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Background: The extremely resorbed edentulous mandible, with a bone height of 8 mm or less, is still a challenge in implant
dentistry. Recently, dental implants of 6 mm in length have been developed.

Purpose: The purpose of this 1-year prospective cohort study was to evaluate treatment outcome of mandibular overden-
tures supported by four 6-mm dental implants.

Materials and Methods: Twelve edentulous patients with a mandibular height between 6 and 8 mm participated. The
patients were treated with an overdenture supported by four 6-mm OsseoSpeed™ dental implants (Astra Tech AB,
Mölndal, Sweden). Clinical and radiographic parameters were evaluated 1 year after completion of the prosthetic treat-
ment. Patients’ satisfaction was scored before implant surgery and 1 year after prosthetic treatment.

Results: One-year implant survival rate was 96% (two implants were lost). One patient had a fracture of the mandible in the
region of one of the implants 3 weeks after implant surgery. Mean scores for plaque, calculus, gingiva, bleeding, and pocket
probing depth were low. Patients’ satisfaction was high.

Conclusion: One-year follow-up data revealed that four 6-mm dental implants inserted in an extremely resorbed edentulous
mandible provided a solid basis for a bar-retained overdenture.
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INTRODUCTION

Edentulous patients often experience problems with

their mandibular complete dentures. Lack of stability

and retention of their mandibular denture, together

with a decreased chewing ability are the main com-

plaints of these patients.1 A frequently used treatment

possibility to solve lower denture problems is to place

endosseous implants in the mandible to support an

overdenture. One of the first studies concerning over-

dentures supported by endosseous implants was pub-

lished by Engquist et al. in 1988.2 After two decades, this

treatment is still of great value in the rehabilitation of

edentulous patients.3–6 The survival rate of implants,

either placed as a one- or two-stage procedure, applied

to support a mandibular overdenture in a moderately

resorbed edentulous mandible (class IV-VI resorption

of the mandible7), has been shown to be successful in

over 95% of all cases in studies with a 5–10-year follow-

up.5,8–13 For general application in the edentulous man-

dible, a treatment concept utilizing two dental implants

to support a mandibular overdenture has been proposed

as the first treatment of choice.14

However, whether short implants (<10 mm) can be

used in the extremely resorbed mandible or whether

a reconstructive surgical augmentation procedure to

facilitate placement of implants of standard length
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(310 mm) has the preference in the rehabilitation of

these patients, is still subject of discussion in the litera-

ture.15,16 If treatment outcome is the same for both

mentioned treatment options, short implants should be

considered as favorable, because the advanced bone

augmentation procedure involves higher morbidity and

requires higher costs to the patient.17,18

Several authors have given an overview of the litera-

ture on the use of short implants in the prosthodontic

rehabilitation of variety of conditions.16,18–22 Unfortu-

nately, these studies do not differentiate between the

locations of the implants, fully or partially edentulous,

or the type of superstructure. Renouard and Nissand21

performed a structured review about the impact of

implant length and diameter on survival rates in fully

and partially edentulous patients and demonstrated a

trend for an increased failure rate with short implants.

Two recent reviews have been published in which short

implants were compared with standard implants. Kotso-

vilis et al.16 concluded that the placement of short (28 or

<10 mm) rough-surface implants is not a less efficacious

treatment modality compared to the treatment of stan-

dard (310 mm) rough-surface implants. Romeo et al.22

concluded that recent literature has demonstrated a

similar survival rate for short and standard implants.

Vercruyssen et al.23 performed a retrospective analysis

on the long-term (5–25 years) outcome of two implants

supporting an overdenture in the mandible, as well as

the significance of some confounding factors (smoking,

implant length, bone quality). Some of the implants in

the study had a length of 8.5 or 7 mm. Analysis for

subgroups showed that implant length had no impact

on the cumulative failure rate. Finally, in a randomized

clinical trial, Stellingsma et al.17 compared three treat-

ment options for support of an overdenture in the

extremely resorbed mandible, being a transmandibular

implant, augmentation of the mandible with an autolo-

gous bone graft followed by four standard implants, and

the placement of four short implants. After 2 years of

evaluation, no implants were lost in the short-implants

group and the authors concluded that placement of

short implants is the most favorable treatment option.

