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ABSTRACT

INTRODUCTION: Selection of the proper overdenture attachment system can be challenging for the prosthodontist if there is a
lack of implant parallelism.

OBJECTIVES: The study aimed to radiographically assess the influence of two distinct attachment systems on marginal bone
loss (MBL) around a pair of 30-degree divergent implants retaining mandibular overdentures.

MATERIALS AND METHODS: The study involved 22 fully edentulous patients who underwent a prospective randomized
controlled trial (RCT). In this trial, each patient received a pair of implants tilted at a 15° angle from the vertical axis, bilaterally
placed in the canine regions using a minimally invasive flapless surgical technique. The participants were evenly divided into two
groups: Group N (n = 11), which received mandibular overdentures with angled Novaloc attachments, and Group L (n=11),
which received mandibular overdentures with Locator attachments. The evaluation of MBL was conducted at three time points:
baseline (prosthetic loading), 3 months, and 12 months after prosthetic loading.

RESULTS: By the end of 12 months, the mean values of MBL did not exceed 1.5 mm in both groups. The mean values of MBL
were greater in group N than in group L with a statistically significant difference (P < .001).

CONCLUSION: The Locator attachment may be viewed as superior to the angled Novaloc attachments when it comes to peri-
implant bone loss around 15° distally inclined implants used to retain mandibular complete overdentures. Nevertheless, the bone
loss with angled Novaloc attachments remains within clinically acceptable limits.

KEYWORDS: Overdenture, Inclined implants, Novaloc, Locator, Attachment.

RUNNING TITLE: Evaluation of two attachment systems in mandibular overdentures.

1 -Assistant lecturer of Prosthodontics, Faculty of Dentistry, Alexandria University.

2 -Professor of Prosthodontics, Faculty of Dentistry, Alexandria University

3 -Assistant professor of Oral Medicine, Periodontology, Oral Diagnosis and Radiology Department, Faculty of Dentistry, Alexandria
University

4 -Lecturer of Prosthodontics, Faculty of Dentistry, Alexandria University

*Corresponding author:
haitham.ismail@alexu.edu.eg

INTRODUCTION

Edentulous patients often face well-documented
issues, including masticatory impairment, primarily
because of the inadequate retention and stability of
their complete dentures (1). Bone resorption may
result in functional restrictions and discomfort,
particularly in the mandible (2). Research suggests
that using implant-supported removable prostheses
for treating edentulous patients can produce a
dependable and successful solution for addressing the
functional limitations linked to conventional dentures
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(3,4). The McGill Consensus Statement (5) and the
York Consensus Statement (6) offer substantial
evidence endorsing the idea that a two-implant
mandibular overdentures has to be the preferred
approach for managing edentulous patients.

While it is ideal for implant placement for
overdenture to be both parallel to one another and
aligned with the prosthesis insertion path, while also
being perpendicular to the occlusal plane (7), practical
constraints like bones quality, anatomical structures,
and clinical considerations often lead to some
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deviation from the desired insertion path (8,9). The
placement of implants with a higher inclination may
occur with less skilled surgeons (10). As a result,
placing two implants bilaterally in the canine position
within a curved edentulous arch can cause them to
diverge in the frontal planes (11). From a clinical
perspective, a facial concavity may make this distal
implant inclination issue obvious While computer-
assisted implant placement may eliminate the need for
bone grafting and flap elevation, it remains
inaccessible to elderly individuals facing economic
constraints and limited financial resources (12,13).

Lack of implant parallelism can make it
difficult for a dentist to choose the right overdenture
attachment system (14). If the implants are slanted,
an optimal attachment system should provide
substantial and consistent retentive force while
exerting minimal lateral force on the implant (15).

The widely employed conventional ball
attachment allows angulation adjustments of only up
to 20°, making it the most commonly utilized system.
To correct tilted implants, alternative prosthetic
methods, like employing a Locator attachment
instead of ball patrices or employing a splint with a
bar, were suggested (10,16).

