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Abstract The purpose of this systematic review was to evaluate the clinical and laboratory
outcomes of angled screw channel (ASC) restorations and to summarize the influenc
ing factors. An electronic search of the English language literature was performed in
four databases and enriched by manual searches. Retrieved studies were screened
against the predefined exclusion and inclusion criteria. Eight clinical and seven
laboratory studies were eligible for the analysis. The risk of bias for included
observational studies was performed using the Newcastle—Ottawa quality assessment
scale. Laboratory studies quality assessment method was adapted from previous
published systematic reviews. Two clinical studies focused on technical outcomes
and the rest reported the biological outcomes of the ASC restorations. Out of the seven

Keywords laboratory studies, two studies investigated the fracture resistance of ASC restorations,
= angulated screw four studies evaluated the reverse torque value of the nonaxially tightened screws, and
channel one study evaluated both variables. The present review revealed that while the
= screw-retained performance of ASC restorations is promising in short-term clinical studies, the
prosthesis evidence of their long-term reliability is still lacking. The laboratory studies indicated
= computer aided comparable fracture resistance results of the ASC restorations with the straight screw
design- computer channel restorations. In addition, factors, such as initial torque value, configuration of
aided manufacturing  the screw driver, screw design, abutment system, and the angulation of screw channel,

= implant were shown to influence the screw resistance to loosening.
Introduction restorations appears a simple procedure, clinical evidence

The implant-supported prosthesis is a successful strategy to
restore dental esthetics and function.! The definitive resto-
ration can be attached to the implant by cement-retention or
screw-retention mechanisms.”> While cementing implant
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suggests an association between biological complications
and excess cement.>"® Moreover, the difficulties in their
maintenance and their retrievability have made screw-re-
tention mechanism a more preferred choice.>>’ However,
implants are not always placed in favorable positions for
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screw-retained restorations. This can be frequently encoun-
tered in the anterior maxilla due to centripetal resorption
pattern and concave bone configuration. Further, angulated
implant placement in the posterior regions can be indicated
toavoid critical structures like maxillary sinus or mandibular
canal. The treatment options to correct implant angulation
may involve the use of an angled abutment with a cement-
retained restoration, or surgical bone augmentation to allow
for more ideal implant placement.® Alternatively, angle
correction via intermediate abutments or restorations
retained by a lateral screw could be considered. However,
these systems have been shown to increase the treatment
complexity, maintenance burden, and incur additional
costs.®?

Almost two decades ago, angled screw channel (ASC)
abutment design (Dynamic Abutment; Talladium Interna-
tional Implantology) was introduced to allow restoring
angulated implants with simple direct to fixture screw-
retained restoration. The ASC design uses a screw with a
hexalobular head shape that can be engaged with a hexag-
onal faceted sphere screwdriver at various angles between 0
and 28 degrees with 360-degree freedom of rotation.'® This
allowed tightening the abutment screw at an orientation
different from the center axis of the implant. Earlier, ASC
abutments were casted on a hemisphere base via a burnout
sleeve that could be rotated freely to direct the screw access
channel away from the area of concern.'® Additionally, this
concept was limited to certain implant systems. Recently,
advancements in implant software programs and
manufacturing systems have made it possible to design
and fabricate ASC restorations digitally. Moreover, prefab-
ricated titanium bases incorporating the ASC are available
from some implant manufacturers. The versatility of ASC
has been confirmed by a cone bean computed tomography
(CBCT) analysis study that showed screw-retained restora-
tions are achievable with the use of ASC abutments in 76%
of cases in the anterior maxilla."’ Despite the increased
popularity, the efficiency and survival of the ASC systems
remain unclear. The purpose of the present systematic

Table 1 Search strategy
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review was to investigate laboratory and clinical outcomes
of ASC restorations through the available literature to
determine their survival and the influencing factors.

Methods

This systematic review adapted the Preferred Reporting
Items for Systematic Reviews and Meta-Analysis (PRISMA)
statement. The aim was to answer the following focused
question “what are the outcomes of implants restored with
angled screw channel prostheses?”

The main search strategy was developed for PubMed
(=Table 1) and supplemented with additional search in
Science Direct, Scopus, and Cochrane Library. The search
was conducted in March 2021 and updated in May 2021. The
search aimed to identify all the available clinical and labora-
tory studies on ASC. The inclusion criteria were peer-review
publication, prospective or retrospective clinical study with
at least 1-year observation period after implant restoration,
clinical study that evaluated biological and/or mechanical
outcomes, clinical study that clearly listed outcome related to
ASC restorations, and laboratory study that evaluated ASC
performance variables with clinical relevance. The studies
were excluded if they were not in English language, the ASC-
related data could not be determined, or the restorative stage
details were not clearly stated. Duplicated articles from
different searches were discarded by a reference manager
software program (Endnote X9, Clarivate Analytics, Phila-
delphia, Pennsylvania, United States). Following this, the
titles and abstracts were screened. The articles of interest
were selected for full-text analysis and matching against the
inclusion criteria. Further, the reference lists of the included
studies were manually searched. Quality of the selected
clinical studies was scored with Newcastle-Ottawa scale
for nonrandomized studies (~Table 2) which were designed
to assess the quality of cohort studies based on selections of
exposed and nonexposed cohorts, comparability influenced
by the controls of risk factors, and completeness of out-
comes.? The risk of bias of the included laboratory studies

Search strategy Query

Population: screw-retained
implant supported restorations

Fields])

(((Screw-retained[All Fields] AND implant[All Fields])) OR (“prostheses and
implants”[MeSH Terms] OR (“prostheses”[All Fields] AND “implants”[All Fields]) OR
“prostheses and implants”[All Fields])) OR (screw-retained[All Fields] AND restoration[All

