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Comparison of Stud-
Retentor Versus Bar-Clip
Attachment as Implant-
Supported Systems Used in
Overdentures: A Systematic
Review and Meta-Analysis

ABSTRACT

This study aimed to perform a systematic review and meta-analysis to analyze the
results obtained clinically for bar-clip versus stud-retainers in overdentures. Three da-
tabases (PubMed Central, MEDLINE, and BvSalud) were used beyond a manual search.
The study followed strictly the inclusion and exclusion criteria, considering the PICO
strategy. For the risk of bias and quality assessment of studies, in the case of RCT, there
were six domains of analysis, and for non-RCT studies, the Modified Newcastle-Ottawa
Scale was performed. A meta-analysis was developed using the available data for mar-
ginal bone loss (MBL) and survival rate. 25 studies were included. The stud-retentor had
the lowest implant SR (87.6%) and the greatest MBL (1.96 mm). For the bar-clip system,
the mean survival rate was 95.91%, with only 4 studies included for this system, and the
mean MBL was 1.13 mm. Only 3 studies directly compared both systems quantitatively,
showing a significantly greater MBL toward the stud-retention group. The results may
not allow determination of the best system for overdenture (stud retentor or bar-clip).
Therefore, most of the studies suggested the stud-retentor as a more preferable system
due to better distribution of forces, biological peri-implant behavior, low-cost, and ease
for removal facilitating the sanitization and/or repair.

oooooooooooooooooooooooooooooooooooooooooooooooooo

INTRODUCTION

Regarding the negative impact of edentulism within the population, which
affects the bone dimensions, esthetic, and function, there is a critical de-
mand for a better quality of life, principally in elderly people. This effect is
mainly emphasized because of the impairment of oral functions and esthet-
ics, which is frequently not properly and efficiently restored with removable
prostheses." In this scenario, within the advent of osseointegration, dental
implants have become the current choice to respond to those limitations.
Implants provide support, improve prosthetic retention and stability, reduce
pain/discomfort during chewing, increase patient satisfaction,? and have a
high success rate (90%-100%),>“ and a favorable prognosis.
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Thereby, the implant-fixed prosthesis is currently consid-
ered the best option for oral rehabilitation. However, there
may be limitations regarding its performance, such as exces-
sive discrepancy dimensions between arches, manual dexteri-
ties of the patient to sanitize, skills of the professional, severe
bone atrophy, and also socioeconomic problems.>” Observing
all these factors and a limited financial resource, implant-sup-
ported overdentures seem an adequate therapeutic option,
reducing costs and time for treatment.®

Overdentures act as a total prosthesis with mucosal support,
therefore with an optimized retention and stabilization on the
dental implants.® It has shown a high success rate to reha-
bilitate edentulous patients, significantly improving the mas-
ticatory function, satisfaction, and self-esteem.” The clinician
should have an acceptable knowledge about different systems
for overdentures retention, such as knowing the advantages
and disadvantages, indications and contraindications in order
to reach stable results, remembering that there are different
types of attachment systems (ball, bar, magnetic, telescopic,
and stud-retention)>'° to obtain the best response according
to the patient’s need.®

Thus, there are two different retentive classification systems
for overdenture, one in which the implants are bar-splinted
(by clip or ball); and another one, in which it is a unitary fixa-
tion system (non-splinted) retained directly on the implant,
like in ball-attachment, magnetic, or stud retention." The
bar-clip system offers advantages for patients with atrophied
alveolar bone such as good retention capacity and low-main-
tenance cost.’”? Within the unitary systems, the stud-retention
has showed better results compared to the ball-attachment
or magnetic system. As such, the stud-attachment is consid-
ered the main alternative when the inter-arch distance is in-
adequate, providing a dual retention feature with a greater
retention area,'® beyond superior clinical results compared
to bar-clip, respecting the maintenance of oral functions and
prosthetic complications.’ In addition, it is considered easier
to clean and maintain, providing a lower-load transferred to
the implants, and consequently, it has a better biomechanical
response to peri-implant tissues.'

Despite many studies evaluating stud- and bar-retentors for
overdentures, there is no review comparing these two sys-
tems specifically. Thus, this study aimed primarily to perform
a systematic review to analyze and map the criteria of selec-
tion for implant-supported overdentures retained by stud ver-
sus bar-clip systems, such as marginal bone loss (MBL) and
survival rate, and the patient-related outcome measures.

MATERIALS AND METHODS

A Systematic Review was developed according to the Pre-
ferred Reporting Items for Systematic reviews and Meta-Anal-
ysis (PRISMA) guidelines,' through an extensive electronic
search and analysis of scientific articles only published in the
English-language in the last 10 years (from January 2010 to,
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and including, December 2020). The review protocol was reg-
istered with the PROSPERO International Prospective Register
of Systematic Reviews (CRD42021232040).

FOCUSED QUESTION

The focus question was defined considering the Population,
Intervention, Comparison, and Outcome (PICO) strategy, as
follows: “Are the patients with edentulous jaws wearing im-
plant-supported overdentures (P) better rehabilitated with
stud retention (I) or using a bar-clip attachment system (C)
after applied criteria of selection, guaranteeing a satisfactory
retention for overdenture (removable implant-supported to-
tal prosthesis), lesser marginal bone resorption, and survival/
success rate of the dental implants and prosthesis (0)?”

INFORMATION SOURCES AND SEARCH STRATEGY

PubMed Central (PMC)/MedLine and BvSalud were used as
online databases, with the keywords described in Table 1 com-
bining Boolean terms (“OR” and “AND"). An additional manual
search was performed on the references of included articles
to identify relevant publications and also using other specific
words such as “equator attachment” OR “equator” (2 articles),
“kerator attachment”/“kerator” (2 articles, although one was
duplicated), “zest locator attachment”/“zest locator”/“zest”
(no article), “straight pop-clicq attachment"/“clicq
attachment”/“clicq” (no article).

The publications obtained from the search through all men-
tioned databases were imported into a reference manage-
ment software (EndNote X9/Thomson Reuters, Philadelphia,
USA) and subsequently screened.

INCLUSION CRITERIA

The inclusion criteria involved human studies published in
English-language, with a minimum of 10 patients and 6-month
follow-up, such as randomized controlled trial (RCT), clinical
prospective and retrospective studies, involving fully edentu-
lous patients rehabilitated with overdenture (total prosthesis
over dental implants), detailed information on the implant
and system used, reported details regarding survival/success
rates and/or marginal bone loss (MBL), an only publication
with the longest follow-up was included in case of multiple
studies involving the same patient cohort (population).

EXCLUSION CRITERIA

The exclusion criteria were reports based on questionnaires
and interviews, editorial letters, systematic reviews and me-
ta-analysis, publications investigating fixed-rehabilitation or
overdenture systems different from stud-retentor or bar-clip,
repeated data used in longer follow-up (excluded the oldest
article), studies with only qualitative analysis, or involving pa-
tients with a significant health problem (ASA Physical Status 3
and above).

Stud-Retentor x Bar-Clip as Implant-Supported Systems...
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Table 1: Search strategy carried out and filters applied.

Database PubMed Central and BvSalud
POPULATION - Patients with edentulous jaws wearing implant supported overdentures

#1

“Dental Implants” OR “Edentulous” OR “Overdenture” OR “Full-Arch Rehabilitation” OR “Implant” OR Dental Implant*

INTERVENTION AND COMPARISON - Rehabilitation with Locator-type or bar-clip system over dental implants
#2 “Locator Fixation” OR “Locator Attachment” OR “Locator-type Fixation” OR “Locator-type Attachment”
OR “Implant-Supported” OR “Retention” OR “Stud attachment” OR “Stud retention”
AND “Bar-Clip Fixation” OR “Bar-Clip Attachment” OR Bar*
#3 OUTCOME - Satisfactory overdenture, Survival/Success rate of the dental implants and prosthesis, Marginal Bone Loss
Search o ) (#1 AND #2) o .
Combination No combination was done with #3 since the combination with keywords
related to context would limit even more the search.

Filters English, Humans, Clinical studies

* is a truncation symbol to retrieve terms with a common root within the database

SELECTION OF STUDIES

This review was carried out independently by two review-
ers (F.M.C.C. and G.Z.M.). Duplicates were excluded and the
remaining articles were screened by title and abstract for
eligibility. Further examination regarding inclusion and exclu-
sion criteria was subsequently made by full-text analysis. The
full-text of any title or abstract that did not provide enough in-
formation regarding the inclusion criteria was also obtained.
Any disagreement between the reviewers was discussed with
a third author (G.V.0.F.). In the case of the article that included
works with other systems, only the data of interest were col-
lected. Cohen's kappa test was adopted to evaluate reviewers'
agreement on both selection steps.

DATA EXTRACTION AND METHOD OF ANALYSIS

The reviewers extracted the data independently from the
selected articles for further analysis using data extraction
tables, when available, which included the following param-
eters: Author(s), year of publication and study design; Mean
observation period; Number of patients and implants at the
initial stage of the research, mean period follow-up; Type of
prosthetic reconstruction; Cumulative percentual implant sur-
vival and, implant success rate, and peri-implant MBL (mm);
Cumulative prothesis success rate (%).

The meta-analysis involved the comparison of the data
obtained for the MBL at a mean observation period of cor-
respondent follow-up and the cumulative survival rate. All
analysis was performed with heterogeneity appraisal and the
studies were quantified using an inconsistency test (1) and
values above 75% were considered an indication of substan-
tial heterogeneity. Then, a fixed-effect model at a 5% significance

level was used to evaluate each group, and to compare, the
random effect was used. For those studies where confidential
interval (CI) were not provided, the standard deviation (SD)
value was used for the calculation of a CI.

RISK OF BIAS AND QUALITY ASSESSMENT

Two reviewers (F.M.C.C. and G.V.O.F.), independently, assessed
the risk of bias and study quality of the included investigations,
according to Borges et al.”” For RCT included, there were six do-
mains: sequence generation, allocation concealment, blinding,
incomplete outcome data, selective outcome reporting, and
other bias, which were classified in low, high, or unclear risk.
For non-RCT studies, the Modified Newcastle-Ottawa Scale for
the risk of bias and quality assessment of studies was done.

RESULTS
STUDY SELECTION

One hundred and ninety-one studies were identified from the
electronic database search (Pubmed Central/MedLine: 63; BvS-
alud: 124; Manual Search: 4), in which 43 duplicates were re-
moved, with 148 remaining to be reviewed by title. The screen-
ing resulted in 42 articles to be evaluated by abstract, yielding
36 articles to have a full-text assessment for further evaluation
of the inclusion and exclusion criteria. Eleven full texts were ex-
cluded based on the criteria, detailed in Table 2. Finally, a total
of 25 studies met the inclusion criteria and were included in the
current review (Figure 1, Table 3) for qualitative analysis and 18
for quantitative evaluation (Figure 1). The kappa values for the
inter-examiner agreement between the reviewers were 0.94 for
the title/abstract screening and 0.89 for the full-text screening.

