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Three-dimensional optical assessment of experimental 
iatrogenic mechanical damage to canine dental enamel 
caused by a sonic scaler
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ABSTRACT: Removal of dental calculus deposits is one of the basic parts of professional dental cleaning. Despite 
the popularity of power-driven scalers, several risks are associated with their use, mechanical damage of the enamel 
surface being one of the most important. The present study evaluated enamel damage caused by a sonic scaler 
in different work patterns to quantify the damage and allow a clear comparison. Seventy-five canine teeth were 
carefully extracted from twenty-three dogs. The scaler was used on a clean surface with several combinations 
of time (five to twenty seconds) and parts of the scaler (point vs. side of the tip). Subsequently, damaged surface 
topography was mapped using three-dimensional optical microscopy. The results revealed a high variance in 
defect depth which was influenced by both factors. Statistical assessment confirmed highly significant (P < 0.001) 
or at least significant (P < 0.05) differences in data acquired for each group. As expected, the shallowest defects 
were produced by the scaler side in the shortest experimental period (five seconds). Point use proved to be quite 
damaging, as it resulted in approximately four times higher median values than the side in the same timeframe. 
Therefore, it is crucial to follow all safety precautions when handling a power-driven scaler even during routine 
treatments. Use of the side of the tip and constant movement on the tooth surface are essential to reduce the risk 
of enamel damage.
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Dental enamel is considered the hardest substance 
in the mammalian body. It has a fibrous structure 
and contains hydroxyapatite prisms (only a marginal 
portion of mammal enamel is aprismatic), a small 
amount of water and proteins (as bonding agents). 
The complete tissue is more resistant than the mineral 
part itself. As the enamel is brittle, its inner structure 
allows effective absorption of external mechanical 
impulses. The amount of organic substances increases 
from the outer surface to the dentin-enamel junction 
(Maas and Dumont 1999). Prisms in the canine teeth 
of dogs were reported to form two bands with switch-
ing right-angled orientation. Near the tooth cervix 
these bands are almost parallel whereas in the cusp 
they are concentric (Hanaizumi et al. 1998).

Supragingival scaling is an important part of 
professional dental cleaning (Bellows 2004; Caiafa 

2007), and the roughness of the post-treatment 
enamel surface determines the speed of accumu-
lation of bacteria, dental plaque and calculus (Cobb 
2002). Although calculus itself is not a causative 
agent of periodontal disease, it provides conveni-
ent space for growth and survival of a bacterial 
microflora (Hoffman et al. 2007). Dental scaling 
equipment includes hand and power-driven in-
struments (Robinson 2007; Holmstrom 2013a). 
Power-driven equipment should have an advantage 
over hand instrumentation, as shorter treatment 
times are achieved and the treatment is more ef-
fective and less exhausting (Cobb 2002; Lea and 
Walmsley 2009). However, other authors report 
that clinical outcomes of treatment with hand and 
power-driven scalers are comparable (Obeid et al. 
2004), and some believe that the best option is to 
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combine both methods (Lea and Walmsley 2009). 
The antimicrobial effects of supragingival scaling 
have been questioned (Schenk et al. 2000), although 
Thurnheer et al. (2013) proved that ultrasonic 
scalers are capable of biofilm detachment. Power-
driven scalers are ultrasonic (magnetostrictive or 
piezoelectric) or sonic according to the source of 
oscillation (Robinson 2007; Niemiec 2013). Power-
driven scalers should be used carefully because of 
the risks for both the patient and dentist/hygienist 
(Gorrel 2004; Niemiec 2013). Most studies con-
sider magnetostrictive and piezoelectric scalers to 
be equal or only marginally different with respect 
to risks (Yousefimanesh 2012), although sonic scal-
ers are sometimes considered to be less danger-
ous (Caiafa 2007). In vitro studies indicate that the 
scaler tips produce heat which could be dangerous 
for the vitality of the dental pulp (Lea et al. 2004). 
Power settings were documented to have a great 
influence on murine odontoblast-like cells in vitro 
(Scheven et al. 2007). Focusing on treatment safety 
is justified as it is difficult to follow the essential 
rules objectively during the treatment. Even experi-
enced human dental hygienists tend to misinterpret 
their workload retrospectively. Namely, the number 
of patients and length of ultrasonic scaler use are 
overestimated (Akeson et al. 2001).