Intervention: ASC restorations

((((abutment screw) AND (off[All Fields] AND “axis”[All Fields]))) OR ((“single”[All Fields]
AND implant[All Fields] AND restoration[All Fields]))) AND ((((((angled[All Fields] AND
“screws”[All Fields] AND channel[All Fields])) OR (angulated[All Fields] AND screws”[All
Fields])) OR (non-axial[All Fields] AND “screws”[All Fields] AND channel[All Fields])) OR
(Abutment[All Fields] AND “screws”[All Fields] AND channel[All Fields])) OR (twol[All Fields]
AND piece[All Fields] AND abutment[All Fields]))

Outcome:

(((((reverse[All Fields] AND (“torque”[MeSH Terms] OR “torque”[All Fields]))) OR (technical
[All Fields] AND (“complications”[Subheading] OR “complications”[All Fields]))) OR
(mechanical[All Fields] AND complication[All Fields])) OR (fractures[All Fields] AND
resistance[All Fields])) OR “survival rate”[MeSH Terms]
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Table 2 Quality assessment of selected clinical studies using Newcastle-Ottawa scale for cohort studies

Quality Acceptable Greer | Anitua | Tallarico | Friberg and | Pol Anitua | Shi Nastri
assessment etal® | etal®® | et al?’ Ahmadzai?* | et al?? | et al?® | et al?® | et al?®
criteria
Representativeness | Representative of 1 1
of exposed cohort? | average adult in

community
Selection of Drawn from same
nonexposed cohort | community as

exposed cohort
Ascertainment of Secured records 1 1 1 1 1 1 1 1
exposure
Demonstration Yes 1 1 1 1 1 1 1 1
that outcome of
interest not present
at start of the study
Study controls for Yes 1 1 1
the degree of screw
access angulation
Study controls for restorative material | 1 1 1 1 1 1
additional risk
factor?
Assessment of Secure records 1 1 1 1 1 1 1 1
outcome
Follow-up long Follow-up (>1 year) 1 1 1
enough
Adequacy of follow- [ Small number of 1 1 1 1 1 1 1
up subject loss
Overall quality score (maximum=9) >7: | 6 6 6 4 5 7 6 5
good/5-7: fair/< 5 poor

were assessed by using an adaptation of the methods applied
in two previous systematic reviews.'% Descriptions of the
following parameters were used to assess each article’s risk
of bias (~Table 3): sample size calculation, presence of a
control group, type of component used (genuine/nonge-
nuine), statistical analysis performed, reliable analytical
methods or statistical indicators, blinding of the evaluation
assessors, and utilizing clinically relevant restoration mate-
rial. A “yes” was assigned where the parameter was reported
in the text and a “no” if the information was absent. The risk
of bias was classified according to the sum of “yes” received
as follows: 1 to 3 =high, 4 to 5=medium, and 6 to 7 =low
risk of bias.

Results

The initial electronic search yielded 358 publications. After
elimination of duplicates, 326 remained for title and abstract
review. Twenty-seven articles were selected for full-text
analysis, 13 of which were laboratory and clinical studies
that fulfilled the inclusion criteria. Fourteen studies were
excluded as listed in =Table 4 along with the reasons of
exclusion. The supplementary manual search through the
bibliography of the included studies yielded two additional
articles. Therefore, 15 publications were eligible for the
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current review (=Fig. 1). The included studies were pub-
lished between 2017 and 2021, with the majority being
published in the past 2 years. Out of seven laboratory
investigations, two studies evaluated the fracture strength
of the zirconia crowns with ASC (~Table 5),>'° four studies
evaluated the reverse torque value of nonaxially tightened
screws (=Table 6),'’ 72 and one examined both variables.?!
Only four studies reported the exact direction of force in their
investigations that was 30 degrees for all of them.!>17:1%:21 A
total of eight nonrandomized cohort studies (four prospec-
tive and four retrospective) reported the outcomes of 281
implants restored with ASC restorations in 254 patients
(~Table 7).22728 Of these, two investigations focused on
technical complications?>?> and the rest reported the tech-
nical and biological outcomes of ASC restorations.?%2426-28
Six studies included only single-crown restora-
tions?2~2427-28 and two studies included partial or full
arch restorations.?>?® All but two studies reported cumula-
tive survival rates after at least 1 year of loading.

Drew et al'® and Garcia-Hammaker et al'® examined the
fracture strength of the two piece CAD/CAM monolithic
zirconia crown with 25-degree ACS by using cyclic and static
loads, respectively. Drew et al'® showed no statistically
significant difference in the mean number of cyclic loads
to failure between ASC and straight screw channel (SSC)
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Table 3 Quality assessment and risk of bias of laboratory studies considering aspects (reported in “Materials and Methods”

section)
Author (year) Sample size | Control | Genuine statistical reliable blinding Utilization of | Risk
calculation group component | analysis analytical of the clinically of bias
used performed | methods or | evaluation | relevant

statistical assessors restoration

indicators material
Goldberg et al (2019)? No Yes No Yes Yes No No High
Hu et al (2019)%° Yes Yes Yes Yes Yes No NA*® Medium
Opler et al (2019)'8 No Yes No Yes Yes No NA High
Swamidass et al (2021)"7 No Yes Yes Yes Yes No Yes Medium
Drew et al (2020)'® No Yes Yes Yes Yes No Yes Medium
Garcia-Hammaker et al (2021)"® | Yes Yes Yes Yes Yes No Yes Low
Mulla et al (2021)"° No Yes Yes Yes Yes No Yes Medium

Abbreviation: NA, not applicable.

Table 4 Reasons for exclusion of discarded studies after full-text analysis

Reasons for exclusion

Did not evaluated ASC
restorations

Not indicative of variables
with clinical relevance

No data about
prosthetic stage of treatment

Excluded studies

Anitua et al*?
Chen and Pan*!
Guljé et al*?

