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Fig 1. Allocation table after the treatment assignment for
the first patient. Each patient is entered 3 times; this is
equal to the number of the prognostic factors that we
seek to balance for.
As I explained last month in part 1, during the
randomization process, we generate and allo-
cate interventions to trial arms in a way that

ensures that neither the investigators nor the partici-
pants know or can predict ahead of time what treat-
ment the patients will receive.1 Simple, restricted
block, and stratified randomization methods have
been presented so far, and nowminimization will be ex-
plained. Minimization is a randomization method that
ensures balance of important prognostic factors be-
tween treatment groups without the disadvantages of
stratification.2,3

Minimization, a form of restricted randomization, is
considered to be a dynamic method, since the random-
ization list is not produced before the trial starts, but
during participant recruitment. Additionally, minimi-
zation, in contrast to the previous methods, is consid-
ered to be an adaptive randomization technique,
since future participant allocation depends on previous
assignments.

In the trial example assessing the periodontal condi-
tion of orthodontic patients fitted with either conven-
tional or self-ligating appliances, randomization by
using the minimization method can assign participants
to groups and use 3 prognostic factors: age (\13 or
.13 years), sex (male or female), and oral hygiene status
before treatment (bad, moderate, or good). The first pa-
tient or the first few patients are assigned through simple
randomization (like tossing a coin). Let us assume that
the first patient was assigned by using simple randomi-
zation to the conventional group and has the following
characteristics: less than 13 years old, female, and bad
oral hygiene (Fig 1). The patient is entered 3 times, which
is equal to the number of the prognostic factors that we
seek to balance for. The second patient will be assigned
to the arm that improves the balance according to the
preselected set of prognostic factors between the 2 trial
arms. The second patient arrives and has the following
characteristics: 11 years old, female, and moderate oral
hygiene (Fig 2).
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The next step is to calculate the marginal totals (mar-
ginal totals 5 sum of counts per treatment arm) at the
line indicated by the arrows in each treatment arm for
the prognostic factors of the second patient; the objec-
tive is to balance the marginal totals of the prognostic
factors. On the conventional appliance treatment arm,
the sum of the counts for patients enrolled who are
younger than 13 years and female, and have moderate
oral hygiene is 1 1 1 1 0 5 2; for the self-ligating
appliance arm, the marginal total is 0 1 0 1 0 5 0.

Therefore, to improve the balance of age, sex, and
oral hygiene status, the second patient must be random-
ized into the self-ligating appliance arm; the allocation
of this patient is shown in Figure 3.

As new patients are recruited, they are randomized
with a process that compares the marginal total for
each arm (sum of counts per arm indicated by arrows)
to the characteristics of the next patient to be recruited.
To better understand this, let us assume that we have
randomized 49 patients as shown in Figure 4. Then
the next patient (number 50) happens to be male, 15
years old, with good oral hygiene. We will calculate the
marginal total of his characteristics and allocate him
accordingly. We will allocate him to the self-ligating
arm, because the conventional appliance marginal total
equals 34 (12 1 14 1 8 5 34), whereas, for the self-
ligating appliance arm, the marginal total is 32 (13 1
12 1 7 5 32) (Fig 5).

If the marginal totals are equal, simple randomization
can be used for the next participant. A potential problem



Fig 3. Allocation table after the second patient has been
randomized. Each patient is entered 3 times. Arrows indi-
cate the assignment of patient number 2.

Fig 4. Allocation table after the treatment assignment for
the 49th patient and when the 50th patient arrives. Arrows
indicate the characteristics of patient number 50.

Fig 5. Allocation table after the treatment assignment for
the 50th patient. Each patient is entered 3 times. Arrows
indicate the assignment of patient number 50.

Fig 2. Allocation table after the treatment assignment for
the first patient and when the second patient arrives.
Arrows indicate the characteristics of patient number 2.
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with minimization, especially for single-center trials, is
the predictability of the next allocation because
knowledge of previous assignments might indicate
the next allocation. To reduce the predictability of the
next assignment, 1 option is to intentionally bias the
allocation toward the arm with lower marginal totals
by introducing a random element with a probability
greater than 0.5 and lower than 1 (1 . P .0.5). By as-
signing the treatment of choice with a probability of 1
. P.0.5, we favor the group with lower marginal totals
(trying to maintain balance), and we reduce the predict-
ability of the allocation. In other words, we are introduc-
ing the random element when we want to reduce the
predictability of allocation (and of course minimize
imbalance) in favor of treatment with self-ligating or
conventional appliances depending on which treatment
is underrepresented at each particular step, since this is
indicated by themarginal totals. So, if themarginal totals
indicate that we must assign the next patient to the self-
ligating arm, we would give the self-ligating arm, for
example, a 0.75 assignment probability (0.5 \ P \1)
instead ofP5 1, whereas if we want to assign the patient
to the conventional arm, we would give the conventional
arm a 0.75 assignment probability (instead of P 5 1).
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Minimization has the advantages of balancing
important prognostic factors, but it requires rigorous
administrative efforts, especially when there are several
prognostic factors, the potential of overmatching,
and a higher risk for unmasking. Software is available
for applying the method of minimization during
randomization.4,5

Apart from the methods presented above, other ran-
domization schemes are available but are less frequently
used and therefore will not be included in this article.
For further details, the reader is referred to Martin Bland’s
directory of randomization software and services at http://
www-users.york.ac.uk/�mb55/guide/randsery.htm. This
article includes a description of the generation of random-
ization lists. The next article will discuss allocation
concealment and implementation of randomization.

KEY POINTS

� Minimization is a dynamic approach and assigns
treatment based on previous allocations (adaptive).

� Randomization with minimization ensures balance in
important prognostic factors, without the pitfalls of
stratified randomization.
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