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The Extremely Resorbed Mandible: 
A Comparative Prospective Study of 2-year Results

with 3 Treatment Strategies
Kees Stellingsma, DDS1/Gerry M. Raghoebar, DDS, MD, PhD2/
Henny J. A. Meijer, DDS, PhD3/Boudewijn Stegenga, DDS, PhD2

Purpose: The aim of this prospective clinical study was to compare the clinical and radiographic
results of 3 modes of implant treatment in combination with an overdenture in patients with extremely
resorbed mandibles. The 3 treatment strategies used were a transmandibular implant, augmentation
of the mandible with an autologous bone graft followed by placement of 4 endosseous implants, and
the placement of 4 endosseous implants only. Materials and Methods: Sixty edentulous patients met
the inclusion criteria and were assigned according to a balanced allocation method to 1 of the 3
groups. Postoperative complications, implant survival, periodontal indices, change in mandibular bone
height, and prosthetic complications were assessed during a 2-year evaluation period. Results: During
the evaluation period significantly more implants were lost in the transmandibular implant and the
augmentation groups compared to the group with endosseous implants only. Except for the Bleeding
Index and the Periotest values, the periodontal parameters did not differ significantly among the
groups. In all 3 groups, there was no significant bone loss at most locations. Minimal prosthetic
retreatment was necessary. Discussion: Although implant loss is a frequently used outcome measure
for success, the necessity of retreatment seems to be of more relevance for both the patient and the
clinician. Conclusions: The results of this study suggested that patients with extremely resorbed
mandibles can be treated with implants alone in this patient population. (More than 50 references.)
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Asubstantial percentage of the complete den-
ture–wearing population report shortcomings

in the function of their dentures.1,2 The lack of sta-
bility and retention, especially of the mandibular
denture, is responsible for the majority of these

complaints. Although numerous preprosthetic sur-
gical techniques have been developed to improve
the denture-bearing area, it was the widespread use
of dental implants that revolutionized prosthetic
treatment for edentulous patients.3 Dental implants
can be placed in the edentulous mandible to support
a fixed prosthesis or to retain an implant-supported
overdenture.4–6 Because of the relative simplicity,
high success rates, and cost-effectiveness of the
treatment, the majority of edentulous patients in
the Netherlands are treated using 2 to 4 implants in
the interforaminal area and an implant-retained
mandibular overdenture.7,8

This treatment concept, which has been evalu-
ated in several studies,9–11 can also be applied to
patients with extreme resorption of the edentulous
mandible. However, only a few studies specifically
describe the outcome results of short implants in
the interforaminal area of the extremely resorbed
mandible.12–14 Instead of using short implants, aug-
mentation of the extremely resorbed mandible with
autologous bone prior to implant placement can
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restore height of the mandible and make placement
of implants of maximal length possible.15–17 A third
option is the transmandibular implant system
according to Bosker,18,19 which was especially devel-
oped for the extremely resorbed mandible. These 3
treatment strategies are different in terms of surgi-
cal and prosthetic treatment procedures. The aims
of this prospective clinical trial were to evaluate and
compare clinical outcomes using these 3 implant
strategies to treat the extremely resorbed mandible.

MATERIALS AND METHODS

Patient Selection
Edentulous patients with an extremely resorbed
mandible and persistent problems with conventional
complete mandibular dentures were included in this
study. They were referred by general practitioners to
the Department of Oral and Maxillofacial Surgery
and Maxillofacial Prosthetics of the Groningen Uni-
versity Hospital and screened by an oral and maxillo-
facial surgeon and a prosthodontist, both with exten-
sive experience in the application of dental implants
in patients with persistent problems wearing com-
plete dentures. The criteria for inclusion were:

• The patient had to have been completely edentu-
lous for at least 2 years.

• Mandibular symphyseal height measured on a
standardized lateral radiograph had to be
between 6 and 12 mm (Fig 1).

• The patient had to have experienced severe func-
tional problems with mandibular dentures, eg,
poor retention and stability of the mandibular
denture.

• Little or no improvement could be expected from
the manufacture of new conventional dentures.

• Patients with a history of radiotherapy in the
head and neck region, preprosthetic surgery, or
previous oral implants were excluded from the
study.

The patients were thoroughly informed about
the 3 possible modes of treatment and about study-
related procedures associated with the trial (eg,
questionnaires, evaluation visits) before they gave
their written consent to participate. The study was
approved by the Medical Ethical Committee of the
University Hospital Groningen.

Study Design and Treatment Procedure
Treatment allocation was made using a balancing
procedure to provide for an equal distribution of
patients over the treatment groups with regard to
age, gender, period of mandibular edentulousness,
the number of previous mandibular dentures, the
number of years the present mandibular denture
had been worn, and the symphyseal bone height of
the mandible. A computer program was used for the
balanced allocation method of assigning a treatment
modality to each patient.20

All surgeries were done by 1 experienced oral
and maxillofacial surgeon according to protocols
that were established in close cooperation with the
manufacturers of the implant systems. The pros-
thetic procedures were performed by 2 experienced
prosthodontists following specific protocols for
each treatment modality.