MATERIAL AND METHODS

Inclusion in the study. Sample teeth for the 
study were collected from November 2010 to 
December 2013. The dog’s canine tooth (×04 in 
the modified Triadan system) was chosen as the 
model tooth. Sampling was performed in other-
wise healthy dogs undergoing routine periodontal 
treatment during the sampling period. There was 
no breed, sex, age, or weight limitation. However, 
there were four main inclusion criteria: (1) The dog 
had not undergone periodontal treatment within 
the preceding year, and the clients did not perform 
dental homecare. (2) The sampled canine tooth 
was scored as PDI 4 (periodontal disease index 
– based on the classification of Caiafa 2007) and 
therefore extraction was the only indicated treat-
ment. (3) The tooth itself had no visible damage or 
discoloration involving its hard tissues, especially 
the enamel. (4) There was an exposed area in the 
apical third of the vestibular enamel surface of at 
least 3 mm in diameter OR the calculus deposit 
was so severe that it could be removed with cal-

culus forceps to expose such an area of vestibular 
enamel surface without scratching it.

Sampling, experimental damage, storage. The 
teeth were carefully extracted, and excessive cal-
culus was removed in one piece with calculus for-
ceps if necessary. The vestibular enamel surface was 
wiped with a soft cloth. The experimental damage 
procedure was performed on the tooth mounted in 
a modelling clay; when it was not feasible to dam-
age the enamel at the time of extraction, the tooth 
was preserved in 10% formaldehyde solution and 
processed within seven days. Experimental iatro-
genic enamel damage was carried out using a sonic 
power-driven scaler (group designation S) for 5, 10 
and 20 s (groups accordingly designated with the 
number) using the point (groups “x”) or side of the 
tip of the instrument (groups “-“). Accordingly, the 
groups were designated as Sx5, Sx10, Sx20, S-10, 
and S-20.

Quantification of damage. After experimen-
tal damage, the teeth were preserved in 10% for-
maldehyde solution until the measurements were 
performed. Prior to measurement, the tooth was 
washed with clear tap water and air-dried. It was 
mounted in a modelling clay and measured three 
times. The peak defect depth was software-assessed 
as the difference between the edge and bottom of 
the defect in each measurement.

Instrumentation, software, statistics. A sonic 
scaler KaVo SONICflex quick 2008 L with standard 
No. 6 scaling tip and elliptical tip movement pat-
tern (KaVo Dental GmbH, Biberach/Riß, Germany) 
was used to produce the experimental defects. The 
device was set to half power and water supply. The 
tip’s point or side was placed at a right angle to the 
tooth surface in the apical third of the vestibular 
crown enamel, touching it without any pressure 
applied (Figures 1 and 2. The topography of sur-
face defects was measured using a 3D optical mi-
croscope (Contour GT-X by Bruker, AZ, USA). A 
vertical scanning interferometry method was used 
coupled with 5× magnification lens, 1.0× convert-
er and white light filter. This option resulted in 
a measurement area of 1.24 mm × 0.93 mm with 
height accuracy < 0.75 % and level of noise of 5 nm. 
Software processing of the surface profile was per-
formed with Vision64 (Bruker, AZ, USA). This was 
set to detect reflections on the enamel surface at 4% 
threshold, compensate cylinder deformation of the 
scanned object and bridge 15 pixels when comput-
ing the surface profile; only teeth with more than 
80% of measurable surface were included in the 
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study. Statistical significance was assessed using the 
Mann-Whitney test. SPSS Statistics Standard (IBM 
Software, NY, USA) and Excel 2013 (Microsoft 
Corporation, WA, USA) software were used.