However, inclusion criterion for bone height in this

study was up to 12 mm and 8- or 11-mm implants were

placed, as these were considered as short implants those

days. Nowadays, a bone height of 11 and 12 mm is not

considered as extremely resorbed, and 11 mm implants

are not considered as short.

In recent years, dental implants have become avail-

able in decreasing length up to 7 and 6 mm. To our

knowledge, there has never been a prospective study

published focusing on extremely resorbed edentulous

mandibles and the use of short implants to support an

overdenture. The purpose of this 1-year prospective

cohort study was to assess the treatment outcome (sur-

vival of implants, surgical complications, condition of

hard and soft peri-implant tissues, and patient satisfac-

tion) of mandibular overdentures supported by four

6-mm dental implants.

MATERIALS AND METHODS

Patient Selection

Between July 2008 and July 2009, 12 consecutive patients

were selected with an extremely resorbed edentulous

mandible in two Centers for Dental Implants (Apel-

doorn and Ulft, the Netherlands). The patients had been

referred by their general dental practitioner to one of

the centers. All patients were suffering from reduced

stability and insufficient retention of their mandibular

denture. Inclusion criteria for the study were an eden-

tulous period of at least 2 years, class VII–VIII resorp-

tion of the mandible,7 and being edentulous in the

upper jaw. The mandibular height and width was mea-

sured on a lateral cephalometric radiograph: height had

to be between 6 and 8 mm, and width had to be at least

6 mm in the mandibular symphysis region. Excluded

were patients with an abundance amount of soft tissue

on the lingual and buccal side of the interforaminal

region. Patients with a history of radiotherapy in the

head and neck region, or a history of preprosthetic

surgery or previous implant placement were also

excluded The patients were informed about the treat-

ment option of placing four short implants instead of an

augmentation procedure with bone of the iliac crest and

inserting four standard implants. All patients agreed and

written informed consent was obtained. The jawbone

quality was scored according to the classification of

Lekholm and Zarb.24 The baseline characteristics of the

group are summarized in Table 1.

Treatment Procedure

Incision was made approximately 5 mm from the top of

the alveolar process in the buccal fold and extended

laterally to the top of the crest. After reflection of the

mucoperiosteum, the mental foramina were identified.

The most lateral implants were placed bicortically at
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least 5 mm anterior to the mental foramen, and there

was an equal distance between the four implants. The

implants used were OsseoSpeed™ 4.0 S dental implants

with a length of 6 mm and a diameter of 4 mm (Astra

Tech AB, Mölndal, Sweden). Thinning of the mucosa

took place and the flap was sutured in the depth of the

buccal sulcus. Postoperative analgesics and chlorhexi-

dine 0.2% mouth rinse were prescribed; antibiotics were

not prescribed. Patients were not allowed to wear the

lower denture during the first 2 weeks after surgery, and

then the lower denture was adjusted and relined with a

soft relining material (Coe-Soft, Coe Laboratories Inc.,

Chicago, IL, USA). Three months after insertion of the

implants, the second stage of the surgery was performed

under local anesthesia by the same surgeon. Uni Healing

Abutments of 4 mm in length were used (Astra Tech

AB). The lower denture was adjusted again.

Two weeks after abutment connection, the prosth-

odontic treatment was started. The prosthodontic treat-

ment was performed by the patients’ general dental

practitioner according to a standardized protocol. The

healing abutments were replaced by 20-degrees Uni

Abutments (Astra Tech AB). The implants were con-

nected by an egg-shaped titanium bar with gold clip

attachments in the overdenture. All patients received a

new upper denture and an overdenture for the lower

jaw. Two weeks after abutment connection, a standard-

ized oral hygiene program was started, with frequent

recall visits to optimize the individual oral hygiene

(Figures 1–4).

Analysis

Outcome measures were implant survival and the

change of peri-implant bone-level from surgery to 12

months follow-up. Next to this, soft tissue conditions

(plaque index, presence of calculus, gingiva index, sulcus

bleeding index, and pocket probing depth) were scored

12 months after placement of the prosthesis and differ-

ences in patients’ satisfaction between before treatment

and 12 months after placement of the prosthesis.

