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Abstract

Background: Stainless-steel crowns (SSCs) are recommended for restorative treatment of young teeth severely
affected by caries, fractures or dental developmental disorders (DDDs). However, despite recommendations and clini-
cal evidence, SSCs are not widely used by general dentists, who favour extraction and more conventional restorations.
The present study aimed to investigate the views of and use of SSCs among Norwegian and Finnish dentists.

Methods: The present study was a cross-sectional survey among Norwegian and Finnish dentists. An electronic
guestionnaire was sent to Norwegian and Finnish dentists asking whether they used SSCs and on which indications.
In addition, the questionnaire assessed reasons for non-use and dentists’ perceptions regarding advantages and chal-
lenges in the use of SSCs, as well as the need for additional training. Distributions of background characteristics, use of
and views on SSCs were calculated, and statistical significance of the associations between respondents’background
and their answers were evaluated.

Results: Of the 574 Norwegian and 765 Finnish respondents, only 12.0% and 12.9% reported to use SSCs, respec-
tively. The most frequently reported barrier reported by those who did not use SSCs was lack of practical training. The
most frequent challenge reported by those using SSCs was difficulties in crown adjustment followed by aesthetic
issues, and the most frequently reported advantage was that SSCs maintain the function and occlusion. The majority
of respondents reported a need for more information and practical training in the use of SSCs, with hands-on course
as their most frequently preferred education type.

Conclusion: Although the value of SSCs for restoring young molars is recognized by Norwegian and Finnish dentists,
SSCs are rarely used by general dentists. The majority of the respondents reported lack of training and materials and
was interested in receiving more information and education.

Keywords: Stainless-steel crowns, Paediatric dentistry, Dental caries, Dental developmental disorders, Restorative
dentistry, Treatment decisions

Background

The available treatment modalities for teeth severely
affected by caries or dental developmental defects
(DDDs) range from prevention to various forms of
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restorative treatment and extraction, and clinicians need
to make the best treatment decision in both short- and
long-term perspective [1]. Both patient- and tooth-
related factors influence the decision, and treating severe
lesions poses several technical challenges. Poor retention
for restorations and possible contamination by saliva and
blood require high clinical skills as well as patient coop-
eration [2]. Therefore, interventions may be challenging
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both for the dentist to perform and for children to cope
with [3, 4].

Stainless-steel crowns (SSCs) are recommended for
restorative treatment of severe multiple surface lesions
of different origins, such as caries, fracture or DDDs
[3]. Conventionally, complete caries removal and tooth
preparation was considered necessary, usually requir-
ing local anaesthesia. Later, the Hall Technique (HT) has
been advocated as a less invasive biological approach
using SSCs without caries removal or tooth preparation
[5]. Due to the ongoing COVID-19 pandemic, which in
all likelihood will continue to have a major impact on the
practice of dentistry, avoidance of elective aerosol gener-
ating procedures has been recommended wherever pos-
sible. This aspect further increases the relevance of HT
[6]. Although HT is supported by robust evidence and
advocated for use by both general dentists and paediatric
dentists, the technique has been met with some resist-
ance [7].

In general, SSCs have consistently shown high success
rates regardless of the technique used or type of study [8,
9]. Nevertheless, despite recommendations and clinical
evidence, SSCs are not widely used by general dentists,
who favour extraction and more conventional restora-
tions, while paediatric dentists more frequently restore
with SSCs [2, 10-13]. According to a survey among
German dentists, the use of SSC is technically complex,
cosmetically not acceptable, and the procedure time-con-
suming with low financial reimbursement [2].

A recent questionnaire study investigating treatment
strategies and reasons for treatment choices among Nor-
wegian and Finnish dentists, showed that SSCs were
rarely chosen by general dentists when treating severe
dental caries in primary teeth or DDDs in permanent
teeth [14, 15]. Due to the high success rates of SSCs as
well as their versatility, it would be of interest to gain
more information about the reasons for the apparent
reluctance of choosing SSCs. Therefore, the present study
aimed to explore this finding further by investigating
Norwegian and Finnish dentists’ current use and knowl-
edge of SSCs as well as their challenges and need for fur-
ther continuing education or training.

