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Edentulous patients with a severely resorbed
mandible often experience problems with their

conventional dentures because of an impaired load-
bearing capacity.1,2 These problems include pain dur-
ing mastication and insufficient stability and reten-
tion of the denture, especially with regard to the
mandibular denture. Long-term follow-up studies
have shown that these problems can be successfully
managed using fixed prostheses supported by five or
six endosseous implants.3,4 However, there appears to
be no need to replace every unstable, problematic
complete denture with fixed complete-arch prosthe-

ses. Many patients are satisfied with a stable implant-
supported overdenture that requires limited clinical
time and financial expense.5–7

An overdenture is defined as “a removable partial
or complete denture that covers and rests on one or
more remaining natural teeth, roots, and/or dental
implants; a prosthesis that covers and is partially sup-
ported by natural teeth, tooth roots, and/or dental
implants.”8 Most patients seeking improvement in
the retention and stability of the mandibular denture
and decrease of oral soreness have no objections to
removable prostheses and do not desire complete
fixed prostheses and their implied more difficult oral
hygienic procedures.

The aim of this study was to develop a treatment
concept for mandibular overdentures supported by
endosseous implants based on a review of the litera-
ture, with special emphasis on the number and type
of implants, quantity and quality of bone, aspects of
the soft tissue, and kind of superstructure used.
Because of either differences in the experimental
setup and/or shortcomings in the experimental de-
sign, the results of most studies are not fully compa-
rable with each other as only general tendencies are
discussed.
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Edentulous patients with a severely resorbed mandible often experience problems with their dentures. Treatment
concepts involving two to four implants for the support of an overdenture have been proposed. The aim of this
study was to develop a treatment concept for mandibular overdentures supported by endosseous implants based
on a review of the literature. It is proposed that two implants supporting a mandibular overdenture (bar construc-
tion) are sufficient for most applications. Four implants are indicated in situations involving a dentulous maxilla,
a narrow mandibular arch, extreme resorption of the mandible (bone height greater than 12 mm), and mandibular
soreness and pain.
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Approximately 10 years ago, van Steenberghe et al9

reported on the possibility of using overdentures sup-
ported by two Brånemark implants to treat mandibu-
lar denture problems (98% success rate, observation
time 0 to 52 months). Prior studies emphasizing the
treatment of edentulous patients with fixed prosthe-
ses supported by six implants had been described.3,10

Van Steenberghe et al9 were among the first authors
who proposed the placement of fewer implants in
advantageous sites, rather than placing as many
implants in limited space as possible to achieve the
original goal of six endosseous implants for the reha-
bilitation of a completely edentulous jaw.

Long-term studies on mandibular overdentures
supported by endosseous implants are scarce. The

mean observation time is often less than 5 years
(Table 1), which does not meet the generally
accepted long-term criteria for success of Albrekts-
son et al.10 To date, literature on prospective studies
involving overdentures supported by endosseous
implants with a follow-up period of at least 5 years
are limited to the studies of Mericske-Stern and
Zarb11 and Mericske-Stern et al.12 Mericske-Stern
and Zarb11 described a group of 34 ITI Bonefit and
25 Brånemark mandibular overdenture patients. Soft
tissue and radiographic evaluations of both groups
revealed that health of the marginal tissue was main-
tained and peri-implant bone loss was minimal (less
than 0.5 mm/year) during the 5-year follow-up. Since
data collection was done by different investigators
(no calibration) and different parameters were used
(dental versus panoramic radiographs, up to 50% of

Table 1 Overview of Literature Related to Overdentures Supporting Endosseous Mandibular Implants

Implants/ Survival
Retro/ Overdentures Implants overdenture Attachment Observation rate

Literature prosp Implant type (N) (N) (N) design time (mean) (%)