EJPRD
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Table 2. Excluded studies after full-text read and reason for exclusions.

Author/Year

Title

Reason for exclusion

Borges et al., 2011

Chu et al., 2018

Elsyad et al., 2017

Kappel et al., 2015

Karbach et al., 2015

Quirynen
et al., 2015

Matthys et al., 2020

Overdenture with immediate load: mastication and nutrition

Balanced occlusion aided locator abutment retained overdenture
with no implant placed within the anterior region: A case report

Posterior Mandibular Ridge Resorption Associated
with Different Retentive Systems for Overdentures:
A 7-Year Retrospective Preliminary Study

Immediate Loading of Two Dental Implants, in Edentulous
Mandibles, with Locator® Attachments or Dolder® Bars: First
Results from a Prospective Randomized Clinical Study

Oral Health-Related Quality of Life in Edentulous Patients with
Two- vs Four-Locator-Retained Mandibular Overdentures:
A Prospective, Randomized, Crossover Study

Small-diameter titanium Grade IV and titanium-zirconium
implants in edentulous mandibles: three-year results
from a double-blind, randomized controlled trial

Cost-effectiveness analysis of two attachment

Articles focused in the masticatory
efficiency and nutrition

Without data of interesting

It did not aim directly to analyze
the systems of retention, evaluating
the posterior mandibular ridge
resorption comparing two systems

The same data was used in other
study with longer follow-up

Only compared the oral health-
related quality of life (OHRQoL)

The goal of the article was primarily to
evaluate the results of the implants

Without data of interesting

Mo et al., 2016

Neto et al., 2012

Pisani et al., 2017

van der Bilt
et al., 2010

Zweers et al., 2015

systems for mandibular overdenture

Maxillary 3-implant removable prostheses without palatal
coverage on Locator abutments - a case series

The influence of mandibular implant-retained
overdentures in masticatory efficiency

A qualitative study on patient’s perceptions of two
types of attachments for implant overdentures

Mandibular implant-supported overdentures and oral function

Clinical and radiographic evaluation of narrow- vs. regular-diameter
dental implants: a 3-year follow-up. A retrospective study

Without data of interesting

Articles focused in the chewing
experience and masticatory efficiency

Qualitative analyses of the
patient's perception

Articles focused in the bite force and
masticatory performance in long-term

It aimed to analyze implant diameter
with overdenture and it had unprecise
data differing MBL between narrow-
regular diameter dental implants

MBL = marginal bone loss.

STUDY CHARACTERISTICS AND QUALITY OF
ASSESSMENT

All included studies were summarized in Table 4, being sub-
sequently analyzed, and discussed. All included studies had a
common characteristic, the full edentulism, and were codified
as follow: Tallarico et al. (51),” Malmstrom et al. (52),"® Brandt
et al. (S3)," Guédat et al. (54),° Seo et al. (S5),*' Kappel et al.
(S6),"" Elsyad et al. (S7),° Wang et al. (S8),% Elsyad and Hammou-
da (59),22 Al-Dharrab (510),% Varshney et al. (511),% Boven et al.
(S12),"2 Park et al. (S13),> Matthys et al. 2019 (S14)," Schincaglia
et al. (515),% Elsyad et al. (S16),%” Akca et al. (S17),% Jabbour et
al. (518),% Cristache et al. (519),*° Krennmair et al. (520),*' Cheng
et al. (S21),%> Cakarer et al. (522),% Alsabeeha et al. (523),>* Cune
et al. (S24),*> and Kleis et al. (525).3¢

Patients were followed for a mean period of 40.13 months,
ranging from 2 weeks to 10 years. Regarding preoperative
selection criteria, studies S1, S3, S5-S10, S12-S16, S19, S22,

ejprd.org - Published by Dennis Barber Journals.

S23, S25 were evaluated for bone availability/quantity, while
studies S1, S3, S6-S10, S12, S13, S19, S23 evaluated/exposed
the bone quality. For the prosthetic space, this criterion was
evaluated in the studies S1, S6, S10, S11, S13, and S16. Only
the studies S1 and S19 assessed the economic resources cri-
terium, and only 2 (S7 and S10) performed the appraisal of
manual dexterity.

The risk of bias found was low, such as demonstrated in Fig-
ure 2 (a and b) for RCT studies and Figure 3 for non-RCT stud-
ies, a satisfactory level of evidence-based on the criteria of
each scale. Two RCTs out of ten (S6 - Kappel et al., S12 - Boven
et al.)""2 fully described a randomized and blinded selection
and assessment of patients, and three (S15 - Schincaglia et
al., 2016, S19 - Cristache et al., 2014, S23 - Alsabeeha et al.,
2011)%3024 followed all needed parameters to be classified as
the lowest risk of bias. Conversely, a great risk was encoun-
tered only in the RCT study of Seo et al. (S5).%"

Stud-Retentor x Bar-Clip as Implant-Supported Systems...
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Figure 1: Flow Diagram for the articles screened and included.

Table 3. Types of studies included.

Author Year Title Type of study

Multicenter retrospective analysis of implant overdentures
S1 Tallarico et al. 2018 delivered with different design and attachment systems:
results between one and 17 years of follow-up

Multicentric
Retrospective Study

The two-year success rate of implant-retained mandibular

overdentures by novice general dentistry residents Retrospective Clinical Study

S2 Malmstrom et al. 2015

Locator® versus ceramic/electroplated double-crown
S3 Brandt et al. 2019 attachments: a prospective study on the intraindividual Prospective Clinical Study
comparison of implant-supported mandibular prostheses

Clinical performance of Locator® attachments: A

sS4 Guédat et al. 2018 retrospective study with 1-8 years of follow-up Retrospective Clinical Study
- ) ) . . Retrospective
S5 Seo et al. 2016 Clinical evaluation of mandibular implant overdentures via and Randomized

Locator implant attachment and Locator bar attachment Controlled Study

Immediate loading of dental implants in edentulous mandibles
S6 Kappel et al. 2015 by use of Locator® attachments or Dolder® bars: two-year
results from a prospective randomized clinical study

Prospective and Randomized
Controlled Study

Locator versus magnetic attachment effect on peri-implant
s7 Elsyad et al. 2016 tissue health of immediate loaded two implants retaining
a mandibular overdenture: a 1-year randomized trial

Randomized
Controlled Study

Table 3 continued overleaf....
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Table 3. Types of studies included... continued

Author Year Title Type of study
Maxillary four implant-retained overdentures via Locator® . -
= WEmE Grel UL attachment: intermediate-term results from a retrospective study reTrEspREiG e ey
Expansion of mandibular knife-edge ridge and simultaneous
Elsyad and . . . . .
S9 2016 implant placement to retain overdentures: one-year Prospective Clinical Study
Hammouda - . . .
clinical and radiographic results of a prospective study
Three-year prospective evaluation of immediately
$10 Al-Dharrab 2017 loaded mandibular implant overdentures Prospective Clinical Study
retained with locator attachments
Retention and patient satisfaction with bar-clip, ball
S11 Varshney et al. 2018 and socket and Kerator attachments in mandibular Retrospective Clinical Study
implant overdenture treatment: an in vivo study
Maxillary implant overdentures retained by use of bars or locator Randomized and
s12 O Gl 2020 attachments: 1-year findings from a randomized controlled trial ~ Controlled Clinical Study
Bar versus ball attachments for maxillary four-implant Randomized
s13 Park et al. 2019 retained overdentures: a randomized controlled trial Controlled Study
Five years follow-up of mandibular 2-implant overdentures Controlled Clinical
S14 Matthys et al. 2019 on locator or ball abutments: Implant results, patient-
) Cohort Study
related outcome, and prosthetic aftercare
Marginal Bone Response Around Immediate- and Delayed-
S15 Schincaglia et al. 2016 Loading Implants Supporting a Locator-Retained Mandibular ~ Randomized Clinical Study
Overdenture: A Randomized Controlled Study
Marginal bone resorption around immediate and delayed .
: . A . Randomized
$16 Elsyad et al. 2014 loaded implants supporting a locator-retained mandibular
. ; Controlled Study
overdenture. A 1-year randomised controlled trial
Early-loaded one-stage implants retaining mandibular Randomized
s17 Akga et al 2013 overdentures by two different mechanisms: 5-year results Controlled Study
$18 Jabbour et al. 2014 £ i 9f i el gngulatlon on attachrr]ent Gl Prospective Clinical Study
mandibular two-implant overdentures: a clinical study
$19 Cristache et al. 2014 Five-year clinical t.rlal using three attachment Prospective Randomized
systems for implant overdentures Controlled Study
Patient preference and satisfaction with implant- Crossover Randomized
S20 Krennmair et al. 2012 supported mandibular overdentures retained with ball S .
. o : Clinical Trial
or locator attachments: a crossover clinical trial
Patient satisfaction and masticatory efficiency of .
. . . . Crossover Randomized
S21 Cheng et al. 2012 single implant-retained mandibular overdentures L )
. - Clinical Trial
using the stud and magnetic attachments
$22 Cakarer et al. 2011 Complications assoqated with the ball, bar and Locator Prospective Clinical Study
attachments for implant-supported overdentures
Mandibular single-implant overdentures: preliminary Randomized
§23 Alsabeeha et al. 2011 results of a randomised-control trial on early loading with
. . ) Controlled Study
different implant diameters and attachment systems
Mandibular overdentures retained by two implants: .
o ; Crossover Randomized
S24 Cune et al. 2010 10-year results from a crossover clinical trial -
. . Clinical Study
comparing ball-socket and bar-clip attachments
$25 Kleis et al. 2010 A comparison of jchree different attachment systems for Prospeqtlye Randomized
mandibular two-implant overdentures: one-year report Clinical Study

S = Study

ejprd.org - Published by Dennis Barber Journals.

Stud-Retentor x Bar-Clip as Implant-Supported Systems...

Copyright ©2022 by Dennis Barber Ltd. All rights reserved.



