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The effect of different cementation techniques on the amount of
remaining excess cement depending on the crown-abutment margin

level
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Abstract

Background/Aim. One of the disadvantages of the ce-
ment-retained fixed implant-supported restorations is the
residual cement, which is found on the superstructure after
the cementation procedure and has been identified as a risk
factor for the occurrence of peri-implantitis. The aim of the
study was to examine the influence of cementation tech-
niques on the amount of residual cement at different levels
of demarcation of the abutment in relation to the gingiva in
the process of cementing restorations on implants. Meth-
ods. The research was conducted in 7z vitro conditions on
casts obtained after implant placement. The abutments are
milled at the level of the gingiva, 1.5 mm subgingivally and 3
mm subgingivally. Zirconium dioxide ceramic restorations
were cemented using a standard cementation technique, a
cementation technique using Teflon tape, and a precemen-
tation method using a silicone replica of the abutment and a
3D printed replica. The amount of residual cement was
measured by photograph analysis. Adobe Photoshop was
used for software analysis of photographs and determina-
tion of cement surface. Statistical data processing was per-

Apstrakt

Uvod/Cilj. Jedan od nedostataka cementom fiksiranih
nadoknada na implantatima predstavlja rezidualni cement,
koji se nalazi na suprastrukturi nakon postupka cementiranja i
oznacen je kao faktor rizika od pojave periimplantitisa. Cilj
rada bio je da se ispita uticaj tehnika cementiranja na kolicinu
rezidualnog cementa na razlicitim nivoima demarkacije
nosaca (abutmenfy u odnosu na gingivu u postupku
cementiranja nadoknada na implantatima. Metode.
Istrazivanje je sprovedeno u iz wvitro uslovima na radnim
modelima dobijenim nakon ugradnje implantata. Nosaci su
frezovani u nivou gingive, subgingivalno 1.5 mm i
subgingivalno 3 mm. Nadoknade od cirkonijum dioksid

formed in the SPSS program, and the Kruskal-Wallis test
was used for data analysis. Results. A comparative analysis
of the effectiveness of cementation techniques at the gingi-
val margin level revealed a statistically significant difference
in the amount of residual cement in relation to the cementa-
tion technique (p < 0.001). Analyzing the cementation tech-
nique effectiveness at the level of the finish line, 1.5 mm
subgingivally, it was established that there was a statistically
significant difference in the amount of residual cement
compared to the cementation technique (p = 0.001). Com-
paring the effectiveness of cementation techniques at the 3
mm subgingival finish line level, it was established that there
was a statistically significant difference in the amount of re-
sidual cement compared to the cementation technique
(p < 0.001). Conclusion. Subgingival localization significant-
ly affects the amount of residual cement in fixed prosthetic
restorations on implants. Applying precementation tech-
niques significantly reduces the amount of residual cement.

Key words:
dental cements; dental implantation; denture, partial,
fixed; in vitro techniques; methods.

keramike ~ cementirane su  standardnom  tehnikom
cementiranja, tehnikom cementiranja upotrebom teflonske
trake i metodom precementiranja, upotrebom silikonske
replike nosaca i 3D Stampane replike. Merenje kolicine
rezidualnog cementa vtseno je analizom fotografije. Za
potrebe softverske analize fotografije i odredivanja povrsine
cementa koris¢en je program _Adobe Photoshop. Statisticka
obrada podataka radena je u SPSS programu, a za analizu
podataka koris¢en je Kruskal-Wallis test. Rezultati.
Uporednom analizom efikasnosti tehnika cementiranja na
nivou gingivalne margine ustanovljeno je da je postojala
statisticki znacajna razlika u koli¢ini zaostalog cementa u
odnosu na tehniku cementiranja (p < 0,001). Analizom
efikasnosti tehnika cementiranja na nivou demarkacije 1.5
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mm, ustanovljeno je da je postojala statisticki znacajna razlika
u koli¢ini zaostalog cementa u odnosu na tehniku
cementiranja (p = 0,001). Uporedivanjem efikasnosti tehnika
cementiranja na nivou demarkacije 3 mm, ustanovljeno je da
je postojala statisticki znacajna razlika u koli¢ini zaostalog
cementa u odnosu na tehniku cementiranja (p < 0,001).
ZakljuCak. Subgingivalna lokalizacija znacajno utice na