Eligible patients were allocated to 1 of the 3
modes of treatment:

• Group 1: The 20 patients in group 1 each
received a transmandibular implant (TMI)
according to Bosker (M+R Haren, Haren,
Groningen, The Netherlands) consisting of a
baseplate, 4 implant posts, and 5 cortical screws,
all made of a gold alloy.18 The TMI was placed
under general anesthesia using an extraoral
approach (Fig 2) according to the protocol of
Bosker and associates.21,22 Through the removal
of redundant skin and subcutaneous fat and the
reconstruction of the facial musculature, the
appearance of the lower face can be restored.23,24

Eight days after the surgery a bar superstructure
connecting the 4 implant posts was placed.
Patients were advised to follow a soft diet to

Fig 1 The symphyseal bone height of the mandible was
assessed on a lateral radiograph.
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minimize loading of the implant system. Three
months after placement of the TMI, the prostho-
dontic treatment began.

• Group 2: In the 20 patients in group 2, the
mandible was augmented using an autologous
bone graft from the iliac crest. This procedure
was performed under general anesthesia. The
bone graft was placed using the interpositional
technique (Fig 3) described by Stellingsma and
associates.15 After 3 months, the osteosynthesis
wires were removed, and 4 IMZ apical screw-
type implants (Friadent, Mannheim, Germany)
were placed under local anesthesia in the inter-
foraminal region. Three months after implant
placement, second-stage surgery was performed
under local anesthesia. Prosthodontic treatment
was started 2 weeks after abutment connection.

• Group 3: In the 20 patients in group 3, four 8- or
11-mm Twin Plus IMZ implants (Friadent) were
placed in the interforaminal region under local
anesthesia (Fig 4) using the surgical procedure

previously described by Stellingsma and col-
leagues.13 Three months after implant place-
ment, second-stage surgery was performed under
local anesthesia. Prosthodontic treatment was
started 2 weeks after the abutment connection.

Length of the implants used in the 3 treatment
groups is presented in Table 1.

Prosthodontic Treatment
In group 3 the existing mandibular denture was
readapted 3 weeks after surgery with a soft liner
(Coesoft; Coe Laboratories, Chicago, IL), so the
patients were able to wear the mandibular denture
during the osseointegration period. In groups 1 and
2 the mandibular denture could not be adjusted
because of, respectively, the presence of a superstruc-
ture or extensive change in the denture-bearing area.

Patients with the IMZ implant system (groups 2
and 3) were treated with an overdenture supported
by an egg-shaped triple bar with a Dolder-clip

Fig 2 The TMI (group 1) was placed via a submental approach.
The baseplate was secured to the inferior border of the mandible
by cortical screws; as shown, the implant posts were secured to
the baseplate.

Fig 3 In group 2, the augmentation group, the mandible was
sectioned in the interforaminal area, and a corticocancellous
bone graft taken from the anterior ilium was positioned between
the 2 segments.

Fig 4 In group 3, four 8-mm implants were placed in the inter-
foraminal area.

Table 1 No. of Implants of Each Length by
Treatment Group

Length (mm)

Group 8 10 11 12 13 15 18

1 8 16 — 56 — — —
2 — — — — 8 52 20
3 56 — 24 — — — —
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retention system (Cendres et Métaux, Biel-Bienne,
Switzerland). The bar superstructure was not pro-
vided with cantilever extensions. In case of the TMI
system (group 1) an overdenture with 5 clips was
fabricated on a bar superstructure (Cendres et
Métaux), according to the protocol established in
close cooperation with the implant system manufac-
turers. In contrast to the IMZ implant system, the
bar was placed 8 days after implant placement. The
bars between the posts were U-shaped, and 5-mm
egg-shaped cantilever extensions were used.

In all groups, the overdenture was fabricated after
a 3-month osseointegration period. According to the
protocol, the edentulous base areas in the TMI group
were relieved for 3 to 4 mm to allow possible bone
growth distal to the posts. The available space was
checked every 3 months during the follow-up period
using silicone impression paste (FitChecker; GC
Dental, Tokyo, Japan). All patients received a new
maxillary denture. The lingualized occlusion concept,
using porcelain teeth, was used.25 All patients were
subjected to a strict oral hygiene program.

