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ABSTRACT

Aim: The purpose of this study was to evaluate the prosthetic complications and maintenance
of implant retained maxillary and mandibular overdentures constructed with fully balanced and
lingualized balanced occlusal schemes.

Materials and methods: Eight participants with edentulous maxillary and mandibular ridges
received 4 implant fixtures in the lateral incisor and first premolar areas of maxilla and 2 implant
fixtures in the cuspid areas of the mandible using the submerged surgical protocol. Maxillary and
mandibular overdentures were constructed with either fully balanced occlusal scheme (group I)
or lingualized balanced occlusal scheme (group II) and connected to the implants with Locator
attachments after 6 months of implant insertion. Evaluation of prosthetic maintenance and
complications for both maxillary and mandibular dentures in both groups were made after one year
of denture insertion.

Results: For maxillary and mandibular overdentures, group I had significant higher incidence
of screw loosening, insert wear and insert replacement than Group II. While Group II had higher
incidence of teeth wear than Group I. No significant difference in denture reline and insert distortion
between both groups was noted. For mandibular overdentures, group I was associated with
significant higher mucositis, soreness, ulcer decubitus than Group II. For maxillary overdentures,
no significant difference in mucositis, soreness, hyperplasia or flabby ridges between groups was
noted.

Conclusion: Within the limitations of this study, Lingualized balanced occlusal concept
is recommended for maxillary and mandibular implant overdentures as it was associated with
significant lower prosthetic and soft tissue complications than fully balanced occlusal concept.
However, it had significant higher tooth wear and may need teeth replacement.

* Lecturer of Removable Prosthodontics, Faculty of Dentistry, Beni-Seuf University.
** Lecturer of Removable Prosthodontics, Faculty of Dentistry, Misr International University.
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INTRODUCTION

For the majority of patients, an overdenture
on two implants is the first choice of treatment
when complaining about the lack and stability
of their mandibular denture' 2. Such restoration
are substantially cost effective to fabricate, easier
to clean, can overcome appearance and speech
problems and give increased satisfaction of the
patients * * Edentulous patients with maxillary
denture and mandibular

complete implant

supported overdentures often subjected to
degeneration changes in the maxillary edentulous
arch similar to that observed with the traditional
combination syndrome due to increased biting
forces on maxillary anterior regions’. Prevention
of anterior occlusal pressure, and support and
stabilization of the maxillary dentures with implants
are mandatory in elimination of these atrophic
changes®. Additionally, implant retained maxillary
overdentures could be effective treatment options
for patients complaining from insufficient retention
and stability of conventional maxillary dentures’,
such overdentures provide proper phonetics,
adequate restoration of alveolar bone loss and lip
support, good aesthetics and hygiene access that
is not possible with a fixed maxillary prosthesis
8. Compared with the mandible, implant-retained
maxillary overdentures had several complications,
such as low bone density and volume, non-axial
implants, and position of teeth away from the
implant axis, which increase stress transmission to
the implants® '°. Thus, more implants are needed
for maxilla than that of the mandible!, so a
minimum of 4 implants a consensus in the reviewed

literature. 8 >4

Several attachments can be used to retain
overdentures to the implants such as splinted (bar/
clip) or non-splinted (ball, stud and magnetic)
attachments. Bar attachments distribute load between
the implants, can be used with divergent implants's,
had reduced rate of prosthetic complications'
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and provide horizontal stability when the ridge is
resorbed!”. However, unsplinted anchorage systems
require less inter-arch distance especially within
implant retained over-denture prosthesis involving
both maxilla and mandible, are easier to clean and
more economical, as well as less technique sensitive
when managing splinted designs '®. The locator
attachments are solitary, widely used to retain
overdentures, as they are self-seated, resilient, have
effective retentive forces'”%°. Locator attachments
also are available in different heights, durable; and
can be used with increased implant angulation®'-*.
Moreover, repair and renewal are quick and
straightforward'® . Locator attachments showed
favorable clinical and radiographic outcomes?,
masticatory function”’, and patient satisfaction®
compared to other attachment systems.