European Journal of Prosthodontics and Restorative Dentistry (2022) 30, 169-187

..... Jeal1an0 panufjuod g ajqe;

(900°0=d) yadap Suiqo.d pue (9g0°0=d) Suigoid uo a1es Suipaa|q ay3 ‘(£00°0=d)
9402s anbe|d juejdwi-11ad ||eJ1an0 Joj sdNoJS UsaIMIDq DIUBIRYIP UedIUSIS - \DBINSEAW 2JOM UOMYBIUI 1ueldw
(1%70°0=d) Jeam J21e3.3 pamoys sJe|jid Ja8uoT - P , i H2a4UL Juedul
(820°0=d) _ -11ad pue c_wa Aujigqow juedwi
3|qIpUBW SA B[jIXEW 3Y3 Ul Sulusyeam Ja1ea.8 e sem 213y} “Janamoy ‘sdnoJ8 ayy ul yadap Buiqo.d Buigoud uo Buipa3g -
(syuow 8'ys sisaysoad ay) Jo sadA) U1 USIMIE DIUSISHIP OU SEM D3] 1IaUILIDI DY) JO Jeap - ARUIRII 3Y3 JO Jeam Jo Junowe 3y pue ‘syuejdul IBUIBIBI-I01890
J0 pouiad ueaw) uoljualal JO SSO| 3y} JO uoleuldul 10330 3Y3 J0 Jy3Iay ‘syuejdwil syuejdwy [e3USp S 10 wuucmEuLo L_.qva
%V 76 SeM 918l e pey %001 YdIYM JO ‘Jaulelal Y} Uo Jeam padueape pey oym syualied o3 patedwod 40 Jagquinu ‘sisayisoud jo adAy - 103 Suipaodde 8L L pue syuaned /¢ w %EE -3uo 4 S
leninins Juejdw]  UOIIUR1AJ JO SSO| B peY %7S ‘SJaulelal ay3 Jo Suluasoo) jo sugis 3noyum syuaned ug - paljisse|d pue paJaisi3al a1am suoneddwod ||y - V 1
syue|dwi 3y3 jo uoneuldUl ¥ pue ‘z ‘| sdnouo :pazAjeue sdnouo -
JeXe e ‘el duu Jo 3qUINU 0} 23U 1941p WESYLBLs AIESNSIESs oU SEM 3L ot 10 poysod winuus @ 10y 93440 U pauewos
|e101 pue adAy-101e20| B Yum 90 | =U) m.E: 1910 jJuedugis asam ajnsded anayisoud PUE $1010] Y}IM S21MU3P.2A0 PaNIdaL spuaned |y -
3U3 JO SSO| puUB ‘U0J3UIBJ JO SSO| ‘suofiedljdwod [edlueyIdN -
"sopjauoyd - pue ‘Ajigess - ‘Suiziiues uj asea -
Wia1sAS 1018I0| 33 JO JOARY Ul PAPN[IUOD) ‘uonbun, flojeaseu - 'S343sa - 30Jul0 -
su10d 7526 40 mu;wcosn_ - ‘Buljpuey O 9sea - ‘U0IIUDIDI - ‘UOIIIRYSIIES -
muc_om 87°€6 b_umam.u QuaIBAH - .m:.ﬂtu , (uoi8au s,aurued
> i 3y pajen|ens Asy) a1aym ‘(syutod Q| 03 0 WOy ‘SYA) uoloejsnes juaned
syulod g 98 uonduNny A1olednsep Jamo| ay3 ul syuejdwl
- . 9|eas Sojeue |ensiA e 01 Suipiodde alieuuonsanb 10 uosiedwod €S
sjui0d G706 4O HOJWOD - e IN0 pa ue pa1en|eAd aJam sjuaie BRI A enpIAIpuLIdIu
pouiad |eyuswiiadxa ay3 Jo pua ay) Je 103edo| pattajald syusned z1// - Paily w:gﬂgw u__F:mLmu 1uaned ¥z pue syuaned z| [ENPIAIPULISIUT
aJreuuonsanb SyA ays ul syutod 57°06 - £ i ad 0
-(BunsaJayul 40 dnou8) v dnoio 3|qnop Aq pauieias sainjuapJiano ‘g dnouo 1103edo|
A : a1 Aq pauleial ainiuapiano ‘y dnoio “syluow g
1314 UONIRY|IqRYDJ 3SIDARI YIM ‘ApNIs JA0SS0ID)
Apeded Suimayd pasealdul pue ‘sisayisod paisnipe ‘xapul .
uonoeysies juaned paseasdul ‘(%] L) UoIUSIaJ J03eI0| djeW JO SSO| A%wﬁwwmwm“ﬁmwﬂmmoﬂwm&w& MMHMMHMN%%“MW_HMV
"(9%2) Ma43s 8uiuielal 3y} uasoo| ‘(%) a4ndel) Yool ‘(%t) aseq dijkioe : K : o :
i , i sso| auoq d1ydesSolped - (usweloy [eIUBW S94NJUspIan0
‘_MM\A@OL_%W 3y} J0 aunel (%67) mm_:ucmw‘ﬂww\wmé papaau Jjedal dnalsold ‘tpdap Suiqoud - ‘xapui anbed - ‘xapui [eaSuig - uaamyaq syuejduwil Lm_sg_v_:mn“: pauoddns
i :dn-moj|o} Jo s1eak z pue ‘Jeak | ‘syyuow Je|ngipuew omj) -juejaw ypm ZS
0%/°/6 10911 J3)e WW S6°0 F £1°Z pue (eak- ‘0 F9/°L sem anjea yidap Suiqoud 1says8iy ayl - , :
mm\%%uwmm wcm_mc: g m.w%vm_mw_:ww_g LAo _m>_mﬂ_mww_.m‘_mmnmo_‘_ Emuc:__m_mr_b_mw_um;.w_um ON - e € 'DI93M Z 1€ PAAISS]O 1aM BLIRILID BUIMO|[0) 3Y L syue|dwi [eyuap uonoejspes Jusned -
T ww S0 Tww mm“o sem 1g a3elane m_:. h 91| Jo 001 pue syuaned 0g $S922NS [e2IUII -
WL €6°0  £1°7 Sem yadop Suiqoad Jog a8esone ay - Ajenb - ‘yssads - 40w - ‘uonuslas dnBYIsold -
$101830] 00 H 101 - :lesiesdde Ajjea18ins-aid
‘WW £1°0 F Z1°0 SeM S1eak 9aJy3 ‘ww /|°0 F ZL°0 Sem sieak
OM) ‘WW G0 F Z1'0 Sem Jeak auo Jaye :(1d) xapul anbejd ues| - (1Z-dIHO) a41euuonsanb e y3noayi a1 jo Aijenb -
sieak g 1aye ) ‘ww/io , (1d) xapu1 anbeyd - uonualaJ adAy-pnis sieak /| 01 L
%9°/8 JO d1eJ F0L°0Sem SIeak anl) ‘ww 81°0 F 60°0 SBM SJeaA 934y} ‘Ww /1°0 F L |0 Sem sieak e — pey ‘syuejdwi €0t :sisAjeue jo porad -
ssa2ons juejdwy  OM3I ‘WW QL0 ¥ £0°0 Sem mEuwo_ Jayje Jeak-auo (dog) Suiqoad uo Suipas|q uesy - : HE=E] qumsiuaned ze|  sisyaweded [ea120]01q -
S92UBJIBHIP JUedIHUSIS (19IN) Sso| auoq [euidiew - LS
Kjleansnels ou sem ‘dn-moj|o} Jeak-anlj pue ~om3 ‘-auo Jaye ([suoin|os |eyuag saunjie} Inaypsoud - syuejdwi |8 suopedjdwod -
%Y°'L6 0 3181 1537] J01e207 puk ‘de) 1O ‘Jo1enb3 10) SWRIsAS JusWwyILIe JUBIBIP SuoWwe g - T yum syuaned sasayisoud pue
|eAIAINS HCM_QEH "€€403N0 01 mco_umu__QEOu SSO| HCN_QE_ - paieljiqeysd 61 mucm_QE_ JO |BAIAINS -
!S101820| 6 JO { Ul 2Nn[1e} SIS9YIS0.Ud "SI01BI0| OF 4O INO € Ul sainjie) uejdwiy :pazhjeuy
'syuanied 4z ul pasuatiadxa suonedljdwod gz ‘sasayisoad G ul ain|iey ,S103e0| |eI0] -
ey |eAInINS 9|dwes
S3|nsay ule ASojopoyra EYVRRE]| Apn
pue ssazdns UnssY wen lopotsiy /uone|ndod 13190 pMis

'SaIpm}s Papnjaul alj) Jo ejep pajielaq

v alqeL

Copyright ©2022 by Dennis Barber Ltd. All rights reserved.

ejprd.org - Published by Dennis Barber Journals.



European Journal of Prosthodontics and Restorative Dentistry (2022) 30, 169-187

DS pue D)
Joy AjpAdadsal
‘%v'96 pue
%001 9.19M 3kl
[eAinns juejdul
pue ‘a3eJ $$330NS
ueidwi 10} %7°86

(powsad dn

-MO||0} YIuow-9g pasedwod “ISIA |0J13U0I ISB| dYI Ul W 9°| F /"€ sem (ddd) yrdap Suiqoud 1ax20d a8esany -

28eJane)

%¢'G6 40 3kl
|eAinins uejdwy

ddUIYIP
|eansniels ou
pue a1eJ [BAIAINS
%696 pey
dnoug J01e307

%1L°¢6 pue
%L V6 JO 91kl
ssa2ans juejdwy -
%168
pue %96 JO 91ed
[eainns yuejdu -
:KjaAnadsal
‘dip-Jeq pue
J01e30] 104

sieak { 03 dn
%001 sem vgi
pue yI7 40} 33kl
|eAiAIns yuejdwi

(500> d) ZLL pue 91 1e DD Y uey) Jaysiy Apuedyiusis 1gA pap.odal oS -
(50°0> d) awn yum Ajjenuanbas Buiseaidul OSI 3y yum
‘sporiad |je 1e sdnoud sy usamiaq (DSI pue ‘ad ‘19 ‘Id) paisal
sJa1aweded [ea1ul]d 3y} Ul 9dUJaIp JueduSIS Ajjed1Isiels e sem alay] -

711 pue 9] U3aMIaq d3UaJI3IP JuedIUSISUl ue pamoys siaaweled asay] -

(50°0> d) (95 pue H) UsIMIAQ) 1L PUB 0L U3IMIB] pue ‘(91
pue Q1 Usamiaq) dd ‘IO ‘Id Ul 32UaJaip Juediiusis e sem alay] -

panIasqo sem AIAIISUIS Jo ‘ured ‘Ayjigow [eatuld oN -
sisayisoad ay3 Jo Y3003 9y} JO ainidedy

yum syuaned z pue ‘MaJds 3yl o SUlUIS00| Z ‘19)D0S d|eW DY} JO SISSO| 7 19M 313y -

(pa8ueydxa a4am sajnsded | z) pa4inado suonedljdwod d1nayisoid 9z -
(2000 = d) 3seyd Suipeo| ay) ur wWw §°0 ¥ £°7 0}

dn-moj|oy Ise| 3y3 Ul 0'p L

FG'zL pue sisayisodd ay3 jo Kianlap Jaue (%) €22 F 0°€L Sem xapul anbe|d payipol -

e||Ixew Jolisjue

2y ul syuejdwi 03 pasedwod Jaydiy Apuediyugis a1am ejjixew Jopaisod ayy ul syuejdwiy -

sso| auoq diydesSoipel Jo wiw g 01 Z paiqiyxe syuejdwi ¢ -
ww || ¥ /£'L sem 1gIA ‘dn-mojjo} IseT -
ww 0 ¥ 8°0 sem uoissaidwi pue Juawadeld Juejdwi usamiaq 19\ -