Edmondson et al’
Gonzélez-Martin and Veltri 48
Farré-Berga et al*?

Wang et al®?!

Hotinski and Dudley43
Lin et al?®
Menéndez-Collar et al**
Mokhtarpour et al®
Paolantoni et al*®
Vélez et al*’

Farronato et al®®

Abbreviation: ASC, angled screw channel.

crowns. However, the SSC crowns survived a greater number
of cycles prior to failure. Garcia-Hammaker et al'> reported a
significantly higher mean fracture load by 2.4 times and
maximum load before failure by 1.8 times for the SSC crowns.
Despite the superior fatigue loading of SSC, the specimens in
both groups resisted the physiologic loads and failure oc-
curred at loads that resembled a parafunctional situation.
Goldberg et al?! used external connection hexagon implants
for the comparison of the fracture strength of SSC gold screw
abutments with 0, 20, and 28 degrees of Dynamic abutments
casted to nickel-chromium (Ni-Cr) crowns, after aging in a
mastication simulator. The study reported screw fracture
before implants’ mechanical failure in 17.8% of specimens
with only 0.03% of fractures attributed to the ASC restora-
tions. Furthermore, no significant difference was reported
among the fracture strength values of the studied groups.

In the same study, Goldberg et al?! compared the reverse
torque value (RTV) of the nonaxially tightened dynamic
abutment screws (DAS) with 0-degree DAS and SSC gold
screw. Although not statistically significant, the 0-degree
DAS demonstrated the highest RTVs, while the 28-degree
DAS showed the lowest values. The study suggested that
increased off-axis loading resulted in higher tensile forces on
abutment screws.

Hu et al%® showed that the screwdriver insertion angula-
tion has a significant impact on the RTVs of the abutment
screws tightened in 0-, 10-, and 20-degree angles. The lowest
mean RTV was in the 20-degree group and was described as
the loss of applied torque due to increased screwdriver angle
from the action of force. The highest mean RTV was shown in
10-degree specimens. This was explained by the possibility
of amore intimate engagement of the screwdriver tip and the
abutment screw at 10-degree angulation for the chosen
system. Another study investigated the effect of screwdriver
insertion angulation on the RTVs, input torque values deliv-
ered at various angulations (0, 10, 15, 25, and 28 degrees),
and the transmitted output torque values in five different
angulations. While the study revealed no significant differ-
ence in input torque values among the groups, the mean RTV
between the 0- and 28-degree groups was significantly
different with lower values for the 28-degree group. Regard-
ing the mean output torque values, which was measured by
the strain induced in the screw body, the results revealed no
significant difference between 0- and 15-degree angulations.
However, significantly lower output torque transmission to
abutment screws was found when the angulation increased
to 25 and 28degrees. Furthermore, photography of the
specimens revealed evidence of wear at the screw head
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Duplicate references
excluded (n = 32)

Excluded references for being

irrelevant, case reports, or
reviews (n =299)

Studies excluded as did not meet inclusion criteria

(n=14)

=
8=

é Studies identifies through database
% searching (n = 358)

=

v

)

g Articles screened on the basis of title
§ and abstract (n = 326)

@

v

= Full-text assessed for eligibility
= (n=27)
=
=
m

& v

1)

= Studies included in the systematic
S review (n = 15)

Studies Included by manual search (n = 2)

Fig. 1 Flowchart for search process according to PRISMA guideline. PRISMA, preferred reporting items for systematic reviews and meta-

analyses.

predominantly with the 28-degree group, suggesting slip-
ping of the driver.'®

Swamidass et al'” investigated the differences in RTVs of
ASC abutments from different manufacturers before and
after simulated aging by temperature and cyclic loading.
The RTV was measured 10 minutes after tightening as the
initial value and subsequent to aging as the ultimate value.
The percentage of the differences of RTVs was calculated and
analyzed. In general, while the systems with higher initial
torque value showed lower percentage torque loss, the
differences between the 0- and 20-degree groups were not
significant. On the other hand, when the abutment screws
and implant were from the same manufacturer, no signifi-
cant difference between the SSC and ASC groups was identi-
fied. In contrast, differences between the SSC group with
genuine abutment screws and the ASC group with abutment
screws from alternate brands were significant. An additional
finding was the wear of the screw head against the zirconia

European Journal of Dentistry  Vol. 16 No. 3/2022 © 2022. The Author(s).

crown in groups with friction fitted two-piece zirconia abut-
ments (Nobel Biocare). Congruent with this study, Mulla
et al'® evaluated a higher magnitude of cyclic forces for a
longer duration of time on 25-degree access channel resto-
rations from three different manufacturers. RTVs were mea-
sured 24 hours after initial tightening and after simulated
5 years of functional load. Additionally, their study analyzed
the deviation of the input torque value from the target value
recommended by the manufacturer. Two hexalobular sys-
tems (Nobel Biocare and Dess Dental Smart Solutions)
delivered significantly lower input torque values at
25 degrees compared with the SSC group. Nonetheless, their
measured RTVs were not significantly different from the
RTVs of SSC group. The 25-degree dynamic Ti-base system
revealed insignificant input value torque deviation com-
pared with 0-degree group. Unlike the other three study
groups, this hexalobular system exhibited a high amount of
torque loss at both times of RTV measurement. The statistical



493

Rasaie et al.

