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limit rotational movements. Many studies have reported 
patient satisfaction with implant-retained RPDs due to 
comfort, good retention, masticatory capacity, aesthetic 

-
ments to speech8-10. In addition, a systematic review 
concluded that using an implant-retained removable 
dental prosthesis does not adversely affect the survival 
rate of the underlying implants11.

Nevertheless, flaws in the fabrication of implant-
retained RPDs remain. Specifically, some scholars 
have not considered the necessity and importance of 
parallelism between the path of removable denture 
insertion and the long axis of the implant. The con-
vergence or divergence of implant attachments and 
the path of removable denture insertion common-
ly accelerates the wear undergone by attachments. 
Moreover, RPDs cannot be placed passively, resulting 
in an excessive, unfavourable force on the natural 
abutment teeth. Although some scholars have noted 
this problem, no feasible solution has yet been devel-
oped12. With the application of computer technology 
in stomatology, insertion of implants using guides or 
navigation has become common; however, a compre-
hensive design for implant placement and preparation 
of the path of insertion of implant-retained RPDs has 
not yet been reported.
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Implant-retained removable partial dentures (RPDs) are commonly used to resolve the compli-
cations associated with traditional distal extension RPDs; however, this technology does not 
consider the necessity and importance of parallelism between the path of RPD insertion and the 
long axis of the implant. This clinical report presents a novel digital preparation technique that 
involves the preparation of parallel guiding planes on abutment teeth and implant insertion 
in the distal extension area using a computer-aided design and manufacturing template. This 
clinical case of implant-retained RPDs illustrates the fabrication and application of the digital 
template. Using this technique, the path of RPD insertion is parallel to the long axis of the im-
plant. As a result, the components of the implant-retained RPD, including the abutment teeth, 
implants and attachments, can demonstrate greater longevity.
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As the global population ages, the number of people 
with partial edentulism has increased1. Demand for 

low cost and wide range of indications2; however, the 
most common complaints related to distal extension 
RPDs are their lack of stability and retention, and other 
complications include irritation of the soft tissue under 
the connector or denture base . Strategic placement 
of dental implants can minimise or eliminate all these 
difficulties . Implant-retained RPDs provide favour-
able retention and stability for the denture base and 
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To solve these issues, the present authors explored a 
novel digital technique: computer technology was used 
for model survey and analysis, and the path of remov-
able denture insertion was determined. Subsequently, 
the orientation of the implant was designed based on 
the path of removable denture insertion, and a com-
bined guide plate was designed and fabricated through 
CAD/CAM to ensure that the virtual design could be 
implemented intraorally.

Case report 

All procedures were performed in accordance with the 
ethical standards of the Committee on Human Experi-

by the ethics committee. The patient also voluntarily 
provided written informed consent.

A healthy 56-year-old man requested an RPD for par-
tial edentulism in the maxilla. Intraoral examination 
revealed the absence of maxillary anterior teeth, left 
posterior teeth and the right second molar. An obvious 
anterior reverse articulation and lack of support for the 
upper lip precluded the fabrication of implant fixed 
partial dentures. After a comprehensive review of the 

and his family, the patient decided to proceed with an 
implant-retained RPD with a distal extension.

Maxillary and mandibular study casts were obtained, 
and the maxillomandibular relationship was recorded 
and transferred to the articulator. The anterior reverse 
articulation was observed more clearly on the cast, 
and the need for an implant-retained RPD instead of 

The study casts were scanned using Ceramill Map 600 

The anterior reverse articulation is clearly visible on the 
maxillary and mandibular study casts on the articulator.

 
The master 3D model; (b) 
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model of the dentures, which was saved as a standard 

Temporary radio-opaque dentures were fabricated 
on the study models and used as a radiographic guide 

-
ing dentition and artificial dentition were reconstruct-

-

cast to define the most advantageous position and path 
of insertion for an RPD. The undercuts were placed on 

retainer was designed on the maxillary first molar, and 
the infrabulge clasp on the maxillary right canine only 
played a stabilising role.

with the most advantageous position was input into 
MIMICS 20.0, and a model of the remaining teeth and 
support base plate was generated. Subsequently, guide 
rods with a diameter of 1.5 mm, completely parallel to 
the path of insertion of the final RPD, were designed on 
the base plate. The guide rods were placed 5 to 8 mm 
from the abutment teeth, and their height was the same 
as that of the abutment teeth. If the guide rods were too 
close or too high in relation to the abutment teeth, they 
would have hindered the accessibility of the handpiece 

