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Abstract

Objectives: This study compared the dimensions of two SSC brands with the dimensions of the maxillary and mandibular primary

molars in order to determine the SSC with better adaptation in the Iranian population.

Materials and Methods: In this analytic cross-sectional study, 224 primary molars were evaluated. Impressions were taken and
casts were poured with dental stone casting material. Teeth were divided into 4 groups: the upper first molar, the upper second mo-
lar, the lower first molar, and the lower second molar. Then, each group was divided into left and right subgroups. Mesiodistal (MD)
and Buccolingual (BL) dimensions of teeth were measured using a digital caliper with 0.01 mm accuracy. MD and BL dimensions of
SSCs from two different brands (MIB and 3M) were also measured. The acquired dimensions of teeth and the related crown were

compared. Data were assessed using an independent t-test at a significance level of 0.05.

Results: The greatest and least MD dimensions respectively belonged to the lower second molar and upper first molar. Also, the
greatest and least BL dimensions respectively belonged to the upper second molar and lower first molar. The similarity of teeth and
the SSC dimensions were better in the MIB group than in the 3M group. The similarity of teeth and the SSC dimensions were signifi-
cantly different based on gender in the maxillary left second primary molar (MD), maxillary right first primary molar, mandibular left

first primary molar, maxillary right second primary molar and mandibular right second primary molar (BL).

Conclusion: MIB crowns are recommended over 3M crowns as in most cases MIB has similar dimensions to primary molars of the
Iranian population.
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Introduction

Primary teeth play an important role in the growth and development of children. Generally, all 20 primary teeth erupt by the age of 30
months and will be present in the mouth for 3 to 9 years. Canine and molars have the longest presence [1]. Efforts to preserve primary
teeth until permanent teeth have grown, have led to the introduction of many restorative materials and techniques [2]. Using Stainless
Steel Crowns (SSCs) is one of these techniques. Humphrey was the first to introduce pre-formed SSCs for pediatric dentistry in the 1950s
[3]. SSC has been used as a permanent restoration for the reconstruction of primary teeth along with pulpotomy or pulpectomy, primary
teeth with developmental defects, or extensive, multilevel carious lesions [4]. These crowns are very common in pediatric dentistry due
to their maximum durability and stability, and they can maintain the health of the surrounding tissues and prevent the spread of caries
by completely covering the tooth surfaces. The use of SSC is often preferred to extensive and multilevel amalgam restorations [5]. The
design of these crowns has changed over time and these changes have been made in order to improve morphological features and be most

similar to the anatomy of the teeth [6].

Principles of dental preparation must be followed thoroughly before SSC placement. In addition, inadequate marginal adaptation and
inadequate adhesion to severely damaged teeth at the proximal, buccal, and lingual surfaces are the limitations to the use of SSCs [6]. If

successful marginal adaptation is achieved, SSC lifespan is reported to be between 5 and 15 years [7].

Different SSCs in size, shape, and contour by different manufacturers were introduced to the dental market [8]. Among these, the 3M
and MIB SSCs are the most used in Iran [6]. These SSCs are festooned, trimmed, and pre-crimped to make them more compatible with the
tooth surface. However, most dentists prefer to perform crimping on these crowns again in the clinic with special pliers [9,10]. To date,

there is no SSC that has ideal marginal adaptation without the manipulation of the margins performed by the dentist [7].

It is important to note that variation in tooth size in different ethnicities is not a major problem because SSCs are made in different
dimensions. But because these crowns are selected based on the MD adaptation with the teeth (to achieve proper contact with adjacent

teeth), the main problem is the BL adaptation with the teeth.

Choosing the correct SSC in terms of marginal adaptation and proximal fit has always been a challenge for dentists, especially pediatric
dentists. At the beginning of the treatment, in order to achieve the maximum amount of adaptation and retention while maintaining the

structure of the tooth, it is better for the clinician to choose the SSC that is appropriate for the size of the primary teeth.

Aim of the Study
The aim of this study was to identify the two most widely used SSC (3M (St. Paul, MN, US)) and MIB (Shinhung Co. Seoul, South Korea)

in terms of MD and BL adaptation in primary teeth of Iranian children to decrease the preparation and removal of healthy tooth tissue as

well as chair time in the clinic.

Materials and Methods

This descriptive-analytical study was conducted to evaluate the adaptation of two types of primary molar SSCs available in the Iranian
market. This study was performed on 224 molar primary teeth of children aged 4 to 10 years referred to the pediatric department of the
Dental School.