TABLE 1 Baseline Characteristics of Study Group
(n = 12)

Mean age in years (SD, range) 68.1 (8.8, 52–80)

Gender (number male/female) 2/10

Mean edentulous period lower

jaw in years (SD)

37.3 (20.6)

Mean mandibular bone height

in mm (SD)

7.2 (0.8)

Mean bone quality (possible

score 1–4) (SD)

1.7 (0.5)

SD = standard deviation.

Figure 1 Baseline panoramic radiograph of a patient with
extreme resorption of the edentulous mandible.

Figure 2 Baseline lateral cephalometric radiograph of the same
patient as in Figure 1.
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Loose and lost implants were scored any time

after placement. Standardized panoramic radiographs

(Center Apeldoorn: Orthopantomograph OC200D,

Instrumentarium Dental, Tuusula, Finland, and Center

Ulft: Sirona Orthophos, Sirona Dental Services GmbH,

Bensheim, Germany) were taken just after surgery

and 12 months after placement of the prosthesis and

evaluated at the Medical University Center Groningen

(Groningen, the Netherlands). The digital panoramic

images were analyzed using a computer software to

perform linear measurements on digital radiographs.

The known implant length was used as a reference to

transform the linear measurements into millimeter.

Reference line for bone level evaluation was the outer

border of the neck of the implant. Mesial and distal bone

changes in this region were considered as peri-implant

bone change and were defined as the difference in bone

height between the photograph taken after surgery and

the photograph taken 12 months after placement of the

prosthesis.

For presence of plaque, the index according to Mom-

belli et al.25 was used (score 0: no detection of plaque;

score 1: plaque can be detected by running a probe across

the smooth marginal surface of the abutment and

implant; score 2: plaque can be seen by the naked eye;

score 3: abundance amount of plaque). The presence of

calculus (score 1) or the absence of calculus (score 0) was

scored. To qualify the degree of peri-implant inflamma-

tion, the modified Löe and Silness index26 was used (score

0: normal peri-implant mucosa; score 1: mild inflamma-

tion, slight change in color, slight edema; score 2: mod-

erate inflammation, redness, edema, and glazing; score 3:

severe inflammation, marked redness, edema, and ulcer-

ation). For bleeding, the bleeding index according to

Mombelli et al.25 was used (score 0: no bleeding when

using a periodontal probe; score 1: isolated bleeding spots

visible; score 2: a confluent red line of blood along the

mucosa margin; score 3: heavy or profuse bleeding).

Probing depth was measured at four sites of each implant

(mesially, labially, distally, lingually) by using a periodon-

tal probe (Merit B, Hu Friedy, Chicago, IL, USA) after

removal of the bar; the distance between the marginal

border of the mucosa and the tip of the periodontal probe

was scored as the probing depth.

Patients’ satisfaction with their full denture was

assessed using a validated questionnaire.27 This ques-

tionnaire focused on complaints and consisted of 54

items. It was divided into six scales:

A. Nine items concerning functional problems of the

lower denture;

B. Nine items concerning functional problems of the

upper denture;

C. Eighteen items concerning functional problems

complaints in general;

D. Three items concerning facial aesthetics;

E. Three items concerning accidental lip, cheek, and

tongue biting (“neutral space”); and

F. Twelve items concerning aesthetics of the denture.

The extent of each specific complaint could be

expressed on a four-point rating scale (0 = no com-

plaints; 1 = little; 2 = moderate; 3 = severe complaints).

The patient’s overall denture satisfaction was expressed

on a 10-point rating scale (1 = very bad to 10 = excel-

lent). Patient satisfaction was scored before implant

treatment and 12 months after placement of the

prosthesis.

Surgical and prosthetic complications were scored

from the day of surgery to the 12 months’ evaluation

visit.

Figure 3 Panoramic radiograph of the same patient as in
Figure 1 after insertion of four 6-mm implants in the
interforaminal region of the mandible.

Figure 4 Panoramic radiograph of the same patient as in
Figure 1 with bar-supported overdenture 1 year in function.
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Data Collection and Statistical Analysis

Data collection and analysis of the radiographs was done

by the same observer. The worst score per implant of the

clinical and radiographic parameters were used in the

data analysis. Survival was presented at implant level.

