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The purpose of this study was to evaluate how incremental information obtained from different types
of diagnostic records contributes to the determination of orthodontic treatment decisions.
Pretreatment records of 57 orthodontic patients were assessed by five orthodontists who were
part-time faculty members and also in private practice. This sample consisted of dental school
orthodontic patients who had Class Il malocclusions and included patients at three different dental
developmental stages. The following diagnostic records were used: study models (S), facial
photographs (F), a panoramic radiograph (P), a lateral cephalogram (C), and its tracing (T). Five
combinations of diagnostic records were presented to the orthodontists in the following sequence: (1)
8;(2)S+F;(8S+F+P,4)S+F+P+C;and (5)S + F + P+ C + T. The simultaneous
interpretation of all diagnostic records (S + F + P + C + T) was used as the “diagnostic standard.”
There was a diagnostic standard for each of the patients and for each of the orthodontists. The
diagnestic standard was achieved: (1) S = 54.9%, (2) S + F = 54.2%, (3) S + F + P = 60.9%,
and (4) S + F + P + C = 59.9%. Thus, in a majority of cases (65%), study models alone provided
adequate information for treatment planning, and incremental addition of information from other types
of diagnostic records made smalt differences. (Am J OrTHOD DeENTOFAC ORTHOP 1991;100:212-9.)

There has recently been a proliferation in
the diagnostic and treatment regimens available in
orthodontics. The battery of diagnostic tests include
study models mounted on semiadjustable articulators,
types of jaw tracking, TMJ tomograms, and other pre-
sumably necessary devices. Most of these modalities
are suggested and used on the basis of clinical expe-
rience and personal preference. Their clinical efficacy
has not been validated, as yet by the orthodontic spe-
cialty. Likewise the probabilities of the expected treat-
ment outcomes have not been assessed.

In medicine the escalating cost of the nation’s health
care has resulted in cost containment and methods to
assess the efficacy of treatment alternatives.? The field

This work was supported by USPHS, NIH/NIDR grants DE 06881 and DE
08714.

*In private practice, Farmington Hills, Mich.

bAssociate Professor and Chairman, Department of Orthodontics, University
of Pittsburgh School of Dental Medicine, Pittsburgh, Pa.

cAssistant Professor, Department of Dental Ecology, School of Dentistry, Uni-
versity of North Carolina, Chapel Hill. ]

dAssociate Dean of Research, University of Pittsburgh School of Dental Med-
icing, Pittsburgh, Pa.

°Professor, Department of Biologic and Materials Sciences, School of Dentistry,
The University of Michigan, Aun Arbor,

8/1/23631

212

of clinical epidemiology or “clinimetrics” has been de-
veloped to evaluate the efficacy of treatments and di-
agnostic tests. Clinical epidemiology combines bio-
statistics, epiderniology, clinical decision analysis,
risk-benefit analysis, cost-benefit analysis, and cost-
effectiveness analysis. It is concerned with the study
of groups of patients to provide evidence on which to
base clinical decisions in health care.® Although these
techniques have been applied in medicine®? and in some
areas of dentistry,*® they have not been widely applied
in orthodontics.’

Diagnosis in orthodontic practice includes the clas-
sification of malocclusion, and currently emphasis is
being directed toward a comprehensive synthesis of
information. Proffit and Ackerman'® advocate the
“problem-oriented” approach to orthodontic diagnosis
that was originally developed in medicine to provide a
rational approach to diagnosis.!" The decision-making
process in orthodontic diagnosis and treatment planning
involves (1) the recognition of the characteristics of
malocclusion and dentofacial deformity, (2) the defi-
nition of the nature or cause of the problem, and (3)
the design of a treatment strategy based on the specific
needs of the patient. Fundamental to this process is the
acquisition of relevant information to form a data base.
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Fig. 1. Decision tree for patients with late mixed dentition.

The purpose of this study was to evaluate the relative
usefulness of routine diagnostic records obtained by
orthodontists.

The synthesis of information from diagnostic pro-
cedures yields degrees of diagnostic value. Diagnostic
utility can be assessed and is based on the probability
that either doing or not doing something will influence
all or some of the following outcomes: (1) the diagnosis
and its accuracy, (2) the treatment process, and (3) the
outcome of treatment. The selection of tests should be
rational and based on a comparison for sensitivity, spec-
ificity, and predictive values, both positive and nega-
tive. The problem is to determine the “gold standard”
for evaluating such tests and thus for determining the
prevalence of the disease or condition. The purpose of
this study was to compare the diagnostic utility of dif-
ferent incremental combinations of diagnostic infor-
mation fo a “gold standard.”