RESULTS

The canine teeth of twenty-three dogs (nine fe-
male, one spayed female, and 13 male) aged (mean 
± SD) 10.8 ± 2.5 years were sampled for this study. 
The sampled animals comprised five mongrels, 
three Dachshunds and Yorkshire terriers, two 
American Cocker Spaniels, English Cocker Spaniels 
and Schnauzers and one Chihuahua, Cavalier King 
Charles Spaniel, Chinese Crested, Maltese, Pug, 
and Standard Poodle each. Seventy-five teeth from 
these 23 dogs met the inclusion criteria (one tooth 
– one dog, two teeth – five dogs, three teeth – 
four dogs, and four teeth – 13 dogs). Teeth were 
randomly assigned to groups of 15 teeth (multiple 
teeth from a single dog were all assigned to the 
same group).

The median and the range of defect depth for each 
group are shown in Table 1. The point produced 
highly significantly (P < 0.001) deeper defects than 

the tip side. In addition, the longer the duration of 
action, the deeper the defect. The difference be-
tween Sx10 and Sx20 groups was significant (P < 
0.011), and the difference between all other groups 
was highly significant (P < 0.001).

DISCUSSION

Although scaling is an essential part of professional 
dental cleaning, the adverse effects of power-driven 
scalers on the enamel surface are rarely described 
in peer-reviewed veterinary journals (Brine et al. 
2000; Fichtel et al. 2008). Even in human dentistry, 
the number of recent articles on this topic does not 
correlate with the frequency of performance of this 
procedure. It is well-known that the use of such in-
struments carries the risk of mechanical and ther-
mal damage. However, comments on their use are 
usually limited to general advice such as using the 
side of the scaler, moving it continually, staying on 
one tooth no longer than 15 s, and applying no or 
minimal pressure (Caiafa 2007; Holmstrom 2013b; 
McMahon 2013; Niemiec 2013). The clinical signifi-
cance of power-driven scaler use is accentuated by 
the fact that professional treatment is valued much 
more than thorough homecare by human patients 
(Needleman et al. 2005).

This study was designed with the aim of adher-
ing to real-life conditions. No ethical committee 
approval was necessary as the dogs underwent rou-
tine clinical procedures and extraction was the only 
indicated method of therapy for the sampled teeth. 
Clients sign informed consent routinely before any 
dental treatment. No surface modifications of sam-
pled teeth (like sandpaper polishing) were done 

Table 1. Enamel defect depths in treatment groups (all 
values in micrometers)

Treatment Median Range
S-5   10.03    7.49–23.23
S-10   24.63    4.21–27.12
Sx5   44.11 15.85–76.22
Sx10 108.93    29.17–170.81
Sx20 133.35    43.77–273.68

Figure 2. Scaler tip’s side placed to the enamel surfaceFigure 1. Scaler tip’s point placed to the enamel surface
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except for soft cloth wiping and the experimental 
damage. In these respects our study is very similar 
to the only veterinary study performed on quantita-
tive scaler effects on the canine tooth enamel (Brine 
et al. 2000). In similar human studies, the prepara-
tion of samples often includes different methods 
of storage, cutting, grinding, polishing and even 
freezing (Kuhar et al. 1997; Eisenburger and Addy 
2002; Las Casas et al. 2008; Yu et al. 2009) prior 
to the actual experimental procedures in order to 
render surfaces as smooth as possible. It could be 
suggested that the flat, polished enamel surface 
would be beneficial for precise measurements; on 
the other hand, such surface preparations remove 
up to several hundred micrometres of enamel. This 
considerably alters the superficial layer of enamel, 
which is believed to be very resistant to mechani-
cal insults and chemical permeability (Kuhar et al. 
1997), although Las Casas et al. (2008) suggested 
that the surface irregularities become less obvi-
ous when the medium enamel layer (with irregular 
prism orientation) is reached. When this layer is 
incomplete or absent, the values can be considered 
only relatively comparable to data from studies with 
the same sample preparation, and some authors 
admit that their preparation methods can alter 
the interpretability of results (Yu et al. 2009). This 
could easily become problematic, as there is no uni-
fied preparation procedure among the numerous 
studies on enamel hardness and resistance to me-
chanical and chemical wear and damage (Bartlett 
2005; Lea and Walmsley 2009).