Engquist et al15 Retro Brånemark ? 148 Avg 3 Bar/single 3–40 mo (?) 93.9
Naert et al5 Retro Brånemark 44 88 2 Bar 1–30 mo (?) 97.7
Quirijnen et al44,45,46 Retro Brånemark 80 163 2 Bar/single 4–48 mo (19.7) 98.6
Naert et al6,17 Retro Brånemark 80 163 2 Bar/single 4–48 mo (19.7) 98.6
Parel47 Retro Brånemark 15 45 3 Bar/single 31–58 mo (?) 95.6
Cune/de Putter39 Retro ITI Bonefit/IMZ 303 827 ? Bar/single ? mo (21.2) 99.8

Brånemark/Screw Vent
van Steenberghe et al9 Prosp Brånemark 43 98 2 Not reported 0–52 mo (?) 98.5
Haraldson et al48 Prosp Brånemark 9 36 2 Bar/single 12 mo (12) 100
Engquist49 Prosp Brånemark 24 54 2/3 Bar/single 6–56 mo (29) 87
Zarb/Schmitt50 Prosp Brånemark 28 79 2/3 Bar/single 1–72 mo (?) 94.9
McNamara/Henry51 Prosp Brånemark 9 18 2 Bar ? mo (18) 100
Johns et al18 Prosp Brånemark 103 393 2 Bar 12 mo (12) 96.2
Hutton et al23 Prosp Brånemark 103 393 2 Bar 36 mo (36) 94.2
Jemt et al52 Prosp Brånemark 103 393 2 Bar 5 y 94.5
Mericske-Stern/Zarb11 Prosp ITI Bonefit 34 (Bern) 74 Avg 2.7 Bar/single > 5 y 92.2

Brånemark 25 (Toronto) 68 Avg 2.2 Bar/single > 5 y 91.2
Donatsky19 Prosp Brånemark 25 93 2/3/4 Single 12–27 mo (?) 97
Naert et al22 Prosp Brånemark 36 72 2 Bar/single 3–24 mo (12.4) 100
Boerrigter et al27 Prosp Brånemark/IMZ 60 120 2 Bar 12 mo (12) 94.9
Geertman et al28 Prosp Brånemark/IMZ 58 116 2 Bar 12 mo (12) 98.3
Mericske-Stern33 Retro ITI type F 37 74 2 Bar/single 6–52 mo (32) 93.8
ten Bruggenkate et al34 Retro ITI type F 19 68 ? Bar 12–60 mo (?) 100
Mericske-Stern21 Retro ITI type F/Bonefit 44 88 2 Bar/single 36–84 mo (61) 98.9
Versteegh et al25 Retro ITI type F 36 135 3/4 Bar 45–109 mo (70) 74.8
Mericske-Stern et al12 Prosp ITI type F/Bonefit 33 66 2 Bar/single > 5 y 97
Mericske-Stern16 Retro ITI Bonefit 62 137 2/3/4 Bar/single 6–66 mo (?) 95.6
Geering/Mericske-Stern53 Retro ITI Bonefit 62 137 1/2/3/4 Bar/single 12–66 mo (?) 98.5
Donatsky/Hillerup54 Prosp ITI Bonefit 40 156 3/4 Single 1–3 y (?) 99
Kirsch55 Retro IMZ 143 365 2/4 Bar 0–11 y (?) 98
Batenburg et al31 Retro IMZ 57 114 2 Bar 12–57 mo (30) 97.4
Spiekermann et al35 Retro IMZ / TPS 136 300 2/3/4 Bar 0–11 y (5.7) 95/97
Kwakman32 Prosp IMZ 29 58 2 Bar 4–5y (5) 100
Leimola-Virtanen et al26 Retro TPS 42 166 4 Bar 3–10 y (5.6) 91.5
Wismeyer et al56 Retro TPS 64 218 2/3/4 Bar 66–119 mo (80) 96.8
Chiapasco et al57 Retro TPS/ITI/Ha-Ti/NLS 226 904 4 Bar 2–13 y (6.4) 96.9
Block et al58 Retro Integral 75 175 2/4 Bar/single 6–56 mo (?) 97.2
Gotfredsen et al20 Prosp Astra 20 40 2 Bar/single 24 mo (24) 97.5
Davis et al59 Prosp Astra 25 52 2/3 Single 3 y 99

Retro = retrospective study; prosp = prospective study.



the radiographs were missing), the conclusions of the
study should be interpreted with some caution. In a
second study, Mericske-Stern et al12 reported the 5-
year results of a group of 33 patients with mandibular
overdentures supported by either ITI type F or ITI
Bonefit implants. Again, healthy marginal tissues
were observed in this rather small group of patients.

