The role of clinical

research in orthodontics
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his paper* argues the need for rigorous

I clinical research in orthodontics and out-

lines some of the conceptual problems en-

countered in designing and conducting clinical
orthodontic studies.

In the present context, the term “clinical re-
search” designates and is limited to investigations
of change through time in actual human beings —
either treated patients or untreated control sub-
jects. Such investigations are perforce complex
and difficult. Why then should they be attempted?
Would it not be more efficient for investigators to
limit their studies to more easily controlled, sim-
plified systems, such as rats or cats or dogs or
monkeys — or even tissue cultures?

One cogent answer to these questions is con-
tained in a statement on the adequacy of experi-
mental models which is credited to Einstein:
“Things should be kept as simple as possible,” he
said,"—butnotsimpler.” If the experimental mod-
els one studies understate or misrepresent the
complexity of the systems in which one is really
interested, the answers one arrives at are likely to
be simplistic rather than simple.

In any research study, clinical or basic, the prob-
lem of deciding whether the mean difference be-
tween two or more samples is real is confounded
by variability — by what in clinical terms we call
“individual differences”. If there were no varia-

*Adapted from an invited lecture presented to the
Harvard Society for the Advancement of Orthodon-
tics, June 8,1991.

tion within the populations from which the
samples are drawn, it would only be necessary to
measure one member of each sample in order to
decide which sample has the larger mean — be-
cause in that event the value for the single indi-
vidual would be equal to the sample mean.
Alternatively, when populations are character-
ized by substantial individual variation, the dan-
ger exists that the means of the groups of
individuals which an investigator happens to
sample may by chance differ markedly from the
means of the populations from which they are
drawn.

Two strategies may be used to facilitate the
identification of mean differences in the presence
of high variability. One is to increase sample size,
(although as Ackerman' pointed out, this course
of action may in some instances be effectively
impossible). The other strategy is to simplify the
study by structuring it in such a way as to artifi-
cially constrain and reduce variability. An inves-
tigator may, for example, study tooth movement
in same-sex litter mate Sprague-Dawley rats, or
study responses to tensile forces in tissue cultures
of cloned fibroblasts. One can even disregard the
biological component of the treatment equation
entirely as is done, for example, when one studies
the mechanical properties of different kinds of
archwire in vitro on a biomaterials laboratory
bench. Such investigations may have real value,
but the use of simplified models always raises a
question as to whether the results can properly be
generalized to real life clinical situations.
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By structuring the conditions of any experiment
in either basic or clinical science, one can indeed
reduce variability and thus make it easier to detect
small differences between group means. But the
more we constrain the experimental conditions,
the more we reduce the domain to which the
outcomes of studies can appropriately be general-
ized. If, for example, we are able to establish by a
carefully conducted structured experiment that a
certain mechanism of gene transcription occurs
under certain closely specified conditions in a
strain of E. coli, can we reasonably infer that the
same mechanism operates under other conditions
inmouse or man? Or, if experiments establish that
a tissue culture composed of cells of fibroblastic
origin responds in some certain way fo stretching
or to a change in oxygen concentration, can orth-
odontists reasonably infer that the same mecha-
nisms operate when a closing loop arch is
activated? Clearly not! Indeed it may be reason-
able to say that the findings of structured experi-
ments can never appropriately be generalized to
real world experience without first conducting
additional real world (i.e., clinical) investigations.
To do otherwise would be to engage in blind leaps
of faith concerning the representativeness of our
experimental designs and models. And the more
experimental conditions are controlled to reduce
variability, the greater becomes the difficulty in
applying experimental findings directly to real
world, clinical situatior.s.

An additional problem is that cogent arguments
can be made concerning the ethics of conducting
structured clinical experiments in the kinds of
long-term therapeutic situations which interest
orthodontists.>**One telling argument s that since
therapists have an absolute and transcendent ob-
ligation as professionals to deliver for each patient
the treatment which they believe best for that
patient, no subject can ethically be randomized to
one of two possible treatments unless there is true
uncertainty as to which of the two treatments is in
the patient’s best interest.” For the same reason,
any experimental design that asks a clinician to
treat a patient against the clinician’s own profes-
sional biases is inappropriate at best. And even if
ethical reservations could be overcome, it would
clearly be of only minimal scientific value to accu-
mulate data on how patients fare under treat-
ments not considered optimal at the time they are
delivered.