The bar design will increase costs, increase
the risk of gingival hyperplasia, and reduce tongue
space in the presence of tapered arches (17). While
the Locator attachment can handle a divergence of up
to 40 degrees between implants, concerns such as
frequent wear and inadequate retention have been
observed (14,15,18-20).

To tackle this concern, the market is
witnessing a rise in systems featuring angled
abutments. One example is the Novaloc Retentive
System developed for hybrid dentures (Insitut
Straumann AG, Basel, Switzerland). This system,
introduced in 2016, includes a 15° angled abutment
alongside straight abutments. It relies on mechanical
retention through a polyetheretherketone (PEEK)
matrix on a cylindrical patrix, which might offer
superior wear resistance compared to the nylon found
in alternative attachment system. These abutments
additionally treated with a surface made of amorphous
diamond-like carbon, which decreases roughness and
improves the durability of the attachment components.
The Novaloc attachment occupies minimal space,
with the female part measuring just 2.3 mm in height
and 55 mm in diameter. Consequently, it ranks
among the smallest applicable attachment accessible.
In vitro studies have been carried out to assess the
enduring retention of PEEK matrices versus the
conventional Locator system, yielding encouraging
outcomes (21-23). Nonetheless, it is worth noting that
increased abutment angulation imposes greater stress
on the surrounding bone, as demonstrated by
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photoelastic  stress evaluations, finite element
analyses, and strain-gauge investigations (24,25).

While there have been reports of employing
the Novaloc attachment for correcting inclined
implants in the fabrication of overdentures (26), there
is a dearth of clinical research assessing the impact of
Novaloc attachments systems on the efficacy of
inclined implants that retain mandibular overdenture.
Consequently, this research aimed to radiographically
compare  30-degree divergent dual implants
supporting mandibular overdentures with angled
Novaloc and Locator attachment systems, focusing
on Marginal Bone Loss (MBL). The null hypothesis
posited that there would be no significant disparity
between the two attachment systems.

MATERIAL AND METHODS

This study, a prospective, double-blinded, balanced,
randomized controlled clinical trial with a parallel-
group design, was undertaken after obtaining
approval from the ethical scientific research
committee of the Faculty of Dentistry, Alexandria
University, Alexandria, Egypt (International number:
IORG 0008839) and the implant's research
committee.  Furthermore, it is registered on
www.ClinicalTrials.gov (ID: NCT05695612) and
adhered to the good clinical practice guidelines and
principles for clinical research as outlined in the
Declaration of Helsinki.

Patient selection

This research involved twenty-two fully edentulous
patients with age ranged from 40 to 65 years chosen
from the Prosthodontic department at the Faculty of
Dentistry, Alexandria University. The sample size
was determined using MedCalc Statistical Software
version 19.0.5, based on a study comparing retention
force between Novaloc and Locator attachment
systems (23). We set a significance level of 95% and
a power of 90%. An online software program,
Research Randomizer (http://www.randomizer.org),
was used to generate a random allocation sequence
(27). The allocation was concealed within opaque
envelopes, which were opened by the clinician during
prosthetic  loading  appointments. Both  the
participants and the statistician were kept unaware of
the attachment type being assessed.

Every edentulous participant selected was
dissatisfied with the traditional mandibular denture.
All patients possessed sufficient bone for implant
placement, with a minimum diameter of 3.5 mm and
a length of 10.0 mm, along with adequate inter-ridge
space. All subjects in this research had an ample zone
of keratinized mucosa. Individuals with systemic
ilinesses and those unwilling to undergo implant
overdenture treatment were excluded. The study
included only motivated, cooperative patients who

156



Ismail et al.