The study was approved by the ethics committee of the School of Dentistry. All participants signed informed consent forms prior to
participation in the study. They were ensured of the confidentiality of their information and were not physically or financially harmed

during the study.
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Systemically healthy children with intact primary molars, with no developmental disorders (hypoplasia, etc.) were included. Children

with systemic disease, premature birth, dental caries, and restorations were excluded.

An impression was made of the primary molar teeth using alginate material (chromogel, Iran), and the casts were plastered with type
4 acetone. Low-quality casts were excluded from the study. Group 1 included 56 maxillary first primary molars teeth, and group 2 and
group 3 included 56 maxillary second primary molars and 56 mandibular first primary molars teeth, respectively. And group 4 included

56 mandibular second primary molars.

Half of the teeth in each group belonged to girls and the other half belonged to boys. Also in each group, the right and left halves were
also considered. MD and BL dimensions of the teeth were measured on the cast by a digital caliper (ACCUD, Austria) with an accuracy of
0.01 mm. The largest distance between the center of the mesial margin of the mesial marginal ridge and the center of the distal margin of
the distal marginal ridge was considered as the MD dimension. To measure the BL dimension, the largest BL distance of the tooth in the
free gingival area was measured. The BL and MD dimensions of each tooth were measured twice and the mean value was considered as

the final value.

The MD and BL dimensions of number 2 to 7 SSCs of 3M (St. Paul, MN, US) and MIB (Shinhung Co. Seoul, South Korea) were measured
for each group. The BL and MD dimensions of each SSC were measured twice and the mean value was considered as the final value. The
largest distance between mesial and distal marginal ridge of SSC was measured as the MD dimension. BL dimension was measured 1 mm
gingivally to the marginal gingiva using sprue wax. The wax was applied to the SSC margin in the buccal and lingual aspects and glued
with Super glue. In order to prevent from deformation, each SSC was kept at 24°C for 24 hours until the waxes were set. The thickness of
3M SSCs in the cervical is reported to be 154 microns and the thickness of MIB SSCs was obtained to be 151 microns; twice this amount
was deducted from the external BL dimension to obtain the internal BL dimension [11]. The mean, minimum and maximum differences
between the BL and MD dimensions of the teeth with their similar SSCs were measured and according to these values, the most suitable

SSC was selected from the two selected brands.

Results

The teeth of 56 participants were evaluated in this study of which 50% (11) were girls and 50% (11) were boys. The MD and BL ad-
aptation of 3M and MIB SSCs are presented in table 1-4. The MD adaptation of 3M SSC size 3 and MIB SSC size 4; and the BL adaptation of
3M SSC size 7 and MIB SSC size 6 were better than other SSCs in maxillary left first primary molars.

Crown Type of Left or Mesiodistal Buccolingual

Size Teeth right Adaptation T P-value Adaptation T P-value
D* Left 0.279 242 0.023 2.10 23.04 <0.001