'z dnouo 03 pasedwod 7] pue || 3e e3aqL-11 4aySiy e papJodal | dnolo -

(50°0 > d) sdnoug yroq ui || 03 patedwod z] e Ajpuediyiusis pasealoul 07gH pue 1gA pue  adueuosal Arewnd ‘(19) 8uipas|q ‘(1d) xapul anbeld -
{(50°0 > d) z1 u1 Ajuo (onauSew) | dnoun ueyy z dnouo uj Ja1easd Apuediyiugis sem JgA -

S9IURJBHIP JULdIHUSIS MOYS 10U PIp Ig pue ‘aw
J9n0 Appuediyiugis paseasdul OSI pue dd ul dnoi8 @4103ex07 -

‘(dnoJg yoea 1oy g) pardepeal 1o pagueyd a1am pjoj-9| ‘U0
J0 SSO| 10} puB paJnidely Jeyl sieq Z 404 panIasqo alam suonedijdwo) -
(Wwg z pue o usamiaq) sieak z Jaye “1gnN
pamoys di3-1eq pue s103ed0| Joj panqLisip syuejdwi ze=u -

snjnajed pue xapul anbejd Jofew e Jayiiny (%5°Z1) VI1 Yyum
paJsedwod (%E €€) YT 10} paniasqo sem ajiyoad Alojewwejjul 191eals v -
(50°0 > d) VI 40} WW $Z°0 F L6°C PUe ¥g] J0) Ww 91°0
7 08°7 4o yadap 8uiqoud ‘(500 > d) @duediyugis [B213S1eIS YIM ww
02’0 ¥96°L seM I 10} pue WWEL'Q ¥ WW LG°| JO0 Va1 9yl Ul 1gin -

dn-mojjo} teah- e usyje sdnou yioq ui syuejdwil ay3 ul A1jIqoW J0 SSSO| OU 3I3M 3I3Y] -

|eyuoziioy ‘Ayjiqow uejdwi ‘(ad) yadsp Suiqoad ‘pinyy

paien|eas a1am sydeaSoiped [eaideriad
ySnoJy) uopeIgaIuI03SSO pue ‘SSO| UO]
‘(dsD) aanonb Ajiqels uejdwi ‘(ad) yrdap
Suiqoud ‘(19) xapul jeaiBuid ‘(1d) xapul anbe|d -
(ZL1) syyuow 7| pue ‘(91) syuow
9 ‘(0.L) Juawade|d sisayiso.d Jo awil Ayl 1e Pap.odad
2Jam sisroweled djydesdoipel pue a)el sS2INS -
syluow ¢ Jaye pade|d alam s1031edo| Jej|id -
uonJasul
juejdwi yum sainpadosd uoisuedxa auog pue 1saJd
3y Ul 9pew sem 1nd |euoziioy e ‘(9s) dnous Jayio
3Y) Ul 1532 3Y3 JO uoisuedxa INoyHm seale aujued
3y ul syuedwi Z paniadal (9)) dnoug josuo) -

9JNIUSPISAO0 UlRID] 0}
auoq papuedxaun pue
papuedxa ay3 uf 3sald
Je[ngipuew ay3 uo 6S
pase|d syuejdwi omy
J0 synsaJ d1ydesgoipeu
pue |esjul|d pajen|eny

syueidwi [eIUSp
09 pue syuaned og

‘(syuow g/-7 :a8uel) syuow
9t sem awi} dn-moj|o} ueaw ayj -
pajenjena sem suonedjdwod d13ayisold jo
Jagquinu ay) pue ‘(3|qipuewl ‘sa e||Ixew) Uoledo| syuejdwy [e3URP
‘uonisod juejdwi ‘Ayjenb auoq ‘|ans| auoq |euidiew Q| pue syusned 9z
‘yadap Suiqoud ‘xapul Suipas|q ‘xapul anbeld -
JUBWYILNE-PNIS YIM Spew Sem
sisayisoud ay3 ‘pade|d atam syuejdwi JnoH -

Aujigeljaa aiayy 333 pue
SaJNjuapJiano \Cm___xm_t
ul syuswyoene
pnis anoj pajen|eAl

8S

‘paleNn|eAd 4aM (1gA) |BIIIIBA pue ‘(TgH) SSo| auoq
Je[ndinaLd Aq (qL-T1) [9A9] upjnajaiul “(OSI) Aujigels 101e20| J0 d13ausew
UHM 31N3U3PISA0
:9|qipuew ul adAy 1S
-S19ulelaJ Z J0J aNssIy
jueidwi-1uad pajenjens

syuejdwi [eauap

SyIuoW 7| pue g ‘syasm z Jaye dn-mojjo4 - S pue siuaned o

syuaned [|e Joj apew aJam sasayisold maN -
ssa|deyy [e2184ns ySnoayy eale
duUlURD U] PaMIASUl AJaM (WWE | X G/°€) syueidwi 7 -
(s101e20| pue siauielas dnaudew) sdnous z -

syuow $ pue 'z ‘9 ‘g 1aye
pawoyiad a1am suopeujwexa dn-mojjod - 101830] 10
SlusWYdeIIR JBg YIM
Suipeo| ajelpawwl | 9§
Joj suoped|dwond jo
9JU3PIdUI pUB [BAIAINS

sinoy g/ Jaije pajjelsul sasayisold ay3 pue (Jeq
Jap|oq ‘sA $103e30]) sdnoJs g ojul papIAIp a1am A3y -
WI'N GE pue Q€ uaamiaqg anbuoy
pue y18us| ur wwg| yum syueidwi z J1ano
$9s9Y)so.4d |e30} Mau panladal syuaned ||y -

syuejdwy [e3USp
76 pue swuaned 9y

uoppuny A1ojediisew pue ‘uoiuIBA

‘SJ139Y3SD ‘UOIIDR)SIIeS ‘B1IDILID D1I3Y3IS0Ud -

snjnajed pue ‘xapul anbejd ‘uopewwejul
juejdwi-uad ‘xapui Suipas|q ‘yidap Suigoad “IgIN -

!SSO| aU0q pue ‘d3el |eAIAINS
juejdwi ‘Ayijigow ‘UodJUI “1I0JWI0ISIP JO DUISQY -
palen|ensd eld)
sJojedo|-ieq
‘ssuejdwll 7 yum (dnou8 Jeq) ygi pue !si01edxo| z pue
syuejdwi z yum (dnou8 si031edoj) yI7 :sdnoid om|

sa|qipuew uj Jeq
-10Je30| pue 103e30| Aq
pauleIal sainjuaplano | GS
0 uondeysies pue
syadse [ea1uld

syuejdwy [eausp
8 pue syuaned 9|

panuI)u0d"SaIpN}S Papnjaul 3} Jo elep pajielag “y 3qel

Stud-Retentor x Bar-Clip as Implant-Supported Systems...

Copyright ©2022 by Dennis Barber Ltd. All rights reserved.

ejprd.org - Published by Dennis Barber Journals.



European Journal of Prosthodontics and Restorative Dentistry (2022) 30, 169-187

(T00YHO) 3417 J0 Ajend parejay-yyeaH (e4Q panoiduil
pue sawod1no juejdwy sieak-g a|qers p|alk s1oledo| pue sjjeq -
JusWIYILIIL. JO 3AIIDRASILII “1S0D [BI3IUI B JO % | SEM 1S0I-2d2UBUIIUIeW JO SIedk dAlS -
(710 =d) uted/s1a2|n 10 (100 >d) Juswisn[pe-uonualal Aq pasned
(100">d) @2UBUIUIRW dI0W pPalinbai $10130| (S00°>d) 191387 SeM S||eq 10} UOIIUIIRY -
juawydene jo Apuspuadapul /7
01 |'g| WO PaulIap #L-dIHO (£20°=d) S101820| U0 dJ0W paje|nwinide anbe|d !| 3103s
anbe|d ‘09°0 2402s Suipaa|g ‘ww z6' | yidap 19xd0d 8uiqold ‘ww || sem Jg|A 10j UBIA -

juswiydeNe Jo

Apuspuadapul
'%L°86 Sem

|eAinins juejdwy

uonoeysnes juaned ul sdnoaS om) ay) UssMIaq 3JUIaYIP JuLdIUSIS B 10U SBM 313y -

(50°0> d) z11 36 dnoud Jeq ayy ul uled pue ‘uonepunuold ‘SuiImayd ul pue
€1 1e sdnoJg y10q Ul uswaAosdwi JULIIHIUSIS PIMOYS UOIIIR)SIeS JUsNed -

(s1sayasoad ay3 JO aseq ay) PIAJOAUL | PUE ‘SAIIIWIBIIXD DY) JO SaINIdely
€ ‘41931 31 JO S34NIDEIJ 9) SAWI O] PRJINII0 S3INIDEL) SISaYIS0.d ‘UonUIRI
10 sso| 03 anp sdij3-4eq dY3 J0 UOINIASNS PaAJOAUL Uonedljdwod Juanbauy
1sow ay) pue dnoug dija-1eq ay3 ul pjoj-¢ | :suonedljdwod d133YIso.d -

“(2¥£70=d)
dnoug Jayjoue
UM DU

|e213S13RIS INOYIM
‘dnoJg dip-Jeq
93 104 %€E'96
Sem ajel |eAlAINS
Sswejdwi pue
%168 Sem jel
ssa2ons juejdwy

uoneWWe|Ul PIdNP3J Y)M 3]geIS Paulewal SNssi) 9yl Jo UORIPU0D 3yl 1eyy
Sunesipul ‘| ueyy 1amoj sanjen 4og pue 9 pajuasaid syuejdwi ay3 jo ysow ay) -

(100°0> d) dnoug dij3-4eq ay3 ui 4918348 Apuediiudis a1am dOg pue ‘19 ‘Id -
(886°0=d ‘WW €0°L ¥) WW $E"Q Sem “Jeak | Jaye 1gin -

(SS9 pue 61-dIHO) dnoug dip-teq ay3 ul Jaysiy Appuediyiudis sem uonoejsiies Jualed -
Z11 e yadap 8uiqoud pue ‘anssiy yuejdwi-1iad ay3 jo
suonipuod pue aual3Ay ‘suonedrdwod dnayisosd Suipiedas aduediyiudis Ajjeansiels oy -
syuow / pue g Jayje sajnsded uojAu ay3 o Juswade|dal ayl pairsanbal syusned ¢ pue
!syjuow 9 Jaye sdip uonualal pjog ayy usysn o3 paisanbau syusned g 'syiuow g°| Jaye
110 awed sisayisoad |e101 ay3 Ul Y1001 d1jA1oe ue ‘dnoug dijd-seq ayi U :suonedidwo) -
uonualaJ dip-aeq Joy syuaned sy Aq adualayaid e sem aiay] -
poriad/sdnoug usamiaq
2ouedlu8Is [eansiels ou Yyum ing (600°0=d pue z00'0=d ‘AjaAndadsal) |1 ul paseatoul
Apuedniugis sem ydiym ‘1] Ul (Ww 6°0 ) Ly pue (ww o' F) £°€ sem yiydap Suiqoud (ww
[¥°0 F) LE'0 pue (Ww L£'0 %) 85°0 = 19IA :A]9andadsads ‘dnoug dijd-1eq pue 1031ed0| Joj -

