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Purpose: Abutment access hole on dental implant crowns may facilitate crown retrieval and reduce cement overflow but present
esthetic obstacle for patients. This study aimed to investigate the esthetic evaluation and acceptability of implant crowns with different
hole designs from the perspective of patients and dentists.
Materials and Methods: Anterior and posterior implant zirconia crowns were fabricated into three types: no hole (NH), 1 mm micro
hole (MH), and 2.5 mm regular hole (RH). The NH crown was set as the control, and the anterior and posterior crowns with MH and
RH were evaluated. The subjects, who were recruited randomly, were comprised of lay patients (n=60) and professional dentists
(n=30). All subjects were invited to evaluate the esthetic performance of MH and RH crowns on a Visual Analog Scale (VAS), rate
them from 0 to 10, state their acceptability of these crowns, and label them as acceptable and unacceptable.
Results: The ANOVA analysis of the VAS esthetic evaluation showed that the size of the hole, the position of the teeth, and the
professional background of the subject significantly and independently affected esthetic perception. Crowns with MH in the posterior
position had higher esthetic scores and acceptability compared with crowns with RH in the anterior position, and dentists tended to
show higher acceptance and better esthetic rating for crowns with holes compared with lay patients.
Conclusion: The hypothesis that patients and dentists hold similar esthetic evaluations or acceptability towards implant crown hole
designs was rejected. Lay patients had a lower tolerance for venting holes than dentists. Crowns with 1 mm micro holes were more
recommendable than crowns with regular abutment access holes from the point of view of satisfying patients’ esthetic needs.
Keywords: implant crown hole, visual analog scale, esthetic adherence, abutment access hole

Introduction
With the continuous development of oral implantology, restorations supported by dental implants have become the
mainstream option for patients with dentition defects. Generally, there is a slight morphological difference between
implant-supported crowns and ordinary prosthodontic crowns.1 In particular, there may be abutment access holes on the
implant crown, which may present esthetic obstacles for both prosthodontists and patients.

For screw-retained implant restoration, it is compulsory to leave abutment access holes, while for cement-retained
implant restoration, leaving holes is optional.2 Screw-retained restoration has the advantage of leaving no cement residue,
but it has disadvantages of worse aesthetics, more structural components, higher prosthodontics costs, and make it more
difficult to get a passive fit compared with cement-retained restoration.3 Consequently, cement-retained implant restora-
tions are still widely used in clinical practice. The decision, whether to leave a hole or not for a cement-retained crown
and its diameter, is mostly made by dentists subjectively. Creating a hole on a cement-retained implant crown would
decrease excess cement extrusion at the abutment margin when cementing and could also serve as a marker for an

Patient Preference and Adherence 2022:16 427–437 427
© 2022 Wen et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Patient Preference and Adherence Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 6 December 2021
Accepted: 27 January 2022
Published: 17 February 2022

P
at

ie
nt

 P
re

fe
re

nc
e 

an
d 

A
dh

er
en

ce
 d

ow
nl

oa
de

d 
fr

om
 h

ttp
s:

//w
w

w
.d

ov
ep

re
ss

.c
om

/
F

or
 p

er
so

na
l u

se
 o

nl
y.

http://orcid.org/0000-0002-3400-5382
http://orcid.org/0000-0001-6700-8048
http://orcid.org/0000-0002-5494-1397
http://orcid.org/0000-0002-9348-669X
http://orcid.org/0000-0002-9019-3162
http://orcid.org/0000-0002-7394-9319
http://www.dovepress.com/permissions.php
https://www.dovepress.com


abutment screw when retrieval is necessary.4–7 Since patients are generally not knowledgeable when it comes to oral
implantology, they often ask questions when they see the hole on the crown for the first time. Although they will
passively accept the crown, these patients are usually dissatisfied with the esthetic results. In other studies, the techniques
for hole opening on implant crowns have been discussed, but most of them only explored their advantages for residual
cement reduction.8–11 Patient-centered studies focusing on esthetic perceptions of implant crown hole designs, from the
perspective of patients and dentists, are still lacking.

