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Evaluation of two techniques to measure the
available space in the mandibular dental arch

using the method error

Avaliacdo de duas técnicas de afericdo do espaco presente no arco

dentdrio inferior quanto ao erro do método

Abstract

Purpose: To evaluate the influence of errors when two methods for assessing the available
space in the dental arch are used.

Methods: A single investigator measured the available space in 30 plaster models by using
two techniques: 1) with a digital caliper; and 2) by contouring the arch with a brass wire and
subsequently straightening and measuring this wire with a millimeter ruler. Fifteen days later,
data were collected using both methods with duplicate measurements, so that each method
was used twice for each model. The random and systematic errors of each method under the
conditions of repeatability and reproducibility were calculated.

Results: For method reproducibility, systematic errors were statistically significant (P<0.05) only
when the brass wire method was used. The random errors were less than 1 mm under both
conditions. With the brass wire, random errors were not significant for repeatability; however,
for reproducibility, the mean value was 1.69 mm.

Conclusion: In the digital caliper method, systematic and random errors were considered
acceptable. The brass wire measurement method did not present errors under the condition of
repeatability; for reproducibility, however, the systematic error was significant and the random
error indicates that this method should be considered inappropriate fo measure space in the
dental arch.
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Resumo

Obijetivo: Avaliar a influéncia dos erros quando dois métodos para avaliacdo do espaco
presente no arco dentdrio sGo utilizados.

Métodos: Um examinador Unico realizou a afericio do espago presente em 30 modelos
de gesso através de duas técnicas: 1) mensuragdo realizada com paquimetro digital; e
2) mensuracéo feita através do contorno do arco com fio de latdo e medigdo deste com
régua milimetrada. Apés 15 dias, esta andlise foi novamente realizada, utilizando os dois
métodos, sendo que cada um deles foi empregado duas vezes consecutivas em cada modelo.
Assim, foram obtidos dados em condicéo de repetibilidade e de reprodutibilidade e os erros
sistemdticos e aleatérios de cada método nestas condicées foram calculados.

Resultados: Os erros sistemdticos foram significativos (P<0,05) apenas na condicdo de
reprodutibilidade para o método com fio de latdo. Com paquimetro, a andlise dos erros
aleatérios mostrou que os erros presentes foram inferiores a 1 mm nas duas condi¢des. Com
fio de latdo estes erros néo existiram em condicdo de repetibilidade, porém foram de 1,69
mm em condicdo de reprodutibilidade.

Conclusées: No método com paquimetro digital os erros sistematico e aleatério foram
considerados aceitdveis. O método de medicdo com fio de latdo ndo apresentou erro para
repetibilidade. Para reprodutibilidade, no entanto, o erro sistemdtico foi significante e o erro
aleatério encontrado fez com que este método fosse considerado no presente estudo como
inapropriado.
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Introduction

The measurement of quantitative variables is a very
common procedure in Orthodontic research (1) and
clinical practice, since it is an important requirement for
model analysis and for correct diagnosis and planning of
orthodontic treatment. One key factor in model analysis
is the assessment of the available space in the dental arch,
which corresponds to the measurement of the space on the
alveolar crest bone, in millimeters, from the mesial surface
of the mandibular first permanent molars (2).

Previous studies have described several methods to
measure the available space in the dental arch (3-8) and
compared methods (9-11). For measurement of quantitative
variables, an adequate evaluation of the errors in methodology
is mandatory. Researchers must consider how these errors
may affect the interpretation of their results (12). Inevitable
errors are inherent to the procedures of each method, because
not all factors that influence the results can be completely
controlled in the experiment. Special attention should be
given to aspects that contribute to improving the quality of
scientific research, establishing the conditions for validating
the measurement tests. Some factors may contribute to the
variability of the test procedure: operator, equipment and
time interval between measurements (13).

The term “precision of method” indicates the variability
found between repeated tests on the same material, arising
from the existence of inherent errors in the method.
According to Leite (14), precision is the agreement between
the various experimental values; the closer together they are,
that is, the greater the precision, the lesser the amplitude of
the measures. Quantitative measures of precision depend
on stipulated (determined) conditions. The conditions of
repeatability and reproducibility are particular cases of
extreme conditions of variability (13). The repeatability
condition occurs when there is no variation of the factors that
may affect the variability of the results of a method; while
reproducibility occurs when at least one of these factors is
varied (13). Therefore, under the conditions of repeatability,
all factors are kept constant and under conditions of
reproducibility the same test method is used on the same
material, the variable being the operator, the equipment
or the time of the measurements, or any combination of
variation of these factors.