(dnoug Jeq)
%6°L6 pue
(dnoug Joedo)|)
%/°96 Sem a1el
|eAlAINns Juejdwi

sdnoJg ¢ ay) Suowe uonualaJ JO UOINPAI 1S3IEDIS B}
puUE 3NSaJ 1S3MO| 3Y3 peY YdIym ‘syyuow 9 3e /gL F L |'/G pue
- syuow €1e Loy ¥ 16°G9 sem (dijp-4eq) asieuuonsanb sya z dnouo -
(uonualal Jo ssoj 1saysiy ay3 yim dnous) pauieiqo sem UOIIUIBI JO WI'N
18°0 ¥ 67°S SYIUOW 9 pue WI'N £2°0 ¥ 81°Z SYpuow ¢ 3e (dij2-1eq) z dnog u -

aua18Ay |eJo Jood pey syuaned z Ajuo pue
‘z>1nq ‘L< IdIN pey siuaned g1 ‘Apnis ay3 jo pua ayl Iy -
auaI3Ay |eJo poog pey syuaned g Ajuo pue ‘syuaned /| Ul pRdUIPINS Sem
aua13Ay |eJo Jo [aA3] y3noua 3jiym ‘auaiSAy |elo Jood paulejuiew syuaned g ‘sieak z J1oyy -
7>1Nq ‘1< 3103S Id|A Ue pey
syuaned 7| ‘aua18Ay poog paiedipul Yaiym ‘1> 3103s Id|A Ue pey syuaned ¢ deak | 1oy -
2ua18Ay [eJo Jo yde|
ay1 SuImoys ‘z< 3103s IdIA Ue pey siuaned 4 Jo IN0 €| ‘syiuow € Jaye ‘xapul anbed -
uondUNy Jo sieak g Jaye syuejdwi [eIUSP JO SSO| ON -
Je3A pig pue ‘puz 1s| 10} AjlaAdadsal ‘(ww
¥1°0 ) WW 680 PUB (WW 0Z'0 ¥) WW g0 ‘(W £1°0 F) WW 79°0 Sem TgIA Jo 35elany -

ojel [eAIAINS
jue|dwl 404 %001

passasse a1am t|-dIHO pue
‘9dUeUIIUI_W [BIIUYID) ‘DW02IN0 d13aylso.d
‘l]ana| 3ue|dwi-03-au0q ‘jeainins yuejdwi -

(95 = u) 4018307 / (€ = U) |jeg -

(3ud||93%3 = 0| 03 Jood A1 = Q) 3|edS
Sunes juiod-g| e uo passaidxa sem yAT -
(zLL
pue ‘e] ‘01) uondejsies |e1auasd pue ‘ued ‘sonaYISS
‘sonppuoyd ‘Suimayd Inoge salieuuonsanb pue (SyA)
9]eds 8ojeue |ensin A passasse Uoldeisnes s,jualed -
fouanbauy Aq papiodas
3Jam suonedljdwod pue dueUIUIRW JIBYISOId -
(zL1) sypuow 7| pue ‘(€1) syuow ¢ ‘(uone|jeisul
sisayiso.d) g1 e palen|eas alam (ID) xapul |eaiduid
pue ‘(d0g) Suiqoad uo Buipas|q ‘(1d) xapul anbeyd -
31ejed Y)IMm spew dJam SaINIUSPISAQ -
juaned/syuejdwi Aejjixew 4 -
juawydene |jeq pue dijp-seq :sdnoig z -

sydesSoiped [esoesyul Ag palewinsa sem
JUBISSISSE BUO(Q YL "(SSD) 3|EIS UoNIESIIeS
|eJaua8 pue sainiuap jo syulejdwod asleuuonsanb
"(6%-dIHO) 3|yyo4d 1oedwi y3jeay |elo) uondeysies
1uaned ‘pue (Yidap Suiqoud ‘xapul Suipas|q
'an0048 ‘xapul [eAI8ul8) suoiIpuod anssiy 3Jos
‘(sninajed o aduasald ‘xapul anbe|d) suaiSAy
jue|dwi-149d !Passasse aJam ajed [BAIAINS
sisayiso.d pue yuejdwi ay3 ‘Jeak auo Jayy -
91ejed Inoyym apew alam sasayisoad ay] -
(yr8uans wnipaw ‘N €| ‘sauo yuid) dnoig 1oiedo|
pue (dijp Suiuierad pjo8) dnoug dija-1eq :sdnoug om -

QUOp Sem aJleuuonisanb SyA pue syuow 9
pue syjuow ¢ e ‘yuswade|d Jd3je Passassy -

'papJ02aJ a4am xapul anbe|d paiyipow pue
‘sso| auoq |euidJew ‘Ajiqow ‘leaiains yuejdwi -
Jeak-g -z -1 pue ‘syiuow ¢ 1e quawade|d juejdwi
J31je Aj91eIpaWiW] 9peW d19M SJUBWSSISSY -
AK138uns juedwi Jayje sieak € 03 dn
uolen|eAs 1o} pajjed AjJejndal alam syuaned -
pa||eisul 8JaMm S101eI0T Y3 pue ‘WI'N G
pue g¢ usamiaq anblol yum (3|qipuew ay
10 U033 Joudiue) pade|d asam syuejdwi Z -

uonessidal
elep Jeak-g ayy
Ul papn|pul a1am
syuaned o6 ‘(syuedwi
zeg) swuaned 91|

syuejdwi [eauap
871 pue syuaned zg

(uonensssqo

10 Jeak | ses| e
YaIM ‘B[|IXBW Y3 JO
uoi8aJ Jol1alue Yy
ur syuejdwi Aejjixew

[4912wWelp] wwg's
Jnoy) syuejdwi [eauap
00 pue syuaned 0§

syuejdwi [e3uap
0€ pue syuaned G|

syueidwi [e3USP
8y pue syuaned 4z

2dA3-s101e20| JO
|leq Aq pauielas
S9NIUSPIIANO JO 150D
pue adueuaulew
Jnayisold passassy

syuejdwi pajuidsun
pue pajuids uo
s3unyy ||eq 1o Jeq yum
paule1aJ SaINIUSPIIN0
ul syuejdwi Asejjixew
anoj paJjedwo)

Apnis pajjoJiuod
paziwopuel Jeak-|)
sJeq 1o 1031ed0| Jo
asn ay3 Aq pauielal
2Jn3uUapJano Joriadns

(103e43) pUE ‘||Bq
‘di|2-1eq) 2Un3UBPIANO
payoddns-juejdwi
Je|ngipuew yym
juaned pareyjigeyal
3y} JO uoindejsnes pue
UOI31U3IaJ Y} Passassy

sJ03ed0| Suisn
2JNJUBPIINO PaAIIAI
oym syuaned jo
anssiy wuejdwi
-11ad pue [ealaIns
juejdwi pazenjeny

143

€LS

(43

LLS

oLs

Copyright ©2022 by Dennis Barber Ltd. All rights reserved.

ejprd.org - Published by Dennis Barber Journals.



European Journal of Prosthodontics and Restorative Dentistry (2022) 30, 169-187

%€'8L 40
91kl $$320NS
Jiaylsoud pue
%L°L6 40 S33el
|eAinIns yuejdwy

%001 JO sa1el
|eAiAIns Juejdwi

Syjuow ¢ | Jsyje

%576 40 sa1el
[eAinIns juejdwy

Kjannaadsal 1
pue 1d 104 %6
pue %001, JO saied
|eAiAINns yuejdwi

dduaJap Ajpuediiusis ou Yyum Ing ‘sioydue jjeq ay3
uey) aJedua)e uonasunsod aiow pasinbal Juswydele 10jedxoT -

pajou aJam siarawesed Juejdwi-11ad 10} S9IUBIBHIP ON -
9duaJaa1d juaned juediyiusis e pey JuswydeIIe dUo ON -

JUBWIYDELIIL 101RIO| O [|Bq USSMIBQ S3IUIBHIP INOYIIM ‘sadA) uswiydene
0M) 33 JO Yded YIm (50°>d) Apuediyiugis panoadwi uondeysies jusned -

$103820]| UBY} 9dUBUIIUIRW JO A})ISSDIBU JOMO| pey d1duse| -
sdnoJg omy Jayro ay3 yum Suriedwod s3sod Jays8iy uedyiusdis pey dnous 1ouse -

(905) 91BJ SS9IINS 1SAIMO] - ||Bg PUB (%97 '8/) S101e207 Aq
Pamo||0} (%09°Z8) Ss23ns dnay3so.d 1saysiy ay3 paJaisidal dnaue -

SjUBWIYDRIR JOYDUR DAIIUSIDY JO URY) SI01RIO| JO UONUIRL Y}
uo 1edwi Jaydiy aney o1 sieadde uonejndue juejdwiialul paseatdu] -

Kjonnoadsal ‘se2189p (9'2 = @S) S°€ pue (6'Z = ASs)
9" a1am suonengue juejdwizaiul [eniSes pue [rU0I0D UBIIA -

J3y381y a1am dnoug Juswydene |jeq ays jo sanijigeqold [eAIAINS -
J3y81y sem syuawiydele [jeq yum suonedijdwod anayisoid jo Aousnbaid -

3|qeledwod aJaMm S103LI0| JO SJUBWYILIIE ||Bg 10} SOW0dINo JiSojolg -

dnou8 pakejap 03 pasedwod uaym uondiosal suoq |eI13I3A dJow
YIM PaIeIdoSSe 34 INJUIPIIA0 Je[NGIPUBL PaUIL}DI-10)ed0]| dleIpaWW] -

O79H pue dd Yum paje|a.10d Aj3uediyiusis Sem ssoj| auoq [edI1aA -

sdnoug usamiaq Apuediyiugis Jaip 10U pip (OSI pue
ad ‘19 ‘Id) s4e39wedsed [eajuld e ‘ZLL IV dWi} Jo dueApe yym
Apueoyiugis paseatour (OSI pue ‘ad ‘19 ‘Id) s4e3sweded |eaqulp ||y -

sdnoJg ay) usamiaq pariodas sem suonedldwod
J12Y3so.d pue sySIA 9dueUSUIRW JO Aduanbaly Ul 92USJ344IP ON -

194 Yum paleja4io0d Jou asam Yyidus| aueidwi pue anbiol uopuasuy -

2duaJayip wediusis Ajjeansnels) Alaandadsal “I1 pue 1q 104 W
(S°0 ) SZ'0 Pue Wi (5°0 ¥) ¥'5°0 Sem Jeak | 01 auljaseq Wwoiy 19y U -