provided informed consent. We adhered to the 2010
CONSORT checklist for this randomized trial (Fig.
1) to ensure adherence to proper guidelines.
Prosthetic phase | (Construction of Conventional
Complete Denture):
Complete maxillary and mandibular dentures were
created for each patient using a standardized traditional
technique.
Construction of surgical guide
A dual scan technique was employed in creating
CAD/CAM surgical guides. Flowable composite
resin (Filtek Bulk Fill; 3M ESPE) was applied
randomly to both the facial and lingual aspects of the
mandibular acrylic dentures to determine the optimal
implant sites. Scanning was carried out for both the
denture while worn by the patient and for the denture
alone wusing cone beam computed tomography
(CBCT) (3D Accuitomo J Morita, Kyoto, Japan). To
stabilize the denture and opposing dentition during
the CBCT scanning process, an occlusal index
(Zetaplus; Zhermack Spa, Badia Polesine, Italy) was
utilized. The 3D implants planning software (Blue
Sky Plan; Blue Sky Bio LLC) allowed for virtual
planning of the implant location and angulation. The
plan included placing two implants in the canine
areas, each with a diameter of at least 3.5 mm and a
length of 10.0 mm, featuring 15° distal inclinations to
the vertical axis to achieve a 30° interimplant
divergence (Fig. 2). After completing the computer-
based planning, this plan was exported as an "STL"
file and sent to the printer's software (Form2,
Formlabs Inc., Somerville, MA, USA) for fabricating
surgical guides using clear acrylic resin (Dental SG
Resin; Formlabs).
Surgical procedures
Phase | surgical procedure: Prior to the surgery,
patients received a prophylactic antibiotic treatment (2 g
amoxicillin oral tablet) and were directed to rinse with a
0.2% chlorhexidine gluconate mouthwash. Afterward,
2% mepivacaine HCL, combined with 1:20,000
levonordephrine for local anesthesia, was administered.
Surgical templates were secured onto the ridge using an
occlusal index, followed by the fixation screws (Fig. 3).
Once the surgical guides were correctly positioned, two
root form dental implants (Neodent Implants, Curitiba,
Brazil) were placed using the guided surgical kit
(Neodent, Curitiba, Brazil) and following the
recommended drill sequence from the manufacturer
(Fig. 4). Cover screws were affixed to each implant, and
patients refrained from wearing their mandibular
dentures for 2 weeks after surgery to prevent implant
loading. Each patient was given a 3-month healing
period to ensure optimal osseointegration.

Phase Il surgical procedure: The second stage
of surgical procedure occurred three months after the
initial implantation. A surgical guide was employed to
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reposition the implant locations with infiltration
anesthesia. A precise tissue punch was utilized to incise
the mucosa covering the implants, following which the
cover screws were unscrewed using a screwdriver.
Stock healing abutments were affixed to the implants,
screwed into place, and left for a two-week period to
facilitate proper gingival healing.

Prosthetic Phase 1I: (connecting the
attachments to the existing Mandibular Complete
Denture): After two weeks of placement of the healing
abutments, they were removed and the proper 15°
angled Novaloc and conventional Locator abutments
were selected and screwed on the implants in group N
and group L (Fig. 5), respectively according to the
prosthetic platform and the tissue height. Block-out
spacers were positioned over each abutment. For group
N, a matrix housing with a white processing insert was
positioned on each Novaloc abutment, and for group L,
a matrix housing with a black processing insert was
placed on each Locator abutment. In order to ascertain
the alignment of the metal housings in relation to the
prosthetic's tissue-bearing surface, the denture was
inserted into the patient's mouth, and the metal housings
were designated using an indelible pencil. The regions
above the housings were adjusted using an acrylic bur
until the denture could be comfortably positioned
without touching the metal housings. Minor relief holes
were created at the upper part of the lingual flanges to
facilitate the overflow of surplus acrylic.

A mixture of auto-polymerizing acrylic resin,
was prepared and used to fill the spaces using a plastic
filling tool. The denture was then positioned into the
oral cavity, and the patient was directed into centric
occlusion, leaving it in place for 5 minutes to enable
polymerization to take place. Subsequently, the denture
was taken out, and the spacers were disposed of, along
with any excess acrylic resin around the metal housings
and the lingual vent-holes. Finally, the denture
underwent polishing prior to switching to the final male
retentive insert.