The available prospective and retrospective stud-
ies on overdentures supported by two, three or four
implants indicate that implant survival rates are com-
parable to those involving implant-supported pros-
theses.13,14 In most studies, the implant survival rate
is at least 90% (Table 1). Furthermore, the studies of
Engquist et al15 and Mericske-Stern16 indicated that,
with regard to health of the peri-implant tissues, clin-
ically there were no differences among mandibular
overdentures supported by two, three, or four im-
plants in the interforaminal region. In the same
study, Engquist et al15 showed that there is no need
to splint the implants with a bar. However, the ball-
shaped attachments employed did not always provide
adequate retention, particularly in patients with
severe resorption of the alveolar ridge. While the
female retainers for bar attachments can be acti-
vated, female retainers for single attachments often
require replacement after loss of retention. The
majority of edentulous patients with extreme man-
dibular resorption complaining about lack of stability
and retention of the mandibular denture are satisfied
after treatment with a mandibular overdenture sup-
ported by two implants.7

Bone

According to the literature, the Lekholm/Zarb classi-
fication,24 the Cawood classification,29 and bone
height as measured on radiographs are methods com-
monly used for diagnostic purposes.6,15,17–29 The sig-
nificance of these diagnostic parameters on both the
treatment concept and treatment outcome still needs
further study. Engquist et al15 concluded that
Lekholm/Zarb classes 1 to 3 are favorable prerequi-
sites for overdenture treatment. However, in 64% of
their treated patients, the choice of overdenture ther-
apy was made by exclusion: the jawbone did not
allow placement of a sufficient number of endosseous
implants to support a fixed prosthesis, or such place-
ment had failed. Hutton et al23 reported that dental
arch (maxilla or mandible) and bone quality were the
only significant predictors of overdenture treatment
failure. The group with the highest risk for implant
failure had type E bone quantity and type 4 bone
quality (Lekholm/Zarb classification24).

The quantity and shape of mandibular bone deter-
mines the position and number of implants that can

be placed. In severely resorbed mandibles, only short
implants can be placed. The shorter the implant, the
less contact between implant and bone. This implies
that a very small amount of bone must withstand the
forces exerted on the implants. By increasing the
number of implants, the amount of contact between
implant surface and bone is also increased, and thus
the load-bearing capacity increases. Preliminary
results of a retrospective study by Triplett et al30 indi-
cate that endosseous cylinder implants of 10 mm or
less supporting a fixed prosthesis or an overdenture
in the mandible are useful and effective and show
success rates of 96% and 93%, respectively. The
applicability of short implants warrants further study.

Soft Tissue

There is still discussion in the literature as to whether
implants should be surrounded by keratinized
mucosa. Some authors favor the use of a standard
grafting procedure or the use of a modified vestibulo-
plasty32 in situations involving unattached oral
mucosa around the abutment.5,6,17,31 Other authors
suggest mucosal grafting where muscle pull or severe
gingival hyperplasia exist.25 Mericske-Stern et al12

and Mericske-Stern16 report that while, theoretically,
keratinized attached mucosa provides better mechan-
ical resistance, clinically, no significant differences in
the health of peri-implant tissues were observed
between abutments surrounded with keratinized or
nonkeratinized mucosa. Other authors have also con-
cluded that there is no definite need for keratinized
peri-implant mucosa.11,20,25,27,28,33–35 There is need
for prospective controlled studies of nonkeratinized
peri-implant mucosa to prove this hypothesis.