11049 ddUBUIUIEW d[3UOPOYISOId
pue suopipuod yuedwi-1ad -

SlusWydene 101ed0| pue
|leq usamiaq aduaJaya.d Juailed -

uondeysnes Jualed -

sdnoJ8 Suowe synsaJ patedwo) -
150D -
9dURUAUIRIA -

SUIUOW 7| pUe ‘9 ‘g Yaam |

‘aul|aseq 1e paJnseaw Sem Uollualay -

sydesSoipes du3awoleydad |essle|

pue JoLialue-101191sod Uo painseaw aJam
uone|ngue juejdwiialul [eNISeS puk |eUOIO)) -

sieah g ay) 1e passasse aiam sdnoJud ays jo
S91eWIISd |[BAIANS JBIR|N-uUe|de) pue ‘suonedijduwod
aiayisoud ‘xapul Suipas|q ‘uondajul uejdwi
-11ad ‘xapul anbe|d ‘sso| auoq |euidie -

(ZLL) syuow g1 pue (91) syyuow 9 ‘(L) uonJasul
9JNJUBPISAO JO S} 1B passasse aIam [(OSI) Aujiqers
jueidwi pue (ad) syrdsp Suiqoud (19) sa401s
|eni8ui8 ‘(1d) se403s anbeyd] sia1awedsed |edjuld pue
S9s50| 8U0q (OTgH) |eauoziioy pue (1gA) [e13IA -

S9SED ||e 40} SJUdWYde)Ie 101eI0T -
(zo ‘@1eipawiwi) Aep awes

3y1 Jo (1D ‘pakejap) syyuow ¢ ui papeo| syuejdwi -

papJodaJ a1am suonedijdwod dnayisold
pue ‘s}ISIA 9dueUdlUleW JO 3dUeAd.d ‘Din|ie)
jueidwi ‘anbuoy uonuasul ‘ydus| uedwri -

K198uns-1sod syuow-z| pue -9
1e (1gY) sso7 auog diydesSoipey -

swuejdwi o
pue syuaned oz

(€2 = u 101020]
‘£7 = U ‘sypuew
€2 = u's|jeq)
(e191puew) syuejdwi
8¢l pue syuaned 69

swuejdwi g
pue syuaned {7

(dnou8 jeq)
syueidwi g€ pue
siuaned g / (dnoug
sJ01e20]) syuejdwi
0z pue syuaned gL

syuedwi z/
pue syuaned 9¢

siuejdwi 09
pue syuaned og

Jeak | Jsye
SjusWYILII. J0IRIO|
J10 ||eq YyIm paulelal

S9IN3U3PJIAN0
Je|ngipuew
payoddns-juejdwi
10} 9dualayaud
pue uonoejspes
1uaned aulwiaaqg

dn-moj|o} Jeadk-g
J0j suonedidwod
pue ‘adueudlulew
‘3502 uo Suisnioy
‘a4njuapJano jueldwi
Jejngipuew 1oy
swaisAs Juawiydene
Jo sadfy € asedwod

Jeak | ulyym (Joydue
9AIIUIIY pue J01ed0|)
SwialsAs Juswydene
OM] JO UOIJUSI3J UO
‘sainjuapJiano uejdwi
-oM} Je|ngipuew
uo ‘uone|ngue
juejdwiiaiul jo
129443 ay) 21e81SaNU]

(s103e20| pue
11eq) Se4njuapIano
Je|ngipuew uielal

01 A|Jea papeo|
syuejdw Jo sswodIN0

Jnayisoud pue

1180j01q ay3 asedwo)

SjuswydeIR 10)RI0T
UM S2INIUBPISAO
Je|ngipuew
Sunuoddns syuejdwi
papeo| pakejap pue
dleIpawWIW] UdaMIB]
SaW02IN0 |eIUID
pue sso| auoq
JeuiSiew aledwod

(71@) syruow ¢ Ja4e
Jo (71) Ajererpawiwi
papeo| ‘(syuow
Z1) 2n1uapJano
Je|ngipuew pauielas
-101e20] syuejdwi
paiundsun z paienjens

0zs

6LS

8LS

LLS

9LS

SLS

Stud-Retentor x Bar-Clip as Implant-Supported Systems...

Copyright ©2022 by Dennis Barber Ltd. All rights reserved.

ejprd.org - Published by Dennis Barber Journals.



European Journal of Prosthodontics and Restorative Dentistry (2022) 30, 169-187

%€EE’E6 JO Skt
[eAinIns uedwy

(s4018207) Jengal
SSO3N %001 pue
dpIM UIBYINOS
aY1 Ul %001
yum patedwod
%S Yyum dnous
jueidwy Jengau
uJaynos
‘%16 Sem
ss920ns jue|dwy

%69°€6 sem
|eAlAINns Juejdwi]

swa1sAs Juawinge € ayl uisn Uy Jaip Jou op sialawesed
2180019 3y3 se [|am se sanijenb aj1| paiejaJ-yijesy [edo syusiied -
SlUSWIYDeYIE |[BQ Sy} UBY) 9dURUSIUIRW JO 31kl JYSIY B pamoys J03edoT -

sdnoJg [eyuswiiadxa € 3yl Suowe 3dUIIP JUedIUSIS OU PIMOYS
Aujenb a1 paiejai-yieay jeso siuaned pue suopedidwod di8ojoig -

suonedidwod | pamoys dnoug |jeg -
suonedidwod onayisold ¢ dn 3y8nolq waisAs 1ojedoT -

(50°0> d) syuawiyoene dip-1eq yim asoy) ueyi Jamojeys Apysiis a1am
sjuaWydeIR 19)20S-||eq Yyiim papinoad syuejdwi punode syrdap Suiqo.d -

AjjeaiydesSoipes pauiwislap ‘s|and| auoq [euidiew a|qeis
pue suolIpuod [esodNW Ayyjeay pajeanas siazaweded [edjul|) -

3w} JAA0 Y31y paulewal pue sem ainusap
pauiela-jueidwi 419y jo uonernaidde syusned -

SaJNuUapJan0 dejngipuew yuejdwi-om) paurelal-did
-1BQ pUB -19)20S-||eq USdMIBF UOIIRISIIES Ul 9IUBI3IP ON -

SWIAISAS JUBIYILIIR JUBJSLIP YIM pue Sialawelp Jualayip jo sjuejdwi Suisn
uoldo JusawWieaJ} [NJSSIIINS B dJe sainjuapJano Juejdwi-3|8uls Jeingipuey -

(%57) 3uejdwi Jein8aJ ssoaN (%9°91) Juejdwi apim UIBYIN0S
(9%¢€°£7) dnou juejdwi Jen8a4 ulayinos - (Jiedau) Juswieanay -

(9%£99 ‘401220]) e dwi JB|NSaJ SSOBN ‘(%E"ES ‘|1eq) uejdwi spIm ulayinos
(%9°€9 ‘|1eq) dnoug yuejdwi Jejnal UIBYINOS - B1LJ SSIINS SIIUOPOYISOI -

(S0°0 > d) sdnoJ8 omy uay3o ayy Jo eyl ueyy Jamoj Ajpuediyiugis sem
(dno48 j013u0) syuejdwil Ja3awelp JejnSaJ UI3YIN0S dY3 40 aN|eA OST UBIIA -

uoIIdUNY [B40 BY} JO SdUBUSIUIRW Y] pUe Suoled|jdwod

d3uopoylso.d Jo 3el palen|eAs Uaym ‘SJusWYdeIIe JBg dy) pue
]leq ay3 Uey} s3nNsaJ [ea1ul]d Joliadns pamoys walsAs 103edoT -
salnjely
10 9SNe23q pPamaual a1am sasay3sold aaJy] paljdde a1em sainjuapiano juejdwi 6€ -
pajiey pey syuejdwi 9 -
uonedijdwod ou yum s13gns ayi Jo %05 -

dno.g 103e30| 3y} Ul PAAI3SCO 3Jam suoliedl|dwod op -

dnoug Jeq - suonedidwod 7 “Juawydene |jeq - suoneddwod | -

SJUBWIYIENIE YI0g SUISn S3INJUSPIIA0 Je[ngipuewl paulelal
-uejdwi 9|3uls ur panoidwil Apuediu8is 919m SaW0IN0 [ealuld -

(5070 < d) Auapiyge Alojednsew Ul aduUap JuedIUSIS Ajjeansiels ou sem a1ay3 Ing (S0°0
> d) 3y3e i ay3 ueyy Ajige Suimayd panidiad ul J9139q pawoyiad syuswydele J03edo| ay| -
(50°0 < d) syusawiydene jo sadA) omy ay) UsaMIaQ UORUSIAI pue ‘Ydaads
110JW0) ‘UondeISHEeS ||edano Juaned Ul SaUBJIP JULdIUSIS Ajjea1sielS OU 94aM a3y -
(50°0 > d) sdnoJ3 3j3ey Yy pue 103e307 Y3 Y10q Ul Pasealdul os|e SalpuadIe Alojednse -
(50°0 > d) sa1poq 3usawiydene jo sadAy y1oq Jo uoiuasul Jaye Ajpuediusdis
panoidwi uonulal pue ‘Ajige Suimayd ‘Yyr33ds 1I0JW0I ‘UOIIILYSIIES ||BIDNO JUdfIed -

(I6% D-dIHO] ®]1404d 12edW] Y1jeaH |elQ) Aljenb (€€ = lleg pue
41| paie|aJ-y3jeay |edo pue ‘9xualiadxa siuaned €7 = 10)e207)
and3[gns ‘suonedjdwod 2180]olq pue ddueUIUIRW syueidwi 0z

Jnuopoyisold :parenjeas sem uonenis [eslulp - pue syuaned o9

Passasse a1aMm Sso| auoq |euidiew
J1ydesSoiped pue ‘xapul uipaajq
‘syrdap Suiqoud jeuidiew ‘uonippe uf -
paJedwod a1am sieak | Ja)je pue uonen|end
|E1} Ul USBMID( S3I0IS SYA PUB 3|BIS UBIJA -
p312NJ1SU0d 349M sjule|dwiod 34njuSp JO S3|LIS XIS -
(SYNA) 91eds
Sojeue |ensia e uo sauniuap J1ay) jo uonepaidde
|eJ2N0 J19Y) Ssaudxa 01 payse alam s133[gns -
pa1a|dwod
Sem 310)3q sJeak g wouy alreuuonsanb awes ayj -

(Juswiydene
dijp-1eq £ pue 193d0s
-lleq £) syuaned
71 Ajuo 'sieak gL
Ja)4e ‘syuedwi 9¢
pue syuaned g|

(syuawydene
J03e20| pue syue|dw]
Je|n8al ‘syuswiydelie
|leq 98Je| pue
(103820] pUE |[BQ) SWIISAS JUBWIYIEIIE pJepuels Yum  syue|jdwl apIm-ww-g
syueidwi Ja1awelp Jejngal yyum waisAs Juawydene ‘syuswiydene |eq
|leq a84e| pue juejdwy Je32wWelp apim asedwod - pJepueis pue
syuejdwi Jeingau
- 10J3u02 :sdnoug
€) syuejdwi 9¢
pue syuaned 9¢