Methods

The study was a part of a collaborative cross-sectional
questionnaire study among dentists in Norway and
Finland [14, 15]. A link to an electronic questionnaire
was sent to dentists, including dental specialists, in the
Public Dental Service (PDS) in Norway in May 2018
(n=1,294) and to the members of the Finnish Dental
Society in February 2019 (n=3,840), using the software
Questback Essential (Questback, Norway) [14, 15].
Replies were received from 614 Norwegian and 1,022
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Finnish dentists, the response rates being 45.8% and
20.4%, respectively. After exclusion of those who did
not do clinical work or treated children and respond-
ents practicing in other countries, the total numbers of
participants included were 574 and 765, respectively
[14, 15]. The questionnaire was originally developed in
Norwegian language, and later translated into Finnish
and pilot-tested before distribution in Finland. Minor
adjustments, such as counties, country of graduation
and field of speciality, were made to suit local circum-
stances. Data on gender and age for all PDS-employed
dentists in Norway were extracted from Statistics Nor-
way, Dental Health [16]. The background information
of the Finnish dentists was obtained from the Finnish
Dental Association, which includes data of 95% of the
dentists [17].

The questionnaire was anonymous and comprised
three parts, of which the first was background informa-
tion of the dentists. The second part was composed of
three illustrated patient cases, and the respondents were
asked to report the preferred treatment option in each
case. The case descriptions and associated results have
been reported previously [14, 15]. The third part of the
questionnaire concentrated on the use of SSCs, and is
reported in the present study.

The respondents were asked whether they used SSCs
in clinical practice. Those who reported use of SSCs
were asked on which indications they would use SSCs
in primary dentition (“deep multi-surface caries’, “frac-
tures’, “DDDs’, “other”), as well as in permanent dentition
(“deep multi-surface caries’, “fractures’, “DDDs’, “endo-
dontically treated molars’, “infractions’, “other”). Moreo-
ver, the same respondents were asked whether they had
faced challenges related to the use of SSCs, by selecting
from one or more of the following options: “Difficulties in
crown adjustment’; “detachment of the crown’, “aesthetic
issues’, “difficult procedure” and “allergies” In addition,
open commenting was possible, and the most frequent
comments were summarised.

Those who reported not to use SSCs in their clinical
practice were asked to report their perceived barriers
against use of SSCs by selecting one or more of the fol-
lowing options: “Lack of knowledge about SSCs”, “lack of
practical training on the use of SSCs’, “lack of materials/
equipment’, or “other”.

All respondents were asked what they assume were the
advantages of SSCs by selecting from one or more of the
following options: “Maintains function and occlusion’
“keeps tooth symptomless’, “scientifically documented
treatment’, “long durability” and “good prognosis”. The
question was optional, and open commenting was pos-
sible. Concerning advantages of SSCs, the Norwegian
dentists gave their answers in a prioritized order (Likert
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scale 1-5), while the Finnish dentists gave their answers
by multiple choice.

Finally, the respondents were asked if they would like
more information and practice regarded to the use of
SSCs, and those who answered positively were asked
to range the following educational forms by preference:
“Lecture’, “illustrated guidelines’, “hands-on course’,
“video demonstration’, “demonstration at your work-
place” or “webinar”.

Data were processed and analysed using IBM SPSS ver-
sion 25.0 (IBM Corp., Armonk, NY, USA). Frequency
distributions were used for descriptive statistics. The sta-
tistical significance of the associations between respond-
ents’ background and their answers were evaluated using
Pearson Chi-Square test. The statistical significance was
set at p<0.05.

