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Long‑term effect of simulated five years 
professional mechanical biofilm removal 
on the luting gap of ceramic restorations
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Abstract 

Background  Achieving sufficient professional mechanical biofilm removal (PMPR) can be challenging in supportive 
periodontal therapy (SPT), particularly in patients with prosthetic restorations. This experimental study aimed to simu-
late five years of SPT with periodic PMPR near the luting gap of ceramic restorations using a rubber cup with polishing 
paste (RCP), air polishing with two different low-abrasive powders (LAPA-1: glycine powder, LAPA-2: erythritol pow-
der), and non-professional mechanical cleaning (control group) to measure the extent of volume loss in the luting 
gap after baseline (∆V = Vbaseline-V1-5; in µm3).

Methods  Two operators randomly performed PMPR ten times for thirty seconds on one of four sides of 30 crown 
replicas fixed with glass-ionomer cement (CGIZ: n = 15) or adhesive bonding (CAB: n = 15). The replicas were separated 
in a template during PMPR, and afterward, cleaned for five seconds per side with a sonic brush under flowing water. 
The artificial aging process between two PMPRs simulated a 5-year SPT with two PMPRs per year. Profilometric meas-
urements were performed at baseline and after each second PMPR to obtain the mean change of ∆V. The statistical 
evaluation of the data was carried out using nonparametric tests with Bonferroni correction applied for multiple tests.

Results  Ninety-six out of 120 sides could be included in the analysis. PMPR methods showed a loss of substance 
in the luting gap with a ∆V (mean(standard deviation)) of -4.35 × 106(4.8 × 106)µm3 versus 8.79 × 104(1.05 × 106)µm3 
for control at V5 (p ≤ 0.001). No significant differences of ∆V1-5 values could be identified in the control (p > 0.05), 
whereat all PMPRs showed a significant increasing loss of substance per simulated year (p ≤ 0.001). Intergroup 
comparison identified LAPA-1 as having the highest significant loss of substance determined on CAB (∆V: -1.05 × 107 
(7,2 × 106) µm3), followed by LAPA-2 on CAB (∆V: -6.29 × 106 (4,24 × 106) µm3), LAPA-1 on CGIZ (∆V: -4.15 × 106 
(3,25 × 106) µm3), LAPA-2 on CGIZ (∆V: -3.0 × 106 (2,23 × 106) µm3), RCP on CAB (∆V: -1.86 × 106 (2,23 × 106) µm3) 
and CGIZ (∆V: -1.2 × 106 (1,31 × 106) µm3; p ≤ 0.001)).

Conclusions  Within study limitations, all PMPRs caused a significantly higher loss of substance in the luting gap 
versus control without professional intervention, with the highest values in the CAB group for LAPA-1, LAPA-2 and RCP. 
Similar findings were observed for CGIZ, although the loss values were lower.
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Background
Periodontitis is a multifactorial inflammatory disease 
associated with dysbiotic biofilm and characterized by 
progressive destruction of the periodontium [1]. An 
adequate periodontal therapy could restore the biocom-
patibility of the previously diseased root surfaces [2, 3], 
allowing the reattachment of adjacent tissues [4–7]. 
Success occurs only if supportive periodontal therapy 
(SPT) followed by regular appointments for professional 
mechanical biofilm removal (PMPR) [8]. Additionally, 
PMPR should be performed as a preventive professional 
intervention, for example, during orthodontic therapy 
[9, 10], as orthodontic appliances hinder thorough oral 
hygiene, leading to the accumulation of biofilm and alter-
ation of the oral microbiome. Similar could be hypoth-
esized for prosthetic restorations or fillings with luting/ 
filling gap near the marginal gingiva if the patients are 
non-compliant with self-performed plaque control [11].

Consequently, (1) several visits for PMPR are necessary 
in a patient’s lifetime to prevent (further) gingival and 
periodontal inflammation and (2) should be performed 
with special attention to teeth with exposed root sur-
faces or residual pockets [12]. Lately, air polishing (AP) 
has been preferred to remove nonmineralized biofilm as 
a fast and reliable method with a high level of comfort for 
both the patient and the operator [13, 14]. In particular, 
low-abrasiveness powder air polishing (LAPA; e.g. gly-
cine or erythritol powder) is recognized as a minimally 
invasive tool for the management of biofilms coloniz-
ing tooth and root surfaces [15]. It promises effective 
PMPR while preserving the integrity of the root surface 
and soft tissue [16], especially in SPT performing PMPR 
with LAPA seemed to require a shorter treatment time 
and exhibit a more favorable patient perception than 
the conventional approach [17]. However, some studies 
measured loss of hard structure (dentin, cementum) [18] 
or of restorative materials (glass-ionomer cement, com-
pomer) [19, 20]. Beside the fact that the extent of loss was 
oftentimes statistically significant in these experimen-
tal studies, from a clinical point of view, the question is: 
how could this lead to a critical side effect of LAPA when 
repeated PMPRs are performed over extended periods of 
time, especially in the luting gap of restorations or ortho-
dontic brackets?

Therefore, the aim of this experimental study was 
to simulate five years of PMPR near the luting gap of 
ceramic restoration replicas using a rubber cup with pol-
ishing paste (RCP) in a prophy contra angle, LAPA with 
low-abrasive powder (LAPA-1: glycine powder, LAPA-2: 
erythritol powder) versus non-professional mechani-
cal cleaning (control group) to measure the extent of 
cement loss in the luting gap. The study hypothesis is 
therefore that the PMPR carried out with the investigated 

low-abrasive powders does not cause a significantly 
higher substance removal of cement in the luting gap of 
indirect restorations than the application of polishing 
cup and paste.

Methods
Before the study, both operators (C.G. and M.C.) trained 
and calibrated each other in a clinical setting to per-
form PMPR under the experimental conditions. Both 
were employees of the Department of Periodontology, 
Christian-Albrechts University Kiel and had seven to 
twenty years of professional experience. They had com-
pleted the same training program, which included lec-
tures on the applicable theoretical information according 
to our clinical guidelines and the manufacturer’s guide-
lines, as well as clinical practical sessions before the test. 
Although a training session was completed for air flow, 
it was not possible to calibrate using a parameter due to 
the method. Additionally, all operators were calibrated 
for application pressure (1.5 for RCP according Rein-
hart, Singh-Husgen [20]) using a scale during theoretical 
training sessions, but no measurements of root surface 
destruction or roughness were taken during testing.

The frequency of the instruments and the test replicas, 
as well as the order of the tested instruments, were rand-
omized (Microsoft Excel 16, Microsoft Corporation, One 
Microsoft Way Redmond, WA, USA) for each operator 
to exclude any influences of laterality or training effects. 
Operators instrumented the replicas for a maximum of 
thirty seconds with each PMPR method.