Jayealay) A|lenuue ‘pue syuow | ‘9 ‘c 1e sy
(s;uswiydeyIe 3} JO JUSWASPO|SIp
pue SSO| UONUSIRJ ‘SaINYdE. JUSWYIENIR ‘SYUSWSIe|Ud
Jesodnw ‘swiajqo.d auaiSAy ‘sainjie} Jueidwi ‘sdijd
uonUalRJ pue Juswydee Sul-o Jo syuswade|dal
'S9INIUIPIIA0 PaJnIdely) suofeddwod d13xYIso.d -
SYIUOW / |* L = dw} dn-mo||of uea|y -

|39y -

(a|qipuew pue
efjixew) syuejdwy
66 pue syuaned 9g

sjuswydene jo sadAy omy ayy
U99M19Q pue SJUSWYIEIIE By JO UOILIASUI
J9)ye pue 31043q paledwod SaW0INQ -
sinuead Suimayd Aq pasnseaw Aouaidiye
Aioyedisew pue (Uopualal pue Ayjige Suimayd
‘U29ads “110jW0d) UoKIBYSIIEeS JUBlle -

syjuow ¢ Jaye

Gl puesuaned gL

suonenjeas ‘syuejdwi

S24NJUBPIANO pauleIDI
-juejdwi-omy Joy
‘dn-mo||o} jo Jeadk-|
yum [eaiul)d ui (adAy
Sui-0 JaqgnJ e pue
X13ew pjog jeuonelol
e) sugisap |euonipesy
0M) YIIM 10380|
ayy Jo uosiiedwo)

uonpuny jo siesk g
Jaye (syuswiydene
dijp-Jeq Jo 19300s-|jeq
“augew) ainjuapiano
Je|ngipuew jueidwi
-0M] JO SaWO02IN0
Jnay3souad pue jearuld
pue uonoeyspes
juaned ajenjeny

saanjuapJano Juejdwi
-9|3uis Jejngipuew
10 saWwodIN0
Jiuopoyysoud pue
[e2184ns aulwIlaQ

Suipnppul
'S9UNJUBPIBNO0
pawoddns-juejdwi
ul pasn 101ed0|
pue Jeq ‘|jeq yim
pajeosse sainjie}
juedwi pue swajqo.id
Jiayisoud arenjeny

ugISap JaA0SS0.4d
(syuswiyoene
Ji3ousew pue
pnis) S3INIUSPISAO
Je|ngipuew pauiejal
-uejdwi 9|3uis jo
Kouaiiye Aioyednsew
pue uonejspies
juaned Apnis o]

ETA

ves

€3¢S

[4A)

Lzs

Copyright ©2022 by Dennis Barber Ltd. All rights reserved.

ejprd.org - Published by Dennis Barber Journals.



European Journal of Prosthodontics and Restorative Dentistry (2022) 30, 169-187

Random sequence generation (selection

bias)

Blinding of participants and personnel
Incomplete outcome data (attrition bias)

(performance bias)
Selective reporting (reporting bias)

Blinding of outcome assessment

(detection bias)

Seo et al., 2016

Kappel et al., 2015

Elsyad et al., 2016

Boven et al., 2020

Park et al., 2019

Schincaglia et al., 2016

Elsyad et al., 2014

Alsabeeha et al., 2011

Cheng et al., 2012

Cristache et al., 2014
A Klein et al., 2010

Random sequence generation (selection bias)
Alocation concealment (selection bias)
Blinding of participants and personnel (performance bias)
Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition bias)
Selective reporting (reporting bias)
Other biases

oeeecc00000
0006 - 000000

@
@
@
@
@
@
@
(]
(J
(J
@

o
5
g
8
g
8
5
g
<
?
(]
@
@
@
[]
[ ]
[]
(]
@
@

9O
B0
(00
0 ®®
[ IE0
900
06
006
CX0]
0]
[ CI0)

B :

25 50 75 100

Figure 2: (A and B) Risk of bias for included RCTs. Low (green), unclear (yellow), and high (red) risk of bias according to the systematic review.

When modified-NOS was applied to ascertain the quality of
assessment for non-RCT studies (Figure 3), six articles were
qualified with medium-quality (Brandt et al. [S3,19], Varsh-
ney et al. [S11,8], and Jabbour et al. [S18,29], Krennmair et al.
[S20,31], Cakarer et al. [S22,33], Cune et al. [S24,35], whilst all
others achieved high quality (S1, S2, S4, S8-510, S14, S17), with
a total score ranging from 7 to 9.

EVALUATION ONLY OF STUD RETENTION

Twenty-three studies (S1-S12, S14-5S23, S25) used the stud
system, enrolling 1602 implants and 635 subjects. The lowest
success rate was 87.6% after 5 years, the lowest survival rate
was 93.33% after 1 year, and the greatest MBL (1.96 + 0.20
mm) occurred after 4 years. Just one article used only studs
(S16), and only one compared stud-retentor versus magnetic,
concluding that the stud was twice preferred by patients than
magnetic (S21).

P180
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STUD-RETENTOR VERSUS BALL-ATTACHMENT

Nine studies (S1, S11, S14, S17, S19, S20, S22, 523, S25) com-
pared stud-retentor with ball-attachment, which have been re-
ported stability after 5-year implant outcome,’ with an overall
mean MBL of 1.1 mm and probing depth of 1.92 mm, showing
the stud system as the greatest plaque accumulator (p=0.023)
and as the system that required more maintenance (p<0.001),
a fact also observed in the S20 and S25, due to its lower reten-
tion. Conversely, S17 showed higher complications for ball-
attachment retentor; likewise, S22 also had similar results af-
firming that 70.6% of the complications existent in the study
(n=14) were in the ball group, while S19 had 28.26% lesser
prosthetic success for the ball group compared to stud group,
but with no difference for costs associated. Already in S20 and
S23, the incidence rate of prosthodontic maintenance did not
significantly differ between stud or ball-attachment.

Stud-Retentor x Bar-Clip as Implant-Supported Systems...

Copyright ©2022 by Dennis Barber Ltd. All rights reserved.
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Figure 3: Quality assessment using the modified Newcastle-Ottawa Scale (NOS) for the included non-RCT studies.

STUD-RETENTOR VERSUS RETENTIVE ANCHOR /
MAGNETIC RETENTION / BAR-ATTACHMENT

Only one article compared a stud-retentor with a retentive an-
chor (S18) and other two researches (57, S21) studs versus mag-
netic retention. Five studies (S5, S6, S11, $12, S22) directly com-
pared stud-retentor with bar-attachment and two articles (521
and S23) developed a study with one-implant rehabilitation, in
the midline of the mandible, comparing the patient satisfaction
(comfort, speech, chewing ability and retention) and mastica-
tory efficiency measured by chewing peanuts, beyond compar-
ing before and after insertion of the attachments and also be-
tween the two types of attachments (521), while S23 compared
wide diameter implant and large ball attachment system with
regular diameter implants with standard attachment systems
(ball and stud). In S21, stud attachments performed better in
perceived chewing ability than the magnetic system (p<0.05),
but there was no statistically significant difference in mastica-
tory efficiency (p>0.05); while, in S23, the prosthodontics suc-
cess rate was for regular implant group (ball, 63.6%), the wide
implant (ball, 83.3%), and regular implant (stud, 66.7%), with
retreatment rate of 27.3% for regular implant group, 16.6% for
the wide implant, and regular implant with the stud of 25%. The
conclusion for S21 and S23 was that mandibular single-implant
overdentures are a successful treatment option using implants.

Furthermore, for Kappel et al. (S6), after 2 years, the implant
survival rate was 93.5% and 89.1% and the success rate was
94.7% and 92.1%, respectively, for stud and bar; MBL also after
2 years ranging between 0 and 2.5 mm; prosthesis survival rate
was 95.7% and 93.5%, respectively, for stud and bar group. For
Seo et al. (S5) the group using the only stud had a significant

EJPRD
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greater MBL (p<0.05, 1.96 + 0.20 mm) compared with the bar
group (1.51 mm £ 0.13 mm), and also significant difference
(p<0.05) for probing depth between stud (2.91 + 0.24 mm) and
bar group (2.80 + 0.16 mm); otherwise, the bar group present-
ed an elevated inflammatory profile (33.3%) compared with
stud group (12.5%). For Boven et al. (512), the MBL after 1 year
was 0.58 mm (= 0,71 mm) for stud and 0.31 mm (+ 0.47 mm)
for bar-clip; probing depth was 3.7 mm (+ 1.0 mm) for stud and
4.1 mm (+ 0.9 mm) for bar group in T1, which was significantly
increased in T12 (respectively, p=0.002 and p=0.009), but with
no statistical significance between groups/period; there was
a preference by the patients for bar-clip retention; implant
survival rate was 96.7% for stud and 97.9% for the bar group.
Moreover, S22 concluded that the stud system showed supe-
rior clinical results than bar attachments.

BAR-CLIP SYSTEM

Seven articles (S5, S6, S11, S12, S13, S22, S24) evaluated this
retentor, involving 120 patients, and 368 implants were as-
sessed, four included studies (S11, S13, S22, S24) compared
the bar-clip with ball-attachment, and only one study (S24)
compared bar-clip with magnetic retentor. Park et al.* report-
ed an implant success rate of 89.1% and implants a survival
rate of 96.3% for the bar-clip group (p=0.742). MBL, after 1
year, was 0.34 mm (+ 1.03 mm, p=0.988). On the other hand,
the plaque index, gingival index, and bleeding on probing
were significantly greater in the bar-clip group. The highest
MBL found, after 10 years, was 2.1 mm (£ 0.6 mm) (S24).
Whereas Varshney et al.® concluded that the bar-clip group
resulted in major loss of retention observed after 6 months
and the worst result regarding the visual analog scale (VAS).

Copyright ©2022 by Dennis Barber Ltd. All rights reserved.
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QUANTITATIVE ANALYSIS

Marginal bone loss

For quantitative analysis of MBL (Figure 4), S3, S4, S11, S18-
S22,S25 were not included because S3 and S11 evaluated only
visual analog scale (VAS), S11 the mean of retention, and S4,
S$18-523, and S25 did not provide value or clear information
on MBL. Moreover, it was only possible to develop quantita-
tive analysis for the studies with 1 year of follow-up, due to
the limited number of studies.

Then, MBL for the stud group (Figure 4) accounted for a
mean loss of 0.77 mm (95% CI 0.48-1.07 mm) at 1-year post-
loading period, with low-statistical heterogeneity (I2) among
the studies observed and was achieved based on the date of
9 studies (1 year). At 1 year, there was a standardized MBL
among the groups.

The quantitative analysis of the implant survival rate, was
performed from studies that provided this information (Fig-
ure 5) and which used the variance time. After assessment of
the data, a regular standard involving all studies and similar
survival rate when compared stud and bar-retentor was ob-
served, with considerable homogeneity as demonstrated in
the funnel plot (Figure 6).