It has been reported that the biomechanically
controlled occlusion is profound for clinical success
and longevity of implants. So sound biomechanical
principles have to be followed during establishment
of occlusion for any implant supported or retained
prosthesis, so as to direct occlusal forces mainly
along the long axis of implant and minimize the off-
centered forces®.

So enhancing preservation of osseointegration
can be accomplished by decreasing lateral stresses
that result when vertical force is applied on inclined
occlusal surface®. For implant overdentures, the
commonly used occlusal schemes are fully balanced
occlusion and lingualized balanced occlusion. Lang
and Razzoog® recommended lingualized occlusion
for implant overdentures. Despite the fact that fully
balanced occlusion is recommended by several
authors to improve stability of implant overdentures,
there are a lot of studies that compared it with the
lingualized occlusion regarding their effect on loss
of marginal bone surrounding the implants and the
prognosis of osseointegration, where the results
of both occlusal schemes has been proved to be
satisfied?'.
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However, reviewing the literature, the evaluation
of opposing occlusal schemes on the prosthetic
complication and maintenance of implant supported
overdentures are relatively scarce''?
in those cases of maxillary implant supported

overdenture opposed by mandibular

especially

implant
supported overdenture. Therefore, the aim of this
study was to evaluate prosthetic complications
and maintenance of implant retained maxillary
and mandibular overdentures constructed with
fully balanced and lingualized balanced occlusal
schemes. The null hypothesis was that there will be
no significant difference in prosthetic complications
and maintenance between both occlusal schemes.

MATERIALS AND METHODS

Patients enrollment

Eight patients (4 males and 4 females) with
average age 50-65 years were recruited from the
patients attended at the clinic of the Removable
Prosthodontic Department, faculty of dentistry,
Beni-Seuf University to receive implant retained
overdentures. The inclusion criteria include the
following:

1. Completely edentulous maxillary and mandibu-
lar ridges with healthy mucosa and absence of
remaining roots.

2. All patients suffering from insufficient retention
and stability of their maxillary and mandibular
conventional dentures due to ridge resorption.

3. All patients had adequate bone quantity (width
and height) in the anterior maxillary and
mandibular ridges* and adequate bone quality**
(as verified by preoperative cone beam CT).

4. Absence of smoking habits.
Adequate interarch space to accommodate

maxillary and mandibular over-dentures

Patients who had bone metabolic disorders, and
diseases that may complicate surgical procedure as
liver, heart, auto-immune diseases, radiation to head
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and neck and diabetes mellitus were excluded. The
study protocol and objectives were described to the
subjects, and they all signed consents. The study
followed the guidelines of committee of ethics of
the Faculty of Dentistry, Beni-Seuf University.
Patients were classified into 2 groups using balanced
random selection with equal gender distribution in
each group: Group I (GI); included 4 patients who
received 4 implant-retained maxillary overdentures
and 2-implant retained mandibular overdentures
constructed using fully balanced occlusal scheme,
and group II (GII); included 4 patients who
received 4 implant-retained maxillary overdentures
and 2-implant retained mandibular overdentures
constructed using lingualized balanced occlusal
scheme.

Surgical and prosthetic procedures

Maxillary and mandibular old dentures were
revised for perfect adaptation and occlusion to be
used as a radiographic template where Gutta purcha
were fixed to polished surfaces the dentures at
variable heights from occlusal plane®. The location
and angulation of the fixtures and the correct
implant length were assessed using a radiographic
stent that was scanned twice using Cone Beam
Computed Tomography (CBCT, i- CAT Vision®,
Imaging Sciences Hatfield, PA,
USA) , as the patient wore the upper and lower
radiographic template to be firstly imaged while he

International,

was biting guided by putty occlusal index , and then
upper and lower templates occluding together were
secondly scanned outside the patient mouth in the
same position guided by occlusal index . The two
images were fused together using 3D image-based
software (OnDemand 3D App Software; CyberMed
Inc) to construct a tissue supported surgical guide
by prototyping technology.