Angled Screw Channel Implant Prostheses

Aununuod jauueyd
MBS JO SSO| PaMOYS
uawidads 3yb13 “peay
MaIs 3y 03 abewep

Joujw 3wos ypm
9291d ejuoduiz ay3 jo

LS°02t :s92163p 57
0£°79L :593169p 0

:peo| wnuwixey
60517 s2a163p 67

auiydew bunssy
|esiaAiun e buisn
‘aunjiey jaun (abpa
|BSIDUl 3Y3 MOJ3q W
-7) uone|nbue aa1bap
-0€ Yum pajunow

J0sdUL
|e13uad Alejjixey

191depe

(Bojeuy)
a1ed01g [9qON

uonod |eaide 3sow ayy G0'PES s9a1bap sa|dwies uo 2210} UMOJD BIUODIIZ wniuel e ypm ‘wiojpe|d tejnbas m%omomv BT
1B 21N3DRY) SJUdWINGR :aun|iey 03 o1eys aalssasdwod [*r4 J1yyjouow (s1e201g [99ON) uol323uL0d JrWWweH
elU0d1IZ 93163p-67 peo| 3y} jJo anjea ueajy Jejnoipuadiad Pa1onpuod JoN wodN G¢ 0 WvD/avd ‘8192014 [9qON |es1uo) oL=u -epyien
191depe
wnjueyi Jo [aA3)
9y 03 bujuado ssadde ove‘zLz/oLT'sEL (9211195 |BDI
M312s 3y Jo 1ed |edide :sjuswiInge HSS 10 1e3af | 01 JusjeAinbs
3y} Woy paiindo S8€°€8/059°91L s $91242 000°052)
oe1d 3Y| "UonAP :sjusWINge DSy 008‘vE€ 40 Jaquinu Jospul
|B2IAIDD-|BS DU 2un|iey wnWixew e YIm zH G| |e13UD Ale||Ixe|y “193depe (31nx14)
ue uj eale wnnbup o1ydougseled/sainioely 1B N 00Z 0301 o s9|2Ad UMOJID BIUODIIZ wniuey e ypm aledolg [9qoN
3y} ul palinddo |BJIAISD-[BSIDUI 10} SPEO| peoj anbiye} [epiosn [=rd J1yyjouow (s1e201g [99ON) 3N}V |9GON meowv
21Njoe1Y DIWEID ||y 51243 Jo Jaquunu ueay anIssaidwod sixe-440 WwoN G€ 0 AVD/avd ‘213201 [9QON °L ‘wWwgp X Ww gy g=u [RERVENT]
(Pwolg
painjoely 10 pawiojp 1pwuwiz) {(sn)
Kj919A3s sem wuoje|d Ma12s alenbs pjob
juejdw 3nq 12e3U] (sappho Y3im juawingy
pauleW?al SUMOID ||y anj|iey G026 38 pauaiybial DSINN °C
*0:s99163p gz ¥8°68, :s991b63p 8z-va |3un 9|bue sa1bap 91am suawpads ||e) lospul (*suonnjos
-ya ‘L :s9a1bap oz 88°G1/ :s9a1bap 0z-va -0€ 38 peOo| dAISsaIdwod *s3242 000°00Z L 104 87 'va |ea3uad Alejjixepy juawInqgy (a1n3x14) 32wolg
-vQ ‘g:s9a1bap o 65698 :s92163p 0-va 19pun auiyoew bunsay N O JO peoj |BIXe Japun wdN 67 0Z :va umo. iweuAq) J3WIWIZ (931309550
-vQ ‘g :s92163p 0-sD 10'686 :593169p 0-sD |esJaAlun e Aq pa3sal 103B|NWIS UOIRIIISEW ‘87 ‘02°0 :vad 0:va 1D-IN paised {(v@) uswinqy ‘syuejduwi _NAmSNV
13INJORIY MIIDS :(N) yabuaiys ainyoely sem (3buais ainjoely SIXe |BNp Ul :peoj| d1PAD WON G€ ‘0 :1SD 0:SD 1nojuod ||n4 J1weuAq L uobexay |eusaixy L=u |e 39 biagpjon
(23163p)
(sopAdouwntayy uonpe|nbue ubisap
pue speoj 2112Ad) anjea anbioy |]SuueYd MaIds pue |eLajew azis
ainjie} Jo apon sj|nsay 3591 ainjdeuy buiby buluayybiy pajenjeny uo11e10153Y wa)sAs Juswingqy waysAs juejdwy a|dweg (1e34) 10yIny

(satpn3s anbiiey/a1n1oely) salpnis Alojeioqe| papnpaul jo e3ep pajielad § a|qel

European Journal of Dentistry ~ Vol. 16 No. 3/2022 © 2022. The Author(s).



Rasaie et al.

494 Angled Screw Channel Implant Prostheses

%TYS ISV
%8'9% 130

%8°€v :va

%58 19N

“\ﬂu:m_u_,tw peoja.d

81/9Z ISV

Sl/tzaa

LL/zL va

9L/Lz En

{(wop) buipeo)

211242 19148 /SIN0Y 77 19348 ALY JO UBI

(pauwwioyiad sem
Bujuaybizas ou sny |
*3500| punoy uawads
ou) juawjuiodde |edas
yuow-g e bupenuwis
do3s yoea y3m ‘sumoid
9500| Aue uajybnas 03
$91943 000°005 A19A9
paddojs sem 1ojejnuwis
uoledsew ay |

(an)