Superstructure

Design of the prosthesis superstructure and the num-
ber of supporting implants influences masticatory
function. However, from a within-subject comparative
study Feine et al36 concluded that, contrary to expec-
tations, masticatory function of subjects with an over-
denture was no less effective than in subjects with a
fixed prosthesis. Geertman et al37 reported no differ-
ences in masticatory performance between patients
with a mandibular overdenture supported by a TMI
implant or two IMZ implants. Both studies suggest
that the degree of support provided by implants
and/or alveolar mucosa does not determine the ability
to masticate food. In a study by Wismeyer38 of patient
satisfaction, no significant differences were found
between three groups of patients treated with
mandibular overdentures supported by two or four
implants with either ball or bar attachments.38
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With regard to superstructure type, Naert et al6,17

indicated that the bar concept involves more effort by
the dentist and technician compared to the use of sin-
gle attachments. They also showed that single attach-
ments provide lower retention capacity than bars, and
that Dolder-bar–supported overdentures were less
demanding than magnets and ball attachments.22

While the bar concept may be prosthetically pre-
ferred, single attachments may be the best choice in
patients experiencing problems with oral hygiene
maintenance because of their superior accessibility.
The choice of this concept in these patients is sup-
ported by the outcome of a study on the comparative
evaluation of different implant and attachment sys-
tems. In this study, Cune and de Putter39 observed no
differences in peri-implant tissues between implants
with single attachments and bar retainers.

Model Studies

Meijer et al40 showed that differences in stress value
between models with and without a bar are small
when the superstructures are loaded. They also
reported that structural stress in the mandible is not
reduced when using four instead of two implants
splinted with a bar. In addition, Jäger and Wirz41

showed that when two implants are placed in the
canine region, the most favorable anchorage/load
ratios were observed with a bar/clip retention system.

Economic Considerations

Literature on the economic aspects of implants sup-
porting overdentures is limited to a cost-effectiveness
analysis of different treatment modalities in a Dutch
population.42 A comparison of costs was made be-
tween patients in whom a transmandibular implant
was supplied supporting an overdenture and those
treated with overdentures supported by two implants
in the mandible. It was concluded that prosthetic
care and maintenance in all treatment concepts are
expensive. The transmandibular implant is far more
expensive, primarily because of a period of hospital-

ization and costs of the implant hardware. To the
authors’ knowledge, comparisons of costs using two
or four implants are not available in the literature,
but it seems reasonable to assume that the more
implants placed, the more expensive the treatment.

Treatment Concept Proposal

From review of the literature, it seems evident that
many treatment concepts involving mandibular over-
dentures supported by endosseous implants are
based on empirical experiences or are merely opin-
ions of members of individual centers. Long-term
comparative prospective controlled studies are
needed to reach agreement on an accepted treatment
concept. Factors such as the number and type of
implants used, quality and quantity of bone, kera-
tinized versus nonkeratinized peri-implant mucosa,
and type of superstructure should be part of these
studies. Although it is not possible to reach a definite
conclusion based on the current literature, the treat-
ment concept proposed in Table 2, which is based on
the available data in the literature, may form the
linchpin of such studies.

General Concept. If the patient desires increased
stability of the mandibular denture and increased
chewing ability, two implants connected by a bar in the
interforaminal region supporting an overdenture are
sufficient as a general rule. When anatomic restrictions
or other patient-related complicating factors are
involved, the fabrication of an overdenture supported
by either four implants with a bar or two implants with
single attachments may be preferable.

Bone Height. When mandibular interforaminal
bone height is less than 12 mm, a Zarb/Lekholm clas-
sification24 of D/E exists, and implants of 10 mm or
less are indicated, four implants are needed because
of the decreased available bone volume, an increased
intermaxillary distance, and the tendency for gradual
stress increase.

Narrow Mandibular Arch. In none of the pub-
lished overdenture studies was the placement of
more than two implants in the interforaminal region
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Table 2 Treatment Concept Proposal for the Edentulous Mandible

No. of implants/attachment

Four/bar Two/bar Two/single

General application ✓
Bone height < 12 mm ✓
Narrow mandibular arch ✓ ✓
Maxillary denture (partial) ✓
Chronic soreness ✓
Difficulty with oral hygiene ✓



based on the anatomy of the mandible. However,
when a narrow mandibular arch exists, a straight bar
between two implants would likely be situated over
the floor of the mouth rather than over bone, limiting
the function of the tongue. Using an angulated bar in
a more labial position would induce a concentration
of stress in the bone around the implants,43 and the
placement of two implants closer together would
result in a smaller bar with insufficient retention for
the overdenture. Therefore, four implants for a nar-
row mandibular arch and bar connection are needed,
while single attachments are indicated for a narrow
mandibular arch provided with two implants.

