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ABSTRACT

Purpose: To compare survival and incidence of complications for solely implant-supported double-crown-retained den-
tures (DCRDs) and combined tooth-implant-supported DCRDs for restoration of a complete jaw.

Materials and Methods: Patients were consecutively admitted to treatment at the Department of Prosthodontics, University
of Heidelberg, during a time period from 2003 to 2011. Schedule and unscheduled visits were recorded on standardized
documentation forms. Age, gender, location of implants, number of abutment teeth, jaw, and antagonist were assessed as
possible factors affecting the number of complications per patient.

Results: Fifty-five patients with 66 DCRDs on 209 implants and 102 teeth were included. Of these, 30 dentures on
129 implants were solely implant-supported whereas the other 36 were combined tooth—implant-supported. During an
observation period of up to 8.3 years (mean 3.4 years; SD 1.9) superstructure survival was 93.3% for the solely implant-
supported DCRDs and 100% for the combined tooth—implant-supported DCRDs. Survival without major complications
was 86.7% and 83.3%, respectively. Gender and location of both superstructure and implants were statistically associated
with a greater number of complications.

Conclusion: Within the limitations of this exploratory retrospective study, not only solely implant-supported DCRDs but
also superstructures combining remaining teeth and implants within DCRDs might be a reliable treatment option for
elderly patients. Prospective randomized clinical trials are needed to confirm this, however.
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INTRODUCTION and esthetic deficits of the orofacial system result in

Edentulism and severely reduced dentition are still reduced chewing ability and reduced quality of life.>”

major concerns for elderly patients, because functional Oral rehabilitation by insertion of dental implants may

help to improve this situation.”™

The wide range of treatment options for edentu-
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only one to three implants in the mandible supporting

crown, bar-retained, or fixed dentures supported by

) ) ) 4-8 implants,"*™® up to maximum intervention, for
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Depending on the number and position of the remaining
teeth, however, the stability and retention of single root-
supported dentures may be poor.”

Combining teeth with a limited number of implants
in strategic positions for removable dentures might result
in similar problems.” A few studies with root copings,
ball attachments, and double crowns as connecting ele-
ments have been reported in the literature. Kaufmann
and colleagues, in a cohort study on 60 partially edentu-
lous patients, treated the remaining teeth with root
copings or telescopic crowns and showed that insertion
of one or two implants may improve symmetrical

denture support.”

Although the number of prosthetic
complications in this study was high, in 2005 Mijiritsky
and colleagues reported 100% implant survival and
minor prosthetic complications after treating 15 patients
with combined tooth—implant-supported dentures.*

Combining remaining teeth with implants inserted
in strategic positions, by fabrication of double-crown-
retained dentures (DCRDs), could enable polygonal
abutment arrangements” and, therefore, stabilize the
superstructure.”®

DCRDs supported solely on teeth are known to be a
successful treatment option, even over long periods of
observation.”~! Advantages are ease of accessibility for
dental hygiene, the possibility of extraoral repair, and
extensibility in cases of tooth loss. Solely implant-
supported DCRDs, however, are less often described in
the literature™ and, unfortunately, only a few case
reports and clinical studies are available on the survival
of, and incidence of complications for, combined tooth
and implant-supported DCRDs.”** Mijiritsky’s review
on implants in conjunction with removable partial den-
tures in 2007 therefore mostly comprised single case
reports on implant-supported removable partial den-
tures in the mandible.”*

The objective of this exploratory retrospective
study was, therefore, to assess the incidence of super-
structure complications for solely implant-supported
and for combined tooth—implant-supported DCRDs
fabricated, for restoration of a complete jaw, at the
Department of Prosthodontics in the years 2003 to
2011, with special focus on comparison of the inci-
dence of complications for solely implant-supported
and combined tooth—implant-supported DCRDs. Fur-
thermore, analysis of the collected data was performed
to identify factors affecting the number of complica-
tions per patient.
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MATERIALS AND METHODS

Patient Population and Data Collection

Patients of both sexes seeking treatment at the Depart-
ment of Prosthodontics, University of Heidelberg,
between 2003 and 2011, and who fulfilled the inclusion
criteria, participated in this study. The study was a retro-
spective analysis of ongoing documented material. Data
were extracted with the aid of a data-extraction sheet.
The ongoing observation study, which was approved by
the regional ethics committee (27/2005), documents all
implants and suprastructures inserted and fabricated at
the Department of Prosthodontics, Heidelberg.

