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ABSTRACT	 Study casts are the only non-invasive three-dimensional records that provide information which is 
important for orthodontic diagnosis and treatment planning. This article provides an overview of  the use of  study 
casts in orthodontics. Various methods of  space analysis, relevant information that can be obtained from study casts 
and their limitations are elaborated. However, special attention and techniques are required in order to fully utilize 
the study casts. It should be emphasized that study models are absolutely essential as starting and finishing records in 
orthodontic treatments, apart from constituting critical medico-legal evidence. Not having starting study models could 
be a ground for allegations of  negligence.

Introduction

Orthodontic diagnostic records are taken to: (1) document
the starting point or patient’s initial condition and (2) 
supplement the information gathered during clinical
interview and examination 1. The records can be divided 
into three categories: study casts, photographs, and radio-
graphs 2. These are important medico-legal ‘documents’ 
that should be obtained even for the simplest forms of  
procedures, and form the basis for planning orthodontic
treatment. This article attempts to introduce some of  
the uses of  study casts in the planning of  orthodontic
treatment.

	 For orthodontic diagnosis, we need to ascertain the 
shape and size of  the teeth; their positions and the extent
of  crowding/spacing of  teeth within the jaw; their
occlusal relationships and the results of  other special
investigations.

Tooth number, shape, size, position and 
space analyses

Tooth number

Failure to count the teeth is a common mistake 3;
counting must include those that are visible as well as those 
developing within or outside the jaws (as revealed by
radiographs). Congenital absence of  teeth should also be 
noted.

Tooth shape

Study casts provide a very clear view for the clinician to 
assess dental crown morphology and anatomy. Tooth 
anomalies can be classified as arising from: tooth forma-
tion, eruption, and alignment 4. It is not unusual to find 
shovel-shaped or peg-shaped incisors, dens evaginatus 
and invaginatus, talon cusps, double teeth, Carabelli’s 
traits, and other anomalies of  dentition 5. These unusual 
morphologies will affect dental occlusion as well as the 
tooth size discrepancy.

	 Such unusual dental morphology can affect the
extraction choice during treatment planning. For example,
dens evaginatus commonly affects premolar teeth of
orientals. The reported prevalence of  dens evaginatus 
was 3% in 12-year-old Hong Kong Chinese 6 and 2.1% 
in 10-year-old Singaporeans 7. Fracture or attrition of  
the tubercle of  dens evaginatus may result in an enamel
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defect and/or exposure of  the pulp; thus, pulpal inflam-
mation and necrosis may occur before or after complete 
root formation 8.

Tooth size and space

Study casts are very useful in assessing the relationship
between the tooth size and the size of  supporting
structures, which can be based on the space analysis
technique.

	 According to Kirschen et al 9, such space analysis 
can assist clinicians in various aspects of  diagnosis and
treatment planning. In principle the analysis depends on 
comparing the space required for alignment of  the teeth 
and the actual space available. The space analysis method 
suggested by Nance 10 was carried out by:
(1)	 Measuring the mesiodistal width of  each tooth
	 mesial to the first permanent molar. The total sum 

of  the mesiodistal width corresponds to the space 
required for the alignment of  teeth (Figure 1a).

(2)	 Measuring the actual arch length by contouring a soft
	 wire to the individual arch shape over the contact 

points of  posterior teeth and the incisal edges of  the
	 anteriors (Figures 1b and 1c). The distance of  

the straightened wire is the available space for the
	 alignment of  teeth. Another method divides the
	 dental arch into four segments: from mesial aspect of  

the first permanent molar to the distal aspect of  the 
canine of  the same side; then to mesial of  centrals: 
then to distal of  canine of  the other side; then to

	 mesial of  first permanent molar of  the other side. 
Arch length can be measured as straight line approxi-
mations of  the arch 1.