1'z—/1'y— OsvY (Buipeoj |euonduny jo 9183019 [9QON :35Bg |BSIIAIUN “f
z-/6'€—13a siedh g 03 JudjeAInba) (DSY) a1ed01g [9qON ‘suoiin|os
20—/.0—va *s3[2A2 uol|iw [suuey) maids pajbuy ‘¢
z0-/0:8n | S40}ZHZ1e PEO|N 00T STISY Jospul (3a) suonnjos (Bojeuy) atedoig
(woN B I9pUN ,O€ 3B dulydeW sz3a |esjuad Asepixepy | 3sews |ejuag ssaq ‘asega|buy 'z |[9gON ‘ww Q| X
ZALI/LALI) anjea 39b1e3 ayy wody (ALl) uonje|nuis A1ojednsew WON S€ :dn OsY ‘1d sz-va UMOID BIUODIIZ (va) Wi €' UoI3d3uu0) 6L
an|eA uoljelnap anbioy 3ndul jo uespy ul :peoj 21pA) WwdN §Z :vad 0-an Jyyjouow WyD/avd SUoIIN|0S JUAWINGY JIWeUAQ | |e21u0) ade|day [9qoN L=U (Lz02) |e 3@ e Ny
(appho
%SvE ‘GL L —[8 71— :s921b3p 0z-a€D Aio3ednysew Jo 1eakh | (@gD) uondaliod
%6°LE ‘56'8 —[L'¥L— :s32169p 0Z-va 03 Ju3|eAInba) s3124> woN 3|bue 2.3U9IPEI0D’S
%80T ‘7’61 —[6°€¢— :522169p 0Z-AN oy | 10} ZHOL 02 :s92163p 0z-a€D (va)
%6°GE ‘0 LL—/L L1— :s921B3p O-¥D 1e sixe buoj juejdw woN 0z-asd uo1IN|OS JUAWINQY dIWeuiq y
%6°01 ‘9°0C - [6'¢Z— :592163p 0-gN ay1 03 sa.16ap o€ ‘N Gz :92169p 0Z-va 0z-va lospul (8N) DSV a1e201g [9qON "€ | (34nx14) ased0lg |3GON
(w>dN) sso| anbioj abejuadiad ueipaw 001 03 N O :peoj 21pAd woN g¢ :saa1bap o 0Z-9N |e13uad Asejjixepy (dN) DSS a1ed01g [2qON ‘7 WWG X WWEY
‘Buipeo| J1pAxsod /buipeo) 21a4291d *s3[242 000‘S 10} J,5G -yD ‘saa1bap o 0-vD UMOID BIUODIIZ (vD) 013123UU0)) [BJIU0D DSNONV
:sanjeA [eAowRl anbioy Jo uelpajy 03 0,6 :¥PAdowIRY | -gN ‘saa1b9p 0z-aN 0-aN J1yyjouow WYD/avd 1depy-pjon aledolg [9qoN" | 9oe|day aledolg [9qoN oL=u |B 13 SSEpIWEMS
18°GZ 03 9€'%7/10°GC
01 /6t :(wdN) sdnoib Apmys ||e 10y abuel
anjeA (anbloy pasanipp ajewnn ayy)
anbuioj ndino ueaw/anbioy 3ndur ueapy 87
vy LL/ST 14
:s9a1b9p 87 81°7z/sT :s991b3p o Sl aliedolg
(wdN) anjea oL paiediqey AbBojojue|dwy [euoneusaiu) 9|qoN ‘wuoyerd 3L
anbloy as1aAa1 ueaw [anbioy Indur uespy pa32npuod J0N WwdN 67 0 uoI3e103531 ON WINIpe||e] ‘Juawinqy diweuig 1e|nB3y 9ANdY|IqON oL=u (6L02) | 32 191dO
60°0€ :s9a1bap oz
£0°Z€ *s9a1b3p 01 0z (Bojeuy)
9L°LE :sda1bap o oL paiesuqey | VA “Ajnueyd ‘bu VA “Ajiaueyd “Buijun
:san|eA anblioy asianal ued|y pa12npuod joN wodN G¢ 0 uo13eI0353l ON ur-s wiojeld tejnbas ww ¢ ‘wojped tejnbas gL=u 0z(6102) 239 nH
(s9)phd
LSz :s9a163p gz-va S0Z'6 38 pauaiybiyas
150~ :s9a1bap 0z-va 91am suawidads |e) (1owoig
60" :saa1bap o-va s9]2A2 000°00Z°L 10} 8z-va 108Ul JPwuwiz) {(sn) mals atenbs (a1nx14)
$0°L— :s92163p 0-SD | N Ot Jo peoj |eixe 1apun WwdN 67 0z-va |euad Auejjixe|y p|ob y3m jusauinqy NDSINN °Z jPwolg Jswwiz
:sanjeA (13v) anbioy |eowas 103B|NWIS UoIRdNSEeW :s9a1bap gz‘0z 0-va 0-va umoud 1) (suoinjos JusawINqy diweuAq) 93309550 ‘syue|duwi _NAmSNv
pUB JUI[95Eq UIIMIDQ DUIIBYIP UBI|A IXe [eNp Ul :peo| J1PAD WON G€ :0-SD 0-sD | -IN paised 1nojuod |ng (V@) 3uswinqy Jlweuiq-| uobexay |eulxy [=U |e 32 biagpjon
(s9pArowayy (994b3p) 9zis ajdwes
pue speoj 21]242) anjea uope|nbue [puueyd ubisap pue pue sajdwes
sy nsay buiby anbuoy buiuaybiy M313s pajen|eny |eLI9]BW UOIRI0]SDY wasAs Juswingy wsAs juejdwy) paipnis (1e34) 1oyIny

(sa1pn3s anbuoy as1aAal) salpnis A10jei0qe| papnpdul Jo Blep pajieldd 9 djqel

European Journal of Dentistry  Vol. 16 No. 3/2022 © 2022. The Author(s).



495

Rasaie et al.