For each patient in group N, the processing
Inserts were removed by using Novaloc processing
insert removal instrument and the final Novaloc
retention inserts were placed in the metal housings by
using Novaloc retention insert instrument. Based on the
authors' previous laboratory and clinical experience with
comparable attachments (22,23), they commonly use the
"medium" insert, weighing 1,200 grams and colored
yellow, in practical clinical settings. So it was chosen as
the final insert in group N in the current study

For each patient in group L, the Locator male
removal tool was utilized to extract the processing
Inserts, and the Locator core tool was used to position
the final Locator retention inserts into the metal
housings. Based on previous laboratory study (23) that
selected the (orange) insert to be compared with
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(yellow) Novaloc insert in case of 15° implant
angulation, the “light retention” (0.91 kg, orange)
strength insert was selected to be close the Novaloc
system and final overdentures were inserted into the
patients’ oral cavity.

Radiographic Evaluations:

CBCT scans (3DAccuitomo 170; J. Morita Corp)
underwent assessment for MBL by a sole examiner
during prosthetic loading (baseline), as well as at 3
and 12-month intervals. The Digital Imaging and
Communications in Medicine (DICOM) files were
exported and analyzed through dental imaging
software  (OnDemand3D  version  1.0.9.3223;
Cybermed). To align coronal and sagittal images with
the implant axis, they were rotated accordingly
(28,29). The horizontal image was also adjusted to
ensure precise alignment with the implant center
using crosshairs. Bone height was determined by
measuring the distance from the implant platform to
the bone's height in millimeters using the software's
ruler measuring tool (Fig. 6). MBL was computed by
subtracting the bone heights measured at 3 and 12
months from those measured at the baseline. For each
implant, MBL was calculated mesially, labially,
distally, and palatally, and a mean was then
expressed.

Statistical Analysis:

Normality was assessed for all variables employing
descriptive statistics, plots (histogram and boxplots),
and Shapiro Wilk normality test. All variables
displayed a normal distribution. Consequently, means
and standard deviation (SD) were computed, enabling
the utilization of parametric tests. For comparisons
between the two study groups, we conducted an
independent samples t-test, calculating mean
disparities along with 95% confidence intervals (Cls).
For intra-group comparisons, a paired samples t-test
(3 months vs. 12 months) was used. Percent change

was determined using the following formula:
value at 12 months—value at 3 months
X 100.
value at 3 months

Significance level was set at p value <0.05. Data

were analyzed using IBM SPSS for Windows
(Version 26.0).
[ Encllement |

Assessed for eligbity (n=35)

Excluded (n=13)

Randomization (1=22)
Allocated to group ! (n=11)
eived mandibular

‘mandibular overdenture with
angled Novaloc attachment (n=11)

« Discontinued intervention (n=0]
= Lostto follow-up (n=0)

= Discontinued intervention (n=0)
* Lostto follow-up (n=0)

- Analyzed (n=11)

- Analyzed (n=11)
+ Excluded from analysis (n=0) + Excluded from analysis (n=0)

Figure (1): Flow-chart diagram of study.
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Figure (2): Virtual Planning of implants with 30°
interimplant divergence.

‘*J/,"f BTSN IR B A I T
Figure (3): Surgical guide secured onto the ridge
using an occlusal index and the fixation screws.

F J Mhax
b s
Figure (5): (a) 15" angled Novaloc attachments
screwed into the implants in group (N); (b) locator

attachments screwed into the implants in group (L).
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Figure (6): Measurements of marginal bone loss.

RESULTS

Twenty-two participants who met the inclusion
criteria were randomly assigned to two equal groups
using permuted block randomization with variable
block size. Group N received mandibular
overdentures with angled Novaloc attachments, while
group L received mandibular overdentures with

Mean £SD
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locator attachments. Among the participants, 14 (63.6
%) were men and 8 (36.4 %) were women, with an
average age of 56 years. The 44 implants remained
clinically stable and symptom-free. Follow-up
evaluations revealed stable prostheses without
complications. MBL was investigated at three time
points: baseline, 3 months, and 12 months after
prosthetic loading.

