
Journal of Dental Sciences 17 (2022) 1665e1668
Available online at www.sciencedirect.com

ScienceDirect

journal homepage: www.e- jds.com
Original Article
A novel method of 3D printing locating guide
for abutment screw removal in cement-
retained implant-supported prostheses

Jiali Yu ay, Yanbin Chen ay, Xiangzhen Liu b*, Rafiqul Islam c,
Mohammad Khursheed Alam d
a Department of Stomatology, First Affiliated Hospital, Sun Yat-Sen University, Guangzhou, China
b Department of Stomatology, Sixth Affiliated Hospital, Sun Yat-Sen University, Guangzhou, China
c Department of Restorative Dentistry, Faculty of Dental Medicine and Graduate School of Dental
Medicine, Hokkaido University, Sapporo, Japan

d Preventive Dentistry Department, College of Dentistry, Jouf University, Sakaka, Saudi Arabia
Received 8 February 2022; Final revision received 25 February 2022
Available online 24 March 2022
KEYWORDS
Dental implants;
Cement-retained
implant;

3D printing;
Locating guide
* Corresponding author. Department
510655, China.

E-mail address: lxzh3@mail2.sysu.
y These two authors contributed eq

https://doi.org/10.1016/j.jds.2022.02.
1991-7902/ª 2022 Association for Denta
the CC BY-NC-ND license (http://creati
Abstract Background/purpose: Cement-retained restorations have the advantages of pas-
sive fit, less complexity of clinical and laboratory methods, cost, esthetics, and dimensional
stability over screw-retained restorations, especially in multiple abutment implant-
supported prostheses. A common and difficult technical problem with cement-retained
implant prostheses is abutment screw loosening. Three-dimensional (3D) printing is a technol-
ogy that has been rapidly developed and has become widely accepted in dentistry. The aim of
this study was to establish a novel method of using 3D implant planning guide to locate the
abutment screw in cement-retained implant prosthesis.
Materials and methods: Six standard gypsum complete denture models were used to locate the
abutment screw. An implant analog (4.5 mm in diameter and 12 mm in length) was placed in
the drilling hole (5 mm in diameter and 14 mm in depth). After scanning with a 3D scanner, the
3D printing software was used to design the abutment screw location guide, which was printed
by a resin-based 3D printer.
Results: A total of 30 abutment screws were located and removed using the guide. The
locating guide’s actual diameter was 2.4 mm. The drilling point was accurate and precise,
and no excessive loss of the abutment was noticed.
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Conclusion: The guide would help the dentist in locating the abutment screw access channel,
resulting in a more precise and accurate drilling point. The guide for locating the abutment
screw enhances the accuracy of screw channel access and reduces damage to the crown
and abutment.
ª 2022 Association for Dental Sciences of the Republic of China. Publishing services by Elsevier
B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.
org/licenses/by-nc-nd/4.0/).
Introduction

Cement-retained implant restoration has shown several
benefits compared to their screw-retained counterparts,
particularly in regard to esthetics, cost, occlusion, passive
fitness and reduced chair time.1 However, certain occa-
sions occur when the cement-retained restoration re-
quires removal, such as when the abutment screws are
loosened, or the restoration needs to be repaired.2,3 The
crown is frequently cemented to the abutment in this
situation and the abutment screw is then accessed
through the crown. The challenge here is to locate the
position of the screws with minimum restoration damage,
abutment and possibly implant.1 Several authors have
described methods for accomplishing this, including
reviewing an implant radiograph and estimating the
screws long axis position,4 using the photograph before
the crown is cemented to record the position of the
abutment,5,6 using a porcelain stain to mark the screw
access point during fabrication,7 or a vacuum formed
guide or template can be fabricated over the final resto-
ration.8,9 Using radiographic or photographic records to
estimate the implant position in two-dimensions is
inaccurate.4e6 While marking the screw access point can
be advantageous in non-esthetic locations, it has limita-
tions when it comes to anterior restorations.7 It is very
challenging for dentists to find the internal abutment
screw channel from the cement-retained crown without
pre-open hole. It is more difficult to find the abutment
screw inside the long denture bridge without holes.