Experimental setup
All operators had the same setup and instruments for 
PMPR near the luting gap of ceramic restorations: (1) for 
RCP a rubber cup (proxeo TWIST Prophy Cups, W&H 
Dentalwerk, Bürmoos, Austria; level of hardness: hard) 
in a prophy contra angle piece (proxeo TWIST WP-66 
W, W&H Dentalwerk, Bürmoos, Austria) with polishing 
paste (Prophy Paste, ProphyCare, DIRECTA AB, Upp-
lands Väsby, Sweden; relative dentin abrasion value: 170) 
at a rotational speed of 2500 rpm (rounds per minute), 
(2) the LAPA-1 air-polishing device (LM-ProPower, LM-
Instruments Oy, Parainen, Finland) on the middle level 
with a supragingival nozzle (LM-Supra A nozzle, univer-
sal, LM-Instruments Oy, Parainen, Finland) and (3) for 
LAPA-2 an air-polishing device (AIRFLOW PROPHY-
LAXIS MASTER, EMS, Nyon, Switzerland) at level 7 
with a supragingival nozzle (AIRFLOW MAX handpiece, 
EMS, Nyon, Switzerland). For RCP, only new instrument 
tips were used for each operator and trial. The abrasive 
material of the paste is pumice with a particle size smaller 
than 88 µm according manufactory information. LAPA-1 
was utilized with glycine powder with a particle size of 
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18–22 µm (KaVo PROPHYflex Perio Powder, KaVo Dental 
GmbH, Biberach, Germany) and LAPA-2 with erythritol 
powder with a particle size of 14 μm (AIR-FLOW PLUS 
powder, EMS, Nyon, Switzerland. After each PMPR, all 
control sides were cleaned for 5 s under running water 
with a sonic brush (GUM Playbrush, SUNSTAR Suisse 
S.A., Etoy, Switzerland) to remove any residual polishing 
paste or powder.

Between each PMPR visit, an artificial aging process 
was performed (Fig. 1). Thirty crown replicas were sub-
jected to artificial aging during the study, two cement 
groups with 15 specimens each. This followed a fixed 
protocol of 150 days. For this purpose, the replicas were 
subjected to five thermocycling phases (SD Mechatronik, 
Feldkirchen-Westerham, Germany) of 8 days each. A 
single phase comprised 7500 cycles, which included an 
alternation from 5 to 55 °C with a dwell time of 30 s in 
the respective water bath. In the intervening periods, the 
replicas were stored in distilled water at 37°C for 22 days 
each (Thermo Fisher Scientific Precision GP2, Waltham, 
USA).

Test teeth
Using the subtractive method, modified test teeth were 
created from zirconia that replicated the area of the 
crown luting gap (Fig. 2). The specimens had an average 
surface roughness Ra of 0.35 ± 0.07 µm.

A simplified model of test teeth was created. For this 
purpose, a lower part (tooth) and an upper part (crown), 
which together form a cube, were modeled using 3D soft-
ware (SketchUp Free, Trimble Inc, Sunnyvale, USA) and 
represented the replica. In addition, an individual mark 
in the form of one to four notches was modeled into each 
of the four sides, which both allowed unique identifica-
tion of the sides to the respective cleaning method and 
provided a reference mark for later measurement under 
the microscope. The distance between the two parts in 
the area of interest was adjusted to result in a luting gap 
of 100 µm.

The replicas were milled (Ceramill Matik, Amann-Girr-
bach, Koblach, Austria) of zirconia ceramic (Zolid Gen-
X, Amann-Girrbach, Koblach, Austria) and then sintered 
according to the manufacturer´s specifications. The repli-
cas were air-abraded with alumina powder (25 µm grain 
size at 1.5 bar pressure) on the retention surfaces before 
cementation. Afterward, the objects were cleaned in alco-
hol in an ultrasonic bath for 30 s and dried with oil-free 
air. Both parts were cemented under constant pressure (5 
kg) with a suitable device according to the instructions 
of the respective manufacturer. One group (15 × CGIZ) 
was cemented with glass ionomer cement (Ketac Cem, 
3M, Seefeld, Germany), while the other group (15 × CAB) 
was luted with a composite resin (RelyX Unicem 2, 3M, 

Fig. 1  Illustration of the artificial aging and study process
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Seefeld, Germany). Excess cement was removed with 
a foam pellet for CGIZ and the surfaces of replicas that 
had been cemented with AD were light-cured for 2 s each 
before removing excess cement with a scaler according to 
the manufacturer’s instructions. To achieve a uniformly 
smooth transition between the two parts of the crown 
replica, the transitions were smoothed with abrasive 
paper (1200 grit) on a disc grinder (Buehler Automet 
250, ITW Test & Measurement, Leinfelden-Echterdin-
gen, Germany) under running water and then polished 
with diamond polishing paste (MetaDi Supreme 3 µm, 
ITW Test & Measurement, Leinfelden-Echterdingen, 
Germany).

Profilometric measurement
The replicas were subjected to a profilometric measure-
ment under the laser scanning microscope (Keyence 
VK-X-100 series, Keyence Corporation, Osaka, Japan) 
at 10 × magnification. A measuring field of 4.63 × 1.38 
mm was recorded using analytical software (VK Analyse 
Modul Plus v. 3.8., Keyence Corporation, Osaka, Japan), 
whereby the upper limit of the measuring range was 
always formed by the uppermost milled reference mark. 
The luting gap was measured centrally in the measuring 
field (Fig. 3). The width of the luting gap was measured 
at eight reproducible points per side. Measurement of 
the width of the luting gap was carried out at the begin-
ning (baseline) and after the completion of the test series. 

To determine the volume change in the luting gap, i.e. a 
potential removal of cement, the area of the luting gap 
was marked and the height of the ceramic surfaces was 
set as a threshold (Fig.  4). Profilometric measurements 
of the volume were taken at the beginning (baseline) 
and after each simulated year, six times in total. This was 
done by one person (P.H.) at two different time points.

Outcomes and statistical analysis
As a primary outcome, the mean change of the volume 
of the luting gap was determined and measured as the 
difference in the area of the crown gap baseline and after 
each second PMPR (∆V = Vbaseline-V1-5; in µm3) for each 
test side (n = 120) instrumented by both operators. A sec-
ondary outcome was to measure the width of the luting 
gap at baseline. We planned before the study started, that 
all sides of luting gap with a mean(standard deviation) of 
100(70) µm should be included in the analysis as an ideal 
luting gap, as mentioned by Hmaidouch, Neumann [21] 
for different luting methods of ceramic crowns. A narrow 
luting gap would entail the risk of interference fit, which 
could lead to increased stress-induced fracture suscepti-
bility for ceramic restorations as used in our study, and 
on the other side, a wide luting gap could lead to higher 
washout at the tooth-ceramic junction which may also 
promote the formation of ceramic fractures and have a 
detrimental effect on the longevity of the restoration [22].

