CHAPTER ONE

INTRODUCTION

The mixed dentition stage of dental development is the transition period in the development
of the dentition from primary to permanent. It is characterised by notable changesin the
dental arches owing to the exfoliation of the twenty teeth that constitute the primary dentition
and the subsequent eruption of thirty two permanent successors (Bishara, 2001). The
transition from this stage to awell aligned arch form in the permanent dentition is dependent

upon the space required, and that which is available.

The presence or predisposition of a malocclusion can be evaluated by conceptualizing the
patient’ s dental arches at the mixed dentition phase to what is considered an ‘ideal’ dental
arch pattern after the eruption of the permanent central and lateral incisor teeth. In this study,

the feature of interest is leeway space.

Nance (1947) defines leeway space as the difference between the larger primary molar teeth
and smaller permanent premolar teeth in the buccal segments of the dental arches. In order to
determine this leeway space, a comprehensive mixed dentition space analysis should be
performed. This diagnostic exercise will enable the clinician to formulate treatment planning
decisions that will guide the eruption of the dentition into afavourable arch formin the

permanent dentition.



The space analysis involves the measurement of both the erupted and the unerupted teeth in
the buccal segment of the arch. Previous methods to determine the value of the unerupted
second premolar tooth to calcul ate the leeway space include the use of prediction tables
(Moyers, 1973) or prediction equations (Huckaba, 1964; Tanaka and Johnston, 1974).
Nationality, gender and the genetic inheritance specificity of tooth size are limiting factorsin

the application of the datain these previously derived tables.

Much work has been done to determine an accurate way to measure tooth size. Hunter and
Priest (1960), Brook et al (1986) and Mok and Cook (1998) amongst others have sought to
determine the most reliable technique to measure tooth size taken from study casts. These
studies showed that measurements on study casts using calipers were most reliable. When
teeth were measured from digitized study casts, Paredes et a (2006) found that the mesio-
distal tooth size estimation was accurate, but the required adjunctive use of prediction tables
aswell as measurement of all teeth in the arch except the second and third molars,
complicated further development of this method. Radiographically, little research has been
done to prove a simple technique of measuring the size of the erupted and the unerupted teeth
from images on the panoramic radiographs. The ideal method would yield data that would be
individualized to each patient regardless of their demographic profile in order that the mixed

dentition space analysisis as accurate as possible.



The purpose of this study was to provide and test an aternative method of:
1) Measuring the size of erupted and unerupted teeth from the images of the teeth on
panoramic radiograph taken in the mixed dentition stage of dental development using
theLeicaQWin System of Image Analysis

2) Measuring the anticipated |leeway space

The University of the Witwatersrand Undergraduate Clinic sees mainly patients in the mixed
dentition stage, where a mixed dentition space analysisis crucial for the timely treatment of
the patients in order to predict and treat an impending malocclusion.
This study was guided by the following research questions:

1) What isthe importance of space analysisin the mixed dentition phase?

2) What diagnostic records are required?

3) How measurements of tooth size may be carried out with a high level of confidence?

4) What are the limitations of applying the data of existing methods of tooth size

measurement and prediction?
5) What does the new method entail ?
6) |sthe method reproducible and accurate?

7) Isthis method easy for the clinician to use as a diagnostic tool ?



CHAPTER TWO

LITERATURE REVIEW

2.1 Development of the human dentition

The human dentition undergoes significant changes as it devel ops from birth to adulthood.

The four main stages of dental development are described as.

The gum pads stage. This period is characterised by elevations and grooves that
can be seen in the mucosa of the neonate and infant. These ridges are the

devel oping deciduous teeth lying within the alveolus. Occasionally, an incisor,
also known as a‘natal’ tooth may be present in the mouth at birth (Bishara, 2001).
The primary dentition stage. This stage of dental development extends from the
time of eruption of the first primary tooth until the eruption of the first permanent
tooth. The first tooth to erupt is usually the mandibular central incisor at an
average age of 6-7 months. The sequence ends with the eruption of the second
deciduous molar at 2-3 years of age. An important characteristic of this stageisthe
molar relationship. This antero posterior positioning of the molar teeth is described
in terms of the ‘terminal plane’. The terminal planes are the distal surfaces of the
maxillary and mandibular second molar teeth. Determining the terminal plane
relationship in the primary dentition is of great importance as the erupting first
permanent molar teeth are guided into occlusion by the distal surfaces of the
second deciduous molar teeth. At the late stage of this development of the primary

dentition, there are some 20 erupted primary teeth, and 28 partially formed



unerupted teeth in the alveolar processes of the maxilla and mandible (Moyers,
1973; Bishara, 2001).