Clinical aesthetic evaluations of the oral cavity can be divided into objective and subjective evaluations. For objective
evaluations, anatomical markers, such as the marginal bone loss (MBL)12 and pink esthetic score (PES), and technical
features of the prosthesis, such as evaluating the optical properties,13 are generally used. Subjective evaluations are
usually obtained through interviews and surveys.14 The visual analog scale15–17 is a simplified and visualized ques-
tionnaire survey, allowing participants to avoid filling out a complex questionnaire. They are used in esthetic and
satisfaction evaluations for their convenience, objectivity, and sensitivity.

The first goal of this study was to establish the esthetic evaluation and acceptability of implant crowns with different
hole designs from the viewpoints of both patients and dentists. The second goal was to verify the null hypothesis that
patients and dentists have similar esthetic perceptions and acceptability.

Materials and Methods
Production of Evaluation Samples
Anterior and posterior groups of cement-retained implant crowns were included in this study. Three types of crowns were
fabricated in each group: no hole (NH), micro hole (MH: hole 1 mm in diameter), and regular hole (RH: hole 2.5 mm in
diameter). The crowns and casts were fabricated by a dental laboratory, and all casts were fabricated by digital printing to
eliminate bias caused by plaster casts. Virtual implants were generated by 3Shape software (3Shape, Copenhagen,
Denmark) at a suitable position for teeth #11 and #26 on a standard digital denture cast on a computer. The morphologies
of teeth #11 and #26 were generated using the mirror images of teeth #21 and #16, and artificial gingival were produced
and embedded in the cast at the same time. Titanium made, straight abutments (Dentium, Seoul, South Korea), zirconia
blocks, and veneering porcelain were used to fabricate the bi-layered crowns, and the 2M3 color was chosen based on the
Vita System 3D-Master tooth shade system. Six types of implant crowns were fabricated as follows: A: anterior crown,
no hole (ANH); B: anterior crown, micro hole (AMH); C: anterior crown, regular hole (ARH); D: posterior crown, no
hole (PNH); E: posterior crown, micro hole (PMH); and F: posterior crown, regular hole (PRH). Figure 1 shows the casts
with implant crowns and lingual and occlusal views of the crowns before composite resin filling of the holes. The crowns
in each group had the same morphology and color but their hole opening designs varied.

The crowns were cemented by Temporary adhesive (Temp-bond, Kerr, CA, USA) which ensured that they were fully
seated on the implant abutments. For groups with micro and regular holes, composite resin (3M, USA) was used to fill
the access holes, and the surface of the crown was polished after light curing. Figure 2 shows that the crown holes were
filled with composite resin.

Ethical Review
The survey was censored by the ethics committee of the People’s Hospital of Aba Tibetan and Qiang Autonomous
Prefecture. The interview nature of the research has no intervention or interaction with the human body. The risk of the
research to subjects was less than the minimal risk and does not adversely affect their rights and health. Owing to the signed
consent form will jeopardize the subjects’ personal privacy, and the only record to contact their identity is the informed
consent document, and the main risk comes from the disclosure of the subjects’ identity or personal privacy. The ethics
committee approved the research and granted an exemption from written informed consent, and written notification and
verbal informed consent were required (Approval number, No.2021, 21). The study was conducted in accordance with the
Declaration of Helsinki. Prior to commencement, we provided written notification information to and obtained oral
informed consent from each participant. After completing survey, the age, gender and informed consent result of all
subjects were recorded.
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Subject Survey
The patient and dentist subjects were randomly enrolled from those visiting or employed in the dental departments in
hospitals and clinics. All surveyed subjects were over 18 years old, could fully understand the Mandarin language and
instructions given in Mandarin, and in the case of dentist subjects, were either general practitioners or prosthodontists
who had experience in dental prosthodontic restoration.