Dentulous Maxilla. A dentulous or partially den-
tulous maxilla increases the risk of overloading
mandibular implants. Therefore, the placement of
four implants in the interforaminal region is indi-
cated to divide the exerted forces over a larger con-
tact area between implant and bone.

Chronic Soreness. If the main complaint of a
patient is chronic soreness of the inferior alveolar
mucosa resulting from decreased load-bearing capac-
ity, four implants are indicated. An overdenture with
the support of four implants decreases oral soreness.
The four implants should not be placed in a two-by-
two configuration. This allows for only two clips in
the overdenture, resulting in loading of both the
implants and the mucosa of the inferior alveolar
ridge. Therefore, to enable an appropriate bar con-
figuration, the implants should be placed with equal
interimplant distances in the anterior area, allowing
placement of at least three retention clips in the
overdenture. This will decrease the mucosal loading.
A bar design with distal extensions will decrease the
mucosal loading even more.

Problems with Oral Hygiene Maintenance.
Single attachments are indicated in those patients for
whom problems with oral hygiene maintenance are
to be expected, eg, patients with a physical handicap.
However, patient skill for performing adequate oral
hygiene is not predictable in all cases.

Summary

Based on a review of the current literature, a treat-
ment concept proposal has been conceived for the
design of mandibular overdentures supported by
endosseous implants. To confirm the efficacy of such
a proposal, prospective studies of implants support-
ing overdentures are needed.

Acknowledgments

The authors wish to thank Dr Robert P. van Oort and Prof dr
Geert Boering for their contributions to this study.

References

01. Vervoorn JM, Duinkerke ASH, Luteijn F, Van de Poel ACM.
Assessment of denture satisfaction. Comm Dent Oral Epi-
demiol 1988;16:364–367.

02. Van Waas MAJ. The influence of clinical variables on patients
satisfaction with complete dentures. J Prosthet Dent
1990;63:307–310.

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

04. Albrektsson T, Dahl E, Enbom L, Engevall S, Engquist B,
Eriksson AR, et al. Osseointegrated oral implants. A Swedish
multicenter study of 8,139 consecutively inserted Nobel-
pharma implants. J Periodontol 1988;59:287–296.

05. Naert I, De Clerq M, Theuniers G, Schepers E. Overdentures
supported by osseointegrated fixtures for the edentulous
mandible: A 2.5-year report. Int J Oral Maxillofac Implants
1988;3:191–196.

06. Naert I, Quirijnen M, Theuniers G, Van Steenberghe D. Pros-
thetic aspects of osseointegrated fixtures supporting overden-
tures. A 4-year report. J Prosthet Dent 1991;65:671–680.

07. Boerrigter EM, Geertman ME, Van Oort RP, Bouma J,
Raghoebar GM, Van Waas MAJ, Van ‘t Hof MA, Boering G,
Kalk W. Patient satisfaction with implant retained mandibular
overdentures. A comparison with new complete dentures not
retained by implants. A multicentre randomized clinical trial.
Br J Oral Maxillofac Surg 1995;33:282–288.

08. The Glossary of Prosthodontic Terms, ed 6. J Prosthet Dent
1994;71:89.

09. Van Steenberghe D, Quirijnen M, Calberson L, Demanet M.
A prospective evaluation of the fate of 697 consecutive intra-
oral fixtures modum Brånemark in the rehabilitation of eden-
tulism. J Head Neck Pathol 1987;6:53–58.

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

11. Mericske-Stern R, Zarb GA. Overdentures: An alternative
implant methodology for edentulous patients. Int J Prostho-
dont 1993;6:203–208.

12. Mericske-Stern R, Steinlin Schaffner T, Marti P, Geering AH.
Peri-implant mucosal aspects of ITI implants supporting over-
dentures. A five-year longitudinal study. Clin Oral Implants
Res 1994;5:9–18.

