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Abstract

Aim and Objective: To evaluate the dimensional accuracy of the metal brackets slot size from two different manufacturers.

Materials and Methods: A total of 20 upper right first premolar brackets of 0.022-inch slot, 10 each from manufactures (Forestadent and
3M) were divided into 2 groups of 10 brackets each. Stereomicroscope (Inverted Research microscope, ultrascope 1X71, 1X2 series, Olympus)
was used to obtain the images under 40x magnification. Images were taken and transferred to Oct view software (Make 2020, Germany,
Version 2:345:117®. System 9B) and the base height and slot depth were measured.

Results: When compared for slot height between the two groups, a statistically significant difference was observed. Forestadent group showed
less variation from the mean value when compared with 3M. When compared for slot depth between the two groups, a statistically significant
difference was observed. Forestadent group showed less variation when compared with 3M.

Conclusion: The results obtained concluded that, none of the brackets showed the exact dimensions as stated by the manufacturer according
to the MBT prescription. There was a considerable difference observed in the manufacturer stated slot dimensions when compared to ideal
value. Most errors were seen in slot height and less errors were observed in slot depth.
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Introduction

The 0.022-inch slot was the first to be introduced. Pioneers
like Angle, Kingsley and Farrar devised appliances that has
evolved into what is now known as preadjusted edgewise
appliance and described the wire dimensions using American
standard wire gauze. The ongoing appliance evolution
resulted in two orthodontic bracket slot sizes that a clinician
may choose to use when correcting a patient’s malocclusion
today™.

The 0.022 bracket slot has a dimension of 0.022 x 0.028
inches where 0.022 inch is the height of the slot and 0.028
inch is the depth of the slot. This slot size remained
uncontested until the middle of the century when some
orthodontists promoted a 0.018-inch slot. This downsizing of
the bracket slots to 0.018 inch happened in the 1950s when
non traditional clinicians began employing smaller sized
stainless steel wires and introduced the light wires. Both the
systems had their own advantages and disadvantages. The
0.022-inch system offers a more option in archwire size
selection. With the use of undersized archwire, one can
facilitate the free sliding of archwire through the bracket slot.
Being able to use larger diameter archwires for treatment
provides increased stiffness and allows to keep the teeth
upright during alignment.?

Slot dimensions are a critical factor in bringing the
desired orthodontic tooth movement. In the edgewise system,
dimensional accuracy of slot geometry was less significant as
the movements were incorporated using bends in the wire,
but in preadjusted edgewise brackets the tooth movements
are achieved by the interaction of the wire and the bracket
slot. Any discrepancy in slot dimensions or may affect the
result & esthetics®.

All these shortcomings like the shape of the bracket,
manufacturing anomalies, different materials used for
manufacturing, difference in the slot size led to a need for
standardization protocol for the bracket slot size.
Inaccuracy of slot size might directly or indirectly affect
the planned tooth movement.®

Thus, the aim of this study was to measure the
accuracy of the brackets slot size of two different
manufacturing companies in India and comparing them
with their prescribed MBT values of 0.022 x 0.028 inch.

Aim and Objective

Aim

This study aimed to evaluate the metal bracket slot size of
two different manufacturing companies in India and
comparing them with their prescribed MBT value.

Objective: 1) To measure the base height of the slot of each
bracket in the groups. 2) To measure the depth of the slot of
each bracket in the groups.

Materials and Methods

1. Source of Data: This investigation was carried out on 2
different commercially available brackets with slot size
0.022 x 0.028 inch with MBT prescription in India.
Sample design: In-vitro study

Study period: 6 months

Sample size: 20
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Inclusion criteria

1. Commercially available metal brackets in India
with tooth number 14.

2. Bracket slot size of 0.022 x 0.028 inch each
(MBT Presciption)

Exclusion criteria
1. Distorted and reused bracket.
2. Self ligating brackets and Ceramic bracket

Materials

1. Two commercially available brackets in
India (10 brackets each)
a. Forestadent Mini Sprint® Il (Fig 1)
b. 3M Victory Series low profile (Fig 2)

2. Stereomicroscope (Inverted Research microscope,
ultrascope 1X71, X2 series, Olympus) (Fig 3)

3. 3) Oct View software (Make 2020, Germany,
Version 2:345:117®. System 9B)

