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Abstract: Introduction: Nowadays, the final success of implantation is not only based on obtain-
ing osseointegration of the implant but is also determined by achieving a satisfactory aesthetic
effect of the soft tissues surrounding the implant, which can be defined as an aesthetic integration.
The process of obtaining this aesthetic integration already begins at the stage of placing the healing
abutment, which allows us to obtain the emergence profile necessary for our prosthetic reconstruction.
Materials and Methods: The study used cone-beam computer tomography (CBCT) scans of 51 pa-
tients. The measurements of the maxillary teeth (central incisor, lateral incisor, canine, first premolar,
and first molar) were performed from cross-sections of the individual teeth at the transition zone
to design a custom anatomic healing abutment milled from zirconium and luted to the non-index
Ti-base. Results: The obtained results allowed to design and create the shape of the anatomic healing
abutment. Conclusions: The use of laboratory-produced anatomical healing abutments is possible
and may allow to obtain the desired and planned emergence profiles of prosthetic restorations.
In addition, it might be a method of reducing work time at the dental chair but further clinical trials
are necessary.

Keywords: implant; healing abutment; zirconium; titanium

1. Introduction

One of the greatest challenges of modern implantology is to achieve beautiful and
natural aesthetic results. The key to achieving this is the maximum preservation or recon-
struction of hard and soft tissues around the implant.

Current guidelines for successful therapeutic implantology treatment are based on
the evaluation of the implant and restoration survival, dento-gingival aesthetics, rate of
mechanical complications, and the bone levels and health of surrounding soft tissues [1–3].
The tissues surrounding the implant differ from the tissues surrounding the teeth by having
no periodontium around them and the architecture of the bone surrounding the implant
does not have any interdental septum that are subject to resorption after tooth extraction.
As a result of the disappearance of hard tissues, the interdental papilla is also lost [4].
The peri-implant tissues are comparable to the structures around the natural dentition,
which consist of the connecting epithelium and connective tissue beneath it. The size
of the total connection here is about 1–1.5 mm (constant value), while the epithelium
connecting around the implants is 1.5–2 mm in the vertical dimension [5–7] and connects to
the surface of the implant via hemidesmosomes [8]. The peri-implant fiber of the connective
tissue runs parallel to the connector or implant surface [5,9] and there are relatively few
blood vessels in it, which is one of the reasons for reduced resistance to mechanical and
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microbiological stimuli [10]. In the case of implants, there is also no anatomic structure
comparable to the periodontal fissure [11]. The mucosa around the implant-peri-implant
mucosa (PIM-Lindhe et al., 2008) develops within 4–6 weeks after the application of the
healing abutment or connector [12]. During the healing process, a transmucosal attachment
is created: an attachment of soft tissues connecting to the implant and providing a barrier
between the oral environment and bone tissue. For therapeutic success, it is important to
reduce bone loss around the implant. The cause of bone resorption around the implant
is not from strain but from the exposure to the oral environment, as it occurs regardless
of whether the implant is tightened with a connector, crown, or healing abutment [4].
The position of the implant, which determines the long-term healing success, also plays
a key role. The guideline for positioning the implant is the prof. Rojas-Vizcaya principle
(3 mm apical and 2 mm buccal-principle 3A-2B). The implant should be placed 3 mm
above the neck of the planned prosthetic crown to maintain the appropriate biological
width and 2 mm from the buccal side should be ensured to compensate for the marginal
resorption [13,14]. The position of the implant and prosthetic also affects the presence of
the interdental papilla. According to the studies by Priest and Lai et al., the height of the
papilla between a single implant and the adjacent teeth depends primarily on the position
of the clinical attachment of the adjacent tooth [15]. After attaching the crown on a single
implant, the maximum height of the papilla, measured from the top of the bone to the tip of
the papilla, may be 4.5 mm, which means that by making the final crown, the tangent point
must be placed no further than 4.5 mm from the edge of the bone [5,15,16]. According to
the studies conducted by Tarnow et al., in the case of two implants, the maximum height
of the papilla is 3.5 mm. The tangent point should therefore be placed 3 mm from the edge
of the bone [17].