koli¢inu rezidualnog cementa kod fiksnih protetskih nadoknada
na implantatima. Primenom tehnika precementiranja znacajno
se smanjuje koli¢ina rezidualnog cementa.

Kljucne reci:
stomatoloski cementi; stomatoloska implantacija;
zubna proteza, parcijalna, fiksna; in vitro; metodi.

Introduction

Fixed implant-supported prosthetic restorations can be
screw-retained or cement retained. Both have their ad-
vantages and limitations . The main advantage of screw-
retained restorations is retrievability, while fracturing of the
screw and achieving passive fit in the construction of a
larger span are more complex and represent the most com-
mon challenges 2. As an alternative, restorations fixed by
the cementing process have been presented. These restora-
tions are similar to conventional ones; they are technically
simple to make, less sensitive to errors, and allow better
passive fitting of the compensation in long-span construc-
tions 3. Various studies have shown that the biggest disad-
vantage of cement restorations on implants is residual ce-
ment (excess cement) 45

The presence of residual cement can lead to biological
complications in the form of peri-implant mucositis and peri-
implantitis 8. Peri-implantitis, a pathological condition affect-
ing the peri-implant tissues, is characterized by gingival in-
flammation and progressive bone loss around the implant 7.
Residual cement was found in a large number of patients
with clinical or radiological signs of peri-implantitis &,

Biological variations in the attachment epithelium, col-
lagen fibers, and the relationship of the peri-implant tissues
with the implant compared to the natural tooth result in a
higher degree of permeability. Differences in peri-implant
soft tissue structures allow the flow of cement deep below
the gingival level leading to difficulty removing it in clinical
conditions °.

Various factors affect the cement flow in the cementing
process, as well as the appearance of residual cement. Some
of them are the amount of cement used, the cementation
technique, the design of the abutment, and the gingival
emergence profile; the location of the crown-abutment mar-
gin is mentioned as an important means 1°,

The localization of the crown-abutment margin can be
above the gingiva, at the gingival level, or below the gingival
level 1. In order to achieve better aesthetic results in clinical
conditions, most therapists opt for subgingival localization of
the crown-abutment margin. Belser et al. 2 proposed subgin-
gival localization of the crown-abutment margin at the level
of 1-2 mm, while Andersson et al. ** proposed subgingival
localization of the margin in order to achieve a better emer-
gency profile defined by the superstructure, which is still the
starting point of many clinicians. In order to control the
amount of residual cement, various cementation techniques
have been presented. The most commonly used cementation
techniques are the standard technique 4, the technique using
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polytetrafluoroethylene (PTFE) tape, i.e., the Teflon tape 5,
and precementation techniques with an abutment replica
made in different ways 6, However, there is not enough data
in the literature about which cementation technique gives the
best results depending on the localization of the margin fin-
ish line. The aim of this study was to examine the effective-
ness of different cementation techniques on the amount of
remaining excess cement depending on the crown-abutment
margin location level.

Methods

The research was conducted in vitro on 3D-printed
casts with artificial gingiva obtained after the implants were
placed in clinical conditions. Specimens were divided into
three groups in relation to the margin location (equigingival,
subgingival 1.5 mm, and subgingival 3 mm). In each group,
five measurements were made for each tested cementation
technique.

