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The objective of this study was to present the preliminary results one
year after loading for a single cohort of Cawood and Howell Class V and
VI patients rehabilitated with a mandibular overdenture supported by
two implants using a novel low-profile retention system.
Materials and methods

Completely edentulous individuals, aged 18 years or older at the time of
implant placement, presenting as Class V or VI according to Cawood and
Howell were enrolled and treated with two implants, low-profile direct
implant overdenture attachments and a removable complete mandibular denture. Outcome measures were success rates of the implants and
prosthesis, complications, marginal bone levels, bleeding index, plaque
index and patient satisfaction (Oral Health Impact Profile).
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Results

A total of 18 Osstem TSIII implants (diameter: nine regular and nine mini)
were placed in nine consecutive edentulous patients (seven female and
two male) presenting with Cawood and Howell Class V (n = 6) or VI (n = 3)
mandibular atrophy. The average age of the patients was 68 (range:
53–77). The participants were followed up for a minimum of one year
(mean: 18.2 months; range: 12–22) after definitive loading. No participants dropped out, and no deviation from the original protocol occurred.
At the one-year follow-up, no implants or prosthesis had failed, resulting
in cumulative implant and prosthetic survival rates of 100%. No biological or technical complications occurred during the follow-up, resulting
in cumulative implant and prosthetic success rates of 100%. At the oneyear follow-up, the mean marginal bone loss was 0.39 ± 0.15 mm. The
Oral Health Impact Profile summary scores demonstrated a significant
decrease one month after prosthesis delivery (p = 0.0000) and between
the one-month and one-year follow-ups (p = 0.0005), after retention
system replacement. At the one-year follow-up, the bleeding index was
8.3% and the plaque index was 9.7%.
Conclusion

Within the limitations of this study, a mandibular overdenture supported by two implants can be considered an effective and predictable option
52
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for successful treatment of patients presenting with Cawood and Howell
Class V or VI mandibular atrophy. After a short period of accommodation,
it is recommended to replace the conventional retention caps with stronger
ones to improve overdenture stability and thus patient satisfaction.
Keywords

Dental implant, overdenture, retention system, atrophic mandible,
edentulous.

Introduction
Edentulism can lead to signiﬁcant functional impairment and unfavorable esthetic and psychological changes in patients. Problems include
restrictions in diet, speech impairment, loss of
soft-tissue support and decreased vertical dimension.1 The conventional method for treating edentulism is to provide complete dentures. However,
progressive and irreversible loss of basal bone
may lead to incrementally increasing difficulties
for the denture patient, especially in relation to
the mandible, creating problems like loss of retention and stability, hyperplasia and ulceration
of the underlying mucosa, discomfort and pain,
and impaired psychosocial functioning.2 A removable implant-supported prosthetic design offers
better retention and improves oral function and
patient satisfaction compared with a conventional complete denture.3, 4 Furthermore, in the mandible, it is possible to load implants immediately
without increasing the risk of implant failure.5-7
Implant overdentures have been the subject of
several clinical trials and systematic reviews,
which have demonstrated them to be an effective
and clinically predictable approach to obtaining
improved retention and hence masticatory function and patient satisfaction.8, 9
Implant overdentures can be divided into two
subcategories:1 implant-retained, mucosasupported overdentures (retained by different
abutment or bar designs); and overdentures fully
supported by implants.10, 11 In contrast to a
mucosa-supported overdenture, an overdenture
that is rigidly anchored to a milled bar supported by four interforaminal implants prevents
rotational movement of the prosthesis, reducing
possible jaw resorption and consequently possibly also the incidence of prosthodontic maintenance.10 In patients with an altered skeletal
maxillomandibular relationship and severe bone
atrophy (Cawood and Howell Class V and VI),12
an overdenture fully supported by four implants

has been shown to be a predictable method for
long-term treatment of edentulous patients.10
Nevertheless, limitations such as financial
restrictions sometimes prevent the placement
of a sufficient number of implants to accommodate a ﬁxed dental prosthesis and therefore an
alternative for edentulous patients with compromised oral function is required.
The purpose of this proof-of-concept study
was to present the preliminary results one year
after loading for a single cohort of Cawood and
Howell Class V and VI1 patients rehabilitated
with a mandibular overdenture supported by
two implants using a novel low-proﬁle retention
system. This study followed the Strengthening
the Reporting of Observational Studies in Epidemiology reporting guidelines.13

