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The application of dental implants to partially eden-
tulous patients with removable prostheses is grad-

ually increasing, and it is reported as a simple and 
cost-effective successful method for arches with few re-
maining teeth.1–4 It is particularly noteworthy that the 
survival rate of implant-assisted removable partial den-
tures (IARPDs) has increased through the use of a small 
number of implants, compared to that of conventional 
removable partial dentures (RPDs). In a critical review,3 
the IARPDs showed remarkably high survival rates, with 
eight included studies having rates of 100% and only 

one study 90%. The authors reported that survival rates 
of conventional RPDs were 77% after 8 to 9 years and 
71.3% after 10 years.

The fundamental disadvantage of distal-extension 
conventional RPDs is the lack of stability and retention, 
which results in food retention under the saddle, and 
eventually, the discontinued use of RPDs due to pain 
and discomfort. Additionally, the tissueward movement 
of the flange due to the lack of distal support causes de-
structive rotational forces that adversely affect the an-
terior abutment teeth.5,6 Accordingly, it not only results 
in a short wearing time for RPDs, but also leads to the 
requirement of new RPDs. 

In contrast, posterior support of implants for IAR-
PDs has many advantages.6–8 Implants provide reten-
tion and support that improves maximum occlusal 
force and masticatory jaw movement. Generally, pa-
tient satisfaction and oral health–related quality of life 
(OHRQoL) are improved.8–10 Moreover, it changes RPDs 
from Kennedy class I or II to class III, which may pre-
vent ridge resorption and reduce stress to the natural 
abutment.6,11 In previous crossover studies of conven-
tional RPDs and IARPDs,10,12 greater occlusal force and 
greater area of occlusal contact appeared in IARPDs,12 
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and OHRQoL was improved in IARPD patients.10 These 
results were also evident in a meta-analysis. General pa-
tient satisfaction was increased, and improved mastica-
tion was remarkable. Oral health impact profile (OHIP) 
scores, physical pain, and psychologic disability were 
improved. The maximum occlusal force, active occlusal 
contact area, and mandibular jaw movement also im-
proved with mandibular IARPDs.8 Above all, it is a high-
ly cost-effective treatment modality, as a small number 
of implants can provide this effect.1,4

This successful clinical outcome of IARPDs presup-
poses the high survival rate of implants. First, careful 
case reports on the application of implants to RPDs 
were dominant.13–15 Later, various methods of in vitro 
studies were conducted to analyze stress and to predict 
the success of implants applied to RPDs including the 
finite element method (FEM),16-21 photoelastic mod-
el,11 strain gauge,19,22 and calculation.23 Through these 
studies, stress concentration under various conditions, 
such as the form of superstructures,16-18,21 implant posi-
tion,18-21,23 implant length,20 and attachment type,17,22 

have been compared and predicted for proper implant 
application protocols. Simultaneously, clinical studies 
in conjunction with in vitro methods have also demon-
strated the high success and survival rates of implants 
used for IARPDs.1,3,10,24-28 

Most of the clinical reports of IARPDs have applied 
implants as an overdenture type,5,9,10,12,24,25,27,29 and 
occasionally the telescopic double crown type.3 In con-
trast, reports of success or survival rates of implants 
with surveyed crowns of IARPDs are quite limited. The 
implant abutment with the surveyed crown is familiar 
to dentists due to the same concept as conventional 
RPD natural tooth abutments. Additionally, it is a meth-
od that uses a small number of implants and is easily 
accessible at a low cost, as in overdenture-type IARPDs. 
Therefore, studies on the prognosis of IARPDs using 
implant-supported surveyed crowns are required with 
rapidly increasing clinical cases. 

There are still some concerns about IARPDs in the 
form of a surveyed posterior implant-supported crown 
compared to the overdenture type: 

• There are anatomical limitations when placing 
implants in the posterior region, such as the second 
molar area of the mandible and posterior region of 
the maxilla. 

• The lateral force of the RPD clasp on the implant 
with the surveyed crown cannot be excluded. 

• It is questionable whether the single posterior 
implant plays a role in supporting the vertical 
dimension while enduring the force delivered 
from the RPD because the structural rotational 
movement of the distal-extension RPD can produce 
terminal torquing forces.

In studies of FEM models of implants with surveyed 
crowns, implants for IARPDs showed high stress con-
centrations, and the authors concluded that the use of 
implants with surveyed crowns was not a viable treat-
ment option.16,17 Although the successful application 
of implants with surveyed crowns has been reported in 
a few clinical studies,28,30 the data are still insufficient, 
and there are many things to be studied: few compari-
sons of the results of internal-connection vs external-
connection implants, marginal bone loss (MBL) from 
stress concentration, and success or survival rates with 
complications. No concerns regarding the evaluation 
of the crown-to-implant ratio (C/I ratio) have been 
reported.

This clinical retrospective study aimed to examine 
the possibility of applying a posterior implant with a 
surveyed crown as a general IARPD modality by evalu-
ating the clinical outcome, survival, and success rates of 
implants and IARPDs.

