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The fit of crowns produced using
digital impression systems

MICAEL VENNERSTROM', MOBIN FAKHARY', PER VULT VON STEYERN?

Abstract

Compare the marginal and internal fit of crowns manufactured using four different
digital impression systems with crowns manufactured using conventional impression
technique, that served as a control group.

Fifty all-ceramic crowns were fabricated using 5o standardized dies divided into five
groups, each group representing one impression system. Each crown was cemented onto
its respective model and sectioned into four segments. The marginal and internal fit
were measured at 8 predefined points. A total of 1567 measurements were made, statis-
tically analyzed and compared with crowns fabricated using the five systems.

The following was found: (1) No significant difference was found with regard to mar-
ginal gap when comparing the control group to any of the digital systems. (2) Lava™ had
smaller marginal gaps than CEREC® and iTero®, (3) CEREC and Lava had smaller gaps in
the chamfer compared to iTero and the control, (4) E4D® showed smaller gaps than CE-
REC at measuring points 4-8 and CEREC a smaller gap at point 2, (5) Lava showed smaller
gaps than CEREC at measuring points 1,3 and 5-8. (6) Lava had smaller gaps than iTero at
measuring points 1-4,7 and 8. All differences presented were significant.

In conclusions, crowns manufactured using digital impressions present a marginal
and internal fit equal to, or better than, crowns made using a conventional impression
method. The marginal and internal fit of reconstructions made using digital impression
techniques could improve with a lower initial setting of the spacer.

Key words
Internal fit, marginal fit, CAD/CAM, intraoral scanning

'Faculty of Odontology, Malmé University, Malmo, Sweden
2Department of Materials Science and Technology, Faculty of Odontology, Malmé University, Malmg, Sweden
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Kronors passform framstallda
genom digitala avtryckstekniker

MICAEL VENNERSTROM, MOBIN FAKHARY, PER VULT VON STEYERN

Sammanfattning

Syfte: Att jamfora marginal och intern passform pa kronor framstallda genom fyra
olika digitala avtryckssystem med kronor framstallda genom konventionell avtryckstek-
nik, som kontrollgrupp.

Metod: Femtio helkeramiska kronor framstalldes individuellt pa 5o standardiserade
stansar,som delades in i fem grupper, dar varje grupp representerade ett avtryckssystem.
Varje krona cementerades pa sin respektive stans och sektionerades till fyra segment.
Den marginala och interna passformen mattes i 8 férdefinierade punkter. Totalt 1567
matningar utfordes, analyserades och jamfordes.

Resultat: (1) Avseende marginal spalt jamfort med instéllt varde kunde inga signifi-
kanta skillnader hittas da kontrollgruppen jamfordes med vart och ett av de digitala
systemen. (2) Lava™ hade mindre avvikelser i marginala spalter an CEREC® och iTero®, (3)
CEREC och Lava hade mindre avvikelser spalter i chamfern jamfort med iTero och kon-
troll, (4) E4D® visade mindre avvikelser an CEREC i matpunkter 4-8 och CEREC visade en
mindre avvikelse i matpunkt 2, (5) Lava visade mindre avvikelser an CEREC i matpunkter
1,3 och 5-8. (6) Lava visade dven mindre avvikelser an iTero i matpunkter 1-4,7 och 8. Alla
ovan presenterade differenser var signifikanta.

Slutsatser: Kronor framstallda genom digital avtrycksteknik kan uppvisa marginal och
intern passform som ar likvardig eller battre an kronor framstallda genom konventionell
avtrycksteknik. Marginal och intern passform pa rekonstruktioner framstallda genom
digitala avtryckssystem kan eventuellt vinna pd att sdnka den forinstallda spaltdimensio-
nen.
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Introduction

Dental reconstructions are traditionally made from
a detailed replica of the teeth and the tissues in the
oral cavity, which is made by pouring an impres-
sion with die stone plaster (7,30). The quality and
accuracy of this reproduction is highly dependent
on the impression technique employed, the impres-
sion material used and the accuracy of the gypsum
reproduction (4,9).

Even though modern impression materials have
the ability to reproduce a high level of detail, many
of the impressions sent to dental laboratories con-
tain defects (7). It has been shown that as many as 89
% of conventional impressions contain at least one
error (27) and that common errors are artifacts in
the marginal area which may directly affect the fit of
the reconstruction to be manufactured (4,7,9,27). If
an impression fails to reproduce the preparation ac-
curately, the result may be an ill-fitting crown which
might lead in turn to greater marginal gaps that
could be directly related to gingival inflammation if
placed subgingivally or caries if placed supragingi-
vally (10,33).

The fit of a crown has been defined as its axial
and occlusal fit (internal fit) in combination with its
marginal adaptation to the preparation (marginal
fit) (25). Although the marginal and internal fit are
both key factors, regardless of which cement is used,
the general consensus is that the marginal fit is the
most critical point, clinically, which therefore makes
it a crucial factor in deciding whether or not to
continue and cement the crown permanently dur-
ing try-in in the mouth (25,26). Furthermore, it was
concluded in a review that defective margins were
responsible for 10% of failed reconstructions (16).

Comparably few studies have been made to an-
alyze the effect of internal fit on the durability of
crowns. However, Tuntiprawon & Wilson showed
a decrease in fracture strength of porcelain crowns
with a cement thickness exceeding 70 pm compared
to crowns with accurate internal fit (34).

Patients often associate impression making with
discomfort and generally describe the process as
“greasy and unpleasant” (5,6,12). Other disadvan-
tages are that impression materials are highly tech-
nique sensitive and susceptible to deformation and
artifacts, making impression-making a difficult task.
However the technique is well-known and relatively
inexpensive (6).

CAD/CAM technology has been used in dental
technology for decades and although its introduc-
tion was cautious initially, the last ten years have
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brought about a complete change in the workflow
of the modern dental laboratory. Currently CAD/
CAM technology accounts for the majority of all
production at the expense of traditional manufac-
turing techniques. But, despite this development, the
patient data forming the basis for production is still
acquired by scanning a master cast poured from an
impression.

Recently intraoral scanning has been offered as an
alternative to traditional impression techniques to
create an impression of the dental arch and the prep-
arations. Today there are several different intraoral
scanners available on the market, all using different
technology to acquire the necessary data. (5,6).

With these new technologies, it is possible to
eliminate multiple steps in the process and thus re-
duce the source of errors compared to traditional
impressions. Many patients have also found it to be
more comfortable than the conventional techniques
(6,12). Henkel showed in a blind study that crowns
created by means of a digital impression using an
intraoral scanner (iTero®, Cadent, Carlstadt, USA)
were preferred over crowns created using conven-
tional impression methods in nearly 70% of the
cases, regarding time of adjustment, marginal fit,
contacts and occlusion (14). Syrek et al. found in a
clinical study comparing marginal gap size between
all-ceramic crowns created using digital impressions
(Lava™ C.O.S., 3M™ ESPE™, St. Paul, USA) and us-
ing the conventional 2-step impression technique,
that the median marginal gap size of crowns created
using digital impressions was lower than that of the
crowns created using conventional methods, 49 pm
and 71 pm respectively (32).

The question remains, however, as to whether the
accuracy of detail reproduction between the tech-
niques is identical or whether the conventional tech-
niques still have an advantage, and if so, how large
are these differences?

Aim

The aim of the present study was to investigate and
compare the marginal and internal fit of crowns
manufactured using four different digital impres-
sion systems under the null hypothesis that the re-
sult would equal that of crowns made using conven-
tional impression technique.
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Material and methods

Fifty all-ceramic crowns, divided into five groups of
10, were made using 50 standardized dies that were
scanned with an intraoral scanner (n=40) or repro-
duced via a-silicone impressions (n=10). After fabri-
cation, each crown was cemented onto its respective
die, embedded in acrylic resin and sectioned into
four segments. Subsequently, the marginal and in-
ternal fit were measured at 8 predefined points on
each segment using a light microscope. A total of
1567 measurements were made, statistically analyzed
and compared for crowns fabricated using the five
different systems. The different steps are described
in detail below:

Master model and reproduction of the dies

An acrylic molar tooth was prepared according to
general principles for all-ceramic crowns in pros-
thetic rehabilitation (deep cervical chamfer and al-
lowing for a material thickness of 1.5 mm in gen-
eral and 2 mm occlusally). The prepared tooth was
placed in an arch and scanned with a lab-scanner.!
Subsequently, 50 standardized models (prepara-
tions) were milled in a polymer material> by means
of computer-aided manufacturing (CAM)? based on
a master preparation and a master jig in the form of
a jaw section as seen in Figure 1. The models were

Figure 1. The 50 manufactured preparations were created to fit
on a specialjig in the form of a jaw section, which was designed
in a manner to prevent any rotation.
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thereafter divided into five randomized groups, each
group representing one of the intraoral scanners or
the control group. All 50 models were manufactured
to fit on the master jig which was designed in such a
way as to prevent the models from rotating during
impression making and to ensure that the prerequi-
sites for each impression were the same.

Production of crowns

The crowns of the control group were produced us-
ing a conventional two-step impression technique
with addition silicone* in rigid (perforated) metal
stock trays according to the manufacturer’s instruc-
tions. Master casts were poured and cast by a dental
technician within 48 h, using type IV dental stone’
according to the manufacturer’s recommendations.
The dies were sent to a dental laboratory where they
were scanned® and the crowns” were manufactured
by one dental technician.

The preparations of the remaining groups were
scanned with the respective system*>*" and subse-
quently sent to a chair-side milling unit or to a dental
laboratory for manufacture of the crownsVII*. The
scanning procedures were carried out by the same
operator according to the manufacturers’ instruc-
tions and under the supervision of a representative
from the manufacturer of each system. The recom-
mended cement spacer settings for each system were
used. Table 1 shows the specifics of, and settings for,
each of the systems used.

Cementation and sectioning of the crowns

The crowns produced were cemented to their respec-
tive dies with Variolink® II resin cement® according
to the manufacturer’s instructions by one operator.
To facilitate the measurement of the cement gap in
the light microscope, the cement was mixed with a
red dye color* which resulted in a higher contrast
between the materials. The crowns were fitted using
firm finger pressure followed by a standardized ver-
tical pressure of 15N in a table-mounted fixture until
light curing was accomplished. A small amount of
putty was placed on top of each crown before pres-
sure was applied, to ensure that it would be equally
distributed over the crowns.

The preparation with the cemented crown was
embedded in an acrylic resin block” and sectioned
diagonally into four segments (Figure 2) using a
low speed saw with a 0.3 mm thick diamond blade*.
Eight predefined points (Figure 3) on each seg-
ment were measured using a light microscope?”. To
standardize the analysis of the predefined points, a

SWEDISH DENTAL JOURNAL VOL. 38 ISSUE 3 2014
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Table 1. The specifics of each system and milling settings.

E4D® Dentist
™ ™
Control group CEREC® AC (Sirona) iTero® (Cadent) I;\;aETM)C.O.S. (3M (D4D
Technologies)
A-Silicone (3M™ Active trianaulation Optical coherence
. ESPE™ Express™ 2) g . Parallel confocal  Active wave-front tomography
Technique and confocal micro- . . .
3Shape D810 imaging (laser)  sampling (blue light) and confocal
scopy (Blue LED) .
Dental Scanner microscopy (laser)
30 pym (0.8-1.5 mm)
Spacer 60 pm 100 pm 60 pm and 80 pm (from 1.5 100 pm
mm)
Spacer starting
point from 0.8 mm 0.8 mm 0.8 mm 0.8 mm 0.8 mm
preparation
margin
Titanium Dioxide
powder. CEREC® Titanium Dioxide
Treatment of Optispray (Sirona) powder (3M™ ESPE™
preparation - (Grain size - NA. - Lava™ Powder for Sl
before scanning Optimal thickness C.0.9)
of the coat - 40-60 (Grain size - 20 pm)
pm) (8)
Kavo Everest® Kavo Everest®
Manufacturin 467 at dental CEREC® MC XL (chair- 467 at dental CNC 240 (3M™ Danmark  E4D Mill (chair-
g lab (Dental Syd side milling unit) lab (DentalSyd  AS, Glostrup) side milling unit)
Malmd) Malmo)

. ® o IPS e.max® o o
Material used for ~ IPS e.max® CAD IPS e.max® CAD CAD (voclar Lava™ Zirconia (3M™ IPS e.max® CAD
milling of crowns  (Ivoclar Vivadent)  (Ivoclar Vivadent) . ESPE™) (Ivoclar Vivadent)

Vivadent)
Crystallization* Crystallization* and ~ Crystallization* Crystallization*

After treatment

and etching**

etching**

and etching**

Sintering

and etching**

* The crystallization processes were performed according to the manufacturer’s instructions in an Ivoclar Vivadent Programat P500
crystallization furnace.
** The crowns were etched using IPS Ceramic Etching Gel <5% HF according to the manufacturer’s instructions.
*** In areas with high translucency silver nitrate is needed, however this was not the case in this study.

translucent grid was used with predefined reference
points specially created from a sectioned master
crown (segment A-D). The four grids were individu-
ally designed for segments A-D and thereafter used

SWEDISH DENTAL JOURNAL VOL. 38 ISSUE 3 2014

for the respective segments in all groups. Measure-
ments were performed at the marginal gap (accord-
ing to Holmes (15)), in the chamfer (2 points), on the
axial wall (3 points) and on the occlusal surface (2
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Seg C

Figure 2. The diagonal sections and the position of each
segment (A-D).

points). These procedures were all performed by the
same operator.

Statistics

Using reference values from a study performed by
Abbate et. al (1), the calculation of the power yielded
a result of 9 samples in each group (90% power and
P<0.05). In this study 10 samples were used in each
group.

The data from the measurements were analyzed
statistically using one-way ANOVA and Tukey HSD
post hoc test. The statistical tests were chosen and
analyzed in collaboration with a statistician.

1 KaVo, Everest® Scan pro, Biberach, Germany

2 VITA CAD-Temp® monoColor DISC: VITA Zahnfabrik,

Bad Sackingen, Germany

3 KaVo Everest® engine, Biberach, Germany

43M™ ESPE™ Express™ 2, Seefeld, Germany

5 GC Fujirock®: GC Corporation, Leuven, Belgium

¢ 3Shape D810 Dental Scanner; 3Shape, Copenhagen, Denmark
7 IPS e.max® CAD; Ivoclar/Vivadent, Schaan, Liechtenstein
& iTero®; Straumann, Cadent, Carlstadt, USA

° Lava™ C.0.S.; 3M™ ESPE™, St. Paul, USA

10 E4D® Dentist; D4D Technologies, Richardson, TX, USA

1 CEREC® AC; Sirona Dental Systems, Bensheim, Germany
2 | ava™ Zirconia; 3M™ ESPE™, Seefeld, Germany

B Ivoclar/Vivadent, Schaan, Liechtenstein

% Dr Oetker Sverige AB, Goteborg, Sweden

> Meliodent, Heraeus Kulzer, Hanau, Germany

16 TsoMet® Low Speed Saw: Buehler Ltd, Lake Bluff, NY, USA
7Wild M7A, Wild: Verkaufsgesellschaft Mikroskopie GmbH,
Heerbrugg, Switzerland
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Figure 3. Positioning of the eight measuring points. At the
margin an overhang can be seen, which was to prevent any
fractures in the area during manufacturing. The external shape
of the crown was not considered to have any significant effect on
the internal fitin this study.

3004
o
250
o o
200 o
%=
o
o
)
.g 150
E’ o
]
=
1004
50+
o
Conventional  CEREC Tero LavaC.0S. E4D
System

Figure 4. A box plot showing the spreading of the marginal gap
values and the extreme values.

SWEDISH DENTAL JOURNAL VOL. 38 ISSUE 3 2014
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Results

Forty-nine crowns were cemented and analyzed.
One crown was excluded (E4D) due to problems
during the cementation process, which caused an
obvious dislocation that could not be associated
with the fit of the crown. One measuring point
(point 8, iTero) was excluded because of an obvious
defect in the crown itself which gave a large non-
representable value.

Table 2 shows the mean values for each point
measured on the manufactured crowns of each
group, together with the standard deviation as well
as the deviation from the desired values at each
measuring point.

Figure 4 shows a box plot illustrating the data
scatter for the marginal gaps.

The statistical analysis showed no significant dif-
ference with regard to marginal gap when compar-
ing the control group to any of the digital systems.
However, significant difference was found between
the digital systems, where Lava (Lava C.O.S) had sig-
nificantly smaller marginal gaps than CEREC and
iTero (p<0.05). The numerical result showed differ-
ences between Lava and the E4D system but the dif-
ference was not significant (p=0.052).

The gaps of the crowns from the Lava group were
smaller than the control group at all measuring
points. With exception of the marginal gap, the re-
sults were significantly different (p<o.oo1 for points
2-4 and 7, p<o.05 for points 5, 6 and 8). Regarding
the chamfer, measuring points 2 and 3, the crowns
from the CEREC and Lava groups had gaps that
were significantly smaller than crowns in both the
iTero and the control group (p<0.001).

Significant difference was also found between
E4D and CEREC. The crowns in the E4D group had
smaller gaps than CEREC at measuring points 4-8
(p<o.05 for point 4 and 5, p<o.001 for points 6-8). At
measuring point 2, the crowns in the CEREC group
had smaller gaps than the crowns in the E4D group
(p<o0.05).

The crowns in the Lava group showed significant-
ly smaller gaps than the crowns in the CEREC group
at measuring points 1, 3 and 5-8 (p<o0.05 for points
1and 5, p<o.0o01 for points 3, 6, 7 and 8). Significant
difference was also found between Lava and iTero,
where the crowns in the Lava group showed smaller
gaps at measuring points 1-4, 7 and 8 (p<o.05 for
points 1 and 4, p<o.001 for points 2, 3,7 and 8).

Table 2. Mean values for each measuring point in pm. Standard deviations are shown in the parentheses.
The values in the first column represent the measured gap size and the values in the second column
represent their deviations from the set spacer settings. The negative values indicate a mean value smaller

than the set spacer gap.