Table 1 presents the MBL comparison
between the two groups over the 12-month follow-up
period. Group N exhibited higher mean MBL values
compared to Group L at both the 3-month and 12-
month - follow-ups, and these differences were
statistically significant (P < .001). While both groups
showed a statistically significant increase in mean
MBL over the 12-month period, the percent change
from baseline had no significant difference among
the two groups (P = .45).

P value 1

Mean difference (95% CI)

3 months 0.62 +0.04 0.54 +0.08

0.09 (0.0, 0.13) <.001*

12 months 1.21 +0.07 1.06 £0.10

0.16 (0.10, 0.21) <.001*

Difference 0.59 +0.05 0.52 +0.09

0.07 (0.02, 0.12) .004

Percent change 95.66 £10.07 100.57 £28.16

-4.91 (-18.01, 8.19) 45

P value 2 <.001* <.001*

SD: Standard deviation, CI: Confidence interval, ny% partial eta squared (effect size)

P value 1: Independent samples t-test was used.
P value 2: Paired samples t-test was used.
*statistically significant at p value <.05

DISCUSSION

Regarding the findings of the present study, group N
experienced a notable peri-implant bone loss increase
compared to group L during various follow-up
intervals, leading to rejecting the null hypothesis.

The extended durability of implants
overdentures over extended time periods has been
documented in the literature, establishing the baseline
care standard for edentulous patients, addressing
common issues associated with traditional complete
dentures (30-35). This research examined how two
distinct attachment systems impacted MBL around
30-degree  divergent dual implants retaining
mandibular overdentures. All implants employed in
the  two  groups  demonstrated  effective
osseointegration during the follow-up periods, as
indicated by (1) the lack of any grievances like pain
or discomfort at the implant locations, (2) the absence
of infection or discharge at implant locations, and (3)
the absence of radiolucencies at the junctions of
implants and bones.
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The results align entirely with implants success
criteria discussed by Buser et al. (32) and Smith &
Zarb (33). Strict inclusion and exclusion criteria may
be responsible for the high implant success rate
reported in the present research. However, by the end
of this research, two patients from group L presented
with a poorly retained mandibular overdenture, this
was due to worn out nylon caps which were replaced.
This occurrence corroborates Hahnel et al's assertion
that nylon inserts and Locator abutments exhibit
noticeable signs of wear and tear in clinical usage
(18).

In the present study, computer-generated
treatments plan and surgical guides construction were
employed to promote consistent implant positioning
and alignment while minimizing operator-related
variations (34). Additionally, they streamlined
flapless implant placement, thereby reducing the
potential for complications.

In this study, CBCT was employed to evaluate peri-
implant because it offers a comprehensive 3D
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assessment of bone height both mesiodistally and
buccolingually. Conversely, traditional periapical
radiography, being limited to two dimensions, can
solely gauge mesial and distal bones heights,
neglecting the significance of tracking buccal and
lingual bonse resorption. Another advantage of
CBCT is its capacity to circumvent patients
discomfort and oral trauma associated with the
positioning of periapical radiography film holders,
particularly in cases with elevated floor of the mouth
and atrophied mandibular ridges. Furthermore,
CBCT, along with its software, enables precise
measurements without the need for magnification
(35,36). Several authors have recommended the
utilization of CBCT for assessing implant alveolar
bone changes, citing its satisfactory accuracy (28,29).
In this RCT, both groups experienced a statistically
significant rise in MBL. Nevertheless, this increase
did not surpass 1.5 mm over one year of loading,
aligning with findings from a systematic review. This
review reported that MBL was at its peak in the
initial year following implants positioning and
ranging from 0.22 £ 0.55 mm to 2.5 = 2.7 mm (37).