Fig. 2  Illustration of the zirconia replicas. Illustration of the dimension of the zirconia replicas (n = 30) including a magnification of the area 
of interest of each side (n = 4) at the luting gap
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Fig. 3  Image of a luting gap width measurement. Example of width measurement of the luting gap: Visually, the luting gap can be clearly 
distinguished from the ceramic surfaces. In this case, the width of the luting gap (indicated by the yellow arrow) is 83.8 µm. The height difference 
between the adjacent ceramic surfaces (marked by the two vertical yellow lines) is 4.8 µm

Fig. 4  Image of a volume measurement. Example of a volume measurement: The luting gap was marked over its entire length and the height 
of the ceramic surfaces was set as the threshold value. The blue area inside the graph indicates the acquired volume
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The results were separated for the three types of instru-
mentation (RCP, LAPA-1, LAPA-2) and the control sides 
without PMPR. The investigator (P.H.) was blinded to 
the instruments and operators when performing the 
planimetric evaluation. The Spearman-rho was used to 
test the reability of the profilometric measurements of 
the volume of the luting gap, as the measurements were 
performed by the same rater (P.H.) at two different time 
points.

Before the investigation, we performed a sample size 
calculation using data from a comparable investigation 
[23] and found n = 96 test sides to be sufficient to detect 
an RCE difference of less than 5% between the groups of 
instruments and control (power of 80%). After pretests, 
we increased the number to n = 120 according to, e.g. 
measuring failures, loss of adhesion or fractures of the 
replicas during artificial aging.

Aside from a descriptive evaluation of the data, a sta-
tistical analysis of the measurements was performed with 
statistical software (SPSS Statistics 24, IBM, Chicago, 
IL, USA). The normal distribution was confirmed using 
the Shapiro–Wilk test. Differences between experience 
groups were analyzed using Kruskal–Wallis test and for 
intragroup volume changes the Friedman test. Post hoc 
tests were performed using the Mann–Whitney U test 
with a Bonferroni correction to adjust for the effects of 
multiple testing. For pairwise comparisons, the Wilcoxon 
signed-rank test was used. All tests were two-sided; sta-
tistical significance was assumed if p ≤ 0.05.

Results
In total, 96 sides (CGIZ: n = 52; CAB: n = 44) out of 120 
sides could be analyzed for ∆V (distribution per PMPR 
group: LAPA-1 n = 23, LAPA-2 n = 24, RCP n = 26 and 
23 sides in control [no PMPR]). Therefore, twenty-four 
sides were excluded from statistical analysis due to unac-
ceptable deviations of the baseline gap width with results 
lower than 30 µm or wider than 170 µm (n = 17), failure 
of measuring the volume in the gap (n = 3) and fracture of 
one replica outside study intern reasons (n = 4). No dece-
mentation occurred.

No normal distribution was detected for ∆V (Shapiro–
Wilk; p < 0.001). According to the reability of our meas-
urement, we found a Spearman-rho of 0.970 (p ≤ 0.001), 
that showed a high correlation of 78 randomized 
repeated volume measurements.

The width of the luting gap was in mean(standard 
deviation) 75.90(19.91) µm at baseline and after simula-
tion of five years through artificial aging 80.45(22.10) µm, 
without significant difference neither among all cleaning 
groups (p > 0.05) nor between both types of cementation 
(p > 0.05), where the width of the luting gap showed a sta-
tistically significant increase in LAPA-1 between baseline 

and end of observation time (CGIZ: p = 0.004; CAB: 
p = 0.003), for control group in CGIZ (p = 0.039) and for 
RCP in CAB (p = 0.005). For more details, see Tables  1 
and 2.

Overall, all test methods showed a loss of substance in 
the luting gap with a ∆V (mean(standard deviation)) of 
-4.35 × 106(4.8 × 106)µm3 versus 8.79 × 104(1.05 × 106)µm3 
for control at V5 (p ≤ 0.001). Additionally, no significant 
differences for all ∆V1-5 values in the control group could 
be identified (p > 0.05) versus significant differences for 
∆V1-5 values of all PMPRs (p ≤ 0.001) with an increasing 
trend of substance loss per simulated year.

Intergroup comparison identified LAPA-1 as hav-
ing the highest significant abrasion determined on CAB 
(∆V: -1.05 × 107 (7.2 × 106) µm3), followed by LAPA-2 on 
CAB (∆V: -6.29 × 106 (4.24 × 106) µm3), LAPA-1 on CGIZ 
(∆V: -4.15 × 106 (3.25 × 106) µm3), LAPA-2 on CGIZ (∆V: 
-3.0 × 106 (2.23 × 106) µm3), RCP on CAB (∆V: -1.86 × 106 
(2.23 × 106) µm3) and CGIZ (∆V: -1.2 × 106 (1.31 × 106) 
µm3; (p ≤ 0.001)) (Fig. 5).

Discussion
The main objective of this experimental study was to 
determine the loss of material in a luting gap of ceramic 
crowns after five years of simulating PMPR using dif-
ferent methods. We found a statistically significant loss 
of substance in the luting gap compared with the con-
trol sides (p ≤ 0.001, Table 1). Despite the deficiencies of 
in vitro studies such as the current work, we found that 
the highest loss was determined in luting gaps with luting 
resin bonding by LAPA-2, followed by LAPA-1 and the 
lowest values were obtained after polishing with rotat-
ing rubber cups (Table 1). A possible explanation for the 
determined effect of volume loss in our study is certainly 
that due to the long investigation period of more than 5 
years of simulated artificial aging as well as the PMPR 
performed ten times within this period, a summation of 
the volume losses occurred (see Fig. 6). The null hypoth-
esis of this experimental study must be rejected on the 
basis of the results obtained, presented and summarized.