Another concern is that therapists have a cate-
gorical obligation to collect, interpret and apply a
full range of clinically relevant information in
planning and delivering treatment for each indi-
vidual patient. For this reason, structured designs
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which attempt to blind the therapist with respect
to the knowledge of any consequential aspect of a
patient’s history, diagnosis or treatment plan are
unethical (in addition to being unrep-resentative
of the usual conditions of clinical practice).

Alternative models

Fortunately an alternative approach is available
that avoids many of the problems of structured
experimental designs. It has been called the “natu-
ralistic” or “observational” model. When this ap-
proach is used, the investigator (always driven by
a previously-determined set of well-specified ques-
tions), first defines appropriate samples of sub-
jects and measurements. The investigator then
observes and measures the subjects through time,
while perturbing the processes of growth and
treatment as little as possible. Records and data
are accumulated and hypotheses are tested using
the logical methods of inferential statistics.

This naturalistic approach, by relinquishing the
idea of complete control over the objects of experi-
mentation, accepts increased variability within
the experimental groups and makes it more diffi-
cult to discern small but true differences between
the means of experimental groups. Yet by the
same token, those findings of naturalistic research
which are in fact perceivable through the haze of
real world variability are more directly applicable
to the treatment of real world patients than are
findings from structured models. Moreover, in
addition to supplying information about mean
effects, naturalistic studies can yield relatively
unbiased estimates of individual variability asso-
ciated with specific clinical interventions. Such
estimates of the variability associated with specific
types of clinical intervention are in themselves ex-
tremely valuable to clinicians. Indeed it can tenably be
argued that at the present level of our knowledge, they
frequently constitute the most important findings from
clinical studies.

The thrust of this essay is not to argue that
structured experiments are inappropriate or with-
out value. Quite the contrary. Basic investigations
into biological mechanisms, animal simulation
studies of craniofacial development and response
to therapeutic intervention, and biomechanical
studies on the properties of dental materials areall
valuable in their own rights. In addition, all can
yield important heuristic insights and serve to
constrain and define the most important paths for
subsequent clinical trials. But the author does
maintain that direct observational studies of treat-
ment planning, progress and outcome are the
necessary and ultimate tests of the utility of bio-
logical and biomechanical theories as applied to
clinical practice.



Clinical studies

Clinical studies may be conducted on either a
retrospective or a prospective basis.

In general, the greatest advantages of retrospec-
tive studies are that they can be conducted rela-
tively rapidly (since one can use the records of
patients whose treatment is already complete),
that the investigator is protected against the cir-
cumstance of “subject drop-out” during the course
of treatment, and that they are relatively economi-
cal. Themajor disadvantages of retrospective stud-
ies are that there is no truly satisfactory way to
control for selection bias, that the available records
are rarely complete, and that the observations one
can make are constrained by the limitations of the
treatment records of clinicians whose primary
concerns were focused on issues other than those
of greatest interest to the research investigation.

The advantages and disadvantages of prospec-
tive studies are in essence the inverse of those of
retrospective studies. Provided that ethically and
logistically satisfactory plans for random assign-
ment to treatment can be developed, prospective
trials afford an opportunity to control for selec-
tion bias and to define and control the records
acquisition process. The main disadvantages of
prospective trials are that they are expensive and
that a great deal of time must inevitably elapse
between project initiation and the point at which
data on most of the main outcome variables be-
come available for analysis.

Perhaps the most important and least appreci-
ated advantage of prospective trials over retro-
spective studies turns on the issue of selection
bias. Selection bias, the more general class of
which the susceptibility bias® recently discussed
by Johnston and co-workers’ is an important com-
ponent, occurs when subjects are assigned to ex-
perimental groups on the basis of properties that
could influence experimental outcome but those
properties are not taken into account in the experi-
mental design. It is a problem in all non-random-
ized designs but occurs in particularly blatant
form in the kinds of studies which constitute the
body of retrospective clinical research in orth-
odontics.

The problem manifests itself in the following
manner: One of the most important motivations
in clinical orthodontic research is the desire to
identify and partial out the effects of treatment.
Indeed almost all reports of orthodontic clinical
studies are couched in terms of differences in
treatment effect between different types of thera-
peutic intervention. For example, we wish to dis-
cover the difference in effect on mandibular plane
of high pull head gear and cervical traction. Or,
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say, the difference in stability of lower anterior
alignment of extraction and non-extraction treat-
ment. But when retrospective studies are used to
study these or similar questions, they do not gen-
erally take into consideration the reasons why
different subjects were assigned to different treat-
ments by the treating clinicians.