Ethical consideration

The study participation was voluntary, without any com-
pensation given to the respondents. Informed consent
was obtained from all subjects. No personal informa-
tion was gathered, and the anonymity was assured with
Questback. The Norwegian Social Science Data Services

Page 3 of 9

approved the study design (Ref. No. 57710). All methods
were performed in accordance with relevant guidelines
and regulations in both countries.

Results
Background characteristics of the dentists according to
the use of SSCs are presented in Table 1.

Of the respondents, 12.0% (n=69) of the Norwegian
and 12.9% (n=99) of the Finnish dentists reported to use
SSCs in their clinical practice. Use of SSCs was signifi-
cantly associated with having a specialist degree in pae-
diatric dentistry: While only approximately one tenth of
the general dental practitioners in Norway and Finland
reported use of SSCs, all of the specialists in paediatric
dentistry in both countries used SSCs (p <0.05).

Clinical use of SSCs

“Severe multi-surface caries” was the most frequently
chosen reason for SSC use in primary molars among
Finnish dentists (90.9% (n=90)) of those who reported
to use SSCs. However, the same indication was cho-
sen only by 46.4% (n=32) of the Norwegian dentists
who use SSCs (p<0.05). Other indications were chosen

Table 1 Norwegian and Finnish dentists'background characteristics by use of stainless-steel crowns in their clinical practice

Norway Finland
n=574 n=765
Background characteristics Total SSC users Non-users Total SSC users Non-users
N n=069 n=505 N n=99 n=0666
% (n) % (n) % (n) % (n)
Gender
Female 447 11.0 (49) 89.0 (398) 618 9 (80) 87.1 (538)
Male 127 15.7 (20) 84.3(107) 147 9(19) 87.1(128)
Age
<30 81 6.2 (5) 93.8 (76) 81 99(8) 90.1 (73)
>30 493 13.0 (64) 87.0 (429) 684 133091 86.7 (593)
Country of graduation
Nordic countries 447 12.3(55) 87.7 (392) 724 13.0 (94) 87.0 (630)
Other countries 127 0(14) 89.0 (113) 41 12.2 (5) 87.8 (36)
Year of graduation
<2000 (Finland)/ <2001 (Norway) 189 17.5(33) 82.5(156) 454 10.8 (49) 89.2 (405)
> 2000 (Finland)/ > 2001 (Norway) 385 94 (36) 90.6 (349) 311 16.1 (50) 83.9 (261)
Main working sector (> 50%)
Public health care 568 12.0 (68) 88.0 (500) 578 14.2 (82) 85.8 (496)
Other (private, university) 6 16.7 (1) 83.3(5) 187 9.1(17) 90.9 (170)
Speciality
No (general dentist) 553 11.0(61) 89.0 (492) 710 10.6 (75) 89.4 (635)
Paediatric dentistry 7 100 (7) - 10 100 (10) -
Prosthetic dentistry 5 200 (1) 80.0 (4) 13 38.5(5) 61.5(8)
Orthodontics 4 - 100.0 (4) 10 20.0 (2) 80.0 (8)
Other 5 - 100.0 (5) 22 31.8(7) 68.2 (15)
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followingly: «DDDs» by 75.4% (n=52) of the Norwegian
and 79.8% (n="79) of the Finnish dentists, and «frac-
tures» by 60.9% (n=42) of the Norwegian and 66.7%
(n=66) of the Finnish dentists (p>0.05). In the open
comments, the most frequently reported reason for SSC
use was “pulpotomized primary molars’, by one Norwe-
gian and six Finnish dentists, respectively.

In permanent molars, “DDDs” was the most frequently
chosen indication for SSCs, although it was significantly
more common among Norwegian than Finnish den-
tists (85.5% (n=59) and 70.7% (n=70), respectively,
(p<0.05)). A significantly higher proportion of Nor-
wegian dentists than Finnish dentists also chose “frac-
tures” as reason for SSC use in permanent molars (56.5%
(n=39) and 33.3% (n=33), respectively, (p<0.05)),
while no statistically significant difference was found in
“severe multi-surface caries” between countries (34.8%
(n=24) of Norwegian and 35.4% (n=35) of Finnish den-
tists). “Root-filled teeth” and “infractions” were reported
by 11.6% (n=8) and 8.7% (n=6) of the Norwegian and
21.2% (n=21) and 8.1% (n=28) of the Finnish dentists,
respectively. Temporary treatment of permanent molars
was the most frequent reason mentioned among the
open comments, reported by four Norwegian and two
Finnish dentists, respectively.