2 Right 0.19 2.07 0.048 1.61 14.75 <0.001
- Left 0.04 0.52 0.608 0.50 4.66 <0.001

Right -0.03 0.38 0.706 1.09 9.40 <0.001

Left -0.276 2.4 0.023 1.53 16.74 <0.001

P Right -0.075 0.80 0.432 1.40 12.83 <0.001

3 Left -0.18 2.32 0.028 0.08 0.77 0.448

F Right -0.49 5.60 <0.001 0.38 3.29 0.003

Left -0.476 4.14 <0.001 1.42 15.59 <0.001

4 P Right -0.38 4.04 <0.001 1.18 10.81 <0.001
Left -0.79 9.96 <0.001 -0.44 4.15 <0.001

F Right -0.86 13.37 <0.001 -0.35 299 0.006
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Left -0.876 61.7 <0.001 1.05 11.47 <0.001
P Right -0.915 9.73 <0.001 0.54 498 <0.001
> Left -1.05 13.30 <0.001 -0.81 7.57 <0.001
g Right -1.18 13.37 <0.001 -0.61 5.23 <0.001
Left -1.256 10.92 <0.001 0.63 6.92 <0.001
6 P Right -1.51 16.06 <0.001 0.004 0.39 0.701
Left -1.66 21 <0.001 -1.16 10.85 <0.001
g Right -1.54 17.45 <0.001 -1/11 9.58 <0.001
Left -2.11 18.34 <0.001 0.1 1.05 0.301
P Right -1.91 20.31 <0.001 -0.11 1.03 0.311
7 Left -1.98 24.98 <0.001 -1.68 15.72 <0.001
F Right -1.95 22.10 <0.001 -1.42 12.24 <0.001
Table 1: Mesiodistal and buccolingual adaptation of 3M SSCs in maxillary left and right first and second primary molars.
*First Primary Molar/ **Second Primary Molar.
Crown Type of Left or Mesiodistal Buccolingual
. . . T P-value . T P-value
Size Teeth right Adaptation Adaptation
5 D Left 0.67 597 <0.001 1.48 14.21 <0.001
Right 1.27 12.57 <0.001 1.18 12.42 <0.001
Left 0.48 3.50 0.002 0.80 6.72 <0.001
E Right 0.57 4.16 <0.001 0.85 10.03 <0.001
D Left 0.43 3.88 0.001 0.99 9.54 <0.001
3 Right 0.65 6.40 <0.001 1.16 12.16 <0.001
E Left 0.08 0.59 0.563 0.25 2.11 0.044
Right 0.15 1.08 0.288 0.048 5.68 <0.001
. b Left 0.01 0.12 0.902 0.65 6.27 <0.001
Right 0.22 2.16 0.040 0.73 7.64 <0.001
E Left -0.18 1.31 0.201 0.07 0.56 0.580
Right -0.29 2.13 0.042 0.08 0.92 0.364
D Left -0.37 3.31 0.003 0.29 2.80 0.009
< Right -0.15 1.49 0.148 0.56 5.90 <0.001
E Left -0.64 4.66 <0.001 -0.28 2.37 0.025
Right -0.69 5.06 <0.001 -0.16 1.84 0.077
p D Left -0.85 7.60 <0.001 -0.35 3.41 0.002
Right -0.69 6.77 <0.001 0.23 2.38 0.025
B Left -0.95 6.92 <0.001 -0.51 4.30 <0.001
Right -0.98 7.14 <0.001 -0.25 2.95 0.006
b Left -1.20 10.68 <0.001 -0.52 5.04 <0.001
7 Right -0.92 9.09 <0.001 -0.38 3.98 <0.001
E Left -1.22 8.89 <0.001 -1.08 9.03 <0.001
Right -1.40 10.25 <0.001 -0.69 8.07 <0.001

Table 2: Mesiodistal and buccolingual adaptation of 3M SSCs in mandibular left and right first and second primary molars.

*First Primary Molar/ **Second Primary Molar.
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Crown Type of Left or Mesiodistal Buccolingual
Size Teeth right Adaptation T P-value Adaptation T P-value
Left 0.659 5.72 <0.001 1.71 18.77 <0.001
2 P Right 0.625 6.65 <0.001 1.36 12.51 <0.001
Left -0.21 2.64 0.014 0.78 7.33 <0.001
g Right 0.16 1.77 0.087 0.85 7.29 <0.001
Left 0.204 1.77 0.088 1.05 11.53 <0.001
P Right 0.255 2.71 0.012 0.90 8.28 <0.001
3 Left -0.75 9.45 <0.001 0.20 1.85 0.076
g Right -0.48 5.43 <0.001 0.29 2.47 0.020
Left -0.031 0.273 0.787 0.75 8.18 <0.001
4 P Right -0.01 0.11 0.916 0.43 3.97 <0.001
Left -0.98 12.36 <0.001 -0.48 4.52 <0.001
g Right -0.83 9.40 <0.001 0.05 0.41 0.688
Left 0.261 2.27 0.031 0.43 4.67 <0.001
P Right -0.17 1.81 0.082 0.35 3.24 0.003
> Left -1.39 17.59 <0.001 -0.80 7.52 <0.001
E Right -1.14 12.97 <0.001 -0.45 3.85 0.001
Left -0.591 5.14 <0.001 0.16 1.77 0.089
6 P Right -0.51 5.42 <0.001 -0.14 1.31 0.202
Left -1.68 21.26 <0.001 -1.36 12.72 <0.001
E Right -1.36 15.41 <0.001 -1.21 10.44 <0.001
Left -1.006 8.74 <0.001 -0.58 6.35 <0.001
P Right -0.94 9.99 <0.001 -0.80 7.32 <0.001
7 Left -2.05 25.93 <0.001 -1.72 16.14 <0.001
B Right -1.64 18.58 <0.001 -1.46 12.59 <0.001

Table 3: Mesiodistal and buccolingual adaptation of MIB SSCs in maxillary left and right first and second primary molars.