If, for example, the same clinician treated differ-
ent patients using different methods (as is true in
most published orthodontic treatment compari-
sons), we are entitled to ask why some subjects
were assigned to one treatment and some to an-
other. One would certainly hope and expect that
clinicians do not make their assignments to treat-
ment arbitrarily. But if they do not, then how can
the part of the outcome that was treatment-method
specific be differentiated from the part which
derived from the very same pre-existing differ-
ences that caused some subjects to be assigned to
one treatment and some to another?

Alternatively, if a retrospective study compares
subjects who were treated by one clinician using
one technique with subjects who were treated by
another clinician using another technique, how
can differences in outcome resulting from differ-
ences between techniques be distinguished from
differences in outcomeassociated with differences
in clinical skill? One must conclude from serious
consideration of these problems that retro-spective
studies usually do not measure and report treat-
ment effects but rather changes which occur dur-
ing treatment and which are more properly called
treatment-associated effects. Information about
such changesis valuable to orthodontists and well
conducted retrospective studies certainly do have
an important role, but if we are to quantify treat-
ment effects per se, some way must be found to
randomize patients before treatment begins.

The conduct of clinical trials always raises ethical
questions. Indeed it has been argued that there
may be a fundamental contradiction between the
roles of the research scientist and the clinician
because the scientist is primarily focused on ascer-
taining the efficacy of the treatment, while clini-
cian is primarily concerned with delivering the
best possible care to each individual patient. Al-
though the present author believes that this ap-
parent contradiction can be overcome, it seems
clear that any protocol that attempts to lock the
patient and clinician into a pre-set treatment regi-
men by restricting the freedom of the therapist or
the patient to make in-course corrections places
the interests of the patient in jeopardy.

The patient’s interests are also placed at risk by
any design in which the therapist and his or her
professional associates are blinded with respect to
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any information about the patient or the thera-
peutic process which could affect the treatment
outcome. Parenthetically, this risk to the patient
from the blinding of the therapist to any relevant
facts about the patient’s condition is likely to be
much greater where treatment continues through
time, as in chronic illness or orthodontics, than
when the experiment involves only brief inter-
ventions, such as the short-term administration of
a drug or other therapeutic modality. Finally, the
patient has the right to receive treatment from a
therapist who believes he or she is delivering the
best treatment available and the therapist should
never be asked to administer treatment which is
contrary to his or her own professional convic-
tions.

It seems clear that the requirements of ethical
conduct of clinical trials in orthodontics can be
much more easily met in naturalistic/observa-
tional designs than in structured ones. But if one
is to attempt to identify true treatment effects, the
problem of randomizing ethically must besolved.
The recently reported design of the writer’s pro-
spective study which we describe as a random-
ized clinical trial with clinician-preferred
treatment® represents one solution to this prob-
lem. In general, the new design is applicable in
situations in which two treatment alternatives are
being compared (where treatments 1 and 2 may
for example be extraction vs. non-extraction, or
early vs. late, or extra-oral traction vs. functional
appliance).

The first step in the screening process (see Figure
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1) is to assess the eligibility of the patient to be
included in the trial. The criteria for selection may
include such factors as age, sex, type of malocclu-
sion stage of eruption etc. Instep 2, full records are
obtained for each patient who meets the basic
demographic criteria for inclusion in the study
and a complete set of cephalogrammetric and
study cast measurementsis generated. The records
are then assessed independently by several com-
petent clinicians (three to five), each of whom has
expressed willingness to treat the patient (step 3).
Each member of the panel evaluates the patient
independently and indicates his or her treatment
preference. If the independent assessments of the
clinicians are in agreement, the patient is treated
by the agreed upon method without randomiza-
tion. If, and only if, disagreement exists among the
panel members concerning the tvpe of treatment
preferred, informed consent is obtained (step 4)
and the patient is randomized to one of the two
treatments (step 5). After randomization, the pa-
tient is treated by one of the clinicians who during
the evaluation step opted in favor of the treatment
to which the patient was later randomized (step
6).