Control CEREC

iTero Lava E4D

Measuring Points Mean (SD) Diff =~ Mean (SD)  Diff

Mean (SD)  Diff

Mean (SD)  Diff Mean (SD)  Diff

1: Marginal 66 (61) 66 79 (58) 79 80(54) 80  39(34) 39 73 (63) 73
2: Chamfer 1 146 (62) 146 85 (55) 85 145 (44) 145 61(33) 61 127 (46) 127
3: Chamfer 2 189 (66) 189  113(64) 113 176(57) 176  64(28) 64 125 (46) 125
4: Axial 1 150 (85) 90 117 (62) 17 131(71) 71 85(34) 5 76 (50) () 24
5: Axial 2 148 (103) 88 140 (71) 40 120(101) 60 91 (42) 1 80 (53) (-) 20
6: Axial 3 157 (107) 97 194 (103) 94 145 (110) 85 93 (43) 13 82 (54) (-)18
7: Occlusal 1 268(97)* 208  316(84)* 216 357 (100)* 297 140 (41) 60 148 (61)* 48
8: Occlusal 2 218(106) 158  327(89) 227  332(95) 272 167 (42) 87 204 (54) 104

*Measuring point which represents the area where milling compensation could be observed

SWEDISH DENTAL JOURNAL VOL. 38 ISSUE 3 2014
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Discussion

In terms of clinically acceptable marginal gap size,
there is no real consensus. In an in vitro study ex-
amining the solubility rate of type I zinc phosphate
cement Jacobs ¢ Windeler found a significant but
slight increase in dissolution at 150 um gaps com-
pared to 75 pm gaps (17). McLean has set the clini-
cal acceptable marginal gap size to be up to 120 pm
(21,22). Abbate et al. obtained results for marginal
gaps ranging from 56 to 81 um for different crown
systems - all-ceramic and metal-ceramic crowns,
while Fransson et al. reported gaps of more than 50
pm, with 30-50% being 150 pm or above and having
a mean thickness over 100 pm (1,11).

In some of the specimens in this study a large
scatter could be seen between the minimum and
maximum values. The cause of these varying results
is difficult to identify as the process consists of nu-
merous steps, many of which are beyond the opera-
tor’s control.

The scanner highlights areas with insufficient
data so that the operator can re-scan the surface
in question. Therefore the scanning could be con-
sidered a process which is more dependent on the
scanner and the interpreting software than on the
operator. However, as some systems require a con-
trast medium, this could be considered as an op-
erator dependent step. Even though the effect of it
was not investigated in this study, it is interesting
to discuss how it affects the scanning; negatively by
increasing the gap through an uneven application,
or positively by reducing the risk of receiving inac-
curate data because of transparency and reflective
surfaces. Insufficient seating of a crown will create
a large internal gap occlusally. (24,31) By comparing
the gaps at the marginal and occlusal points, one can
see if a seating failure has occurred (31). In the pre-
sent study this relationship indicates that the crowns
were seated adequately. Each segment was measured
at 8 points. The points were chosen on the basis of
clinical importance as well as in positions which pre-
vious studies have shown to be difficult areas to re-
produce during milling of crowns. Larger gaps have
been observed in areas around the cusps and in the
chamfer (19,24). Several studies have shown that the
marginal gap is the most important point regarding
crown survival. (16,17,21,22,25,26)

The analysis of the specimens showed that larger
cement gaps were generally observed over the cusp
areas. This is probably the result of an excess of mill-
ing around the cusps by the milling unit to avoid
interferences in these areas. Over-milling (or drill
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compensation) in certain areas, to compensate for
size of the milling tool, has been discussed in stud-
ies and should be taken into consideration when
analyzing the results (24). The clinical significance
of the drill compensation, however, is unknown but
since this excess of milling disrupts the uniformity
of the future cement film, it might also reduce its
strength and affect the seating of the crown (19,29).

Drill compensation was observed on crowns in
all groups, with the exception of the Lava group.
This might be explained by the fact that they were
milled in pre-sintered zirconia, which means that
the milled crowns are proportionally larger before
sintering. This, however, introduces another source
of error: shrinkage during sintering. IPS e.max CAD
was chosen as it was available for all of the systems
except Lava, is an often-selected material in general
dentistry, and because it is milled in scale one to one.
It could, however, be argued whether the choice of
material had any effect on the fit of the crown, since
the material used was different in one group. The
decision was made to keep Lava in the study but mill
the crowns in zirconia instead. Studies on respective
materials have shown similar values regarding mar-
ginal fit (13,38). Therefore it is considered that the
use of the two different materials would not influ-
ence the results sufficiently regarding precision.

A large value was measured on one of the speci-
mens from the iTero group. The internal shape in
this specimen (specimen 8A) differed greatly from
the other specimen in this specific region (measur-
ing point 8). Therefore it was regarded to be a defect
of unknown cause and was excluded, as it was not
considered to be a representable value.

No statistical significance was found when com-
paring all the digital systems with the control group.
Therefore, with regard to marginal gap, the null
hypothesis could not be rejected. The mean value
of marginal gap measured on the crowns manu-
factured in this study using the Lava system was
39 pm, which is comparable to previous clinical
studies, where a mean marginal gap of 49 pm was
measured on crowns manufactured using the same
system (28,32). Akbar et al. used the CEREC scanner
to manufacture crowns in vitro, on which the mean
marginal gap measured was 66 pm, which is some-
what smaller than the mean marginal gap of the
CEREC crowns in this study of 79 pm. Nakamura
et al. showed in his study a marginal gap between 53
pm and 108 pm, depending on the software setting
and convergence of the preparation. However, the
measuring methods used were different (2,23).
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The statistical analysis yielded many significant
values in relation to the other measuring points. It
could be questioned as to how representative the
statistical analysis is, since there were differences
between the spacer values. It is therefore of greater
interest to compare the mean deviation from the
aimed spacer value instead of analyzing the mean
gap size itself, as this better represents the accuracy
of the systems. However, from a clinical point of
view, a smaller gap is more desirable.

Table 2 illustrates the mean deviations of the ce-
ment gap from the set cement spacer for the systems
in this study. Due to the possible drill compensations
or vertical misfit the occlusal points are regarded
as less representable. Consideration should also be
given to the values at the marginal gap, as well as on
the values at the chamfer as these are, in theory, sup-
posed to be o um. However, this is not a practically-
achievable value due to the fact that the cement will
create a gap per se. The axial points are considered
to be less affected by a vertical misfit, and because a
horizontal misfit is compensated in the sense that a
gap smaller than the spacer on one side is followed
by a gap larger than the spacer on the other side. This
could be observed in some specimens. However the
results may still be considered representative as the
mean value would equalize the lateral movement.

With the exception of E4D, the manufactured
crowns showed axial gaps, more or less, larger than
the set spacer value (see Table 2). The system with
the smallest deviations was Lava, followed by E4D,
CEREC, iTero and the control group.

The point on a crown where the tensile stress is
the greatest is located directly below the point of
applied occlusal load (3). Theoretically, cusps are
areas that are exposed to high force of load during
function, which might be areas located above where
excess milling has occurred. Significant variations
in thickness of ceramic crowns might lead to stress
concentrations during load (3,20), which theo-
retically means that the mechanical properties of
crowns might be reduced when variations in thick-
ness exist (3,20,35).

Previous studies have shown that resin cements
often give a greater film thickness compared to
other cements (36). This is reflected in the current
ISO-standard (ISO 4049:2009), which suggests that
the viscosity of resin cements should be so low that
their thickness does not exceed 50 um during work-
ing time. However, more recent studies demonstrate
that the use of several different resin cements leads
to gaps less than 25 um (18,37). This suggests that it is
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not necessary for clinicians to provide extra cement
space to compensate for the high viscosity of resin
cements (18).

Finally, it must be considered that the crowns
were manufactured using different milling units
with different spacer values although the manufac-
turers’ recommendations were followed. Since this
study evaluates the systems per se, and not the scan-
ning devices only, the milling must be considered to
be a part of the system, as reccommended values were
used. This is, however, feasible as the measurements
where done with respect to the settings made for
each group studied.

Conclusions
Within the limitations of this in vitro study the fol-
lowing conclusions were drawn.

Crowns made with the aid of digital impressions
show marginal and internal fit that is equal to or bet-
ter than crowns made using a conventional impres-
sion method.

The marginal and internal fit of reconstructions
made using digital impression techniques could
possibly improve with lower initial CAD setting of
the cement gap/spacer, provided that the prepara-
tions to be scanned meet standard prerequisites, e.g.
not having undercuts.
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Implementation of laser technology
and treatment at county level in
the Swedish Public Dental Service

Asa BERGHOLM', ANNA-LENA OSTBERG??, PIA GABRE'"

Abstract
The aim of this study was to obtain an understanding of the factors that affected the
way new technology and methods were used in dentistry after a training program.

A qualitative research method was used to collect data. Nine dentists working in the
Public Dental Service (PDS) in Uppsala County in Sweden agreed to be interviewed in the
study. They worked in five different clinics, all with laser equipment, and had received
training in the use of lasers. The interviews were tape recorded and transcribed, and were
analysed using manifest and latent qualitative content analysis.

The categories in this study were identified as “Prerequisites and obstacles to imple-
mentation”, “Attitudes to laser technology and treatments” and “Laser technology in
the future”. The dentists described working with lasers as complicated and problematic.
They had concerns about the method relating to the working environment, evidence of
efficacy of treatment, costs, and benefits for patients and dentists. The main finding was
that the decision to adopt the technology seemed to be based on individual perceptions
of the value of lasers compared to other ways of achieving the same goal. They provided
uniform proposals regarding how an organization should implement new methods,
including an emphasis on the importance of preparation and having opportunities to
be able to test and evaluate the technology. Another important factor was support from
surrounding staff, colleagues and management. Despite all the barriers, the respondents
were positive about working with lasers in the future, mainly due to their belief that
patients would demand laser treatment.

In conclusion both individual and organizational factors affected the extent to which
the respondents used the laser. The main finding was the individual perception of the
value of lasers compared to other methods which could achieve the same goal.

Key words
Dentists, implementation, laser technology
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Implementation av laserteknologi inom tandvarden

AsA BERGHOLM, ANNA-LENA OSTBERG, PIA GABRE

Sammanfattning

Syftet med studien var att skapa forstaelse for vilka faktorer som avgjorde hur tandla-
kare anvande laser efter utbildningsinsats.

En kvalitativ metod anvandes for att samla in och analysera data. Nio tandlakare som
arbetade i Folktandvarden, Uppsala Idn, med olika bakgrund, dlder och erfarenhet inter-
vjuades. En semistrukturerad intervjuguide valdes med fokus pa tandlakarnas upplevel-
ser av att borja anvanda laser som behandlingsmetod. De utskrivna intervjuerna analy-
serades genom kvalitativ innehallsanalys.

Kategorierna som framkom i resultatet var "Forutsattningar och hinder fér implemen-
tering”, "Attityder till laserteknik och laserbehandlingar” samt "Lasertekniken i framti-
den”. Subkategorier identifierades inom samtliga kategorier.

Deltagarna i studien beskrev det som omstandligt och komplicerat att arbeta med
laser. Tandlakarna hade trott att lasertekniken skulle underlatta for bade patient och
behandlare men beskrev det som en hinderbana att borja arbeta med laser. Hinder som
namndes var organisatoriska faktorer, att behandlingarna tog lang tid samt att man
kande sig osaker pa om lasermetoden var evidensbaserad och effektiv i relation till kost-
naderna. Huvudresultat var att beslutet att anvdnda laser eller inte, berodde pa bedom-
ningen av vardet av lasern i jamforelse med andra satt att uppna samma mal, och om
det fanns en vinst for patienten.

Respondenterna hade enhetliga forslag till hur en organisation bor ga tillvdga nar man
infor en ny behandlingsmetod och ny teknik. Man poangterade vikten av férberedelse,
kunskap och mojlighet att prova och utvardera en metod. Aven stéd fran tandskoterskan,
kolleger och ledning namndes som betydelsefullt. Trots de egna erfarenheterna av att
det ar komplicerat att anvanda laser, ansag de intervjuade tandlakarna att metoden
kommit for att stanna, framforallt eftersom patienterna efterfrdgar behandlingen.

Slutsatsen var att saval individuella som organisatoriska faktorer paverkade hur man
anvande lasertekniken. Det viktigaste var om man upplevde att laserbehandlingen inne-
bar en vinst for patienten.
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Introduction

In healthcare systems, development and improve-
ment are continuous processes. Important factors
for improving clinical practice are studied, as well
as factors that highlight the implementation of new
treatment methods, policies and technologies (9).
Studies in medicine show that there are no “magic
bullets” for improving the quality of healthcare, but
there are a wide range of interventions available that,
if used appropriately, can lead to important im-
provements in professional practice and patient out-
come (19). Scientific research into implementation is
underway in several areas including healthcare, psy-
chology, sociology and economics. However, barri-
ers to change can occur at multiple levels - in indi-
viduals, groups or organizations, and it is important
to be able to use the right strategy to overcome them.
As Grol &Grimshaw write: “Plans for change should
be based on characteristics of the evidence or guide-
line itself and barriers and facilitators to change. In
general, evidence shows that none of the approaches
for transferring evidence to practice is superior to all
changes in all situations” (11).

There is a complex interplay between the distri-
bution and application of new knowledge which
is influenced by factors including leadership, the
working environment, available resources and indi-
vidual circumstances (9). People’s abilities to adopt
new knowledge and techniques can be described as
a normal distribution curve, where those with the
greatest openness to change will be found at the edge
of the curve, i.e. “early adopters” (21). Dentists who
are early adopters in one area have been shown to
be likely to be in the forefront in other areas too (5).

In dental practice, knowledge of professional bar-
riers to embracing new guidelines can actually fa-
cilitate the change process (23). Dentists alter their
clinical therapies based on research, colleagues’
opinions, training and “ad hoc” evaluation of their
own work (18, 13).

A Swedish study demonstrates how well-struc-
tured training, which is followed up over time, can
achieve good results in getting dentists to use new
treatment technologies in endodontics (15). Change
in clinical endodontic treatment was achieved by us-
ing a combination of strategies including lectures,
briefings to all staff, clinical training and reminders.
Determining how successful the introduction of new
technologies is may be related to how the user per-
ceives the “usefulness” and the “ease of use” of these
technologies. The concept “usefulness” describes the
degree of benefit the new technology brings to the
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user, and “ease of use” refers to how easy the tech-
nology is to use. The considered benefits of new
technology appears to be more important in how
frequently the new method is used, rather than how
easy it is to use (3).

In the Public Dental Service (PDS) in the county
of Uppsala, Sweden, laser technology was intro-
duced in 2008. Laser technology in caries treatment
has been evaluated in a systematic review. The re-
sult showed that laser seemed to work as well as the
conventional drill when removing caries-damaged
tissue. Patients find laser treatment less uncomfort-
able than drilling, but treatment with laser is more
time-consuming. It was not possible to draw any
conclusions regarding biological or technical com-
plications and the method can not be considered
cost-effective (14). Another disadvantage is that la-
sers cannot be used to remove metal fillings and do
not perform well when being used to remove plastic
fillings. However, laser technique may be an option
for soft-tissue surgery in children, and when treating
short maxillary or lingual frenula (16).

Despite the studies described above, knowledge
of dentists’ experiences of learning new, advanced
methods of treatment is limited. This study intends
to examine the introduction of laser treatment in
PDS dental care in a Swedish county. The aim of the
study is to create an understanding of the factors
that affect how new methods and technology are
used in dentistry after a training program.

Material and methods

The study was approved by the Regional Ethical
Review Board at the University of Uppsala (No.
2011/158). Informed consent was obtained from all
subjects prior to the start of the study. The aim of the
study was to gain a deeper understanding of dentists’
strategies in adopting new technology. A qualitative
research method was used and data was collected in
individual interviews.

Subjects

Nine dentists, seven women and two men, from five
different clinics with laser equipment in the PDS
in Uppsala County were interviewed. To obtain
a relevant strategic selection, dentists of different
ages, genders, professional experience and differ-
ent practice orientations, i.e. general practitioners
and specialized dentists, were selected. Two dentists
from the same clinic chose not to participate, and
therefore one clinic with laser equipment was not
represented in the study. The age range among the
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participants was between 29 and 65 years (median
45 years), and they had worked between four and
40 years in the profession (median 20 years). The
interviewees received their laser education between
2007 and 2010, four having undergone professional
training in Germany and five in Sweden.

Interviews

The interviews were performed by a dentist and clin-
ic manager with experience in interviewing (AB).
The interviewer was known by the participants, but
had no working relationship with any of them. The
interviews took place at the participants’ workplaces
or other PDS premises and lasted between 45 and
60 minutes. A semi-structured interview guide was
used. Interview focus was on the dentists’ own expe-
riences of using laser technology and also contained
the following perspectives: the participants’ profes-
sional backgrounds and careers, how they used la-
ser in patient treatment, and how an organization
should act when introducing new technology and
new treatments. The interview guide was adapted
to new perspectives expressed by the participants in
subsequent interviews. All the interviews were tape
recorded and transcribed verbatim by a transcrip-
tion office. The interviews were performed and tran-
scribed in Swedish and the analysis was conducted
with the Swedish text as a basis. A professional trans-
lator translated the quotations used in this paper
from Swedish into English.

Analysis

The transcribed text was studied using content anal-
ysis; both manifest and latent analyses were carried
out. Both types of analysis involve interpretation,
although they differ in depth and level of abstrac-
tion (8). The unit of analysis was nine interviews.
The analysis was made by two of the authors (AB
and PG) who independently read all the inter-
views several times to gain an overall understand-
ing. Units of meaning, combinations of words that
relate to the same meaning, were identified in the
text. The analysis continued by condensing the units
of meaning into codes, and in this process an ab-
straction took place involving analyzing on a higher
logical level. The codes were then clustered into cat-
egories and sorted into subcategories. Descriptions
of statements were sorted into manifest categories,
while latent categories included interpretations of
the underlying meanings of statements, at varying
levels of abstraction. The authors suggested tentative
categories and subcategories, evaluated the group-
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ings, revised the material and finally reached con-
sensus. Quotations from most of the interviews are
presented in all the categories to help the reader to
assess the trustworthiness of the results. The orga-
nization of codes, subcategories and categories are
shown in Figure 1.

Results

The respondents described the use and applications
of the laser technique in different ways. Some re-
spondents used the laser as soon as the education
was completed, but then stopped using this form of
treatment. Others used laser about once a month or
even less, while others used it every week. The appli-
cations were caries treatment, primarily in patients
with dental anxiety, soft tissue surgery, endodontics
and treatment of sensitive root surfaces. A few re-
spondents conducted research on laser as a method
for caries treatment and endodontics. The categories
in this study were identified as “Prerequisites and
obstacles for implementation”, “Attitudes to laser
technology and treatments” and “Laser technology
in the future”.

Prerequisites and obstacles to implementation

The category “Prerequisites and obstacles to im-
plementation” was composed of the subcategories
Education and training, Preparation and practice,
Obstacles and Motivation for using laser (Fig. 1).

Education and training

Some participants described how the introduction
of laser technology was a decision taken by the lo-
cal PDS while others became interested at dental
congresses. Regardless of who took the initiative,
respondents stated that they had made their own
decisions to participate. It was pointed out by re-
spondents that it is crucial that individuals have a
personal interest in learning a method and take their
own initiatives.

”If you've asked for it yourself ....you do it ...you
want it and you persevere ....”