Mixed dentition stage. This stage begins with the eruption of the first permanent
tooth. There are significant changes that occur during this stage. Asin the primary
dentition, the molar relationship is afeature to be noted (Bishara, 2001).
Permanent dentition stage. After the last deciduous tooth has been shed and all the
permanent teeth have erupted except the third molars, the dentition isin its
permanent stage. The sequence of eruption in the mandible usually begins with the
first permanent molar tooth. Thisis followed by the central incisor, lateral incisor,
canine, first premolar, second premolar and then second and third molars. In the
maxilla, the eruption of the first and second premolars precedes that of the canine.
In comparison to the mixed dentition stage, this period is quite stable yet
undergoes significant changes as well. These changes are related to growth of the
dentofacial complex (Moyers, 1973; Bishara, 2001).

In the permanent dentition, Edward Angle (1899) stated that three types of
‘normal’ occlusion are found in the human dentition. He described a ‘ normal’
occlusion as an evenly placed row of teeth arranged in a graceful curve with the
upper and lower arches in harmony. Angle used the position of the canine and
molar teeth. To describe the fundamental basis of orthodontic diagnosis, he stated
that “In normal occlusion, the mesiobuccal cusp of the upper first molar is
received in the sulcus between the mesial and distal cusps of the lower first
molar...” This constitutes an Angle’'s Class | molar relationship ‘ neutrocclusion’.

A Class Il molar relationship is described as the mesiobuccal cusp of the maxillary



first permanent molar occluding mesial to the buccal groove of the mandibular
first molar tooth, i.e."distocclusion’. An Angle’s Class |11 molar relationship is
characterised by the mesiobuccal cusp of the maxillary first permanent molar that
occludes distal to the buccal groove of the mandibular first molar, or

‘mesiocclusion’. These relationships are illustrated below in Figure 2.1.

Figure 2.1 Angle's classification of occlusion according to molar position (A)Angle's

Class|; (B)Angle'sClass |l and (C)Angle'sClass |11 (Taken from: Bishara, 2001).

Tables displaying the information relevant to the maturation, the ultimate root length, the
percentage of eruption, as well as the stages of calcification as represented by Nolla (1960)

are detailed in Appendicesl-4, and are taken from Moyers (1973).



2.2 The mixed dentition stage

During this period of the dental development, both deciduous and permanent teeth are present
in the mouth. Permanent teeth that follow into the mouth in place of deciduous teeth are
called “successiona’ teeth, and those that erupt into the mouth but do not follow a precursor,
erupting posterior to the primary teeth are called ‘ accessional teeth’ (Baume, 1950).
Clinically, the two most important aspects of the mixed dentition stage of dental development
which isillustrated in Figure 2.2 below are:

The arch perimeter. This must be utilised by aligning the permanent incisors, making

space for the cuspids and the premolar teeth and adjusting the molar occlusion.

The adaptive changes of the occlusion that occur during the transition of the dentition

from the deciduous to the permanent (Moyers, 1973).
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Figure 2.2- Schematic view of the mixed dentition (after eruption of the permanent

incisorsand first permanent molar teeth) (Taken from: Bishara, 2001).