MATERIALS AND METHODS

From 2007 to 2018, patients who received posterior im-
plants in a partially edentulous area and were restored 
with a surveyed implant-supported crown for IARPDs 
by a dental prosthodontic specialist (T.W.J.) at a pri-
vate clinic were enrolled. The inclusion criteria were as 
follows:

• Patients without systemic disease or osteoporosis 
affecting bone metabolism

• Patients who were willing to use or already using 
RPDs, with distal-extension RPDs of Kennedy class I 
and II 

• Patients who wanted to improve the function 
of conventional RPDs by providing a minimum 
number of implants

• Bone volume permitting the placement of 
implants with a minimum length of 7 mm and a 
minimum diameter of 4 mm without guided bone 
regeneration (GBR)

To change the Kennedy class I or II RPD to a class 
III RPD, the primary implant site selected was the sec-
ond molar region as long as no GBR was possible. In 
many cases, the old RPD that patients had used was 
required to continue to function during the heal-
ing period; therefore, sufficient bone width without 
GBR was needed to avoid the interference of bone 
healing. When the second molar region was not ap-
propriate, the first molar region was selected instead. 
Short implants (7 mm) were used where the residual 
ridge height was limited; however, implants of 8.5 mm 
or more in length were selected as often as feasible. 
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The implants used in this study were all internal-
connection implants (bone- or tissue-level implants). 
Efforts were made to prevent horizontal load by plac-
ing the implant at the alveolar crest perpendicular to 
the occlusal plane, as recommended by the manufac-
turer to avoid inclination. If the primary stability was 
satisfactory after insertion, the healing abutment was 
connected to the implant for one-stage surgery. When 
the old RPD was used during the healing period, the 
inside of the denture flange was relieved and the tis-
sue conditioner (Co-comfort, GC) was relined to en-
able immediate loading. The tissue conditioner was 
changed weekly during the first month and adjusted 
only to support denture flange the next month. Two 
months after surgery, the success of the osseointe-
gration was evaluated, and the new prosthesis was 
made. A full-mouth impression was taken using an in-
dividual tray and the pick-up impression coping, and 
jaw relation was recorded with Aluwax (Aluwax Dental 
Products) onto the ready-made jig abutment for bite 
registration (Bite Index, Osstem). Since most of the pa-
tients were conventional RPD users, if necessary, ante-
rior natural teeth were restored with surveyed crowns 
or altered additionally, and along the insertion path of 
this survey line, posterior implants were restored with 
surveyed crowns (Table 1). All implant-supported sur-
veyed crowns were adjusted to evenly occlude contact 
with the opposing dentition. Functional impression 
for IARPDs was obtained after confirming the occlusal 
relationship of the surveyed implant-supported crown 
in the oral cavity. The fit of the RPD framework was 
adjusted, and the jaw relation was registered using a 
conventional method. Considering the coronal height, 
profile, and survey line of the surveyed crown, in some 
cases, clasps were designed, and in other cases, they 
were omitted. In the early cases, clasps were often de-
signed for retention and stability (Fig 1), and as one 

implant failed, a nonclasp design using long rest and 
rotational path was applied more (Fig 2).

After delivery of IARPDs, hygiene control, occlusion, 
retention and stability, and clinical symptoms were 
examined through periodic follow-up, and MBL was 
evaluated simultaneously using serial panoramic and 
periapical radiographs. Follow-up was performed every 
3 months in the first year and every 6 months to 1 year 
thereafter. Patients whose IARPDs were in function for 
over a 1 year and who had follow-up records were in-
cluded in the study.

Clinical assessments of biologic and/or mechanical 
complications, such as peri-implant inflammation and 
screw loosening, were recorded and analyzed. The C/I 
ratio is the ratio of the length of the restoration to the 
length of the implant and was calculated based on the 
fulcrum at the most coronal bone-to-implant contact. 
MBL was the marginal bone loss that occurred during 
the function period based on the bone level of the load-
ing time and was calculated by enlargement ratio using 
a proportional formula considering the implant thread 
pitch (0.8 mm) in the periapical radiographs.

The statistics of several factors for the MBL were 
performed. Mann-Whitney nonparametric analysis 
was performed to check the effect of sex, implant type, 
Kennedy classification, opposing dentition, and clasp 
design on MBL after confirming the normal distribu-
tion of MBL with Shapiro-Wilk normality test (α = .05) 
using SPSS 25 (SPSS). The relationship between implant 
length, C/I ratio, and functional months and MBL was 
determined by multiple regression analysis (α = .05).

The success and survival rates of the implants were 
then calculated. The general criteria for implant suc-
cess—that is, bone resorption for the first year should 
be < 1.5 mm and < 0.2 mm annually in subsequent 
years without mobility, pain, peripheral radiolucency, 
and pathologic process—was followed.31,32 

Table 1  Patients (Implants) and IARPD Information

Variables No. No.

Sex Male, 7 (n = 13) Female, 9 (n = 19)

Location Maxilla, 1 (n = 1) Mandible, 15 (n = 31)

Kennedy classification Class I, 13 (n = 29) Class II, 3 (n = 3)

Implant type Internal bone level, 7 (n = 15) Internal tissue level, 9 (n = 17)

Implant length 7 mm (n = 12), 8.5 mm (n = 18), 9 mm (n = 2)

Opposing dentition Fixed, 7 (n = 14) Removable, 9 (n = 18)

Presence of clasp Clasp, 10 (n = 21) No clasp, 6 (n = 11)

Crown material PFM, 15 (n = 30) Gold, 1 (n = 2)

Type of abutment Ready-made, 15 (n = 30) CAD/CAM, 1 (n = 2)

Type of crown retention Screw/cement combination–retained, 10 (n = 23) Cement-retained, 6 (n = 9)

Cement Resin-modified glass ionomer, 16 (n = 32)

PFM = porcelain fused to metal.  
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This study was conducted with the approval of the 
IRB at Seoul National University Bundang Hospital 
(B2101-663-105).