Angled Screw Channel Implant Prostheses

*PaUIEID] JUBWAD ‘YD {UOIFIIUUOD [BIIUOD DD {[SUUBYD MIIIS pajbue ISy :UOIIRIAIIqQY

L£°€ 24D ¥ DSV :dn-moj|o} (€€ ¥D
ww /€ :DSy :aulseq :yidap buiqoud uespy
0L/Z 24D 0L/z DSV :dn-mojjo4 0L /z:¥D 0L/0

Sy :ulaseg :buiqoid uo buipas)q uespy
Ww L 1'0F 620~

DWW L0 F ZZ°0— DSV 19N ueapy
L'LL 28D fZ'9L ISy dn

-MOJ[O} ‘€°/ 1 1¥D 9°9L DSV :dUljdSeq 13103

€ 210Ul [B13R| JR|NqIpUB
| :tejowsaud 3s1y Aejjixey

umoud 3|buis
0L DSV

syauow
L'SFELS WD
syjuow

21394359 yuid/a1035 21333 o 8 :10sdUI [eI3e] Aej|IXe 0L :3uawinge €0LFH'9€ DSV 62(1200)
paniodal uonedyjdwod e paiodai JoN pajiodal JoN a1ed01g [9GON  :10sDU [B1JUDD) paiodas JoN wo3snd yim ¥ 0z s1eak z wnwiuiy aAldadsonay |e 39 LIseN
dlwesn
UM PaIdauan
Suomauely
eluODIIZ
(uonuajal Jo ssof ) %0°S ¥D B1920.d[3qON
(leuaew 133udA pue ISy
Buidod eluoduiz usamiaq ainjoely) ainely JuawInge
Jlwesdd | ‘buiuasoo] maids ) %0°€l ISV eluodIIZ
:a1e1 uoned1|dwod [ed1ueydaly Jpew-wolsnd
Wwge'0F Ly'0 “¥D 31e201g [9qON ‘UOIAUUOD B U0 DIWeldd
Wwog0F LE0 DSV (s9a163p Gz buipeo) [e21U0d de|dayPqoN Y3Im paIdauan umoun 3|buis
:550| au0q [euibiew ueapy -0) s9a1bap £° €| :jpuURYD pakejsp pue juswadeld pue uoi323uu0d uoNeI0ISAI $Z SV
%001 9381 [eAIAINS Jueldw) Ma1ds Jo uolenbue ueapy ssajdey aeipawiw] [BUIDIUI ANIPY[DGON e|[IXew JoLdjuy 9SBQ RIUODIIZ 1Y) 0z °¥D 44 1eah | annadsold 2(0202) 1232 1ys
yade ay3 Jo suoibas %6°G :939|dwo)
Jouasod pue touuy %1'¥6 :[e1ed
%6°TS 2|qipuew urejadiod Y€ ISV
paviodal %1 Ly wBjixew DSy ym pasahe| %8°11 :919|dwo) syjuow yinow
Wi 1§70 F 62°0— :550] auoq [euibiews ueay 10U :anbuyday |ed16INg 93mnsu| ABojouyatolg %Lk 9|qIpuBWw SHomauely %7°88 :[e1Jed Z0°SLFS'Sy |ds pajjouod 42(0202)
%001 918 [BAIAING saa1bap og 03 dn o uawade|d pakejpq 119 ‘syuejdwi [ejuag 1%6°6 :ejjixew :sa2163p o 0D-1D INVD/avd € :s92169p 0 44 uoneinp uespy aAdadsonay |e 39 enjiuy
191depe |ejow
92°0F 91°0 :550] duoq [euibiew ueapy wuope|d senbay UHM sumon
%001 9181 [eAIAIns juelduw) ainpadoud abeys aledolg siejop BIUODJIZ INOJUOD umoud 3|buis SaLIas
%001 9184 $53IINS SISAYISOId paniodal JoN -om] juawde|d pake;sq [2ON ‘DD [3][eJed[2qON 81 :3|qIpUB Z1 :B|jIXe 1INy WyD/avd o€ o€ 1eak | 9583 9Andadsouq 22(0202) [ 32 jod
pajuawbne
*suonel0Isal JSY auoq asam sayls Juejdwi pz:wiope|d tejnbay umoJd 3|buis
ayy 03 uone|as ur paysodal uoizedidwod oN 1 ‘aanpadoud abeis-omy £ :wiopeid moseN pamoy|o} vz
Ww 9g°0 F Lt°0 :550| auoq [eulbiew ueapy yum |je ‘quawadeld age| /f aledolg auiued auam syuejdw (6102) tezpewyy
%086 1B [BAIAINS dAEINWIND Juejdu) payiodal JoN puejuawsade|d ajeipawiwi [99ON ‘DD [3][esed[2qoN pue siospul Alef[Ixejy payiodal JoN 2z/(zy :osv) 1S Vi 1edk | 03 dn aAdadsoud pue biaquy
wwzy'0 £ 050
:dn-moj|oj 1eak-¢/ww £€°0 F 8€°0 :dn-mojjoy uejadiod
Jedf-z/ww ze 0 F ££°0 :dn-moj|oy Jeak J1yedspay
-1 /ww $€°0 F 62°0 :bulpeo| pue juawade|d UM PaIdauan
[9A3] auoq |euibiew uespy papeo| oy SHomawe.y (sypuow z'g¢
%001 9384 Aj23e1pawiwy pue ainpadoid 21e20Ig [2qON ‘U0[3D3UU0D) BlUODIIZ umoud 3|buis uoneinp ueauw) EEIIEN mwnw—owv
[BAIAINS 2A11R|NWND Jue|dw) pue sisaylsold pawiodal JoN ssa|deyy -Juswade|d pake;pg |ed1uo) adejdayPqoN BJ|IXBW 101193504 WvD/avd [x4 oL 1eah € 03.dn 9582 9ARdadsoly |e 32 0de||RL
(€1-7) £:5munjo
(31n121) M3IDS BUO pue dinydely ulejdsod suoibal 1ejow pue sejowald 1aquinu uelpapy
921y3) dnob |013u0d Ul suonedldwod 1no4 67:9|qIpuew uejadiod GG ISy
(31m30E1) MBS BUO pue ‘buiuasoo| (6=u) saa1b3p ¢ UM PaIa3uan (z1-2) € :suun jo
MBI JUO ‘ai1njaely ulePdiod aAly) (9p=u) saa1bap G| 93msul ABojouydalolg € 9|qipueWw SHomawely Jaquinu ueipay ynow jds mNQENV
dnoub juawiadxa ul uonedldwod uands (55 =u) saa1bap o palodal JoN 119 ‘syuejdwn [euag xew :s3a16ap o 0)-1D) NVD/avD GG :saa1bap k43 18k | an1dadso1Ry |e 39 enjiuy
%0L
(aunpiey Jueidun (%9€) uondauuod (%G>) Jejowr BIUODIIZ INOJUOD
UB ‘21N3DRIJ JIWRID B ‘M3IIS 3500] B) |e21u0d 3de|das [9qoN J(%5<) auues/(%0z<) 1IN} e433044 (shep ¥82
pariodal suoned)dwod [ed1ueydaW YIM % (%¥9) uond3aUU0d Jejowsld/(%0,<) Josidu| %06 DSV e1320.1d umoud 3|buis —p| :9bueu) skep mmﬁ—omv
*suoned)|dwod ou YyIm %96 pawiodal JoN pajiodal JoN [eula3ul A28 [2qON %01 [qIPUBW/%06 B||IXeI aied01g [9qoN 8 09 €917 :ueapy aAdadso.nay |e 39 19310
(3un)
|]Suueyd juawade|d juedun |euajew SUOIJRI0)SDL sjuaned pouad
sy|nsay $S920B M3.2s J0 uoije|nbuy 40 anbiuyda) pue awiy wa)sAs juejdu) ydJe ay3 ur uonedo] uo1e103S9Y 40 J2quiny J0 Jaquuny uoneAISqO adAy Apms (4e34) Joyany