This is contrary to other investigations, that found no 
significant damage to the gingiva or exposed root sur-
faces regardless of the low abrasive powder used (gly-
cine or erythritol) [24, 25] and up to date, it seems that 
low-abrasiveness powders for air polishing devices com-
bine minimal abrasion with a maximal cleaning effect 
[24–26]. Beside the potential risk of air emphysema 
during use [14], no further (severe) negative side effects 
were published. Overall, air polishing devices combine 
various advantages, such as protection of the surround-
ing tissue; reduced treatment time; high patient accept-
ance, especially in cases of hypersensitivity; additional 
antibacterial effects (powder dependent); and reduced 



Page 7 of 12Cyris et al. BMC Oral Health          (2024) 24:291 	

Ta
bl

e 
1 

O
ve

rv
ie

w
 a

cc
or

di
ng

 to
 c

ha
ng

e 
of

 th
e 

vo
lu

m
e 

(∆
V 

in
 µ

m
3 ) i

n 
th

e 
lu

tin
g 

ga
p 

af
te

r s
im

ul
at

ed
 1

, 2
, 3

, 4
 a

nd
 5

 y
ea

rs
 o

f a
rt

ifi
ci

al
 a

gi
ng

 a
s 

w
el

l a
s 

pe
r e

ac
h 

si
m

ul
at

ed
 a

gi
ng

 y
ea

r 
(b

as
el

in
e—

1s
t, 

1s
t—

2n
d,

 2
nd

 –
 3

rd
, 3

rd
—

4t
h,

 4
th

 –
 5

th
) w

ith
 p

ai
rw

is
e 

in
st

ru
m

en
t c

om
pa

ris
on

s. 
A

ls
o 

in
cl

ud
ed

 a
re

 th
e 

w
id

th
 o

f t
he

 lu
tin

g 
ga

p 
(G

W
 in

 µ
m

) a
t b

as
el

in
e 

an
d 

af
te

r 5
 

ye
ar

s 
of

 a
rt

ifi
ci

al
 a

gi
ng

Ce
m

en
ta

tio
n 

ty
pe

In
st

ru
m

en
t

∆V
1 i

n 
µm

3  
(m

ea
n 

±
 S

D
)

∆V
2 i

n 
µm

3  
(m

ea
n 

±
 S

D
)

∆V
3 i

n 
µm

3  
(m

ea
n 

±
 S

D
)

∆V
4 i

n 
µm

3  
(m

ea
n 

±
 S

D
)

∆V
5 i

n 
µm

3  
(m

ea
n 

±
 S

D
)

Pa
irw

is
e 

in
st

ru
m

en
t 

co
m

pa
ris

on

p-
va

lu
e 

fo
r ∆

V 1

p-
va

lu
e 

fo
r ∆

V 2

p-
va

lu
e 

fo
r ∆

V 3

p-
va

lu
e 

fo
r ∆

V 4

p-
va

lu
e 

fo
r ∆

V 5

CG
IZ

LA
PA

-1
(n

 =
 1

2)
-2

.5
7 

×
 1

05

(6
.7

5 
×

 1
05 )

-9
.4

7 
×

 1
05

(1
.1

0 
×

 1
06 )

-1
.7

6 
×

 1
06

(2
.0

2 
×

 1
06 )

-3
.1

2 
×

 1
06

(3
.2

0 
×

 1
06 )

-4
.1

5 
×

 1
06

(3
.2

5 
×

 1
06 )

vs
. L

A
PA

-2
1.

00
0

1.
00

0
1.

00
0

1.
00

0
1.

00
0

vs
. R

C
P

1.
00

0
0.

70
5

0.
18

8
0.

02
4

0.
07

5

vs
. c

on
tr

ol
1.

00
0

0.
12

7
0.

00
2

 <
 0

.0
01

 <
 .0

.0
01

LA
PA

-2
(n

 =
 1

3)
-4

.2
0 

×
 1

05  
(7

.6
7 

×
 1

05 )
-6

.0
4 

×
 1

05

(1
.1

2 
×

 1
06 )

-1
.5

8 
×

 1
06  

(1
.5

5 
×

 1
06 )

-2
.9

5 
×

 1
06  

(2
.2

1 
×

 1
06 )

-3
.0

0 
×

 1
06

(2
.2

3 
×

 1
06 )

vs
. R

C
P

1.
00

0
1.

00
0

0.
39

0
0.

13
9

0.
46

7

vs
. c

on
tr

ol
1.

00
0

0.
86

2
0.

00
7

0.
00

2
 <

 0
.0

01
RC

P
(n

 =
 1

4)
-1

.4
4 

×
 1

05

(5
.2

4 
×

 1
05 )

-3
.5

2 
×

 1
05

(1
.2

0 
×

 1
06 )

-5
.0

0 
×

 1
05

(8
.1

8 
×

 1
05 )

-9
.0

2 
×

 1
05

(1
.1

8 
×

 1
06 )

-1
.2

0 
×

 1
06

(1
.3

1 
×

 1
06 )

vs
. c

on
tr

ol
1.

00
0

1.
00

0
0.

84
0

0.
81

1
0.

14
4

co
nt

ro
l

(n
 =

 1
3)

-1
.9

3 
×

 1
04  

(4
.7

3 
×

 1
04 )

2.
11

 ×
 1

05

(1
.2

4 
×

 1
06 )

3.
40

 ×
 1

05

(1
.3

6 
×

 1
06 )

4.
19

 ×
 1

05  
(1

.3
2 

×
 1

06 )
3.

44
 ×

 1
05

(1
.1

8 
×

 1
06 )

CA
B

LA
PA

-1
(n

 =
 1

2)
-1

.3
0 

×
 1

06

(2
.1

3 
×

 1
06 )

-3
.3

6 
×

 1
06

(4
.1

8 
×

 1
06 )

-6
.4

9 
×

 1
06

(4
.7

5 
×

 1
06 )

-9
.4

1 
×

 1
06  

(6
.9

6 
×

 1
06 )

-1
.0

5 
×

 1
07

(7
.2

0 
×

 1
06 )

vs
. L

A
PA

-2
1.

00
0

0.
66

2
1.

00
0

1.
00

0
1.

00
00

vs
. R

C
P

1.
00

0
1.

00
0

0.
03

3
0.

02
4

0.
00

4
vs

. c
on

tr
ol

0.
42

5
0.

01
8

0.
00

1
 <

 0
.0

01
 <

 0
.0

01
LA

PA
-2

(n
 =

 1
0)

-2
.3

6 
×

 1
06  

(2
.8

3 
×

 1
06 )

-5
.2

4 
×

 1
06

(3
.1

5 
×

 1
06 )

-6
.1

6 
×

 1
06  

(3
.9

6 
×

 1
06 )

-6
.1

8 
×

 1
06  

(4
.1

4 
×

 1
06 )

-6
.2

9 
×

 1
06

(4
.2

4 
×

 1
06 )

vs
. R

C
P

0.
74

2
0.

03
8

0.
03

0
0.

13
9

0.
14

7

vs
. c

on
tr

ol
0.

01
5

 <
 0

.0
01

0.
00

1
0.