Materials and methods
This prospective case series study was carried
out in accordance with the Declaration of Helsinki
of 1975, as revised in 2008. All of the participants
were consecutively enrolled and treated in two
private centers after being informed about the
nature of the study and providing their written
consent. Any healthy edentulous individual aged
18 years or older at the time of implant placement
with Class V or VI mandibular atrophy according
to Cawood and Howell,1 assessed by a cone beam
computed tomography scan (Fig. 1), was considered eligible for the study. Exclusion criteria were
general contraindications to oral surgery, pregnancy or nursing, intravenous bisphosphonate
therapy, alcohol or drug abuse, heavy smoking
(≥ 20 cigarettes/day), radiation therapy to the
head or neck region within the last ﬁve years,
parafunctional activity, untreated periodontitis,
and allergy or adverse reactions to the restorative
materials.
All of the patients received a new conventional removable denture before implant place-
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Fig. 1

Fig. 1
Preoperative radiograph.

ment, according to the respective functional and
esthetic requirements. Impressions were taken,
a master cast was poured, occlusal registrations
were taken, and a wax-up was prepared and tried
in. The conventional removable denture was delivered one week before the surgery and used as
a guide for the implant placement. On the day of
the surgery, a single dose of an antibiotic (2 g of
amoxicillin or 600 mg of clindamycin if allergic to
penicillin) was administered 1 h before implant
placement and continued for six days after surgery. Immediately before surgery, the participants rinsed with a 0.2% chlorhexidine mouthwash for 1 min. Local anesthesia was administered
with a 4% articaine solution with 1:100,000 epinephrine (Ubistein, 3M ESPSE, Seefeld, Germany).
Minimally invasive mucoperiosteal ﬂaps, without
releasing incisions, were elevated. Then, the implants were placed in the interforaminal region
of the mandible according to a one-stage approach.14 Each participant received two implants
(Osstem TSIII, Osstem, Seoul, South Korea),
placed according to a previously published surgical protocol, recommended by the manufacturer,
in order to achieve an insertion torque of at least
35 N cm.15 After surgery, the patients were instructed to avoid brushing and trauma at the
surgical site. A cold and soft diet was recommended for ten days. Smokers were recommended to avoid smoking for three days postoperatively,
and oral hygiene instructions were given. Analgesics (600 mg of ibuprofen) were prescribed as
needed. Sutures (if present) were removed after
ten days.
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Volume 3 | Issue 2/2017

The prosthetic procedures were begun eight
weeks after implant placement. The healing
abutments were unscrewed, the implant connections were cleaned and the newest lowproﬁle direct implant overdenture attachments
(OT Equator, Rhein83, Bologna, Italy; Fig. 2)
were screwed on to the implants, using the OT
Equator square screwdriver (Rhein83), with a
torque range of 22–25 N cm. The cuff heights
ranged from 0.5 to 7.0 mm, depending on the
height of the transition zone of each implant,
easily measured using the color-coded millimeter Cuff Height Measurer Gauge (Rhein83) after
healing abutment removal. Afterward, spaces
to accept the female housing steel cage were
prepared in the ﬁtting surface of the new removable complete mandibular denture. Silicone
protective discs (Rhein83) were placed over the
OT Equator attachments (Fig. 3). Extra-soft
(yellow, 600 g) or soft (pink, 1,200 g) retentive
caps were placed in to the female steel housing,
attached to the OT Equator and ﬁnally ﬁxed to
the denture using self-cured acrylic resin while
the patient held the dentures in centric occlusion, chairside. After complete polymerization,
the denture was picked up and silicone discs
removed. Acrylic excess was trimmed and the
denture was reﬁned and polished (Fig. 4). One
month after prosthesis delivery, the retentive
caps were replaced with a stronger type (violet,
2,700 g; Fig. 5). The occlusion was developed to
deliver a lingualized occlusion in centric relation
with balanced contacts during function, avoiding any premature contacts (Figs. 6a & b).
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Fig. 2

Fig. 3

Fig. 4

Fig. 5

Fig. 6a

Fig. 6b

sented with any mobility, assessed by tapping
or rocking the implant head with the metallic
handles of two instruments, progressive marginal bone loss or infection, and any mechanical complications rendering the implant unusable, although still mechanically stable in
the bone. A prosthesis was considered a failure
if it needed to be replaced with another prosthesis.
– Complications: Any biological (pain, swelling,
Outcome measures
suppuration, etc.) and/or mechanical (screw
The primary outcome measures were the following:
loosening, fracture of the framework and/or
– Success rates of the implants and prosthesis:
the veneering material, etc.) complications
An implant was considered a failure if it prewere evaluated.
Nevertheless, when the opposing arch was a
removable complete denture, the over-jet was
left purposely broad, from 2 to 5 mm in order to
avoid interferences during function. Instructions
were given to the patients, and recall visits were
scheduled for occlusal adjustments and oral
hygiene quality control every six months and for
retentive cap replacement every year (Figs. 7 & 8).
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Fig. 2
Clinical view after placement
of the two implants (Osstem
TSIII) according to a one-stage
protocol.
Fig. 3
Silicone protective discs
before denture rebase.
Fig. 4
Soft retentive caps in the
female steel housing.
Fig. 5
Stronger retentive caps.
Figs. 6a & b
View of the deﬁnitive
prosthesis.
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Table 1
Patients and implant
outcomes.
Fig. 7
Close-up view of the
low-proﬁle attachments
(OT Equator).