13. Hemmings KW, Schmitt A, Zarb GA. Complications and
maintenance requirements for fixed prostheses and overden-
tures in the edentulous mandible. A 5-year report. Int J Oral
Maxillofac Implants 1994;9:191–196.

14. Adell R, Eriksson B, Lekholm U, Brånemark PI, Jemt T. A
long-term follow-up study of osseointegrated implants in the
treatment of the totally edentulous jaw. Int J Oral Maxillofac
Implants 1990;5:347–359.

15. Engquist B, Bergendal T, Kallus T, Linden U. A retrospective
multicenter evaluation of osseointegrated implants supporting
overdentures. Int J Oral Maxillofac Implants 1988;3:129–134.

16. Mericske-Stern R. Clinical evaluation of overdenture restora-
tions supported by osseointegrated titanium implants: A retro-
spective study. Int J Oral Maxillofac Implants 1990;5:375–383.

17. Naert I, Quirijnen M, Theuniers G, Schepers E, Teerlinck J,
Van Steenberghe D, De Clercq M. In: Schepers E, Naert I,
Theuniers G (eds). Overdentures on Oral Implants. Leuven:
Leuven University Press, 1991:113–129.

The International Journal of Oral & Maxillofacial Implants 543

Batenburg et al

COPYRIGHT © 2000 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING

OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY. NO PART OF

THIS ARTICLE MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITH-
OUT WRITTEN PERMISSION FROM THE PUBLISHER.



18. Johns RB, Jemt T, Heath MR, Hutton JE, McKenna S,
McNamara DC, et al. A multicenter study of overdentures
supported by Brånemark implants. Int J Oral Maxillofac
Implants 1992;7:513–522.

19. Donatsky O. Osseointegrated dental implants with ball attach-
ments supporting overdentures in patients with mandibular
alveolar ridge atrophy. Int J Oral Maxillofac Implants
1993;8:162–166.

20. Gotfredsen K, Holm B, Sewerin I, Harder F, Hjörting-
Hansen E, Pedersen CS, et al. Marginal tissue response adja-
cent to Astra dental implants supporting overdentures in the
mandible. A 2-year follow-up study. Clin Oral Implants Res
1993;4:83–89.

21. Mericske-Stern R. Forces on implants supporting overden-
tures: A preliminary study of morphologic and cephalometric
considerations. Int J Oral Maxillofac Implants
1993;8:254–263.

22. Naert I, Quirijnen M, Hooghe M, Van Steenberghe D. A
comparative prospective study of splinted and unsplinted
Brånemark implants in mandibular overdenture therapy. A
preliminary report. J Prosthet Dent 1994;71:486–492.

23. Hutton JE, Heath MR, Chai JY, Harnett J, Jemt T, Johns RB,
et al. Factors related to success and failure rates at 3-year fol-
low-up in a multicenter study of overdentures supported by
Brånemark implants. Int J Oral Maxillofac Implants
1995;10:33–42.

24. Lekholm U, Zarb GA. Patient selection and preparation. In:
Brånemark PI, Zarb GA, Albrektsson T (eds). Tissue Inte-
grated Prostheses: Osseointegration in Clinical Dentistry.
Chicago: Quintessence, 1985:199–209.

25. Versteegh PM, Van Beek GJ, Slagter AP, Ottervanger JP. Clin-
ical evaluation of mandibular overdentures supported by
multiple-bar fabrication: A follow-up study of two implant
systems. Int J Oral Maxillofac Implants 1995;10:595–603.

26. Leimola-Virtanen R, Peltola J, Oksala E, Helenius H, Happo-
nen RP. ITI titanium plasma-sprayed screw implants in the
treatment of edentulous mandibles: A follow-up study of 39
patients. Int J Oral Maxillofac Implants 1995;10:373–378.

27. Boerrigter EM, Van Oort RP, Raghoebar GM, Stegenga B,
Schoen PJ, Boering G. A controlled clinical trial of implant-
retained mandibular overdentures. Clinical aspects. J Oral
Rehabil 1997;24:182–190.