The participants’ knowledge of laser prior to
training was described as varied. Some had heard
that patients who received laser treatment were sat-
isfied, and others had read in the newspapers about
laser use in dentistry and wanted to know more.
Once they had decided to attend the program, some
participants obtained information of their own
about lasers and had contact with companies selling
laser equipment.

The theoretical training was described as diffi-
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Figure 1. Codes, subcategories and categories in the analyses.

Codes Subcategories Categories
-initiative

- knowledge Education and training

- theoretical training

- the importance of preparation
-trialand error
- support

Preparation and practice

- complicated and problematic
- assistant personnel not trained
- time consuming - the importance of time

Obstacles

- benefits for patient
- benefits for therapist
- anticipations for utilization

Motivation for using laser

Prerequisites and obstacles of
implentation

-easier for patient

- benefits for therapist

- demand for laser treatment

- unfulfilled expections created disappointment

Expectations of laser

- scientific evidence and credibility
-worries about safety
- high costs in relation to benefits

Insecurity associated with
laser treatment

Attitudes to laser technology
and treatments

- benefits for patients a must
- to bein the frontline

Find new motivation for
using laser

- other applications for laser

Ongoing work and further

Laser technology in the future

- contribution to research
- overcome resistance

-improved laser devices progress

cult, but extensive and thorough. The dentists’ opin-
ions of the quality of the training differed - some
found it very good while others were less satisfied.
Those who had received their education in Sweden
seemed to be more satisfied with the training pro-
gram than those trained in Germany. The main rea-
son mentioned was the educational content.

“I think it was good....there was a lot... of phys-
ics in it and I think that was great and important to
have in and I think .... it’s good that everybody who
is going to use lasers has had training so you don’t
miss anything.”

Preparation and practice

The importance of preparation was stated, for in-
stance visiting others working in the same field in
order to learn from their experiences. Participants

SWEDISH DENTAL JOURNAL VOL. 38 ISSUE 3 2014

also stressed the importance of opportunities for
people to find out themselves how it was to work
with the technology, as well as the importance of
testing and evaluation in practice.

Some dentists considered that the practical train-
ing prepared them adequately to be able to work
with laser equipment in the clinics, while others stat-
ed that they would have appreciated more “hands-
on” training and more opportunity to practice. They
were of the opinion that when starting to work at
their own clinics, there was no opportunity for tu-
toring. There they had to try out techniques on their
own, using trial and error:

“No I didn’t really feel ready; instead it was a
bit ..... try and see for yourself. Which settings the
equipment should have, which was best and all
that...”
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The dentists expressed different needs for support
while they gained experience in methods of treat-
ment. Since there were just a few dentists working
with laser technology at their clinics, participants
lacked input from colleagues. Respondents also felt
that it would have been an advantage to have had
dentists from other clinics to collaborate with, i.e.
a professional network. The general view was that
it was advantageous when the clinic manager had
an understanding of safety issues and the need for
training before performing laser treatments.

Obstacles

Participants had many comments on how it was to
start using the laser machine: operating it was com-
plicated and consideration had to be paid to space,
availability, ergonomics and time. Working with la-
ser was described as a complicated and problematic
process, and was compared to an obstacle course.

“It’s like a little obstacle course, you’ve got to sort
of jump over a lot of obstacles ... You have to man-
age it and on your own too, so it gets quite hard.”

The laser was not available in the treatment room
and a lot of preparation, involving safety regulations
and the settings on the equipment, was necessary be-
fore performing the actual treatment. They felt that
the machine was clumsy and that it took up a lot of
space in the room. Respondents described the work
environment as unpleasant; the device made a lot of
noise, it smelled bad, and the seating position was
uncomfortable. On the other hand, some made the
point that it was not so difficult to use the device and
that a “Quick Reference guide” was available.

Respondents stated that one difficulty was that as-
sistant personnel were not trained in the technique
and had to be trained during treatment sessions.
Participants described time as a very important fac-
tor when using laser technique. Treatment time was
perceived as longer than when using a conventional
drill. The dentists had a clear awareness of the im-
portance of the financial outcome in relation to the
time spent.

“I was going to say that time is money. Put it like
this, time is really everything to us.”

Another time-related aspect was that the dentists
felt they had a stressful work situation since there
were lots of patients waiting for treatment. It took
time to inform colleagues and patients about the
option of laser treatment. It was felt that the den-
tist should be able to set aside time both to practice
laser treatment and to inform and educate people
about it.
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Motivation for using laser

An important factor that was mentioned as a mo-
tivation to use laser technology was to discover
whether or not there were any benefits for the pa-
tient and the therapist.

“I have to feel that it’s good for me, and first and
foremost for the patient”

Some respondents said that they were convinced
that this method had advantages for the patient, es-
pecially for those with dental anxiety, and that pa-
tients would choose laser treatment if they had the
opportunity. Others did not believe that there were
any reasons to use the laser, or thought any advan-
tages were insignificant.

Participants said that they felt the management
anticipated that they would use modern technol-
ogy and would utilize the investment that had been
made. Some participants stated that they felt com-
pelled to work with this method since they had re-
ceived extensive and expensive training. Others said
they experienced a feeling of guilt when the equip-
ment was not used.

Attitudes to laser technology and treatments

In this category, subcategories Expectations of laser
treatment and Insecurity associated with laser treat-
ment were identified.

Expectations of laser treatment

Participants said that their expectations of what
could be achieved with laser treatment were high
before they started. Above all, the main aim was to
make it easier for patients, particularly for those
with negative experiences of the drill. It was expect-
ed that it would be painless for the patient and that
a local anesthetic would not be necessary.

“Thad child patients and very many were scared of
the injection, there was a lot of fear of needles and of
pain .....so I thought it would be a great opportunity
to work with lasers...”

The respondents voiced an expectation that la-
ser treatment would be faster and easier to use than
conventional drilling, which would also be an ad-
vantage for the therapist.

The dentists reported that the image of laser treat-
ment was that it would produce good results, that it
could be used for most things in dentistry includ-
ing caries treatment and surgery, and that it would
be very good for root canal treatments and patients
with disabilities.The respondents considered that
positive expectations were created both by those
who marketed laser appliances and also by those
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who gave the training. However, more skeptical at-
titudes were also expressed. Some participants had
seen the laser used in the past and did not think it
seemed to work as well as described. Respondents
expected that a large number of patients would de-
mand laser treatment in the future.

Since the dentists” expectations were not fulfilled
they reported a feeling of disappointment.—The
general opinion was that treatment took a long time,
the machine malfunctioned, the technology was too
complicated and patients did not ask for laser treat-
ment in the first place.

Insecurity associated with laser treatment

The scientific evidence and credibility of the laser
method was stated as important for dentists in the
study.

It was considered that there was not enough evi-
dence from research in the field. Gradually the re-
spondents began to doubt if what they had learned
during training was credible and they expressed
their disappointment with the low quality of com-
pleted studies:

“If we use lasers without evidence that’s quackery
..... We need evidence and science behind us.”

Participants declared a strong sense of uncertain-
ty and insecurity when it came to using laser tech-
nology.They expressed worries regarding safety,
the machine was described as intimidating, and the
costs associated with its use were too high. Uncer-
tainty concerning caries treatment and the sterility
of laser appliances were also mentioned. In addition,
uncertainty was voiced about the working environ-
ment.

“We know enough to be scared of the laser, but
not enough to be certain about how to use it.”

Laser technology in the future

Within this category, two subcategories were identi-
fied; Finding new motivation for using lasers and On-
going work and further progress.

Finding new motivation for using laser
The respondents often repeated that the most cru-
cial aspect of laser treatment was benefits for the pa-
tients. Many expressed the belief that patients would
choose laser treatments if they had the option.
Several respondents expressed the opinion that
laser technology was modern, which was an im-
portant reason for wanting to learn to use it. They
believed that their organization wanted to be in the
front line of technological advances.

SWEDISH DENTAL JOURNAL VOL. 38 ISSUE 3 2014

“I think it’s great that people are investing in new
technology ...that we’re at the cutting edge rather
than falling behind, I think it’s fun.”

It was also mentioned that laser treatment could
attract younger patients, who may consider new
technology to be exciting. However, opinions on the
laser were ambivalent. On one hand it was new and
modern, on the other hand it might not meet the
requirements of evidence-based dental treatment.

Ongoing work and further progress

Participants considered that it was possible to find
other applications for laser treatment, including
soft tissue surgery, where it would facilitate difficult
treatments and bring quicker healing, and scurrying
root surfaces. In these areas the laser was mentioned
as an equipment and a good complement to conven-
tional treatment. The view was expressed that the la-
ser has come to stay in dental treatment, since laser
devices are improving all the time.

Some interviewees expressed the opinion that
they could not rely on existing research, instead it
was stated that users themselves had a responsibility
to increase their knowledge in the field of laser use
and to contribute by carrying out scientific work
of their own.

“Just because there aren’t any scientific studies
doesn’t mean that it’s not good.”

Some declared that they believed it was possible to
make a new start. Despite the resistance that existed
and the doubts dentists described, there was also a
determination to continue working with laser tech-
nology. Some saw it as stimulating to overcome the
obstacles they had experienced.

“It’s sort of the future....of course you have to
keep on trying.”

Discussion
This study showed that dentists found it complicat-
ed and time-consuming to work with lasers. They
compared laser use to an obstacle course and found
that the high expectations they had in the beginning
were not fulfilled. The interpretation of the results
was that respondents felt uncertain regarding the
working environment, scientific evidence, costs, and
benefits for patients and dentists.The main find-
ing was that the decision to adopt new technology
seemed to be based on individual perceptions of the
value of lasers compared to other ways of achieving
the same goal and the meaning, here interpreted as
if there was a benefit to the patient (4).

A qualitative research method was chosen in or-
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der to obtain useful information about the aspects
being studied. The content analysis method makes
it possible to draw replicable and valid inferences
from data, which in turn can give knowledge and
new insights into the issues (16). Criticism of the
method includes the opinion that it is not suffi-
ciently qualitative in nature, and that its descrip-
tions of data are simplistic. Content analysis initially
involved a quantitative description of the context,
but the method has developed and now includes in-
terpretations of latent content (8). Trustworthiness
in a qualitative study depends on two aspects. The
first is credibility, associated with confidence in how
well data and the analysis processes address the in-
tended focus, here obtained by the selection of par-
ticipants with various backgrounds and the use of
open questions adapted to cope with new informa-
tion and opinions. The second is dependability, as-
sociated with the degree to which data changes over
time and alterations made by the researcher during
the analysis process (8). A third factor of importance
for trustworthiness is transferability, referring to the
extent to which results can be transferred to other
groups. Carefully describing factors of importance
for credibility and dependability in the study enables
the reader to assess the level of transferability of the
results.

Statements in this study showed that the den-
tists used laser technology to different degrees. The
results indicated that both organizational and in-
dividual factors were of importance for how laser
technology was used. This is consistent with another
study that recognized that implementation of clini-
cal guidelines requires both organizational and indi-
vidual changes (10).When it came to working with
laser devices, respondents’ descriptions and sugges-
tions of what to do when implementing a new treat-
ment method, were consistent in this study. Several
of the concerns mentioned by the respondents, like
the laser being complicated to use, treatment taking
more time, the value of practicing with laser equip-
ment before attending a training course and obvious
benefits of new methods, have previously been de-
scribed in a review concerning diffusions of innova-
tion in service organizations (9). Descriptions of the
obstacles the dentists faced and the frustration they
felt about working with laser equipment occupied a
large part of the interviews. A consequence of this
is that the category “Prerequisites and obstacles to
implementation” dominates the results and analysis.

The respondents seemed to have good levels of
confidence in their own abilities, a concept known

118

as “self-efficacy” (1). In the concept described by
Schunk & Pajares, people with high self-efficacy got
involved in their work faster, made greater efforts,
showed greater endurance and achieved better re-
sults (22). Although the respondents in our study
expressed confidence in their own abilities, several
failed to adopt laser technology. When expectations
regarding the use of laser were not met, some partic-
ipants drew the conclusion that they had not done a
good job. Similarities and differences in participants’
attitudes to individual adoption of new technology
were found. It was possible to describe them all as
“early adopters,” meaning they said that they were
stimulated by challenge and were eager to develop
their professional skills. But the adoption of an in-
novation is more of a process than an event and the
grouping of people into “early adopters” and “lag-
gards” (20) was not sufficient to explain why some
individuals decided to use the new technology and
some did not. As described by Greenhalgh et al, peo-
ple test and evaluate new treatment methods and
guidelines and often find, or fail to find, a meaning
in them in dialogue with others (9).

Some of the respondents performed very few
treatments, for which they gave different reasons.
These included no or few indications, uncertainty
concerning results, concerns about sterility and lack
of scientific evidence. Lack of time for practice and
the practical problems of fetching the machine were
also mentioned. A possible conclusion is that the in-
novation did not meet identified needs of the den-
tists. According to the Concerned Based Adoption
Model (12), several of the factors mentioned above
are important for the successful adoption of an in-
novation. This model points out important prereq-
uisites for adoption, such as sufficient information
about the innovation, sufficient training and sup-
port, feed-back, opportunity to adapt, refine and
improve. Sociological research describes how key
attributes of the innovation itself are also of impor-
tance when it comes to its adoption. Innovations
that have a clear advantage in either effectiveness
or cost-effectiveness are more easily adopted and
implemented (20).

The dentists were also doubtful about the scien-
tific evidence relating to laser technology. Accord-
ing to Hopper et al., dentists were able to see the
importance of evidence, but also considered per-
sonal experience important when adopting clinical
guidelines (13). The evidence base for technologies
and methods was often ambiguous and contested,
and therefore needed to be continually interpreted
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and reframed in a local context (7). Laser technology
seemed to be hard to introduce even among those
describing themselves as interested in new technolo-
gy and who, for example, used a microscope in end-
odontics. These results may be in line with Davies’
theory that the perceived usefulness of a technology
was of greater importance than its ease of use (3).
Particular factors, such as involving PDS managers,
holding seminars for assisting personnel and giving
hands-on practical training with supervision and
follow-up, resulted in the successful implementa-
tion of new technology in endodontics (15). Similar
initiatives might also have facilitated the implemen-
tation of laser treatment.

A recurrent point made by participants was the
importance of the benefits of laser treatment to the
patient and the dentist. The dentists that used the
laser expressed a belief in its benefits for the patients,
and pointed out that patients” demands for laser
treatment were an important factor. These dentists
also mentioned that they had a sense of responsi-
bility and a commitment to use the laser appliances
since they had received extensive training. They felt
that management expected them to use it. According
to Eveland, if the conditions mentioned above were
fulfilled, the innovation was more likely to be suc-
cessful (6). Those dentists who had ceased to work
with lasers thought that it was possible to get equally
good results with conventional methods and that
the laser method was not effective. They saw no ad-
vantage in using it, which is important according to
Rogers (20). These dentists made the decision not to
use the laser because they saw no benefits for the pa-
tient. This could be described as a decision-making
model called, “the physician as agent,” in which the
decision regarding treatment is taken by the dentist,
assuming that he or she knows the patient’s prefer-
ence (2).

Despite all the obstacles, the respondents were
positive about the future of lasers, and they found
it possible to continue using lasers in treatment. The
meaning attached to an innovation is generally not
fixed but can be negotiated and reframed within an
organization (7).

Conclusion

Both individual and organizational factors influ-
enced the use of laser technology after a training
program. The participants in the study described
similar experiences of working with laser technol-
ogy but they drew different conclusions from their
experiences. For some of them laser technology be-
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came a part of the daily treatment arsenal, for others
it was used occasionally and some had ceased using
it. The main finding was that the decision to adopt
the technology seemed to be based on individual
perceptions of the value of lasers compared to other
ways of achieving the same goal. The respondents
provided uniform proposals on how organizational
factors affect implementation, including an empha-
sis on the importance of preparation and evalua-
tion. Other important factors were support from as-
sistant personnel, colleagues and management. The
respondents were positive about working with laser
in the future, mainly due to their belief that patients
would continue to demand laser treatment and that
laser use is a modern technique that will improve.
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Orthodontic treatment by general
practitioners in consultation

with orthodontists — a survey

of appliances recommended by
Swedish orthodontists

SOFIA PETREN, KRISTER BJERKLIN, AGNES ECORCHEVILLE, PONTUS HEDREN

Abstract

The aim of the present study was to disclose the treatment procedures most fre-
quently recommended by Swedish orthodontists for use by general practitioners and to
determine whether these recommendations are reflected in the undergraduate dental
program in orthodontics at Malmo University. Potential differences between the ortho-
dontists’ recommendations were also investigated.

A questionnaire was sent to 169 consulting orthodontists, seeking their recommenda-
tions for appliance therapy to be undertaken by general practitioners: 129 (63 males and
66 females) responded.

The Quad Helix was the appliance most commonly recommended for correction of
posterior crossbite, a plate with Z-springs for correction of anterior crossbite and the
headgear activator for correction of Class Il malocclusions. A significant gender diffe-
rence was disclosed with respect to orthodontists’ recommendations for treatment of
Class Il malocclusions by general practitioners, namely that female orthodontists recom-
mended the headgear activator more frequently than males. However, this difference is
most likely attributable to the gender distribution among orthodontists qualifying as
specialists during the last five decades: more recently qualified orthodontists are predo-
minantly female.

The choice of appliances corresponded well with undergraduate training in orthodon-
tics at the Faculty of Odontology in Malmo.
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Orthodontics, orthodontic appliances, functional appliances, general practitioners
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Ortodontibehandlingar i allmantandvarden
rekommenderade av eller i samarbete med
ortodontister

SOFIA PETREN, KRISTER BJERKLIN, PONTUS HEDREN, AGNES ECORCHEVILLE

Sammanfattning

Studiens syfte var att undersoka vilka ortodontibehandlingar som ar vanligast fore-
kommande hos allmantandlakare rekommenderade av svenska ortodontister samt att
undersoka om de vanligaste behandlingarna ar de som ingar i grundutbildningen vid
odontologiska fakulteten i Malmo. Eventuella skillnader mellan ortodontisterna under-
soktes ocksa.

Ett frageformular utformades och skickades till 169 ortodontister med konsultations-
verksamhet for att undersoka vilka olika apparaturer som rekommenderas till allman-
tandlakare. Svarsfrekvensen var 76 %, 129 personer varav 66 kvinnliga och 63 manliga
ortodontister.

Den mest anvanda apparaturen for behandling av korsbett var Quad Helix. For att
hava frontal invertering var klammerplat med Z-fjader vanligast, for att korrigera Klass |l
malocklussion var det aktivator med inbyggt EOD. En signifikant skillnad mellan ortodon-
tisterna hittades sa till vida att kvinnliga ortodontister rekommenderade allmantand-
lakare aktivator med extra oralt drag vid behandling av Klass Il malocklussion i storre
utstrackning an manliga ortodontister.