2.2.1 Occlusal changes

The terminal plane mentioned in the primary dentition may be described in three ways:
‘flush’, ‘mesial step’ or ‘distal step’, asillustrated in Figure 2.3. The ‘flush’ terminal plane
presents with the distal maxillary and mandibular planes at the same antero posterior level. In
the ‘mesial step’ the maxillary terminal planeis relatively more posterior than the mandibular
plane, and in the ‘distal step’ the maxillary terminal plane isrelatively more anterior than the
mandibular plane. These relationships are relative because the molar position does not
indicate which jaw is ahead or behind the other (Bishara, 2001). Research by Bisharaet al
(1988) looked at 122 subjects that were studied over an eight year period. Of the subjects with
aflush termina plane, 56% developed a Class | occlusion. There are a number of factors
involved in these changes of molar relationship from what is considered ‘normal’ in the
mixed dentition stage, to a‘normal’ occlusion in the permanent dentition stage. The factor of

note is leeway space.
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Figure 2.3: Theterminal planerelationship of the deciduous molars (A) flush terminal
plane; (B) mesial step terminal plane and (C) distal step terminal plane (Taken from:

Bishara, 2001).



2.2.2 Leeway space

Nance (1947) observed that there was space gained due to the difference between the primary
canine and molar teeth and permanent canine and premolar teeth. He termed this ‘ leeway
gpace’. Gianelly (1995) describes the leeway space in the dental arches as the actual ‘€' space.
Thisisthe difference in mesio-distal width of the second deciduous molar and the second
premolar of the permanent dentition, and isillustrated below in Figure 2.4. Moyers and van
der Linden (1976) have stated that the combined widths of the primary canine and the first
primary molar teeth (13.64mm) are approximately equal to the combined widths of the
permanent canine and first premolar widths (13.84mm). The measurement of the difference
between the second deciduous molar tooth and the second premolar tooth simplifies the

calculation of leeway space.
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Figure 2.4: Diagram illustrating leeway space (or ‘€ space) (Taken from: Bishara,

2001).



McDonald (1998) has tabulated the size differences of these teeth in Table 2.1 below.

Table 2.1; Combined mesiodistal widths of various deciduous teeth, and their

per manent successor s (Taken from: McDonald, 1998).

Calcification  Erupticn Root Mesiodistal
commences  {yesars) complete widths {mm)
{menths) +6months  (years)
Mandibular
Ceniral incisor 3-4 6.5 55
Lateral incisor 3-4 75 6.0
Canine 4-5 0.0 7.0
First premotar 21-24 105 2-3 posteruption 7.0
Second premolar 2730 11.0 7.0
First molar Birth B.0 110
Second molar 28-36 12.0 105
Third molar 8-10 years 18.0 105
Maxiliary
Central incisor 3-4 7.5 8.5
|.ateral ingisor 12 85 8.5
Canine 4-5 11.5 8.0
First premoiar 18-21 10.0 2-3 posteruption 7.0
Second premotar  24-30 1.0 6.5
First molar Birth 6.0 10.0
Second molar 3036 2.0 9.5
Third molar 7-9 years 18.0 8.5
Combined mesiodistal widths {mm)
Deciduous~-C, ) E Parmanent - 3, 4, &
Mandibular 23 21
Maxillary 22 215

Thisleeway space in the mandibular arch isreserved to alow the mesial migration of the
mandibular first permanent molars such that the molar relationship changesinto an Angle's
Class | occlusion. This generous space allows a certain degree of relief of crowding in the

dental arch.



The values of leeway space in the mandible were found to be 1.7mm on each side, and 0.9mm
on each side in the maxilla (Nance, 1947). Bishara et a (1988) found the average values of
leeway space to be 1.8mm on each side of the mandible, and 0.9mm on each side of the
maxilla. According to Moorrees and Chadha (1965), the available leeway space may be up to

4.5mm.

If the combined sizes of the unerupted permanent teeth are larger than that of the deciduous
teeth there would be no leeway space gain. Thisis known as a‘leeway space deficiency’ or
‘negative leeway space’ . In thisinstance, crowding of the teeth will often result (Bishara,

2001).