S3IpNIS [BJIUID PapNUl Jo B3RP P3jieIdd L d|qel

European Journal of Dentistry ~ Vol. 16 No. 3/2022 © 2022. The Author(s).



496

Angled Screw Channel Implant Prostheses

analysis of this study revealed significant differences in mean
RTVs for both 24-hour RTV and after cyclic loading among all
groups. In addition, the RTV means before and after cyclic
loading for each group were significantly different. Further-
more, out of five catastrophic failures reported with the 25-
degree groups, three were related to zirconia fracture initi-
ated from the area surrounding Ti-base. Other two failures
were Ti-base and screw head fracture in systems with
cemented two-piece zirconia abutment. Overall, no signifi-
cant difference was found in the survival rate among the
groups.

Overall outcomes from the seven clinical studies showed a
high survival rate for both the ASC restorations (88-100%)
and the dental implants (98-100%) with low mean marginal
bone loss (MBL; 0.16-0.41 mm). However, the majority of the
studies were conducted for a short duration of time (1 year).
Ceramic fracture was the most frequent complication that
was reported in three studies (seven events),23'25'28 mostly
related to 15-degree metal-ceramic multiunit restorations
with equal incidents in both arches (two in mandible and two
in maxilla). Poor occlusal management was the attributed
causes of ceramic fracture in the Greer et al study.?> Screw
loosening was reported in three studies (four events),23'25'28
and screw fracture was reported in one study (one event).25

Two studies included data for ASC and SSC restora-
tions.?>?% These studies evaluated multiunit metal ceramic
fixed prosthesis in the posterior region (premolar and molar)
of both arches, whereas the abutment screws were tightened
either in axial or nonaxial direction. During follow-up, a total
of 11 technical events were reported, 7 in the ASC group and
4 in SSC group (=Table 6). However, analysis of the results
indicated that neither the frequency of technical complica-
tions nor the implants’ survival and MBL were affected by the
angulation of the screw channel. Tallarico et al?’ used ASC
zirconia abutments for immediate restoration of tilted
implants placed in the posterior region of the atrophic
maxilla. Although the studied sample size was limited, no
biological or technical complications were reported in the 3-
year follow-up. The authors suggested that the combination
of tilted implants and ASC abutments might be a safe
alternative to maxillary sinus floor augmentation procedures
when patients refuse additional surgical procedures. Friberg
and Ahmadzai®* and Pol et al®? evaluated the ASC restora-
tions with conical connection implants for replacement of
single missing teeth in incisor/canine and molar region,
respectively. None of the studies indicated any complication
after 1 year of function. Shi et al®® compared the technical
and biological outcomes of ASC and cement-retained single
restoration in anterior maxilla after 1 year of loading. Their
report indicated that while the difference in MBL was
insignificant among the two study groups, bleeding on
probing percentage was significantly higher in the cement-
retained group. In addition, four events of technical compli-
cations were reported. Screw loosening and ceramic chip-
ping were the complications associated with the ASC
cohorts. Contrary to these findings, Nastri et al?® reported
no mechanical complication and no significant difference in
bleeding on probing among their study cohorts (cement-
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retained versus ASC single crowns) through the 2-year
follow-up. Additionally, the differences in probing depth,
mean MBL, and white esthetic score between the two study
groups were insignificant. However, the cement-retained
restorations had significantly higher pink esthetic scores
both in baseline and follow-up recordings.