00
2

0.
00

1
RC

P
(n

 =
 1

2)
-6

.0
3 

×
 1

05  
(1

.0
3 

×
 1

06 )
-1

.2
2 

×
 1

06

(1
.5

5 
×

 1
06 )

-1
.0

9 
×

 1
06  

(1
.8

6 
×

 1
06 )

-1
.8

0 
×

 1
06

(2
.0

9 
×

 1
06 )

-1
.8

6 
×

 1
06

(2
.2

3 
×

 1
06 )

vs
. c

on
tr

ol
0.

62
6

0.
40

3
1.

00
0

0.
81

1
0.

65
0

co
nt

ro
l

(n
 =

 1
0)

4.
89

 ×
 1

04  
(3

.9
3 

×
 1

05 )
-4

.1
3 

×
 1

04

(3
.9

8 
×

 1
05 )

-9
.2

2 
×

 1
04  

(5
.3

1 
×

 1
05 )

-1
.8

7 
×

 1
05  

(6
.9

0 
×

 1
05 )

-2
.4

6 
×

 1
05

(7
.7

2 
×

 1
05 )

∆V
1s

t i
n 

µm
3  

(m
ea

n 
± 

SD
)

∆V
2n

d 
in

 µ
m

3  
(m

ea
n 

± 
SD

)
∆V

3r
d 

in
 µ

m
3  

(m
ea

n 
± 

SD
)

∆V
4t

h i
n 

µm
3  

(m
ea

n 
± 

SD
)

∆V
5t

h i
n 

µm
3  

(m
ea

n 
± 

SD
)

p-
va

lu
e 

fo
r ∆

V 1s
t

p-
va

lu
e 

fo
r ∆

V 2n
d

p-
va

lu
e 

fo
r ∆

V 3r
d

p-
va

lu
e 

fo
r ∆

V 4t
h

p-
va

lu
e 

fo
r ∆

V 5t
h

CG
IZ

LA
PA

-1
(n

 =
 1

2)
-2

.5
7 

×
 1

05

(6
.7

5 
×

 1
05 )

-6
.9

0 
×

 1
05

(6
.0

6 
×

 1
05 )

-8
.1

9 
×

 1
05

(1
.3

8 
×

 1
06 )

-1
.3

5 
×

 1
06

(1
.5

5 
×

 1
06 )

-1
.0

3 
×

 1
06

(7
.4

5 
×

 1
05 )

vs
. L

A
PA

-2
1.

00
0

1.
00

0
1.

00
0

1.
00

0
1.

00
0

vs
. R

C
P

1.
00

0
1.

00
0

1.
00

0
0.

76
3

0.
37

1

vs
. c

on
tr

ol
1.

00
0

1.
00

0
0.

29
3

0.
01

8
0.

00
2

LA
PA

-2
(n

 =
 1

3)
-4

.2
0 

×
 1

05

(7
.6

7 
×

 1
05 )

-1
.8

4 
×

 1
04

(6
.0

2 
×

 1
05 )

-9
.8

1 
×

 1
05

(9
.5

8 
×

 1
05 )

-1
.3

6 
×

 1
06

(1
.2

8 
×

 1
06 )

-5
.1

1 
×

 1
04

(1
.1

7 
×

 1
06 )

vs
. R

C
P

1.
00

0
1.

00
0

0.
76

8
0.

21
3

0.
60

9

vs
. c

on
tr

ol
1.

00
0

1.
00

0
0.

17
2

0.
00

2
0.

00
3

RC
P

(n
 =

 1
4)

-1
.4

4 
×

 1
05

(5
.2

4 
×

 1
05 )

-2
.0

7 
×

 1
05

(8
.6

2 
×

 1
05 )

-1
.4

8 
×

 1
05

(8
.5

0 
×

 1
05 )

-4
.0

1 
×

 1
05

(5
.8

9 
×

 1
05 )

-3
.0

0 
×

 1
05

(6
.1

1 
×

 1
05 )

vs
. c

on
tr

ol
1.

00
0

1.
00

0
1.

00
0

0.
75

0
0.

36
0

co
nt

ro
l

(n
 =

 1
3)

-1
.9

3 
×

 1
04

(4
.7

3 
×

 1
05 )

2.
30

 ×
 1

05

(1
.0

4 
×

 1
06 )

1.
29

 ×
 1

05  
(7

.4
1 

×
 1

05 )
7.

83
 ×

 1
04  

(5
.1

2 
×

 1
05 )

-7
.4

2 
×

 1
04

(6
.9

6 
×

 1
05 )



Page 8 of 12Cyris et al. BMC Oral Health          (2024) 24:291 

CA
B 

Cr
ow

n 
re

pl
ic

as
 w

ith
 a

dh
es

iv
e 

bo
nd

in
g,

 C
G

IZ
 C

ro
w

n 
re

pl
ic

as
 w

ith
 g

la
ss

-io
no

m
er

 c
em

en
t, 

G
W

 G
ap

 w
id

th
, L

AP
A-

1 
A

ir 
po

lis
hi

ng
 w

ith
 g

ly
ci

ne
 p

ow
de

r, 
LA

PA
-2

 A
ir 

po
lis

hi
ng

 w
ith

 e
ry

th
rit

ol
 p

ow
de

r, 
RC

P 
Ru

bb
er

 c
up

 w
ith

 
po

lis
hi

ng
 p

as
te

, s
ta

nd
ar

d 
de

vi
at

io
n 

(S
D

) a
nd

 p
-v

al
ue

s 
of

 ∆
V 

w
er

e 
ca

lc
ul

at
ed

 o
ve

r a
n 

N
 o

f 9
6 

fo
r d

iff
er

en
t c

ro
w

n 
su

rf
ac

es

Ta
bl

e 
1 

(c
on

tin
ue

d)

CA
B

LA
PA

-1
(n

 =
 1

2)
-1

.3
0 

×
 1

06

(2
.1

3 
×

 1
06 )

-2
.0

5 
×

 1
06

(2
.6

5 
×

 1
06 )

-3
.1

3 
×

 1
06

(3
.0

1 
×

 1
06 )

-2
.9

1 
×

 1
06

(4
.1

5 
×

 1
06 )

-1
.1

2 
×

 1
06

(1
.8

6 
×

 1
06 )

vs
. L

A
PA

-2
0.

28
1

0.
49

2
1.

00
0

1.
00

0
1.

00
0

vs
. R

C
P

1.
00

0
1.

00
0

0.
05

0
0.

02
9

0.
00

6

vs
. c

on
tr

ol
0.

69
0

0.
06

4
0.