Figure 1 The lingual and occlusal views of crowns on casts with different access hole designs (without resin filling of the holes). (A) anterior crown, no hole (ANH); (B)
anterior crown, micro hole (AMH); (C) anterior crown, regular hole (ARH); (D) posterior crown, no hole (PNH); (E) posterior crown, micro hole (PMH); (F) posterior
crown, regular hole (PRH).

Figure 2 Crown holes filled by composite resin: (A) AMH; (B) ARH; (C) PMH; (D) PRH.
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All subjects were informed in advance that no conflict of interest existed, written notification was provided, and we
obtained verbal informed consent from each subject. The evaluation order of the anterior and posterior teeth groups was
determined by coin tossing. Three types of implant crowns (NH, MH, RH) were given to subjects initially, and they were
asked to evaluate their esthetic scores on a Visual Analog Scale (VAS) based on their views, focusing only on the
differences in hole designs. The 10 cm VAS sheet was used to assess the esthetic value of the crowns, and subjects were
asked to place a mark on the sheet to grant an esthetic value score. The NH crown was set as the control, and only the
micro hole (MH) and regular hole (RH) crowns were evaluated. Subjects were informed that a score of 0 indicated the
worst esthetic performance, and a score of 10 would correspond to perfect esthetic performance. The investigator then
measured the distance from the leftmost end of the VAS to the marked place to determine the esthetic value (Figure 3).
After the esthetic evaluation of these groups, investigators informed the lay and professional subjects of the functions of
these holes, and all subjects were asked to state their acceptability of these crowns with micro holes or regular holes, and
label them as acceptable and unacceptable.

Reliability Assessment
To assess the reliability of the survey, about 20% of the lay patients and 40% of the dentists were asked to evaluate the
same two groups of crowns a second time, and were not informed that they were evaluating the same crowns.

Data Statistics
The reliability of both subject groups was calculated using the intraclass correlation coefficient for the esthetic VAS scores and
the kappa statistic was used for acceptability data. Statistical analysis was performed using SPSS version 19.0 (SPSS Inc.).

Analysis was performed using either Student’s t-test for comparison between patients and dentists’ groups, or
factorial analysis of variance for multiple comparisons among them. Acceptability data were analyzed using Pearson’s
chi-squared test. The Kolmogorov–Smirnov test was used to confirm the normal distribution of the data. Results were
considered statistically significant if the P value was <0.05.

Results
A total of 60 lay patients and 30 professional dentists participated in this study. Among the patients, 28 were male and 32
were female; and among the dentists, 18 were male and 12 were female. The age and gender composition of the

Figure 3 Esthetic Visual Analog Scale (VAS) survey card for subjects (eg, VAS comparison between micro hole and regular hole designs for posterior teeth).
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participants are shown in Table 1. There was no statistical difference in the composition ratio of gender and age between
the two groups (p>0.05). The VAS and acceptability data were normally distributed. The intra-rater reliability of the
esthetic VAS result was good in both the patient and dentist groups, with intra-rater correlation coefficients of 0.938 and
0.908, respectively. For acceptability data, the kappa values were 0.759 (p<0.001) and 0.639 (p<0.001) for the patient and
dentist groups, respectively, which indicated good reliability.

For the anterior teeth group, the esthetic VAS scores graded by the patients were 7.62±0.80 and 5.14±1.35 for AMH
and ARH, respectively; the esthetic VAS scores graded by the dentists were 8.90±0.62 and 7.13±1.40, respectively; and
thus, the independent two-sample t-test demonstrated a significant difference (p<0.001). For the posterior teeth group, the
patients’ esthetic VAS scores were 8.12±0.74 and 6.55±1.27 for PMH and PRH, respectively; the dentists’ were 9.05
±0.43 and 7.39±1.09, respectively; a significant difference was also revealed (p<0.001) (Table 2, Figures 4 and 5).
Regarding the acceptability by patients and dentists of the openings, the acceptability of AMH and ARH were 90.0% and
51.7%, respectively, for patients; and 100.0% and 76.7%, respectively, for dentists. Meanwhile, the acceptability of PMH
and PRH were 96.7% and 68.3%, respectively, for patients; and 100.0% and 83.3%, respectively, for dentists (Table 2).