Space analysis in mixed dentition

As the permanent teeth are not fully erupted during 
the mixed dentition stage, estimation of  the unerupted

permanent teeth is necessary for the mixed dentition 
space analysis. The aim is to compare the space available 
for the unerupted permanent canine and premolars with 
the space needed, the difference is then the amount of  
crowding, or of  spacing, present. The following is the 
method used in the Orthodontics Department in the 
University of  Hong Kong.

	 To measure the space available, mark the distance, 
in the line of  the arch, that is needed for the alignment 
of  the central and lateral incisors. This distance shows 
how much of  the arch perimeter will be taken up during
alignment of  the mandibular incisors. If  the teeth are well 
aligned, no correction is needed. Repeat for both sides.

	 Now measure the space available for the unerupted 
canines and premolars. This is the distance from the
mesial of  the first permanent molar to the calculated
‘after alignment’ position of  the distal corner of  the
lateral incisor (Figure 2).

(a) (b) (c)

Figure 1	 (a) Measurement of tooth width. (b) Upper arch and (c) lower arch for measuring arch length

Figure 2	 The estimated position of distal surface of lateral 
incisor (with lower incisors aligned) is marked on the lingual 
surface of lower canine. This mark is used for measurement 
of the space available for permanent canine and premolars
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	 Estimation of  the size of  the unerupted teeth can be 
carried out using three basic approaches suggested by 
Proffit and Ackerman 1 namely: (1) measurement of  the 
teeth on radiograph; (2) estimation from proportionality
tables; and (3) combining data from radiographs and
prediction tables.

	 The radiographic method requires an undistorted 
image in order to obtain accurate estimations 11. Com-
pensation for any enlargement of  the radiographic image
involves measuring an object that can be seen on the
radiograph (apparent width) and on the study casts (true 
width), using a simple proportional relationship setup 
(Figure 3):

	 The accuracy of  the method is fair to good, depend-
ing on the quality of  the radiographs and the position 
of  the teeth in the arch. It can be used for the upper
and lower arch in all ethnic groups, but obtaining an
undistorted view of  the canines is usually difficult.

	 The Moyers prediction table 3 is one of  the well-known 
methods for predicting the size of  unerupted teeth; the 
lower incisors width measurements are used to estimate 
the size of  maxillary and mandibular unerupted canines 
and premolars. Tanaka and Johnston 12 developed an
alternative means based on the formula:

	 The Moyers 3 as well as the Tanaka and Johnston 12

predictions were both based on white children of
northern European descent. For Southern Chinese, the 
Tanaka and Johnston 12 method needs some adjustments, 
due to tooth size difference between ethnic groups as well
as between the Southern Chinese males and females 13. 
The authors recommended that for males, the x value 
should be 10.5 for the mandibular arch and 11.5 for the 
maxillary arch. Corresponding values for females were 
10.0 and 11.0, respectively.

	 The combination method entails measurements from
the study casts and width measurements from the
periapical radiograph, in order to further improve
prediction accuracy. The sizes of  the permanent incisors 
measured from the dental casts and that of  the unerupted 
premolar from the periapical X-rays are used to predict
the size of  unerupted canines. Staley and Kerber 14

modified the Hixon and Oldfather 15 method, to develop 
a prediction graph using the Iowa growth data, which
allows canine width to be read off  directly from the graph. 
This prediction graph provides the relationship between 
the size of  lower incisors measured from study casts plus 
the first and second premolars measured from radiographs 
(x-axis) and the size of  the canine plus premolars (y-axis). 
The Staley and Kerber 14 method was based on Caucasian 
children of  northern European descent. Moreover, this 
method is only applicable to the mandibular arch.

	 To conclude, for Caucasian children, the Hixon and 
Oldfather 15 method gives the best prediction followed by
the methods described by Tanaka and Johnston 12 as well 
as by Moyers 3. The Tanaka and Johnston 12 approach is 
the most practical, since no radiographs are required and 
for the Chinese, the modified Tanaka and Johnston 12 
approach is the most practical. For other ethnic groups, 
direct measurement from the radiographs is the best
approach.