2.2.3 Dental arch crowding

Crowding in the dental arch is defined as the lack of space for the alignment of the teeth
(McDonald, 1998). Thisis most often due to atooth size arch length discrepancy (TSALD).
Dental crowding is classified according to McDonald (1998) as:

Mild- a space shortage in the arch of 1-2mm per quadrant,

Moderate- a space shortage in the arch of 4mm per quadrant,

Severe- space requirements greater than 4mm

Crowding can be further subdivided into two categories, i.e. smple, and complex. Simple

crowding presents as a lack of space in the dental arch for the accommodation of the existing

teeth, and there are no complicating factors such as skeletal, muscular or occlusal functional

11



features. Thistype of crowding is often associated with a Class | Angle molar relationship,
although it may also be found in ahorizontal Class| type A case, i.e. maxillary dental

protrusion with a‘normal facial skeleton’ as classified by Moyers (1988).

Complex crowding presents as a discrepancy between the available space in the dental arches
the teeth that need to be aligned together with a host of other complicating features such as
skeletal imbalance,
an oral habit such as abnormal lip and tongue function, and/or

occlusal dysfunction (Moyers, 1988).

Gianelly (1969) states that the potential for crowding is often identified by three clinical signs
during the development of the dentition:

Lack of interdental spacesin the primary dentition,

Crowded permanent incisors in the permanent dentition and

The premature loss of a primary canine which presumably indicates that there will be

inadequate space for the lateral incisor to erupt into.

Baume (1950) has disputed that the lack of interdental space is an indicator of crowding. The
results of his study however, showed that nine out of the total sample of sixteen individuals
with no deciduous interdental spacing did not exhibit a crowded permanent dentition.
Moorrees and Chadha (1965) found crowding of 1-2mm in theincisal areain the mixed
dentition as a characteristic feature of an individual that will demonstrate anormally aligned

permanent dentition. In order to align a crowded dentition, space in the dental archis

12



required. Brennan and Gianelly (2000) found the leeway space adequate to resolve crowding
in 73 out of 107 patients when arch length was preserved with alingual arch. The correlation
of leeway space and tooth size arch length discrepancy was found to be 0.44 in this particular

study sample.

2.2.4 Space analysisin the mixed dentition

Early childhood evaluation isimportant when formulating an orthodontic treatment plan. The
purpose of a comprehensive space analysis at this stage of the development of the dentition is
to evaluate the amount of space in the arch for the eruption of the successive permanent teeth.
Thiswill aid in the decision making for any occlusal adjustments, such as possible extractions
that may be required. The analysis is performed when the four mandibular incisors and the
first permanent mandibular molar teeth have erupted (Ballard and Wylie, 1947, Bishara and
Jakobsen 1998 and Flores- Mir et al, 2003). The analysisisintended to predict the size of the
unerupted permanent canine and premolar teeth. For an analysis of mixed dentition, the three

factors to note are the:

Sizes of al permanent teeth from central incisor to the first permanent molar in all
guadrants,

Arch perimeter and

Anticipated changes of arch length occurring with normal growth and devel opment

(Moyers, 1988).
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2.2.4.1 M easur ement of tooth size

The dimensions of tooth length and width are among the most widely documented
anthropometric features. Significant information regarding biological events and problems,
such as genetic and epigenetic differences, are displayed (Kieser, 1990). The mesiodistal

widths of teeth are commonly measured from study casts and radiographs.

A) Study cast measur ements

Traditionally, tooth sizein its mesiodistal dimension was measured with aVernier or Boley
gauge. Describing the measurement of tooth size, Kieser (1990) stated that ‘the mesiodista
diameter of the crowns of premolars and molars are measured parallel to the mesiodistal axis
of the crown from contact point to contact point. Tobias (1967) cited in Kieser (1990),
described the mesiodistal dimension as the distance between the two parallel lines
perpendicular to the mesio-distal axis plane of the tooth. This measurement should be taken
tangential to the most mesial and the most distal points of the crown along aparallel line to
the occlusal plane. Bishara (2001) recommends measurement of mesiodistal tooth dimension
from between the anatomically correct contact points of each tooth. Hunter and Priest (1960)
found unavoidable systematic and experimental errors when measuring the mesiodistal tooth
width. These errors occurred as aresult of the taper of the points of the dividers that did not
contact the greatest width of the tooth surfaces, but rather the sides of the divider points
contacted the surfaces when this reading was taken. This was described as systematic error.