The new design appears to have several advan-
tages which are frequently not found in other
clinical randomization schemes. First, an objec-
tive clinician-administered test assures that each
randomized subject is truly a borderline case. In
consequence, within the limits of our current
knowledge and skills, no subject is ever random-
ized to a clearly inappropriate treatment. Second,
all available information is placed at the disposal
of the clinician without blinding. Third, no clini-
cian is ever asked to treat against his or her clinical
preferences. Fourth, because each clinician treats
according to his or her own preferences, the pa-
tient receives the full advantage of the placebo
effect associated with the clinician’s conviction
about the appropriateness of the treatment method.

The new design has been used in a prospective
clinical trial now in progress at the graduate orth-
odontic clinics at UCSF and the University of the
Pacific. Progress has been generally satisfactory
although not without some problems, chief of
which is the fact that the method is quite labor
intensive. Asa corollary toits use, a consequential
volume of data on the decision-making processes
of clinicians has been accumulated and made
available for study.

A final question

We now consider briefly a final question. Under
the best of conditions, what information can we
expect to obtain from clinical trials? The naive



answer is that one would wish to find out which
treatment is best for the correction of the maloc-
clusion under study. But the best method of treat-
ment for the correction of one aspect of a
malocclusion may not be best for the correction of
other aspects and it is not always clear what
relative weights should be assigned to the several
variables we use for assessing the goodness of treat-
mentoutcome. In the treatment of Class Il malocclu-
sions, for example, is controlled reduction of overjet
more or less important than long-term stability of
mandibularincisorand caninealignment? Isachiev-
ing a stable molar relationship in neutroclusion
more or less important than minimizing upper
anterior root resorption? Is achieving improved
masticatory function more or less important than
achieving optimal facial esthetics?

Clearly, what one concludes is “best” in compli-
cated multidimensional studies depends to a sig-
nificant degree on the choice and weighting of
outcome variables.

The task of clinical research is to provide rigor-
ous and objective information on the changes
which are observed in specific measurable param-
eters in response to therapeutic interventions of
different sorts. Deciding how the available objec-
tive information should be applied to the treat-
ment of any patient always involves an evaluation
of the appropriateness of the information to the
special requirements of the case at hand. Such an
evaluation is properly made by a skilled clinician
and an informed patient acting in concert. Clini-
cal decisions, by their very nature, vary with the
particulars of each case and always have strong
subjective components.

This state of affairs is not limited to evaluations for
orthodontic treatment. It characterizes all fields of
medical decision-making and is, in fact, the essence
of “doctoring” . Consider for example a generic real
world problem. Is the use of a low risk treatment
which produces 70% improvement in all cases bet-
ter than or worse than a higher risk treatment which
produces almost complete improvementin 95% of
cases but also yields increased disability in the
remaining 5%? In answering questions of this sort,
itis both conceivable and appropriate that the same
conscientious clinician could made different deci-
sions for different patients. )

The fact that clinical decision-making always
incorporates strong subjective components is rec-
ognized intuitively if not explicitly by most expe-
rienced therapists. Some serious and dedicated
clinicians even believe that the problems of treat-
ment are so complex and intractable that clinical
studies of the types advocated above will never be
of palpable assistance in the actual treatment of
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patients. They point out that there are many more
different variables involved in treating an orth-
odontic patient than thereareinlaunchingarocket
to the moon. Some assert that each patient is
different from all others — a law unto himself or
herself, and that therefore orthodontics will al-
ways remain an art and not a science. The present
writer recognizes the thrust of these assertions but
contends that they represent the creation of a false
and unnecessary dichotomy between art and sci-
ence. In actuality, all the modern arts, from film to
architecture to brain surgery draw on, incorpo-
rate and benefit enormously from relevant ele-
ments of science. As orthodontic clinicians, we
must do the same — but we must keep our goals
and expectations appropriate.

We conclude, therefore, that except in special
and very limited circumstances, clinical studies in
orthodontics cannot and should not be expected
to reveal categorically which of two or more treat-
ments is better in a global sense. They can and
should be expected to supply valid and reliable
information about the mean effects of different
treatments. But more important, they should sup-
ply information about the usual individual vari-
ability of human growth, development and
response to therapeutic intervention. Clinical re-
search should also yield refined, reliable, and
accurate estimates of the physiologic, economic,
and time costs of various treatment strategies
when those strategies are carried out by clinicians
acting at particular levels of skill and competence.
Information of this kind is vitally needed by clini-
cians, patients, and the public in order thatappro-
priate decisions can be made for planning
individual treatment and for formulating public
health policy.
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