MBL values were significantly higher when
using angled Novaloc attachments compared to locator
attachments at various follow-up periods. This aligns
with Taha et al.'s research (38) which examined stress
distributed around two narrow-diameter titanium-
zirconium implants supporting mandibular
overdentures. They used the novel Novaloc attachment
system and compared it to the traditional locator
attachment through 3D finite element analysis. The
study found that locator attachments tend to exert
slightly less stress on the bones and implants complex.
This difference is related to the cushioning impact of the
locator attachment's nylon cap, that absorbs induced
stresses, while the Novaloc attachment's rigid PEEK
matrix tends to transmit these stresses to the attachment
implant complex.

The higher significant MBL in group N may
be also attributed to the use of 15° angled abutments
which may transmit more stresses on implant-bone
interface. These findings are consistent with other
studies involving photoelastic stress evaluations, finite
element analyses, and strain-gauge investigations on
angled abutments, which all indicate that increased
abutment angulation results in greater stress on the
surrounding bone (24,25,39).

Nonetheless, Ghazaly & Nassif. (40)
contradicted these findings. They conducted a study
comparing micro-strain around tilted implant and
axial implant, following the all-on-four concept,
linked to two distinct attachments designs. They
discovered no variance in micro-strain around tilted
implant, whether linked to OT-equator or angled
abutment. The differing outcomes might be attributed
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to several factors: Firstly, this study was in vitro, in
contrast to our present clinical research. Secondly,
the number of implants used in this study was four,
whereas we employed two in our investigation.
Lastly, this study compared OT-equator and angled
abutment, while our clinical study focused on the
comparison between angled Novaloc and locator
abutment.

CONCLUSIONS

In this one-year randomized clinical trial, these
findings were made within the study limitations:

1. Peri-implant bone loss with Locator or angled
Novaloc attachment systems on inclined implants
remained within acceptable clinical limits.

2. When retaining mandibular overdentures with 30-
degree divergent two implants, the Locator
attachment appeared more favorable than the angled
Novaloc attachment.

CONFLICT OF INTEREST

The authors declare that they have no conflicts of
interest.

FUNDING STATEMENT

The authors received no specific funding for this
work.

REFERENCES

1. Redford M, Drury TF, Kingman A, Brown LJ.
Denture use and the technical quality of dental
prostheses among persons 18-74 years of age:
United States, 1988-1991. J Dent Res.
1996;75:714-25.

2. Bergman B. Carlsson GE. Clinical long-term
study of complete denture wearers. J Prosthet
Dent. 1985;53:56-61.

3. Kern JS, Kern T, Wolfart S, Heussen N. A
systematic review and meta-analysis of removable
and fixed implant-supported prostheses in
edentulous jaws: Post-loading implant loss. Clin
Oral Implants Res. 2016;27:174-95.

4. Miuller F, Duvernay E, Loup A, Vazquez L,
Herrmann FR, Schimmel M. Implant-supported
mandibular overdentures in very old adults: A
randomized controlled trial. J Dent Res.
2013;92:154-60.

5. Feine JS, Carlsson GE, Awad MA, Chehade A,
Duncan WJ, Gizani S, et al. The McGill
Consensus Statement on Overdentures. Montreal,
Quebec, Canada. Int J Prosthodont. 2002;15:413-
4.

6. Thomason JM, Feine J, Exley C, Moynihan P,
Muller F, Naert I, et al. Mandibular two implant-
supported overdentures as the first choice
standard of care for edentulous patients—The
York Consensus Statement. Br Dent J.
2009;207:185-6.

160



Ismail et al.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Mericske-Stern R. Forces on implants supporting
overdentures:A preliminary study of morphologic
and cephalometric considerations. Int J Oral
Maxillofac Implants. 1993;8:254-63.

Lima Verde MA, Morgano SM, Hashem A.
Technique to restore unfavorably inclined
implants. J Prosthet Dent. 1994;71:359-63
Jabbour Z, Fromentin O, Lassauzay C, Abi Nader
S, Correa JA, Feine J. Effect of implant
angulation on attachment retention in mandibular
two-implant overdentures: a clinical study. Clin
Implant Dent Relat Res. 2014;16:565-71.