The experimental error was described as the difference between the placement of the divider
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points on the study casts each time a reading was taken, as the points were not placed at

exactly the same place each time.

Zilberman et a (2003) showed that digital calipers were more accurate when used to measure
mesiodistal tooth width on study casts as compared to the measurements taken on virtual
computerised models (OrthoCad). Thus digital calipers were shown to be more suitable for
scientific use. Bell et al (2003) however, also compared the measurements taken from study
casts and those from computer generated three dimensional images of the same models. They
found that there was no statistical difference between the measurements. This was confirmed
by the work of Quimby et al (2004). The technological development of ‘€ models has peaked
interest in accuracy of measuring teeth when performing space analyses. Measurement of
these ‘€ models was found to be just as accurate as and faster than using digital caliperson

plaster study casts (Mullen et al, 2007).

Al Dashti et al (2005) assessed three different methods for measuring mesiodistal tooth
diameters from study casts. Measurements of all erupted permanent teeth were taken with a
digital caliper on the cast itself; a caliper measuring teeth on photocopies of the casts or teeth
were measured with the *Magiscan Image Analysis' system from photocopies of the study
casts. The digital caliper method was the most accurate when compared to photocopies of
casts measured with a caliper and the “Magiscan Image Analysis’ and it was used directly on

the casts. The error factors of the other two methods were found to be statistically higher.
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Khalaf et a (2005) used an unspecified image analysis system on study casts to assess the
asymmetry of crown form. The dimensions measured were mesiodistal, bucco-lingual and
vertical height as measured by the occluso-gingival dimension. The mesio-distal dimension

demonstrated the greatest symmetry.

There are various methods of space analysis utilizing study casts. These include the methods
proposed by Black (1902), Howes (1947), Neff (1949), Bolton (1958) and Wheeler (1961).
Yen (1991) introduced a method of measuring mesiodistal tooth size from photocopies of
study casts and digitization of key landmarks. This method was meant to be designed as atwo
dimensional method of measurement that would be easier to perform, and have the same
results as measurements taken from three dimensional models. It was however, shown to be
unreliable for arch perimeter measurements and space analysis determination (Champagne,

1992).

Schirmer and Wiltshire (1997) compared manual and computer aided space analysis. Study
casts were scanned onto computer and measured in two dimensions. They found that a
computer aided method could be used with confidence. For manual measurements, a

calibrated Vernier gauge produced the most reliable and reproducible results.
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B) Panor amic radiogr aphs

Panoramic imaging is a technique for producing a single tomographic image of the maxillary
and mandibular dental arches and their supporting structures. It is based on the principle of
the reciprocal movement of the x-ray source and the image receptor (x-ray film) around the
central point or image layer where the patient is located. Objects that are in front of or behind
thisimage layer are not clearly captured due to their movement relative to the centre of

rotation of the receptor from the x-ray source.

Various shapes of the dental arches are projected onto a standard image layer asillustrated in
Figure 2.5.0wing to these limitations, the problems of fit result in the inevitable blurring,
dullness and variable enlargement and distortion of the image that must be acknowledged, and

dealt with (Duterloo, 1991).

Figure 2.5-Representation of theimage layer (shaded light grey area with dotted ‘U’

form), and consequential variationsin position (Taken from: Duterloo, 1991).
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Disadvantages of panoramic imaging include the lack of detail that enables one to distinguish
certain areas with any confident degree of accuracy. The overlap of the proximal surfaces of
premolars in the maxillais an example of this. Other problems associated with this type of
imaging, is the unequal magnification and the distortion across the image. Patient positioning
isessential in order to obtain diagnostically useful radiographs. The anteroposterior position
radiograph of the patient is achieved by placing the patient with the incisors of both upper and
lower jaws into the trough of the bite block. This bite block is used to centre the patient and it
isessential that the centre line of the patient’ s face corresponds with the vertical light line of
the machine. Failure to do so places the patient out of the rotational midline of the machine
and resultsin the unequal magnification of the right and left sidesin the horizontal dimension.
The asymmetrical positioning of the patient is a common error causing horizontal distortion in
the posterior regions. A simple way to assess thisis to distinguish between the apparent
widths of the mandibular first molars bilaterally. The smaller side istoo close to the receptor,

and the larger side too close to the x-ray source (Duterloo, 1991).