00
2

 <
 0

.0
01

 <
 0

.0
01

LA
PA

-2
(n

 =
 1

0)
-2

.3
6 

×
 1

06

(2
.8

3 
×

 1
06 )

-2
.8

7 
×

 1
06

(2
.2

7 
×

 1
06 )

-9
.1

7 
×

 1
05

(3
.1

1 
×

 1
06 )

-2
.5

1 
×

 1
04  

(1
.1

7 
×

 1
06 )

-1
.0

9 
×

 1
05

(1
.2

1 
×

 1
06 )

vs
. R

C
P

0.
21

0
0.

05
3

0.
02

0
0.

12
0

0.
13

9

vs
. c

on
tr

ol
0.

00
4

 <
 0

.0
01

0.
00

1
0.

00
1

0.
00

2

RC
P

(n
 =

 1
2)

-6
.0

3 
×

 1
05

(1
0.

3 
×

 1
06 )

-6
.2

1 
×

 1
05

(7
.5

0 
×

 1
05 )

1.
24

 ×
 1

05  
(7

.3
0 

×
 1

05 )
-7

.0
9 

×
 1

05

(9
.8

9 
×

 1
05 )

-5
.9

7 
×

 1
04

(6
.8

3 
×

 1
05 )

vs
. c

on
tr

ol
0.

87
5

0.
56

6
1.

00
0

0.
73

3
0.

72
9

co
nt

ro
l

(n
 =

 1
0)

4.
89

 ×
 1

04

(3
.9

3 
×

 1
05 )

-9
.0

2 
×

 1
04

(1
.7

2 
×

 1
05 )

-5
.0

8 
×

 1
04

(2
.5

2 
×

 1
05 )

-9
.5

2 
×

 1
04

(2
.3

9 
×

 1
05 )

-5
.8

5 
×

 1
04

(2
.8

7 
×

 1
05 )

Ce
m

en
ta

-
tio

n 
ty

pe
In

st
ru

m
en

t
G

W
1 i

n 
µm

 
(m

ea
n(

SD
))

G
W

5 i
n 

µm
 

(m
ea

n(
SD

))
p-

va
lu

e 
fo

r G
W

1 v
s.

 G
W

5
Pa

ir
w

is
e 

in
st

ru
m

en
t 

co
m

pa
ri

so
n

p-
va

lu
e 

fo
r g

ap
1

p-
va

lu
e 

fo
r g

ap
5

CG
IZ

LA
PA

-1
(n

 =
 1

2)
76

.1
9(

18
.7

0)
81

.8
5(

21
.1

4)
0.

00
4

vs
. L

A
PA

-2
1.

00
0

1.
00

0

vs
. R

C
P

1.
00

0
1.

00
0

vs
. c

on
tr

ol
1.

00
0

1.
00

0

LA
PA

-2
(n

 =
 1

3)
74

.0
0(

22
.3

6)
73

.4
4(

19
.9

9)
0.

75
3

vs
. R

C
P

1.
00

0
1.

00
0

vs
. c

on
tr

ol
1.

00
0

1.
00

0

RC
P

(n
 =

 1
4)

75
.1

3(
15

.1
2)

78
.0

4(
18

.8
5)

0.
51

0
vs

. c
on

tr
ol

1.
00

0
1.

00
0

co
nt

ro
l

(n
 =

 1
3)

72
.1

6(
24

.9
8)

78
.0

1(
23

.3
6)

0.
03

9

CA
B

LA
PA

-1
(n

 =
 1

2)
81

.2
2(

26
.1

4)
90

.0
4(

28
.2

8)
0.

00
3

vs
. L

A
PA

-2
1.

00
0

1.
00

0

vs
. R

C
P

1.
00

0
1.

00
0

vs
. c

on
tr

ol
1.

00
0

1.
00

0

LA
PA

-2
(n

 =
 1

0)
77

.7
7(

12
.9

1)
76

.9
9(

24
.5

8)
0.

87
8

vs
. R

C
P

1.
00

0
1.

00
0

vs
. c

on
tr

ol
1.

00
0

1.
00

0

RC
P

(n
 =

 1
2)

74
.9

2(
18

.1
1)

83
.8

9(
21

.5
6)

0.
00

5
vs

. c
on

tr
ol

1.
00

0
1.

00
0

co
nt

ro
l

(n
 =

 1
0)

76
.8

4(
21

.3
2)

82
.2

3(
20

.7
2)

0.
20

3



Page 9 of 12Cyris et al. BMC Oral Health          (2024) 24:291 	

Table 2  Overview according to the distribution N of change of the volume (no or decreasing volume vs. increasing volume) in the 
luting gap after simulated 5 years of artificial aging with pairwise instrument comparisons

CAB Crown replicas with adhesive bonding, CGIZ crown replicas with glass-ionomer cement, LAPA-1 Air polishing with glycine powder, LAPA-2 Air polishing with 
erythritol powder, RCP Rubber cup with polishing paste, standard deviation (SD) and p-values of ∆V were calculated over an N of 96 for different crown surfaces

Cementation 
type

Instrument N of sites with increasing 
volume after 5 years artificial 
aging

N of sites with stable or decreasing 
volume (%) after 5 years artificial 
aging

Pairwise 
instrument 
comparison

p-value for ∆V5

CGIZ LAPA-1
(n = 12)

12 (100%) 0 (0%) vs. LAPA-2 1.000

vs. RCP 1.000

vs. control  < 0.001
LAPA-2
(n = 13)

12 (92.3%) 1 (7.7%) vs. RCP 1.000

vs. control 0.001
RCP
(n = 14)

12 (85.7%) 2 (14.3%) vs. control 0.005

control
(n = 13)

4 (30.8) 9 (69.2%)

CAB LAPA-1
(n = 12)

12 (100%) 0 (0%) vs. LAPA-2 1.000

vs. RCP 1.000

vs. control 0.010
LAPA-2
(n = 10)

10 (100%) 0 (0%) vs. RCP 1.000

vs. control 0.015
RCP
(n = 12)

10 (83.3%) 2 (16.7%) vs. control 0.212

control
(n = 10)

5 (50%) 5 (50%)