Valet av apparatur overensstamde till storsta delen val med det som anvands i stu-
dentundervisningen vid odontologiska fakulteten i Malmé.
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Introduction

In Sweden, children and adolescents are offered an
annual examination at the dental clinic at which they
are registered. They have the choice of attending a
public clinic or a private practice. In either case, den-
tal care is subsidised by the Swedish National Health
Service until the year the patient reaches 20 years
of age. In a few counties, this period is prolonged.
At the annual visit, the general practitioner under-
takes a clinical examination. In the case of clinical
findings that may indicate a need for orthodontic
treatment, an appointment will be arranged for con-
sultation with an orthodontist. In most counties the
orthodontic consultation takes place at the patient’s
local clinic: appointments are co-ordinated so that
several patients are scheduled for consultation at the
one session.

At the consultation, the orthodontist decides
whether treatment is indicated. If so, depending on
the severity of the case, the reccommended treatment
may be undertaken by the general practitioner, if
necessary in consultation with an orthodontist at
the local clinic; in more complex cases the patient
will be referred to a specialist orthodontic clinic. In
certain Swedish County Councils, almost half of all
orthodontic treatment is carried out at the general
practitioner’s clinic while in other parts of the coun-
try almost all treatment is undertaken at a specialist
clinic (1).

After consultation or in collaboration with an
orthodontist, the general practitioner carries out
interceptive treatment, some functional appliance
treatment and tooth extractions on orthodontic
indications. Other treatments may be grinding of
primary teeth and correction of unilateral posterior
crossbites (Figure 1) using expansion plates or Quad

Figure1
Unilateral posterior crossbite with lateral mandibular shift.
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Figure 2
a) Expansion plate. b) Removable Quad Helix.

Figure 3 a) plate with z-spring b) plate with protrusion spring
c) plate with protrusion screw for single tooth d) plate with a
screw for anterior teeth

Helix appliances (Figure 2a-b). A plate may also be
used for correction of anterior crossbite (Figure 3a-
d) using springs or screws. General practitioners
sometimes treat Class II malocclusions using func-
tional appliances such as activators, with or without
extraoral traction, Twin Block or extraoral traction
appliances.

Thus it is important that the undergraduate den-
tal course in orthodontics provides future general
practitioners with the skills and competence neces-
sary to undertake any orthodontic treatment which
may be delegated to them by the consultant special-
ists.

The aim of the present study was to investigate
which treatments consultant orthodontists most
frequently recommend to general practitioners and
to analyse potential correlations between choice of
recommended treatment, gender of the orthodon-
tists, year of graduation as a dentist and year of spe-
cialist qualification. A further aim was to investigate
whether undergraduate training in orthodontics at
the Faculty of Odontology, Malmé University, re-
flects the recommendations of Swedish orthodon-
tists.
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Material and Methods

Subjects

The subjects involved all Swedish orthodontists with
available e-mail address, participating in the Swed-
ish system with orthodontic consultations to gen-
eral practitioners (GPs) and with current experience
of these consultations. The subjects were recruited
from the membership register of the Swedish Or-
thodontic Society with some additions for non-
members. The criteria for inclusion in the survey
were that participants had been born in 1942 or later
and were currently active as specialist consultant or-
thodontists in Sweden, thus the questionnaire was
sent to 169 subjects. The distribution was performed
by the web-based program Survey Monkey®.

Methods

The questionnaire included items about which ap-
pliances the orthodontists recommend for different
orthodontic diagnoses. The responses to the survey
questions were in multiple-choice form, with op-
tions relating to treatment recommendations and
choice of appliances. The questionnaire included
some core questions about gender, year of gradua-
tion as a dentist and year of qualification as a spe-
cialist in orthodontics (Appendix). During the first
four weeks, 82 orthodontists responded to the sur-
vey. Two weeks later, a follow-up e-mail was sent to
encourage the non-respondents to participate in the
survey, finally resulting in 129 responses.

To investigate whether undergraduate training in
orthodontics at the Faculty of Odontology, Malmo
University, reflects the recommendations of Swed-
ish orthodontists, the education in orthodontics
was thoroughly mapped. The education takes place
during semester 8-10 of the dental education. The
treatment methods carried out are headgear activa-
tors, Quad Helix, expansion plates, plates for ante-
rior crossbites, cross elastics and in some cases fixed
appliances with sectional arches.

Statistical methods

Pearson’s Chi-two test was used to disclose any
statistical differences between the options with the
highest answer rate. Differences with probabilities
of less than 5% (P <o0.05) were considered statisti-
cally significant. The calculations were performed in
SPSS version 20.
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Results
The response rate to the questionnaire was 129 (76
per cent): 66 females and 63 males. More males than
females had graduated as dentists during the earlier
decades: 71 per cent of the males had graduated be-
tween 1961 and 1980, compared with 40 per cent of
the females (Table 1).

The male orthodontists had been specialists for
a longer time than the females. Forty males (64 per
cent) had qualified as specialists between 1981 and
2000, while 53 (80 per cent) of the females had be-
come specialists between 1991 and 2011 (Table 1).

The average number of years as a general practi-
tioner, including specialist education before qualify-
ing as a specialist was 11.6 years for the males and 15.9
years for the females.

Posterior crossbite

For unilateral posterior crossbites, 75 per cent of re-
spondents (80 per cent of the females and 67 per cent
of the males) reported that treatment was “always or
often” delegated to general practitioners, under the
supervision of an orthodontist (Table 2).

The most frequently recommended appliance was
the Quad Helix (62 per cent). In 29 per cent expan-
sion plates were recommended, with or without oc-
clusal coverage (Table 3). Soldered Quad Helix was
the most frequently recommended type of Quad
Helix appliance: 54 per cent compared with 38 per
cent for the removable one.

There were no significant differences between
female and male orthodontists with respect to the
type of appliance recommended.

When the orthodontists used a Quad Helix them-
selves, most preferred a removable appliance: 57 per
cent compared with 35 per cent for the soldered
Quad Helix. Eight per cent used an expansion plate
or arapid maxillary expansion appliance. At the Fac-
ulty of Odontology in Malmo, the undergraduate
course in orthodontics includes training in the use
of the removable Quad Helix as the preferred appli-
ance for correction of posterior crossbite.

Anterior crossbite

For correction of anterior crossbite in the early
mixed dentition, the most frequently recommended
appliance (28 per cent) was a plate with occlusal
coverage and Z-springs (Figure 3a). Twenty-five per
cent of respondents recommended a plate with oc-
clusal coverage, and a screw acting on an anterior
acrylic segment (Figure 3b) (Table 4). At the Faculty
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Table 1. Distribution of survey respondents according to year
of graduation as dentists and year of specialist qualification.

Graduation as dentists

Specialist qualification

Year Females Males Females Males
n % n % n % n %

1960-1970 3 4.5 8 12.7 0 0 1 1.6
1971-1980 23 35.0 37 58.7 1 1.5 8 12.7
1981-1990 23 35.0 10 15.9 12 18.2 26 41.3
1991-2000 17 25.5 8 12.7 13 19.7 14 22.2
2001-2011 0 0 0 0 40 60.6 14 22.2
Total 66 100 63 100 66 100 63 100

Table 2. Frequency of general practitioner treatment of unilateral posterior crosshite, under supervision of orin
consultation with an orthodontist. No significant differences between the genders of the orthodontists were disclosed.

Very rarely Sometimes Often Always
et n % n % n % n %
Female 4 6.2 9 14.1 15 23.4 36 56.3
Male 4 7.0 15 26.3 15 26.3 23 40.4
> 8 6.6 24 19.8 30 24.8 59 48.8

@Table 3. Appliances recommended for correction of unilateral posterior crossbite by general practitioners, under supervision
of orin consultation with an orthodontist. No significant differences between the genders of the orthodontists were disclosed.

Female Male
n % n % n %
Expansion plate with 0C 10 15.6 5 8.8 15 12.4
Expansion plate without 0C 1 1.6 7 12.3 8 6.6
QH 33 51.6 30 52.6 63 52.1
Expansion plate as often as QH 15 23.4 9 15.7 24 19.8
GP“s own choice 5 7.8 3 5.3 8 6.6
Other appliance 0 0.0 1 1.8 1 0.8
GP’s never treat this 0 0.0 2 3.5 2 1.6

0S: occlusal coverage

QH: Quad Helix

GP: General practitioner

SWEDISH DENTAL JOURNAL VOL. 38 ISSUE 3 2014
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Table 4. Distribution of appliances recommended for correction of anterior crosshite in the early mixed dentition by general
practitioners, under supervision of or in consultation with an orthodontist. No significant differences between the genders of the

orthodontists were disclosed.

Female Male y

n % n % n %
Plate with OC and Z-spring 18 29.6 15 26.7 33 28.2
Plate with 0Cand a screw to an 21 34.4 8 14.3 29 24.7
acrylic part
Plate with OC and a screw acting 8 13.1 9 16.0 17 14.5
directly on the teeth
Plate without 0C and a screw to an 5 8.2 8 14.3 3 111
acrylic part
Plate with 0C and a protrusion 3 4.9 3 5.4 6 5.1
spring
None of these treatments are done 3 4.9 9 16.1 12 10.1
by general dentist.
GP s own choice 3 4.9 2 3.6 5 4.3

0C: occlusal coverage
GP: General practitioner

of Odontology in Malmé the appliance of choice
for correction of anterior crossbite is a plate with
springs.

Anterior crossbite of a single tooth

When correcting anterior crossbite of a single tooth
(Figure 3a), 48 per cent of the orthodontists rec-
ommended a plate with occlusal coverage and a Z-
spring (Table 5).

A plate with occlusal coverage and a screw acting
directly on the tooth was recommended by 20 per
cent of the respondents.

Ten percent recommended a plate with occlusal
coverage, with a protrusion screw to cause anterior
movement of the incisors (Figure 3¢).

Four orthodontists considered that correction of
anterior crossbite of a single tooth required special-
ist treatment and did not supervise this treatment
by general practitioners. There were no significant
differences between female and male orthodontists
with respect to recommendation of appliances (Ta-
ble 5). A plate with a Z-spring is the appliance of

126

choice for these cases in the undergraduate program
at the Faculty of Odontology in Malmo.

Class Il malocclusion

Sixty-six of the orthodontists (55 per cent) respond-
ed that they “often or always” supervised or advised
general practitioners in treatment of Class II maloc-
clusions: 63 per cent of the female orthodontists
and 46 per cent of the males. Eleven per cent of the
respondents reported that they very rarely recom-
mended or supervised treatment of class II maloc-
clusions by general practitioners (Table 6).

The Andresen activator appliance (Figure 4a) was
recommended by 28 per cent of the orthodontists
but the most frequently recommended appliance for
treatment of Class IT malocclusions by the general
practitioner was an activator with headgear, 63 per
cent (Figure 4b). One female and two male ortho-
dontists recommended Twin Block (Figure 4¢) and
two male orthodontists recommended Mono Block
appliances.

There was a significant difference between male
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Table 5. Distribution of appliances recommended for correction of anterior crossbite of a single

tooth by general practitioners, under supervision of or in consultation with an orthodontist.
No significant differences in relation to orthodontists” gender were disclosed.

Female

n % n % n %
Plate with OC and Z-spring 27 45.0 30 53.5 57 48.3
Plate with OC with a screw acting
directly to the tooth 14 23.3 7 12.5 21 19.5
Plate with OC and a screw to an
acrylic part 8 133 4 71 12 100
Plate without OC and a screw to
an acrylic part 3 5.0 7 12.5 10 8.5
Plate without OC and Z-spring 2 33 3 5.4 5 4.2
Plate without OC with a screw
acting directly on the tooth 1 1.7 0 0.0 1 0.8
None of these treatments are done
by general dentist. 2 33 2 3.6 4 3.4
GP s own choice 3 5.0 3 5.4 6 5.1

0C: occlusal coverage
GP: General practitioner

Table 6. Frequency of treatment by general practitioners, under supervision of or recommended by an orthodontist,
of Class II malocclusions in the mixed dentition. No significant differences between the genders of the orthodontists were disclosed.

Gender Very rarely Sometimes Often Always

n % n % n % n %
Female 8 12.5 16 25.0 33 51.6 7 10.9
Male 5 8.8 26 45.6 23 40.3 3 5.3
> 13 10.7 42 34.7 56 46.3 10 8.3
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and female orthodontists with respect to treatment
of Class II malocclusions by general practitioners.
More male orthodontists recommended the An-
dresen appliance, and more female orthodontists
recommended activator with headgear.

Regardless of when they qualified as orthodon-
tists, more females tended to recommend headgear
activator treatment (Table 7). For the male ortho-
dontists, almost equal numbers recommended
treatment with a headgear activator and an Andres-
en appliance, regardless of year of specialist quali-
fication. The exception was for those qualifying as
orthodontists from 1981 to 1990, who recommended
headgear activator treatment (Table 7). At the Facul-
ty of Odontology in Malmé, the treatment of choice
for Class II malocclusion is the headgear activator.

Figure 4. a) Andresen activator.

appliance.

Sectional arch wire

Sectional arch wires are very seldom recommended
by orthodontists for use by general practitioners, for
correction of anterior crossbite or for closing gaps
after extraction of premolars. Eighty-six per cent of
the female and 82 per cent of the male orthodontists
recommend sectional arch wire “very rarely”, 11 per
cent of the female and 14 per cent of the male ortho-
dontists recommended sectional arch wire “some-
times”. Only 4 orthodontists recommended its use
“often or always”.

Discussion

The aim of the present study was to disclose which
appliances orthodontists recommend to general
practitioners. The results were used to ascertain

Table 7. Recommended type of activator in relation to year of specialist qualification as an orthodontist.

Females Males

Andresen Headgear Andresen Headgear

activator Activator activator activator
1970-1980 4 2
1981-1990 1 10 7 14
1991-2000 1 9 5 7
2001-2010 8 27 5 6
s 10 46 21 29
128 SWEDISH DENTAL JOURNAL VOL. 38 ISSUE 3 2014
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whether undergraduate training in orthodontics
at the Faculty of Odontology, Malmé University,
reflects treatment procedures commonly recom-
mended for Swedish general practitioners. This is
the first study to investigate the use of different or-
thodontic appliances by general dental practitioners
in Sweden.

The results disclosed that posterior and anterior
crossbites and Class II malocclusions are frequently
treated by general practitioners, in consultation or
collaboration with an orthodontist. Most of the rec-
ommended treatments are consistent with under-
graduate education in orthodontics at the Faculty of
Odontology in Malmo.

There was a high response rate to the question-
naire, 76 per cent: only 40 of the 169 orthodontists
failed to respond.

Some respondents questioned whether the or-
thodontist should recommend treatment to the
general practitioners, or act as a supervisor, treating
the patients together with the general practitioner. It
is the authors’” opinion that most orthodontists act
as supervisors, while the patients remain under the
care of the general practitioner, who is also respon-
sible for the treatment. The study did not include
orthodontists from districts where the role of the or-
thodontist is limited to determining which children
should be offered the option of specialist treatment
free of charge.

Posterior crossbite

The prevalence of posterior crossbite has been re-
ported to be between 7 and 23 per cent (4, 5,7, 8,19,
21) and may be of skeletal or dentoalveolar origin
and be either bi- or unilateral.

Unilateral posterior crossbites often involve a lat-
eral mandibular shift that may cause asymmetrical
condylar movement, (6, 12) which in turn might
lead to asymmetrical mandibular growth and facial
asymmetry (Figure 1) (13, 17, 20).

If left untreated, the malocclusion will persist:
spontaneous correction is rare or does not occur (11,
15). Early intervention is recommended for correc-
tion of functional posterior crossbites in the mixed
dentition (2, 10, 13, 15, 18, 20). The expansion plate
and Quad Helix appliances are frequently used for
correction of posterior crossbite (Figure 2).

The responses to the survey disclose that most
children with posterior crossbite (75 per cent) are
treated by general practitioners under supervision
of or in consultation with an orthodontist. Of the
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soldered and removable Quad Helix appliance, the
soldered version is most frequently recommended
for use by general practitioners (62 per cent). Sec-
ond to this is the expansion plate with or without oc-
clusal coverage (29 per cent) (Table 2-3). The expan-
sion plate is less effective (15) but in successful cases,
it shows long-term stability comparable with Quad
Helix. The Quad Helix has the advantage of shorter
treatment times and good long-term stability (2, 14).
Furthermore, it has been shown that the Quad Helix
is more cost-effective (16).

The answers to questions eight and nine showed
that almost all the orthodontists are of the opinion
that general practitioners should undertake cross-
bite correction. However, some orthodontists do not
recommend Quad Helix. This may be explained by
the fact that the appliance is considered by some to
be difficult to manage.

The orthodontists most often recommend sol-
dered Quad Helix for use by general practitioners,
while the specialists themselves prefer the removable
version. One explanation could be that the remov-
able Quad Helix is considered to be more difficult
to adjust.

Anterior crossbite

In anterior crossbite, one or more upper incisor teeth
are erupting palatally. This occurs in the early mixed
dentition and must be differentially diagnosed from
hereditary Class IIT cases. Although anterior cross-
bite is quite common and may lead to several com-
plications, to date there is no high-quality evidence
to indicate which treatment is the most effective (3).

Correction of anterior crossbite in the early mixed
dentition is achieved either with a plate with a screw
or springs, or with a lingual archwire with protrud-
ing springs or sectional arch wire and brackets. The
treatment most frequently recommended for use
by the general practitioner was a plate with occlusal
coverage and Z-springs (28 per cent) (Table 4).

This was also the most frequently recommended
treatment for correction of anterior crossbite of a
single tooth, followed by a plate with occlusal cov-
erage and a screw acting directly on the tooth (20
per cent), more often recommended by female than
male orthodontists (Table 5).

Class Il malocclusion

The outcome of removable appliance treatment is
highly dependent on patient cooperation, timing
of the treatment and the dentist’s clinical skills and
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ability to encourage patient compliance.

Despite this, only 13 orthodontists reported that
they “very rarely” recommend treatment of Class II
malocclusion by general practitioners; 42 responded
“sometimes” while more than 50 per cent responded
that they “often or always” recommend treatment by
general practitioners (Table 6). Thus, general prac-
titioners treat the majority of Class I malocclusions
in Sweden.

According to the results of this study, the most fre-
quently recommended appliance for correction of a
Class II malocclusion was a headgear activator (63
per cent) followed by the Andresen activator (28 per
cent). This is in accordance with the undergraduate
dental program in Malmo.

Only three orthodontists recommended the Twin
Block appliance. In this context it is of interest to
note that 75 per cent of the orthodontists in the Brit-
ish Orthodontic Society preferred the Twin Block as
a functional appliance for overjet reduction (9). This
may be because the British orthodontists do not
share the Scandinavian tradition of using activators.