Data Collection
Postoperative complications, implant survival, and
prosthetic complications were recorded from the

time of surgery until 2 years after placement of the
new prostheses. Periodontal indices and radiographic
evaluation were assessed after placing the new den-
tures (T0), 12 months later (T12), and 24 months
later (T24). The periodontal indices included the fol-
lowing parameters: Plaque Index,26 Bleeding Index,26

Gingival Index,27 probing depth, and implant mobil-
ity. Probing depth was not measured in group 1 at
the insistence of the manufacturer of the TMI sys-
tem. The depth of the peri-implant “sulcus” was
measured distally, labially, mesially, and lingually to
the nearest millimeter using a periodontal probe
(Merrit B; Hu-Friedy, Chicago, IL) after removal of
the bar. The distance between the gingival margin
and the tip of the pocket probe was considered the
probing depth. For each implant, the deepest pocket
was used for data analysis. Mobility of implants
(without the bar in place) was quantitatively deter-
mined by the Periotest.28

The oblique lateral radiographic technique has
been used to determine resorption patterns of the
edentulous mandible and to study bone (re)model-
ing processes following the placement of dental
implants.29,30 It is a linear technique with minimal
geometric errors.31,32 Provided the recording tech-
nique is clinically standardized, geometric errors are
constant in time, which enables longitudinal com-
parison of mandibular bone height on subsequent
radiographs. With this technique it is possible to
evaluate bone conditions in the vicinity of the
implants as well as in areas distant to the implants.
For these reasons the oblique lateral technique was
used to evaluate mandibular bone height. At the
start of prosthetic loading (T0), 4 oblique lateral
radiographs were made to depict the lateral and
frontal parts of the mandible.32 Starting at an angle
of 135 degrees between the midsagittal plane of the
mandible and the central x-ray beam to depict the
right lateral part, the patient was subsequently
rotated at angles of 150, 210, and 225 degrees to
depict the right frontal, left frontal, and left lateral
parts of the mandible, respectively (Fig 5). This pro-
cedure was repeated after 12 and 24 months.

All radiographs were made in the same cephalostat
(Orthophos; Siemens, Bensheim, Germany) at 60 kV
and 0.9 mA. For each patient the optimal exposure
time and the individual settings were recorded and
repeated on subsequent occasions. The films were
automatically processed in a Kodak RP X-Omat M5
processor (Eastman-Kodak, Rochester, NY).

The patient was seated in the cephalostat in a
standardized way. Earpins and nose fixation helped
to stabilize the position of the patient’s head. The
positioning of the mandible was enhanced using an
individually prepared intraoral resin template (made

Fig 5 Oblique lateral radiographs made in 4 positions: (Top left)
right lateral part (135 degrees); (Top right) right frontal part (150
degrees); (Bottom left) left frontal part (210 degrees); and (Bottom
right) left lateral part (225 degrees). a = the film; b = the mandible;
c = the midsagittal plane; d = the central x-ray beam; � = the angle
between the midsagittal plane and the central x-ray beam.
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of a light-curing resin during fabrication of the
overdenture) that was fabricated so that the super-
structure (and thus the mandible) occluded in only
1 reproducible way (Fig 6). By making 4 exposures
using the oblique projection technique, it was possi-
ble to determine the bone height of the frontal and
lateral part of the edentulous mandible (Fig 7). 

Bone height was assessed at the following
anatomic landmarks.

Group 1 (13 locations):

• Locations 1 and 13: Five millimeters posterior to
the distal cortical screw (parallel to the long axis
of the lateral implant), right and left, respectively

• Locations 2 and 12: Above the distal cortical
screw (parallel to the long axis of the lateral
implant), right and left, respectively

• Location 7: Above the median cortical screw
• Locations 3 to 6: On the mesial and distal sides

of the right lateral and right frontal implants
• Locations 8 to 11: On the mesial and distal sides

of the left frontal and left lateral implants

The mesial/distal bone height was defined as the
distance between the baseplate and the marginal
bone level at the mesial/distal side of the implant.

Groups 2 and 3 (12 locations):

• Locations 1 and 2: Ten millimeters and 5 mm pos-
terior to the lateral implants, respectively, parallel
to the long axis of the lateral implant, on the right

• Locations 12 and 13: Ten millimeters and 5 mm
posterior to the lateral implants, respectively, paral-
lel to the long axis of the lateral implant, on the left

• Locations 3 to 6: On the mesial and distal sides
of the right lateral and right frontal implants

• Locations 8 to 11: On the mesial and distal sides
of the left frontal and left lateral implants

The mesial/distal bone height was defined as the
distance between the apex of the implant and the mar-
ginal bone level at the mesial/distal side of the implant.

The measurements were made using a specially
made transparent template in which a millimeter
ruler was engraved. In this way, bone height could
be measured in a reproducible manner in all
instances, ie, at fixed distances from, and parallel to,
an implant (Fig 8). Distances were assessed to the
nearest 0.5 mm. Each point was measured twice by 2
different observers, and measurement was repeated 3
weeks after the initial measurements were made to
assess interobserver and intraobserver variability.