Tooth size discrepancies

Comparing tooth size, available space and identification 
of  disharmonies of  tooth size within the dental arch has a 
great impact during orthodontic diagnosis and treatment 
planning, as space management is very important. For a 

Figure 3	 Measurement of apparent widths of canine and 
premolars

True width of  primary molar
Apparent width of  primary molar =

True width of  unerupted premolar
Apparent width of  unerupted premolar

(where x=10.5 for the mandibular arch and 11.0 for the 
maxillary archs)

+ x mm =
0.5 x (Mesiodistal

width of  four
lower incisors)

Estimated mesiodistal
width of  canine and

premolars per quadrant
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good occlusion, the dentition needs to be proportionately 
sized.

	 The Bolton Analysis is named after its inventor 16 and 
is very frequently used in the field of  orthodontics to
detect tooth size discrepancy. The analysis determines
the ratio of  the mesiodistal widths of  maxillary versus 
mandibular teeth. It helps to estimate the overbite and 
overjet relationship, that will likely be obtained after
orthodontic treatment is complete and the occlusal
misfits produced by interarch tooth size discrepancy are 
identified 3. The overall ratio determines the relationship 
between the 12 mandibular and 12 maxillary teeth (after 
excluding the second and third molars); the anterior ratio 
is between the six upper and lower anteriors.

	 The procedure is as follows: the sum of  the widths 
of  the 12 mandibular teeth is divided by the sum of  the 
12 maxillary teeth and multiplied by 100. A mean ratio 
of  91.3, according to Bolton, will result in ideal overbite-
overjet relationships, as well as posterior occlusion. If
the overall ratio exceeds 91.3, the discrepancy is due 
to excessive mandibular tooth material and vice versa. 
A similar ratio (anterior ratio) is computed for the six
anterior teeth (incisors and cuspids). An anterior ratio
of  77.2 provides ideal overbite and overjet relationships, 
so long as the angulation of  the incisors is correct and
the labiolingual thickness of  the incisal edges is not
excessive. If  the overall ratio exceeds 77.2, the discrep-
ancy is due to excessive mandibular tooth material and 
vice versa.

	 A tooth size discrepancy of  less than 1.5 mm is
relatively insignificant 1 but larger discrepancies (e.g. > ±2 
SD) create treatment problems 17. In a Chinese sample,
it was reported that the Bolton standards applied to 
Southern Chinese children with Class I occlusion, but not 
to those with Class II or Class III occlusions for whom 
specific standards need to be established 18.

Dental archform

Assessment of  dental archform is an important aspect 
of  orthodontics because depending on conditions,
some archforms have to be altered while others need 
preserving. The dental archform can be defined as the 
position and relationship the teeth have to each other 19. 
Felton et al 20 reported that as there is great individual 
variability in archform, in many cases customizing the
individual archform appears necessary to obtain optimum
long-term stability. According to de la Cruz et al 21,

archform tended to return toward the pretreatment shape 
after retention and suggested that the patient’s pretreat-
ment archform be used as a guide for future archform 
stability.

	 Asymmetry within the dental arch can result from
lateral drift of  incisors or drift of  posterior teeth. Lateral
drift of  incisors occurs frequently in patients with severe
crowding, particularly if  the primary canines are lost
prematurely. Posterior drift is usually caused by early 
loss of  primary molar teeth 1. The features of  mesially
drifted posterior teeth could be: (1) crowding and space 
loss; (2) dental midline shift with crowding and space
loss; (3) mesial tipping of  permanent molars; or (4)
rotation of  permanent molars 10. A grid can be used to 
check the symmetry and form of  the dental arch (Figure 
4).