Fig. 5  Volume change in the luting gap after 5 years of artificial aging. Boxplot diagram visualizing the volume change (∆V5) in the luting gap 
after 5 years of professional mechanical biofilm removal (PMPR) and artificial aging for all investigated devices (RCP (rubber cup and polishing 
paste), LAPA-1 (air-polishing device with glycine powder) and LAPA-2 (air-polishing device with erythritol powder) and luting cements (GIZ 
(glass-ionomer cement) and AD (adhesive bonding) compared to the control group (no cleaning)
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noise [27]. However, we have not investigated the clean-
ing efficacy, but we assumed that air polishing versus 
conventional rotating polishing would not differ from a 
clinical point of view [25, 28] and would be utilized by 
dental auxiliaries comparably in daily routine during SPT 
[14]. Nevertheless, a paradigm shift has positioned AP 
as the perceived standard for SPT [15]. The two tested 
air polishing devices utilize erythritol powder (LAPA-1) 
or glycine (LAPA-2), which differ not only in the aver-
age particle size but also in their chemical nature [26] 
and will influence their cleaning performance [29]. It 
should be noted that biofilm removal in SPT should not 
exert any harmful effects on the root surface [8] and both 
tested LAPA-1 and LAPA-2 were approved for subgingi-
val cleaning. They were designed in such a way that the 
powder-water jet was directed vertically onto the root 
surface to reduce what is known as the "flow pressure" 
[29] and is thought to contribute to particularly gentle 
supra- and subgingival PMPR. We observed that utiliz-
ing AP subgingival or epigingival is easier versus RCP, 
however, the risk of having side effects due to the spe-
cific characteristics of the powder jet has to be assumed 
[30]. Some specific properties of the cements used in the 
study result from the requirements placed on these lut-
ing materials. In this study, replicas cemented with GIZ 
(mechanical retention mechanism) and resin cement 

(AD) (both micro-mechanical and chemical retention 
mechanisms) were investigated. While the cements 
should primarily exhibit mechanical stability, they must 
also be viscous enough to ensure adequate spreading. At 
the same time, the film thickness must not be so high that 
the fit of the restoration is compromised.

The lower proportion of fillers in resin cements 
compared to restorative composites also affects their 
mechanical properties [31]. The requirement to be suf-
ficiently viscous is, to some extent, opposed to the 
requirement for mechanical stability. Primarily, cements 
are not designed to absorb high mechanical energy as it 
is applied to them in the form of air polishing devices. 
Furthermore, it can be assumed that fillers are dissolved 
out of the matrix by the test method but that the spaces 
created are refilled by the subsequent processing with 
powders containing even very small particles. The fact 
that GIZ shows some expansion due to water absorp-
tion has already been reported [32]. This provides a 
possible explanation for the results of the control group 
(overall volume increase) without surface treatment. The 
measured increase in the width of the luting gap could 
be explained by a clearer delineation of the cement and 
ceramic surfaces after cleaning compared to baseline. 
Thus, it can be assumed that the deviation in the meas-
urement from baseline to end has an optical cause.

Fig. 6  Exemplary illustration of the luting gap over 5 years of artificial aging. Exemplary illustration of the luting gap over 5 years of professional 
mechanical biofilm removal (PMPR) and artificial aging, on the left side for one crown replica with AD (adhesive bonding) and on the right side 
with GIZ (glass-ionomer cement) for all investigated devices a LAPA-1 (air-polishing device with glycine powder), b LAPA-2 (air-polishing device 
with erythritol powder), c RCP (rubber cup and polishing paste) and the d control group (no cleaning)
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In addition to the details discussed before, our exper-
imental study has further limitations. Due to the nature 
of any in vitro simulation, the results cannot be trans-
ferred directly to clinical situations in general and fur-
ther studies must be performed in a clinical setting in 
the future. In our experimental study, the aging of the 
material was simulated, but without the stress of mas-
tication. This would place additional mechanical stress 
on the cement. After brushing the luting gap with 
a sonic brush for five seconds, no further mechani-
cal treatment of the surfaces was considered within 
the context of a home oral hygiene regimen. Another 
limitation is that the working angle of the powder jet 
ranged from 0—90°, simulating a worst-case scenario 
with maximum exposure of the powder to the luting 
gap. In addition, although there was extensive train-
ing and clinical calibration with different methods of 
PMPR between the two practitioners, no interrater reli-
ability could be determined due to the methods used. 
A last critical point is that the replicas were removed 
from the water bath for cleaning and profilometric 
measurement, during which the specimens (partially) 
dried out. These multiple alternations of drying and 
re-wetting may represent further mechanical stress on 
the material. Nevertheless, the presented in vitro analy-
ses enabled the reproducible investigation of defined 
parameters that cannot be measured clinically, thus 
increasing the sensitivity of the comparisons.

Conclusions
Within the limitations of the present experimental study, 
it can be concluded that all PMPRs caused a significantly 
higher substance loss in the luting gap, independent of 
the used luting material. The highest loss was determined 
at resin cements by air- versus rotating rubber cup pol-
ishing after simulated five years of SPT, awareness should 
be raised for the risk of decementation or secondary car-
ies in long-term. However, these have to be evaluated by 
future clinical studies.

Abbreviations
AD	� Adhesive bonding
AP	� Air polishing
GIZ	� Glass-ionomer cement
CAB	� Crown replicas with adhesive bonding
CGIZ	� Crown replicas with glass-ionomer cement
LAPA	� Low-abrasiveness powder air polishing
PMPR	� Professional biofilm removal
RCP	� Rubber cup polishing
SD	� Standard deviation
SPT	� Supportive periodontal therapy

Acknowledgements
The authors are grateful to Frank Lehmann, who contributed to this study by 
teaching and training P.H. in the measurements of the volume loss as outlined.

Informed consent
Informed consent was obtained from all individual participants included in 
the study.

Authors’ contributions
C.G. and M.C. developed the study and wrote the manuscript together with 
P.H. L.H. gave practical advice concerning the cleaning methods and materials 
used. P.H. and C.G. developed, together with M.K. the technique to create the 
replicas and lute the crowns. C.G. and M.C. performing the PMPR. P.H. analyzed 
the data regarding the volume change of the luting gap. C.G. and C.E.D. per-
formed the statistical analysis and interpretation of the results. All the authors 
read and approved the final manuscript.

Funding
Open Access funding enabled and organized by Projekt DEAL. The work was 
supported by the Clinic of Conservative Dentistry and Periodontology and 
the Department of Prosthodontics, Propaedeutics and Dental Materials, both 
Christian-Albrechts University at Kiel, Germany, as all authors were employed 
there.

Availability of data and materials
The datasets used and analyzed during the current study are not publicly 
available due to [national data protection law] but are available from the cor-
responding author on reasonable request.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1 Clinic of Conservative Dentistry and Periodontology, Christian-Albrechts Uni-
versity at Kiel, Kiel, Germany. 2 Department of Prosthodontics, Propaedeutics 
and Dental Materials, Christian-Albrechts University at Kiel, Kiel, Germany. 

Received: 13 October 2023   Accepted: 23 February 2024

References
	1.	 Papapanou PN, et al. Periodontitis: Consensus report of workgroup 2 

of the 2017 World Workshop on the Classification of Periodontal and 
Peri-Implant Diseases and Conditions. J Clin Periodontol. 2018;45(Suppl 
20):S162–70.