Data Analysis
Survival of the implants and surgical retreatment in
the 3 groups were analyzed using life table analysis
and the log-rank test. Qualitative data were analyzed
using the Kruskal-Wallis analysis of variance
(ANOVA) between the 3 groups. The Friedman test
was used to assess the course of clinical parameters
during the evaluation period (T0 to T24) within the

Fig 6a Template made for the maxilla. The extension to the
superstructure in the mandible can be seen.

Fig 6b Intraoral view of the template in situ. The superstructure
can occlude in only one way to the template, ie, in centric relation
in the vertical dimension in which the overdenture was fabri-
cated.

Fig 7 An oblique lateral radiograph of the left lateral part of the
mandible of a patient in group 2 at T0.



groups. To evaluate possible differences between the
groups with regard to normally distributed quantita-
tive variables, a 1-way ANOVA was performed; in
case of 2 groups, independent t tests were per-
formed. When the criteria for using parametric tests
were not fulfilled, the Kruskal-Wallis ANOVA, the
Mann-Whitney test (independent data), or the
Friedman test (dependent data) was applied.

Regarding radiographic evaluation, intraobserver
differences were calculated by determining the dif-
ference between the first and the second measure-
ments of each pair of data. Interobserver differences
were calculated by determining the difference
between the first set of measurements made by the
2 observers. The 95% confidence interval (CI) of
the mean difference was determined. The statisti-
cally significant change between independently
obtained measurements, also known as the smallest
detectable difference (SDD), was calculated for the
13 locations in the mandible and for the 2 observers
for each treatment group.33

Changes in radiographic parameters within the
groups during the evaluation period were evaluated
with the Friedman test. Between-group results were
analyzed with 1-way ANOVAs, followed by multi-
ple comparison tests (according to Tukey) in case of
significant result. In all analyses, a significance level
of .05 was used. Statistical analysis was performed
using Statistical Package for the Social Sciences
(version 10.0 for Windows; SPSS, Chicago, IL).

RESULTS

The study sample consisted of 60 individuals (50
women and 10 men) with a mean age of 59.4 ± 11.0
years. They had been edentulous for an average of

28.9 ± 10.0 years. The last denture was most fre-
quently their third denture (range 1 to 5 previous
dentures) and had been functioning for 6.4 ± 5.8
years. The mean jaw height measured in the sym-
physeal area on a standardized lateral cephalometric
radiograph was 9.7 ± 1.4 mm. The pretreatment
characteristics of the 3 groups are summarized in
Table 2. Three months after placement of the new
dentures, 2 patients had dropped out; 1 patient
(group 3) had died, and 1 patient (group 2) had
moved out of the region and was lost to follow-up.
It was assumed that the dropouts left the study for
reasons unrelated to the treatment, and these 2
patients were excluded from the study. Thus, 58
patients were available for evaluation.

The mean hospitalization period for group 1
patients was 3.4 days (range 2 to 5; SD 0.9), which
was significantly shorter (independent t test, P �
.05) than the mean for patients in group 2 (5.9 days;
range 3 to 9; SD 1.3). All the patients in group 3
were treated in an outpatient clinic setting.

Postoperative Complications and 
Implant Survival
In the transmandibular group (group 1), 1 implant
post failed to osseointegrate in the healing phase
and was replaced. At the 1-year follow-up visit, 4
implant posts in 1 patient were found to have lost
integration. The TMI was removed shortly there-
after, and the patient was retreated.

In the augmentation-followed-by-implants group
(group 2), 1 patient developed a sublingual edema
postoperatively, which had to be treated by reintu-
bating the patient in the intensive care unit for 3
days. Two patients had wound dehiscence in the
grafted area, which was treated conservatively by
debridement, wound closure, and application of
0.2% chlorhexidine mouthwash. Four patients each
lost 1 implant during the healing phase. It was
decided to use the remaining 3 implants for fabrica-
tion of the superstructure. One patient lost all 4
implants during the healing phase and was
retreated.

In group 3 (implants alone) 1 patient was treated
for bleeding after implant placement. In this group
no implants were lost during the evaluation period.

There was a significant intergroup difference
(log-rank test, P � .05) in implant survival: signifi-
cantly more implants were lost in groups 1 (5
implant posts lost, 2 retreatments) and 2 (8 implants
lost, 1 retreatment) than in group 3 (no implants
lost, no retreatments). With respect to surgical
retreatment there were no significant differences
between the 3 treatment groups after a 2-year fol-
low-up period (log-rank test, P � .05). A life table
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Fig 8 An oblique lateral radiograph of the left lateral part of the
mandible of a patient in group 1 with special transparent ruler in
place. The bone right above the lateral cortical screw and 5 mm
posterior to this screw can be assessed.
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analysis of implant survival and surgical retreatment
is presented in Table 3.