RESULTS

The study included 32 implants embedded in 16 patients 
(7 men, 9 women; mean age 69.3 ± 6.0 years; Table 1). 
Regardless of the design with or without clasps, IARPDs 
showed sufficient retention, support, and stability, and 
the patients did not complain about any discomfort. 

A total of 13 patients were Kennedy class I (n = 29; 
26 molars and 3 additional auxiliary premolar regions) 
before implant insertion, and 3 patients were Kennedy 
class II (n = 3; all molar regions). Only 1 patient had a 
maxillary RPD (n = 1), and the other 15 had mandibular 
RPDs (n = 31). For 10 IARPD patients (n = 21), a clasp was 
designed in the posterior implant with a surveyed crown, 
and 6 patients (n = 11) received IARPDs with a long rest 
seat of the crown and rotational path insertion designed 
without clasps. Of the 10 patients in the clasp-designed 
IARPDs, in one of the mandibular Kennedy class I cat-
egories, the surveyed crown design was changed to 

Fig 1  (a) Initial panoramic view (July 2016). 
(b) Panoramic view (May 2020). (c) Posterior 
implants with surveyed crowns (September 
2016). (d) IARPD with posterior implants with 
surveyed crowns (October 2016).

a b

c d

a

b c

d e

f g

Fig 2  (a) Initial panoramic view (May 2011). 
(b) Posterior tissue-level implants with sur-
veyed crowns with a conventional rest seat 
(April 2011). (c) First IARPD with a clasp design 
(May 2011). (d) Unilateral implant of man-
dibular left second molar exfoliation after 
6 years of function (June 2017). (e) Panoramic 
view with a new mandibular left second mo-
lar bone-level internal-connection implant 
(February 2018). (f) Rotational path design of 
posterior implants with new surveyed crowns 
with long rest seat (February 2018). (g) Second 
new IARPD with a clasp-free design (February 
2018). 
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clasp-free after the failure of a unilateral posterior im-
plant; however, this new implant and new IARPD were 
not included in the statistics. The opposite arch was com-
posed of seven fixed restorations including natural teeth 
or implants and nine removable restorations.

Of the 32 implants, 15 were internal bone level and 
17 were internal tissue level. Except for 2 implants (Os-
seospeed, Astra Tech), the remaining implants were 
Osstem bone-level (GS & TS, Osstem) and Osstem 
tissue-level (SS, Osstem) implants. There were 3 pre-
molars, and the remaining 29 were all molars: 15 first 
molars and 14 second molars. The implants used mainly 
consisted of 7 mm (n = 12) and 8.5 mm (n = 18) in length 
with diameters of 4 mm or more. The 2 Osseospeed im-
plants were 9 mm long. Of the 32 implants, 31 were de-
layed placements.

The mean function period of implants for IARPDs 
was 60.9 ± 40.2 months (range: 14 to 155 months). The 
mean C/I ratio was 1.48. During the function, the mean 
MBL of the implants was 0.11 ± 0.36 mm. 

As a result of analyzing the effects of sex, implant 
type, Kennedy classification, opposing dentition, and 
clasp design on MBL, only the Kennedy classification 
showed significant differences. In Kennedy class II, 
there was significantly more MBL than in Kennedy class 
I (P = .002). There was no significant difference in bone 
resorption around the implant according to sex, im-
plant type, opposing dentition, or clasp design (P > .05; 
Table 2). Multiple regression analysis was performed to 
examine the effect of implant length, C/I ratio, and func-
tional period on MBL; MBL did not show significance ac-
cording to implant length, C/I ratio, or functional period 
(P > .05; Table 3).

Complications occurred in five patients and six im-
plants (Table 4). Late failure of a 7-mm implant for the 
surveyed crown in one patient occurred 73 months 
after function (Fig 2). After the implant was natu-
rally exfoliated, a 7-mm implant was inserted again 
through a delayed placement procedure. The crowns 
of both the replaced implant and the contralateral-
side implant were changed to a long rest seat design 
without a clasp. The replaced implant has functioned 
for 22 months. Peri-implant mucositis occurred in two 
patients with Kennedy class I: in both the left and right 
implants in one patient and in the right implant in the 
other patient. A peri-implantitis sign was observed in 
one Kennedy class II patient, and 1.4 mm of MBL was 
observed at 44 months of 51 months in function. Of the 
151 months in function in one patient, screw loosening 
of the right implant-supported surveyed crown was ob-
served at 122 months, and the screw was immediately 
retightened with 30 Ncm.

The implant survival rate of the posterior surveyed 
crown was 96.9%, with one out of 32 implants fail-
ing to maintain osseointegration. For the success rate 

calculation of implants, three cases were classified as 
failures considering the MBL (1.4 mm at 51 months, 
0.9 mm at 47 months, and 1 osseointegration failure). 
Thus, the success rate of implants was 90.6%. IARPDs 
functioned normally without events in 15 patients, and 
the survival rate of IARPDs was 93.8%.