Panoramic radiographs form an essential initial diagnostic record for an orthodontist. The
quality of the radiograph, with regard to image clarity, is essential for the accuracy of
assessment and calculation of tooth dimensions. On a clear panoramic radiograph,
congenitally missing teeth, dental age, impacted and unerupted & resorbed teeth, root
morphology, especially dilacerations, alveolar bone height, periodontal status and periapical
pathology, are areas to be assessed before commencement of orthodontic treatment (Bishara,
2001). Despite the disadvantages of enlargement or distortion of images that may occur, these

radiographs are an essential part of the diagnostic records taken.
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On both intraoral peri apicals and extra oral panoramic radiographs, teeth are measured in the
mesiodistal dimension, as the buccolingual dimension cannot be determined from the one
dimensional radiographs. Teeth tend to be rotated, and even distorted on radiograph, and this
iswhere an error could occur (Bishara, 2001). Volchansky et al (2006) have shown a
reproducible method of linear measurement of teeth on panoramic radiographs using the
Leica QWin© System of Image Analysis. ‘Raw data’ in the study was corrected for the
specific magnification factor by calibrating the measuring tool with the dimensions of a
marker known in size. The marker was placed at the same site at which the measurements
were taken. The marker that was used was a 0.25 inch (6.35mm) steel ball-bearing and was
placed on the buccal surface of the upper first permanent molar (in such a position that no
landmarks were obscured). The dimensions of the ball-bearings were calculated in reality and
on the radiograph once the area being x-rayed had been scanned onto a computer. The
magnification was then calculated. Panoramic radiographs were used to take both vertical and
horizontal measurements in the posterior areas of the mouth. The study proved that provided
the patient was correctly positioned in the focal trough of the machine at the time of
radiographic exposure and that measurements were corrected for by adjusting the raw data for
magnification, the panoramic radiograph could be used for measurement studies in the

posterior region (Volchansky et al, 2006).
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2.2.4.2 Prediction of tooth size

The size of the unerupted teeth must be predicted so that any arch length discrepancy can be
calculated. A meaningful space analysis relies on the accurate estimation of the mesiodistal
widths of the unerupted permanent canine and premolar teeth. Commonly used methods of

mixed dentition space analysis are grouped into two categories:

i.  Radiographic method where the tooth size of the unerupted canine and first and
second premolar teeth are estimated from radiographs

li. ~ Non radiographic method where the size of the unerupted permanent canine and
both premolar teeth are derived by measuring the sizes of the permanent teeth
already present in the mouth (mandibular incisors). These measurements are
applied to the data of the prediction tables or equations in order to determine the

size of the unerupted teeth.

A) Radiogr aphic method

Researchers such as Nance (1947), Ballard and Wylie (1947), Carey (1949) and Griewe
(1949) have devel oped methods of predicting tooth size of an unerupted permanent canine
and first and second premolar teeth. Hixon and Oldfather (1958) were among the first to
predict the mesio-distal width of unerupted permanent canines and premolar teeth. The
children of the sample were taken from the lowa Facial Growth Study. They recommended

the measurement of the mandibular incisor teeth on one side of the dental arch measured on
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the study cast, plus the size of the unerupted premolar teeth on the same side measured from
the intraoral periapical radiographs. For tooth size estimation, the sum of the permanent
canine and premolar teeth are determined by entering the figure for the same teeth measured
on study cast and radiograph into atable and then reading off the value for the size of the
estimated teeth. The index of forecast of the size of the unerupted permanent canine, first and
second premolar teeth was 25% more accurate than the previously suggested methods at the
time, and in close agreement with the work of Ballard and Wylie (1947) and Griewe (1949).
This method was technique sensitive and required the 16 inch skin target distance of the cone

of the x-ray machine to be used when taking the intra oral peri apical radiographs.