Before treatment none of the patients reported
sensory disturbances of the mental nerve. After
treatment 2 patients in group 1 reported dysesthesia
(bilateral in 1 case, unilateral in the other), as did 2
patients in group 2 (unilateral in both cases). One
patient in group 3 reported unilateral hypoesthesia
of the lip and chin area. During the follow-up
period 1 of the group 2 patients reported complete
recovery of normal sensibility. Objective testing of
tactile sensibility (by a cotton pellet) and superficial
pain (by a needle) revealed that the symptoms of
hypoesthesia could be confirmed objectively in the
group 3 patient.

Periodontal Indices
Frequency distributions of the probing depth and
Plaque, Gingival, and Bleeding Indices are pre-
sented in Figs 9 to 12. Significant differences
between the groups with regard to bleeding scores

were found at T0, T12, and T24 (Kruskal-Wallis
ANOVA, P � .05). Regarding Plaque and Gingival
Index scores, no significant differences existed
between the 3 groups (Kruskal-Wallis ANOVA, P
� .05). The difference in probing depth between
groups 2 and 3 was not significant (Mann-Whitney
test, P � .05). During the evaluation period, the
probing depth as well as the Bleeding, Plaque, and
Gingival Index scores improved or did not deterio-
rate significantly (Friedman test, P � .05). This was
consistent in all 3 treatment groups.

Periotest values (PTVs) for all implants ranged
from –8 to 46 (Table 4). At T0, there was a signifi-
cant difference between the 3 groups (ANOVA, P �
.05). Higher PTVs were reported in group 1 than in
group 2; the lowest PTVs were reported in group 3
(multiple comparison test, P � .05). During the eval-
uation period, the PTVs in group 2 improved signifi-
cantly (paired independent t tests, P � .05), while the
PTVs in groups 1 and 3 did not change significantly
(paired t tests, P � .05). In all 3 treatment groups the

Table 2 Characteristics of the Patient Population, Classified by Treatment Modality

Group 1 (n = 20) Group 2 (n = 20) Group 3 (n = 20)

N Range SD N Range SD N Range SD

Mean age (y) 59.4 39 to 78 12.0 57.4 42 to 74 10.0 61.4 43 to 81 11.4
Gender
Male 3 4 3
Female 17 15 16

Mean edentulous period (y) 29.6 5 to 50 11.9 20.8 15 to 40 7.1 30.1 15 to 54 9.9
Median no. of mandibular dentures 3 1 to 5 3 1 to 4 3 1 to 6
Age of last mandibular denture (y) 6.0 1 to 15 4.5 8.3 1 to 20 5.7 5.0 1 to 31 6.7
Mean jaw height (mm) 9.7 7 to 12 1.4 9.5 6 to 12 1.6 9.8 7 to 12 1.4

Group 1 = patients received TMIs; group 2 = patients received autologous bone grafts prior to implant placement; group 3 = patients received con-
ventional implants alone. 

Table 3 Life Table Analysis of Implant Survival and Surgical Retreatment

Implants Patients

No. in No. No. Survival No.
Time function failed withdrawn rate (%) CSR (%) retreated CRR (%)

Group 1
0 to 6 mo 80 1 0 98.75 98.75 1 5
6 mo to 1 y 79 4 0 94.94 93.75 1 10
1 to 2 y 75 0 0 100.00 93.75 0 10

Group 2
0 to 6 mo 80 8 0 90.00 90.00 1 5
6 mo to 1 y 72 0 4 100.00 90.00 0 5
1 to 2 y 68 0 0 100.00 90.00 0 5

Group 3
0 to 6 mo 80 0 0 100.00 100.00 0 0
6 mo to 1 y 80 0 4 100.00 100.00 0 0
1 to 2 y 76 0 0 100.00 100.00 0 0

CSR = cumulative survival rate; CRR = cumulative retreatment rate.
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Fig 9 Frequency distribution of the pocket probing depths of
groups 2 and 3 at T0, T12, and T24.

Fig 10 Frequency distribution of Plaque Index
scores at T0, T12, and T24. A score of 0 meant
no plaque; 1, plaque detected by running a probe
across the implant or abutment; 2, plaque was
visible to the naked eye; and 3, an abundance of
plaque.
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Fig 11 Frequency distribution of the Gingival
Index scores at T0, T12, and T24. A score of 0
indicated normal peri-implant mucosa; 1, mild
inflammation; 2, moderate inflammation; and 3,
severe inflammation.



PTVs of the lateral and medial implants did not dif-
fer significantly (independent t tests, P � .05).

Radiographic Evaluation
The mean of the differences of the repeated mea-
surements for observer 1 was 0.16 mm, with 95%
CI limits of 0.06 and 0.26 mm. For observer 2, the
mean of the differences was 0.20 mm (95% CI 0.06
to 0.35 mm). The mean of the interobserver differ-
ences was 0.27 mm (95% CI 0.15 to 0.40 mm). The
SDD varied from 0.4 mm (observer 2, location 1,
group 2) to 0.9 mm (observer 1, location 9, group
2). The mean of the SDD values of both observers
was 0.55 mm (95% CI 0.51 to 0.61 mm).

