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Purpose: To compare the marginal vertical misfit between implant-supported frameworks fabricated
using CAD/CAM systems and the conventional technique (lost-wax casting). Materials and Methods: This
review was performed according to PRISMA criteria and registered on PROSPERO (CRD42017055685). An
electronic search was performed independently by two examiners in the MEDLINE (Pubmed), Embase, Web
of Science, and Cochrane Library databases to find studies published up to April 2018. Results: The database
search yielded 507 references. After removing duplicate references, 384 studies remained. Eleven in vitro
studies were selected according to the eligibility criteria (inter-reader k = 0.88). Nine different CAD/CAM
systems were used to fabricate 172 frameworks of different materials, including zirconia, monolithic lithium
disilicate, and metallic alloys. Subgroup analyses were performed for different types and retention systems
of the frameworks. In the general analysis, marginal misfit observed with the CAD/CAM systems was lower
than with the conventional method (P = .003), as was observed in the subgroup analysis for single-unit
frameworks (P < .00001). For fixed (P = .89), cemented (P = .60), and screwed (P = .18) frameworks, no
significant difference was observed between the evaluated techniques. Conclusion: The CAD/CAM systems
showed improved marginal fit over the conventional lost-wax casting technique for fabricating single-unit
frameworks; however, in the subgroup analyses, no difference was observed for the fixed implant-supported
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literature."2 The success is directly related to the uniform distribution of stress

among all prosthetic components, the properties of the materials used, the
technique used to make the frameworks and abutments,? and the passive fit be-
tween the implants and abutments.*

Given the difficulty in achieving complete/total fit of the implants and the frame-
works, some authors have accepted that well-controlled manufacturing techniques
are capable of providing a long-term successful implant treatment. Based on this rea-
soning and on the literature, the fit condition is generally understood as a passive fit
condition, defined as the simultaneous and even contact of all fitting surfaces with-
out the development of strains prior to functional loading. On the other hand, based
on the concepts used by Jemt et al® (1991), a poor fit or misfit condition is understood
when there is a gap opening between the framework and the implant.6-8

The conventional technique is related to the use of metal alloys to make the frame-
works, and with its many laboratory steps, these procedures can be related to higher
values of misfit.>'? Since the advent of computer-aided design/computer-assisted
manufacturing (CAD/CAM) systems, which necessitate fewer clinical steps and short-
er time to conclude the rehabilitation treatment, studies report greater accuracy and
fit for frameworks and abutments when compared to the conventional technique. 2

,-\ high success rate has been reported for implant-supported prostheses in the
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CAD/CAM also introduced the use of different materials
for confection of the frameworks.313-1>

Some studies'®~'8 highlight that the presence of poor
fit or misfit, whether clinically detectable or not, can
induce internal stresses in the framework, the implants,
and the bone surrounding the implants' and may even
originate a bacterial colonization inducing biologic8 1921
and mechanical complications, such as loosening of
the screws, crown debonding, and/or fracture of abut-
ments, frameworks, and prosthetic crowns.2223

Clinical studies comparing the two manufacturing
techniques are scarce in the literature. There is no con-
sensus about the superiority of CAD/CAM compared to
the conventional technique. Some in vitro studies found
that the conventional method was more favorable than
CAD/CAM,?* while others observed a statistical similar-
ity between the two techniques,?® and still others re-
ported lower misfit values compared to the CAD/CAM
technique.3

For this reason, the aim of this systematic review was
to evaluate the marginal misfit (gap in the margin ex-
ternal or internal to the implant-framework interface) of
implant-supported frameworks fabricated using CAD/
CAM systems and the conventional method (lost-wax
casting technique). The null hypothesis was the fol-
lowing: Frameworks fabricated using CAD/CAM tech-
nology and those fabricated using the conventional
technique would show no difference in marginal verti-
cal misfit values.

MATERIALS AND METHODS

Protocol and Registration

This systematic review with meta-analysis was structured
based on the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA)*® and accord-
ing to other models proposed in the literature.?’.28
Moreover, this study was recorded on the PROSPERO
registration platform (CRD42017055685).

Eligibility Criteria

The eligibility criteria for selection of the studies were:
randomized controlled trials (RCT); prospective stud-
ies (cohort studies); retrospective studies; case series,
in vitro studies; and studies that involved fabrication
of implant-supported frameworks using the lost-wax
casting technique as the control group. The exclusion
criteria were: duplicate studies; systematic reviews; and
studies presenting only groups involving CAD/CAM sys-
tems or only groups involving fabrication of the frame-
works using the lost-wax casting technique without a
comparative analysis.