*First Primary Molar/ **Second Primary Molar.

Crown Type of Left or Mesiodistal Buccolingual

Size Teeth right Adaptation T P-value Adaptation T P-value
Left 0.73 6.56 <0.001 1.18 11.37 <0.001

2 P Right 1.33 13.11 <0.001 1.43 15 <0.001
Left 0.31 2.30 0.029 0.84 7.05 <0.001

F Right 0.37 2.69 0.012 0.79 9.33 <0.001

Left 0.26 2.31 0.029 0.78 7.52 <0.001

P Right 0.77 7.59 <0.001 0.92 9.63 <0.001

3 . Left -0.07 0.54 0.591 0.24 1.98 0.057
Right 0.008 0.06 0.953 0.36 421 <0.001
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Left -0.06 0.55 0.590 0.48 4.63 <0.001
Right 0.13 1.27 0.214 0.62 6.48 <0.001
Left -0.36 2.66 0.013 -0.01 0.11 0.913
Right -0.27 1.95 0.061 0.16 1.86 0.073
Left -0.39 3.45 0.002 0.14 1.36 <0.001
Right -0.31 3.02 0.005 0.28 2.96 0.006
Left -0.84 6.16 <0.001 -0.38 3.21 0.003
Right -0.81 5.90 <0.001 -0.42 1.86 0.009
Left -1.10 9.79 <0.001 -0.04 0.37 0.711
Right -0.71 6.97 <0.001 0.001 0.01 0.991
Left -1.21 8.86 <0.001 -0.72 6.02 <0.001
Right -1.26 9.23 <0.001 -0.61 7.13 <0.001
Left -1.50 13.41 <0.001 0.65 6.31 <0.001
Right -1.09 10.72 <0.001 -0.49 5.14 <0.001
Left -1.71 12.46 <0.001 -1.08 9.03 <0.001
Right -1.63 11.94 <0.001 -0.80 9.42 <0.001

Table 4: Mesiodistal and buccolingual adaptation of MIB SSCs in mandibular left and right first and second primary molars.

*First Primary Molar/**Second Primary Molar.

For the maxillary right first primary molars the MD adaptation of 3M SSC size 3 and MIB SSC size 4; and the BL adaptation of 3M SSC
size 6 and MIB SSC size 6 were better than other SSCs. The MD adaptation of 3M SSC size 3 and MIB SSC size 4; and the BL adaptation of
3M SSC size 5 and MIB SSC size 6 were better than other SSCs in mandibular left first primary molars.

For the mandibular right first primary molars the MD adaptation of 3M SSC size 5 and MIB SSC size 4; and the BL adaptation of 3M SSC
size 6 and MIB SSC size 6 were better than other SSC. The MD adaptation of 3M SSC size 2 and MIB SSC size 2; and the BL adaptation of
3M SSC size 3 and MIB SSC size 3 were better than other SSCs in maxillary left second primary molars.

The MD adaptation of 3M SSC size 2 and MIB SSC size 2; and the BL adaptation of 3M SSC size 4 and MIB SSC size 4 were better than
other SSCs in maxillary right second primary molars. The MD adaptation of 3M SSC size 3 and MIB SSC size 3; and the BL adaptation of
3M SSC size 4 and MIB SSC size 4 were better than other SSC in mandibular left second primary molars. For the Mandibular right second
primary molars, the MD adaptation of 3M SSC size 3 and MIB SSC size 3; and the BL adaptation of 3M SSC size 4 and MIB SSC size were
better than other SSCs.

Discussion

Pre-formed SSC have a variety of sizes. To choose the right size the MD dimension of the tooth or the control tooth is measured [12].
Choosing the correct SSC in terms of marginal adaptation and proximal fit has always been a challenge for dentists, especially pediatric
dentists. Predetermined differences in SSCs and their design have been made to ease their selection processes [8]. Given this, differences
in the size of teeth of different populations and racial groups are an important issue to consider during SSC selection. These differences
are significant in some cases; for example, evidence has shown that black Americans have larger teeth than white Americans [13]. Males
also have larger teeth than females [14,15]. The results of a study conducted in Iceland on the MD and BL dimensions of primary teeth

showed that Icelanders have the largest dental crown dimensions among Europeans [16]. A study was conducted in Taiwan to design a
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suitable SSC. The results of this study showed that the MD dimensions of the teeth of Taiwanese children were smaller than those of Aus-
tralians and larger than those of white Americans, and that the BL dimensions were smaller than those of Indian and Icelandic children
[17]. In a study in Spain, the dimensions of primary molars were analyzed and the greatest difference was found in the first molars [18].
In a study in China, primary molars showed differences in size, and the SSC of the first primary molars showed the greatest variation in

dimensions (while the second primary molars had the least variation) [19].