Four implants were planned in lateral incisor and
1 premolar areas between the maxillary sinuses.
Two implants were planned in the canine areas of
the mandible. A surgical kit including sleeves and
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standardized drills (supplied by the radiologist) was
used for osteotomy preparation.

All surgeries were carried out with infiltration
The
osteotomy sites were prepared following the

anesthesia (lidocaine with epinephrine).

drilling sequence provided by the manufacturer’s
surgical universal kit. A crestal incision was made
in the maxillary and mandibular arches with
minimal flap reflection. The maxillary template was
fixed using anchor pins. Four implants (Dentium
Co., Seoul, Korea), were inserted after osteotomy
preparation. Cover screws were connected to the
implants. The flap was covered by interrupted
sutures and the old maxillary dentures were relieved
and relined with resilient liners after refining the
occlusion.

Postoperative medications include;
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Antibiotics (amoxicillin 625 mg + clavulanic
acid 125 mg, Augmentin® 1gm), Corticosteroids
(Dexamethasone®) injection immediately after
surgery to reduce postoperative edema and
inflammation.  Anti-inflammatory =~ medication
(ibuprofen®, 600 mg) was administered for 5
days postoperatively. The procedure was repeated
for mandibular implants after one month to allow

healing of maxillary soft tissue (fig 1).

Post-operative panoramic radiograph was made
(fig 2).

For both groups, six months after implant
insertion, the maxillary and two weeks later,
primary alginate impression was made and poured

to get primary models on which custom trays

Fig. (2): Post-operative panoramic radiograph
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were made. After border molding of the trays,
openings opposite to the implants were made. Long
impression copings were connected to the implants
and open tray maxillary and mandibular impressions
were made, analogues were attached to the copings
and impressions were poured to obtain master casts.
Occlusion blocks were constructed to be ready for
recording the jaw relation. The occlusal plane was
adjusted and the maxillary cast was mounted on a
semi-adjustable articulator (Bio-art semi-adjustable
articulator. A7 Plus. Brazil) using maxillary face
transfer (Bio-art face bow, Brazil), while the lower
cast was mounted using centric relation record
following check bite technique. Protrusive record
was done following the wax-wafer technique to
modify the horizontal guidance of the articulator.
The Lateral guidance was modified using the
equation L=H/8 +12 (Hanau formula). For group
I, setting up of anatomic 33° cusp angle cross-
linked acrylic teeth (Acrostone) was carried out
according to fully balanced occlusion concept. So
that the anterior teeth were arranged with sufficient
vertical overlap as allowed by adequate aesthetics
and phonetics, then acceptable horizontal overjet
was established to avoid anterior interference in
lateral and protrusive mandibular movements. In
eccentric movement, the posterior teeth were set
to provide bilateral occlusal balance for a range of
2-3 mm around centric relation, hence the lower
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buccal cusp ridges were adjusted to contact the
upper buccal cusp ridges, and the lower lingual cusp
ridges contact the upper lingual cusp ridges on the
working side. While on the balancing side, the lower
buccal cusps contact with the lingual cusps (fig 3a).
For group II, Posterior anatomic teeth (cusp angle
33°) were used for maxillary denture and preferred
to be with prominent lingual cusps, while semi-
anatomic teeth with 20° cusp angle were selected
for mandibular denture posterior teeth were set
according to the lingualized occlusion concept, so
mandibular buccal cusps were reduced by selective
grinding to be out of occlusal contact in both centric
and eccentric positions, and only maxillary lingual
cusps make occlusal contact with the mandibular
teeth in all jaw positions (fig 3b). After try in of trail
denture bases, Locator abutments (Dentium Co.,
Seoul, Korea) were threaded to the analogues on the
models and white processing inserts were snapped
on the locator abutments before packing of acrylic
resin.