The curve of  Spee

The curve of  Spee is defined as the anatomic curve
established by the occlusal alignment of  the teeth, as
projected onto the median plane, beginning with the
cusp tip of  the mandibular canine and following the
buccal cusp tips of  the premolar and molar teeth 22. The 
curve of  Spee is measured by determining the furthest
perpendicular distance from a line connecting the
second molar and the central incisor. The importance 
of  this curve in orthodontic planning is that it requires
space to become level without proclining the incisors 
(Figure 5). Thus, a 3-mm deep curve of  Spee requires
3 mm of  space for leveling (1.5 mm for each lower
quadrant) 23.

Figure 4	 Grid to check archform and symmetry
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Other investigations (related to space analyses)

Diagnostic setup
The diagnostic setup helps clinicians ascertain the precise 
amount of  tooth movement and direction of  movement, 
before orthodontic treatment 3. By this means, space 
problems in the permanent dentition can be used to
visualize in three dimensions, by cutting off  the teeth 
from a set of  casts and resetting them in more desirable 
positions (Figure 6). When extractions are contemplated
as part of  the orthodontic treatment for tooth size
discrepancies or missing teeth, the diagnostic setup will 
vividly demonstrate the amount of  space created by 
the extractions, and the tooth movements necessary to 
close the space. It will also aid in choosing which teeth to
extract. It is also useful in multidisciplinary cases where 
crown modification, extractions, or prosthesis/implants 
are needed. Based on the setup, the orthodontist will 
know how much to move each individual tooth and the 
restorative dentist will know to what extent the teeth 

should be reshaped and how prostheses/implants should 
be placed.

Howes’ Analysis
Howes’ Analysis was devised to help clinicians determine 
whether apical bases could accommodate patient’s teeth 
and in cases with suspected apical bases deficiency decide 
whether to extract teeth, or carry out dental or palatal 
expansions 24,25. Howes believed that the premolar basal
arch width should equal approximately 44% of  the
mesiodistal widths of  the 12 teeth in the maxilla, if  it 
was to be sufficient to accommodate all the teeth. When 
the ratio between basal arch width and tooth material is 
less than 37%, Howes considered this to be a basal arch 
deficiency, necessitating extraction of  premolars. If  the 
premolar basal width was greater than the premolar
coronal arch width, expansion of  the premolars may be 
undertaken safely. Details of  the technique are summa-
rized in Moyer’s standard text 3.

The Royal London Space Planning
The Royal London Space Planning process has evolved 
since 1985 to ensure a disciplined approach to diagnosis 
and treatment planning and to provide a record to justify
treatment decisions for professional accountability 9,26. 
The analysis takes into consideration most aspects of  
a given malocclusion and aims to quantify the space
required in each dental arch to attain the treatment
objectives. This space planning also helps determine 
whether the objectives are likely to be attainable and helps 
in the planning of  treatment mechanics and the control 
of  anchorage.

	 The process of  analysis is divided into two sections. 
The first part entails assessing the original malocclusion
according to various components (which includes

Figure 6	 Diagnostic setup

Figure 5	 Space required for leveling curve of Spee
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crowding and spacing, occlusal curves, arch width, an-
teroposterior position of  labial segments, mesiodistal
angulation, and incisor inclination). Any one of  these 
can have an effect on space, if  altered during treatment. 
The second part of  the analysis, deals with the effect 
of  treatment procedures (extractions, tooth size modi-
fications, distal or mesial molar movements) as well as
natural growth on the space required. The entire proce-
dure has been comprehensively described in the original 
literature 9,26.

To assess and record the jaw relationship

This three-dimensional (3D) analysis estimates the inter-
maxillary relationship between the upper and lower dental 
arches in anteroposterior, transverse, and vertical dimen-
sions 10. For the anteroposterior relationship, the overjet 
(increased/reduced) and the molar/canine relationships 
(e.g. angle classification) can be assessed. For the antero-
posterior assessment, the molar relationship will affect
the decision as to whether the molars need distal or
mesial movement and the anchorage demand can also be 
assessed.