4. Tweezer and bracket holding tweezer (Fig 4)

5.  Modelling wax and adhesive tape (Fig 5)

Bracket irt 14 Bracket kit

Fig 1: Forestadent Mini Sprint® 1

Vicory Sres LowProfle. |

Metal Brachets

Bracket irt 14
Fig 2: 3M Victory series low profile

Bracket kit

Fig 3: Stereomicroscope (Inverted Research microscope,
ultrascope IX71, X2 series, Olympus)

Fig 5: Modelling wax and adhesive tape

Methodology

In this present study, ten upper right first premolar brackets
with 0.022-inch bracket slot size were investigated of two
different brackets manufacturers in India that is Forestadent
and 3M. Each bracket was placed on paper and marked from
number 1-10. The brackets were stabilized using modelling
wax so as to provide a clear view of the slot walls from the
side of the bracket when viewed under the stereomicroscope
(Fig 8). The paper was then secured to the viewing plate of
stereomicroscope with the help of adhesive tape and the
brackets were viewed under 40x magnification. Images were
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taken and transferred to Oct view software and the slot height
at the base (Fig 6) and slot depth (Fig 7) were measured. The
Oct view software used was accurate upto a least count of 1
micron or up to 5 decimals in inches. Measurements were
collected and stored in Excel and rounded off at 4™ decimal.
The dimensions were evaluated and a comparison was made
to calculate the difference between slot height and slot
depths. The values obtained were compared to the
dimensions published by each manufacturer. Comparisons
were also made between the two manufacturers.

Statistical analysis

Statistical analyses were performed using IBM SPSS
Statistics for Windows, Version 25.0. Armonk, NY: IBM
Corp. Results on continuous measurement are presented as
MeantSD. Inferential statistics like Analysis of Variance
(ANOVA) was used to compare the difference between the

Fig 7: Slot depth of a bracket

groups.
Fig 8: Bracket being viewed under stereomicroscope.
Fig 6: Slot height of a bracket
Results
Tablel: Overall comparison of slot height between the groups
N Minimum Maximum Mean Std. Deviation P value
3M 10 0.0209 0.0259 0.0228 0.0014 0.003*
Forestadent 10 0.0211 0.0234 0.0223 0.0007

*statistically significant (p<0.05) (ANOVA)

Inference: When compared for slot height between the groups, a statistically significant difference was observed between

Forestadent and 3M group. Forestadent group showed less variation from the mean value in comparision to 3M.

Table 2: Overall comparison of slot depth between the groups

N Minimum Maximum Mean Std. P value
Deviation
3M 10 0.0272 0.0299 0.0289 0.0007 0.027*
Forestadent 10 0.0260 0.0294 0.0283 0.0009

*statistically significant (p<0.05) (ANOVA)
Inference: When compared for depth between the groups, a statistically significant difference was observed between 3M and
Forestadent groups. Forestadent group showed less variation in comparision to 3M.
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Discussion

Orthodontist should be aware of the bracket and wire system
which they are using in their clinical practice. The effect of
oversized bracket on anterior torque loss was assessed by
Siatkowski and it was noticed that anterior teeth suffered
torque loss and it might not result in desirable tooth
movement*.

There are various methods to evaluate the slot size of
brackets, both manually and digitally. To determine the
accuracy of the slot pin gauges, leaf gauges were used in the
earlier studies. The manual calibration methods have their own
drawback and to overcome this, equipment’s like
stereomicroscope, electron microscope, profile projector were
implemented. These equipments reduce the chances of error.

The results of this present study are in agreement with
the study done by Kusy et al (1999)° Pai VS et al (2011)°,
Cash et al (2004)! and Major et al (2010)7 where they found
that orthodontic bracket slots are mostly larger than stated by
the manufacturers. Kusy et al® observed that 75% of their
sample had oversized and 20% undersized in slot height
whereas in our study 82% were oversized and 18% were
undersized. They concluded that the bracket slots were not
rectangular as per orthodontists’ expectations. Pai et al®
evaluated slot size of various brackets and found that the slot
size of ortho organizer bracket was very close to the standard,
whereas the other (3M Unitek, TP, Ormco) brackets were
oversized as compared to the standard. Similar results were
found in our study where Forestadent bracket was very close
to the standard whereas the other brackets 3M was oversized.
Similarly, Cash et al* found a larger bracket slot with respect
to height, when compared to manufacturer’s specification in
all of the 11 commercially available bracket systems which is
similar to the present study.