The soft tissues at the implant have the characteristics of scar tissue, which is the cause
of reduced resistance to damaging factors such as the inflammation due to bacterial plaque.
This characteristic feature makes it very important to produce the corresponding anatomical
structure of the soft tissue around the implant as well as the corresponding shape of crowns
and bridges capable of maintaining a high standard of oral cavity hygiene [18]. This procedure
will minimize the incidence of inflammation of soft and hard tissues holding the implant.

Prefabricated standard healing abutments have a circular cross-section. They are
produced in various sizes and heights, and are usually made of titanium [19,20]. The round
cross-section of the screw allows it to be screwed to the implant in any position. The base
of the connector compared to the root outline is round and smaller, which results from
the fact that it has a maximum diameter of the degree of the implant. From this degree to
the emergence of the abutment from the soft tissues, the abutment should have the three-
dimensional shape of the reconstructed tooth, which is called the emergence profile [21].
By shaping the emergence profile using the healing abutment or temporary prosthetic
placed on the implant abutment, a shape corresponding to the final future crown should
be achieved. This is crucial because when the healing process is completed, modifying the
shape of the abutment and the prosthetic work that follows may influence a change of the
soft tissue around the implant [21].

The healing response around abutments can be evaluated and the soft tissue around
the fixtures can heal according to the contours of the definitive prosthesis [22]. The circular
shape of the stock-healing abutment makes it more unpredictable in molding the tissue
with contours similar to those of natural teeth [23]. To obtain a satisfactory aesthetic effect
of soft tissues around the implant, a healing abutment in a shape as close as possible to
the future prosthetic crown should be used [20]. When conventional stock-healing abut-
ments are used, the surrounding soft tissue profile at the time of the restorative treatment
may be unfavourable, therefore requiring additional time-consuming recontouring [24].
There is a series of publications that provide the evidence of the advantages of customized
healing abutments [22,23,25,26]. All of them are fabricated by customized computer aided
design and computer aided manufacturing (CAD/CAM) techniques digitally designed for
individual patients. However, this technique is time-consuming and requires additional
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diagnostic and laboratory work. Another way to create an emergence profile is through a
dynamic compression with the use of a series of the provisional crowns [27,28]. This tech-
nique is favoured for esthetic region as it allows patients to receive a temporary crown.
However, this approach requires time and creates an additional cost. The advantages
of the individual healing abutment led us to seek a way to obtain an emergence profile
corresponding to the natural dentition using a prefabricated anatomical healing abutment
and to verify the possibility to develop a custom anatomical healing abutment without
additional time-consuming chairside procedures. This design is novel and hopefully, af-
ter clinical trials, might be used in everyday implantology. The aim of this study was to
design and fabricate an individual anatomy reflecting healing abutment based on cone-
beam computed tomography (CBCT) cross-sectioning dedicated to the implant’s location
in the upper jaw.

2. Materials and Methods

In this study, randomly selected CBCT scans of patients from the database were used
regardless of the gender and age of the patient. In the research group, CBCT scans were
from 30 women aged from 19 to 65 years and 21 men aged 18 to 69 years, and were ran-
domly selected by two independent researchers. The scans of patients with tooth shape
disorders, numerous fillings, and metal scattering problems were disqualified. The scans
were originally made for diagnostic purposes due to planned dental treatment. The study
had the consent of the bioethical commission at the Regional Medical Chamber in Gdańsk
(registration number KB-13/18 approved 25May 2018). The commission operates in accor-
dance with the principles of good clinical practice.