28. Geertman ME, Boerrigter EM, Van Waas MAJ, Van Oort RP.
Clinical aspects of a multicenter clinical trial of implant-
retained mandibular overdentures in patients with severely
resorbed mandibles. J Prosthet Dent 1996;75:194–204.

29. Cawood JJ, Howell RA. A classification of edentulous jaws. Int
J Oral Maxillofac Surg 1988;17:232–236.

30. Triplett RG, Mason ME, Alfonso WF, McAnear JT.
Endosseous cylinder implants in severely atrophic mandibles.
Int J Oral Maxillofac Implants 1991;6:264–269.

31. Batenburg RHK, Van Oort RP, Reintsema H, Brouwer TJ,
Raghoebar GM, Boering G. Overdentures supported by two
IMZ implants in the lower jaw. A retrospective study of peri-
implant tissues. Clin Oral Implants Res 1994;5:207–212.

32. Kwakman J. The Compromised Mandible. Implant-Related
Aspects [thesis]. The Netherlands, Univ of Nijmegen, 1997.

33. Mericske-Stern R. Die implantatgesicherte Totalprothese im
zahnlosen Unterkiefer. Schweiz Monatsschr Zahnmed
1988;98:931–936.

34. ten Bruggenkate CM, Muller K, Oosterbeek HS. Clinical
evaluation of the ITI (F-type) hollow cylinder implant. Oral
Surg Oral Med Oral Pathol 1990;70:693–697.

35. Spiekermann H, Jansen VK, Richter EJ. A 10-year follow-up
study of IMZ and TPS implants in the edentulous mandible
using bar-retained overdentures. Int J Oral Maxillofac
Implants 1995;10:231–243.

36. Feine JS, Maskawi K, De Grandmont P, Donohue WB, Tan-
guay R, Lund JP. Within-subject comparisons of implant-
supported mandibular prostheses: Evaluation of masticatory
function. J Dent Res 1994;73:1646–1656.

37. Geertman ME, Slagter AP, Van Waas MAJ, Kalk W. Com-
minution of food with implant-retained mandibular overden-
tures. J Dent Res 1994;73:1858–1864.

38. Wismeijer D. The Breda Implant Overdenture Study [thesis].
The Netherlands, Free Univ of Amsterdam, 1996.

39. Cune MS, De Putter C. A comparative evaluation of some
outcome measures of implant systems and superstructure
types in mandibular implant-overdenture treatment. Int J
Oral Maxillofac Implants 1994;9:548–555.

40. Meijer HJA, Starmans FJM, Steen WHA, Bosman F. A three-
dimensional finite element study on two versus four implants
in an edentulous mandible. Int J Prosthodont 1994;7:271–279.

41. Jäger K, Wirz J. In-vitro-Spannungsanalysen an Implantaten
in Abhängigkeit von den hybridprothetischen Suprakonstruk-
tionen. Z Zahnärztl Implantol 1993;9:42–49.

42. Van der Wijk P, Bouma J, Rutten FFH, Van Waas MAJ, Van
Oort RP, Van ‘t Hoff MA. Kosten-effectiviteitsanalyse tand-
heelkundige implantaten. Report of the Institute for Medical
Technology Assessment. ISBN 9072156323. Groningen/Rot-
terdam/Nijmegen: Northern Centre for Healthcare Research,
1995:94–112.

43. Meijer HJA, Starmans FJM, Steen WHA, Bosman F. A three-
dimensional, finite-element analysis of bone around dental
implants in an edentulous human mandible. Arch Oral Biol
1993;38:491–496.

44. Quirijnen M, Naert I, Van Steenberghe D, Teerlinck J,
Dekeyser C, Theuniers G. Periodontal aspects of osseointe-
grated fixtures supporting an overdenture. A 4-year retrospec-
tive study. J Clin Periodontol 1991;18:719–728.

45. Quirijnen M, Naert I, Van Steenberghe D, Schepers E, Cal-
berson I, Theuniers G, et al. The cumulative failure rate of
the Brånemark system in the overdenture, the fixed partial,
and the fixed full prostheses design: A prospective study on
1,273 fixtures. J Head Neck Pathol 1991;10:43–53.