In 1980, Staley and Kerber decreased the standard error of estimation of the original Hixon
Oldfather (1958) equation from 0.57mm to 0.44mm in their Revised Equation. The co-
efficient of correlation (r) in the Revised Equation (0.92) was higher than that of the origina
equation (0.87). The records used by Staley and Kerber (1980) included a study cast of the
lower arch for measurement of the mandibular incisors, and peri apical radiographs taken with
the long cone technique were used for measurement of the unerupted premolar teeth. Teeth
were measured on both sides of the arch. By adding one standard error of estimation to the
predicted sum, a predicted sum of widths of the permanent canine and premolar teeth at the
84™ percentile was found as shown in Figure 2.3 and Table 2.2. This meant that the predicted
sum of the canine and premolar teeth would be as large as or larger than the true sum in 84%

of all possible patients (Moyers, 1973).
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Figure 2.3- Standard error of estimation for predicted widths of teeth (Taken from:

Bishara, 2001).

Table 2.2 - Prediction tablesfor predicted and actual means of the widths of the

permanent canine and premolar teeth (Taken from: Bishara, 2001).

Original Equation Revised Equation
Variable N=76 N =57
Mean difference (mm)* -{.4 (.06
Mean absolute error {mm) 0.6 0.3
Standard error of estimate {mm) 0.57 (.44
Correlation coefficient (r} 0.87 0.92

Staley et al (1984) devised another method of predicting the size of the canine and premolar
teeth in both arches. Thiswas called the ‘lowa Prediction Method' and was based on data
taken from the lowa Facial Growth Study. Complete analysis required casts of upper and

lower jaws, and peri apical radiographs of the maxillary and mandibular permanent canine to
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the second premolar taken with long cone paralleling or right angled techniques.

M easurements of the unerupted canines and premolars taken on the radiographs were used as
predictor variables. Standard errors of estimate were calculated at 0.48mm in the upper arch,
and 0,47mm in the lower arch. Both the * Revised Method of Prediction of Hixon and
Oldfather’ (Staley and Kerber, 1980), and the ‘l1owa Prediction Method’ (Staley et al, 1984)
were found to have a cross validation of 53 orthodontic patients, alow standard error of

estimation, and prediction tables that were easy to use.

The *Proportional Equation Prediction Method', as devel oped by Bishara (2001) could be
used if most of the permanent canines and premolars have erupted, and if one or two
succedaneous teeth were still unerupted. The width of the unerupted tooth (second premolar)
and the erupted tooth (second deciduous molar) were measured on the same peri-apical film.
The width of the erupted ‘€ was also measured on a plaster study cast. The size of the
unerupted second premolar was solved by using the following equation recommended by

Huckaba (1964) in order to reduce the factor of enlargement of teeth on radiographs:

Unerupted tooth width = Erupted tooth width (cast)

Unerupted tooth width (x-ray) Erupted tooth width (x-ray)

X = (y) (xY)

1

y
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Where x is the estimated size of the permanent tooth
x* = radiographic size of the above tooth
y = size of the second deciduous mandibular molar on the study cast

y' = radiographic size of ‘y’.

Moorees and Reed (1964) correlated the widths of permanent and deciduous teeth. The sum
of the lower deciduous canine and molar teeth was correlated to the sum of lower permanent
canine and premolar teeth. They concluded that prediction from radiographs was best for true

mesio-distal widths.

More recently, De Paula et al (1995) introduced a technique using 45° cephalometric
radiographs. This method had a high correlation of the predicted size of teeth with the actual
size of teeth. This was provided the magnification of the teeth on radiograph was corrected

for.

B) Non- radiogr aphic method

The advantages of non- radiographic prediction methods were that measurements of erupted
lower incisor teeth within the permanent or deciduous dentition were used. Tooth size from
radiographs was not measured. With this method, Moyers (1973) however found a greater

error of estimation when compared to the radiographic method.
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Moyers (1973) suggested a method of tooth size prediction that involves the use of the
erupted mandibular incisor teeth for the estimation of tooth size in both arches. These teeth
erupt in the mouth at approximately six years of age, and are easily measurable. The maxillary
incisor teeth were found to be too variable in size, and their correlation to other groups of

teeth was too low to be of any value.