To analyze anatomic crown ratios, the measurements were taken from CBCT scans of
the maxillary teeth: central incisor, lateral incisor, canine, first premolar, and first molar
made on cross-sections of individual teeth at the place where the tooth comes from bone
tissue into the soft tissue (transition zone). Four measurements were made in millimetres
on each cross-section (specified in the contract study L, C1, H, and C2). Two independent
researchers made the measurements (Figures 1 and 2). The L1 value was measured at
the two most convex opposing points in the sagittal plane of the examined tooth and
the H value was measured at the two most convex opposing points in the frontal plane
of the examined tooth. The C1 value was measured at the two most convex opposing
mesially points halfway between lines L and H, and the C2 value was measured at the two
most convex opposing distally points halfway between lines L and H (Figures 1 and 2).
The obtained results were subjected to a statistic analysis. Due to the fact that all the
variables had normal distributions, it was possible to obtain the arithmetic mean without
deleting data. Received results allowed for creating an anatomic healing abutment shape
in dental CAD/CAM software (Zirkonzahn, Modellier).Z Each abutment was designed at
4 mm tall. The customized healing abutments STL was exported and milled from zirconium
block. The milled portion was luted to the non-index titanium CAD/CAM base (Ti-base)
with light-cured resin and polished.
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Figure 2. Example of a measurement of the first molar cross-section.

3. Results

At total of 51 patients were included in this study. Out of 51 patients, 59% (30) were
females and 41% (21) were males (Figure 3).

The received results allowed to design the shape of the individualized anatomical
healing abutment for each group of the teeth mentioned (Table 1). The arithmetic average
for central incisor measurements were L = 6.633 mm, C1 = 6.302 mm, H = 5.889 mm,
and C2 = 6.787 mm. The major difference concerning the lateral incisor measurements
was the H diameter, which was 1.442 mm less for lateral incisor. The outcome of this
distinction is a narrower shape for the customized healing abutment for the lateral incisor.
The H diameter for the first premolar (H = 4.569 mm) was similar to the lateral incisor
(H = 4.447 mm) with the higher values of other parameters (L, C1, and C2). Such dimensions
create the biscuit shape of the first premolar, which is similar to the natural anatomy of
this tooth. The measurements for first molar allowed to design a square shape healing
abutment. Each healing abutment was created in dental CAD/CAM software (Zirkonzahn,
Modellier) based on the results of the CBCT measurement analysis (Figure 4). The access
screw hole was situated in a 60% to 40% ratio in the vestibule palatial axis due to the
fact that implant placement usually is situated more towards the palate. The customized
healing abutments’ STL was exported and milled from zirconium block. The milled portion
was luted to the non-index titanium CAD/CAM base (Ti-base) with light-cured resin and
polished. The received elements are presented in Figure 5 (Figure 5).
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Table 1. Results of the measurements (mm) of L, C1, H, and C2 for the central incisor, lateral incisor, canine, first premolar, and first molar (mm).

Central Incisor Lateral Incisor Canine First Premolar First Molar
L C1 H C2 L C1 H C2 L C1 H C2 L C1 H C2 L C1 H C2

Arithemic Average 6.633 6.302 5.889 6.787 6.085 5.65 4.447 5.533 7.693 7.023 5.358 6.536 8.509 7.611 4.569 6.957 10.320 9.963 7.577 10.084
Standard Deviation 0.546 0.478 0.600 0.538 0.525 0.545 0.579 0.506 0.578 0.599 0.532 0.679 0.619 0.634 0.602 0.704 0.751 1.023 0.696 1.159

Median 6.6 6.2 5.9 6.8 6.1 5.7 4.4 5.45 7.7 7 5.4 6.45 8.45 7.8 4.55 7 10.35 10.1 7.6 10.3
Minimum Value 5.8 5.5 4.5 5.5 5.1 4.4 3.4 4.5 6.4 5.9 4.5 5.2 7.2 6.2 3.1 5 8.1 7.3 6.4 7.1
Maximum Value 8 7.5 7.7 8.6 7.4 7 6.4 6.9 8.9 8.6 6.6 8.2 9.8 8.7 5.8 8.3 11.8 11.9 9 12.4
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4. Discussion

In order to achieve success in implantology treatment, it is highly beneficial to un-
derstand the importance of proper designing and the obtaining of the emergence profile.
The aim of this study was to design an anatomically stock-healing abutment. We can
manage the healing of tissues around the implant by using customized prosthetic elements
such as healing abutments or connectors between the implant and the crown. Due to the
use of such solutions, the tissue healing process is possible to plan and is more predictable,
which results in a better aesthetic effect [1–3].