The inclusion criteria for this analysis were being
edentulous or having reduced dentition in the mandible
or maxilla and wishing prosthetic treatment, including
the insertion of dental implants to increase the number
of abutments in strategic positions. Furthermore, both
implants and denture had to be placed at the Depart-
ment of Prosthodontics, and the observation period had
to be a minimum of 6 months after prosthetic restora-
tion. Only DCRDs with secondary crowns fabricated
by the galvanoforming technique on implants of one
manufacturer (Straumann GmbH, Basel, Switzerland)
were included. Immediate or early loading of the
implants was excluded from the study; only conven-
tional loading was allowed. All patients were informed
in detail about the study procedure and signed an
informed consent form. Furthermore, all patients
were treated in accordance with conventional clinical
procedures, and the course of treatment and follow-up
examinations was documented by use of standardized
documentation forms.

Technical Procedure

All teeth underwent clinical and radiographic examina-
tion before planning number and position of the abut-
ments supporting the DCRD. Only teeth that fulfilled
the criteria according to the recommendation of the
decision-making chart of Avila and colleagues® were
included in the study. Following these guidelines it could
also be realized, that implants were only inserted in peri-
odontal healthy sites. The implants were placed in accor-
dance with the standard procedures recommended by
the manufacturer; a surgical splint was used to ensure
the strategic planned positions. The healing period was
3 months for all implants in the mandible and 6 to
9 months for maxilla implants. All patients were treated
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in accordance with the guidelines of the department.
The taper of the prepared teeth was approximately 6°
and primary crowns were cast with precious alloys and
milled with a taper of approximately 2°. For all impres-
sions polyether material was used. Secondary crowns
were fabricated by the galvanoforming technique and
cobalt—chrome-molybdenum metal frameworks com-
pletely enclosing these copings were produced. After
permanent fixing of the primary crowns to secure
passive fit of the suprastructure, the secondary crowns
luted
molybdenum metal frameworks. The facings of the

were intraorally to the cobalt—chrome—
dentures were all made of acrylic (Figure 1).
Each dentist maintained baseline documenta-

tion and documentation for subsequent recalls after

6 months, 12 months, and then at 1-year intervals,
on standardized documentation forms. Patients were
requested to consult the clinic immediately on recogni-
tion of any complication; both scheduled and unsched-
uled visits were recorded.

included
recording of both technical or biological complications

Follow-up clinical examination and
and their treatment. In this clinical trial any interven-
tion for DCRDs was counted as a complication. Occur-
rence of complications and the measures implemented
were documented separately on standardized complica-
tion forms. Depending on the extent of the complica-
tion the DCRDs were repaired chairside or at the dental
laboratory. If repair was not possible the DCRD was

remade.

Figure 1 A, Preparation of remaining teeth. B, Try-in of the primary crowns on the teeth before pick-up impression. C, Screwing-in
of the abutments and cementation of the primary crowns on teeth. D, Try-in of the secondary crowns (fabricated by the
galvanoforming technique). E, Try-in of the luted framework, control of passive fit. F, Pick-up impression on secondary crowns and
luted framework. G, Interior view of combined tooth—implant-supported double-crown-retained dentures. H, Close-up of patient

smile.



Data Management and Statistical Analysis

All data were analyzed by the use of SPSS 19.0 (SPSS
Inc., Chicago, IL, USA). Kaplan—Meier curves were
plotted to depict survival without major complications
for the solely implant-supported DCRDs and the com-
bined tooth—implant-supported dentures, and implant
survival for both groups. For statistical comparison of
the survival curves the log rank test was used. Statistical
significance was set at a p value of <0.05.

A linear general estimation equation (GEE) model
with dependent variable “number of complications
per patient” was calculated. As independent variables
“age” (in years), “gender” (male/female), “location of
implants” (unilateral/bilateral), “number of abutment
teeth” (number), “jaw” (maxilla/mandible), and “antago-
nist” (fixed/removable/complete denture) were all
entered in the model. In a backward elimination process
variables with a p value exceeding p = .15 were eliminated
stepwise from the model until all remaining variables
had a p value of 0.15 or smaller. The hypothesis of
this analysis was that there is no difference between the
complication rates of solely implant-supported and
combined tooth—implant-supported DCRDs.