An evaluation of the errors in a method under these
conditions should be considered in studies involving the
measurement of quantitative variables and attention should
be given to the way in which these errors can affect the
interpretation of the results. This is an important topic, not
only for researchers, but also for the reader of any article that
involves measurement (12). Each observed measurement can
be analyzed through its real value and its error component.

The measurement error is defined as the difference
between the value obtained in the process of measurement
and the true value of the magnitude measurement (1). Two
types of error can occur in measurements executed on an
object: systematic error, also known as bias, and random
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error (12), also called casual. The systematic error is due
to factors which, by having an effect on an instrument, on
the measurement process, or even on the operator, affect
the results in the same way. This means that the value
which is found overstates or understates the true value of
magnitude (1). Random error is defined as an error in
which, due to competition between a number of factors, the
difference between the measure and the measured magnitude
may be positive or negative. The greater the number of
measurements taken, the more clearly the sum of these
differences tends to zero and becomes subject to a law of
probability distribution, known as the Normal Distribution
or Gauss-Laplace Curve (1). Even in the simplest of
experiments, it is impossible to control all of the factors
involved. Consequently, any experimental measurement will
be affected to a greater or lesser extent by random errors and
these errors must be considered (15).

In the model analysis to collect data for a correct diagnosis
and subsequent treatment plan, the errors are also present
due to a variety of factors. Often, an orthodontic treatment
plan can be modified according to the model analysis. An
error of 2 to 3 mm in relation to the real discrepancy, for
example, may be sufficient to modify the treatment plan.
This fact occurs in so-called borderline cases where the
decision to extract or not extract teeth depends on the careful
analysis of the diagnostic elements (16).

Therefore, this study aimed at evaluating the influence
of systematic and random errors by using two methods for
assessing the available space in the dental arch.

Methodology

The present study was conducted in accordance with
resolution 196 of the National Health Council and monitored
by the Committee for Ethics in Research of Universidade
Federal Fluminense (UFF), Niteréi, RJ, Brazil. Thirty
plaster casts of the mandibular arch of patients of the UFF
Orthodontic Specialization Course were randomly selected.
As inclusion criteria, the models should have all permanent
teeth fully erupted, except for second and third molars, as
the available space was measured from the mesial face of
the permanent first lower molars.

This study had a blinded design with a single examiner
trained to analyze the available space present in the models,
using two techniques.

The first technique was described by Proffit (17) and
Bradley (4). In this technique, the available space was
measured using a digital capiler. The available space was
measured in four sections, from the mesial face of the
first permanent molar on one side to the mesial face of the
homologous tooth on the opposite side of the arch. It was
performed with the digital caliper so that the sections were
measured in the following order:

1. To measure the first section, one of the points of the caliper
touched the contact point between the first molar and the
second premolar, while the other point touched the point
of contact between the canine and lateral incisor.
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2. To measure the second section, one of the points of the
caliper touched the contact point between the canine and
lateral incisor, while the other point touched the point of
contact between the central incisors.

3. To measure the third and fourth sections the procedure
was repeated in the opposite half of the dental arch.
The length of each section for each of the models, in

millimeters, was recorded, and the available space was

calculated using the sum of the four sections.

The second technique using straightened brass wires
was described by Sassouni (7). The available space was
measured with a brass wire (diameter of 0.028-inch),
which was adapted to the mesial face of the first molar
on one side to the mesial face of its homologous tooth on
the opposite side. The wire was adapted to the occlusal
surface, passing over the contact points of the back teeth
and along the incisal edges of the front teeth, making a
smooth curve. To determine the available space, the wire was
straightened, and its length was measured with a millimeter
ruler.

Fifteen days after the first data collection, the analysis
of available space was performed again on the thirty plaster
casts by the same operator, using the two methods, in
duplicate. The first measure was performed, and the second
was obtained immediately after the first.

Thus, data was obtained under two conditions: with an
interval of 15 days between measurements and in consecutive
measurements. The systematic and random errors of each
method under the two conditions were calculated. To
perform the measurements, the models were selected in
random sequence as defined by drawing lots.