Perceived advantages of and challenges in the use of SSCs

The most frequently reported advantage of SSCs among
both Norwegian (n=307) and Finnish dentists (n="708)
was “SSCs maintain the function and occlusion” (77.5%
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(n=238) and 97.3% (n=689), respectively). Among the
Finnish dentists, this was followed by “long durabil-
ity’, chosen by 88.1% (n=624) and “good prognosis’,
chosen by 64.7% (n=458). Among the Norwegian den-
tists, “SSCs keep the tooth symptomless” was chosen by
49.2% (n=151), and “long durability’; chosen by 47.9%
(n=147). Among the open comments, the most fre-
quently reported advantage of SSCs was that “it is an easy
and time/resource saving treatment’, reported by 16 den-
tists. The most frequent challenge in the use of SSCs in
clinical practice was reported to be “difficulties related to
the adjustment of the crown” (81.1% (n=>56) of Norwe-
gian and 73.7% (n="73) of Finnish dentists using SSCs),
followed by “aesthetic issues” (39.1% (n=27) and 41.4%
(n=41), respectively) (Fig. 1). A significantly higher pro-
portion of Norwegian (31.9%, n=22) than Finnish den-
tists (12.1%, n=12) found “detachment of the crown” to
be a challenge, and a significantly higher proportion of
Finnish (39.4%, n=39) than Norwegian dentists (39.1%,
n=10) reported “difficult procedure” to be a challenge
(p<0.05). Only three Finnish dentists found “allergies”
to be a challenge related to the use of SSCs. The most
frequent challenge reported in the open comments was
“patient cooperation’, reported by seven dentists.

Personal and practical barriers against use of SSCs

The most frequently reported barrier against use of
SSCs among both Norwegian and Finnish dentists
reporting not to use SSCs was “lack of practical train-
ing”; 72.3% (n=365) and 59.2% (n=394), respectively
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Fig. 1 Self-perceived challenges in the use of stainless-steel crowns reported by Norwegian (n=69) and Finnish (n=99) dentists using SSCs in the
clinic. *p < 0.05
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Fig. 2 Barriers against use of stainless-steel crowns reported by Norwegian (n=>505) and Finnish (n =666) dentists not using SSCs in the clinic.
*
p<0.05
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(Fig. 2) (p<0.05). Of the Norwegian dentists, 40.8%  Perceived need for more training/education

(n=206), and of the Finnish dentists, 51.2% (n=341) The majority of the respondents from both Norway
reported “materials not available in the clinic” as a prac-  (77.7%, n=446) and Finland (66.8%, n=511) reported
tical barrier against use (p <0.05). “Lack of knowledge” that they would like more information and practical
was reported by 39.2% (n=198) of the Norwegian and training in the use of SSCs. Figure 3 shows the preferred

40.8% (n=272) of the Finnish dentists, respectively. type of training/education. The most popular suggested
type of education/training was hands-on course, chosen

Norway (%) M Finland (%)
Webinar * I
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Video demo |
Hands-on course * |
Illustrated guidelines .
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Fig. 3 Type of training/education in the use of stainless-steel crowns preferred by Norwegian (n=446) and Finnish dentists (n=511) reporting that
they would like more information and practical training in the use of SSCs. *p <0.05
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by 56.6% of the Norwegian and 43.4% of the Finnish den-
tists. A significantly higher proportion of Finnish than
Norwegian dentists chose lecture and webinar as their
preferred education form, while a significantly higher
proportion of Norwegian than Finnish dentists would
like hands-on course, video demonstration and clinical
demonstration at their workplace (p <0.05).