The factorial ANOVA revealed that the three variables (the position of teeth, size of the hole, and the professional
background of the surveyed subjects) independently affected the main effect of the esthetic VAS score significantly. The
interactions between teeth position and hole sizes and between teeth position and surveyed subjects also significantly
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Figure 4 Esthetic VAS scores of implant crowns with MH and RH in anterior and posterior teeth groups for patients, *Represents significant difference.

Table 1 Demographic Characteristics of the Raters Who Participated in
This Study

Characteristic Lay Patients (n/%) Dentists (n/%)

Gender groups

Male 28(46.7) 18(60.0)
Female 32(53.3) 12(40.0)

Age groups
18–30 16(26.7) 6(20.0)

31–45 30(50.0) 13(43.3)

46–60 14(23.3) 11(36.7)
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affected the esthetic VAS scores (p<0.05). Table 3 describes the main effects and interactions in the 3-way classification
ANOVA.

Discussion
There are two types of retention forms for implant-supported crowns: screw and cement. Screw-retained restoration
could completely avoid cement residue, but it displays more mechanical complications, such as screw loosening or
fracture.5,18 In the case of screw-retained crowns, they would have a screw access hole as a channel to fasten or retrieve
the abutment. Cement-retained crowns have the advantage of lower cost and more convenient fabrication procedures, and
it is easier to achieve passive fit between the abutment and the crown. Although cement-retained crowns are favored by
dentists, their shortcomings are obvious: when they need to be retrieved, the crowns have to be broken,1,10,19 excess
cement residue underneath the gingiva is difficult or impossible to avoid,20,21 and such excess cement may lead to peri-
implant disease.22 Therefore, previous studies have reported various methods for reducing residual cement around the
abutment margin of cement-retained implant crowns, such as making venting holes,23–27 using polytetrafluoroethylene
tape28,29 or a rubber dam,30 reducing the amount of cement applied,31 modifying the shape of the abutment32 or

Table 2 Esthetic and Acceptability Score from Lay Patients and Dentists in Anterior and Posterior
Teeth Groups

Lay Patients Dentists

VAS Score Acceptability (%) VAS Score Acceptability (%)

Groups (Anterior)
Anterior micro hole group 7.62±0.80 90.0 8.90±0.62 100.0

Anterior regular hole group 5.14±1.35 51.7 7.13±1.40 76.7

P value <0.001 <0.001 <0.001 <0.001

Groups (Posterior)
Posterior micro hole group 8.12±0.74 96.7 9.05±0.43 100.0
Posterior regular hole group 6.55±1.27 68.3 7.39±1.09 83.3

P value <0.001 0.016 <0.001 0.062
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Figure 5 Esthetic VAS scores of implant crowns with MH and RH in anterior and posterior teeth groups for dentists, *Represents significant difference.
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increasing the unfilled space of the abutment,33,34 using the pre-seating technique19,35 by accustomed abutment duplica-
tion, avoiding placing the crowns’ restorative margin into a deep place underneath the gingiva36 and so on.