DISCUSSION

The present study was a clinical and radiographic ret-
rospective study examining the clinical outcomes of 
posterior internal-connection implants with surveyed 
crowns used for IARPDs. The survival rate of conven-
tional distal-extension RPDs of Kennedy class I or II, 
which lack posterior support, is bound to decrease due 
to the discomfort of the edentulous area and torquing 
force of the anterior teeth. In contrast, when an implant 
is positioned in the posterior region and restored with 

Table 2  Mann-Whitney Test of MBL According to 
Sex, Implant Type, Opposing Dentition, 
Kennedy Classification, and Clasp Design

Variables Mean ± SD
P value  
(α = .05)

Sex Male
Female

0.22 ± 0.41
0.06 ± 0.21

.182

Implant type Internal bone level
Internal tissue level

0.12 ± 0.36
0.13 ± 0.27

.823

Opposing 
dentition

Fixed + implant
Removable

0.09 ± 0.25
0.16 ± 0.35

.561

Kennedy 
classification

Class I
Class II

0.05 ± 0.14
0.87 ± 0.55

.002*

Clasp design Clasp 
No clasp

0.12 ± 0.25
0.14 ± 0.39

1.000

*Significance (α = .05)

Table 3  Association of MBL with Implant Length, 
Crown-to-Implant Ratio, and Follow-up 
Period

Variables β ± SE P value (α = .05)

Implant length –0.096 ± 0.071 .19

C/I ratio 0.310 ± 0.253 .23

Follow-up period 0.001 ± 0.001 .62

Table 4 Complications During Follow-up

Frequency (patient) Event time (mo)

Peri-implant mucositis 3 (2) 97/36/36

Peri-implantitis 1 (1) 44

Screw loosening 1 (1) 122

Implant fail 1 (1) 73
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an IARPD, posterior rotation of the RPD is reduced, and 
the fundamental weakness disappears. Additionally, 
by placing implants in the posterior region of the con-
ventional RPD, the burden of the temporomandibular 
joint (TMJ) could be reduced in the IARPD. In a two-
dimensional FEM model of the mandible, posterior 
support of the implant with the IARPD reduced stress 
concentration in the glenoid fossa to approximately 
20% to 45% of that with conventional RPDs.33 Ohkubo 
et al12 showed that the center of the occlusal force of 
the IARPD tended to move more distally and was similar 
to that of an implant-supported fixed prosthesis.  

In Korea, with the implementation of the insurance 
system, each arch of removable dentures can be treat-
ed with insurance every 7 years (since 2013), and two 
implants with abutments of (surveyed) crowns can be 
covered once in a lifetime (since 2014). The number 
of cases of insurance-covered IARPDs with implant-
supported surveyed crowns is gradually increasing be-
cause of easy access to low-cost options.34–36

The problem is that there is insufficient evidence to 
determine the IARPD method: when to apply the sur-
veyed crown and when to apply the attachment type.37 

There have been many comparisons of attachments in 
overdenture-type IARPDs12,25,38,39; however, little infor-
mation has been reported on the prognosis of IARPDs 
with implant-supported surveyed crowns. The present 
study can provide information for indirect comparison 
of the surveyed-crown IARPDs with overdenture-type 
IARPDs.

MBL, Implant Type, and Location 
Park et al26 claimed that IARPDs do not impair implant 
survival rate; however, they affect peri-implant MBL 
based on the results of clinical studies they reviewed. 
To date, most of the reports on implant MBLs applied 
to IARPDs have been the result of overdentures, and 
the results of Bae et al30 and Kang et al28 were based on 
data from only surveyed crowns to the best of the au-
thors’ knowledge. Implant MBLs of earlier clinical stud-
ies of IARPDs, including telescopic double crowns, were 
generally between 1 and 2 mm during the observation 
period, although some studies showed < 1 mm.3,26 
Surveyed crown-type MBL results showed a similar 
range of MBLs.28,30 Kang et al28 showed overall MBL 
of 1.3 ± 1.6 mm for implants (1.4 mm for overdenture-
type IARPDs and 1.2 mm for surveyed-crown IARPDs) 
during a mean 47.9 months in 21 patients with 58 
implants. A total of 41 implants supporting surveyed 
crowns were composed of 26 external-connection im-
plants and 15 internal-connection implants. A total of 
17 were used in overdenture-type IARPDs. No signifi-
cant differences in MBL were observed according to the 
restoration type. Bae et al30 also compared the MBL of 
external-connection implants for the overdenture-type 

and surveyed-crown IARPDs. Of the 53 implants, 
28 were used for overdenture support and 25 were 
used as surveyed crowns. There were significant dif-
ferences in MBL for implants between overdenture 
(1.99 ± 0.70 mm for 23.5 months) and surveyed-crown 
IARPDs (1.44 ± 0.57 mm for 26.7 months). 