MATERIALS AND METHODS
Selection of cases

Pretreatment records of 57 orthodontic patients were se-
lected from the graduate orthodontic clinic at the University
of Michigan according to specified eligibility criteria, This
study was limited to Class I, Division 1 malocclusion, and

the cases were chosen by a stratified random selection process.
The three strata were determined by the dentition status: (a)
late mixed dentition (n = 20), (b) early permanent dentition
(n = 20), and (¢) adult dentition (n = 17). The pretreatment
records, including study models, extraoral photographs, pan-
oramic radiographs, and lateral cephalograms, were dupli-
cated, and these records were used for the experimental di-
agnostic and treatment planning sessions.

Selection of orthodontists

Five orthodontists who practice in the state of Michigan
and teach part-time in the graduate orthodontic clinic partic-
ipated in the study. The orthodontists were selected on the
basis of their availability and commitment to this study.

Description of decision trees

A decision tree was constructed for each of the three
groups .(Figs. 1-3). These trees were prepared to allow the
orthodontists to follow a logical sequence of treatment de-
cision making, which was initiated with a strategy choice,
followed by a treatment decision, and finally an “extract or
do not extract” decision,

Data collection

For each of the orthodontists, five diagnostic and
treatment-planning sessions for every case were scheduled
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Fig. 2. Decision tree for patients with early permanent dentition.

and conducted according to a standardized data-gathering pro-
tocol with an approximately 1-month interval separating ecach
session, Five combinations of diagnostic information, or rec-
ords, were presented to the clinician at cach session in the
following order: (I) study models only (S); (II) § + facial
photographs (F); (II) S + F + panoramic radiograph (P);
(IV) S + F + P + lateral cephalogram (C); and (V) S -+
F + P + C + tracing (T). During each session the ortho-
dontists were asked to select a decision pathway from a de-
cision tree, which was constructed for each of the three patient
categories (Figs. 1-3).

Analytical methods

The simultaneous interpretation of all diagnostic materials
was used as the diagnostic standard. A diagnostic standard
for each of the cases and for each of the orthodontists was
therefore established. With the presentation of combinations
of diagnostic records to the participating orthodontists, a pro-

portion of the treatment plans equivalent to the diagnostic
standard was calculated, and the changes in the treatment
decision attributable to each additional incremental record
were estimated. To assess the orthodontists’ consistency in
treatment decision making, given the same records over a
period of time, session V was repeated for 15 of the cases.
The proportions of agreement between the two sessions were
then analyzed.

In the clinical decision analysis, “pruning” of a decision
tree refers to elimination of those decision branches that would
never be followed.* In this study the decision trees were mod-
ified by combining some of the decision branches. After the
initial analysis of the proportions of agreement to the diag-
nostic standard, the decision trees were modified in the
following three steps to reduce the number of treatment
options;

Step 1. In group 1, the “headgear/facebow™ and “other”

options were combined and the choice of different
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types of functional appliances was eliminated. The
number of treatment options decreased to six. In group
2, the “headgear/facebow” and “other” options were
combined and the choice of different types of func-
tional appliances and types of surgery was eliminated.

Consistency of treatment decisions relative to diagnostic records
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Fig. 3. Decision tree for patlents with adult dentition.
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Fig. 4. Proportion of agreement with “diagnostic standard” for all five orthodontists by dentition status
of patient and combination of diagnostic procedures.

There were eight treatment options. In group 3, elim- nated.

ination of the types of surgery reduced the number of
treatment options to six. decision-—*do not treat,
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Step 2. The “extract or do not extract” decision was elim-
inated. There were four treatment options for group
1, five for group 2, and four for group 3. .

Step 3. The “functional appliance - no functional appli-
ance” or “surgery - no surgery” decision was elimi-

After step 3, the trees were left with the basic strategy
treat later,” or “treat now.”
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Table I. Proportion of agreements with tree
modifications for all five orthodonists

Modifications (%)
Session No madification Step 1 Step 2 Step 3
Group 1
I 50 57 66 80
1I 51 64 74 81
m 64 69 77 82
1A% 62 71 80 87
Group 2
I 62 74 85 99
il 54 68 80 98
11X 65 69 80 96
v 54 63 75 99
Group 3
I 54 55 75 76
I 51 71 86 95
m 66 73 85 95
v 67 68 81 96
Average
I 55 62 75 92
I 55 68 80 92
314 65 70 80 92
v 60 67 79 94

Table lIA. Proportion of agreements
between sessions

Sessions (%)
Group I I ur v
1 50 51 64 62
2 62 54 65 54
3 54 51 66 67
Average 55 55 65 60

Analysis of variance (ANOVA) was conducted to deter-
mine whether the variation in outcome was because of the
differences in the combinations of diagnostic records em-
ployed (variable = sessions) or the dentition status of the
patients (variable = group). The ANOVA was also conducted
to estimate the differences in the means of the proportions of
agreement between the modification of decision trees. The
analysis of proportions of agreement was repeated with ses-
sion IV (minus tracing) as the diagnostic standard.