When striving to obtain the best fitting natural representation, we should come as
close as possible to the physiological anatomy of the dental and surrounding structures.
The use of standard prefabricated implant prostheses such as the healing abutment to
shape the emergence profile is an unpredictable procedure. These screws are made in a
shape of which the cross-section is circular: in no way does this shape mimic the natural
anatomy of the crown and the root of the tooth [29,30], which should ensure us to obtain
aesthetic integration. Janakievski’s study [31] reports that because of the round profile of
standard healing screws, it is not possible to support supra-crestal soft tissues surrounding
the implant. There are techniques based on customizing a pre-manufactured healing
screw, e.g., with a composite material placed directly in the patient’s mouth [22] or by a
CAD/CAM system after a standard silicone impression or an intra-oral scan and CBCT
planning [19,20]. These techniques enjoy good results and increasing popularity, although
unfortunately they carry the need for additional equipment such as CAD/CAM and
require the dentist to spend extra time with the patient and often arrange additional visits,
which significantly extends the treatment period.

The use of existing CBCT scans taken from the research group allowed us to obtain a
cross-section of dimensions needed to obtain average values in four dimensions (L, C1, H,
and C2) at the entry of the tooth into the bone structure (transition zone) for the central
incisor, lateral incisor, canine, first premolar, and first molar in the upper jaw. The obtained
results allowed to design the shape of the individualized anatomical healing abutment for
each group of teeth mentioned. None of the profiles received were of a rounded profile
due to the detailed measurements, making it feasible to get as close to the natural anatomy
as possible. Having such an anatomically shaped healing abutment offers the possibility
to control the process of soft tissue healing around the implant either immediately after
implantation or after the integration period and after unveiling the implant without the
necessity to establish additional visits with the patient or long procedures involving the
use of additional materials needed for standard healing abutment

The material from which the implant and prosthetic components are made should be
mechanically stable (abutments) and maximally biocompatible (abutments and healing
abutments). In the studies by Abrahamsson et al. performed on animals, materials for
making abutments were tested [32]. The abutments made of titanium and zirconium gave
satisfactory results in the form of creating a biological width similar to that of natural teeth,
whereas gold alloy and dental porcelain abutments resulted in increased peri-implant bone
loss and soft tissue recession, with the highest value of use attributed the last one [13].

While selecting material for customized implant abutments, recent advances in milling
technology recommend two materials: zirconium and titanium [3]. Titanium has very
good material properties and high biocompatibility, although it is also fairly expensive
and does not allow for an easy modification of the shape [33,34]. Titanium abutments also
create a dark-colour shine through soft tissues, which is an unsightly defect unacceptable
by various patients [35].

The meta-analysis by Linkevicus et al. showed statistically significant superiority of
Zr abutments over Ti abutments in developing natural soft tissue colour and a superior
aesthetic PES score [3]. When designing a healing abutment, the focus should mainly be
on biocompatibility, ease of shape modification, and economy, hence the choice of using
zirconium. The selection of zirconia ceramic for healing abutments also arises from the
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low bacterial adherence to the zirconia surface as shown in different in vitro and in vivo
studies [36–38].

Nowadays, this material is also relatively inexpensive, thanks to which it is possible
to create a highly biocompatible and economic implant-prosthetic solution that is an
individualized anatomical pre-fabricated healing abutment.

The present study is a preliminary report on an innovative method of using clinical
data for the construction of anatomical healing abutments made of biocompatible material,
namely zirconium and available chairside without additional time-consuming visits or
protocols. Further clinical trials, which are currently underway, are needed to determine
the results of the study and compare its effectiveness with other solutions practiced so far.

5. Conclusions

The use of dental implants in the treatment of missing teeth is a predictable treatment
at the osseointegration stage. The use of individualized healing abutment allows to achieve
this predictability in the healing process of soft tissues surrounding the implant and in the
formation of the emergence profile. The obtained CBCT measurement results allowed to
design and create the shape of the anatomic healing abutment, milled from biocompatible
zirconium and luted to the non-hexed Ti-base.