Preoperative three-dimensional (3D) planning tech-
nology has become more popular recently, after intro-
ducing cone-beam computed tomography (CBCT).10 3D
printing is an additive manufacturing process that uses a
layer-by-layer deposition printing process to convert
digital models into physical ones.11 3D printed models can
provide a more efficient workflow because they can be
manufactured on demand, are reliable, require less labor,
and may save time.12 On the other hand, a unique set of
limitations also exhibits 3D printed model. There are
several factors which may introduce errors in the accu-
racy of the resultant models. This includes the acquisition
of data and processing of images in the hard and soft
tissues, and the variety of parameters involved in
manufacturing processes.11 The aim of this study was to
establish a novel method of using 3D implant planning
guide to locate the abutment screw in cement-retained
implant prosthesis.
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Materials and methods

Simulation of dentition deficiency and implant
implantation

Six standard gypsum complete denture models were made.
In each model, the gypsum crowns of 14e16, 22e26 (FDI
notation) teeth were removed. Two implant holes were
drilled at 14 and 16 areas, and three holes were drilled at
22, 24 and 26 areas. The drilling depth was 14 mm, the
diameter was 5 mm, and the direction was tilted about 25
degrees from the long axis of the teeth. An implant analog
(Dentium, Suwon, Korea), diameter 4.5 mm and length
12 mm was placed in every hole. The gap between the
analog and the hole is filled with gypsum to fix the analog.

Making denture

Each analog was connected to a rod, and after scanning with
a three-dimensional scanner (Shining 3D Tech Co Ltd,
Hangzhou, China), a digital record was generated (Fig. 1).
Then the models were transferred to a denture manufac-
turer to choose the specifications on the abutment and to
make cobalt chromium porcelain fused to metal (PFM)
crowns or bridges without holes. On each analog, a screw
retention abutment was installed, and the screws were
tightened to a torque of 35Ncm and then the corresponding
crowns or bridges were bonded. Soft resin gums were used to
seal the denture’s neck margin, making the abutment inside
the denture invisible.

Design a locating guide for abutment screw

The axis of each analog was determined based on the digital
records produced by the 3D scanning, which could also be
considered the axis of the abutment screw. The abutment
screw locating guide was designed with a 3D design software
(Materialise, Leuven, Belgium) and mounted on the adjacent
teeth of the denture using the axis (Fig. 2). The designed
locating guide was then printed by using a resin-based 3D
printer machine (Formlabs Inc, Somerville, MA, USA).

Taking out the abutment screws

Two dentists were randomly assigned to remove the abut-
ment screws inside the denture. The guides were used to
locate the abutment screws (Fig. 3).
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Figure 1 Superimposed 3D image indicate the path of the screw hole through the crown.

Figure 2 Designing of guide on the scanned model with dental design software.

Figure 3 Evaluation of drilling screw channel in the model.
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Results

A novel method has been developed to locate the abutment
screwonany cemented implant-supportedprosthesis by using
a 3D printing guide. A total of 30 abutment screws were
located and removed using the guide. The locating guide’s
actual diameter was 2.4 mm. In terms, no errors were seen
during drill insertion. It was determined that a 2.4 mm in
diameter locating guide would be the smallest size with the
lowest tolerance that would be adequate for the parameters
presented in this method. The drilling point was accurate and
precise, and no excessive loss of the abutment was noticed.

Discussion

The differences between screw-retained and cement-
retained prostheses have been documented previously.
13e15 Although cement-retained implant crowns can achieve
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better esthetics, retrievability may influence the type of
restoration. Cemented prostheses are more difficult and
expensive to repair than screw-retained prostheses.15 If the
location of the screw access opening is unknown, it may be
difficult to remove cement-retained crowns with a loosening
of the abutment screw or ceramic fracture without causing
irreversible crown or abutment damage. Any forced applied
to remove the prosthesis can damage the implant’s inner
surface or fracture the abutment’s screw fixation.15 The
technique used in the present study would help the dentist
to locate the screw access channel of abutments easily.
However, accepting an implant-supported crown with screw
holes might be difficult for patients who are used to tradi-
tional cement-retained PFM crowns without holes. The
concept of designing a guide to locate the abutment screw
inside the denture is similar to that of designing an implant
guide. The difference is whether an implant is accurately
placed, or an existing abutment screw is removed from the
implant-supported denture.
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Damage to the abutment is a significant factor during
screw-hole drilling. When there are several damages to the
abutment, the clinical longevity of the implant restoration
can be reduced. Most of the abutment damage occurred
during hole enlargement. In the present study, the guide
helped to make the drilling points more precise and accu-
rate. In addition to the esthetic issues, the screw holes on
the denture can reduce the denture’s strength.16

The present study has some limitations. First, the pro-
cedure was performed on the models, which may take a
different time from the actual clinical situation. The time
required for a clinical operation is generally accepted to be
longer than the time required for a model operation. Sec-
ond, the guide is based on the adjacent teeth position, and
it may be necessary to remove the abutment screw several
years after placement of the denture. During this time, the
shape or position of adjacent teeth may change due to
periodontal disease, or orthodontic treatment, affecting
the accuracy of the guide. Third, this method is not suitable
for edentulous implant denture because there is no sup-
porting natural tooth to fix the guide plate.

Within the limitation of the present study, the guide for
locating the abutment screw improves screw channel access
accuracy and reduces damage to the crown and abutment.
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