RESULTS

A total of 55 patients with 66 dentures on 209 implants
and 102 teeth fulfilled the inclusion criteria and were
included in the statistical analysis. Twenty-one patients
were edentulous and 34 had remaining teeth in one or
both jaws. The proportion of males was slightly higher
(65.2%) and patients were slightly older (mean age
65.2 years, standard deviation [SD] 8.9) than the average
for patients at the Department of Prosthodontics. Of all,
one patient was lost to follow-up in 2007, two patients
in 2008, and further nine patients had the last recall in
2010. The other 43 patients attended the last follow-up
examination between June 2011 and May 2012.

Patients were retrospectively classified into two
groups. Group 1 (solely implant-supported) included
30 dentures on 129 implants. The overall number of
abutments was 4.2+ 0.6 (range 3-6). Group 2 (com-
bined tooth—implant-supported) included 36 dentures
on 80 implants and 102 teeth. The overall number of
abutments was 5.2 + 1.4 (range 2-9). A total of 42 den-
tures were placed in the maxilla; of these, 18 were solely
implant-supported. Twenty-four superstructures were
inserted in the mandible, 12 in each group.
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During a suprastructure observation period of up to
8.3 years (mean 3.4 years; SD 1.9), two superstructures
were lost in group 1 because for one patient all the
implants had failed and for the other patient irrepair-
able loss of retention of the superstructure occurred;
superstructure survival was, therefore, 93.3% for solely
implant-supported DCRDs and 100% for combined
tooth—implant-supported DCRDs. Survival without
major complications was 86.7% in group 1 and 83.3%
in group 2. Estimated cumulative survival in group 1 was
92.3% after 2 years and 78.5% after 5 years and in group 2
was 93.3% after 2 years and 82.9% after 5 years (Figure 2).
During the observation period no complications occurred
for 16 DCRDs in group 1 (53.3%) and 14 DCRDs in group
2 (38.9%). The number and kind of major and minor
complications per patient are listed in Tables 1 and 2.
For a total of 21 patients the first complication occurred
within the first 2 years of observation (9 in the first year,
12 in the second). In the following years the incidence of
first complications decreased to four per year after 3 and
4 years, to six after 5 years and to one after 6 years.

The GEE showed that locations of implants and
superstructure and patient gender were statistically sig-
nificantly associated with the number of complications;

-
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Figure 2 Six-year-Kaplan—Meier superstructure survival curves
without major complications for the groups “implant-
supported double-crown-retained dentures (DRCDs)” and

“tooth-implant-supported DCRDs”; (“n” = number of patients
attending the recall).
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TABLE 1 Description of Major and Minor Complications of the Groups “Solely Implant-Supported DCRDs,”

“Combined Tooth-Implant-Supported D ," and “All DCRDs"

Kind of Complication Group 1 Group 2 Total

Major complication

Loss of superstructure after implant failure 1 0 1
Loss of retention of the superstructure 1 2 3
Fracture of the superstructure framework or base 1 1 2
Major rework of the framework after reimplantation 1 1 2
Change of all acrylic teeth and facings 0 2 2
Minor complication
Chipping or fracture of acrylic 5 11 16
Repair of facings 7 20 27
Relining of the superstructure 0 3 3
Refixing of the abutment 3 0 3

more complications were associated with situations in

TABLE 2 Description of the Number of

Complications per Patient of the Groups “Solely which the implants were placed unilaterally, with super-
Implant-Supported DCRDs,” “Combined structures placed in the maxilla and with male gender
Tooth-Implant-Supported DCRDs,” and “All DCRDs" (Table 3). The independent variables antagonist
Number of (p=.595) and age (p=.170) were removed from the
Complications model in the backward elimination process.

per Patient Group 1 Group 2 Total

0 16 14 30 DISCUSSION

L iy 12 22 The hypothesis of this retrospective analysis could be
2 X 2 > confirmed. The incidence of complications for solely
3 1 8 9

implant-supported and combined tooth—implant-

TABLE 3 General Estimation Equation Model for the Dependent Variable “Number of Complications per

Patient”

95% Wald Confidence Interval

Factor Exp (B) Significance Minimum Maximum
Gender
Men 0.811 0.000 0.367 1.256
Women 1 — — —
Location
Maxilla 0.447 0.020 0.071 0.824
Mandible 1 — — —
Implant location
Unilateral 0.879 0.001 0.372 1.387
Bilateral 1 — — —
Number of abutments 0.110 0.125 —0.031 0.251

(Scale) 0.755 — — —




supported DCRDs did not differ significantly in this
exploratory study. Furthermore, analysis of the collected
data showed that the factors gender and location of
both dentures and implants affected the number of
complications per patient.