The process of placing dental implants was achieved
according to a two-phase protocol (MIS Implants Technolo-
gies Ltd, Israel) (Figure 1). The procedure of taking an im-
pression was carried out according to a digital protocol. A
scan body was placed on the implant, and an intraoral scan-
ner 3Shape (3Shape, Copenhagen K, Denmark) was used for
the scanning procedure (Figure 2). Digital master casts with
artificial gingival masks were printed with a 3D printer (Asi-
ga, MaxUV, Alexandria, Australia). Abutments were placed
in the working models and milled (AF350, Amann Girrbach,
Austria) using a titanium burr with shoulder finish line de-
sign (Edenta®, Austria).

Fig. 1 — Implant placement in clinical conditions.
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Fig. 2 — Intraoral digital scanning protocol.

The crowns were made with CAD/CAM technology
from zirconium dioxide ceramics (SHOFU Disk ZR Lucent
Supra, Shofu Dental Corporation, USA). The superstructures
were designed in TRIOS Design Studio (3Shape, Copenhagen
K Denmark). In the design of the superstructures, a space for
cement of 50 um was provided between the abutment and the
crown. Furthermore, in the crown design process, an opening
was created for access to the abutment screw, which enabled
the removal of the abutment-crown sculpt from the replica af-
ter cementing for the photographing procedure. The opening
was closed with a composite (GC Gradia Direct Posterior, GC
Corporation, Alsip, USA) before the cementation procedure to
prevent any effect on the cement flow. The restorations were
finished with polishing and glazing. The standard cementation
technique (ST) involved the preparation of cement according
to the manufacturer’s instructions. The same amount of ce-
ment (0.06 mL) was defined and applied to the crown using a
1 mL syringe. Following cement placement, the crown was
settled on the abutment with moderate digital compression and
controlled pressure. After setting, excess cement was removed
with a probe, curette, and interdental floss (Super floss, OralB)
using magnification under an operating microscope Zumax
(Zumax Medical Co., Ltd UK) at x16 magnification.

The second cementation technique, the PTFE
technique, involved placing and adapting a Teflon tape under
the margin of the abutment and crown junction (Figure 3).
Cementation protocol and excess cement was removed ac-
cording to the standard protocol (Figure 4).

Fig. 4 — Crown placed on abutment during
cementation procedure.

The third and fourth tested techniques are precementa-
tion procedures. In the third tested cementation technique,
the silicone replica technique, abutment replicas were made
of silicone (polyvinyl siloxane) and used for the precementa-
tion procedure. Teflon tape is placed into the superstructures,
which aims to provide space for luting material. Consequent-
ly, silicone (PD Presigum light body, Allershausen, Germa-
ny) was inserted into the crown space (Figure 5). The sili-
cone key replica was used to extrude the cement in the
precementation procedure (Figure 6).

Fig. 5 — Making a silicone replica key.

Fig. 3 — Teflon tape placed to prevent cement flow.

Fig. 6 — Silicone replica used for precementation procedure.
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The fourth cementation technique, the digital replica
technique, was also tested, where instead of silicone, an
abutment replica was printed with a 3D printer (Asiga,
MaxUV, Alexandria, Australia). Since the abutments were
scanned for suprastructure design, the same file was used for
replica printing. Printed 3D resin replicas were used for the
precementation procedure (Figures 7 and 8). Zinc oxide non-
eugenol cement (Temp-Bond™, Kerr Corporation, USA)
was used in the cementation procedure.

The amount of residual cement was measured by pho-
tograph analysis. A Digital Single Lens Reflex (DSLR) cam-
era (Nikon, D7200) with a macro lens (Nikon 105 mm) and
softbox flashes was used for photography. On the camera, a
holder designed to accept the abutment-superstructure unit
was fixed. The holder was used to ensure the same distance
between the camera lens and the object being photographed.
After the cementation procedure, the abutment-crown as-

sembly was removed from the model and placed on the hold-
er for the photography procedure. Photography was per-
formed from four directions — mesial, distal, vestibular, and
oral. Adobe Photoshop (Adobe®, San Jose, California, USA)
was used for software analysis of photographs and measure-
ment of residual cement surface area (Figure 9). The result-
ing numerical values are summed for each photo and dis-
played as a unique area in pixels.