Assessments of tooth dimensions in different populations, ethnicities, and genders show differences in tooth size. The question that
needs to be considered is whether the ratio of the MD dimension to the BL is the same in different races, and whether the available SSCs
are suitable for different populations [8]. The results of the present study showed that the mean of the largest MD width was related to
the second primary molar with an average of 9.914 mm. Also, the largest BL dimension belonged to the maxillary second primary molars
with an average of 10.371 mm. The smallest tooth in terms of MD dimension was determined as the maxillary first primary molars with an
average of 7.158 mm and the smallest BL dimension belonged to the mandibular primary molars with an average of 7.402 mm. Similarly,
in 2010, a study by Eigbobo., et al. [17] on 8,000 primary teeth in Nigerian children found that the largest MD dimension of all measured
teeth belonged to the mandibular second primary molars with an average of 10.20 mm. Also, the largest BL dimension belonged to the
maxillary second primary molars with an average of 9.84 mm. The smallest MD and BL dimensions among the primary molars belonged

to the first primary molar with a mean of 7.63 mm and the first primary molar with a mean of 7.20 mm [20].

Also, in a study conducted by Tahririan,, et al. [21] in 2012 on patients referred to Isfahan Dental School, the sizes of their primary and
permanent teeth were measured. The results were in consistent to the present study. These results suggest that the MD width of primary
teeth in this study is significantly larger than the sizes reported by Moyers., et al. [22] and smaller than the sizes reported by Casamas-
simo., et al. [23]. It can be said that the average size of teeth in different societies has been different for genetic and environmental reasons

and this shows the importance of choosing the correct SSCs to match the teeth of any particular population [21,24].

The results showed that in the MD dimension, the best adaption to MIB SSCs was observed in the maxillary first primary molars (left

and right sides), the mandibular right first primary molars and the maxillary right second primary molars, respectively.

Also, in the BL dimension, the best adaptation was observed in the maxillary first primary molars (both sides), the mandibular right
first primary molars and the maxillary second primary molars (both sides) Out of 16 dental groups studied, 9 groups were more compat-
ible with MIB than 3M SSCs.

Similarly, and according to the mean values obtained, in the MD dimension of the mandibular left first primary molars and maxillary
left second primary molars (left and right sides) and in the BL dimension of the mandibular left first primary molar and the mandibular
second primary molars (left and right sides) were more compatible with 3M SSC, which included 7 dental groups out of the 16 study

groups.

Comparing the adaptation according to the gender, only the MD adaptation of maxillary left second primary molars with MIB SSCs
was different; so that the adaptation was significantly better in girls than boys. The BL adaptation of maxillary right first primary molars
with MIB SSCs was significantly better in boys than girls, and the BL adaptation of mandibular left first primary molars with 3M SSCs was
better in girls than boys.

Ideally, the left and right antimetric teeth should erupt symmetrically. Differences in the dimensions of antimetric teeth may be due to
internal or external factors, defined as “stress”. The results of a study conducted by Nishino., et al. on the MD dimensions of Indonesian
primary teeth showed that the dimensional differences between the right and left teeth were significant [25]. The results of the study by
Nishino., et al. showed that the difference in the size of the left and right teeth is greater in the posterior teeth [25]. In their 2015 study,
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Afshar, et al. [8] compared the MD and BL dimensions of two brands of SSCs (MIB and 3M) with maxillary primary molars. According
to the results of this study, both brands were significantly different from the desired teeth in both dimensions. However, the mean of the
measurements showed that the MIB brand was less different from the maxillary primary teeth in both MD and BL dimensions. The results
of the present study also confirm these findings that for the first primary molar on both sides of the MIB SSCs show greater adaptation in
both MD and BL dimensions.

Conclusion

Choosing a suitable SSC with maximum compatibility with the tooth can prevent excessive tooth preparation and also prevent mi-
croleakage and recurrent caries. According to the results, in some groups of this study, the dimensions of MIB SSC showed notably more
similarity to the dimensions of the primary teeth compared to 3M SSC. And also due to the lower price of these SSCs in comparison with

the 3M brand, dentists and professionals can consider MIB SSCs as a suitable and cost-benefit alternative to 3M SSCs.
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