Akkad S, Richards M. Solutions for Severely
Angulated Implants in the  Mandibular
Overdenture: A Clinical Report. J Prosthodont.
2009;18:342-7.

ELsyad MA, Emera RM, Ashmawy TM. Effect of
Distal Implant Inclination on Dislodging Forces
of Different Locator Attachments Used for
Mandibular Overdentures: An In Vitro Study. J
Prosthodont. 2019;28:e666-74.

Ravida A, Barootchi S, Tattan M, Saleh MHA,
Gargallo-Albiol J, Wang HL. Clinical outcomes
and cost effectiveness of computer-guided versus
conventional implant-retained hybrid prostheses:
A long-term retrospective analysis of treatment
protocols. J Periodontol. 2018;89:1015-24.
Laleman I, Bernard L, Vercruyssen M, Jacobs R,
Bornstein MM, Quirynen M. Guided Implant
Surgery in the Edentulous Maxilla: A Systematic
Review. Int J Oral Maxillofac Implants.
2016;31:5103-17

Uludag B, Celik G, Goktug G. Prosthetic solution
for unfavorably inclined maxillary implants: a
case report. J Oral Implantol. 2008;34:111-4
Kobayashi M, Srinivasan M, Ammann P, Perriard
J, Ohkubo C, Muller F, et al. Effects of in vitro
cyclic dislodging on retentive force and removal
torque of three overdenture attachment systems.
Clin Oral Implants Res. 2014;25:426-34.

Shor A, Shor K, Goto Y. Implant-retained
overdenture design for the malpositioned
mandibular implants. Compend Contin Educ
Dent. 2006;27:411-21.

Anas El-Wegoud M, Fayyad A, Kaddah A,
Nabhan A. Bar versus ball attachments for
implant-supported  overdentures in complete
edentulism: A systematic review. Clin Implant
Dent Relat Res. 2018;20:243-50.

Hahnel S, Alamanos C, Schneider-Feyrer S,
Stockle M, Rosentritt M. Investigation of Clinical
and Laboratory Wear in Locator-Supported,
Implant-Retained Overdentures. Int J Prosthodont.
2018;31:334-7.

ELsyad MA, Abo Hatem OE, Shawky AF, Emera
RMK. Effect of Different Degrees of Mesial

Alexandria Dental Journal. VVolume 50 Issue 1B

Evaluation of two attachment systems in mandibular overdentures.

20.

21,

22,

23.

24,

25.

26.

27.

28.

29.

30.

Implant Inclination on the Retention and Stability
of Two-Implant Mandibular  Overdentures
Retained with Stud Attachments: An In Vitro

Study. Int J Oral Maxillofac Implants.
2018;33:259-68.
Teimoori H, Shayegh SS, Zavaree MA,

Hakimaneh SM, Khodadad F, Shidfar S, et al.
Effects of Excessive Implant Angulation on
Retention of Two Types of Overdenture
Attachments during Cyclic Loading. J Contemp
Dent. 2018;19:1221-7.

Wichmann N, Kern M, Taylor T, Wille S, Passia
N. Retention and wear of resin matrix attachments
for implant overdentures. J Mech Behav Biomed
Mater. 2020;110:103901.

Maniewicz S, Badoud I, Herrmann FR, Chebib N,
Ammann P, Schimmel M, et al. In vitro retention
force changes during cyclic dislodging of three
novel attachment systems for implant
overdentures with different implant angulations.
Clin Oral Implants Res. 2020;31:315-27.

Arnold C, Stampa C, Schweyen R, Hey J,
Boeckler A. Retentive Characteristics of a New
Attachment System for Hybrid Dentures.
Materials (Basel). 2020;13:3434.

Cavallaro J, Greenstein G. Angled implant
abutments: a practical application of available
knowledge. J Am Dent Assoc. 2011;142:150-8.
El-Anwar MI, AL Azrag KE, Khairy E, Ghazy M,
Dawood LE. Influence of implant-abutment
angulations and crown material on stress
distribution on central incisor: a 3D FEA. Braz J
Oral Sci. 2015;14:323-9.