Discussion

This systematic review critically appraised the existing evi-
dence from the laboratory and the clinical studies on the
implant-supported ASC restorations. Concerning laboratory
studies, fracture strength and screw resistance to loosening
were investigated. According to fracture strength studies, the
ASC restorations appear to fail at less cycles of loads and
lower forces than SSC. However, since they sustained the
expected physiological forces, the ASC restorations were
considered mechanically comparable with SSC counter-
parts.’>1%21 Fractographic examinations of anterior two-
piece zirconia abutments revealed that critical cracks were
initiated in the cingulum from the most apical part of the
screw access channel in the friction-fitted system.'>16:19
Consistent with this finding, some clinical studies have
reported early catastrophic failures with the same pattern
in two-piece friction fitted zirconia abutments in anterior
and premolar SSC restorations.>®3! As the screw head seats
on the internal surface of the zirconia restoration, hoop
stresses and/or incompatible hardness between the zirconia
and titanium components may be responsible for such
pattern of failure.'®'”-'® This could suggest that the abut-
ment-titanium base interface design might play more con-
siderable role than the ASC in the long-term performance of
the hexalobular systems. On the other hand, as the angula-
tion of the screw channel is increased, the bulk of the palatal
walls of anterior zirconia abutments is reduced.'®'® This
could lead to a weak point in zirconia restorations where the
thickness my reach to less than 0.7 mm.3? Thus, precaution
should be taken when using ASC until more robust evidence
is available on the interaction between the angulation
amount and abutment thickness. Since ASC restorations
were mostly required in the anterior maxillary region,'’
the investigated restoration materials by laboratory studies
(monolithic zirconia or full-contour Ni-Cr crowns) may not
be fully representative of the clinical application of ASC in
highly demanding esthetic clinical situation. Therefore, fur-
ther studies are required to determine the reliability of other
restorative materials with ASC.

When resistance to screw loosening is considered, studies
showed that the RTV was influenced by initial torque val-
ue,'”1? configuration of the screwdriver,?® screw de-
sign,'”1? abutment system,'’-'® and angulation of the
screw channel.'”’~2" As the torque is applied to an abutment
screw, it elongates and the threaded surface elastically
deforms. Adequate screw elastic elongation, referred to as
preload, could secure the implant-abutment joint by appro-
priate clamping forces.>> A reduction in the input torque
could compromise the screw joint by reducing the applied
preload3* A consistent outcome of the two studies



investigated various ASC systems indicated that the higher
the initial torque value, the less susceptible the screw to
loosening.'”'® Although the measurement methods were
different, two studies showed that the actual torque deliv-
ered to the screw is reduced when the insertion angle of the
screwdriver exceeds 15degrees (25 and 28 degrees).'®1?
However, RTVs of screws from different systems showed
variable behaviors. For example, while 25-degree Nobel
Biocare and 25-degree Dess abutment screws performed
similarly,’® the 28-degree DAS exhibited a significant 23%
reduction in RTV when compared with the 0-degree control
group.'®

Intimate engagement of the screwdriver and screw head
showed to play a role in the amount of the delivered torque.
This is further influenced by the screwdriver’s sphere and
facet design, as well as, the surface treatment of the screw
head.””~20 Likewise, difficulty in the engagement of the
screwdriver, which was reported with certain systems, led
to stripping and wear of the screw head that might impact
the crown retrievability and the usability of the screws after
multiple tightening in long duration of time.'”:'8

The use of nongenuine component can influence the RTV
and may jeopardize the joint stability of the implant-abut-
ment complex.” A proper match and integration of the
components within an implant system is important, espe-
cially when using implants with conical/internal connection
as shown by the included studies. Further investigations is
required to evaluate the RTV with other types of implant
connection.

The majority of the included clinical studies reported no
major complications after 1 year of treatment of posterior
regions with conical connection Nobel Biocare implants and
ASC restorations.??2>~27 Consistent with these, the anterior
ASC restorations revealed favorable clinical performance as
well.23-2429 Technical complications were reported in three
studies?>2>28 with no significant differences between ASC
and SSC or cement-retained restorations.?>2528 A previous
clinical study with up to 9 years of follow-up has reported
that two-piece zirconia SSC abutments with bonded titani-
um insert can be a suitable option for anterior and premolar
region. However, in the molar area, the use of the same
abutment without a complete metal-to-metal connection
platform (friction-fitted titanium insert) to support the
restorations have led to a high incidence of fracture.°

The data on MBL around the ASC restorations revealed
favorable outcomes. Previous systematic reviews have indi-
cated that changes in the crestal bone level is not significantly
affected by angulated implant placement as compared with
axial placement.>®37 However, other factors related to the
abutment design may affect the amount of MBL, such as the
abutment height, and contour,?® and repeated disconnection
and reconnection of the abutment.3® In the present system-
atic review, this complementary information was mostly
missing. In addition, although the MBL in ASC and SSC
were comparable, the number of studies comparing them
was scares.

While ASC restorations show promising short-term
results, some clinical questions are yet to be answered. For
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example, there is a need to determine their long-term clinical
performance, cost-effectiveness, and the management of
their complications. Thus, the availability of ASC should
not be a justification for injudicious angular implant
placement.

Limitations

The present systematic review is limited with the fact that
few clinical studies provided clear comparison between ASC
and SSC. In addition, the fair quality of the majority of clinical
studies and high-to-medium risk of bias of the laboratory
mandate the need for stronger future evidences. Another
limitation is that the clinical data were incomplete regarding
the amount of angle correction. Moreover, most of the
clinical studies had only 1-year duration of observation
which does not reflect the long-term performance of ASC.
Thus, the current evidence for use of ASC is limited and a
more robust clinical guidance on the application of ASC
abutments is needed.

Conclusion

Within the limitation of this systematic review, the following
inferences can be drawn:

1. According to laboratory studies, the fracture resistance of
SSC and ASC restorations were comparable. The incidence
of screw loosening might be lower in ASC systems with
higher insertion torque and genuine components.

2. According to clinical studies, although the ASC restora-
tions demonstrated favorable performance in anterior
and posterior regions of the mouth in short-term, evi-
dence is insufficient to determine their long-term
survival.
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