When recommending treatment of a Class II
malocclusion by a general practitioner, the choice of
appliance differed in relation to the gender of the
orthodontists. This was, however, probably not an
effect of the gender itself, but more likely reflected
when they qualified as specialists in orthodontics:
recently qualified specialists are predominantly fe-
male (Table 7).

Before the introduction of the headgear activa-
tor system, the Andresen activator was the most
frequently used appliance for treatment of Class II
malocclusion in Sweden. There was a significant dif-
ference in gender ratio when comparing orthodon-
tists receiving their specialist qualifications before
and after the year 2000. In the year 1990, females
comprised only around 27 per cent of orthodontists,
whereas in the year 2011, almost 51 per cent of all the
orthodontists who responded to the survey were
female (Table 1). This may explain why male or-
thodontists tended to prefer the Andresen activator
more frequently than females and why the headgear
activator system was used more frequently by female
than male orthodontists .

The results indicate that for correction of Class II
malocclusions in general practice, female orthodon-
tists recommended the headgear activator system to
a greater extent. For all other appliances, there were
no differences in relation to the gender of the or-
thodontist.
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Sectional arch wire

In cases of premolar extraction without fixed or-
thodontic appliances, there may be residual gaps.
In these cases an option could be to reduce or close
these gaps with sectional arch wires and elastic
chains. However, 112 orthodontists, 84 per cent, re-
sponded that they “very rarely” recommend use of
sectional arch wires by general practitioners. This
procedure is considered difficult to manage and be-
cause it is seldom used, brackets and wires are not
always readily available in general clinics.

Conclusions

Patients with unilateral posterior crossbite are treat-
ed by general practitioners in 75 per cent of cases,
after consultation with or under supervision of an
orthodontist. Quad Helix was the most frequently
recommended appliance.

Correction of Class IT malocclusions in Sweden is
most frequently undertaken by general practition-
ers, after consultation with or under the supervision
of an orthodontist.

The only significant difference between female
and male orthodontists with respect to recommen-
dation of treatment is in correction of Class I maloc-
clusions: compared to males, female orthodontists
recommend the headgear activator more frequently,
while male orthodontists prefer the Andresen appli-
ance. However, this difference seems to be related to
the fact that more recently qualified orthodontists
are predominantly female.

The most frequently recommended treatment
modes correspond well with those included in the
dental undergraduate program at the Faculty of Od-
ontology in Malmo.
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Appendix

1) My gender is:

-Male

-Female

2) I graduated as a dentist in the year:

3) I became a specialist orthodontist in the year:
4) Consultancy:

-I work as a consultant with general practitioners

-I don’t work as a consultant with general practitioners
5) Correction of unilateral posterior crossbite is under-
taken by general practitioners in my area:

-Very rarely/never

-Sometimes (10-20 percent of cases)

-Often

-Always in cases of forced mandibular shift

6) Treatment of children with Angle Class II malocclu-
sion in the mixed dentition is undertaken by general
practitioners in my area:

-Very rarely/never -

Sometimes (10-20 per cent of cases)

-Often

-Always in the absence of clear contraindications such
as lack of interest on the part of the patient and/or the
parents

7) Treatment with sectional arch wires to correct
anterior crossbite of a single incisor or to reduce the
space in the lateral segments is undertaken by general
dentists in my area:

-Very rarely/never

-Sometimes (10-20 per cent of cases)

-Often

-Always when treatment is indicated

8) When delegating treatment of posterior crossbite to
the general practitioner, which appliance do you gener-
ally recommend?

-Expansion plate with occlusal coverage

Expansion plate without occlusal coverage

-Quad Helix

- Plate or Quad Helix, equally

- General practitioners choose appliance themselves
-Another appliance

-I never recommend this

-I almost never treat unilateral crossbites

-Unilateral posterior crossbites are corrected without
referral to an orthodontist

9) If you recommend Quad Helix to the general practi-
tioner, it is mostly:

-Quad Helix soldered to the bands

-Removable Quad Helix

-Soldered about as frequently as removable Quad Helix
-Treatment with Quad Helix is undertaken without
orthodontic consultation

-Treated by orthodontist
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10) When correcting a unilateral posterior crossbite

you prefer to use:

-Quad Helix soldered to the bands

-Removable Quad Helix

-Expansion plate with occlusal coverage

-Expansion plate without occlusal coverage

-Fixed appliance for expanding suture/RME

11) If you recommend treatment of a single tooth in an
anterior crossbite in the early mixed dentition to the
general practitioner, what do you suggest they use?
-Plate with occlusal coverage and a Z-spring

Plate with occlusal coverage and a protrusion spring
-Plate without occlusal coverage and a Z-sprin -Plate

without occlusal coverage and a protrusion spring
-Plate with occlusal coverage and a screw applied directly
to the inverted tooth

-Plate with occlusal coverage and a screw attached to an
acrylic section directly abutting the inverted tooth
-Plate without occlusal coverage and a screw attached to
an acrylic section directly abutting the inverted tooth
-Labial bow with spring against the inverted tooth
-General practitioners choose appliance themselves
-Treatment is performed without an orthodontist

-I do not recommend any of these treatments to the
general practitioner

12) What do you recommend for correction of anterior
crossbite,?

-Plate with occlusal coverage and a Z-spring

-Plate without occlusal coverage and a Z-spring

-Plate without occlusal coverage and a screw applied
directly to the teeth in crossbite

-Plate with occlusal coverage and a screw attached to a
segment of acrylic

-Plate without occlusal coverage and a screw attached to
segment of acrylic

-Labial bow with spring against the inverted teeth
-General practitioners choose appliance themselves
-Treatment is performed without an orthodontist

-I do not recommend any of these treatments to the
general practitioner

13) If you are advising a general practitioner about
treatment of Angle Class II malocclusion, which appli-
ance do you usually recommend?

-Activator, Andresen

-Headgear-activator combination

-Bass appliance

-Twin Block

-Monoblock

-Bionator

-Plate to raise the bite

-Another appliance

-I never recommend this

-Treatment is performed without an orthodontist
-Personally I do not think any of the above methods
should be applied
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Outcome of orthodontic care and
residual treatment need in Swedish
19-year-olds

EMMA GORANSON', FREDRIK LUNDSTROM', MATS BAGESUND?

Abstract

The purpose of the study was to assess the outcome of orthodontic care in Linkdping,
Sweden. The dental records of 207 (107 M, 100 F) 19-year-olds registered at one public
dental health clinic were studied. A clinical examination was performed where malocclu-
sions were registered, where after residual orthodontic treatment need was measured
using the Index of Complexity, Outcome and Need (ICON). The 19-year-olds also filled in a
questionnaire regarding residual subjective orthodontic treatment demand. Differences
between genders were analysed.

One hundred and ten (47 M, 63 F) individuals (53.1%) had partaken in orthodontic
consultations. Orthodontic appliance treatment had been received by 86 (38 M, 48 F)
individuals (41.6%).

Aresidual orthodontic treatment need was registered in 28 (22 M, 6 F) individuals
(13.5%).

Residual subjective orthodontic treatment demand was expressed by 9 (3 M, 6 F) indi-
viduals (4.3%). Eight (2 M, 6 F) of those had no residual treatment need.

A higher (p=0.006) rate of females (63.0%) than males (44.0%) had participated in ort-
hodontic consultations. The proportion of males (35.5%) who had experienced orthodon-
tic treatment was not significantly lower (p=0.069) than among the females (48.0%).
However, a lower (p=0.009) proportion of treated males (55.3%; n=21 out of 38) than of
treated females (81.3%; n=39 out of 48) had received their treatment by orthodontic spe-
cialists. At 19 years of age, the proportion of males with residual treatment need (20.6%)
was higher (p=0.002) than among the females (6.0%).

Every patient with orthodontic treatment need and -demand at 19 years of age had
previously been offered orthodontic treatment. The conclusion was drawn that the
orthodontic care scheme had successfully diagnosed and treated orthodontic problems
in the population. However, notable differences between genders regarding treatment
modalities and the amount of residual treatment need at age 19 were found.

Key words
Orthodontic treatment, treatment need, treatment demand
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Utfall av ortodontivarden och kvarvarande
ortodontiskt behandlingsbehov hos 19-aringar

EMMA GORANSON, FREDRIK LUNDSTROM, MATS BAGESUND

Sammanfattning

Syftet med studien var att utvdrdera utfallet av ortodontivarden vid Folktandvarden i
Ostergotland. Tvéhundrasju (107 man, 100 kvinnor) 19-ariga revisionspatienter vid Folk-
tandvarden Lilla Torget i Linkoping undersoktes. Deras journaler granskades avseende
ortodontisk behandlingshistorik. Patienterna undersoktes kliniskt betraffande forekomst
av bettavvikelser och kvarvarande objektivt ortodontiskt behandlingsbehov bedomdes
med hjalp av ICON-indexet. Individerna fick dessutom fylla i ett frageformular gallande
kvarvarande subjektivt ortodontiskt behandlingsbehov. Skillnader mellan kdnen analyse-
rades.

Bland de undersokta hade 110 (47 man, 63 kvinnor) individer (53.1%) deltagit i en eller
flera ortodontikonsultationer. Attiosex (38 min, 48 kvinnor) personer (41.6%) hade be-
handlats med ortodontisk apparatur. Femtiotre (18 man, 35 kvinnor) av de 86 behandlade
19-aringarna (61.6%) hade ortodontisk retention vid 19 ars alder.

Kvarvarande objektivt ortodontiskt behandlingsbehov registrerades hos 28 (22 man, 6
kvinnor) individer (13.5%).

Kvarvarande subjektivt ortodontiskt behandlingsbehov fanns hos nio (3 man, 6 kvin-
nor) personer (4.3%). Atta (2 min, 6 kvinnor) av dessa hade inget kvarvarande objektivt
ortodontiskt behandlingsbehov.

En hogre (p=0.006) andel kvinnor (63.0%) an man (44.0%) hade deltagit i ortodonti-
konsultation. Andelen man (35.5%) som hade behandlats skiljde sig inte signifikant
(p=0.069) fran andelen kvinnor (48.0%). Daremot var det en lagre (p=0.009) andel av de
38 behandlade mannen (55.3%) an av de 48 behandlade kvinnorna (81.3%) som hade fatt
sin behandling utford av ortodontist. En annan skillnad mellan kénen var att andelen be-
handlade man med retention (47.4%) var lagre (p=0.016) an andelen behandlade kvinnor
med retention (73.0%). Vid 19 ars alder fanns kvarvarande ortodontiskt behandlingsbehov
hos fler (p=0.002) av mannen (20.6%) an av kvinnorna (6.0%).

Alla patienter med kvarvarande objektivt och subjektiv ortodontiskt behandlingsbehov
vid 19 drs alder hade tidigare erbjudits ortodontisk behandling. Slutsatsen kunde darfor
dras att ortodontiskt behandlingsbehov framgangsrikt hade upptackts och behandlats
hos den undersdkta gruppen av 19-aringar. Daremot upptacktes anmarkningsvarda skill-
nader mellan konen gallande ortodontisk behandlingshistoria och kvarvarande objektivt
ortodontiskt behandlingsbehov vid 19 ars alder.
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Introduction

The need for orthodontic treatment has been es-
timated to between 30% and 45% in Swedish and
Danish populations of children and adolescents (7,
14, 16, 26). Except for a limited number of gross and
noticeable occlusal traits, there is little evidence that
the presence of a malocclusion has a major impact
on oral health (28). It has also been shown that the
association between orthodontic treatment need
and quality of life is modest (23). Consequently, fac-
tors other than the presence of a malocclusion, such
as the individuals own opinion concerning their
teeth, must be considered when assessing treatment
need and -demand.

According to a report from 2005, the average or-
thodontic treatment rate in Sweden was 27%, with
a range between 21% and 39% in different Swedish
Counties (29). Treatment rates on population levels
have also been reported from other Nordic Coun-
tries. Some of these results are presented in Table 1.
Most of these studies report no significant differ-
ences between genders.

The outcome of orthodontic care can be assessed
by the registration of residual need and demand for
treatment when the free of charge dental care ceases
(2,3,15), which is at the age of 19 years in most Swed-
ish Counties. In such an evaluation it is important to
include individuals both with and without a history
of orthodontic treatment to be able to make valid
inferences on the outcome of treatment schemes on
a population level (9, 10, 30).

In a recent study, a residual treatment need of
25.6% was found in a population of 20-year olds
(7), while in another study, 22% of the examined
19-year-olds leaving the free-of-charge dental care
had residual treatment need (22). In these reports
residual subjective demand for treatment was found
to be 2% and 7%, respectively. These results indi-
cate a higher residual objective need than subjective
demand for orthodontic treatment in the examined
populations. When comparing the genders, some
studies indicate a higher residual treatment need in
males than in females (15, 19, 31), while others dis-
close no differences between genders (5, 10, 22).

The purpose of this study was to assess the out-
come of orthodontic care among 19-year-olds in
Linkoping, Sweden. This was done by examining
orthodontic treatment history, frequency of maloc-
clusion, and residual need and demand for ortho-
dontic treatment in one public dental health clinic.
Differences between genders were analysed.

The hypotheses were:
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1. The present orthodontic care scheme has been
successful in diagnosing and treating orthodon-
tic problems.

Every patient with both orthodontic treatment

need and -demand at 19 years of age has previ-

ously been offered orthodontic treatment.

2. There are no differences between genders at 19
years of age regarding orthodontic treatment
history, frequency of malocclusion, residual or-
thodontic treatment need or -demand.

Material and Methods

Subjects

The study population comprised an age cohort of
614 (320 M, 294 F) 19-year-olds registered at the
largest public dental clinic in the County Council
of Ostergotland, Sweden. The clinic is located in the
city centre of Linkoping. After a random selection of
five calendar months of birth (February, June, July,
August or October) 281 (143 M, 138 F) individuals
born in the year 1993 were chosen for possible par-
ticipation in the study.

An exclusion criterion was if dental records were
not available from at least the previous five years,
why 19 (6 M, 13 F) individuals were excluded. An ad-
ditional exclusion criterion was ongoing orthodon-
tic treatment, why another 16 (7 M, 9 F) individuals
were excluded.

The remaining 246 patients were invited to the
dental clinic for a planned routine check-up. When
they were called for the check-up, they were in-
formed about the study and asked to participate.
The 207 (107 M, 100 F) individuals finally included
in the study were divided into four subgroups ac-
cording to previous orthodontic treatment history:

A.no orthodontic consultation, no orthodontic

treatment

B. orthodontic consultation only, no orthodontic

treatment

C. orthodontic treatment by GPs

D. orthodontic treatment by orthodontists, in-

cluding those treated by both GPs and ortho-
dontists

Figure 1 illustrates the distribution of 19-year-
olds into subgroups.

Clinical examination

The clinical examination was carried out by one of
the authors (EG). A mouth mirror, a sliding calli-
per, and a ruler were used. Malocclusions were di-
agnosed, and post-orthodontic retention registered.
Further, the occlusion was evaluated applying the
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Original sample
of 19-year-olds

1
Not elegible Elegible for
for study study
35 (12.5%) 246 (87.5%)
Drop-outs Final study
group
39 (15.9%) 207 (84.1%)
[ I | 1
~
Group A. Group B. Group C. Group D.
No consultation, Consultation Treatment by Treatment by
no treatment only GP’s (including orthodontists
3 (includ;
G
) ort
94 (4.4%) 27 (13.0%) 26 (12.6%) 60 (29.0%)

Figure 1. Flow chartillustrating 19-year-olds

Index of Complexity, Outcome and Need (ICON).
ICON values of 43 or more indicate objective ortho-
dontic treatment need (8).

Questionnaire

The participants in the study were asked to fill in
a questionnaire (Appendix I). Their answer to the
question “Would you like to straighten your teeth
with braces? (yes/no/uncertain)” represented sub-
jective orthodontic treatment demand.

Clinical examination reliability

The subjects were analyzed by a general practitioner
(EG), who had calibrated her orthodontic diag-
nosing and grading according to the ICON index
against two experienced orthodontists before the
start of the study. To test for reliability, the ICON
index was assessed a second time on 29 of the indi-
viduals included in the study who were again clini-
cally examined by the same general practitioner 14
days or more after the first assessment.

Statistical methods
Statistical analysis was carried out with the Statis-
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tica” software version 10 from StatSoft Inc., Tulsa,
Oklahoma, USA. Differences between groups were
tested using the chi-square test. Differences between
ICON values in men and women were analyzed us-
ing the Mann-Whitney U test. Differences between
ICON assignment number one and two were cal-
culated using the Spearman rank correlation test.
P-values less than 0.05 were considered statistically
significant.

Ethical considerations
The Ethics Committee at Linkoping University ap-
proved the study.

Results

Drop-out analysis

Thirteen (5 M, 8 F) individuals declined participa-
tion in the study. Another 26 (17 M, 9 F) individuals
failed to turn up at their appointment, despite being
given two reminders before falling into the drop-
out category. The total drop-out rate was therefore
15.9% (39 out of 246). The 39 drop-outs did not dif-
fer significantly from the 207 individuals included
in the study regarding gender distribution (p=0.588)
or orthodontic treatment history (distribution into
group A-D) (p=0.500).

Orthodontic treatment history

Among the 207 subjects, 110 (47 M, 63 F) individu-
als (53.1 %) had partaken in one or more orthodon-
tic consultation. Three different orthodontists had
been scheduled for orthodontic consultations at the
clinic during the specific time period.

Orthodontic appliance treatment had been re-
ceived by 86 (38 M, 48 F) individuals (41.6%) (groups
C and D). One of these individuals (1 M) had paid
for his own orthodontic treatment after being de-
nied treatment without cost due to low objective
treatment need. Twenty-six (17 M, 9 F) individuals
(12.6%) had been treated by GPs (group C). Three of
these individuals had received GP treatment with-
out prior orthodontic consultation. Fifty-one (16 M,
35 F) individuals had been treated by orthodontists,
and nine (5 M, 4 F) by both GPs and orthodontists.
In the analyses, the 60 (21 M 39 F), individuals in
these two groups constitute group D.

A functional or similar simple appliance such as
a quad-helix, transpalatal, or lingual bar was used
in 29 (18 M, 11 F) cases (14.0%). The most common
treatment was a fixed edgewise appliance, used for 57
(20 M, 37 F) individuals (27.5%). Ten (5 M, 5 F) of the
individuals treated with a fixed appliance (17.5%)
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had also undergone earlier treatment with some
other sort of appliance. The treatment modalities
differed between GPs and orthodontists. Fixed ap-
pliances were used in almost all of the orthodontic
specialist cases (95.0%; n=57 out of 60) but in none
of the GP cases.