Moyers (1973) suggested this non-radiographic method for the following reasons:

a) There would be minimal systematic error, with a known range of such error.

b) There was no sophisticated clinical judgment necessary, and could be performed equally
and reliably by an expert or beginner.

¢) The method was not time consuming

d) There was no need for study casts and measurements could be taken directly in the mouth

€) It was suitable for use in both arches

The Moyers method was found superior to other similar methods as stated by Clauss (1955)
and Barber (cited by Moyers, 1973). However, he (Moyers, 1973) stated that no prediction
method was as accurate as one might like, and knowledge of growth and development as well

as reasonable judgment should be employed.

For the Moyers (1973) method of space prediction, the mesiodistal widths of the four
mandibular incisors were measured. The sum of these measurements was the amount of space
needed for alignment of the incisors. This distance was marked on one side of the dental arch

from a point at the midline of the alveolar crest between the central incisor teeth to the point
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along the line of the arch where the Boley gauge tip had touched. This mark indicated where
the lateral incisor would be when it was aligned. The space available in the arch for the
permanent canine and premolar teeth on one side was measured from the mark of the aligned
incisors to the mesial surface of the first permanent molar tooth. Care should be taken to
check the cephalogram, and perhaps account for cephalometric correction if the incisors need

uprighting or retraction in the symphysis which would require more space in the dental arch.

The predicted size of the above teeth was then taken from probability charts as shown in
Table 2.3. The value corresponding most closely to the sum of the widths of the four
permanent incisor teeth islocated on the chart. The figure of estimated tooth size is read from
the same line in the adjacent column. Moyers (1973) explains that no single value obtained
from the chart, which varies from a 95% down to a 5% confidence level, can represent the
true sum of the three teeth estimated. There is arange of posterior tooth widths even when the
incisors areidentical. A value at 75% is chosen as the estimate after being found as the most

predictable from a clinical standpoint.

26



Table 2.3- Moyers probability chartsfor calculation of size of the unerupted canine and

premolars (Taken from: Moyers, 1973)

PROBABILITY CHART FOR PREDICTING THE SUM OF THE WIDTHS OF 3L5 FROM 21/12

$21/12 = 19.5 20.0 20.5 21.0 21.5 22.0 22.5 23.0 23.5 24.0 2k.5 25.0
95% 21.6 21.8 s2.1 ee.b 22,7 22.9 23.2 23.5 23.8 2h.0 2L.3 24.8
8s5% 21.0 21.3 21.3 21.8 Re2.1 22k 2.8 22.9 25.2 23.5 23.7 k.0
T5% 20.6 20.9 21.2 2L.5 2L.8 22.0 22.3 22.6 22.9 25.1 23.b 23.7
65¢ | 204 20.6 20,9 21.2 2L.5 21.8 22.0 22.3 22.6 22.8 23.1 23.k
50% 20,0 20.5 20.6 20.8 2.1 2L 21.7 21.2 p2.2 22.5 22.8 23.0
3549 16.4 1%.9 20.2 20.5 20.8 2L.0 21.3 21.6 21.9 22.1 22.h 22.7
25% iz 197 19.9 20.2 20.5 20.8 21.0 21.3 21.6 21.9 g22.1 22.h
15% 1.0 19,3 18.6 19.9 20.2 20.kB 20.7 21.0 21,3 21.5 21.8 22.1

5% 1R.5 8.8 19.0 19.3 19.4 12.9 20.1 205 20,7 21.0 2L.2 21.5

PROBABILITY CHART FOR PREDICTING THE SUM OF THE WIDTHS OF 345 FROM 21712

31712 = 19.5% 20.0 20.5 21.0 21.% 22.0 22.% 23.0 23.5 24.0 2L.5 25.0
957§ 21.1 Ptk 27220 2i.2 25.5 23.8 2h1 2.k
ust 2 ) 21,1 2L 2.6 220t 25.2 235 R23.B
w5t 20