	 The transverse analysis using the midsagittal plane
as the reference, can be used to evaluate maxillary and 
mandibular midlines coincidence, transverse symmetry 
of  the arches and interarch transverse relationships which 
can be normal, crossbite or scissor bites 11. The transverse 
assessment also provides information about the width 
of  the dental arch and the position of  the teeth on the
alveolar ridge. Expansions in the cases where the
posterior teeth are tilted lingually/palatally tend to be
stable, as the expansion is mainly by tilting the teeth
buccally. Arch expansion is indicated for cases with
unilateral crossbite, to eliminate displacement as well as 
the “V”-shaped archform as in the thumb-sucker 27,28.

	 The vertical analysis involves assessing the overbite
condition, which can be deep, open or incomplete.
Vertical assessment especially in the deep bite situation, 
is much more accurate when using the study cast than
by clinical examination, as it is possible to view the inter-
cuspation from the posterior aspect of  the study casts 29. 
In addition to the study models, the vertical dimension 
also needs the appropriate radiographs (e.g. lateral cepha-
lometric radiograph) to make a sensible diagnosis.

The use of  articulators

To aid diagnosis and treatment planning of  orthodontics

several authors have advocated the use of  articulated 
study casts 30,31. According to Proffit and Ackerman 1, the
two main reasons to mount the study casts are: (1) to 
record and document any discrepancy between the
occlusal relations at the initial tooth contact (centric
relation) as well as the relations at the patient’s habitual 
occlusion (centric occlusion), and (2) to record the lateral 
and excursive paths of  the mandible.

	 A recent study reported that routine articulation of  
study casts for all orthodontic patients is not advocated
and will not affect the treatment planning decisions
compared with hand-held study casts 32. Another use of
articulators is for planning of  combined surgical ortho-
dontics cases.

Model (analysis) surgery—for combined 
surgical orthodontic cases

The study casts are very useful in dealing with various 
aspects of  orthognathic and distraction osteogenesis 33,34. 
Arnett and McLaughlin 35 recommended that three areas 
of  model analysis need to be accomplished: (1) indication
for orthodontic extraction, (2) orthodontic stability, and 
(3) surgical decisions. Furthermore, presurgical study casts
are needed for model planning and interocclusal splint 
fabrication 36.

	 The object of  model planning is to determine the
intended occlusion and archform, and to decide the exact
amount and direction of  movement of  the arches or
segments thereof. Both must be undertaken at the same 
time as the photographic, cephalometric, and computer 
simulation studies 37.

Other information—on soft and hard
tissues

Important information about the soft and hard tissues 
can be gathered from the study casts, including: gingival 
contour, gingival recession, crown height, bony exostosis,
unerupted teeth (possibly shown as bulging areas), and 
areas of  thin cortical plate where the root outline can 
be visualized. From the frontal view, the apparent sizes 
of  teeth should become progressively smaller from the
midline distally; the approximate golden ratio being
0.618 38. Thus, starting at the midline, this geometric
formula of  proportionality predicts that the width for
each of  the anterior teeth should be around 60%
of  the apparent width of  the tooth immediately mesial 
to it.
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	 The palatal height of  the upper arch is measured along 
a virtual vertical line perpendicular to the midpalatal
raphe. A high palatal vault is a principal feature of
narrowing of  the maxillary alveolar process, which often 
occurs in patients who are chronic mouth-breathers or 
digit suckers 10. On the other hand, the presence of  bony 
exostosis can hinder the treatment and retention with
removable appliances.