Studies conducted by Demling et al (2009)2 and Bhalla
et al (2010)° confirmed that the slot dimensions were larger
than the value prescribed by the manufacturer. Bhalla et al® in
their study reported that the brackets were 5% - 15% larger in
depth than the nominal values. In our study the brackets were
1.6%-10.8% oversized in depth than the nominal values. It was
also noted that the brackets from the same manufacturer may
vary in size as well which is in accordance with our study.

Another study conducted by Tangri K et al (2012)%
showed similar results where all the bracket slots showed
statistically significant difference in slot depth dimension from
the standard values with 80% of brackets oversized and the
remaining 20% undersized. This is in accordance with the
present study where 82% bracket slots are oversized while
18% are undersized.

Silitonga PL et al (2013)** also found that the slot size of
all the slots used in their study was larger than the prescribed
value which is exactly in case of our study also. However, the
statistics could not be corelated as they, in their study used 15
types, (i.e, metal brackets along with other type of brackets) of
brackets from 8 different manufacturers while in our study
only one type of bracket was used that is the metal brackets.

Our results showed that Forestadent brackets showed the
most accurate values in comparision to 3M. Similar results

were seen in the studies conducted by Awasthi E et al (2015)*2,
Kumar M et al (2021)*® and Algatahini ND (2021)*. Kumar
M et al*® found the brackets to be larger than the nominal value
which is in accordance with our study. They also found that
best bracket slot size in respect to accurate dimension, is
provided by Forestadent which is also the result of our study.
Algatahini ND** stated that 3M-Victory were 11.99% larger
(0.02509 inch) and the closest to the stated dimension whereas
in our study 3M- Victory were 3.7% larger, Forestadent were
1.6% oversized.

Brown et al (2015)*® found that 36% of the brackets were
undersized and were not large enough to insert a full size wire,
whereas in our study we found that only 18% brackets slots
were undersized. The authors also found that the slot
dimension differed greatly from series to series as well as
within the series. Size of bracket slot were different even
among the brackets by same manufacturer, that is to say no
two brackets had same slot size which is also a result of our
study.

The results of this present study are not in accordance
with the studies conducted by Rajashekar K et al (2017)3,
Araujo AVP et al (2019)*6, Daga et al (2017)%, Park JS et al.
(2020)*8and Tepedino et al (2020)*. Rajashekar K et al® found
that 50% of brackets were larger and the remaining 50% were
smaller than the stated dimension and all brackets were
statistically significant (p<0.05).

Since this is an in vitro study the clinical impact of these
errors on tooth movements was not measured and further
studies are required which may highlight the clinical effects of
error in slot dimensions.

Conclusion

Following conclusions were drawn from this study:

1.0n evaluation of the slot height of the samples under
stereomicroscope, Forestadent brackets showed less
variation than 3M when compared with the standard MBT
prescribed values. The actual slot height of all the brackets
were larger than the MBT prescribed values.

2.0n evaluation of slot depth of the samples under
stereomicroscope, Forestadent brackets showed less
variation than 3M when compared with the standard MBT
prescribed values.

Hence, both of the brackets didn’t show the exact dimensions
as stated by the manufacturer. Most errors were seen in slot
height and less errors was observed in slot depth.

Source of Funding
None.

Conflict of interest
None.

Journal of Orofacial and Health Sciences (JOHS) January-March, 2024;11(1):19-23 22



B Agarwal et al. Assessment of orthodontic brackets slot size accuracy in different commercially.....

References

1.

10.

11.

12.