In the present study, according to the earlier results 
of fixed restorations,40–42 internal-connection implants 
were selected for surveyed-crown IARPDs. In cases 
of fixed restorations, external-connection implants 
showed significantly greater linear MBL than internal-
connection implants. Vertical MBL of the present study 
(0.11 ± 0.36 mm) was similar to previous studies of fixed 
restorations reporting a bone loss of 0.00 ± 0.28 mm41 
and 0.19 ± 0.47 mm,42 in the internal-connection im-
plant. Recent systematic reviews concluded that crestal 
bone levels are better when internal types of interfaces 
are adopted.43,44 

The MBL of 0.11 ± 0.36 mm in the present study was 
much smaller than in overdenture-type IARPD stud-
ies3,26 and in previous surveyed-crown IARPD stud-
ies.28,30 It is not clear whether this is the single effect 
of selecting internal-connection implants or a com-
bined effect with the surveyed crown. In a study of 
overdenture-type IARPDs, even internal tissue-level im-
plants showed approximately 1 mm of MBL on average 
12 months after implant placement around the premo-
lar or molar implants.5 The only example is the results of 
a study by Kang et al 28 using 15 internal-connection im-
plants for surveyed crowns, but it is difficult to evaluate 
accurately because they also used external-connection 
implants for surveyed crowns. More cases in prospec-
tive studies are needed to evaluate the combined effect 
of internal-connection and surveyed crowns. 

In a crossover study that switched the prosthesis 
implant support position between premolar and molar 
implants, Jensen et al5,9 stated that the results of the 
clinical and radiographic parameters were not different 
between the two positions in the restoration of over-
denture-type IARPDs and that there was no significant 
difference in masticatory performance. However, the 
authors stated that the majority of patients preferred 
the implant support to be in the molar region.9 Tribst 
et al19 showed, in an in vitro FEM study, that a higher 
stress concentration was observed in the second mo-
lar support implant and less stress was observed in the 
first molar support in the Kennedy class II IARPD model. 
Alkhodary45 concluded that the first molar region is a 
better place for implant support than the second molar 
region in Kennedy class II with a strain gauge in an in 
vitro study. In contrast, Kang et al28 reported no signifi-
cant difference in MBL according to implant location in 
their clinical study. Therefore, in this study, the primary 
location of the posterior implant was the second mo-
lar region, but the site with sufficient bone volume that 
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did not damage the alveolar nerve was selected prefer-
entially.26 As a result, not only the second molar region 
but also the first molar region was chosen many times 
(14 vs 15). The three implants in the premolar region 
were selected as auxiliary surveyed crowns for better 
stability in the two Kennedy class I patients. The results 
of the present study showed that the clinical outcome 
was not different between the first and second molar 
regions, indicating that any site can be chosen accord-
ing to the anatomical condition. 

Kennedy Classification, Opposing Dentition, and 
Clasp Design
In the present study, MBL was investigated according to 
the Kennedy classification, opposing dentition, and clasp 
design. The three implants used for Kennedy class II IARP-
Ds showed a significantly large amount of MBL. However, 
it is difficult to conclude that Kennedy class II is not desir-
able for surveyed-crown IARPDs because the result was 
from a limited number of patients. There were no signifi-
cant differences in opposing dentition. The presence of a 
clasp was also not related to MBL. Based on these results, 
it could be that the probability of failure of the posterior 
single implant with the surveyed crown was low due to 
the occlusal force of the opposing dentition or the lateral 
force of the clasp. This indicates that the external occlusal 
or lateral force on the surveyed crown was insignificant 
or that the influence of other factors was greater. The 
clasp-free design with the long rest and the rotational 
path of the IARPD might not be necessary for low MBL in 
the surveyed-crown IARPD. 

Implant Length, C/I Ratio, Implant Diameter, 
and Functional Period
Implants of 7 mm and 8.5 mm in length used in this 
study showed good function. However, the applica-
tion of short implants to IARPDs was controversial in 
earlier studies. Gates III et al10 used 6-mm implants for 
overdenture-type IARPDs in a prospective study. They 
reported a 97% survival rate at 2 years of follow-up 
and concluded that the use of short implants to sup-
port IARPDs may be considered. In a 4-year follow-up 
study of overdenture-type IARPDs, Bellia et al27 used 
short wide-diameter implants of 5 or 6 mm in length 
and reported a 94.3% survival rate. They also concluded 
that short implants may be considered a viable treat-
ment alternative for patients with reduced mandibular 
bone. On the contrary, a prospective multicenter study 
of mandibular IARPDs started seeing late implant fail-
ures from 3 years to 10 years predominantly in short 
implants in the second molar region.46 The authors re-
ported that all failed implants were short implants of 
6 mm in length. 

The C/I ratio of the implant for surveyed-crown 
IARPDs can be an important factor to consider rather 

than the implant length itself. In the present study, the 
C/I ratio of the posterior implant with the surveyed 
crown was a mean of 1.48, which was much lower than 
that in an earlier study that discussed the clinical thresh-
old of a C/I ratio of 3.4 to avoid excessive bone loss or 
implant failure.47 Although a higher C/I ratio could have 
a negative effect, this ratio was safe for a posterior sin-
gle implant. 

It is also necessary to consider the effect of implant 
diameter on the failure of IARPDs. Implants with a di-
ameter > 4 mm were used without the GBR procedure 
in the present study. Although the 6-month follow-up 
of IARPDs using mini-implants in the premolar region 
showed a 97.4% survival rate24 and successful mastica-
tory performance without complication was observed 
using 3.3-mm–diameter premolar implants during a 
mean of 7.5 months,5 use of implants with narrow di-
ameters for IARPDs in the thin horizontal bone is still 
questionable due to the relatively short follow-up pe-
riod. Kang et al28 reported that regular-diameter im-
plants showed a higher survival rate than narrow- or 
wide-diameter implants. 