46. Quirijnen M, Naert I, Teerlinck J, Theuniers G, De Clerq M,
Van Steenberghe D. Periodontal indices around osseointe-
grated oral implants supporting overdentures. In: Schepers E,
Naert I, Theuniers G (eds). Overdentures on Oral Implants.
Leuven: Leuven University Press, 1991:97–112.

47. Parel SM. Overdentures and implants: An osseointegrated
approach. In: Schepers E, Naert I, Theuniers G (eds). Over-
dentures on Oral Implants. Leuven: Leuven University Press,
191:57–79.

48. Haraldson T, Jemt T, Stålblad PC, Lekholm U. Oral function
in subjects with overdentures supported by osseointegrated
implants. Scand J Dent Res 1988;96:235–242.

49. Engquist B. Six years’ experience of splinted and non-splinted
implants supporting overdentures in upper and lower jaws. In:
Schepers E, Naert I, Theuniers G (eds). Overdentures on
Oral Implants. Leuven: Leuven University Press, 1991:27–41.

50. Zarb GA, Schmitt A. The longitudinal clinical effectiveness of
osseointegrated implant supported overdentures: A prelimi-
nary report on the Toronto study. In: Schepers E, Naert I,
Theuniers G (eds). Overdentures on Oral Implants. Leuven:
Leuven University Press, 1991:43–55.

544 Volume 13, Number 4, 1998

Batenburg et al

COPYRIGHT © 2000 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING

OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY. NO PART OF

THIS ARTICLE MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITH-
OUT WRITTEN PERMISSION FROM THE PUBLISHER.



51. McNamara DC, Henry PJ. Osseointegrated overdentures with
bar/clip retention. In: Schepers E, Naert I, Theuniers G (eds).
Overdentures on Oral Implants. Leuven: Leuven University
Press, 1991:131–151.

52. Jemt T, Harnett J, Heath MR, Hutton JE, Johns RB,
McKenna S, et al. A 5-year prospective multicenter follow-up
report on overdentures supported by oral implants. Int J Oral
Maxillofac Implants 1996;11:291–298.

53. Geering AH, Mericske-Stern R. Mandibular overdentures on
ITI implants. In: Schepers E, Naert I, Theuniers G (eds).
Overdentures on Oral Implants. Leuven: Leuven University
Press, 1991:83–91.

54. Donatsky O, Hillerup S. Non-submerged osseointegrated
dental implants with ball attachments supporting overden-
tures in patients with mandibular alveolar ridge atrophy. Clin
Oral Implants Res 1996;7:170–174.

55. Kirsch A. Overdentures on IMZ implants: Modalities and
long-term results. In: Schepers E, Naert I, Theuniers G (eds).
Overdentures on Oral Implants. Leuven: Leuven University
Press, 1991:15–17.

56. Wismeyer D, Van Waas MAJ, Vermeeren JIIF. Overdentures
supported by ITI implants: A 6.5-year evaluation of patient
satisfaction and prosthetic aftercare. Int J Oral Maxillofac
Implants 1995;10:744–749.

57. Chiapasco M, Gatti C, Rossi E, Haefliger W, Markwalder TH.
Implant-retained mandibular overdentures with immediate
loading. A retrospective multicenter study on 226 consecutive
cases. Clin Oral Implants Res 1997;8:48–57.

58. Block MS, Kent JN, Finger IM. Use of the integral implant
for overdenture stabilization. Int J Oral Maxillofac Implants
1990;5:140–147.

59. Davis DM, Rogers JO, Packer ME. The extent of mainte-
nance required by implant-retained mandibular overdentures:
A 3-year report. Int J Oral Maxillofac Implants
1996;11:767–774.

The International Journal of Oral & Maxillofacial Implants 545

Batenburg et al

COPYRIGHT © 2000 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING

OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY. NO PART OF

THIS ARTICLE MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITH-
OUT WRITTEN PERMISSION FROM THE PUBLISHER.