Of all these methods, leaving a hole on the crown is the simplest approach to minimize marginal extrusion without reducing
the retention force,7 and the hole can also serve as a marker for the abutment screw direction and facilitate retrieval of the crown.
Although creating a hole on the crown seems like a convenient way to obtain a double advantage, it will certainly damage the
integrity of the restoration and may cause deterioration of the esthetic result. Previous studies11,37,38 showed that screw access
holes on implant crowns had an adverse effect on esthetic results and weakened the porcelain strength around the holes.
Composite resins8,39 were the most commonly used material for filling the holes on crowns, and ceramic inlay restorations37

and separate overcasting crowns38 were also designed to fill holes and improve esthetic results. In clinical practice, composite
resin is generally layered and stacked to obtain better esthetic results and edge closure.37,40 However, these commonly used filling
materials are mainly semi-translucent and cannot completely cover the dark metal grounding inside the hole and the composite
resin also has a negative influence onprosthodontic esthetic results.39Weininger et al41 found that using a small amount of opaquer
with the hole fillingmaterial could improve esthetic results. Taylor et al11 indicated that composite resins have beenwidely used in
the filling of access openings for implant prostheses, and the expansion properties of panacea resin (Zeza Inc., Chester, USA) can
help remedy the leakage of bacterial contaminants around the screw access hole.

VAS is a unidimensional, self-reported measure of subjective sensation that has been used in esthetic evaluations. It
has been used to analyze factors affecting implant esthetics owing to its convenience and repeatability.15,42 In this study,
a repeatability test was conducted, its consistency was evaluated, and the results demonstrated that repeatability and
reliability were good. Further, in this study, the esthetic evaluation of MH by lay patients and dentists was significantly
higher than that of RH in the anterior and posterior teeth. Both the implant professionals and lay patients awarded the
highest VAS score to the posterior micro hole group, while they gave lower scores as the size of the hole increased and
the position of the tooth moved toward the anterior. Professionals and lay patients awarded the lowest VAS score to the
anterior regular hole group. This tendency might be that the lingual area of the anterior teeth is smaller than the occlusal
area of the posterior teeth, so holes of the same size account for a larger proportion of the anterior teeth. Holes on the
anterior teeth may cause an abnormal tactile sensation in the tongue, while holes on the posterior teeth are in the occlusal
region and generally will not cause abnormal tongue sensation.

Based on the results of this study, the null hypothesis that lay patients and dentists hold similar esthetic evaluation scores
for and acceptability towards implant crowns with holes was rejected: dentists viewed implant restorations with holes as
having better esthetic results, and deemed these restorations to be more acceptable than lay patients did. Compared with
professionals, lay patients had a lower tolerance for holes on crowns. The reason may be that dentists were more familiar with
the hole designs and were more likely to accept these holes based on their practicality. Further, dentists may paymore attention
to excess cement avoidance, long-term survival of implants, complications, and ease of retrieval rather than esthetic concerns.
However, patients tended to be more critical of the esthetic result and their long-standing dentition defects and economic
expenditure increased their esthetic expectations. The increased scrutiny of patients compared with dentists can also be

Table 3 Factorial Variance Analysis of Esthetic Evaluation of Implant Crowns

Source of Variation Type III Sum of Squares Degree of Freedom Mean Square F p

Teeth Position 28.840 1 28.840 26.769 0.000
Hole Size 287.156 1 287.156 266.533 0.000

Subjects 123.091 1 123.091 114.251 0.000

Teeth Position*Hole Size 6.479 1 6.479 6.014 0.015
Teeth Position*Subjects 9.545 1 9.545 8.860 0.003

Hole Size*Subjects 1.275 1 1.275 1.184 0.277

Teeth Position*Hole Size*Subjects 2.677 1 2.677 2.484 0.116
Error 379.236 352 1.077

Corrected Total 19914.000 359
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supported by the fact that dentists rated 1.28, 1.99, 0.93, and 0.89 points higher than lay patients in the mean VAS esthetic
scores of crowns in the AMH, ARH, PMH, and PRH groups, respectively.

The results of this study were contrary to some previous works43–45 which indicated that professionals were more
likely to distinguish esthetic compromises in dentition compared with laypeople. The reason for this is that most previous
studies mainly analyzed professional esthetic indicators such as the cutting edge length of incisors, gingiva edge position,
red and white esthetics, anatomical morphology of teeth, width-to-height ratio, and so on. It was difficult for laypeople to
understand these indicators and to detect their differences in the short term. In the case of the crown holes, they were
obvious and it was easy for patients to detect differences in their design. Different research content and indicators may
explain the contrasting results of studies on esthetic sensitivity and tolerance between professionals and laypeople.