In general, as the functional period is prolonged, the 
MBL of the implant increases. In this study, there was 
no significant difference in the MBL of implants over 
time during the observation period ranging from 14 to 
155 months, indicating high bone stability of a single 
posterior implant with a surveyed crown.

Survival Rate and Success Rate 
In a two-dimensional FEM study, the authors compared 
different retention systems on a distal-extension RPD 
with an implant. Of these, implant-supported surveyed 
crowns showed higher displacement at the implant than 
in the other models. They concluded that the use of a 
single fixed implant-supported crown associated with 
a distal-extension RPD seemed to be a nonviable treat-
ment option.17 A 3D FEM study also showed similar pat-
terns of von Mises stress on implant abutments in IARPDs. 
The highest stress was concentrated on the implant.16

However, in a retrospective clinical study, survival rates 
of implants for surveyed crowns were compared to those 
for overdentures, and there was no significant differ-
ence in treatment modality.28 The authors also reported 
no significance in the Kennedy classification, opposing 
dentition, or implant location. The high survival rate of 
96.9% in the present study was not different from the 
results of the overdenture-type IARPD implant.1–3,10,26–28 

In a systematic review of mandibular Kennedy class I or 
II cases, survival rates of implants for overdenture-type 
IARPDs ranged from 95% to 100%.1 In the other review 
of IARPDs including nine studies, the implant survival 
rates ranged from 91.7% to 100%.3 Another systematic 
review and meta-analysis demonstrated that the weight-
ed mean survival rate of mandibular implants for IARPDs 
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was 96.60%.26 In particular, considering that the implant 
survival rate of Kang et al’s IARPD was based on the re-
sult that 38 out of 41 implants were splinted crowns,28 
the present study showed a high survival rate even in a 
much more unfavorable condition of a single posterior 
implant-supported crown.

Additionally, as in the previous overdenture-type 
IARPD study, which showed a high rate of 93.75%,25 the 
success rate of 90.6% was high in the present study.

Complications
Bassetti et al3 highlighted that technical complica-
tions and maintenance interventions (1,057 events) 
appeared more frequently than biologic complications 
(29 events) in IARPDs in their critical review. Kaufmann 
et al48 stated that overdenture-type IARPD compli-
cations were primarily related to mechanical attach-
ment problems occurring within the first year. In an 
8-year retrospective study, the main complication of 
overdenture-type IARPDs was denture maintenance 
problems such as denture relining.25 This tendency ap-
peared to be the same as in other studies.10 

Complications occurred more frequently in the overden-
ture group than in the surveyed-crown IARPDs.30 This was 
coincident with the complications of Kang et al’s study.28 
Complications in overdenture-type IARPDs were 1.8-fold 
higher than those in the surveyed-crown IARPDs. Dislodg-
ment of the surveyed implant crown (4 out of 16) was the 
most common complication. In contrast to Kang et al’s 
study, Bae et al30 stated that the complications of surveyed 
crowns were not related to implants but general RPD com-
plications, such as resin base relining (4 out of 6) and resin 
base repair (2 out of 6). In the overdenture-type IARPDs, 
retention loss (replacement of Locators) occupied an ab-
solute portion, accounting for 14 out of 22 cases. Contrary 
to expectations, few mechanical complications occurred 
in the present study. Out of the 6 cases of complications,  
4 were biologic complications.

This study has the limitations of a single-sample retro-
spective study. A comparison between surveyed-crown 
and overdenture-type IARPDs has to be designed in a 
future study. More partially edentulous patients of both 
arches are required to function longer under different 
conditions, such as different implant connection types, 
diameters and/or lengths, and Kennedy classifications. 
Therefore, prospective studies with a large sample size 
and a long observation period are needed for surveyed-
crown IARPDs to establish them as a reliable treatment 
method for patients with distal-extension RPDs.

CONCLUSIONS

Mainly in the mandible, within the limitations of a 
retrospective clinical study, IARPDs in the form of 

implant-supported surveyed crowns showed high sur-
vival and success rates during short- to medium-term 
functions. In particular, a successful clinical outcome 
with no difference according to the restorative condi-
tions showed that the surveyed-crown IARPD was a sta-
ble modality. To improve the function of patients with 
Kennedy class I and II conventional RPDs, planning pos-
terior implant placement for the surveyed-crown IARPD 
could be a reliable option.

ACKNOWLEDGMENTS

The authors reported no conflicts of interest related to this study. 

REFERENCES
1.  de Freitas RFCP, de Carvalho Dias K, da Fonte Porto Carreiro A, Bar-

bosa GA, Ferreira MA. Mandibular implant-supported removable 
partial denture with distal extension: A systematic review. J Oral 
Rehabil 2012;39:791–798.

2.  Chatzivasileiou K, Kotsiomiti E, Emmanouil I. Implant-assisted 
removable partial dentures as an alternative treatment for partial 
edentulism: A review of the literature. Gen Dent 2015;63:21–25. 

3.  Bassetti RG, Bassetti MA, Kuttenberger J. Implant-assisted removable 
partial denture prostheses: A critical review of selected literature. Int 
J Prosthodont 2018;31:287–302. 

4.  Jensen C, Ross J, Feenstra TL, et al. Cost-effectiveness of implant-sup-
ported mandibular removable partial dentures. Clin Oral Implants 
Res 2017;28:594–601.