The dentures were processed in usual manner,
finished and polished, and the occlusion in both
groups was refined by laboratory remounting.
Locator abutments were screwed in patient mouth
(fig 4). Processing inserts were replaced by blue
nylon insert (extra light retention) was used (fig
5). Then occlusion was checked and equilibrated
to achieve stable occlusal contact in centric and

Fig. (3) a: Fully balanced occlusal scheme, b: Lingualized balanced occlusal scheme
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Fig. (4): Locator abutments screwed in patient mouth for maxillary and mandibular overdentures

Fig. (5): Nylon inserts in the fitting surface of maxillary and mandibular overdentures

eccentric relations using clinical remounting on the
articulator using new jaw relations records, then
the occlusion was rechecked again in the patient
mouth using articulating paper. The upper and lower
overdentures were delivered to the participants of
both groups, and the oral hygiene instructions were
given to all patients.

Evaluation of prosthetic maintenance and com-
plications

Evaluation of prosthetic maintenance and
complications for both maxillary and mandibular
dentures in both groups were made after one year
of denture insertion, as certain schedule®® 37 was
followed:

of the
(implant fracture, screw loosening, screw

1. Prosthetic complications implants
fracture) attachments (wear, distortion, fracture,
replacement), overdentures (reline, remake,
fracture, teeth wear, teeth separation or fracture).

2. Soft tissue complications (mucositis, soreness,
ulcer decubitus, hyperplasia and flabby ridge)
under the dentures.

Statistical analysis

SPSS® software version 25 (SPSS Inc.,
Chicago, IL, USA) was used for data analysis.
The implant and attachment complications were
calculated on implant level. Other prosthetic and
soft tissue complications were calculated on patient
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level. The descriptive statistics of both prosthetic
and soft tissue complications for both groups were
calculated in terms of frequency and percentages
using frequency distribution (contingency) tables.
To test the difference in proportions of prosthetic
and soft tissue complications between groups,
Chi square test was used. P-values <0.05 were
considered to be significant.

RESULTS

The frequency distribution of the incidence
of prosthetic events of maxillary and mandibular
dentures in both groups is presented in table 1. For
mandibular overdentures, no abutment fracture,
screw fracture, insert fracture, denture remakes,
denture fractures, teeth separation and teeth fractures
occurred in both groups. Fully balanced occlusal
concept was associated with significant higher
incidence of screw loosening, insert wear, insert
replacement than lingualized balanced occlusal
concept.
concept was associated with significant higher
incidence of teeth wear than fully balanced occlusal
concept. No significant difference in denture

While lingualized balanced occlusal

reline and insert distortion between both occlusal
concepts was noted. For maxillary overdentures, no
abutment fracture, screw fracture, insert fracture,
denture remakes, denture fractures, teeth separation
and teeth fractures occurred in both groups. Fully
balanced occlusal concept was associated with
significant higher incidence of screw loosening,
insert wear, insert replacement than lingualized
balanced occlusal concept. While lingualized
balanced occlusal concept was associated with
significant higher incidence of teeth wear than fully
balanced occlusal concept. No significant difference
in denture reline and insert distortion between both
occlusal concepts was noted.

The frequency distribution of the incidence of soft
tissue complications of maxillary and mandibular
dentures in both groups is presented in table 2. For
mandibular overdentures, fully balanced occlusal
concept was associated with significant higher
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mucositis, soreness, ulcer decubitus than lingualized
occlusal concept. No mucosal hyperplasia or flabby
ridges occurred in the mandibular arch in both
groups. For maxillary overdentures, no significant
difference in mucositis, soreness, hyperplasia or
flabby ridges between groups was noted. No ulcer
decubitus occurred in the maxillary ridge in both
groups.