The PICO (population, intervention, comparison, out-
come) question was: Are CAD/CAM systems more ac
curate for fabrication of implant-supported frameworks
than the conventional method of lost-wax casting with
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respect to marginal misfit? According to these criteria,
the population was implant-supported frameworks; the
intervention was manufactured using CAD/CAM (scan-
ning + design + milling); the comparison was the con-
ventional method (lost-wax casting technique); and the
outcome was the marginal vertical misfit.

Information Sources and Search Strategy

Two independent examiners (C.C.M. and C.A.A.L)
conducted an electronic search of MEDLINE (PubMed),
Embase, Web of Science, and the Cochrane Library for
articles published up to April 2018. The following search
terms were used: (((Dental implant [All Fields] OR Dental
implants [MeSH Terms])) AND (Computer-Aided Design
[MeSH Terms] OR Computer-Aided Manufacturing
[MeSH Terms] OR CAD-CAM [All Fields])) AND (Marginal
fit [All Fields] OR Fit [All Fields] OR Misfit [All Fields] OR
Marginal misfit [All Fields]).

The same examiners performed a hand search with
the same terms for articles published up to March 2018
in the International Journal of Prosthodontics, Journal of
Prosthetic Dentistry, Clinical Implant Dentistry and Related
Research, Clinical Oral Implants Research, International
Journal of Oral and Maxillofacial Implants, International
Journal of Oral and Maxillofacial Surgery, Journal
of Oral and Maxillofacial Surgery, Journal of Clinical
Periodontology, Journal of Dental Research, Journal of
Oral Implantology, Journal of Oral Rehabilitation, Journal
of Periodontology, Periodontology 2000, International
Journal of Periodontics and Restorative Dentistry,
European Journal of Esthetic Dentistry, and Journal of
Prosthodontics. All differences in choices between the
examiners were analyzed by a third examiner (E.P.P.), and
consensus was reached through discussion.

Data Collection Process

The data extracted from the articles were sorted as
guantitative or qualitative by one of the research-
ers (C.A.A.L) and then checked by another researcher
(J.M.L.G.). Any disagreements were resolved through
discussion until consensus was reached.

Summary Measures

The meta-analysis was based on the inverse variance
method due to the continuous outcome measures,
which were reported as mean difference (MD) with
95% confidence intervals (Cl). In order to evaluate the
manufacturing methods, a quantitative analysis com-
paring the marginal misfit values (um) of CAD/CAM sys-
tems to the lost-wax casting technique was performed.
Additionally, there was a subgroup analysis for single-
unit, fixed, cemented, and screw-retained frameworks.
The MD values were considered significant when
P < .05. The I2 statistic was used to express the percent-
age of the total variation across studies due to hetero-
geneity, and I values above 75% (range 0 to 100) were
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Fig 1 Flowchart showing the procedure for study selection.

considered high and to indicate significant heterogeneity.?%3% In case of
statistically significant (P < .10) heterogeneity, a random-effects model was
used to assess the significance of treatment effects. Where no statistically
significant heterogeneity was found, analysis was performed using a fixed-
effects model.3"32 Review Manager (RevMan v5.3; The Nordic Cochrane
Centre, The Cochrane Collaboration, 2014) was used for the meta-analysis
and to create the forest plots. The kappa coefficient was calculated to de-
termine the inter-reader agreement in the study selection process.

Quality Assessment of Included Studies
A quality assessment of eligible studies was performed using the Critical
Appraisal Skills Program (CASP)*3 and MINORS (Methodological Index for
Non-Randomized Studies).3* The CASP tool uses a systematic approach
based on the following 12 specific criteria:

. The study issue is clearly focused.

. The cohort is recruited in an acceptable way.
. The exposure is accurately measured.

. The outcome is accurately measured.

. Confounding factors are addressed.

. The follow-up is long and complete.

. The results are clear.

. The results are precise.

. The results are credible.

10. The results can be applied to the local population.
11. The results fit with the available evidence.
12. There are important clinical implications.

OO0y UL WN —

"o

Each criterion received a response of “yes,” “no,” or “cannot tell.” Each
study could have a maximum score of 12. CASP scores were used to grade
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the methodologic quality of each
study assessed.333°

Similar to the original MINORS
scale,3* the adapted scale consists
of 10 items, with 2 additional items
proposed for in vivo studies. Each
item is scored from O to 2; for most
items, O indicates that the content of
the item is not reported, 1 indicates
that the content is reported but in-
adequately, and 2 indicates that it is
sufficiently reported. Discrepancies
between the two reviewers were
discussed until both came to an
agreement, and the final score was
calculated. The maximum possible
score for the in vitro studies was 20
and for in vivo was 24.34