Data related to the base plate were imported into 

the maxillary alveolar bone and the defined path of 
-

tion of the implants were determined. Accordingly, 
guide ring holes were designed in the same base plate, 
which served as the final guide plate, and the data 

were saved as STL files. The long axis of the implant 
was completely parallel to the guide rods and path of 

orientation of the implants to be as parallel to the path 

guide rings were positioned in the corresponding holes. 
The CAD/CAM resin guide plate was positioned and 
retained in the remaining maxillary teeth. The guiding 
planes on the abutment teeth of the RPD were prepared 
as indicated by the guide rods. The dental burs were 
completely parallel to the guide rods during prepar-

in the same manner. Thus, all guiding planes were 
parallel to each other and the pre-designed guide rods.

Subsequently, at the same appointment, standard 
disinfection protocols were followed. The resin guide 
plate was dipped in 5% o-phthalaldehyde for 10 min-
utes and rinsed thoroughly with saline before being 

the resin guide plate, two implants were placed in the 

primacaine, and cover screws were attached to the 

At the time of surgery, the two implants were visually 

between the long axis of the two implants and guide 
rods and the long axis of the pre-designed implant was 

the expected design. 
After 6 months, implant osseointegration was com-

plete and the locator attachments were torqued in 
the implants at the pre-planned positions. The final 
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Instructions for denture use were provided to the 
patient, including proper hygiene procedures and fol-
low-up for possible annual relines.

Discussion

The present article describes a novel digital technique to 
ensure parallelism between the path of removable den-
ture insertion and the long axis of the implant using a 
guide plate designed and fabricated through CAD/CAM.

In theory, implants are placed in the distal extension 
area and the attachment is used to connect the implant 
to RPDs to transform the free end into the non–free 
end, providing retention and stability for traditional 
RPDs while greatly reducing the non-axial force of the 
abutments. Implant-retained RPDs can, to some extent, 
reduce the stress on the alveolar bone under the base 
plate, the pressure on the alveolar mucosa and the 
probability of mucosal tenderness. Depending on the 
implant position and design of the RPD, this technique 
can also help eliminate the need for unsightly clasps 

and improve the arch form if necessary. Compared with 
implant-supported fixed restorations, the number of 
implants can be reduced, and the economic burden on 
patients can be greatly alleviated; however, owing to the 
lack of unified planning between the design of the RPD 
and implant insertion, the aforementioned processes 
can result in many adverse events.

The path of RPD insertion has not been considered 
fully during implantation, resulting in a significant 
difference in the path of insertion and axis of implant-
ation . Through digital technology, the relevant in-
formation on the natural abutment teeth and alveolar 
bone can be considered comprehensively to design the 
RPD. In implant-retained RPDs, the implants mainly 
serve to provide retention and stability. Thus, when 
designing the axial direction of the implant, it should 
firstly be considered to be parallel to the insertion path 
of the removable denture; secondly, the axial direction 
of the implant should be within the range of available 

-
dinated with the position of the opposite dentition. This 
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can ensure that the path of RPD insertion is parallel to 
the long axis of the implant to achieve the best clin-
ical outcome: when the RPD is inserted and removed 
along the direction of the insertion path, the negative 
and positive components of the implant attachment 
can move without crossing angles, thus reducing wear 
between components; the insertion and removal direc-
tion of the denture and implant attachment can be 
unified and the RPD can be passively positioned and 
removed smoothly without exerting a large lateral 
force on the natural abutment teeth, which is the most 
desired outcome when designing and manufacturing 
an RPD; and abutment tooth preparation and implant 
surgery can help coordinate the axial direction of the 
implant and direction of the masticatory forces as 
much as possible, reducing the unfavourable lateral 
forces on the implant, thus slowing bone resorption 
and extending the life of the implant. However, studies 
with longer follow-up are still needed to confirm this 
novel technique.

Conclusion

This article presents a novel method that can help 
combine restoration-guided implantation with stand-
ard RPD design and tooth preparation through digital 
technology. It is possible to design and manufacture a 
combined guide plate for guide plane preparation on 
abutment teeth and for implantation using digital model 
surveying and alveolar bone analysis.
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