TABLE (1) Frequency distribution of incidence of
prosthetic complications

Bilateral |Lingualized |Chisquare
balanced (p value)
Mandibular denture
Locator abutments (implant level)
abutment fracture 0 0 1.00
screw loosening 4 0 021*
screw fracture 0 0 1.00
Locator housing and inserts (implant level)
Insert wear 5 1 039%*
Insert distortion 3 1 24
Insert fracture 0 0 1.00
Insert replacement 8 2 012%*
Overdentures (patient level)
Denture reline 2 1 52
Denture remake 0 0 1.00
Denture fracture 0 0 1.00
Teeth wear 1 4 021%
Teeth separation 0 0 1.00
Teeth fracture 0 0 1.00
Maxillary denture
Locator abutments
abutment fracture 0 0 1.00
screw loosening 9 3 028%*
screw fracture 0 0 1.00
Locator housing and inserts
Insert wear 7 2 049%
Insert distortion 4 1 14
Insert fracture 0 0 1.00
Insert replacement 11 3 004*
Overdentures
Denture reline 1 0 31
Denture remake 0 0 1.00
Denture fracture 0 0 1.00
Teeth wear 1 4 021%
Teeth separation 0 0 1.00
Teeth fracture 0 0 1.00
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TABLE (2): Frequency distribution of incidence and
percentage of soft tissue complications

Bilateral | Lingualized | Chi square

balanced (p value)
Mandibular denture (patient level)
Mucositis 3 1 028%*
Soreness 3 1 028%*
Decubiti’s ulcer 2 0 049%
Hyperplasia 0 0 1.00
Flabby ridge 0 0 1.00
Maxillary denture (patient level)
Mucositis 2 2 1.00
Soreness 1 0 28
Decubiti’s ulcer 0 0 1.00
Hyperplasia 2 1 46
Flabby ridge 2 1 46

DISCUSSION

It has been emphasized the role of occlusion as
a key factor in not only implant success prosthesis
but its longevity, as it has been mentioned that most
of the problems of the implants showed between
the first and sixth week post-insertion are directly
related to the occlusion®®. Accordingly, in our study
along one-year follow-up period, all complications
of implant overdenture
opposing mandibular implant retained overdenture

constructed with two different occlusal schemes, it

retained maxillary

could be said that forces exerted by both occlusal
schemes were within the physiological limits of the
bone supporting the implants. Hence no massive
failures could be seen like implant loosening and
fracture of either abutments or screws. Also there
may be other factors that modulate the occlusal
pressure transmitted to the implants. Accurate
placement of implants using stereolithographic
CAD-CAM surgical guide that enabled accurate
actual placement of implants concomitant with
planning that ensured occlusal

virtual forces
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parallel with long axis of implant. Additionally,
for mandibular and maxillary overdentures, no
abutment fracture, or screw fracture occurred. This
might be due to the acrylic artificial teeth having
high shock absorbability and dampening effect
which reduce occlusal force transmission to the
implants* and could be responsible for reduced
abutment and screw fracture. Moreover, selection
of locator attachment system might have a role in
reducing occlusal stresses, as the vertical resiliency
of the nylon inserts® provided for stress relief
and hence reduce stresses on the implants with
subsequent decreasing of abutment and screw
fracture. Also, the vertical and hinge resiliency of
the nylon inserts could be responsible for absence of
insert fracture. Therefore, inserts are more prone to
wear or distortion by increased occlusal load rather
than fracture.

Moreover, the reduced height and buccolingual
dimension of the locator attachments could be
accounted for absence of denture remakes, denture
fractures, teeth separation and teeth fractures in
both groups. As, Locator attachments occupy
less prosthetic space within the denture base.
Consequently, it reduces denture base deformation
and fracture®> *', The total height of locator
attachments is approximately 2.5mm. This allowed
an increase in the overlaying acrylic resin* and
decreased denture base deformation, decrease teeth
separation and fracture in both groups. Furthermore,
the use of full palatal coverage in the maxillary
overdenture strengthen the denture base and reduce
denture fractures.

However, fully balanced occlusal concept was
associated with significant higher incidence of
screw loosening, insert wear, insert replacement
than lingualized balanced occlusal concept. This
may reflect the increased occlusal pressure and
load transmission to the locator attachments when
fully balanced occlusion was used compared to
lingualized occlusion. This could be attributed to
the architecture of fully balanced occlusion that
has more occlusal contact points on functional and
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non-functional cusps on the loading (chewing)
side during lateral mandibular excursions as well
as during protrusive movements of mastication®.
Moreover, fully occlusal concept using anatomic
teeth, (locking of
occlusion) may occur by settling of denture base

so occlusal disharmonies

(as a result of mucosal resiliency and vertical
resiliency of the nylon inserts) which is difficult to
be corrected®. This may increase horizontal stresses
and lateral forces applied to the implants due to cusp
contact on the inclined planes of artificial teeth. This
caused occlusal pressure that could be responsible
for increased screw loosening, insert wear, and
insert replacement.