Depending on the type of variables and normal distribu-
tion, data description is description is presented with num-
bers, arithmetic mean * standard deviation, median, and
range (minimum-maximum). The Kruskal-Wallis test was
used as a method for testing statistical hypotheses. Statistical
hypotheses were tested at the level of statistical significance
(alpha level) of 0.05. All data were processed in the IBM
SPSS Statistics 22 (SPSS Inc., Chicago, IL, USA) software
package.

Fig. 7 — 3D-printed abutment replica used
for precementation procedure.
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Fig. 8 — Remaining cement in the crown after
the precementation procedure.

Fig. 9 — Measurement of residual cement area in software after photographing.
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Results

A comparative analysis of the effectiveness of the ce-
mentation techniques at the equigingival level found that
there was a statistically significant difference in the amount
of residual cement compared to the cementation technique
(Kruskal-Wallis = 17.857; p < 0.001) (Table 1).

Analyzing the effectiveness of the cementation tech-
niques at the 1.5 mm subgingival margin position, it was es-
tablished that there was a statistically significant difference in
the amount of residual cement in relation to the cementation

Table 1

technique (Kruskal-Wallis = 17.583; p = 0.001) (Table 2).

A comparative analysis of the effectiveness of the ce-
mentation techniques at the 3 mm subgingival margin posi-
tion revealed that there was a statistically significant differ-
ence in the amount of residual cement compared to the ce-
mentation technique (Kruskal-Wallis = 17.857; p < 0.001)
(Table 3).

Depending on the cement margin location, there was a
statistically significant difference in the amount of residual
cement in all tested techniques (Kruskal-Wallis = 12,5;
p = 0.002) (Figure 10).

Values shown in pixels of different cementation
techniques with margin at the gingival level

Cementation technique n mean = SD median min—max

Standard 5 30787,2+533,3 30456 30326-31423
Silicone replica 5 14014,0 +432,7 13872 13592-14597
PTFE 5 29854,4+193,7 29785 29628-30129
Digital replica 5 11396,8 + 395,6 11489 10784-11744

SD - standard deviation;

min — minimum; max - maximum;

PTFE - polytetrafluoroethylene i.e. Teflon tape.

Table 2

Values shown in pixels of different cementation
techniques with 1.5 mm subgingival margin level

Cementation technique n mean = SD median min—max
Standard 5 127120,8 +1586,7 126937 125260-129370
Silicone replica 5 15991,6 + 98,6 16005 15836-16078
PTFE 5 123849,6 £1252,1 124352 122279-125321
Digital replica 5 11602,8 + 408,0 11753 11000-11944

For abbreviations, see Table 1.

Table 3

Values in pixels of different cementation
techniques with 3 mm subgingival margin level

Cementation technique n mean + SD median min—max

Standard 5 152093,6 + 1805,0 151670  150369-154214

Silicone replica 5 16651,8 +325,8 16606 16167-17012

PTFE 5 149146,2 + 1043,1 149047 148018-150350

Digital replica 5 12200,2+280,0 12123 11896-12612

For abbreviations, see Table 1.
Equgngival margin location Margn location subgngivally 1.5mm Masgin location subgingivally 3mm
& 150000 o L
i‘Ej 120000 o "o-®
g 20000
g 60000
E 30000 {l— @ [ X |
g . o— o -®e oo o-a0 ®o—o
v 5T PT SAT DRT ST PT SAT DRT 5T PT SRT DRT

Fig. 10 — The values of residual cement amount in pixels of each individual
measurement in relation to cementing technique and localization of margin location
(represented by blue circles). The red line indicates the median.