Fifty-three (18 M, 35 F) of the treated 19-year-olds
(61.6%) had post-orthodontic retention in place at
the time of the study. All of these 53 individuals had
been treated by orthodontists.

Frequency of malocclusion

The frequencies of malocclusions are presented in
Table 2. One or more malocclusions were diagnosed
in 75 (42 M, 33 F) of the 207 examined subjects
(36.2%). The difference between genders was not
significant (p=0.350).

Table 2. Residual malocclusions at 19 years of age in the study
group (n=207).

Residual treatment need

A residual orthodontic treatment need was reg-
istered in 28 (22 M, 6 F) individuals (13.5%). Sub-
jects treated by orthodontists less often had residual
treatment need than subjects treated by GPs as well
as untreated individuals with or without previous
orthodontic consultations (all p-values <o.01) (Ta-
ble 3).

The mean ICON score in the 207 individuals was
24.8+14.2 (range 7-79). Figure 2 illustrates the ICON
score distributions in males and females respectively.

Eight (7 M, 1 F) of the 28 with residual treatment
need had previously received orthodontic treatment
by general practitioners, but none of them were
treated by orthodontists. One (1 M) of them had dis-
rupted the GP-treatment. Five males in this group
had attained a consultation after the GP treatment
but no further treatment was initialised. The reason
for this was lack of subjective demand for treatment

Residual malocclusions in the study group No of individuals % of study
population
Total with malocclusion(s) 75 (42 M, 33 F) 36.2%
Lower crowding 38(20M,18F)  18.4%
>3mm lack of space for alignment of lower 6 anterior incisors ' e
D ‘e with o
eep bite without gingival contact 21(12M,9F) 10.1%
5mm or more
Upper crowding
. . 16 (10M,6 F 7.7%
>3mm lack of space for alignment of upper 6 anterior incisors ( ) ’
jet
Overje 11(8M,3F) 5.3%
6mm or more
Lateral open bite
. 9(2M,7F 4.3%
if less than 1mm, two teeth or more ( ) °
Anterior open bite o
if less than Omm, two teeth or more 8(4M 4F) 3.9%
Anterior cross bite
1-4 teeth, incisal edge of maxillary incisors lingual to corresponding 7(4M,3F) 3.4%
mandibular tooth
Anteri .
. nterior spacing 7(7M,0F) 3.4%
if one or more gaps measure 2mm or more
Negative overjet .
if less than Omm 2(1M1F) 1.0%
Incompetent lip seal
. . 2(2M,0F 1.09
when upper incisors are buccal to the lower lip at rest ( 0F) 0%
Lateral cross bite or scissors bite
. . . . . ", 1(1M,0F 0.5%
with forced lateral guidance exceeding 1Imm in the intercuspal position ( ) °
Deep bite with gingival contact 1(1M,0F) 0.5%
Anterior cross bite with anterior guidance 0(0OM,0F) 0.0%
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Table 3. Frequency of malocclusion and presence of orthodontic treatment need and -demand in 19-year-olds (n=207).

Variables Groups
A.(n=04;58 M,36 F)  B.(n=27;11M,16F) C.(n=26;17M,9F) D.(n=60; 21 M,39F) P
n (% of group) n (% of group) n (% of group) n (% of group)
Malocclusion 40 (42.6%) 14 (51.9%) 11 (42.3%) 10 (16.7%) D#A,B***, DxC*
present
Treatment 14 (14.9%) 6 (22.2%) 8(30.8%) 0 (0.0%) D#B,C***, D2A**
need
Treatment 7 (7.5%) 0(0.0%) 2 (7.7%) 0 (0.0%) D#A,C*
demand

A. no orthodontic consultation, no orthodontic treatment; B. orthodontic consultation, no orthodontic treatment; C. orthodontic
treatment by general practitioners; D. orthodontic treatment by orthodontists.

# difference
* P<0.05
*x P<0.01
rxx P<0.001

ICON score

o o Median
Male [ 25%-75%
T Min-Max

Figure 2. Box Plot showing different ICON score distributions
between genders (p=0.016).

in four of the cases. In the fifth case (1 M) there was
no objective need at the time for the consultation,
but there were also additional reasons why treatment
was not initialised. The last two (1 M, 1 F) individuals
in this group had not been offered neither further
orthodontic consultations nor treatment after the
GP treatment had finished. Two (1 M, 1 F) individu-
als had disrupted orthodontic specialist treatment.
None of them had any residual orthodontic treat-
ment need at the examination at 19 years of age.

Residual subjective treatment demand

A residual subjective orthodontic treatment demand
could be noted for 9 (3 M, 6 F) individuals (4.3%).
Eight (2 M, 6 F) of them had no objective treatment
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need. The only (1 M) individual with residual treat-
ment need as well as -demand had previously been
treated by a GP and been offered further treatment
with fixed appliances, but declined the offer. One
hundred and fifty-four (82 M, 72 F) of the 207 indi-
viduals (74.4%) had no residual treatment demand
while 44 (22 M, 22 F) (21.3%) were unsure. The pro-
portion of 19-year-olds with residual treatment de-
mand (4.3%) did not differ significantly (p=0.493)
between the males (2.8%) and the females (6.0%).

Gender differences
A higher (p=0.006) proportion of females (63.0%)
than of males (44.0%) had participated in orthodon-
tic consultations. The proportion of males (35.5%)
who had experienced orthodontic treatment was
not significantly lower (p=0.069) than among the
females (48.0%). However, a lower (p=0.009) pro-
portion of treated males (55.3%; n=21 out of 38)
than of treated females (81.3%; n=39 out of 48) had
received their treatment by orthodontic special-
ists. The proportion of treated males (47.4%) who
had post-orthodontic retention in place was lower
(p=0.016) than among the treated females (73.0%).
At age 19, a higher (p=0.002) proportion of males
(20.6%) than females (6.0%) had residual treatment
need. The difference between genders in ICON score
distribution was also significant (p=0.016).

Clinical examination reliability

The correlation coefficient regarding clinical ex-
amination reliability for the ICON index was 0.919,
showing high association between the ranks.
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Discussion

Residual treatment need

For the purpose of measuring residual orthodontic
treatment need the ICON index (8) was chosen. The
use of orthodontic indices has been discussed. Some
argue that indices should never serve as a basis for
treatment decisions (25). Nevertheless, indices may
serve as a guide in clinical decision making and can
also be useful for the purpose of clinical studies. Pre-
vious studies have validated ICON as an index of or-
thodontic treatment need (11). The index has shown
a moderate to good reliability for non-calibrated
orthodontists and a good reliability for calibrated
orthodontists (24).

The prevalence of residual need for orthodontic
treatment in a population leaving the free of charge
public dental service may be influenced by several
aspects; the method used for registering treatment
need, the number of patients that have received
treatment, and whether the treatment has been suc-
cessful or not. A residual unmet treatment need of
13.5% was found in the present investigation. In a
recent study by Bjerklin et al. (7), where 46% of the
82 twenty-year-olds had been treated, and the ICON
index value 43 had been used as a cut-off point for
measuring treatment need, 31.8% of 44 untreated
and 18.4% of 38 treated individuals had residual
treatment need. The free-of-charge public den-
tal health had left 25.6% with a residual treatment
need (7). In that study a higher frequency of treat-
ments had been performed by GPs as compared to
the present study, in which a similar treatment rate
(41.6%) but a lower residual treatment need (13.5%)
was found. Results from other studies reporting
residual treatment need in populations of treated
and untreated individuals are presented in Table 1.
However these studies use different criteria when
defining orthodontic treatment need, and they also
report different treatment rates, making the results
difficult to compare.

The individuals treated by orthodontic special-
ists showed lower residual treatment need than
those treated by GPs. This result is in accordance
with results from other studies (20, 21). However, it
is not certain that these two groups are meaningful
to compare. Individuals treated by different means
most likely had different varieties and severities of
malocclusions to begin with. For example, more
complicated cases often need treatment with full
fixed appliances, which had not been performed by
GPs in this study. It has been shown that treatments
with full fixed appliances generally show a more
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successful outcome than treatments with removable
appliances (4, 5). It is also possible that individuals
treated by GPs more often have suffered relapse after
treatment, since none of them wore post-orthodon-
tic retainers at age 19 and since functional or similar
simple appliance treatment by GPs is more often
carried out at an earlier age than orthodontic spe-
cialist treatment. In addition, functional or similar
simple appliances might have been meant to be an
introduction to later fixed appliance therapy, but the
patient may later on have turned down the suggested
fixed appliance.

Residual subjective treatment demand
The present study shows that very few (4.3%) indi-
viduals in this region with a treatment rate of 41.6%
leave the free dental care with residual demand
for orthodontic treatment. This figure is similar
to numbers in related studies indicating a residual
treatment demand of 2-11.8% (7, 17, 20, 21).
However, comparisons between different studies
are complicated since slightly different questions
have been used when asking the subjects about sub-
jective treatment demand.

Outcome of orthodontic care
The purpose of an orthodontic care scheme must
be that individuals with orthodontic treatment need
should be given the opportunity to receive ortho-
dontic treatment. In a former Swedish study, it was
stated that a reasonable quality limit for the dental
care was an ICON value <43, along with a require-
ment that the patient did not perceive a need for
treatment (7). The view was that this quality limit
cannot and should not always be fulfilled. While
some individuals accept a deviant occlusal status,
others have an unrealistic treatment demand (18).
In the present study a slightly different definition of
a successful orthodontic care scheme is suggested:
no individual should have a residual treatment need
(ICON value =43) along with a subjective treatment
demand at the age of 19, without having been of-
fered orthodontic treatment. In this study, only one
individual had both residual need and demand for
treatment. This person had previously been treated
by a GP, but declined the offer of further treatment.
The conclusion was drawn that the present ortho-
dontic care had been successful in diagnosing and
treating orthodontic problems, and hypothesis one
was accepted.

The clinic where the study was performed is
a large inner city clinic in a major Swedish city. It
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needs to be considered that results might have been
different if the study had been performed in another
clinic in an area with a different socioeconomic sta-
tus or in more than one clinic.

Gender differences

Differences between genders in treatment modali-
ties and residual treatment need have been found in
this study. Therefore, hypothesis two was rejected.
Earlier studies have shown no major differences
between genders regarding frequency of malocclu-
sion (13, 26, 32). In the present study, males were less
often treated by orthodontists than females. Also,
males had partaken in orthodontic consultations
and wore post-orthodontic retention at the age of 19
less often as compared to females. These facts may
explain why residual orthodontic treatment need
was found to be higher in males than in females.
Our result that the residual subjective treatment de-
mand did not differ significantly between genders
is in disagreement with many earlier studies report-
ing a higher self-perceived treatment need (21) and
lower satisfaction with dental appearance (s, 15, 17,
22,31, 33) in females than in males, while some other
studies reveal no differences (10, 18, 19). However,
the females in this study had less residual treatment
need than the males, which can explain why their
residual subjective demand for treatment was not
significantly higher than the males”. In a larger ma-
terial with more than nine individuals with a sub-
jective treatment demand, results might have been
different.

The differences between genders may be ex-
plained by norms and values in Western society to-
day. An attractive physical appearance has in 1990
and 1991 been reported to be more important for
girls than for boys (1, 28). Straight teeth has in 1997
also been reported to be more important for females
than for males (30). Furthermore, previous studies
have found that girls are more willing to accept or-
thodontic treatment than boys (12). Consequently,
females seem to have a higher demand for ortho-
dontic treatment than males.

The reasons for different treatment modalities be-
tween genders and a higher residual treatment need
in males than in females remains to be explained.
Whether the different genders have divergent wish-
es, and if parents and responsible dental personnel
treat the genders differently because of preconcep-
tions, needs to be further analyzed.
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Conclusions

- The orthodontic care scheme had successfully di-
agnosed and treated orthodontic problems in the
population. Every patient with both orthodontic
treatment need and -demand at 19 years of age had
previously been offered orthodontic treatment.

- The prevalence of residual treatment need was
greater than the residual subjective treatment de-
mand at age 19.

- The proportion of males with residual treatment
need was higher than among the females at 19 years
of age.

- Females had more often partaken in orthodontic
consultations and were more often treated by or-
thodontists as compared to males.
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Appendix

Patient questionnaire.

For the purpose of the present study the answer to
question 2 was used.

1. Areyousatisfied with the appearance of your teeth?
Yes

No O

Don’t know O

If no, what are you dissatisfied with (select the best
possible answer or answers)?
The colour of your teeth?
Crowded teeth?

Irregular teeth?

Protruding teeth?

Gaps between teeth?

oOoOonoa

Other:

2. Would you like to straighten your teeth with
braces?

Yes O
No O
Uncertain |
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Anamnestic findings from patients
with recurrent aphthous stomatitis

JOHN BRATEL', MAGNUS HAKEBERG"?

Abstract

Recurrent aphthous stomatitis (RAS) is a common oral disorder with a prevalence
varying between 5% and 66%. RAS appears in three forms; minor, major and herpetiform.
The aetiology is unknown. The aim of this study was to evaluate associations between
specific anamnestic information and different types of recurrent aphthous stomatitis
(RAS). A group of 177 patients (mean age=42.8 years; SD=14.3; range 17-79 years) participa-
ted. Data were collected from a structured interview, consisting of 22 questions. Informa-
tion about i) health status and medication, ii) predisposing factors, iii) RAS experience, iv)
previous treatment methods and v) brand of toothpaste was collected. Sixty-eight per
cent of the patients were healthy and 44% of the patients were not taking any medica-
tion. Forty-one per cent of the patients did not have any apprehension of the reason for
their RAS, while stress (15.8%) was the most common apprehended aetiological fac-

tor. Sixty-two per cent had one to three minor ulcers at one time. Forty-eight per cent
reported having had a major aphthous ulcer at least once. The most frequent symptom
reported was pain (53.7%), followed by a smarting sensation (18.6%) and tenderness (4%).
The most common treatment for RAS was Zendium™ toothpaste/mouthrinse (28%),
followed by corticosteroids (25%). Fifty-four per cent of the patients experienced no relief
from the treatment. When toothpaste habits were investigated, Zendium™ was used

by 32% of the patients and toothpaste containing sodium-lauryl-sulfatase was used by
32%.There was no positive correlation between the use of Zendium™ toothpaste and the
relief of symptoms or the size, number or frequency of the aphthous ulcers. Sixty-four
per cent of the patients had never smoked, while 7% were smokers. No positive correla-
tion was found when age, gender, allergy, medication and smoking were correlated to
the frequency, number and size of the aphthous ulcers. In conclusion, we found that the
aetiology behind RAS is still unclear and probably multifactorial. Standard treatment
methods like Zendium™ should perhaps be questioned and this study did not find any
support for smoking as a “protective” factor, i.e. having less likelihood of experiencing
major problems from RAS.

Key words
RAS, symptoms, treatment
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Anamnestiska fynd hos patienter med recidivierande
aftos atomatit

JOHN BRATEL, MAGNUS HAKEBERG

Sammanfattning
Recidivierande aftos stomatit (RAS) ar ett vanligt oralt tillstand med en forekomst som
varierar mellan s till 66%. RAS forekommer i 3 typer; minor, major och herpetisk form.
Orsaken ar okdnd. Malsattningen med den har studien var att utvardera sambandet
mellan specifik anamnestisk information och olika former av RAS. En grupp bestdende
av 177 patienter (medelalder 48.2 r; standardavvikelse 14.3; variation 17-79 ar) deltog.
Data samlades in fran ett strukturerat frageformuldr som bestod av 22 fragor. Informa-
tion om; i) halsa och medicinering, ii) predisponerande faktorer, i) RAS erfarenhet, iv)
tidigare behandlingsmetoder och v) tandkramsmarke samlades in. Sextioatta procent
av patienterna var friska och 44% av patienterna medicinerade inte. Fyrtioen procent
av patienterna hade ingen uppfattning om vad som var orsaken till de aftsa besvaren,
medan stress (15.8%) var den vanligaste uppfattade etiologiska faktorn. Sextioatta pro-
cent hade 1-3 sdr av minor typ samtidigt. Fyrtiodtta procent rapporterade att de ndgon
gang hade haft ett afte av major typ. Det vanligaste rapporterade symptomet var smarta
(53.7%), foljt av sveda (18.6%) och ©mhet (4%). Den vanligaste behandlingen mot RAS var
Zendium™ tandkram/munskolj (28%) foljt av kortikosteroider (25%). Fyrtiofyra procent av
patienterna upplevde ingen forbattring av den insatta behandlingen. Nar tandkramsva-
norna undersoktes anvandes Zendium™ av 32 % av patienterna och natrium-lauryl-sulfat
innehdllande tandkram anvandes av 32% av patienterna. Det fanns ingen positiv kor-
relation mellan anvandningen av Zendium™ tandkram och minskning av besvar, storlek,
antalet eller frekvensen av de aftosa sdren. Sextifyra procent av patienterna hade aldrig
rokt medan 7% var rokare. Ingen positiv korrelation hittades nar dlder, kon, allergi, medici-
nering och rokning korrelerades till frekvensen, antalet och storleken pd de aftosa saren.
Vidrog slutsatsen att etiologin bakom RAS fortfarande ar oklar och troligtvis multifakto-
riell. Standardbehandlingsmetoder sdsom Zendium™ kan kanske ifrdgasattas.

Denna studie fann inte heller stod for att rokning ar en “skyddande” faktor, som ger
mindre sannolikhet att uppleva stora problem med RAS.
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Introduction

Recurrent aphthous stomatits (RAS) is a common
oral disorder with a reported prevalence of about
2% in a Swedish population (3), but, according to
others, the prevalence varies between 5% and 66%,
depending on the studied population (27). RAS ap-
pears in three different clinical forms; minor, major
and herpetiform (26-28).

The ulcers are covered by fibrine, surrounded by
a red halo indicating inflammation. Most often they
are painful and may limit speech, nutrition and so-
cial activities and generally adversely affect quality
of life (8, 12).

The precise etiopathogenesis of RAS is still un-
clear (8), but several immunological mediated
mechanisms are suggested to play a role (26). RAS
is regarded as multifactorial and several potential
trigger factors have therefore been suggested. The
most reported are local factors, trauma and lack or
reduction of mucosal keratinisation, (27), virus (32),
systemic diseases, nutritional deficiencies (27, 33),
hypersensitive reactions to foods (27), genetic pre-
disposition and immune deficiencies (28).