For the same reason the experimental damage 
procedures were performed manually, without con-
structing a special scaler holder. A single veterinary 
surgeon performing daily at least one professional 
dental cleaning, carried out all experimental pro-
cedures to ensure consistency, which is typical 
for this type of study (Lee et al. 1995). The values 
naturally vary to some degree; we must take into 
account the fact that the teeth were not of the same 
size and maturity and although the surface had to 
be intact, it was not possible to prove consistent 
enamel thickness and composition in all teeth. Xie 
et al. (2008) suggested that hypomineralised hu-
man enamel has significantly worse mechanical 
resistance than sound enamel. Brine et al. (2000) 
made precautions to objectify the effect of four 
different power scalers (a load cell, a balanced arm 
holding the sample and ceramic blocks as a control 
group). It was notable that in their preliminary trial 
with experienced dentists, the load of the scaler tip 

ranged between 60 and 80 g. This suggests that even 
human-applied load is quite consistent. Moreover, 
the results indicated that even with highly different 
loads, enamel samples treated with a sonic scaler 
showed only slight variations in surface rough-
ness. It is worth noting that special arrangements 
with the aim of standardising the results affect the 
clinical character of the study and move it closer 
to laboratory measurements. Too many special ar-
rangements may make it difficult for clinical prac-
titioners to interpret the conclusions (Eisenburger 
and Addy 2002).

Three-dimensional optical microscopy was cho-
sen to measure the defect depth. This is a non-con-
tact, non-destructive method, and the device used 
has a vertical resolution highly exceeding the needs 
of the study. Three-dimensional surface mapping 
is fast and easy. In comparison to stylus profilom-
etry used by Brine et al. (2000), the optical method 
does not risk damage to the sample surface (Passos 
et al. 2013), which could provide higher reliability 
for repeated measurements. It was also possible to 
measure the absolute depth of the defects, which is 
an advantage over the electron microscopy used in 
the study of Fichtel et al. (2008). Lee et al. (1995) 
used both methods and observed that despite the 
differences in the appearance of surface samples 
with various treatments observed using an electron 
microscope, profilometry allowed reliable quantita-
tive assessment of significance.

Our results show that there is an excessive risk 
of severe damage to enamel when the point of the 
scaler’s tip is used. This was a predictable result; 
the quantification of such damage is much more 
important – it was found that the median damage 
caused by the point after 5 s and 10 s was more 
than four times higher that that caused when the 
tip’s side was used for the same length of time. 
Considering the normal thickness of enamel (up 
to 0.6 mm according to Gracis 2007) and the peak 
depths achieved in this study, prolonged action of 
a power-driven scaler can penetrate a consider-
able part of the enamel layer. Even the shortest ex-
perimental time was naturally much longer than a 
dentist should apply at one particular area of the 
crown surface during the actual procedure, and 
Brine et al. (2000) showed that with comparable 
instrumentation, using the side of the scaler in a 
constant movement results in acceptable changes 
in surface roughness (22.0–23.8 kiloangstroms with 
deviation 7.5–7.7 kiloangstroms with a sonic scaler 
under a load of 50–500 g). The authors’ experience, 
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however, shows that improper use of power-driven 
dental equipment in veterinary practice is quite 
frequent.

Conclusion

Even with variable samples and manually oper-
ated equipment, the results showed highly signifi-
cant differences in the enamel surface defect depth. 
The sonic scaler, although considered quite safe, 
can be a very damaging tool when used improp-
erly. Use of the point must be avoided under all 
circumstances – even the shortest time was enough 
to damage enamel severely and there are certainly 
more factors which should be considered (i. e. time 
or movement of the scaler). Further studies could 
clarify whether there are significant differences 
in enamel thickness and composition in different 
breeds and ages. The influence of other types of 
scaler units, tip designs, hand instruments, and pol-
ishing on the enamel surface should also provide 
clinicians with useful information on professional 
dental cleaning safety.
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