The Student’s paired ¢ test was used to calculate the
systematic errors (12), through the formula

t:f‘/;

SD

where X represents the average of the differences in each of
the pairs formed by the two measurements, SD corresponds
to the standard deviation of the differences and n is the
number of pairs in the sample. In order to carry out the test,
it is important to consider if a sufficient number of cases
was replicated. If not, only large systematic errors will be
revealed. If there are many small cases, even an important
systematic error may not be detected as statistically
significant.

In order to estimate the order of magnitude of the
random, or casual, errors, the following formula proposed
by Dahlberg (18) was used:

2
X
2n

where d represents the difference between the two measures
and n is the number of duplicate determinations.

A level of significance of 5% (P<0.05) was adopted for
all tests.
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Results

Table 1 shows the values of available space for the first
collection of data (D0) and in the two consecutive measure-
ments performed after 15 days (D15-1 and D15-2). The
measurements obtained with the digital caliper had a
precision of hundredths of a millimeter, while those obtained
from the brass wire with the millimeter ruler have a precision
of 0.5 of a millimeter.

Table 2 displays the systematic errors in both methods to
measure the available space. For reproducibility, the Student’s
paired t test (12) was applied to compare the mean values of
the first measurement (D0) with and the second (D15), since
this was composed of two measurements. For repeatability,
the same test was used to compare the values obtained in the
second series of measurements (D15-1 and D15-2).

Table 3 shows the results of the verification of random
errors, the variance and the reliability coefficient of the
methods tested under the conditions of reproducibility and
repeatability.

Table 1. Measurements of the available space in the 30
models obtained at the first collection of data (DO) and at the
two consecutive measurements performed 15 days later (D15-1
and D15-2) through the use of a digital caliper and brass wire
with a millimeter ruler

Model Digital Caliper Brass Wire and Ruler
# DO D15-1 D15-2 DO D15-1 D15-2
1 70.24  69.56 69.14 68.0 68.0 68.0
2 67.83  66.97 67.29 66.0 65.0 65.0
3 67.40 67.17  67.18 67.0 68.0 68.0
4 66.19 6530 65.18 64.0 64.0 64.0
5 72.10  73.16 73.48 72.0 74.0 74.0
6 73.89 7431 73.39 72.0 74.0 74.0
7 7522 7589 77.52 68.0 75.0 75.0
8 61.20 60.81  62.03 58.0 57.0 57.0
9 69.26  68.31  68.05 70.0 69.0 69.0

10 64.22 6296 63.24 62.0 62.0 62.0
11 64.39  63.63  63.89 64.0 64.0 64.0
12 7446 7478  74.92 72.0 74.0 74.0
13 69.02  67.71  68.20 64.0 70.0 70.0
14 69.09 67.11  67.50  67.0 69.0 69.0
15 69.14 7352 73.64 69.0 73.0 73.0
16 70.56  68.90 68.95 66.0 68.0 68.0
17 65.93  64.95 65.06 65.0 64.0 64.0
18 70.60  69.69  69.37 70.0 70.0 70.0
19 71.87 71.66 71.94 69.0 73.0 73.0
20 64.68  62.62 63.54 61.0 63.0 63.0
21 68.57 68.78  67.58 66.0 68.0 68.0
22 67.71  66.23  66.84 64.0 66.0 66.0
23 60.56  62.60 61.61 60.0 60.0 60.0
24 77.94 77.68 78.10 75.0 76.0 76.0
25 63.09 61.76  61.36 63.0 62.0 62.0
26 70.18 70.46 69.18 70.0 69.0 69.0
27 69.49  68.26  68.64 72.0 70.0 70.0
28 7424 7232 7244 70.0 71.0 71.0
29 64.66  64.40 64.06 66.0 66.0 66.0
30 67.71  67.85 67.49 67.0 70.0 70.0
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Table 2. Systematic errors

; t )
for ethdrgfd;hOS, UfSIfngf Tfhe Comparison between the values obtained in the first set of
h ?,OlreDO v edn ; es o(; measurements (DO) and the average of the values obtained in 1.63 0.11ns
the first (DO) and the secon Digital Caliper the second (DT5)
(D15) set of measurements, c son bet the val biained in th d seri
and between the second omparison befween the values obtained in the second series ) 0,680

series of measurements

(D15-1 and D15-2)

Brass Wire and Ruler

of measurements (D15-1 and D15-2)

Comparison between the values obtained in the first set of
measurements (DO) and the average of the values obtained in ~ -3.02 0.01"

the second (D15)

Comparison between the values obtained in the second series 0.00 1.00m
of measurements (D15-1 and D15-2) : ’

n.s. = not significant; * = significant at the level of 1% of probability

Table 3. Random errors (Se), total variance (St2) and reliability coefficient for each method, comparing mean values between the first
(DO) and the second (D15) set of measurements, and between the second series of measurements (D15-1 and D15-2).