Independently of the aetiological factors, several
treatment strategies have been suggested to improve
the resolution of the ulcers; they include chlorhex-
idine gluconate (16), chlortetracycline (14), amylo-
glucosidase and glucose oxidase (10, 11, 14, 15, 17).
Scully and Porter suggested that topical corticoster-
oids are a useful drug of choice as they are able to
reduce all the symptoms from the ulcers (27). Lon-
goVital (a herbal-based tablet which also contains
vitamins) has been used in the prevention of RAS
and it was shown that the number of ulcers and
the days of pain were reduced (6, 16, 21). Recently,
some new drugs have been tried to treat RAS, but
with varying results; they include colchicine (20),
quercetin (13), hyaluronic acid (19), myrthus com-
munis (4), polyvylpyrrolidine-sodium hyaluronate
(7), diclofenac (25), and HybenX (22). Hence, the
management of RAS consists of various agents and
strategies but the outcome is limited to symptomatic
relief to various degrees (8, 26). Little has been pub-
lished on reviewing the patients’ own beliefs about
aetiology in relation to RAS.

The overall aim of this study was to evaluate an-
amnestic information from structured interview
forms in RAS patients in order to find possible as-
sociated factors in relation to RAS.

SWEDISH DENTAL JOURNAL VOL. 38 ISSUE 3 2014

Material and methods

Patients

A group of 177 patients (105 females; 72 males; mean
age=42.8 years; SD=14,3 range 17-79 years), all re-
ferred to the Clinic of Oral Medicine, Public Dental
Service of Gothenburg, Sweden, participated. The
patients were included from 3 different clinical tri-
als during the years 1996-2009. In order to be in-
cluded, the patients had to have had at least 3 three
episodes of RAS during a three-months period and
be over the age of 18. Patients were excluded if they
were pregnant or used corticosteroids or any other
agent that was believed to have any effect on RAS.
However, the use of Zendium™ was accepted. The
RAS diagnosis was based on the following clinical
criteria, either by clinical findings or by an anam-
nestic description of recurrence and duration. The
clinical appearance is characterised by a round to
oval shallow ulcer covered by white-yellow pseudo-
membrane surrounded by an erythematous halo.

Study design
The data were collected in a structured interview,
in which the “Disease history” form consisted of 22
questions. The questions were given and recorded by
the examining dentist. The aim of the questionnaire
was to obtain information about; i) general health,
ii) predisposing factors for RAS, iii) RAS experience,
iv) previous treatment modalities and v) brand of
toothpaste (Table 1).

The study was approved by the Regional Ethical
Review Board, Gothenburg, Sweden.

Statistics
All the obtained data were computerised and the
SPSS program was used for calculation. Cross-tabu-
lations were used for correlation analyses and group
comparisons of categorical data. A logistic regres-
sion analysis was used to evaluate age, gender, al-
lergy, medication and smoking in correlation to the
frequency, number and size of the aphthous lesions.
Descriptive statistics were shown as the mean,
standard deviation (SD). The level of significance
was set at p < 0.05.

Results

Almost 68% of the patients considered themselves
healthy, without any reported diseases. Forty-four
per cent of the study population was not taking any
medication. Further information about health find-
ings is presented in Table 2. Forty-one per cent of
the patients did not have any apprehension of the
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Table 1. Questionnaire

Which is the most dominant symptom caused by RAS? (open
question)

What kind of handicap does RAS give you? (open question)

Can you give any causes of why you develop RAS? (open
question)

Do you avoid any kind of food? (open question)

How long have you had RAS? (years)

How many episodes of RAS have you had during the last month?
(number)

Does anyone in your family (parents or siblings) have RAS? (yes
or no)

How many aphthous ulcers do you usually have at one time?
(number)

Have you had more than 20 aphthous ulcers at one time?
(number)

Have you had single aphthous ulcers as large as or larger than
your small finger nail? (yes or no)

What kind of treatment have you received for your aphthous
ulcers? (open question)

Has any treatment given you relief? (yes or no)

Have you had other problems from your oral mucosa? (yes or no)
What kind of toothpaste do you use? (open question)

Do you smoke or have you previously smoked? (smoker, non-
smoker, former smoker)

Do you see any connection between your previous smoking and
your aphthous ulcers? (yes or no)

Do you have any gastro-intestinal problems? (yes or no)

Do you have any eye problems? (yes or no)

Do you have aching in your joints? (yes or no)

Do you take any medication? (yes or no)

Do you have any diseases? (yes or no)

Do you have any allergies? (yes or no)

reason for their aphthous ulcers, while stress (15.8%)
was the most common perceived aetiological factor
(Table 3). The majority of the patients (62%) had
one to three ulcers at a time and nearly 50% had ex-
perienced ulcers larger than 1 cm. It is noteworthy
that more than 80% of the sample had been affected
for more than six years. More data about the num-
ber, size, duration and recurrence of RAS are shown
in Table 4.

The most frequent symptom reported by the pa-
tients was pain (53.7%), followed by a smarting sen-
sation (18.6%) and tenderness (4%).

Forty-five per cent of the patients were asked
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Table 2. General anamnestic findings

Anamnstic findings % n

Diseases (allergies

excluded)

No diseases 68.4  (121)
High blood pressure 3.4 (6)
Psoriasis 3.4 (6)
Asthma 1.7 3)
Others 27.7 (49)
Allergy

No allergy 70.6  (125)
Pollen 14.1 (25)
Food (total) 7.9 (14)
Others 19.8  (35)
Medication

No medication 435  (77)
Allergy medication and 1.3 (20)
bronchodilator

Others* 36.7  (65)

*Other medication such as antibiotics, heart/blood pressure
medication and painkillers were only taken to a small
extent (< six percent).

©Table 3. Self-reported aetiological factors for RAS in the
indiduals studied

Aetiological factors % n

No idea about a reason 41.8 (74)
Infections (cold included) 9.6 (17)
Trauma 10.2 (18)
Food 6.8 (12)
Stress 15.8 (28)
Others 21.5 (38)

the question “What kind of handicap does RAS
give you?”. The most common handicap was diffi-
culty eating (33%), followed by difficulty speaking
(18.6%).

However, 43% of the patients did not avoid eat-
ing any food of any kind, while 25% avoided fruits
and juices, 25% avoided tomatoes and ketchup and
13% avoided spices and spicy food while they had
the ulcers.

The most common treatment for RAS in this
population was Zendium™ toothpaste/mouthrinse
(28%), followed by corticosteroids (25%) (Table 5).
Fifty-four percent of the patients experienced no

SWEDISH DENTAL JOURNAL VOL. 38 ISSUE 3 2014



ANAMNESTIC FINDINGS IN RAS

Table 4. Self-reported distribution and symptoms Table 5. Self-reported treatment modalities for
from RAS in individuals studied treatment of RAS in individuals studied
Characteristics % n Treatment % n
Range of aphthous ulcers Zendium™ toothpaste/
at one time mouthrinse 28.2 (50)
1-3 aphthous ulcers 62.1 (110) Topical corticosteroids 25.4 (45)
1-10 aphthous ulcers 33.9 (60) Xylocain® or similar 22 (39)
1-20 aphthous ulcers 2.3 LongoVital 16.9 (30)
(4) Chlorhexidine 13 (23)
Aciclovir/valaciclovir 7.3 (13)
Have had more than 20 aphthous Chlortetracycline 6.2 (11)
ulcers at one time 6.2 (11) Other 27.7 (49)
No treatment 19.2 (34)

Have had an aphthous ulcer
larger than 1 cmin diameter 48 (85) Fifty-four percent (95) of patients that received any
medication experienced relief from the drugs they used.

Duration of RAS

<1year 4.5 (8)

2-5yrs 13 (23)

6-10yrs 21.7 (49) relief from the chosen treatment. However, when
>10yrs 53.1 (94)

toothpaste habits were investigated, Zendium™ was

Number of aphthous episodes used by 32% of the patients and 32% used tooth-

last month paste containing sodium-lauryl-sulfatase. However,
0 episode 6.2 (11) there were no positive correlations between the use
1 episode 42.4 (75) of Zendium™ toothpaste and the relief of symptoms
2 episodes 35.6 (63) or the size, number or frequency of the aphthous ul-
3 episodes 12.4 (22) cers.

Sixty-four per cent of the patients had never

Symptoms from RAS smoked, while 7% were smokers and 28% had

Pain . >3.7 (95) stopped smoking.
Smarting sensation 18.6 (33) o .
Tenderness 40 ™) Age, gender, allergy, medication and smoking
Other symptoms 8.5 (15) were tested in a logistic regression apalysm in rela-
Missing 15.3 (27) tion to the frequency3 pumber anfi size of the aph-
thous lesions. No positive correlation was found be-
Limitations caused by RAS1) (n=107) tween these factors except for one item; patients on
Difficulty eating 55.1 (59) medication had two episodes of ulcers to a greater
Difficulty speaking 19.6 (21) extent than patients without medication (p<o0.05).
Other limitations 19.6 (21)
No limitation 5.6 (6) Discussion

In this study, we report the anamnestic findings
from a large number of patients. Sixty-eight per
cent of these patients were reported as healthy and
almost 44% were not taking any medication. These
results therefore contradict the hypothesis that sys-
temic factors, such as deficiencies of folic acid, vita-
min B12 and iron, might play an important role in
causing RAS (27, 33).

The majority of the patients in this study had mi-
nor RAS, as described by Scully & Porter (1989) (27).
However, from our questionnaire, we can conclude
that the same patient at different times might have

1) This question was added when 70 patients already
had answered the questionnaire
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had major RAS, as well as the herpetic form (26-28).

These results indicate that, even if the different
forms of RAS are defined as different entities, the
disease might appear as different forms in the same
patient, at different times. These findings lend sup-
port to the theory that RAS might be more of a reac-
tion pattern than a single disease with one aetiology.

Successful treatment for RAS has been shown to
be difficult to find (3, 6), as most of the tested drugs
only provide symptomatic relief (3, 4, 11, 12, 18, 19,
25).

In our study, only 56% of the patients experienced
relief from the treatment they used. We know that
our patients are a selected group of patients and that
they have tried different sorts of medication for RAS
with limited or no results (6, 9).

Thirty-two percent of the patients in this study
used Zendium™ toothpaste/mouthrinse regu-
larly and almost 28% of the patients had been us-
ing Zendium™ without obtaining full relief from
their symptoms. However, in earlier studies in chil-
dren and youth, it has been shown that Zendium™
mouthrinse is successful in treating RAS (11). The
mechanism is supposed to be antibacterial, by us-
ing a combination of the enzymes amyloglucosidase
and glucose oxidase. One reason for the lack of ef-
ficacy might be the greater severity of RAS in our
patients. In this study, the patients were referred and
probably had a more severe form of the disease. It
can therefore be assumed that Zendium™ is only ef-
fective in milder forms of RAS.

Several, but far from all, clinical trials testing dif-
ferent relief giving agents define whether the medi-
cation is tested on minor or major RAS (6, 21). There
has been only a limited discussion about whether
the different entities have different aetiological
backgrounds. This might be the reason that no suit-
able therapeutic drug has been found. This is why
it is important to find suitable treatment strategies
for treating RAS, which means starting with a less
harmful drug and ending up with the most powerful
ones, such as steroids or thalidomide (5).

Most of the patients do not have any opinion on
why they develop RAS. However, stress, infections
and trauma are the factors most frequently associ-
ated with RAS. To our knowledge, this is the first
time patients’ self-reported view of any association
with eliciting factors has been presented. Even if sev-
eral patients suspect that infections could be a pos-
sible cause, this does not seem likely, as none of the
anti-infectious drugs that have been tested appear
to be effective enough (1, 12, 14, 32). The difficulty
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involved in identifying a single causal factor lend us
to strongly support the hypotheses; (i) that RAS has
a multifactorial background and (ii) RAS might be
more of a reaction pattern triggered by an infection,
for example, rather than being caused by the infec-
tion.

Trauma is also mentioned as an aetiological factor
and, in a study by Wray, patients’ buccal mucosa was
injured mechanically and it was found that patients
susceptible to RAS developed significantly more ul-
cers at the sites of these injuries (34).

It has been suggested that a change or deficiency
in keratinisation could play a role in developing
RAS (29). Smoking has therefore been mentioned
as a protective factor when it comes to developing
RAS (2, 23, 30). There is also a report claiming that
ceasing smoking increases the frequency of RAS
(31). There were only 12 smokers in this study and
we found no significant difference between smokers
and non-smokers in correlation to RAS frequency,
the size of the lesion or the number of aphthous ul-
cers. In a later report, smoking was not found to have
a “protective” effect on RAS in lower doses, but dose-
and time-dependence was found in terms of protec-
tion among “heavy” smokers (24). Even though, the
number of smokers in this study were few, the role
of smoke and nicotine on the oral mucosa and the
keratinocytes might be of interest for further inves-
tigation.

It appears that our study raises as many questions
as it answers. The key question has still not been
answered; what triggers the mucosal lining to burst
into ulcers in each individual patient?

This study had one major shortcoming; the sam-
ple consisted of only referred patients, but on the
other hand alarge number of patients were included.
We can therefore assume representativeness and the
possible generalisation of the results for individuals
with frequent and severe problems with recurrent
aphthous ulcers.

In conclusion, we found that no single aetiologi-
cal factor associated with RAS was able to explain
factors related to aphthous ulcers. We found that
Zendium™ toothpaste/mouthrinse is not an effec-
tive treatment in patients with severe RAS. Further-
more, smoking as a “protective” factor against RAS
should be further investigated.
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Adverse events in Public Dental
Service in a Swedish county

—a survey of reported cases over
two years

LENA JONSSON', PIA GABRE'?

Abstract

Adverse events cause suffering and increased costs in health care. The main way of
registering adverse event is through dental personnel’s reports, but reports from patients
can also contribute to the knowledge of such occurrences.

This study aimed to analyse the adverse events reported by dental personnel and
patients in public dental service (PDS) in a Swedish county.

The PDS has an electronic system for reporting and processing adverse events and, in
addition, patients can report shortcomings, as regards to reception and treatment, to a
patient committee or to an insurance company. The study material consisted of all adver-
se events reported in 2010 and 201, including 273 events reported by dental personnel, 53
events reported by patients to the insurance company and 53 events reported by patients
to the patient committee. Data concerning patients” age and gender, the nature, severity
and cause of the event and the dental personnel’s age gender and profession were col-
lected and analysed. Furthermore the records describing the dental personnel’s reports
from 2011 were studied to investigate if the event had been documented and the patient
informed. Age groups o to g and 20 to 39 years were underrepresented while those
between the ages 10 to 19 and 60 to 69 years were overrepresented in dental personnel’s
reports.

Among young patients delayed diagnosis and therapy dominated and among patients
over 20 years the most frequent reports dealt with inadequate treatments, especially
endodontic treatments. In 29% of the events there was no documentation of the adverse
event in the records and 49% of cases had no report about patient information. The ma-
jority of the reports from dental personnel were made by dentists (69%).

Reporting adverse events can be seen as a reactive way of working with patient safety,
but knowledge about frequencies and causes of incidents is the basis of proactive pa-
tient safety work.

Key words
Adverse events, patient safety, patient and personnel characteristics, record quality
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Patientsdkerhetsavvikelser i Folktandvarden i Uppsala
lan — en analys av rapporterade handelser under tva ar

LENA JONSSON, PIA GABRE

Sammanfattning

Vardskador orsakar lidande och dkande kostnader i varden. Det vanligaste sattet att
registrera vardskador, eller risksituationer for att vardskador ska uppstd, ar behandlar-
nas egenrapportering, men aven patienters anmalningar kan ge kunskap om oonskade
handelser i varden.

Syftet med denna studie var att analysera rapporter fran behandlare och patienter om
avvikelser som intraffat i en Folktandvardsorganisation i ett 1an i Sverige. Organisationen
har ett elektroniskt system for att rapportera och hantera avvikelser och dessutom har
patienter mojligheten att anmala handelser till patientnamnden eller till ett forsakrings-
bolag.

Studiematerialet bestod av alla handelser som rapporterats under 2010 och 2011, och
inkluderade 273 handelser rapporterade av behandlare, 53 rapporterade av patienter
till forsakringsbolaget och 53 handelser rapporterade till patientnamnden. Data som
beskriver patienternas alder och kon, karaktaren, svarighetsgraden och anledningen till
handelsen samt behandlarnas alder, kon och yrkesgrupp samlades in och analyserades.
Dessutom analyserades patientjournalen for de patienter dar behandlaren rapporterat
avvikelser under 2011 for att se om handelsen fanns beskriven i journalen och om patien-
ten var informerad om att ndgot odnskat hade intraffat. Aldersgrupperna 0-9 och 20-39
ar var underrapporterade medan grupperna 10-19 och 60-69 ar var overpresenterade nar
behandlarna gjorde anmalningar.

Bland unga patienter dominerade orsakerna forsenad diagnos och behandling och
bland dem som var dldre dn 20 ar var brister i behandlingen, och sarskilt endodontisk
behandling, den vanligaste orsaken. | 29 % fanns ingen dokumentation av handelsen i
journalen och i 49 % av fallen noterades inte att patienten var informerad. Majoriteten
av handelserna, 69 %, rapporterades av tandlakare.

Att rapportera handelser som intraffat kan ses som ett reaktivt satt att arbeta med
patientsakerhet, men kunskap om férekomst och anledningar till oonskade handelser ar
grunden for att proaktivt patientsakerhetsarbete.
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Introduction

Since approximately 400 BC when the Hippocratic
oath was written, the expression "do not harm” has
been recognized as a fundamental principle in medi-
cal care (18). Deficiencies in medical care are a pa-
tient safety problem, causing human suffering and
increased costs. Adverse events have been reported
to occur frequently and associated with hospital care
errors have been reported to happen in from 4 to
16% of the cases (19). In hospitals, where advanced
treatments are performed, the largest challenges to
patient safety are found, but at the same time most
treatments are performed outside the hospitals, in
primary health care. Despite this, the knowledge
about adverse events in primary care is limited (7,
23).

Adverse events can also occur in dental care. These
coincide to some degree with those in medical care,
but there are also events specific to dental care (2, 8-9,
12, 17, 22). Accidental ingestions during dental treat-
ments have been reported in several studies, and in-
gestion of foreign bodies is more common than for-
eign body aspiration (8, 16). In Sweden ingestion/
aspiration of objects is one of the most common
reasons for reporting adverse events in dentistry (1).
A questionnaire showed that almost every second
dentist in Sweden had experienced patients having
ingested or aspirated objects (3). Complications con-
nected with drug use in dentistry have also been re-
ported in several studies. When children were sedat-
ed during dental treatment the occurrence of adverse
events was related to which types of drugs that were
used (5). Complications from local anaesthesia, such
as the prevalence of paresthesia, have been described
and the incidents were found to be caused both by
neurotoxicity and needle lesions (6, 9). Other patient
safety incidents described in studies are damage to
surrounding tissues, extracting the wrong tooth, in-
correct drug dosage and the fracture of endodontic
files. The last-named injury is often reported as the
adverse event that occurs most frequently (4, 8).