Several studies on solely implant-supported super-
structures have been reported in the literature. Bars
and ball attachments are the most common treatment
options, and the amount of literature on DCRDs is only
small. There are, unfortunately, even fewer reports on
combined tooth—implant-supported DCRDs. In a retro-
spective study of survival and incidence of complica-
tions for combined tooth—implant-supported fixed
(n=178) and removable partial dentures (n=51) on
459 implants and 449 teeth, Nickenig and colleagues,”
in 2008, concluded there was no difference between the
DCRDs and the fixed dentures. Krennmair and col-
leagues,™ in a retrospective study of 22 patients with
DCRDs on 48 teeth and 60 implants, after a mean obser-
vation period of 3.2 years, reported 100% survival of the
superstructures. The same group, in a prospective ran-
domized trial with 51 patients, compared survival and
success for solely implant-supported overdentures on
milled bars or telescopic crowns on four implants in
the edentulous mandible.”” A total of 25 patients had
received telescopic crowns whereas the other 26 patients
had received milled bars. After observation for 3 years
the mean annual number of interventions/year/patient
was 0.45 for the telescopic anchoring system compared
with 0.41 for the milled bar group. A total of 58 compli-
cations occurred, with no significant difference between
the two groups. The most common complications in
the telescopic group were matrix deactivation, fracture/
renewal of acrylic teeth, denture margin adaptation, and
rebasing of denture or opposite denture. The results of
Krennmair and colleagues are comparable with those
in this study — total renewal of facings 40.9% and total
fracture of acrylic teeth 24.2% were the most common
complications in both groups.

In clinical studies of solely tooth-supported DCRDs
the factors number, distribution, and position of the
abutment teeth affected survival of DCRDs.” Although
comparable to a limited extend only, the results of this
retrospective study are similar — the location of the
implants had a significant effect on the number of com-
plications per patient. Placing the implants unilaterally
resulted in a greater amount of aftercare. A possible
reason might be the different resilience of natural teeth
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and implants and the resulting stress or tension within
the superstructure. As a consequence, it might be useful
to place strategic implants on both sides of one jaw to
secure the stability of the superstructure.

DCRDs placed in the maxilla in this study resulted
in a greater number of complications. According to the
literature, the number of failures seems, in general, to be
higher for implant-retained overdentures in the maxilla.

Hutton and colleagues,”

in a 3-year follow-up study
in 1995, reported overdenture failures of 3.3% in the
mandible and 27.6% in the maxilla. However, because of
different treatment procedures, patient populations, and
evaluation criteria the results are comparable to a limited
extent only.

Furthermore, in this trial male patients had more
complications than females. A reason might be the higher
bite forces of men.***" Another reason might be more
careful behavior of women regarding the superstructure.

This study had some limitations. It is a retrospective
analysis based on patient charts and documentation
forms. Dentists with different clinical experience, and
different dental technicians, participated in the study.
This could have resulted in some of the technical com-
plications. However, all clinicians adhered to the treat-
ment guidelines for DCRDs of the Department of
Prosthodontics.

Combining remaining teeth and implants has
several advantages; high functionality with the possibil-
ity of extension after abutment loss, compensation of
nonparallel tooth axes, preferred polygonal abutment
arrangement and ease of cleaning seem to be the most
important objective advantages. However, keeping one
or a few remaining teeth, and including them in the new
superstructures might be an important psychological
advantage for many elderly patients who might not
wish to be “toothless.” Furthermore, the presence of at
least one or two remaining teeth secures tactility and
might be a helpful sensor enabling avoidance of func-
tional overload that could occur with solely implant-
supported superstructures.

CONCLUSION

The results of this retrospective study suggest that both
solely implant-supported and combined tooth—implant-
supported DCRDs result in high survival and success.
Complications depended on patients’ gender and loca-
tion of both implants and superstructures. Keeping in
mind the reduced physical, psychological, and financial
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stress on elderly patients when remaining teeth may be

included in new implant-supported superstructures, not

only implant-supported DCRDs, but also combined

tooth—implant-supported might be a suitable treatment

option. Prospective randomized clinical trials are needed

to confirm this, however.
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