Differences between evaluation periods were tested with

a paired Student’s t-test. In all tests, a significance level of

0.05 was chosen. Analysis was done with PASW Statistics

18.0 (SPSS Inc. An IBM Company, IBM Corporation,

Chicago, IL, USA).

RESULTS

All patients completed the 1-year evaluation period. Two

implants were lost, both during the healing phase. In one

patient, there was no primary stability of one of the

implants after insertion. The implant was left in place,

but 2 weeks after surgery, the patient complained about

continuous pain in the same region as the implant

without stability. It was decided to remove the im-

plant without replacement. The site healed uneventful

without complications or pain. In a second case, a

patient complained about pain in the mandible 3 weeks

after implant surgery. A radiograph was taken and this

revealed a fracture of the mandible, without dislocation,

in the region of one of the lateral implants. Examination

showed no mobility of the mandible at the fracture sites

and no wound dehiscence could be detected. There

was an undisturbed sensibility in the lower lip. It was

decided to prescribe antibiotics (amoxicillin 500 mg,

three times daily for 7 days) and to follow a conservative

treatment policy. The patient was instructed not to wear

the conventional lower denture and a soft diet was

advised. The pain disappeared, the fracture healed, but

the implant at the fractured site appeared to be mobile at

the second-stage operation procedure. It was decided to

remove the implant without replacement. The titanium

bar was connected to the remaining three implants. No

other surgical complications occurred up to 1 year after

placement of the prosthesis. In none of the patients did

postsurgical sensory disturbances of the mental nerve

occurred. One-year survival rate of the implants was

96%. The mean scores of the indices for plaque, calculus,

gingival, and bleeding were very low (Table 2). The

mean probing depth (Table 2) was 3.4 mm at the 1-year

evaluation period. The mean loss of marginal bone

between baseline and the 1-year evaluation was 0.1 mm

(SD 0.3, range = 0.54 measured bone gain to 0.88

measured bone loss). Mean scores of the six scales of

the questionnaire focusing on the complaints of the

patients, together with the overall satisfaction score, are

listed in Table 3. The functional complaints related to

the lower denture had significantly improved at the

1-year evaluation (p < .001). Also, the other five scales

and the overall satisfaction score (from 5.8 to 9.0;

p < .001) showed significant improvements between the

pretreatment and the posttreatment assessment.

DISCUSSION

This study showed that four short implants placed in the

interforaminal region, connected with a bar, supply a

proper base for the support of a mandibular overdenture

in case of the prosthodontic rehabilitation of the

extremely resorbed edentulous mandible. The 1-year

implant survival rate was 96%. This percentage is com-

parable with other short-term prospective studies on the

use of four implants to support a mandibular overden-

ture.8,10,17 Direct comparison of the results of our study

with those of other studies is not possible because no

other prospective studies on 6-mm implants to retain a

mandibular overdenture have yet been published. The

results of our study are, however, in line with the conclu-

sion of Romeo et al.22 who stated that the literature has

demonstrated a similar survival rate for short and stan-

dard implants. Complication rate on patient level is two

out of 12. In one of our patients, a fracture of the man-

dible occurred. A percentage of 0.2 has been reported in

the literature as occurrence of fractures of edentulous

mandibles related to implants.28 These authors state that

fracture is most likely to occur in the very atrophic man-

dible. To evaluate whether the patient’s anatomy allows

TABLE 2 Mean Values, Standard Deviation, and
Range of Plaque-Index (possible score 0–3),
Calculus-Index (possible score 0–1), Gingival-Index
(possible score 0–3), Bleeding-Index (possible score
0–3), and Probing Depth in mm at 1 Year After
Placement of the Overdenture

Mean (SD), range

Plaque-index 1.4 (0.6), 0–2

Calculus-index 0.4 (0.4), 0–1

Gingival-index 0.5 (0.5), 0–2

Bleeding-index 0.6 (0.4), 0–2

Probing depth in mm 3.4 (1.3), 2–6

SD = standard deviation.
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insertion of implants, radiographs that demonstrate the

height and the labial-lingual width are needed. Assessing

the width is as important as assessing the height. Ideally,

a few millimeters of cortical bone should remain on both

the labial and the lingual sites after the hole for insertion

of an implant has been drilled. The mechanical strength

of the mandible is diminished, at least temporarily, by

multiple implant site preparations. Fracture can occur

during the surgery and during routine oral functioning

postsurgery without any trauma to the mandible.