Discussion

Despite recommendations and evidence of clinical ben-
efits, SSCs seem to be an infrequent treatment choice
among general dentists in the management of extensive
caries in primary teeth and DDDs in permanent teeth
[2, 14, 15]. According to dentists from both Norway and
Finland, lack of practical training appears to be the most
important barrier against SSC use. Although theoreti-
cal and practical education in the use of SSCs is imple-
mented in the dental training in both countries, clinical
practice during the education is limited, possibly due to
low caries prevalence in the majority of the young popu-
lation [18, 19]. This could contribute to the results from
both countries showing that general dentists prefer other
treatment options for severely carious or hypominer-
alised teeth, although Finnish dentists seem to adopt
SSCs somewhat more than Norwegian dentists [14, 15].
Awareness of advantages seems to be related with the use
of SSCs, according to the responses by Finnish dentists.
In addition to the international recommendations, new
national guidelines were recently published in Finland,
recommending SSCs for extensively decayed primary
teeth using both conventional technique and HT [20,
21]. There is a possibility that this has already impacted
Finnish dentists’ attitudes toward SSCs. Although SSCs
are a significant part of the specialist training in paediat-
ric dentistry in Norway as well, SSCs are not specifically
mentioned in the curricula for neither undergraduates
nor paediatric specialist candidates in Norway. However,
new national guidelines for dental restorations in chil-
dren are in progress, and SSCs are mentioned in the draft
document [22].

In both Norway and Finland, health care is predomi-
nantly publicly funded or subsidized, and dental health
care services are provided free of charge for children
under 18 years old in the public dental service (PDS).
Therefore, while treatment costs have been reported as
a main reason for the infrequent use of SSCs in coun-
tries where patients pay for the treatment themselves,
this is less relevant in Norway and Finland [2, 10]. Still,
the costs of SSCs were also raised in open comments of
this survey and may partly explain why lack of materials
was reported as the second most frequent reason for not
using SSCs.
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According to the present study, paediatric dentists in
Norway and Finland seem to use SSCs more frequently
than general dentists, which is in line with results from
recent studies in other countries [12, 13, 23—25]. This dif-
ference is most likely due to the reported lack of training
among general dentists. During postgraduate education
in paediatric dentistry, SSCs constitute a larger propor-
tion of the curriculum and a higher number of suitable
patient cases than in the undergraduate education, due to
referrals of patients with severe caries and DDDs as well
as children with special needs, complex dental problems
or medical conditions which may impact oral health. The
specializing dentists are thus provided with more hands-
on training under supervision than undergraduates.
Moreover, they more frequently treat children under gen-
eral anaesthesia. Indeed, SSCs are more frequently used
in general anaesthesia service [11].

Corresponding to results from other studies, general
dentists in Norway and Finland seem to prefer more
conventional and less interventionist treatment options
above SSCs for the treatment of severe caries in primary
molars and of permanent molars with DDDs [14, 15].
Norwegian dentists have previously been reluctant to
remove tooth substance in general [26]. Kopperud et al.
have suggested that it is likely that many dentists have
used the approach of minimal invasive dentistry too strict
in cases where a more invasive approach may be needed,
such as in treatment of molar-incisor hypomineralization
(MIH) [27]. Another explanation for limited tooth sub-
stance removal in severe MIH cases could be that den-
tists find the patient group challenging to treat because
of insufficient pain control and associated behavioural
management problems [27]. However, Norwegian and
Finnish dentists have been shown to highly individualize
their treatment strategies for each patient when treating
children and adolescents [14, 15].

