scott
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The anatomical basis of dentistry, 3rd edn (2010)

Author: Bernard Liebgott

Publisher: Mosby, Elsevier, Kidlington, Oxford, UK
Price: £58.00

ISBN: 978-0-323-06807-9

This glossy book of 510 pages covers the complete
anatomy of the human body in 11 well-presented chapters.
Four of them are dedicated to the anatomy of the head
and neck, while the remaining chapters cover a wide
range of topics, and are arranged in simple sections: the
back, the thorax, the abdomen, the pelvis and perineum,
and the upper and lower limb. Of particular interest is
the chapter on applied anatomy in which clinical
concepts are arranged with anatomical descriptions. This
includes aspects of local anaesthesia and radiographic
interpretation. Each chapter, in addition to offering a
clear description of the anatomical features of the
different districts, contains clinical notes and paragraphs

that make practitioners aware of concepts related to
dental practice.

The text is arranged in double column format that makes
navigation easy. The colour-coded index aids inidentification
of the correct sections. The iconography is very clear and
the use of three-dimensional shaped images makes the text
fascinating.

The book is a good tool for students who wish to have a clear
understanding of human anatomy, and it can be recommended
as an additional text in training programmes, supporting the
study of more challenging and detailed books of anatomy.

Ambra Michelotti



http://ejo.oxfordjournals.org/




European Journal of Orthodontics 32 (2010) 480
doi:10.1093/ejo/cjq075

Editor’s report

This is my final report as editor of the European Journal of
Orthodontics (EJO).

I was appointed as editor in Venice in 1993. As the new
appointee | followed on from a small group of successful
editors including John Cook, William Houston and Richard
Mills. John Cook first started the European Journal in 1979
when it replaced the previously published Transactions of
the European Orthodontic Society. In 1979 the first issue of
the EJO consisted of 286 pages and 29 articles in four
issues; compare that to 2009. Thirty years later, there were
six issues consisting of 668 pages and 97 articles (an
increase of 330 per cent).

Bill Houston had been in post for just over 3 years
when, following his untimely death in 1991, Dick Mills
was appointed as editor.

There have been significant advances and additional
work that the journal has had to deal with. The most
challenging was that of the abstracts of the congress. It was
decided by Council that the abstracts of the presentations be
produced in the EJO in order that those who do not attend
the Congresses could see the work and data presented.
Initially this began as camera ready copy; technology soon
took hold meaning that abstracts could be edited. In 1998
this resulted in 157 abstracts (58 orals and 99 posters) which
were modified to ensure the language flowed and lead to an
increase to 762 pages. The last production of abstracts in the
journal was 2004 in Arhus when 69 oral presentations
and 169 posters were published. This did not represent ALL
the abstracts submitted; the Council supported the editor,
concerned that inclusion of abstracts not as robust in terms
of scientific writing, would dilute the ‘impact factor’ of the
journal and allowed the concept of a ‘Congress Poster’ to
develop. The task of identifying which abstracts to include
and those that should only appear in the Congress booklet

© The Author 2010. Published by Oxford University Press on behalf of the European Orthodontic Society.
All rights reserved. For permissions, please email: journals.permissions@oxfordjournals.org

fell to the Scientific Committee. There are often up to 700
abstracts to consider all requiring editorial adjustment. The
abstracts are now available online and searchable, but they
are no longer published in the EJO.

Other developments have included the supplement
containing papers previously published for the 100 year
celebration of the Society and research of the history of the
Society from 1907 to 2007 resulting in the production of a
disk that was distributed to all members.

All these tasks have presented unique challenges but
more importantly have provided a personal source of
satisfaction not least because I have had to work with many
diverse individuals.

My thanks have to go to all the editorial board and
referees both past and present, the unsung heroes of
any journal’s success, and the assistant editors that I have
worked with including Susan Cunningham, Theodore
Eliades, Robert Evans and Ama Johal.

And finally no one can ever provide sufficient praise
for Sue Austin, who has been the editorial assistant for the
last three editors and who will also be leaving the journal;
the phrase ‘it could not have been run without her’ often
echoes.

One minor aspect of the journal relates to finance; we do
not charge for journal pages, colour is often provided free of
charge, and for the last few years the journal has changed
from a cost pressure to the Society to providing a profit.

I hand over the editorship EJO to David Rice. I wish him
well and I know whilst there are many challenges he will
continue the long established traditions of the journal.

From the 1st September 2010 articles can be submitted
online at: http://mc.manuscriptcentral.com/ejo

Fraser McDonald
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