During the evaluation period, a significant
decrease in the mean bone height at the mesial and
distal aspects was detected at the right frontal
implant (locations 5 and 6) in group 1 (Friedman
test, P � .05). The decrease in the mean bone height
observed at the mesial and distal aspects of the other
3 implants during the evaluation period was not sig-
nificant (Friedman test, P � .05). The increase in
the mean bone height (up to 0.6 mm) that occurred
during the evaluation period distal to the lateral
implants in 4 locations was significant (Friedman

test, P � .05) for the 2 locations above the distal cor-
tical screw (locations 2 and 12). The mean bone
height above the median cortical screw did not
change significantly (Friedman test, P � .05).

In group 2 there was a significant decrease (up to
0.9 mm) in the mean bone height at the 4 locations
distal to the lateral implants (Friedman test, P � .05).
The mean bone height at the mesial and distal
aspects of the 4 implants decreased up to 0.6 mm
(Friedman test, P � .05) at 3 locations (locations 3, 8,
and 10). The mean bone height at the other 5 loca-
tions (locations 4, 5, 6, 9, and 11) did not change sig-
nificantly (Friedman test, P � .05).

The mean bone height at the mesial and distal
aspects of the implants in group 3 did not change
significantly during the evaluation period (Fried-
man test, P � .05). The increase in bone height (up
to 0.8 mm) observed during the evaluation period at
the 4 locations distal to the lateral implants was only
significant for location 1 (Friedman test, P � .05).
The results of the 3 treatment groups are presented
in Fig 13.

Differences in bone height between the 3 groups
were not significant in the evaluation period
(ANOVA, P � .05) for 7 locations at the mesial and
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Fig 12 Frequency distribution of the Bleeding
Index scores at T0, T12, and T24. A score of 0
indicated no bleeding after probing; 1, isolated
bleeding spots; 2, a confluent line of blood; and
3, heavy or profuse bleeding.

Table 4 Mean PTVs of the Treatment Groups at T0, T12, and
T24

Group

1 2 3 Significance

T0 6.1 –2.8 –4.5 1 > 2 > 3
T12 6.3 –3.8 –4.7 1 > 2 > 3
T24 5.8 –4.4 –4.6 1 > 2 = 3
Significance T0 = T12 = T24 T0 > T12 > T24 T0 = T12 = T24

–8 = minimal mobility; 50 = maximal mobility.
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distal aspects of the implants. At the distal aspect of
the left lateral implant the differences between the 3
groups were significant (ANOVA, P � .05); a post
hoc Tukey test revealed significant differences 
(P � .05) for group 2 versus groups 1 and 3.

At the 4 locations distal to the lateral implants
there were significant differences (ANOVA, P �
.05) between the 3 groups. Post hoc tests revealed
significant differences (Tukey test, P � .05) for
group 2 (decrease of bone height) versus groups 1
and 3 for all 4 locations.

Prosthetic Complications
Prosthetic complications encountered during the 2-
year evaluation period are presented in Table 5.

DISCUSSION

Three mandibular overdenture strategies used to
treat the extremely resorbed mandible were com-
pared. During a prospective clinical trial, serious
postoperative complications such as life-threatening
sublingual edema were seen in the augmentation
group (group 2). The protocol used for this group
necessitated 2 wound areas (the mandible and the
iliac crest), each with its own specific morbidity,34

which made hospitalization and treatment under
general anesthesia necessary. Although placement of
a TMI took place under general anesthesia as well,
major postoperative complications were not encoun-
tered, and the hospitalization period was significantly
shorter. Placement of a TMI is possible in a single
day even under local anesthesia, but in this study an
inpatient procedure was preferred to ensure optimal
pre- and postoperative care. All patients in group 3
could be treated in an outpatient clinic setting under
local anesthesia. Only relatively minor complications
(ie, subsequent bleeding) were experienced, which
makes this modality an attractive option, especially in
an older population, which is more likely to include
patients with systemic diseases and in whom general
anesthesia for elective surgery is unwarranted.

Although the mental foramina were always iden-
tified in all 3 types of operation, postsurgical sen-
sory disturbances of the mental nerve were seen in 5
patients (8%). In these patients, there was a partial
sensory disturbance of the mental nerve, suggesting
prolonged tension or pressure on the nerve bundle
during or following the operation, a complication
that has been reported in other studies.35,36

During the evaluation period, significantly more
implants were lost in groups 1 (TMI) and 2 (aug-
mentation) than in group 3 (implants alone). In
group 2, 8 implants were lost in the healing phase, 4

of which were lost in 1 patient, possibly due to
necrosis of the osteotomized cranial fragment of the
mandible. This illustrates that adaptation of the
graft and circulation in the augmented mandible are
essential. Especially in the extremely resorbed
mandible, where there is hardly any cancellous bone
in the interforaminal area, the blood supply is jeop-
ardized, which compromises successful integration
of the graft, especially in certain situations.37 In
group 1, 1 implant post was lost during the healing
phase, possibly due to thermal trauma during prepa-
ration of the implant site; this patient was retreated.
Four implant posts in 1 patient were found to be
mobile during the 1-year follow-up visit and had to
be removed. This patient was known to nocturnally
grind and clench, but could not be persuaded not to
wear her mandibular and maxillary dentures during
the night. This could be the cause of loss of osseoin-
tegration of the 4 implant posts.