Total Reliability
Se (mm) Variance Coefficient(%)
(St2) [1-(Se?/St2)]x 100

Comparison between the values obtained in the first set of measurements 0.92

(DO) and the average of the values obtained in the second (D15) 18.11 7528
Digital Caliper b X | . dinih g .

Comparison between the values obtained in the second series o

measurements (D15-1 and D15-2) 045 19.55 78.96

Comparison between the values obtained in the first set of measurements

(DO) and the average of the values obtained in the second (D15) 1.69 19.10 85.08
Brass Wire and Ruler _ . . A

Comparison between the values obtained in the second series of 0.00 0.00 100.00

measurements (D15-1 and D15-2)

Discussion

In order to analyze the error in a method, careful
replication of the measurements is necessary, demanding
an increase in the time needed to perform the study and
greater dedication of the researcher. In the present study, a
sufficient number of cases (n=30) was replicated.

The verification of systematic errors of the methods
to measure the available space indicated no significant
difference between the two sets of measurements observed
at different moments with the digital caliper. Nevertheless,
when the values of the consecutive measurements were
reported, the systematic errors were less than those measured
after 15 days. In the consecutive measurements, the factors
that could have contributed to the variability of the procedure
of the assay probably tended to remain constant, thereby
minimizing interferences in the methodology.

For the method with brass wire and millimeter ruler,
the values of the first assessment were significantly different
from those obtained in the second series of measurements.
Uncontrolled variables such as temperature, luminosity and
practical experience of the test operator, among others, may
have contributed to the variability of the assay procedure
and led to the inclusion of errors, making this method
unsatisfactory for the condition of reproducibility. On the
other hand, there was no statistical difference between the
measurements performed consecutively on the 30 plaster

models during the second series of measurements. In fact, all
ofthe values of D15-1 and D15-2 were exactly the same. The
interpretation that there were no errors under the condition
of repeatability should be analyzed with caution. Obviously,
if there is no difference between the values there can be
no error, but it is probable that this result is more related
to the low precision of the method (0.5mm), which may
have influenced the operator with a biased assessment of
the values in such a short space of time, than to the premise
that all the factors were constant (Table 2).

For random errors, the method with digital caliper
yielded errors less than 1 mm (0.92 mm between DO and
DI5 and 0.45 mm between D15-1 and D15-2). The
reliability coefficients were 95.28% and 98.96%, res-
pectively. In the first situation, the variance of the random
error corresponds to 4.72% of the total variance and, in
the second, to 1.04%. When the variance of an error is less
than 3% of the total variance, the error of the method is
considered to be of little importance and, when it is greater
than 10%, the method of measurement is considered to be
inappropriate (19).

For the method using brass wire and millimeter ruler,
the random error was 1.69mm in comparing the values of
DO and D15 and the reliability coefficient was 85%, which
means that the variance of the random error corresponds to
15% of the total variance. No difference was found between
D15-1 and D15-2.
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Random errors arise from unpredictable factors and can
be associated with the limitations of the equipment, the
measurement procedure or a diverse variety of other factors.
According to Houston (12), the main source of random error
arises through the difficulty to identify or define reference
points for the measurements. When a measurement is taken
repeatedly, it is difficult to place the instruments in exactly
the same position.

In the present study, under conditions of repeatability,
both methods can be considered appropriate. Under the
condition of reproducibility, the method with digital caliper
was appropriate, despite the significant random error. In
contrast, the method with brass wire and a millimeter ruler

was considered inappropriate to measure the available space
in the mandibular dental arch.

Conclusions

In the method with digital calliper, the systematic and
random errors were considered acceptable. The method of
assessment with a brass wire and a millimetre ruler did not
present errors for repeatability; but for reproducibility, the
systematic error was significant and the random error was
greater than 10% of the total variance, which indicates that
this method was considered inappropriate in the present
study.
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