	2.	 Petersilka GJ, Ehmke B, Flemmig TF. Antimicrobial effects of mechanical 
debridement. Periodontol. 2000;2002(28):56–71.

	3.	 Westfelt E. Rationale of mechanical plaque control. J Clin Periodontol. 
1996;23(3 Pt 2):263–7.

	4.	 Lowenberg B, et al. The influence of chemically-induced modifications of 
root surfaces on cell migration, attachment, and orientation. J Dent Res. 
1986;65(7):1010–5.

	5.	 Frantz B, Polson A. Tissue interactions with dentin specimens after demin-
eralization using tetracycline. J Periodontol. 1988;59(11):714–21.

	6.	 Babay N. Comparative SEM study on the effect of root conditioning with 
EDTA or tetracycline Hcl on periodontally involved root surfaces. Indian J 
Dent Res. 2000;11(2):53–7.

	7.	 Khosravi M, et al. Comparative effectiveness of hand and ultrasonic 
instrumentations in root surface planing in vitro. J Clin Periodontol. 
2004;31(3):160–5.

	8.	 Sanz M, et al. Treatment of stage I-III periodontitis-The EFP S3 level clinical 
practice guideline. J Clin Periodontol. 2020;47(Suppl 22):4–60.



Page 12 of 12Cyris et al. BMC Oral Health          (2024) 24:291 

	9.	 Shultz PH, et al. Effects of air-powder polishing on the bond strength of 
orthodontic bracket adhesive systems. J Dent Hyg. 1993;67(2):74–80.

	10.	 Muller LK, et al. Biofilm and orthodontic therapy. Monogr Oral Sci. 
2021;29:201–13.

	11.	 Ercoli C, Caton JG. Dental prostheses and tooth-related factors. J Clin Peri-
odontol. 2018;45(Suppl 20):S207–18.

	12.	 Sanz M, et al. Effect of professional mechanical plaque removal on 
secondary prevention of periodontitis and the complications of gingival 
and periodontal preventive measures: consensus report of group 4 of the 
11th European Workshop on Periodontology on effective prevention of 
periodontal and peri-implant diseases. J Clin Periodontol. 2015;42(Suppl 
16):S214–20.

	13.	 Hagi TT, et al. The effects of erythritol air-polishing powder on micro-
biologic and clinical outcomes during supportive periodontal therapy: 
Six-month results of a randomized controlled clinical trial. Quintessence 
Int. 2015;46(1):31–41.

	14.	 Petersilka G, et al. Retrospective analysis of the long-term effect of sub-
gingival air polishing in supportive periodontal therapy. J Clin Periodon-
tol. 2021;48(2):263–71.

	15.	 Sculean A, et al. A paradigm shift in mechanical biofilm management? 
Subgingival air polishing: a new way to improve mechanical biofilm 
management in the dental practice. Quintessence Int. 2013;44(7):475–7.

	16.	 Petersilka GJ. Subgingival air-polishing in the treatment of periodontal 
biofilm infections. Periodontol. 2011;55(1):124–42.

	17.	 Vouros I, et al. A novel biofilm removal approach (Guided Biofilm Therapy) 
utilizing erythritol air-polishing and ultrasonic piezo instrumentation: A 
randomized controlled trial. Int J Dent Hyg. 2022;20(2):381–90.

	18.	 Tamilselvi S, et al. Comparison of the effect of sodium bicarbonate and 
glycine air polishing systems on tooth surface roughness: An atomic 
force microscopic analysis. Technol Health Care. 2021;29(3):489–98.

	19.	 Barnes CM, et al. An in vitro comparison of the effects of various air 
polishing powders on enamel and selected esthetic restorative materials. 
J Clin Dent. 2014;25(4):76–87.

	20.	 Reinhart D, et al. In-vitro influence of the use of an erythritol powder 
through air polishing on the surface roughness and abrasiveness of vari-
ous restorative materials. PLoS ONE. 2022;17(7): e0270938.

	21.	 Hmaidouch R, Neumann P, Mueller WD. Influence of preparation form, 
luting space setting and cement type on the marginal and internal fit of 
CAD/CAM crown copings. Int J Comput Dent. 2011;14(3):219–26.

	22.	 Leinfelder KF, Isenberg BP, Essig ME. A new method for generat-
ing ceramic restorations: a CAD-CAM system. J Am Dent Assoc. 
1989;118(6):703–7.

	23.	 Kimyai S, et al. Effect of two prophylaxis methods on marginal gap of Cl 
Vresin-modified glass-ionomer restorations. J Dent Res Dent Clin Dent 
Prospects. 2016;10(1):23–9.

	24.	 Sultan DA, H.R. Gillam DG., Air-Polishing in Subgingival Root Debride-
ment: A Critical Literature Review. J Dent Oral Biol., 2017;2(10):1065.

	25.	 Nascimento GG, et al. Use of air polishing for supra- and subgingival 
biofilm removal for treatment of residual periodontal pockets and 
supportive periodontal care: a systematic review. Clin Oral Investig. 
2021;25(3):779–95.

	26.	 Petersilka G, et al. Evaluation of an ex vivo porcine model to inves-
tigate the effect of low abrasive airpolishing. Clin Oral Investig. 
2018;22(7):2669–73.

	27.	 Laleman, I., et al., Subgingival debridement: end point, methods and how 
often? Periodontol 2000, 2017;75(1):189–204.

	28.	 Shrivastava D, et al. Novel Approach to Dental Biofilm Management 
through Guided Biofilm Therapy (GBT): A Review. Microorganisms. 
2021;9(9).

	29.	 Seidel M, et al. Results of an experimental study of subgingival cleaning 
effectiveness in the furcation area. BMC Oral Health. 2021;21(1):381.

	30.	 Cobb CM, et al. Consensus Conference Findings on Supragingival and 
Subgingival Air Polishing. Compend Contin Educ Dent. 2017;38(2):e1–4.

	31.	 Heboyan A, et al. Dental Luting Cements: An Updated Comprehensive 
Review. Molecules. 2023;28(4):1619.

	32.	 Cury AH, et al. Effect of hygroscopic expansion on the push-out resist-
ance of glass ionomer-based cements used for the luting of glass fiber 
posts. J Endod. 2006;32(6):537–40.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Long-term effect of simulated five years professional mechanical biofilm removal on the luting gap of ceramic restorations
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Experimental setup
	Test teeth
	Profilometric measurement
	Outcomes and statistical analysis

	Results
	Discussion
	Conclusions
	Acknowledgements
	References


