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ABSTRACT

Objective: To check the variation of space available in the mandibular dental arch using different tools, i.e., Vernier caliper
and brass wire with a millimeter ruler.

Study Design: Comparative cross-sectional study.

Place and Duration of Study: Department of Orthodontics, Armed Forces Institute of Dentistry (AFID), Rawalpindi Pakistan,
from Sep to Dec 2019.

Methodology: Seventy-five dental casts of patients, with an age range between 12-25 years were included in the study. The
variation of the space available using two different measuring tools (Vernier calliper and brass wire with millimetre ruler) in
the mandibular arch was determined by the same observer to assess random and systematic errors. The examiner recorded the
measurements, and then the same examiner repeated the measurements after ten days by taking two readings each using the
blinding technique to minimize bias. Random and systematic errors were analyzed with the use of two methods.

Results: Systematic errors were found to be significant with brass wire with millimetre ruler method only (p-value=0.02). For
random errors, the Vernier calliper can be considered a better method to measure reproducibility and repeatability. However,
brass wire with a millimetre ruler method can be considered better for measuring repeatability than reproducibility since the
value to measure random errors was less than Imm but in the upper limits (p-value=0.091).

Conclusion: In the current study, it is concluded that the Vernier calliper is more precise in measuring the readings in
orthodontics for arch space measurement than that of brass wire with a millimetre ruler. However, brass wire with a
millimetre ruler method can also take the readings.
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INTRODUCTION

Precise measurements of dental casts are essential
for correctly detecting dental anomalies to plan ade-
quate treatment.! According to the previous literature,
three methods already used for space analysis of the
mandibular arch discrepancy include visual inspec-
tion, brass wire evaluation method, and contact point
arch chart.2® The latter was the most accurate; how-
ever, this method includes a lot of technical com-
petency and accuracy with the procedure.4

Nic et al. defined repeatability as "the closeness of
agreement between independent results obtained with
the same method on identical test material under
identical conditions" and reproducibility as "the close-
ness of agreement between independent results
obtained with the same method on identical test
material, under different conditions”.> The readings
obtained by the same observer are more reliable than
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those obtained by two different observers because
readings by two different observers may induce sys-
tematic errors more than the intra-observer measure-
ment methods.®8

While taking multiple readings, there some errors
might occur. These errors are either random or syste-
matic. Random error occurs when different values are
clustered around the true value. This may affect the
precision of the results. Since random errors always
exist, the average of multiple readings must be con-
sidered. Random errors may occur due to taking
measurements at different angles of the objects. In lieu
of random errors, there are also systematic errors,
which occur due to some error in the observer's obser-
vation or some defect in the instrument. Systematic
errors are predictable errors. Random errors will
always exist in a study, while systematic errors can be
eliminated by improving the measuring techniques.”0

Therefore, the study aims to check the repro-
ducibility of intraobserver variation in the space
available in mandibular arches has been assessed after
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ten days by using a Vernier calliper and brass wire
with a millimetre ruler. Two measurements were
taken on the tenth day with the same examiner for
repeatability.

METHODOLOGY

The comparative cross-sectional study was car-
ried out at the Orthodontics Department of the Armed
Forces Institute of Dentistry, Rawalpindi Pakistan,
from September 2019 to December 2019. Before the
study, a permission was taken from the Ethical Review
Committee of the Armed Forces Institute of Dentistry
(AFID), Rawalpindi (Reference number: 905/Trg-
ABP1k2).

Inclusion Criteria: Dental casts of patients were
included in the study who had no previous history of
orthodontic treatment had no previous major dental
treatment (prosthetic crowns, large fillings), and all the
permanent teeth erupted in the mandibular arch up to
the first molar, as measurements only include teeth up
to first molars.

Exclusion Criteria: Patients presenting with a history
of medication that could affect craniofacial growth or
unilateral or bilateral crossbite cases were excluded
from the study.

A blinding technique was used to minimize the
bias by selecting study casts on the basis of their file
numbers and a single examiner was trained to measure
the space available in the mandibular arches by two
techniques: 1) with the Vernier calliper and 2) by using
brass wire.!!

Using the first technique described by previous
researchers,’> measurements were taken by dividing
the entire mandibular arch into four compartments,
from the starting point on the mesial side of the first
molar to the ending point on the mesial side of the first
molar of the homologous arch. The four compartments
distributed throughout the arch were as follows; 1) The
contact point between the first molar and second
premolar, up to the canine and lateral incisor of the
arch, 2)The contact point between the lateral incisor
and canine, up to the mid-point between the central
incisors, 3)The same procedure was repeated on the
opposite side of the mandibular arch for the measure-
ments (Figure-1).

The second method used for measurements as
shown in Figure-2, was brass wire by turning around
the entire arch passing through their contact points
from the mesial surface of one first molar up to the
mesial surface of the other first molar, and then

measuring the length by millimetre ruler, by
straightening the wire.
oo e
e
\\, W/
| ———
A B

Figure-1: (A) Compartment measurement using Vernier cali-
per. (B) Distribution of dental arch into four compartments to
obtain space available
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Figure- 1: Brass Wire Adapted Around The Entire Arch From
The Mesial Surface Of Right First Molar To The Mesial
Surface Of Left First Molar For Calculation Of Space
Available Using A Millimeter Ruler

Statistical Package for Social Sciences (SPSS) ver-
sion 23.0 was used for the data analysis. The measure-
ments taken by the examiner were repeated after ten
days using the two instruments (Vernier calliper and
brass wire) by taking two readings each at the same
time. The results obtained first were compared with
those obtained after ten days by the same observer
using paired t-test. The p-value lower than or up to
0.05 was considered as significant.