5.  Jensen C, Speksnijder CM, Raghoebar GM, Kerdijk W, Meijer HJA, 
Cune MS. Implant-supported mandibular removable partial den-
tures: Functional, clinical and radiographical parameters in relation 
to implant position. Clin Implant Dent Relat Res 2017;19:432–439. 

6.  Kim JJ. Revisiting the removable partial denture. Dent Clin North Am 
2019;63:263–278. 

7.  Omura AJ, Latthe V, Marin MM, Cagna DR. Implant-assisted removable 
partial dentures: Practical considerations. Gen Dent 2016;64:38–45.

8.  Park JH, Lee JY, Shin SW, Kim HJ. Effect of conversion to implant-
assisted removable partial denture in patients with mandibular 
Kennedy classification I: A systematic review and meta-analysis. Clin 
Oral Implants Res 2020;31:360–373.

9.  Jensen C, Raghoebar GM, Kerdijk W, Meijer HJA, Cune MS. Implant-
supported mandibular removable partial dentures; patient-
based outcome measures in relation to implant position. J Dent 
2016;55:92–98. 

10.  Gates WD 3rd, Cooper LF, Sanders AE, Reside GJ, De Kok IJ. The effect 
of implant-supported removable partial dentures on oral health 
quality of life. Clin Oral Implants Res 2014;25:207–213. 

11.  Rodrigues RC, Faria AC, Macedo AP, de Mattos Mda G, Ribeiro RF. Re-
tention and stress distribution in distal extension removable partial 
dentures with and without implant association. J Prosthodont Res 
2013;57:24–29.

12.  Ohkubo C, Kobayashi M, Suzuki Y, Hosoi T. Effect of implant support 
on distal-extension removable partial dentures: In vivo assessment. 
Int J Oral Maxillofac Implants 2008;23:1095–1101.

13.  Keltjens HM, Kayser AF,Hertel R, Battistuzzi PG. Distal extension 
removable partial dentures supported by implants and residual 
teeth: Considerations and case reports. Int J Oral Maxillofac Implants 
1993;8:208–213.

14.  Jang Y, Emtiaz S, Tarnow DP. Single implant-supported crown used 
as an abutment for a removable cast partial denture: A case report. 
Implant Dent 1998;7:199–204. 

15.  Pellecchia M, Pellecchia R, Emtiaz S. Distal extension mandibular re-
movable partial denture connected to an anterior fixed implant-sup-
ported prosthesis: A clinical report. J Prosthet Dent 2000;83:607–612. 

© 2023 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY. 
NO PART MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER. 

User
螢光標示

User
螢光標示

User
螢光標示



The International Journal of Oral & Maxillofacial Implants 61

Jung/Yi

16.  Eom JW, Lim YJ, Kim MJ, Kwon HB. Three-dimensional finite element 
analysis of implant-assisted removable partial dentures. J Prosthet 
Dent 2017;117:735–742.

17.  Pellizzer EP, Verri FR, Falcón-Antenucci RM, Goiato MC, Gennari Filho 
H. Evaluation of different retention systems on a distal extension re-
movable partial denture associated with an osseointegrated implant. 
J Craniofac Surg 2010;21:727–734. 

18.  Xiao W, Li Z, Shen S, Chen S, Wang Y, Wang J. Theoretical role of 
adjunctive implant positional support in stress distribution of distal-
extension mandibular removable partial dentures. Int J Prosthodont 
2014;27:579–581. 

19.  Tribst JP, de Araújo RM, Ramanzine NP, et al. Mechanical behavior of 
implant assisted removable partial denture for Kennedy class II. J Clin 
Exp Dent 2020;12:e38–e45. 

20.  Fayaz A, Geramy A, Memari Y, Rahmani Z. Effects of length and 
inclination of implants on terminal abutment teeth and implants in 
mandibular CL1 removable partial denture assessed by three-dimen-
sional finite element analysis. J Dent (Tehran) 2015;12(10):739–746.

21.  Ohyama T, Nakabayashi S, Yasuda H, Kase T, Namaki S. Mechanical 
analysis of the effects of implant position and abutment height on 
implant-assisted removable partial dentures. J Prosthodont Res 
2020;64:340–345.

22.  ELsyad MA, Omran AO, Fouad MM. Strains around abutment teeth 
with different attachments used for implant-assisted distal extension 
partial overdentures: An in vitro study. J Prosthodont 2017;26:42–47. 

23.  Oh WS, Oh TJ, Park JM. Impact of implant support on mandibular 
free-end base removable partial denture: Theoretical study. Clin Oral 
Implants Res 2016;27:e87–e90. 

24.  Disha V, Čelebić A, Rener-Sitar K, Kovačić I, Filipović-Zore I, Peršić S. 
Mini dental implant-retained removable partial dentures: Treat-
ment effect size and 6-months follow-up. Acta Stomatol Croat 
2018;52:184–192. 

25.  Bortolini S, Natali A, Franchi M, Coggiola A, Consolo U. Implant-
retained removable partial dentures: An 8-year retrospective study. J 
Prosthodont 2011;20:168–172. 

26.  Park JH, Lee JY, Shin SW, Kim HJ. Effect of conversion to implant-
assisted removable partial denture in patients with mandibular 
Kennedy classification I: A systematic review and meta-analysis. Clin 
Oral Implants Res 2020;31:360–373. 