Yue Q, Yilmaz B, Abou-Ayash S, Zimmermann
P, Bragger U, Schimmel M. Use of an attachment
system  with  angulated abutments and
polyetheretherketone inserts to retain a maxillary
overdenture: A clinical report. J Prosthet Dent.
2020;124:129-34.

Kim J, Shin W. How to do random allocation
(randomization). Clin Orthop Surg. 2014;6:103-9.
Yang X, Zhou T, Zhou N, Man Y. The thickness
of labial bone affects the esthetics of immediate
implant placement and provisionalization in the
esthetic zone: A prospective cohort study. Clin
Implant Dent Relat Res. 2019;21:482-91.

Elsyad MA, Khirallah AS. Circumferential bone
loss around splinted and nonsplinted immediately
loaded implants retaining mandibular
overdentures: A randomized controlled clinical
trial using cone beam computed tomography. J
Prosthet Dent. 2016;116:741-8.

Vercruyssen M, Marcelis K, Coucke W, Naert I,
Quirynen M. Long-term, retrospective evaluation
(implant and patient-centred outcome) of the two-
implants-supported overdenture in the mandible.

161



Ismail et al.

3L

32.

33.

34.

35.

Part 1: survival rate. Clin Oral Implants Res.
2010;21:357-65.

Ueda T, Kremer U, Katsoulis J, Mericske-Stern R.
Long-term results of mandibular implants
supporting an overdenture: implant survival,
failures, and crestal bone level changes. Int J Oral
Maxillofac Implants. 2011;26:365-72.

Buser D, Wittneben J, Bornstein MM, Griitter L,
Chappuis V, Belser UC. Stability of contour
augmentation and esthetic outcomes of implant-
supported single crowns in the esthetic zone: 3-
year results of a prospective study with early
implant placement postextraction. J Periodontol.
2011;82:342-9.

Smith DE, Zarb GA. Criteria for success of
osseointegrated endosseous implants. J Prosthet
Dent. 1989;62:567-72.

Turkyilmaz 1. Restoring Edentulous Mandible
with an Implant-Retained Overdenture in a Day
by Means of Flapless Surgery and
Stereolithographic Surgical Guide: a Case Report.
J Oral Maxillofac Res. 2019;10:e5.

Raes F, Renckens L, Aps J, Cosyn J, De Bruyn H.
Reliability of circumferential ~ bone level
assessment around single implants in healed
ridges and extraction sockets using cone beam
CT. Clin Implant Dent Relat Res. 2013;15:661-
72.

Alexandria Dental Journal. VVolume 50 Issue 1B

Evaluation of two attachment systems in mandibular overdentures.

36.

37.

38.

39.

40.

Naitoh M, Hayashi H, Tsukamoto N, Ariji E.
Labial bone assessment surrounding dental
implant using conebeam computed tomography:
an in vitro study. Clin Oral Implants Res.
2012;23:970-4.

Saravi BE, Putz M, Patzelt S, Alkalak A,
Uelkuemen S, Boeker M. Marginal bone loss
around oral implants supporting fixed versus
removable prostheses: a systematic review. Int J
Implant Dent. 2020;6:20.

Taha ER. Stress distribution around titanium-
zirconium narrow-diameter implants retaining
mandibular over dentures with Novaloc versus
locator attachment systems. A three-dimensional
finite  element analysis. Egypt Dent J.
2019;65:777-85.

Kapoor S, Rodrigues S, Mahesh M, Shetty T, Pai
U, Saldanha S, et al. Evaluation of Stress
Generated with Different Abutment Materials and
Angulations under Axial and Oblique Loading in
the Anterior Maxilla: Three-Dimensional Finite
Element Analysis. Int J Dent.
2021;2021:9205930.

Ghazaly MM, Nassif MS. Microstrain around
dental implants assissted maxillary overdenture
using two different attachment designs (in vitro
study). Alex Dent J. 2023;48:161-9.

162