RESULTS

Out of 75 dental casts of the patients, 36(48%)
were males, and 39(52%) were females. Although the
age range was between 12-25 years (mean age 18.5
years), 60% of the total samples were between the 12-
18 year age group, and 40% were between the 18-25
year age group. Table-l illustrates mean values by
using space available at time 0, the average of the two
measurements of space available on day 10, space
available after ten days, and duplicate readings for
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space available after ten days by digital Vernier calli-
per and brass wire method. Table-II states the mean
values using the two measuring methods (Vernier
calliper and brass wire with millimetre ruler) and then
assessing the reproducibility by paired sample t-test.
No difference was found in the readings using the two
instruments.

Table-I : Means Space Available by Digital Vernier Caliper
and Brass Wire with Millimeter Ruler (n=75)

Parameters MeantSD
Space available at time 0 65.17+4.67
Average of the two readings 65.18+4.68
. taken after 10 days

Vernier Space available after 10 days

Caliper P : Y8 1 65.18+4.69
(first reading)
Space avaﬂa‘t.ﬂe after 10 days 65.17+4.67
(second reading)
Space available at time 0 68.48+7.64
Average of the two readings
taken after 10 days 70.65£6.01

Brass Wire SPace ava}lable after 10 days 70.6245.95
(first reading)
Space avallal?le after 10 days 70.6846.07
(second reading)

Table-II: Pre- Readings (at time 0) and Post- Readings (After
10 Days) by using Vernier Caliper, and Brass Wire with
Millimeter Ruler (n=75)

Pre-readings of | Post-readings of
Parameters Space Available | Space Available | p-
(At Time 0) (After 10 Days) |value
MeantSD MeantSD
Vernier caliper 65.17 £ 4.67 65.18 + 4.68 0.299
Brass wirewith | 0 1o 1 764 70.65+601  |0.021
millimeter ruler

Table-1II explains the repeatability using the two
instruments (Vernier calliper and brass wire with
millimetre ruler). The two readings were taken simul-
taneously on day ten and were compared using paired
t-test.

DISCUSSION

Repeatability and reproducibility of the dental
casts of patients are measured in this study to evaluate
the systematic and random errors. Proper commitment
with single-mindedness and investment of enough
time is required to analyse errors.!! Repeatability can
be measured only if the procedure is carried out under
constant conditions, including location, measuring
tool, observer, and period to control the cofounders.!2
While reproducibility of the results of a study can be
obtained by carrying out the whole procedure again
under varying conditions.’® Reliability includes both
repeatabilities and reproducibility. However, the

repeatability of results was more relevant than the
reproducibility.51415 In the current study, 75 dental
casts of the patients were included to assess the re-
producibility and repeatability.

For reproducibility, paired t-test was used to
compare the mean values of the two measurements.
For this purpose, two measurements were taken at the
same time under the same conditions on day ten and
were compared by using the same test, i.e., paired t-
test. No significant difference was found while
measuring the two sets of observations using Vernier
calliper, i.e. p-value was greater than 0.05. Results were
the same after ten days. However, the measurements
were less than those taken after ten days. The con-
founding factors in the surroundings were controlled
to minimize any bias. When the readings using brass
wire with a millimetre ruler were taken, there was a
statistically significant difference between the first and
second sets of measurements. The p-value was found
to be less than 0.05 (i.e,, 0.021). Some uncontrolled
confounding factors, such as operator expertise, and
temperature, might have been there. This method
might contain other confounding factors in it.

frezli et al. explained that intra-observer results
are found to be reliable. However, the reproducibility
of results regarding esthetics is found to be maximum
in orthodontists compared to other groups, including
general dentists, oral maxillofacial surgeons, laypeople
and postgraduate students.’® LA Macahdo et al. stated
that the irregularity index measurements found high
correlations between the two examiners. Furthermore,
the consistency of researchers was found while taking
repeated measurements.!”

For random errors, the readings with Vernier
calliper were less than 1mm (0.01 between the space
available at time 0 and between the two readings taken
for the space available on day 10). The results with the
brass wire method were 0.32 and 0.10 between 'space
available at time 0' and 'average of the two readings at
day 10; and between the two readings measured for
the space available on day ten, respectively. Hence,
there was no statistical difference between the second
measurements of brass wire and millimetre ruler.
Another study stated that random errors are found to
be minimal with the use digital Vernier calliper as
compared to that of the brass wire method, which is
supported in this study too.’® Mok ef al. stated that
while comparing the results using the two instruments,
Vernier calliper and brass wire with a millimetre ruler,
there was a statistically significant difference in the
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intra-observer values for the maxillary arch, while
there was no significant difference for mandibular
arches.!® Moreover, sonic digitization and digital calli-
per were introduced to analyse the dental arches'
space. In addition, the digital calliper was a better
option than sonic digitization.?? Intra-examiner repea-
tability and inter-examiner reproducibility were
highly correlated with manual & computerized
cephalograms.

CONCLUSION

The current study concluded that the Vernier calliper is
more precise in measuring the readings in orthodontics for
arch space measurement than that of brass wire with a
millimetre ruler. However, the brass wire method can also
take the readings.
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