27.  Bellia E, Audenino G, Ceruti P, Bassi F. Clinical assessment of short 
implants retaining removable partial dentures: 4-year follow-up. Int J 
Oral Maxillofac Implants 2020;35:207–213. 

28.  Kang SH, Kim SK, Heo SJ, Koak JY. Survival rate and clinical evaluation 
of the implants in implant assisted removable partial dentures: Sur-
veyed crown and overdenture. J Adv Prosthodont 2020;12:239–249. 

29.  Bural C, Buzbas B, Ozatik S, Bayraktar G, Emes Y. Distal extension 
mandibular removable partial denture with implant support. Eur J 
Dent 2016;10:566–570.

30.  Bae EB, Kim SJ, Choi JW, et al. A clinical retrospective study of dis-
tal extension removable partial denture with implant sur-
veyed bridge or stud type attachment. Biomed Res Int 
2017;2017:7140870.

31.  Adell R, Lekholm U, Rockler B, Brånemark PI. A 15-year study of os-
seointegrated implants in the treatment of the edentulous jaw. Int J 
Oral Surg 1981;10:387–416.

32.  Albrektsson T, Zarb G, Worthington P, Eriksson AR. The long-term 
efficacy of currently used dental implants: A review and proposed 
criteria of success. Int J Oral Maxillofac Implants 1986;1:11–25.

33.  Maeda Y, Sogo M, Tsutsumi S. Efficacy of a posterior implant support 
for extra shortened dental arches: A biomechanical model analysis. J 
Oral Rehabil 2005:32:656–660.

34.  Roh K, Jeon Y, Jeong C, Yoon M, Lee S, Huh J. Implant assisted remov-
able partial denture with implant surveyed crown: A 20-month 
follow-up case report. J Kor Acad Prosthodont 2018;56:324–329.

35.  Park J, Min B, Yang H, Park C, Park S. Clinical application of mandibu-
lar removable partial denture using implant-supported surveyed 
crown: A case report. J Kor Acad Prosthodont 2018;56:154–160.

36.  Gil K, Yi H, Kim K, Lee J, Seo J. Three-year follow-up of full mouth reha-
bilitation with anterior implant surveyed bridges and distal extension 
removable partial denture. J Kor Acad Prosthodont 2018;56:218–226.

37.  Choi B, Kim Y, Lee J. Implant-assisted removable partial denture for se-
verely atrophied mandible. J Kor Acad Prosthodont 2019;57:171–175.

38.  Mitrani R, Brudvik JS, Phillips KM. Posterior implants for distal exten-
sion removable prostheses: A retrospective study. Int J Periodontics 
Restorative Dent 2003;23:353–359.

39.  Mijiritsky E, Lorean A, Mazor Z, Levin L. Implant tooth-supported 
removable partial denture with at least 15-year long-term follow-up. 
Clin Implant Dent Relat Res 2015;17:917–922. 

40.  Jo DW, Yi YJ, Kwon MJ, Kim YK. Correlation between interimplant 
distance and crestal bone loss in internal connection implants with 
platform switching. Int J Oral Maxillofac Implants 2014;29:296–302.

41.  Lee EJ, Koo KT, Kim JY, et al. The effect of internal versus external 
abutment connection modes on crestal bone changes around dental 
implants: A radiographic analysis. J Periodontol 2012;83:1104–1109.

42.  Kim YK., Kim SG, Kim JH, Yi YJ, Yun PY. Prospective study of tapered 
resorbable blasting media surface implant stability in the maxil-
lary posterior area. Oral Surg Oral Med Oral Pathol Oral Radiol 
2012;114:e19–e24.

43.  Caricasulo R, Malchiodi L, Ghensi P, Fantozzi G, Cucchi A. The influ-
ence of implant-abutment connection to peri-implant bone loss: A 
systematic review and meta-analysis. Clin Implant Dent Relat Res 
2018;20:653–664. 

44.  de Medeiros RA, Pellizzer EP, Vechiato Filho AJ, Dos Santos DM, da Sil-
va EV, Goiato MC. Evaluation of marginal bone loss of dental implants 
with internal or external connections and its association with other 
variables: A systematic review. J Prosthet Dent 2016;116:501–506.e5.

45.  Alkhodary MA. Class II Kennedy implant assisted mandibular remov-
able partial dentures with and without cross arch stabilization: A 
strain gauge in vitro study. Egyptian Dent J 2020;66:1173–1182.

46.  Payne AG, Tawse-Smith A, Wismeijer D, De Silva RK, Ma S. Multicentre 
prospective evaluation of implant-assisted mandibular removable 
partial dentures: Surgical and prosthodontic outcomes. Clin Oral 
Implants Res 2017;28:116–125.

47.  Malchiodi L, Cucchi A, Ghensi P, Consonni D, Nocini PF. Influence of 
crown-implant ratio on implant success rates and crestal bone levels: 
A 36 month follow-up prospective study. Clin Oral Implants Res 
2014;25:240–251.

48.  Kaufmann R, Friedli M, Hug S, Mericske-Stern R. Removable dentures 
with implant support in strategic positions followed for up to 8 years. 
Int J Prosthodont 2009;22:233–242.

© 2023 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY. 
NO PART MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER. 