ST - standard technique; PT - polytetrafluoroethylene technique;

SRT - silicone replica technique; DRT - digital replica technique.
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Discussion

In our study, the largest amount of cement was found at
the localization of a margin 3 mm below the gingival level
using the ST. The results of our research are in correlation
with the study of Linkevicius et al. ¥, who indicate that
deeper subgingival localization of the abutment-crown mar-
gin is a risk factor for remaining excess cement occurrence.
The inability to remove cement from visually inaccessible
places and places with more difficult access are major risk
factors that can lead to residual cement occurrence 8. The re-
sults that subgingival localization of the margin location
leads to more difficult cement removal have been also con-
firmed in the study by Agar et al. *°. This research also states
that insisting on cement removal can lead to mechanical
damage to the abutment and superstructure, which represents
a point for the accumulation of dental plaque with conse-
quent inflammation of the peri-implant soft tissues. In our re-
search, when the localization of the abutment-crown margin
was 1.5 mm subgingivally, there was a difference in relation
to the position of 3 mm, but this difference was not statisti-
cally significant. Research indicates that any subgingival lo-
calization represents a potential risk of residual cement & 1,
In a clinical study by Wilson 8, it is stated that clinicians
overestimate their ability to remove excess cement. In this
study, up to 80% of the restorations had residual cement,
even though the subjects were sure the excess cement had
been completely removed. In our study, a statistically signif-
icantly smaller difference in the amount of cement was con-
firmed when the localization was at the level of the gingiva.
The appearance of residual cement was present in the proxi-
mal regions due to the more difficult access because of the
adjacent teeth; however, the total amount of cement differs
significantly compared to other locations.

In addition to the difference in the amount of cement, it
was observed, in our study, that the depth of margin location
also affects the direction of cement flow. In the case of the
margin positioned at 3 mm, part of the residual cement was
located deep below the abutment-restoration margin, in some
parts even at the junction of the abutment and the implant
replica. In contrast, with a margin location at 1.5 mm below
the gingival level, excess cement was retained in the space of
the artificially formed sulcus in the region of the junction of
the restoration, with the abutment higher in the occlusal di-
rection.

The results of our study also show that the cementation
technique plays an important role in the amount of residual
cement. The highest amount of residual cement was ob-
served with the ST. Studies by Wadhwani et al. % indicate
that with the ST, the most important thing is the method of
cement application and the amount of cement used. This re-
search found that the majority of clinicians use significantly
more cement than is really necessary, which leads to the ap-
pearance of residual cement due to the impossibility of its
removal in deeply positioned margin positions.

Our research showed that the use of Teflon tape in
deeply localized margins has no effect on the amount of re-
sidual cement. It was noted, however, that the placement of
Teflon tape affects the direction of cement movement, pre-
venting the flow of the cement in the direction of the im-
plants. Furthermore, during the experiment, it was noted that
using Teflon tape is more difficult to manipulate; it is time-
consuming and can lead to splitting and entrapment between
the crown and abutment, especially at the subgingival margin
location. Similar observations were confirmed by Andrijaus-
kas et al. 2, who compared the retraction cord and dental
dam technique.

Our study showed that the amount of residual cement
could be significantly reduced using a cementation technique
with precementation procedures with the help of a replica
abutment. Regardless of superstructure-abutment junction
depth, a minimal amount of residual cement was identified.
The results of our research are correlated with the study of
Jagathpal et al. ¢, who state in their research that the prece-
mentation procedures reduce the risk of residual cement, es-
pecially when a 3D-printed abutment replica model was used
as an analog. However, there is not enough data in the litera-
ture on whether this amount of cement is sufficient for the
long-term retention of the restoration and the utility value of
the techniques in multi-member constructions, and further
research in this direction is necessary.

Conclusion

With all limitations of in vitro study, it can be concluded
that subgingival localization significantly affects the amount of
residual cement in fixed prosthetic restorations on implants by
cementing with a ST. By applying precementation techniques,
the amount of residual cement can be reduced even in subgin-
gival localizations of abutment-crown margins.
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