The use of laboratory-produced anatomical healing abutments is possible and may allow
to obtain the desired and planned emergence profile of prosthetic restoration. It might also be
a method of reducing work time at the dental chair but further clinical trials are necessary.
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3. Linkevičius, T.; Vaitelis, J. The effect of zirconia or titanium as abutment material on soft peri-implant tissues: A systematic review
and meta-analysis. Clin. Oral Implants Res. 2015, 26 (Suppl. S11), 139–147. [CrossRef] [PubMed]

4. Pieruska, M.; Pietruski, J. Periodontologiczno-Implantologiczna Chirurgia Plastyczna, 2nd ed.; Wydawnictwo Czelej: Lublin, Poland,
2014; pp. 22–32.

5. Berglundh, T.; Lindhe, J.; Ericsson, I.; Marinello, C.P.; Liljenberg, B.; Thornsen, P. The soft tissue barrier at implants and teeth.
Clin. Oral Implants Res. 1991, 2, 81–90. [CrossRef] [PubMed]

6. Kao, R.T.; Fagan, M.C.; Conte, G.J. Thick vs. think gingival biotypes: A key determinant in treatment for dental implants. J. Calif.
Dent. Assoc. 2008, 36, 193–198. [PubMed]

7. Kohl, J.T.; Zander, H.A. Morphology of interdental gingival tissues. Oral Surg. Oral Med. Oral Pathol. 1961, 14, 287–295. [CrossRef]
8. Kois, J.C. Altering Gingival Levels: The Restorative Connection Part I: Biologic Variables. J. Esthet. Restor. Dent. 1994, 6, 3–7. [CrossRef]
9. Lai, H.-C.; Zhang, Z.-Y.; Wang, F.; Zhuang, L.-F.; Liu, X.; Pu, Y.-P. Evaluation of soft-tissue alteration around implant-supported

single-tooth restoration in the anterior maxilla: The pink esthetic score. Clin. Oral Implants Res. 2008, 19, 560–564. [CrossRef]
10. Grunder, U.; Gracis, S.; Capelli, M. Influence of the 3-D bone-to-implant relationship on esthetics. Int. J. Periodontics Restor. Dent.

2005, 25, 113–119.

http://doi.org/10.1111/cid.12222
http://doi.org/10.1111/cid.12155
http://doi.org/10.1111/clr.12631
http://www.ncbi.nlm.nih.gov/pubmed/26073346
http://doi.org/10.1034/j.1600-0501.1991.020206.x
http://www.ncbi.nlm.nih.gov/pubmed/1809403
http://www.ncbi.nlm.nih.gov/pubmed/18444430
http://doi.org/10.1016/0030-4220(61)90290-0
http://doi.org/10.1111/j.1708-8240.1994.tb00825.x
http://doi.org/10.1111/j.1600-0501.2008.01522.x


Materials 2021, 14, 4570 10 of 10

11. Berglundh, T.; Lindhe, J.; Jonsson, K.; Ericsson, I. The topography of the vascular systems in the periodontal and peri-implant
tissues in the dog. J. Clin. Periodontol. 1994, 21, 189–193. [CrossRef]

12. Lidnhe, J.; Berglundh, T.; Ericsson, I.; Liljenberg, B.; Marinello, C.P. Experimental breakdown of periimplant and periodontal
tissues. A study in the beagle dog. Clin. Oral Implants Res. 1992, 3, 9–16.

13. Rojas-Vizcaya, F. BioManagement Complex: The basis for predictable esthetic transitional contour. Insight 2008, 10, 4–5.
14. Rojas-Vizcaya, F. Biological aspects as a rule for single implant placement. The 3A-2B rule: A clinical report. J Prosthodont. 2013, 7,

575–580. [CrossRef]
15. Priest, G. Predictability of soft tissue form around single-tooth implant restorations. Int. J. Periodontics Restor. Dent. 2003, 23, 19–28.
16. Gastaldo, J.F.; Cury, P.R.; Sendyk, W.R. Effect of the Vertical and Horizontal Distances Between Adjacent Implants and Between a