RESULTS
Intraclinician reliability

On the basis of 15 repeated cases, the average pro-
portions of consistent treatment plan decisions made
over a period of 4 to 6 weeks ranged from 53% to 73%,

Am, J. Orthod. Dentofac. Orthop,

Seprember 1991
Table lIB. Analysis of variance
Source of variation F P
G 0.13 0.88
S 1.50 0.26
G xS 1.66 0.17

G = Group; S = session.

Table lllA. Proportion of agreements between
tree modifications

Modifications (%)

Group No modification Step 1 Step 2 Step 3

1 57 65 74 83
2 59 69 80 98
3 60 67 82 96

Table llIB. Analysis of variance

Group Saurce of variation ( I ' P
1 T 26.06 0.00
S 1.42 0.29
TxS 0.93 0.52
2 T 56,58 0.00
S 0.72 0.56
T XS 1.19 0.33
3 T 84.38 0.00
S 243 0.12
TXS§ 2.54 0.02

T = Modification; S = sessions; I’ X § = interaction.

with an average of 65% for the five clinicians. Reli-
ability was higher for the adult-dentition group (76%)
than for groups in the late mixed (56%) or early per-
manent (64%) dentition.

Proportion of agreement

There was a marked variation among the orthodon-
tists in the pattern of agreement with the diagnostic
standard. Overall, in a majority of cases (55%), the
study models alone yielded treatment strategies that
were equivalent to the diagnostic standard. The rate at
which each combination of records was sufficient to
achieve the diagnostic standard was as follows: (1)
S =549%;(2)S + F = 54.2%,(3)S + F+ P =
60.9%;and (4) S + F + P + C = 59.9% (Fig. 4).

Modification of trees

The proportion of consistent treatment decisions in-
creased significantly with each step in the decision tree
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Fig. 5. Proportion of agreement with “diagnostic standard” for all five orthodontists with session IV as

the “diagnostic standard.”

modifications reducing the number of treatment op-
tions, Overall, this increased from 65% for the original
tree to 71% for step 1, 79% for step 2, and 93% for
step 3 modifications (Table I). With the tree modifi-
cations, the proportions of agreement, for each session,
with the diagnostic standard also increased signifi-
cantly. However, the pattern of agreement going from
session I to session IV remained the same. In other
words, the use of study models alone yielded treatment
strategies that were equivalent to the diagnostic standard
in a majority of cases, and additional information made
small differences for all tree modifications (Table III).

Analysis of Variance

The differences in means (among five orthodontists)
of their proportion of agreement between sessions I, IT,
IIT, and IV were not statistically significant, p > 0.05
(Table II). This finding indicates that the proportion of
agreement with the diagnostic standard was not influ-
enced by the number of diagnostic records, which var-
ied in type. The differences in means of the proportion
of agreements among the patients in groups 1, 2, and
3 were not statistically significant, p > 0.05 (Table II).
This finding indicates that the pattern of decision mak-
ing, based on the number of diagnostic records, was
not different among the three patient categories. The
proportion of agreement with the diagnostic standard
was, however, significantly different among the tree
modifications (Table III). This finding appears to be
logical with each step of modification, reducing the
number of treatment options, and increasing the pro-
portion of agreement.

The use of session IV as the diagnostic standard

The proportions of agreement, when averaged over
five orthodontists, were 54% for session I, 60% for
session II, and 61% for session III when the groups
were averaged (Fig. 5). This pattern of agreement when
session IV was used as the diagnostic standard is similar
to the pattern when session V was used. Study models
alone yielded treatment decisions that were equivalent
to the diagnostic standard and additional records made
small differences.

DISCUSSION

The five participating orthodontists in this study
were similar in terms of their dental school and ortho-
dontic education. When asked “which diagnostic rec-
ords do you usually obtain at your office before making
a diagnosis and treatment plan?” all five reported that
they use study models, facial and intraoral photographs,
a panoramic radiograph, a lateral cephalogram, and its
tracing. According to the 1986 Journal of Clinical
Orthodontics practice survey,'? 86.3% of the surveyed
orthodontists obtained pretreatment panoramic radio-
graphs, 97.3% obtained lateral cephalograms, and
88.2% obtained trimmed study models.

In clinical epidemiology, the assessment of the ef-
ficacy of a diagnostic test depends on the availability
of a “gold standard.” In addition, the quality of the
assessment is only as good as the quality of the gold
standard. Unfortunately, in orthodontics there is not a
single “positivity criterion” to distinguish patients with
“normal” skeletodental relationship and facial form
from those considered to be “diseased” or “abnormal”
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for purposes of subsequent decision making.'® The ul-
timate goal of the diagnostic process is to benefit the
patient by producing an outcome that would not have
occurred without diagnosis and subsequent interven-
tion. The focus of this study was the treatment-planning
decision rather than the diagnosis. The gold standard
of the orthodontic diagnostic procedures was termed
the diagnostic standard and was the treatment decision
of a particular case and for a particular orthodontist
when all the records (S,F,P,C,T,) were provided. This
was assumed to represent the “best” that the clinician
can do for each of the given patients. Because of the
heterogeneons nature of orthodontic practice,' it did
not seem reasonable to have one diagnostic standard
for each case for all five orthodontists.