There are no available national statistics showing
the number of reported adverse events in dentistry
in Sweden. In 2010 the National Board of Health and
Welfare (21) handled 62 cases reported in accordance
with Lex-Maria legislation, which means that the
events were assessed by the care providers as being
serious. According to the Patient Safety Law in Swe-
den, all care organizations should have a system for
recording adverse events and the employees have an
obligation to report if the need arises (13). The main
way of registering an adverse event is through em-
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ployees” reports, but reports from patients can also
contribute to the knowledge of such occurrences.
Patients in Sweden have the right to complain about
their care to a patient committee or call for finan-
cial compensation for medical errors from the care
organization’s insurance company. However, there is
a risk that self-reporting underestimates the real oc-
currence of adverse events (7-8, 22, 25) and therefore
new methods have been suggested to improve the
accuracy of estimates (14). Structured record reviews
searching for specific words in the record, trigger
tools, for detecting adverse events have shown that it
is possible to detect events that were not self-report-
ed (10, 15). In a recent dental trial where trigger tools
were used to detect adverse events, there have been
promising results (11).

Knowledge of the frequency and severity of ad-
verse events in dental care is entirely built on self-
reporting from dental personnel or patients and
experiences from medical care indicate that such
events may be underestimated. The aim of this study
was to analyse the adverse events reported by dental
personnel in the public dental care organization in
a Swedish county, and also patients reporting to the
patient committee or the patient insurance system.

Material and methods
Uppsala County is situated in the middle of Swe-
den and has approximately 345,000 inhabitants. The
Public Dental Service (PDS) in the county treats
about 213,000 of these inhabitants on a regular basis
and had in 2010 employed 159 dentists, 88 dental hy-
gienists and 242 dental nurses. In terms of full-time
positions, the total number of employees was 343.
The PDS has an electronic system for reporting and
processing adverse events (Medcontrol, Munkeby
Systems AB, Malmo, Sweden). In addition, patients
can report shortcomings, as regards to reception and
treatment, to a patient committee or to an insurance
company. Data concerning all adverse events are
available for various types of analyses.

The study material consists of all adverse events
reported in 2010 and 2011, including:

1. all reports in the electronic system Medcontrol,

2. all reports to the patient committee, and

3. all reports to the insurance company

Reports in the electronic system Medcontrol

All reports were read by one of the authors (PG)
several times. Reports were excluded on the follow-
ing bases: a) if reports described the same event,
one was excluded (duplicates), and b) reports that
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clearly had no patient safety perspective, for exam-
ple reports describing that the patient had had an
incorrect invoice. After exclusion, 123 reports from
2010 and 150 from 2011 were included, making a total
of 273 reports.

From the reports data about the patient, the event
and the informer (dental personnel) were collected:

1. about the patient: age and gender

2.about the events: nature, severity and cause

3. about the informer: age, gender and profession

The nature of the event could sometimes be un-
clear and more than one description could be ap-
plicable. To strengthen the reliability of this variable
the following method was used. A consecutive re-
view of all reports was made by one of the authors
(PG) and a preliminary classification was carried
out (21 groups). A new review of all reports was then
made, this time group by group. In this process six
groups were excluded, one new group included and
50 reports were reclassified. After this a third classi-
fication was performed where each group was clas-
sified separately. The groups remained unchanged,
but three reports were reclassified.

Reports from patient committee and insurance
company
All available reports were included in the study, 53
from patient committee and 53 from the insurance
company. From the reports, data about the patient,
the event and the informer were collected:
1. about the patient: age and gender
2. about the events: nature, outcome and docu-
mentation in the record
3. about the clinic: if the event was also reported
in Medcontrol

In most reports from the patient committee it was
not possible to link the report to an identified pa-
tient since the patients wanted their complaints to
be anonymous.

Patient records
With the help of the social security numbers in the
electronic reports all patients” records concerning
adverse events that occurred in 2011 (N=150) were
studied. The record describing the period when the
adverse event occurred was read and the following
data was collected:
1. Whether the event was described in the record
2. Whether there was any record of information
given to the patient about the event.
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Ethical considerations

The compilation of the adverse events and patient
complaints are a part of the quality work that the
care organization is required to implement in ac-
cordance with the law on patients’safety (Ministry
of Health and Social Affairs 2010).

Statistical analysis

To test how well the observed distributions of data
corresponded to the expected distributions a test of
goodness of fit was performed by using Pearson’s
chi-square test. The null hypothesis was that adverse
events should be reported in the same frequencies in
the patients” different age groups and by personnel
of different ages. In addition, the null hypothesis was
that adverse events should be reported in the same
frequencies by personnel of different categories and
gender. Thus, expected distributions would follow
the distribution of ages of patients and personnel as
well as the distribution of the occupational groups.
A p-value <0.05 was considered statistically signifi-
cant.

Results

There were in total 379 reports of adverse events in-
vestigated in this study. These included 273 reports
from dental personnel, 53 reports to the insurance
company and 53 reports to the patient committee.
Data from the analysis of reports to the patient
committee was limited since most patients wanted
to be anonymous. A description of age and gender
is shown in Table 1. Men dominated in age groups
up to 19 years (59 %) while they were in the minor-
ity in ages over 20 years (45 %). These proportions
differed, although not statistically different, to the
gender distribution among all patients in the PDS
since the proportion of men overall was 52 and 48 %
respectively. In Figure 1 the proportion of individu-
als in different age groups making reports is related
to all PDS patients. Concerning reports from dental
personnel, age groups o to 9, 20 to 29 and 30 to 39

©Table 1. Distribution of age (years) and gender among dental
personnel making reports (Medcontrol) and patients making
reports to insurance company

Age Gender
Mean (range) Proportion men
Medcontrol (n=273) 38.2  (6-90) 49 %
Insurance company (n=53) 44.9  (8-75) 47 %
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Figure 1. Age distribution of individuals and the reported adverse events related to the total

number of patients

Distribution of adverse events reported by dental personnel related to age of patients: significant

difference, p<0.05 (Pearson “s chi-square test).

Distribution of adverse events reported to insurance company related to age of patients:

significant difference, p<0.001 (Pearson “s chi-square test).
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years were underrepresented while those between
the ages 10 to 19 and 60 to 69 years were overrepre-
sented (p<0.05). When patient reports to the insur-
ance company were analysed, children and adoles-
cents under 20 years were underrepresented, while
those of ages 20 to 29, 50 to 59 and 60 to 69 years
were overrepresented (p<0.001).

The nature of adverse events was classified in 13
groups and three subgroups. In Table 2 reports from
dental personnel and to insurance company are clas-
sified with regard to the nature of the events and the
age of the patients. For patients under 20 years of
age, two types of reports dominated: delayed diag-
nosis and delayed operative therapy. Delayed ortho-
dontic diagnosis accounted for 82% of the delays in
diagnosis. Among patients over 20 years the most
frequent reports from both dental personnel and in-
surance company dealt with inadequate treatments.
Of these treatments, 56 reports (58%) involved fail-
ures connected with endodontic treatments (Table
2). In total, 17% of all adverse advents were associ-
ated with endodontic treatments. In six of the 26
reports which concerned ingestion/aspiration a for-
eign body had been ingested, but there were no cases
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of aspiration. Reports to the patient committee were
classified by the staff on the committee and the clas-
sification of the 53 reports during 2010-2011 was as
follows: financial complaints 51%, poor treatment
30%, poor reception 13% and lack of information
6%.

The decisions from the insurance company had
not yet been delivered in six of the cases. Of the
remaining 4y reports, 43% had been approved al-
though a few cases did not provide any financial
compensation since the compensation was under
the cut-off point (about 2,100 SEK). All reports
concerning loss of sensation after anaesthesia were
awarded compensation as were 52% of cases re-
lated to endodontic treatments, while only 24% of
the cases classified as poor treatment were awarded
compensation.

In reports from dental personnel a risk of a seri-
ous event made up about 50 % of cases and a se-
rious event had occurred in 4% of cases. When se-
rious events were identified, delayed orthodontic
diagnoses dominated and five cases with irrevers-
ible damage to permanent teeth were reported. In a
large majority of the cases, 77%, adverse events were
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Table 2. Distribution of adverse events reported by dental personnel
and to insurance company related to nature of events and patients ~ age.

Nature of events e ) Total
0-19 20-64 65- Unknown Number (%)
Number Number Number Number

Delayed examination/diagnosis 35 (11)
Dental personnel’s report 26 5 0 4

Delayed operative therapy 25 (8)
Dental personnel’s report 15 6 4 0

Referral errors/several caregivers involved 19 (6)
Dental personnel’s report 4 3 7 5

Mix up persons, records or radiographs 27 (8)
Dental personnel’s report 7 13 4 3

Drug related events 19 (6)
Dental personnel’s report 1 9 5 3
Reportinsurance company 0 1 0 0

Mucosalinjury 9 (3)
Dental personnel’s report 0 8 1 0

Inadequate treatment 96 (29)
Dental personnel’s report 3 34 7 4
Reportinsurance company 1 44 5 0

Loss of sensation 9 (3
Dental personnel’s report 1 4 1 0
Reportinsurance company 0 3 0 0

Ingested/aspirated object/risk of 25 (8)
Dental personnel’s report 2 9 9 5

Inadequate hygiene routine 10 (3)
Dental personnel’s report 1 5 1 3

Radiographic technique errors 24 (7)
Dental personnel’s report 7 10 1 6

Inadequate dental technology/ equipment 20 (6)
Dental personnel’s report 1 12 1 5
Reportinsurance company 0 1 0

Other adverse events 8 (2)
Dental personnel’s report 0 2 4 2
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attributed to operating errors, while about 10% of
events were caused by technical and material fail-
ures. In only 2% of cases were patients blamed for
the adverse event.

The majority of the reports from dental person-
nel were made by dentists (69%) followed by dental
hygienists (18%) and dental nurses (13%) (p<o0.001).
The reporting care providers” ages and professions
in relation to all workers in PDS are shown in Ta-
ble 3. Most reports were made by dentists younger
than 40 years, while most reports from dental nurses
came from employees between ages 40 and 59 year
of age (p<o0.01). The mean age of the reporting per-
sonnel was similar in all categories; dentists 44 yrs,
dental hygienists 45 yrs and dental nurses 47 yrs. The
ages of the reporters were somewhat lower than the
mean ages of all personnel in PDS, which were 47,
47 and 52 yrs, respectively. Seventeen percent of the
reports were made by men while a total of 12 % of
the employees in PDS were men.

The study of the records showed that in 29% of
the events there was no documentation of the ad-
verse event in the records and 49% of cases had no
report that the patient had been informed about the
incident (Table 4). Lack of documentation in the
records was most commonly found in radiographic
technique errors (73%) and delayed operative thera-
Py (56%). In all cases of loss of sensation, inadequate
endodontic treatment, inadequate hygiene routines,
mucosal injuries, drug-related events and referral
errors, the events were documented in the records. A
very high proportion of cases without documented
patient information applied to radiography errors
(100%).

Discussion
This study shows that inadequate treatments were

the most prevalent adverse events both when dental
personnel themselves registered incidents and when
patients reported to the insurance company. Self-
reported events were not evenly distributed with
regard to patients” ages and the same was true when
patients reported undesired events.

Fewer reports from the dental personnel were reg-
istered in cases of young children and young adults
(between the ages of 20 and 39). The explanation can
be that fewer treatments are performed in these ages
and complicated treatments in particular are rare.
The exception is the category “delayed diagnosis”
which is common during adolescence due to the
orthodontic needs of this age group. The other age
strata with increased registrations is from 60 to 69
years, probably because this is the age when techni-
cally advanced care is more frequently performed.
At this age many patients also make reports to the
insurance company, but the clear peak is patients
between the ages of 50 and 59 years, although a cor-
responding increase among reports from care pro-
viders can not be seen. Also more patients between
the ages of 20 and 29 years reported adverse events to
the insurance company, a fact hard to explain since
people of this age generally have good oral health
and receive few treatments. Few adverse events were
reported in elderly patients. This may be surprising
since several factors make dental treatments more
risky in elderly, for example there may be treatment
difficulties due to cooperation problems and an im-
paired cough reflex (20, 24). In addition, dentists
have described that patients with chronic diseases
and disabilities were more likely to be involved in
incidents (8).

Although there was a tendency for younger dental
personnel to make more reports, the average report-

Table 3. Distribution of employees making reports (per cent) related to age and profession and related to total
employees in PDS (per cent). Distribution of adverse events reported by dental personnel related to age of personnel:

significant difference, p<0.01 (Pearson “s chi-square test).

Profession Age (year)
20-29 30-39 40-49 50-59 60-
Report  Total Report  Total Report  Total Report  Total Report  Total
Dentists 19 12 27 33 9 16 28 27 17 12
Dental 14 19 31 23 24 20 31 29 0 9
hygienists
Dental 6 2 6 14 40 33 37 35 11 16

nurses
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©Table 4. Proportion of events documented in the record and documented information to the patient

reported by dental personnelin 2011. N=150

Nature of events Total Record Patient
number documented informed
percent percent
Delayed examination 10 60 20
Delayed orthodontic diagnosis 25 76 38
Delayed operative therapy 25 44 15
Referral errors 9 100 66
Cooperation problems between care personnel 10 80 80
Mix up of persons or records 27 60 60
Drug-related events 18 100 100
Mucosalinjury 9 100 67
Inadequate treatment 15 83 50
Inadequate endodontic treatment 33 100 90
Loss of sensation 6 100 100
Ingested/aspirated object/risk of 25 79 57
Inadequate hygiene routine 10 100 80
Radiographic technique errors 24 27 0
Inadequate dental technology/equipment 19 75 75

ing dental personnel was experienced (mean age be-
tween 44 and 47 years) and this may partly be sup-
ported by the study by Hiivala et al. (8) which found
that young dentists reported significantly more inci-
dents than older collegues. Dentists reported about
two-thirds of the incidents while they represented
one-third of the total personnel. Dental nurses, who
were 50% of the personnel, reported only 13% of the
events, a result contrary to medical care where nurs-
es reported more events than doctors (12). In pre-
vious studies from dentistry only reports made by
dentists have been shown (2-3, 8, 22). In the Swedish
county studied, all employees were allowed to report
patient safety incidents. In fact, according to the law,
they are obliged to do so, which may have increased
the number of registrations. However, registrations
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were not anonymously which could have led to a re-
duced number of reports. There was a tendency for
male dental personnel to make more reports, which
is not in line with a previous study which found
more reports of events among female dentists (8).
As mentioned above, inadequate treatments, and
especially failures connected with endodontic treat-
ments, were the most common events reported
both by dental personnel and patients. Several other
studies confirm this result (4, 8). The second most
common adverse events was delayed diagnosis, in
which the category “delayed orthodontic diagnosis”
dominated. However, in the study by Hiivala et al
(8) dentists in a questionnaire stated that adverse
events relating to orthodontics were unusual. One
explanation to the high frequency of reports con-
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cerning orthodontic diagnosis could be the fact that
Swedish adolescents with orthodontic needs receive
treatment free of charge until the age of 19. Thus a
delayed diagnosis would have serious financial con-
sequences. Ingested or aspirated foreign bodies have
received considerable attention in several studies.
Berg et al (3) describes how every second dentist has
experienced losing an object in a patient’s throat.
Ingestion is far more common than aspiration (8,16,
22) and this is confirmed by this study since none of
the 25 incidents with ingestion, or risk of ingestion,
resulted in aspiration. Few incidents, 3%, related to
inadequate hygiene routines. Deficiencies in such
routines risk causing healthcare-associated infec-
tions. Infection control is rarely reported in surveys
of adverse events (8, 22), but the low frequency may
be due to low awareness in dentistry of post-treat-
ment infections connected to hygiene routines. In
the study by Thusu et al (22) a large proportion of
incidents dealt with dental equipment (15%). This
did not agree with our study, in which 6 % of the
events were caused by equipment, something that
was more in agreement with the Finnish study in
which 7% of the events were due to equipment (8).
Incidents involving mixing up patients, radiographs
or teeth, risk causing serious damage and this cate-
gory of error was rather common in the study (8%),
a similar prevalence as Hiivala et al (8) reported.
In the study by Ashkenazi et al. (2) the majority of
dentists admitted to such mistakes. The category
includes wrong-side treatments and this kind of
adverse event in general seems to be more frequent
when several care providers are involved in the treat-
ment or when a treatment plan is missing (17). Re-
ferrals, or other cases when several care providers
are involved, constitute an increased risk of adverse
events since they place great demands on commu-
nication between caregivers and the availability of
information (8).

Far from all reported events were considered seri-
ous. The estimate of serious incidents was 4% and
among serious events irreversible damage to perma-
nent teeth due to retained teeth and the ingestion of
objects dominated. The prevalence of serious events
in this study was lower than the 13% that was consid-
ered serious in the study by Hiivala et al. (8). Even if
most incidents cause only mild harm they can cause
a decrease in patients” confidence, be stressful for
the dental team and costly for PDS and society.

As in medical primary care, the reporting of
adverse events is low in dentistry (22). Several in-
vestigations indicate that the number of reported
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events is underestimated (2, 8, 22). The reasons for
not reporting can be various and include not un-
derstanding the purpose of reporting, inadequate
reporting systems and fear of gaining a bad reputa-
tion among patients and the media (3, 7-8). Since
life-threatening errors seldom occur in dentistry an
important reason for not registering incidents was
a lack of knowledge of which incidents should be
reported. Structured record reviews have become a
tool making it possible to survey the prevalence of
adverse events in medical care by identifying words
or circumstances, i.e. trigger tools, documented in
the electronic records. The triggers can be used for
retrospective studies of the records. In a Swedish
study a record review using Global Trigger Tool de-
tected 41 adverse events from 128 records, although
only three of these events had been registered in na-
tional and local reporting systems (15). Recently, an
adverse event trigger tool has been used in dentistry
for some selected treatment patterns, with prom-
ising results (11). However, trigger tools need valid
record documentation (15). Since this study showed
that 29% of the events were not documented in the
records, retrospective surveys can be jeopardized.
Approximately half of the adverse events had no re-
cord that the patient had been informed about the
incident. However, the possibility that the patient
was informed without this being documented can
not be excluded.

Reporting adverse events can be seen as a reac-
tive way of working with patient safety, instead of
being proactive and creating safe working methods.
Proactive work focuses less on individual mistakes
and more on making changes to organization struc-
tures to prevent adverse events occurring. However,
knowledge of the frequency and seriousness of ad-
verse events is the first step to creating safe dental
care (7). From this knowledge, supporting tools can
be developed as check-lists and guidelines for the
treatments with the highest risk of causing harm
(2, 22). It is of primary importance to have an open
culture where errors and mistakes are acknowledged
and there is a focus both on serious incidents and
less serious, but more frequent, adverse events.
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