Since patients and dentists have different esthetic concerns regarding hole designs, dentists should establish how best
to balance requests for the esthetic results of implant crowns, the convenience of crown retrieval, and the reduction of
excess cement residue underneath the gingiva.46,47

Although dentists may take the existence of implant crown access holes for granted, most patients might not be aware of the
possible existence of a hole on their implant crown when they begin the treatment. The existence of a hole on the crown may
produce a sense of a foreign body for patients. Therefore, before prosthodontic procedures and even before implant treatment,
communication and discussion between implantists, prosthodontists, and patients are needed to obtain better treatment and
satisfaction results. Due to the size of the hole on the crown dramatically affecting patients’ esthetic perceptions, leaving a tiny or
micro hole on the crown would minimize its impact on esthetics and improve patients’ acceptance of the crown. Moreover,
a micro hole on the crownmaintains its integrity to the maximum extent and provides better resistance to fracture compared with
the regular larger hole. Saboury et al48 indicated that a screw access hole decreased the fracture resistance of the crown. Another
study by Du et al49 indicated that a full-contour crown with a 1-mm access hole should be recommended more than holes with
diameters of 0, 1, 2, 3, and 4 mm in the posterior region from the aspect of biomechanics. In addition, the technique of leaving
a micro hole on the crown was even more advantageous considering that the dilemma of the retrieval of cement-retained implant
crownswould be greatly simplified. Dentists were only required to slightly enlarge the hole when the crown needed retrieval, and
the time spent on retrieval would be greatly reduced compared to crowns without markers. Schoenbaum et al50 reported another
way to mark the abutment access by using color stain on the surface of the restoration. However, the stain would also negatively
affect the esthetic performance of the crown and would have no effect on excess cement extrusion avoidance. Patients generally
expect a smaller hole on an occlusal surfacewith a resin color thatmore closely resembles the color of the restoration and adjacent
teeth. Therefore, opening amicro holemay still be themost effective and cost-effectiveway to reduce complications and improve
the ease and predictability of future crown retrieval. Considering esthetic and biomechanical performance,micro holes for implant
cement-retained crowns are efficient, effective, and widely applicable.

Shortcomings of this study: This study was mostly carried out in China’s ethnic minority areas of the Aba Tibetan and
Qiang autonomous prefecture. This autonomous prefecture is an area with relatively underdeveloped economic level and
medical service, which can exclude the impact of medical advertising and other factors on patients’ cognition. The main
populations there are Tibetan, Qiang, and Han, with relatively average ethnic composition, and most inhabitants can
communicate in the Mandarin language. Thus, during our random enrollment of subjects, there was no stratified sampling
according to ethnic background. In this anonymous survey, we did not record the subjects’ ethnic background, and
a comparison based on ethnic background was not conducted. Future studies on esthetic evaluation of implant crowns
should be conducted with larger sample sizes and more tooth positions.

Conclusion
This study revealed that patients and dentists detected esthetic differences and held different degrees of acceptability
toward implant crowns with different holes. Dentists awarded implant crowns with holes with better esthetic scores and
demonstrated greater acceptability of them compared to lay patients. Based on higher acceptance and better esthetic
performance of implant crowns with micro holes, they were more recommendable than crowns with regular abutment
access holes. Before and during treatment, communication and discussion between dentists and patients are needed to
obtain greater consensus and better satisfaction results.
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AMH, anterior crown, micro hole; ANH, anterior crown, no hole; ARH, anterior crown, regular hole; MH, micro hole;
NH, no hole; PMH, posterior crown, micro hole; PNH, posterior crown, no hole; PRH, posterior crown, regular hole;
RH, regular hole; VAS, visual analog scale.
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