Age
(years)

Sex

Smoking

Implants

Implants
8.5 mm length

Implants
10 mm length

Implants
3.5 mm wide

Patient 1

67

F

0

2

0

2

0

Patient 2

74

F

0

2

0

2

2

Patient 3

77

F

0

2

0

2

2

Patient 4

71

F

0

2

0

2

0

Patient 5

66

F

0

2

0

2

0

Patient 6

64

M

0

2

0

2

0

Patient 7

53

F

0

2

0

2

2

Patient 8

72

M

0

2

2

0

2

Patient 9

68

F

0

2

0

2

1

18

2

16

9

Total
Mean ± SD

7F/2M
68 ± 7

MBL = Marginal bone loss; OHIP = Oral health impact proﬁle; T0 = Baseline; T1 = One month after deﬁnitive prosthesis delivery;
T2 = One year after deﬁnitive prosthesis delivery; BI = Bleeding index; PI = Plaque index; SD = Standard deviation.

Fig. 7

and evaluated under standardized conditions
– Marginal bone levels: The levels were assessed
using intraoral digital periapical radiographs
(ISO 12646:2004). The marginal bone levels
were determined from linear measurements
(Digora Optime, SOREDEX, Tuusula, Finland;
photostimulable phosphor imaging plate, size
performed by an independent calibrated ex2, pixel size of 30 μm, resolution of 17 lp/mm)
aminer on each periapical radiograph, from
at implant placement (baseline) and one year
the mesial and distal margin of the implant
after loading. Intraoral radiographs were taken
neck to the most coronal point where the bone
appeared to be in contact with the implant.
with the paralleling technique by means of a
periapical radiograph with a commercially – Patient satisfaction with function and esthetavailable ﬁlm holder (Rinn XCP, Dentsply Rinn,
ics was assessed using a scale of 1–10, where
Elgin, Ill., U.S.). The radiographs were accept10 = fully satisﬁed, 5 = satisﬁed and 1 = not
ed or rejected for evaluation based on the
satisﬁed. Quality of life was assessed by the
Oral Health Impact Proﬁle (OHIP-21) questionclarity of the implant threads. All readable
naire, which was completed by the particiradiographs were uploaded to an image analysis software package (DfW 2.8, SOREDEX)
pants. The questionnaire consists of seven
subscales (functional limitations, physical
that was calibrated using the known length or
diameter of the dental implants and displayed
pain, psychological discomfort, physical disability, psychological disability, social disabilon a 24 in. LCD screen (iMac, Apple, Calif., U.S.)
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Table 1

Implants
≥ 4 mm wide

Failed
implant

Failed
prosthesis

MBL
mm)

OHIP
T0

OHIP
T1

OHIP
T2

BI

PI

2

0

0

0.20

69

38

26

1

0

0

0

0

0.30

78

35

21

2

2

0

0

0

0.30

83

29

21

0

0

2

0

0

0.50

68

30

16

0

1

2

0

0

0.30

65

22

22

0

0

2

0

0

0.70

80

28

24

3

4

0

0

0

0.30

74

34

22

0

0

0

0

0

0.40

72

29

18

0

0

1

0

0

0.50

76

24

18

0

0

9

0

0

8.3%

9.7%

0.39 ± 0.15

ity, and handicap) with two to four questions
each. Participants chose from ﬁve possible
responses for each question as follows: never,
hardly ever, occasionally, fairly often and very
often. Items were scored on a ﬁve-point ordinal scale ranging from 1 (never) to 5 (very
often). Lower OHIP total scores are suggestive
of improvement in oral health-related quality
of life. The questionnaire was administered
before treatment and one month and one year
after deﬁnitive prosthesis delivery.
– Bleeding index and plaque index were evaluated at four sites around each implantabutment interface at the one-year examination with a periodontal probe (PCPUNC156,
Hu-Friedy, Milan, Italy).
An independent dentist evaluated the implant
and prosthetic survival and success rates and
administered the patient satisfaction and OHIP
questionnaires. Complications were assessed
and treated by the treating clinician, who was
nonblinded. Marginal bone level changes were
evaluated by an independent radiologist. An independent blinded dental hygienist who was
otherwise not involved in the study performed all
of the periodontal measurements.
All data analysis was carried out according to
a pre-established analysis plan using software
(IBM SPSS Statistics for Macintosh, Version 22.0,
IBM, Armonk, N.Y., U.S.). Descriptive analysis was
performed using means, standard deviations and
a 95% conﬁdence interval. Comparison of the
means for marginal bone level changes, patient
satisfaction and OHIP scores between the baseline and one-year follow-up examinations was

74 ± 6

30 ± 5

21 ± 3

performed by paired tests. A biostatistician with
expertise in dentistry analyzed the data.