Limitations of  study casts

It is not possible to assess structures that are located in 
the bone such as unerupted teeth with study casts. As 
a general rule, if  a permanent tooth on one side erupts 
but its counterpart on the other fails to do so within 6 
months, an X-ray should be taken to investigate the cause 
of  the problem 39. Furthermore, it does not provide
information about the extraoral soft tissue. Therefore, a 
well-treated orthodontic case evidenced on study casts 
may not necessarily produce an esthetic smile 2. The
smile line and lip prominence are very important, as both 
features will affect orthodontic treatment modalities/
options 1. Certain features of  the smile are crucial for
orthodontics diagnosis and treatment planning. The 
transverse characteristics of  a smile depend on: (1) buccal 
corridor width, (2) archforms, (3) the transverse cant of  
the maxillary occlusal plane. The vertical characteristics 
of  a smile depend on: (1) incisor exposure and (2) gingival
display, both of  which are not normally obtainable from 
study casts 2.

e-Models

As we move into the 21st century there have been many 
advances in dentistry, particularly with respect to digital
imaging. Digital study models can be produced by
computed tomographic scanning of  a patient’s dental
impression or dental cast 40. This process requires silicone 
or polyether impressions to be taken in the orthodontic 
office. Instead of  being poured by the orthodontist, im-
pressions are shipped overnight to one of  the companies
offering digital models. A traditional plaster model is
then fabricated and, using computer aided design and 
manufacturing (CAD/CAM) technology, it is transformed
into a digital, 3D image of  the dentition. Within a few 
days, a downloadable electronic file is available from the 
Internet. Once downloaded, software enables the digital 
models to be viewed and manipulated 41. This technique 
has been used for the diagnosis, treatment planning,
and fabrication of  orthodontic appliance such as the
Invisalign (Align Technology, Santa Clara, California,

US) 40, which has also been approved by the Dental
Council of  Hong Kong as a means for orthodontic
recording.

	 Advantages include reduction in space needed to
store the models, easy retrieval and transmission. In
addition, they will not be affected by dust and scratches 
anymore. Measurement on the dental cast (such as space 
analysis) can be carried out on the digital model without 
the cumbersome use of  caliper 42. The digitized models 
can be viewed from any angle and also opened to allow 
upper and lower models to be viewed separately. They 
can also be turned back into genuine set of  study models
if  needed 43. Another advantage is the possibility of
viewing digital models at multiple locations from any
office computer linked to the practice’s central server,
allowing patients to be treated at multiple sites with easy 
access to their records. Furthermore, digital models are 
also an excellent presentation and patient education tool. 
Thus, the digital models available today offer seamless 
integration into most of  computerized practice man-
agement and imaging systems and are part of  the totally
digital orthodontic office 41.

	 For OrthoCAD (Cadent Inc., New Jersey, US),
alginate impressions of  the dentitions with bite registra-
tion are required for construction of  3D digital study 
models, which are then downloaded manually or automat-
ically from the Internet using a utility called OrthoCAD 
Downloader. One feature of  Ortho-CAD facilitates
viewing of  interocclusal contacts, which cannot be easily
done in physical models. Another feature, OrthoCAD 
Bracket Placement System enables positioning brackets 
according to orthodontists’ planned positions in virtual 
treatment.

	 The other computerized model system is called e-
models (GeoDigm Corporation, US). It features a
cross-sectioning tool that can slice the digital models 
in any vertical or horizontal plane to check symmetry,
overjet, and overbite and to help measure any location. 
There is a Color Bite Mapping feature that is a visual
representation of  occlusal relationships. Eplan (GeoD-
igm Corporation, US) is the other useful feature of  this 
e-model’s software. The latter feature enables the clinician 
to simulate any desired treatment option by using a virtual 
diagnostic setup 41.

	 There are some potential limitations about digital 
models, however. First, one must learn to analyze study 
casts on a computer screen. It is possible to view the casts 
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from a myriad of  angles, but comfortable manipulation 
takes some practice. Second, large practices must ensure 
plenty of  available computer memory. Third, to date it is 
not possible to relate the casts to the hinge axis. Fourth, 
it cannot be placed side by side to the teeth for compari-
son.

Conclusions

Study casts provide valuable information for orthodontic 
diagnosis and treatment planning. Full utilization of  such 
information requires special attention and techniques. 
They are important medico-legal documents that should 
be obtained before commencement of  every orthodontic 
treatment. It is possible to be alleged negligent for not 
having starting and finishing study models.
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