Cash AC, Good SA, Curtis RV and McDonald F. An evaluation of
slot size in orthodontic brackets—are standards as expected? Angle
Orthod. 2004;74(4):450-3.
Peck S. Orthodontic slot size: it's time to retool. Angle Orthod.
2001;71(5):329-30.
Rajashekar K, Harieesha KB, Hemanth M, Karthik JK and
Sharmada BK. Evaluation and comparision of bracket slot
dimensions of commercially available pre adjusted edgewise
appliance: An in-vitro Study. Int J Curr Res. 2017;48:861-865.
Siatkowski RE. Loss of anterior torque control due to the variations
in bracket slot and archwire dimension. J Clin Orthod.
1999;33(9):508-10.
Kusy RP and Whitley JQ. Assessment of second-order clearances
between orthodontic archwires and bracket slots via the critical
contact angle for binding, Angle Orthod. 1999; 69:71-80.
Pai VS, Pai SS, Krishna S and Swetha M. Evaluation of Slot Size
in Orthodontic Brackets: Are Standards as Expected? J Ind Orthod
Soc. 2011;45(4):169-74.
Major TW, Carey JP, Nobes DS and Major PW. Orthodontic
bracket manufacturing tolerances and dimensional differences
between select self-ligating brackets. J Dent Biomech.
2010;1:781321.
Demling A, Dittmer MP and Polly RS. Comparative analysis of
slot dimension in lingual bracket systems. Head Face Med.
2009;5(1):1-5.
Bhalla NB, Good SA, McDonald F, Sherriff M and Cash AC.
Assessment of slot sizes in self-ligating brackets using electron
microscopy. Aust Orthod J. 2010;26(1):38-41.
Tangri K, Kumar P, Sharma P, Kumar K, Bagga DK and Sharma
R. A comparison of the accuracy of 0.022 slots at face, base and
mesial and distal surface of brackets marketed by different
manufacturers. J Ind Orthod Soc. 2012;46(3):132-6.
Silitonga PL, Thahar B, Mardiati E, Hambali T and Soemantri
ES. The evaluation of the standard validity of vertical orthodontic
bracket slot size. J Dentomaxillofac Sci. 2013;12(2):69-75.
Awasthi E, Sharma N, Shrivastav S and Kamble RH. Evaluation
and comparison of various prescription specifications and slot

13.

14.

15.

16.

17.

18.

19.

distortion of pre-adjusted edgewise brackets manufactured by
different companies available in India. Int J Curr Res Rev.
2015;7(9):44.

Kumar M, Padwal V, Singh TK, Kumar P and Agnani S.
Evaluation of dimensional accuracy of slot size in passive self-
ligating brackets from three different orthodontic companies- An
Invitro Study. Int J Med Sci Pub Health. 2021:4(3);45-48
Algahtani ND. Assessment on the precision of the orthodontic
bracket slot dimensions using micro-computed tomography
(Micro-CT). J Contemp Dent Prac. 2021;22(1):27-33.

Brown P, Wagner W and Choi H. Orthodontic bracket slot
dimensions as measured from entire bracket series. Angle Orthod.
2015;85(4):678-82.

Araujo AVP, Guedes AB, Cunha EF, Frigo L, Fernandes AP,
Pessoa PS and Carvalho PE. Precision brackets for upper lateral
incisors in  bioprogressive therapy. Micros Res Tech.
2019;82(12):2049-53.

Daga PN, Karandikar GR, Patni V, Karandikar AG and Doshi S.
A comparative evaluation of accuracy of Mclaughlin Bennet
Trevisi prescription of six commercially available orthodontic
metal brackets: An in vitro study. J Ind Orthod Soc. 2017
:51(4):264-71.

Park JS, Song IT, Bae JH, Gil SM, Kang KH. Comparison of slot
sizes and parallelism of metal brackets manufactured through
metal injection molding and computerized numerical control.
Korean J Orthod. 2020;50(6):401-6.

Tepedino M, Paiella G, Potrubacz MI, Monaco A, Gatto R and
Chimenti C. Dimensional variability of orthodontic slots and
archwires: An analysis of torque expression and clinical
implications. Prog Orthod. 2020;21(1):1-2.

How to cite: Agarwal B, Misra V, Garg A, Yadav A, Joshi D,
Pasari R, et al. Assessment of orthodontic brackets slot size
accuracy in different commercially available brackets: An in vitro
study. Journal of Orofacial and Health Sciences (JOHS).
2024;11(1)19-23

Journal of Orofacial and Health Sciences (JOHS) January-March, 2024;11(1):19-23 23