In contrast, in lingualized occlusion, the only
functional palatal cusps contact during centric and
eccentric excursions with mortar and pestle style
that transmit load to a point only (central fossa)
with subsequent less lateral forces transmitted to
the denture and the underlying implant system*,so
the lingualized occlusion provide freedom in lateral
movement as well as reduced occlusal multiplicity of
contact without locking interference when denture
settling occurs, additionally the reduced lateral
forces are due to fewer number of cusp contact on
the inclined planes during lateral and protrusive
movements with increased denture stability , hence
less denture movement and less occlusal pressure
transmitted to the supporting implants and the
retaining attachments*.

The increased prosthetic complications (in-
creased screw loosening, insert wear, and insert re-
placement) that was seen in both groups could also
be attributed to locator attachment demerits that
were reported in other studies in which the patients
wear either mandibular overdenture opposing com-
plete denture®* or maxillary and mandibular over-
dentures with locator attachments*:*’. These com-
plications may be due to absence of retention in the
Locator attachment due to wear and distortion of the
nylon inserts which need replacement of the nylon
male component. This concur with Kleis et al*> who
concluded that follow-up for patients with locator
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attachment is needed to manage deformation and
damage of nylon inserts. Furthermore, it has been
recently mentioned*® that the use of more implants
reduce the number of prosthetic complications, and
damage of the nylon inserts of the Locator attach-
ment. However, the increased number of implants
for maxillary overdentures in this study did not re-
duce the incidence of prosthetic complications. This
could be attributed to the increased labial inclina-
tion of the implants in the premaxillary region due
to the anatomy of the bone. This creates angulation
between anterior and posterior locator attachments.
This angulation was reported to increase the wear
and damage of the locator nylon inserts.* +-3!

The lingualized balanced occlusal concept was
associated with significant higher incidence of teeth
wear than fully balanced occlusal concept. This may
be attributed to the point of contact of the functional
palatal cusps to the opposing fossa as stated
previously which increase occlusal forces on this
point and accelerate wear of the contacting cusps.
This may cause possible reduction of masticatory
efficiency of tooth, and loss vertical dimension of
occlusion over time. Therefore, it is recommended
for patients to perform regular recalls to evaluate
occlusal contact and replace the worn teeth if
needed.

For mandibular overdentures, fully balanced
occlusal concept was associated with significant
higher mucositis, soreness, ulcer decubitus than
lingualized occlusal concept. This could be due
to higher incidence of occlusal contacts leading
to increased occlusal forces on the supporting
bone and the overlying delicate mucosa of the
mandibular ridge, as the overdenture hinges around
an imaginary line connecting the canine implants
in the mandible causing free overdenture rotation
during function which may result in enhanced
posterior loading as noted by Naert, et al.>> No
mucosal hyperplasia or flabby ridges occurred in
the mandibular arch in both groups thanks to the
effective implant support in the anterior areas.
Also, the smooth surface of locator attachments



(2330) E.DJ. Vol. 67,No. 3

provides easier oral hygiene and cleaning without
causing peri-implant mucosal inflammation or
gingival hyperplasia*. For maxillary overdentures,
no ulcer decubitus occurred in the maxillary ridge
in both groups. This may be due to the increased
implant support provided by the 4 implants which
decrease overdenture rotation during function,
also the excessive area of maxillary keratinized
mucosa provides more tissue support with little or
no mucosal irritation. On contrary, mandibular non-
keratinized mucosa having diminished supportive
area.

CONCLUSION

Within the limitations of this study, Lingualized
balanced occlusal concept is recommended for
opposing maxillary and mandibular
overdentures as it was associated with significant
lower prosthetic and soft tissue complications than

implant

fully balanced occlusal concept. However, it had
significant higher tooth wear and may need teeth
replacement.
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