DISCUSSION

Dental implant treatment is an excellent alternative to
substitute a removable total prosthesis (denture), improv-
ing patients’ self-esteem and also retention, stabilization,
and consequently more satisfaction,®” and a better chewing

performance.’>® Thereby, implant-supported overdentures
have been proposed as the first choice to treat edentulous
patients,*® being considered a reliable treatment protocol,
providing an attachment system with a retentive force that
is strong enough to prevent displacement.*?** Therefore, the
current literature involving aspects like retentive force and
wear of attachment systems is relatively scarce.*

Attachments are classified as splinted (bar-attachment) or
unsplinted systems (o-ring/ball/spherical types, magnets, tel-
escopic crowns, or stud attachments),* as already aforemen-
tioned. Therefore, comparing splinted bar-clip and non-splint-
ed stud-retentor, which are the most valuable in retention
and stabilization,**4” the bar attachment is considered to be
an excellent anchorage system and its results and efficiency
are well-documented in the literature. It corrects severe un-
paralellisms, enabling better force balance by its splinting
effect,## therefore requires more intermaxillary space than
individual attachments.*® In this aspect the stud attachments,
which do not need to be splinted and are designed to pro-
vide correct seating and adequate retention by self-aligning,
widely used in implant support overdenture, with the lowest
profile height (3.7 mm) compared to any other systems, and
easier to sanitize.

Thus, the goal of this investigation was to analyze and com-
pare implant-supported overdentures retained by stud versus
bar-clip systems, verifying the MBL and survival rate found in
the literature to provide a scientific base to help clinicians to
plan and solve difficult clinical cases. After applying the cri-
teria of selection, 25 studies were enrolled in which all used
titanium implants (11 RCT and 14 non-RCT studies).

Study Weight Mean [95% ClI)
1 year .
Tallarico et al. (2018) |—-—-—| 539% 0.28[-1.01, 1.57]
Elsyad et al. (2016) .a_._. 6.82% 099 [-0.15,2.13]
Elsyad and Hammouda (2016) - 2207% 0.88[0.24, 1.52]
Al-Dharrab (2017) - 17.82% 0.62 [-0.09, 1.33]
Boven et al. (2020) b 3.56% 0.86[-0.72, 2.44]
Matthys et al. (2019) — 3.74% 097 [-0.57, 251]
Schincaglia et al. (2016) | 463% 0.40 [-0.99, 1.78]
Elsyad et al. (2014) (G1) — 17.82% 0.87 [0.16, 1.58]
Elsyad et al. (2014) (G2) - 12.87% 1.05[0.22, 1.88]
Alsabeeha et al. (2011) ._._._. 527% 0.23[-1.07, 1.53]
- 100.00% 0.77 [ 0.48, 1.07]
| | T 1 1
10 1 2 3 4

Figure 4: Forest plot for peri-implant marginal bone loss (MBL) at one year for the stud group. (FE Model: Fixed Effect Model).
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Study Weight Mean [95% CI]
Tallarico et al. (2018) —_— 2.46% 97.40 [82.22, 112.58]
Guédat et al. (2018) —— 2.70% 94.40[79.89, 108.91]
Seo et al. (2016) —— 3.08% 100.00 [86.42, 113.58]
Kappel et al. (2015) —— 6.16% 93.50 [83.90, 103.10]
Elsyad et al. (2016) —— 24.64% 96.90[92.10, 101.70]
Wang et al. (2015) P 2.64% 95.20[80.53, 109.87]
Al-Dharrab (2017) i 4.11% 100.00 [88.24, 111.76]
Boven et al. (2020) 12.32% 96.70 [89.91, 103.49]
Elsyad et al. (2014) I 12.32% 94.50 [87.71, 101.29]
Akga et al. (2013) . —— 2.46% 100.00 [84.82, 115.18]
Cristache et al. (2014) —_—t— 2.46% 97.10[81.92, 112.28]
Gakarer et al. (2011) e 12.32% 93.69 [86.90, 100.48]
Kleis et al. (2010) —— 12.32% 93.33 [86.54, 100.12]
FE Model 100.00% 95.74[93.36, 98.12]

| | |
70 80 90
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Figure 5: Forest plot for peri-implant MBL for the bar-clip group with moderator time. (FE Model: Fixed Effect Model).
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Figure 6: Funnel plot showing homogeneity among the studies when compared the implant survival rate.

Thereby, patient-reported outcomes are an important met-
ric factor to analyze success or failure, beyond clinical results,
which are essential for a comprehensive evaluation of treat-
ment outcomes involving implant-supported overdentures.”!
Few studies have evaluated patient-reported outcomes. Sig-
nificant improvement was reported by Emami et al.>> through
the scores of questionnaire items assessing patient satisfac-
tion for overdentures. Concerning patient satisfaction for arti-
cles included in this study, S5 showed both groups were satis-
factory in addition to a good relationship in terms of retention,
esthetics, and chewing, in contrast with S3, which showed that

EJPRD
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the stud-type attachment included better support for the total
prosthesis, better masticatory function, and presented a bet-
ter sense of security and retention to the patient, achieving a
high score in the VAS questionnaire, in which the patient was
satisfied mainly with masticatory, phonetic function, and hy-
giene capacity, besides of the low financial cost.

Overdentures in oral rehabilitation are subjected to axial
and non-axial stresses, such as observed by masticatory forc-
es, in which the resultant forces are transferred to the im-
plant through the superstructure attached.>* However, a key
factor for implant success/survival or failure is dependent on
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the way the stresses arrive and are transferred to the peri-
implant bone. Regarding the implants success and survival
rates found, respectively, stud group ranged between 87.6%
and 100% between 93.33% and 100% (1 up to after 5 years);
while the survival rate for bar group ranged from 89.1% to
100% (1-4 years). This aspect of variance may be explained by
the differences among professionals, abilities, and difficulties
to control external varieties such as gender, masticatory, and
muscular patients’ behaviors. Thereby, the influence of differ-
ent types of attachments on peri-implant stress has already
been investigated [54,55]. In this scenario, it leads to observe
two important factors: MBL and retention/attachment.

Approaching the retention-type, Uludag et al. (2014)% con-
cluded that stud-type attachments provided better retention
than Hader bar with a yellow clip. Indeed, Sadig (2009)*’ re-
ported that stud attachments provided the greatest level of
retention for implant-supported overdentures. In this review,
S1 demonstrated that stud-retainers had a higher number of
complications and prosthetic failures, while S2 showed 29% of
overdentures with studs that needed to be fixed after 2 years,
either due to screw loosening, repairing the base, or chang-
ing the retaining tap. Even though the patient satisfaction
rate remained high in the same period. Sultana et al. (2017)>®
showed that the stud-type system lost almost 70% of the ini-
tial retention after the first 2000 cycles which is equivalent
to 1 year of use. In concordance with both previous studies
cited, Evtimovska et al. (2009)*° concluded stud attachments
had the highest mean peak load-to-dislodgement (8.25 + 1.61
kg) against the Hader bar and clips which reached the low-
est mean peak load-to-dislodgement (1.44 + 0.30 kg), showing
5.72-fold greater resistance. However, Matthys et al. (2019)’
warned that stud-type required more maintenance and, con-
sequently, may result in lower retention.

From the studies included in this systematic review, only 4
(S5, S6, S11, and S12) directly compared both systems, pre-
senting no significant difference for success rate and probing
depth, although for survival rate S5 had 100% for both groups
and S6 had 4.4% more for studs-type than bar attachment. An
in vitro study® directly compared studs versus bar attachment
and reported that stud-types are more reliable to retain max-
illary overdentures than Dolder bar, due to higher retention
and stability (between 14.24 Ncm and 43.66 Ncm), with major
values than required for the minimum acceptable for patient
satisfaction (10-20 Ncm). The reduced retention by Dolder bar
attachments is in concordance with Williams et al. (2001)®'
findings, who found the lowest retention values for Hader-
type clips and added that even with an increased number of
clips, they did not influence significantly the retention values
of attachments. Therefore, Guédat et al. (2018)*° showed that
the main complication of the stud system is the loss of reten-
tion, with wear more pronounced in the maxilla than in the
mandible, justified by the difference related to the anatomical
shape of the alveolar ridges.

Finally, a recent systematic review and meta-analysis® pub-
lished in 2018, compared splinted and unsplinted overden-
ture attachment systems, achieving similar results for MBL,
implant survival rate, and prosthetic complications. There-
fore, from 9 studies included in the qualitative and quantita-
tive analysis, no study applied stud retentors (e.g., Locator,
Kerator), impairing the comparison to results obtained in this
work. Furthermore, the meta-analysis aforementioned [62]
verified a lesser MBL for the bar-clip group comparing to the
stud-retentor.

Within the limitations of this study and considering carefully
all data obtained due to methodological divergences, a lack
of standardized period of evaluation and sample size, there
were low differences between the systems studied which may
not allow determining the ideal retention system for overden-
tures. Otherwise, most of the studies showed stud retentor
as preferable due to a better distribution of forces, biologi-
cal peri-implant behavior, low-cost, and ease for removal and
performing sanitization and/or repair. For bar-clip systems,
a greater quantity of inflammation was observed, but it was
considered as a good clip-retentive system. Thus, it is sug-
gested that more clinical studies with long-term follow-up and
selective criteria are required to help clinicians precisely on
the indication of the most effective system to treat patients.
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Objectives 4 | Provide an explicit statement of the objective(s) or question(s) the review addresses.
METHODS
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Search strategy 7 | Present the full search strategies for all databases, registers and websites, including any filters and limits used.
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13e | Describe any methods used to explore possible causes of heterogeneity among study results (e.g. subgroup analysis, meta-regression).
13f | Describe any sensitivity analyses conducted to assess robustness of the synthesized results.
Reporting bias 14 | Describe any methods used to assess risk of bias due to missing results in a synthesis (arising from reporting biases).
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Certainty 15 | Describe any methods used to assess certainty (or confidence) in the body of evidence for an outcome.
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syntheses 20b | Present results of all statistical syntheses conducted. If meta-analysis was done, present for each the summary estimate and its precision (e.g.
confidence/credible interval) and measures of statistical heterogeneity. If comparing groups, describe the direction of the effect.
20c | Present results of all investigations of possible causes of heterogeneity among study results.
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Reporting biases 21 | Present assessments of risk of bias due to missing results (arising from reporting biases) for each synthesis assessed.
Certainty of 22 | Present assessments of certainty (or confidence) in the body of evidence for each outcome assessed.
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DISCUSSION
Discussion 23a | Provide a general interpretation of the results in the context of other evidence.
23b | Discuss any limitations of the evidence included in the review.
23c | Discuss any limitations of the review processes used.
23d | Discuss implications of the results for practice, policy, and future research.
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24c | Describe and explain any amendments to information provided at registration or in the protocol.
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Competing 26 | Declare any competing interests of review authors.
interests
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data, code and studies; data used for all analyses; analytic code; any other materials used in the review.
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