The order in which the records were added to the
diagnostic battery from session I to session V-—study
models, facial photographs, panoramic radiograph, lat-
eral cephalogram, and, finally, tracing—seemed ap-
propriate. In clinical practice, the study models and
facial photographs are comparable to an initial clinical
examination of the patient. The tracing usually follows
the lateral cephalogram, although some orthodontists
do not trace the cephalogram. It was the consensus of
our research team that a panoramic radiograph should
follow the photographs, since it provides a general sur-
vey of the dentition.

It was surprising to find that study models alone
provided adequate information for treatment planning
in 55% of the cases. This finding was in agreement
with the article by Naccache et al.,'* who found study
models to be very useful in their computer—assistéd
orthodontic diagnosis. ' ‘

~'We anticipated finding an incremental increase in
the proportions of agreement with the diagnostic stan-
dard with each addition of diagnostic records. This was
expected to lead to a convenient analysis of incremental
effectiveness of the records. The ANOVA indicated that
the proportions of agreement with the diagnostic records
were not influenced by the number of records, which
was confirmed by the variation within each session that
was greater than the variation among the sessions. Some
of the sources of variance within each session might be
attributed to the variation among orthodontists and over
time.

The intraclinician reliability, which included the
proportion of consistent treatment plan decisions made
over a period of time, was lower than expected, with
an average of 65%. The design of this study allowed
for a “washout period” of approximately 1 month be-
tween sessions so that possible memory bias in treat-
ment decisions would be excluded. This was supported
by the relatively low proportion of consistent decisions

Am. J. Orthod. Dentofac. Orthop,
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by the clinicians. The variability in treatment decisions
made over time should also be taken into consideration
when one is interpreting the consistency of treatment
decisions as a function of diagnostic records. Although
the significant variation among the orthodontists in
terms of specific treatment decisions and the variation
over time were interesting aspects of orthodontic di-
agnostic process, they might also have interfered with
the contribution of incremental diagnostic records to
the overall treatment planning process.

The overall proportion of agreement of 60% for
session IV indicates that tracings made a large differ-
ence in treatment decisions. This could also be a func-
tion of our study design, which used the tracing plus
all the other records as the diagnostic standard. When
the session IV (minus tracing) was used as the diag-
nostic standard, the proportions of agreement were 54%
for session I, 60% for session II, and 61% for session
III. The pattern of agreement remained the same, with
the study models alone providing adequate information
for treatment planning and additional records making
small differences. The overall proportions of agreement
of 61% for the session III seemed to indicate the lateral
cephalograms made a large difference. Inherent “noise”
in the study design prevented the proportions of agree-
ment to be greater than 60% without modification of
the decision trees and reduced the number of possible
treatment options,

Orthodontic cases of Class II, Division 1 maloc-
clusion were selected for this study. This reduced the
number of variables and decision treeg and increased
the potential for reaching levels of statistical signiﬁ-
cance by the number of cases in each developmental
stage of the dentition and age category. ‘

Clinicians require further information from personal
history and clinical examination that is not available
from the diagnostic records. We agree that much per-
tinent information regarding chief complaint, functional
aspects of malocclusion, periodontal condition, and
some other attributes of a patient can be obtained only
from history and clinical examination. In this sense the
diagnostic materials studied are adjuncts to the total
evaluation but, in our view, provided the major infor-
mation content of the data base on which therapeutic
decisions are based.

The order in which the records are presented to the
orthodontists may be varied, with the panoramic radio-
graph after the tracing of the lateral cephalogram. For
those orthodontists whose diagnosis and treatment plan-
ning depends on cephalometric analyses, the tracing
could be substituted as the first record before the study
models.

Future investigation with a broader spectrum of mal-
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occlusion and more clinicians could develop a decision-
making algorithm in diagnostic records for patients with
various types of malocclusion at different ages. The
utility of the diagnostic records may be assessed by
evaluating the treatment outcome as a result of the di-
agnostic process. The utility of the records should be
evaluated in terms of cost-benefit and risk-benefit
ratios.

SUMMARY

Finally, the techniques and discipline of clinical
epidemiology and clinical decision analysis should be
rigorously applied to evaluate the efficacy of various
diagnostic procedures as well as of the treatment effi-
cacy in orthodontics. This preliminary study investi-
gated the usefulness of orthodontic records and has
provided a basis for ongoing clinical study to evaluate
the efficacy of orthodontic treatments.
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