In the UK, the use of SSCs has increased after HT has
gained popularity [28, 29]. SSCs placed using HT have
shown a better success rate than conventional restora-
tions in decayed primary teeth [3, 5, 30, 31]. Moreover,
there is a lower risk of pain when using SSCs with HT
compared to other fillings [21]. The HT may not be a
commonly known treatment in Norway and Finland.
However, it has recently been introduced in the curric-
ulum in the undergraduate program in Finland [20]. In
the future, it may be evaluated whether the use of SSCs
in Norway and Finland increases if HT becomes a more
commonly known procedure. Seen from the above-men-
tioned perspective, this might be a technique dentists
could be expected to embrace if given the opportunity to
learn and be confident using it. In addition, in light of the
ongoing COVID-19 outbreak, use of HT is more relevant
than ever [6].
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The majority of both Norwegian and Finnish dentists
in this survey reported the adjustment of the crown to
be challenging. Aesthetic requirements were the second
most frequently reported challenge in the use of SSCs,
although the same study sample reported aesthetics to
be among the least important factors affecting treatment
choice in children [14, 15]. Poor aesthetics have been
reported as limitations of SSCs by dental practitioners in
other studies [2, 10]. However, a study investigating the
child and parental views on SSCs found that SSCs were
viewed favourably by most children and their parents,
and that the majority expressed little or no concern about
their appearances. The authors pointed out that these
findings may encourage clinicians who have been reluc-
tant to use SSCs due to aesthetic concerns [32].

Given that lack of practical training was the most fre-
quently reported reason for non-use of SSCs in this
study, it is not surprising that the majority of respondents
reported a need for more information and education in
the use of SSCs. Along with the identified perception of
advantages of SSCs, this indicates motivation and interest
among clinicians. The majority of the respondents chose
hands-on course as their preferred education format, and
based on the generally low caries prevalence among chil-
dren in Norway and Finland today, this is a comprehen-
sive finding which supports the lack of suitable clinical
training.

The gender and age distribution of the Norwegian
respondents reflected the age distribution of dentists
working in the PDS. The study sample from Finland also
resembled the background population in most aspects,
but dentists younger than 30 years were over-represented
and dentists older than 60 years were under-represented
compared to the background population. As expected,
the number of dentists having a postgraduate speciality
was low, and this should be considered when interpret-
ing the results. In addition, there were more respondents
from North and East Finland than what the distribution
of the background population would assume.

It may be argued that the reported attitudes and rou-
tines do not necessarily reflect actual behaviour. The
present study was questionnaire-based, and study partic-
ipants self-selected to complete the survey, thus answer
bias related to personal interests of clinicians may have
occurred. In addition, in this kind of survey, it is possible
that respondents adapt their answers to public opinion
instead of responding realistically. This should therefore
be considered in interpreting the findings.

Apparently, dentists do not necessarily act in accord-
ance with national recommendations or even their
own perception of the benefit of SSCs when treating
children with extensively decayed primary teeth. This
indicates a gap between self-perceived knowledge and
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practice, and recommendations of paediatric clinical
best practice guidelines on the use of SSCs.

In clinical cases where SSCs are recommended,
general dentists in Norway and Finland mostly pre-
fer other, more conventional treatment options [15].
However, one should bear in mind that if dentists and
patients overcome the technical difficulties and the aes-
thetic issues, in a long-term perspective, SSCs have a
high success rate and a longer durability compared to
conventional direct restorations, which often require
retreatment and renewal [11]. SSCs are thereby cost-
effective in the long-term, although the initial costs
and efforts needed seem to be high. More frequent use
may be achieved by enhanced education and informa-
tion, which eventually may be advantageous for both
patients’ experience with dental settings as well as for
economic considerations.

Conclusions

Although Norwegian and Finnish dentists apparently
understand the value of SSCs for restoring young molars
and improving patients’ oral health, SSCs are an infre-
quent treatment choice among general dentists. The
majority of respondents reported lack of training and
materials and was interested in receiving more informa-
tion and education. Therefore, more focus on SSCs in the
curricula and more information and practical training of
general dentists should be established. This may result
in a higher confidence among dentists to use SSCs that
ultimately may lead to an increased use of SSCs when
indicated.
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