From other studies it is known that relatively short
implants can be applied in the extremely resorbed
mandible. The healing period is the most critical fac-
tor for long-term survival of the implants.13,38

Because of the dense cortical structure of the bone in
the interforaminal area of the extremely resorbed
mandible, overheating of the bone during preparation
of the implant site can easily take place, thus under-
mining the potential for successful integration of
endosseous implants. Although the placement of 4
endosseous implants in the interforaminal area of an
extremely resorbed mandible seems like a relatively
simple surgical procedure, especially in this type of
bone, the use of sharp instruments and delicate surgi-
cal handling of the oral tissues are prerequisites for
successful implant osseointegration. In the subsequent
evaluation period none of the implants were lost,
which has also been reported in other studies.13,14

A major disadvantage of the TMI system is that
if an individual implant post is lost, surgical retreat-
ment is necessary, because the system, 4 implant

The International Journal of Oral & Maxillofacial Implants 573

STELLINGSMA ET AL

Table 5 Prosthetic Aftercare During the Evalu-
ation Period, Classified to Treatment Modality

Group

1 2 3 Total

Repair denture base/teeth 1 4 0 5
Adjustment/repair bar 4 3 1 8
Readjustments occlusion 1 1 2 4
New retention clip(s) 0 1 0 1
Relining mandibular overdenture 1 0 1 2
Relining maxillary denture 0 1 0 1
Remake mandibular overdenture 2 0 0 2
Remake maxillary overdenture 1 0 0 1



posts connected to a baseplate, is designed to act as
a rigid box frame.22 By contrast, in protocols such as
those used for groups 2 and 3, loss of an individual
endosseous implant in most cases does not preclude
continuation of the treatment with the remaining 3
implants. Although implant survival rate is often
used to define treatment outcome, treatment out-
come based on objective success and retreatment
criteria, as postulated by Payne and coworkers,39 is
perhaps more relevant.

The favorable periodontal outcome in this study
is comparable to the results reported in other stud-
ies.9,10 The significant differences with regard to the
Bleeding Index can be explained by differences in
assessment. In group 1 (the TMI group), bleeding
was scored after gentle probing of the sulcus, while
in groups 2 and 3 it was scored after assessing the
pocket probing depth, a parameter not assessed in
group 1. The PTVs found in groups 2 and 3 are in
accordance with other studies.40,41 The higher
PTVs recorded in group 1 may be explained partly
by the differences in geometric design and material
properties of the implants, which again would be
consistent with other studies.42 The improvement
of the PTVs observed in group 2 during the evalua-
tion period can be explained by the remodeling
process that took place in the augmented mandible,
which resulted in a denser bone structure and
caused stronger bone-implant contact.43

Bone height at the mesial and distal aspects of
the implants assessed with the lateral oblique tech-
nique appeared to be stable during the 2-year evalu-
ation period for most locations in the 3 treatment
groups. A significant loss of bone (up to 1.0 mm)
could be noted at 5 locations (2 in group 1, 3 in
group 2). Significant differences between the 3
treatment groups could be detected at only 1 loca-
tion; the decrease of bone height in group 2 was
significantly greater than the decrease found in the
other 2 groups. These results are comparable with
other longitudinal studies in which the reduction of
the marginal bone level was assessed radiographi-
cally.44–46 Most of these studies reported a loss of
0.5 to 1.5 mm during the first year following place-
ment of the implants; thereafter, resorption was
reduced to a minimal level (� 0.2 mm/y).47,48

Compared with a preclinical setting the SDDs
found in this study had increased.32 Superimposition
of soft tissues can cause unclear delineation of bony
structures, thereby influencing the accuracy of this
technique. The smallest SDD provides the clinician
with knowledge regarding the statistical relevance of
observations. For the oblique lateral technique and
the measurement procedure described, an overall
SDD of 0.6 mm, the maximum value of the 95% CI

of the mean SDD, can be used. From a clinical
point of view, the loss of marginal bone around the
neck of an implant becomes relevant in case of pro-
gressive bone loss, ie, bone loss exceeding the
“expected” loss of bone during the first year follow-
ing placement of the implants (up to 1.5 mm). In
this study, baseline data were recorded at the begin-
ning of prosthetic loading, approximately 6 months
after placement of the implants. The initial bone
(re)modeling processes taking place at the bone-
implant interface during the first 6 months after
placement were not recorded in this study. There-
fore, to detect progressive bone loss between subse-
quent radiographs during prosthetic loading, a
threshold of 1.0 mm is justified. Regarding the SDD
found in this study (0.6 mm) the oblique radio-
graphic technique and the described measurement
procedure appeared to be suitable for detection of
progressive bone loss. Being an extraoral technique
with limited resolution, this level of detection is
probably inferior to intraoral techniques. 