Results
A total of 18 Osstem TSIII implants of 8.5 mm
(n = 2) or 10 mm (n = 16) in length and a regular
diameter (n = 9) or mini diameter (n = 9) were
placed in nine consecutive edentulous participants (seven female and two male) presenting
with Cawood and Howell Class V (n = 6) or VI
(n = 3) mandibular atrophy. The participants
were followed up for a minimum of one year
(mean: 18.2 months; range: 12–22) after deﬁnitive loading. The average age of the patients was
68 (range: 53–77). The main patient and implant
characteristics are shown in Table 1. No participants dropped out, and no deviation from the
original protocol occurred. At the one-year
follow-up, no implants or prosthesis had failed,
resulting in cumulative implant and prosthetic
survival rates of 100%. No biological or technical complications occurred during the follow-up,
resulting in cumulative implant and prosthetic
success rates of 100%. At the one-year followup, the mean marginal bone loss was
0.39 ± 0.15 mm. The OHIP summary scores
demonstrated a signiﬁcant decrease between
the pre-treatment scenario and the one-month
after prosthesis delivery (p = 0.0000) and between the one-month and one-year follow-ups
(p = 0.0005), after retention system replacement. At the one-year follow-up, the bleeding
index was 8.3% and the plaque index was 9.7%.
All of the data are summarized in Table 1.
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Fig. 8

Discussion

Fig. 8
Postoperative radiograph.

This prospective case series study was designed
to evaluate the one-year clinical and radiographic outcomes and patient satisfaction of Cawood
and Howell Class V and VI patients treated with
a mandibular overdenture supported by two
implants using a novel low-profile retention
system. Because it was designed as a singlecohort study without sample size calculation,
the main limitations were the lack of a control
group and a small sample size. Hence, this investigation should be considered as a proof of
concept for future multicenter randomized clinical trials with control group comparison.
The results of the present one-year preliminary prospective case series study reported implant and prosthetic survival and success rates
of 100% and greater patient satisfaction, indicating that patients with extremely atrophic mandibles (Cawood and Howell Class V and VI) may be
rehabilitated using ﬁxed-removable solution.
Owing to increased life expectancy, the
treatment of elderly patients is advancing in
medicine. With the alveolar bone resorbed and
the vertical dimension of the mandible reduced,
an altered relationship to the maxilla; poor, variable bone for implant restoration; and loss of
cheek and lip support result. According to the
literature, implant-retained mandibular overden58
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tures can be an effective treatment option for
patients who have persistent problems with
conventional dentures.4 Various attachment
systems have been successfully utilized to connect these overdentures to the implants including bar, ball, magnetic and resilient telescopic
attachments.16 A relatively recent attachment
that has become increasingly popular is the OT
Equator low-proﬁle direct implant overdenture
attachment (Fig. 7). It is a resilient and selfaligning attachment system with stable retention. Owing to its low proﬁle, it can be used with
limited interarch distance. In addition, in the
present study, the low-profile OT Equator
attachments were used to rehabilitate severely
atrophic patients, reducing the risk of denture
base fracture over time. In addition, OT Equator
attachments allow for angle compensation of
up to 30°, which may be helpful in severely atrophic patients with different severities of mandibular atrophy and lingual concavities that may
compromise the ability to place axial implants
without bone reconstruction. Furthermore, the
new Smart Box allows passive insertion under
extreme conditions, also up to 50° divergence
(Fig. 8).
The ﬁndings of this study support the established evidence base for improvement in edentulous patients’ satisfaction with their prostheses when two implants are used to retain their
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complete mandibular dentures, even in severely
atrophic patients. In the present study, extrasoft or soft retentive caps were used during the
ﬁrst month after loading in order to allow for
easy management by patients. The stronger
retentive caps were used to improve the balance
between mucosal support and implant retention, also increasing patient satisfaction.
A mandibular overdenture supported by two
implants is a well-proven treatment option for
severely atrophic patients when a conventional
removable denture is not sufficient to ensure
function and esthetics. In this historic time, in
which the average age of patients has increased,
it is important to have a minimally invasive, safe
and predictable treatment option that can
greatly improve quality of life of patients.

Conclusion
Within the limitations of this study, a mandibular overdenture supported by two implants can
be considered an effective and predictable
option for successful treatment of patients presenting with Cawood and Howell Class V or VI
mandibular atrophy. After a short period of accommodation, it is recommended to replace the
conventional retention caps with stronger ones
to improve overden-ture stability and thus patient satisfaction.
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