Tooth and an Implant on the Incidence of Interproximal Papilla. J. Periodontol. 2004, 75, 1242–1246. [CrossRef]
17. Tarnow, D.P.; Magner, A.W.; Fletcher, P. The Effect of the Distance from the Contact Point to the Crest of Bone on the Presence or

Absence of the Interproximal Dental Papilla. J. Periodontol. 1992, 63, 995–996. [CrossRef]
18. Weigl, P.; Trimpou, G.; Grizas, E.; Hess, P.; Nentwig, G.-H.; Lauer, H.-C.; Lorenz, J. All-ceramic versus titanium-based implant

supported restorations: Preliminary 12-months results from a randomized controlled trial. J. Adv. Prosthodont. 2019, 11, 48–54.
[CrossRef] [PubMed]

19. Proussaefs, P. Custom CAD-CAM healing abutment and impression coping milled from a poly(methyl methacrylate) block and
bonded to a titanium insert. J. Prosthet. Dent. 2016, 116, 657–662. [CrossRef] [PubMed]

20. Alshhrani, W.M.; Al Amri, M.D. Customized CAD-CAM healing abutment for delayed loaded implants. J. Prosthet. Dent. 2016,
116, 176–179. [CrossRef] [PubMed]

21. Schoenbaum, T.R. Abutment Emergence Profile and Its Effect on Peri-Implant Tissues. Compend. Contin. Educ. Dent. 2015, 36,
474–479. [PubMed]

22. Blanco-Carrion, J.; Pico, A.; Caneiro, L.; Nóvoa, L.; Batalla, P.; Martín-Lancharro, P. Effect of abutment height on interproximal
implant bone level in the early healing: A randomized clinical trial. Clin. Oral Implants Res. 2018, 29, 108–117. [CrossRef]

23. Gerard, J. Lemongello Customized provisional abutment and provisional restoration for an immediately-placed implant.
Pract. Proced. Aesthetic Dent. 2007, 19, 419–424.

24. Hahnel, S.; Wieser, A.; Lang, R.; Rosentritt, M. Biofilm formation on the surface of modern implant abutment materials.
Clin. Oral Implants Res. 2015, 26, 1297–1301. [CrossRef]

25. Conejo, J.; Atria, P.J.; Hirata, R.; Blatz, M.B. Copy milling to duplicate the emergence profile for implant-supported restorations.
J. Prosthet. Dent. 2020, 123, 671–674. [CrossRef] [PubMed]

26. Hartman, M.J. A Workflow to Design and Fabricate a Customized Healing Abutment from a Dynamic Navigation Virtual
Treatment Plan. Compend. Contin. Educ. Dent. 2021, 42, 86–92. [PubMed]

27. Gonzalez-Martin, O.; Lee, E.; Weisgold, A.; Veltri, M.; Su, H. Contour Management of Implant Restorations for Optimal
Emergence Profiles: Guidelines for Immediate and Delayed Provisional Restorations. Int. J. Periodontics Restor. Dent. 2020, 40,
61–70. [CrossRef] [PubMed]

28. Wittneben, J.-G.; Buser, D.; Belser, U.C.; Brägger, U. Peri-implant soft tissue conditioning with provisional restorations in the
esthetic zone: The dynamic compression technique. Int. J. Periodontics Restor. Dent. 2013, 33, 447–455. [CrossRef]

29. Orozco-Varo, A.; Arroyo-Cruz, G.; Martinez-De-Fuentes, R.; Jiménez-Castellanos, E. Biometric analysis of the clinical crown and
the width/length ratio in the maxillary anterior region. J. Prosthet. Dent. 2015, 113, 565.e2–570.e2. [CrossRef]

30. Scoble, H.O.; White, S.N. Compound complex curves: The authentic geometry of esthetic dentistry. J. Prosthet. Dent. 2014, 111,
448–454. [CrossRef]

31. Janakievski, J. Case report: Maintenance of gingival form following immediate implant placement—The custom healing abutment.
Adv. Esthet. Interdiscip. Dent. 2007, 3, 24–28.