Because this study group comprised of patients with

extreme resorption (mean bone height 7.2 1 0.8 mm),

there is a higher risk of fracture. Patients should be

warned for this higher risk.

The mean indices for plaque, calculus, gingiva, and

bleeding were shown to be very low at the 1-year evalu-

ation. The scores are comparable with the study of

Meijer et al.5 in which the same criteria were used. The

strict oral hygiene regime to which patients were sub-

jected to, probably results in healthy peri-implant

tissues. The mean probing depth is 3.4 mm. This depth

is not different as reported in other studies and is

accompanied with healthy peri-implant soft tissues.

Panoramic radiographs were used for this study. It

is known that intraoral radiographs present a better

image,29 but because of the relatively high floor of the

mouth in patients with extreme resorption, positioning

of an aiming device for intraoral radiographs was not

possible. Mean marginal bone loss was 0.1 mm after 1

year of function of the implants. This is well within the

limits as formulated by Albrektsson et al.30 being 1 mm

bone loss during the first year and 0.1 mm subsequent

annually. This phenomenon of up to 1 mm bone loss has

been described by Adell et al.31 and is thought to be

related to maturation of bone after implant placement

and adaptation of bone to withstand functional forces.

In the present study, bone loss during the first year was

negligible, viz. on average 0.1 mm. The reason for this

very few and negligible loss could be that this study

group comprised of patients with extreme resorption.

Bone of the alveolar process has already been resorbed

over time and only basal bone of the mandible is left.

Bone loss because of maturation and adaptation to a

new function might not be the case in such extremely

resorbed mandibles. This minimum bone loss could also

be due to the neck design of the implant with a platform

switch and surface roughness up to the neck of the

implant.32 However, according to Jacobs and van Steen-

berghe,33 panoramic x-rays cannot discriminate bone

changes <1 mm. Projection errors (7 à 8%), inherent to

panoramic x-ray devices, and overlapping buccal and

lingual bone ridges (super-positioning errors), are the

reason for these problems with analysis. In this study,

mean bone loss of 0.1 mm has been presented, which is

10-fold the reliability of the method used. Limited atten-

tion should be given to the number as such, but the

finding of limited bone loss should be remembered.

The mean score of all six scales concerning the

denture complaints and the overall denture satisfaction

score improved significantly from before implant treat-

ment to the 1-year evaluation. The same questions were

asked in other study groups with mandibular implant

overdentures, although applying standard implant

lengths, and showed comparable results.3,5

From this short-term study, it is concluded that four

6-mm implants placed in the interforaminal region,

TABLE 3 Mean Score of Six Scales Concerning the Denture Complaints (possible range 0–3, minimum score
0 = no complaints, maximum score 3 = a lot of complaints) and the Overall Satisfaction Score (possible range
1–10, minimum score 1 = very bad, maximum score 10 = excellent) Before, and 1 Year After Treatment and
Possible Significant Differences between the Groups

Pretreatment (n = 12) 1 Year (n = 12) Significance

Functional complaints about lower denture (SD) 1.4 (0.8) 0.1 (0.1) p < .001

Functional complaints about upper denture (SD) 0.8 (0.6) 0.1 (0.1) p = .002

Functional complaints in general (SD) 0.6 (0.5) 0.1 (0.1) p = .002

Facial esthetics (SD) 1.7 (0.9) 0.3 (0.7) p < .001

“Neutral Space” (SD) 0.6 (0.6) 0.1 (0.1) p = .027

Aesthetics (SD) 0.5 (0.4) 0.1 (0.2) p = .003

Overall satisfaction score (SD) 5.8 (1.4) 9.0 (0.9) p < .001

SD = standard deviation.
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connected with a bar, supply a proper base for the

support of a mandibular overdenture in the edentulous

patient with an extremely resorbed edentulous

mandible and a full maxillary denture. Larger patient

numbers and longer follow-up periods are needed to

confirm the findings in this short-term study.
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