Despite the unfavorable ratio between the lim-
ited implant length and the distance to the occlusal
plane, there was stable bone height at the mesial
and distal aspects of the implants in group 3. Thus,
implants in combination with an implant-retained
overdenture in patients with an extremely resorbed
mandible appear to be able to withstand occlusal
loading and maintain a stable marginal bone level.
This is in accordance with other studies.13,14

Since the studies of Tallgren and Atwood, clini-
cians have been familiar with a continuing process of
the loss of alveolar and even basal bone following the
extraction of teeth.49,50 The effect of dental implants
on the (re)modeling processes of the mandibular
bone is yet not thoroughly understood. In this study
the bone height distal to the lateral implants did not
decrease in groups 1 and 3 during the 2-year evalua-
tion period. In contrast, there was a significant
increase in bone height at 3 locations (2 in group 1, 1
in group 3), and at the other 4 locations distal to the
lateral implants there was a tendency for bone height
to increase. An explanation for this phenomenon
could be the changing pattern of forces applied to
the (muco)periosteum of the mandible after place-
ment of the implants and fabrication of an implant-
retained overdenture. Loading of a conventional
mandibular denture causes compressive forces on the
mucoperiosteum, enhancing resorption of mandibu-
lar bone.49 After treatment the distribution of occlu-
sal forces is changed; forces applied to the implants
create bending forces in the mandibular area distal to
the lateral implants, which might be the mechanical
stimulus for bone (re)modeling processes and could
be described as a functional adaptation.51
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This is not the first time that an increase in bone
height of the edentulous mandible has been reported;
this phenomenon has been reported in several case
studies.52–55 According to various reports, placement
of a TMI can lead to an increase in bone height distal
to the lateral implants up to 9 mm if a specified pro-
tocol is used.22,56,57 However, the evaluation instru-
ment used in these studies, the panoramic radi-
ograph, is questionable. The recording technique was
not standardized, making comparison of subsequent
radiographs relative to distortion and magnification
errors hazardous.58 Moreover, the data were not ana-
lyzed statistically, so interpretation of the results is
subject to considerable bias. Although the same treat-
ment protocol was used in this study, the results are
not as spectacular and are more comparable to results
reported by Kwakman and colleagues, implying stabi-
lization rather than increased bone height.59 There
are indications (eg, increased radiographic bone den-
sity) that placement of dental implants in the edentu-
lous mandible leads to consolidation of alveolar bone.
Functional adaptation of mandibular bone height as
observed in this study also seems possible.43,60

A significant decrease of mandibular bone height
was observed in the grafted area distal to the lateral
implants in group 2 during the 2-year evaluation
period. This decrease was limited, up to 10%, and
diminished in time. The amount of resorption dur-
ing the first 3 months of bone healing and the sub-
sequent 3-month implant integration period was
not recorded. This explains why limited mandibular
bone height reduction was found in the present
study as compared to other studies.61,62 In this
study, mandibular bone height was evaluated during
prosthetic loading of the implants, a period during
which bone height in the grafted area could be
maintained for the most part. The minimal loss of
height is comparable to the results of a recent study
by Bell and coworkers.63

A drawback of these kinds of radiographic evalu-
ation studies is that 3-dimensional (re)modeling
processes are projected on a 2-dimensional radio-
graph, thus limiting interpretation of these pro-
cesses. Other techniques, such as high-frequency
resonance imaging,64 should be developed to assess
qualitative and quantitative aspects of the bone-
implant interface more exactly. The prosthetic com-
plications that occurred are minor in terms of quan-
tity and quality, resulting in minor adjustments.
Compared to other studies it is remarkable that the
superstructures and retention clips only caused
minor problems in 1 patient.65,66 The use of robust
Dolder bars (groups 2 and 3) and U bars (group 1)
with corresponding retention clips could be the rea-
son for these observations.

CONCLUSION

From this study it can be concluded that all 3 evalu-
ated methods resulted in satisfactory clinical and
radiographic performance during a 2-year evalua-
tion period. Because of the relatively low morbidity,
high survival rate, and the favorable periodontal
parameters, the use of implants alone can be an
attractive treatment option for patients with an
extremely resorbed mandible presenting functional
problems with mandibular dentures. Moreover, the
surgical treatment procedure can be performed in
an outpatient clinic setting, an interesting option in
those situations where cost-effectiveness plays a role
in making decisions about the treatment of choice. 
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