32. Abrahamsson, I.; Berglundh, T.; Lindhe, J. The mucosal barrier following abutment dis/reconnection. An experimental study in
dogs. J. Clin. Periodontol. 1997, 24, 568–572. [CrossRef] [PubMed]

33. Sailer, I.; Philipp, A.; Zembic, A.; Pjetursson, B.E.; Hämmerle, C.H.F.; Zwahlen, M. A systematic review of the performance of
ceramic and metal implant abutments supporting fixed implant reconstructions. Clin. Oral Implants Res. 2009, 20 (Suppl. S4),
4–31. [CrossRef] [PubMed]

34. Zembic, A.; Bösch, A.; Jung, R.E.; Hämmerle, C.H.F.; Sailer, I. Five-year results of a randomized controlled clinical trial comparing
zirconia and titanium abutments supporting single-implant crowns in canine and posterior regions. Clin. Oral Implants Res. 2013,
24, 384–390. [CrossRef]

35. Park, S.E.; Da Silva, J.D.; Weber, H.-P.; Ishikawa-Nagai, S. Optical phenomenon of peri-implant soft tissue. Part I. Spectrophoto-
metric assessment of natural tooth gingiva and peri-implant mucosa. Clin. Oral Implants Res. 2007, 18, 569–574. [CrossRef]

36. Scarano, A.; Piattelli, M.; Caputi, S.; Favero, G.A.; Piattelli, A. Bacterial Adhesion on Commercially Pure Titanium and Zirconium
Oxide Disks: An In Vivo Human Study. J. Periodontol. 2004, 75, 292–296. [CrossRef]

37. Welander, M.; Abrahamsson, I.; Berglundh, T. The mucosal barrier at implant abutments of different materials. Clin. Oral Im-
plants Res. 2008, 19, 635–641.

38. Pabst, A.M.; Walter, C.; Bell, A.; Weyhrauch, M.; Schmidtmann, I.; Scheller, H.; Lehmann, K.M. Influence of CAD/CAM zirconia
for implant-abutment manufacturing on gingival fibroblasts and oral keratinocytes. Clin. Oral Investig. 2016, 20, 1101–1108.
[CrossRef] [PubMed]

http://doi.org/10.1111/j.1600-051X.1994.tb00302.x
http://doi.org/10.1111/jopr.12039
http://doi.org/10.1902/jop.2004.75.9.1242
http://doi.org/10.1902/jop.1992.63.12.995
http://doi.org/10.4047/jap.2019.11.1.48
http://www.ncbi.nlm.nih.gov/pubmed/30847049
http://doi.org/10.1016/j.prosdent.2016.03.026
http://www.ncbi.nlm.nih.gov/pubmed/27422231
http://doi.org/10.1016/j.prosdent.2016.01.024
http://www.ncbi.nlm.nih.gov/pubmed/27038526
http://www.ncbi.nlm.nih.gov/pubmed/26247441
http://doi.org/10.1111/clr.13108
http://doi.org/10.1111/clr.12454
http://doi.org/10.1016/j.prosdent.2019.05.035
http://www.ncbi.nlm.nih.gov/pubmed/31582167
http://www.ncbi.nlm.nih.gov/pubmed/33735581
http://doi.org/10.11607/prd.4422
http://www.ncbi.nlm.nih.gov/pubmed/31815974
http://doi.org/10.11607/prd.1268
http://doi.org/10.1016/j.prosdent.2014.11.006
http://doi.org/10.1016/j.prosdent.2013.10.025
http://doi.org/10.1111/j.1600-051X.1997.tb00230.x
http://www.ncbi.nlm.nih.gov/pubmed/9266344
http://doi.org/10.1111/j.1600-0501.2009.01787.x
http://www.ncbi.nlm.nih.gov/pubmed/19663946
http://doi.org/10.1111/clr.12044
http://doi.org/10.1111/j.1600-0501.2007.01391.x
http://doi.org/10.1902/jop.2004.75.2.292
http://doi.org/10.1007/s00784-015-1598-x
http://www.ncbi.nlm.nih.gov/pubmed/26395349

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	References