RESULTS

Literature Search

The details of the search strategy
are illustrated in Fig 1. Through the
searches in the selected databases,
507 articles were found (PubMed/
Medline: 187, Web of science: 157,
Embase: 158; and Cochrane: 5).
After removal of the duplicates,
384 studies remained, of which 361
were excluded and 23 selected for
detailed reading of the full text and
application of the inclusion and ex-
clusion criteria. All excluded studies
and reasons for exclusion are de-
scribed in Appendix I. Eleven studies
published between 2011 and 2018
were selected for data extraction and
qualitative and quantitative analy-
ses.12:24.36-44 However, owing to the
absence of clinical studies evaluating
prosthetic marginal misfit, and espe-
cially the absence of studies compar-
ing the two techniques selected, all
selected studies were in vitro stud-
ies. The inter-reader test performed
to obtain the kappa concordance
values revealed a high concordance
(almost perfect) index in the search
stages (k = 0.88).4°

Details of the Included Studies

All study characteristics are de-
scribed in Table 1. For the 11 select-
ed studies, 296 specimens (range
4 to 20 per group) were analyzed
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Table 1 Characteristics of Included Studies (n = 11)
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No. of Marginal vertical misfit (um),
implants/ Connection/ mean (SD)
Sample retention  prosthesis
Study size (n) CAD/CAM system Materials system type CAD/CAM Control
Karatasli 10 Lava and DCS CAD/CAM: Zirconium 1/C 1C/SI LAVA: 120.1
et al*? (3M ESPE/DCS Dental AG) 24.6 (14.0) (33.1)
Control: Metal alloy (62% Ni, DCS:
25% Cr, 9.5% Mo, 3.5% Si) 110.1 (36.5)
Prasad and 10 Everest Scan Pro 4102 CAD/CAM: ZS blank, ZH blank, 1/C IC/SI 7S blank: 91.50
Al-Kheraif3? (KaVo) G blank, T blank 58.60 (4.40) (14.72)
Control: NiCr alloy (I-Bond 02, ZH blank:
Interdent) 67.71 (5.36)
G blank:
54.75 (9.39)
T blank:
18.32 (3.42)
Zaghloul and 10 Cerec 3 CAD/CAM: Y-TZP (Vita yz) 2/C IC/FPD 84.58 (3.767)  42.27
Younis*! (Sirona Dental Systems) qnirol: NiCr alloy (3.766)
(Protechno N, Protechno)
de Araujo 4 Neoshape (Neodent)  CAD/CAM: Zircad and CoCrcad 3/S EC/FPD Zircad: 187.55
et al*0 (Neoshape, Neodent) 103.81 (43.15) (103.63)
Control: CoCr alloy (Nobilium CoCrcad:
“PM"; Nobilium American Gold) 48.76 (13.45)
Bayramoglu 20  Cerec Bluecam + CAD/CAM: IPS ZirCAD, 2/C IC/FPD Zir: MCR:
et al?4 Cerec MC XL (Ivoclar Vivadent) 109.3 (46.4) 89.6 (23.4)
(Sirona Dental Systems) qntrol: NiCr alloy POM:
85.6 (24.3)
de Franca 4 3Shape D-700 + CAD/CAM: Zirconia 3/S EC/FPD ZirCAD: CoCrUCci:
et al*” (2015) 3Shape Dental System Neoshape; Neodent 5.9 (3.6) 11.8(9.8)
2012 (3Shape A/S) CoCrCAD: Co-Cr Neoshape; CoCrCAD: CoCrUCcl:
Neodent 122.2) 12.9(11.0)
Control: CoCrUCcl (castable
abutments); CoCr alloy
(Nobil Star Ultra; Nobilium)
de Franca 4 3Shape D-700 + CADZir: Zirconia, 3/S EC/FPD CADZirc: 11.8(9.8)
et al*® (2017) 3Shape Dental System Neoshape, Neodent 5.9 (3.6)
2012 (3Shape A/S) CADCOoCR: Cobalt-Chromium, CADCOCR:
Neoshape, Neodent 1.2(2.2)
CASTCoCR: Talladium
Microfine, Talladium
Nejatidanesh 10 3D Bluecam (Sirona CAD/CAM: Zirconium 1/C IC/Sl e.MaxCAD: 59.19
et al38 Dental Systems), e.Max CAD: IPS e.max CAD LT 32.02 (1 038) (1 781)
Optical laser; (Ivoclar Vivadent) Cercon:
Cercon eye + Cercon ) 34.26 (11.41)
Brain, Degudent Cercon: Cercon Base + Cercon
Ceram (Degudent)
Presotto 10 Ceramill Map 300 CAD/CAM: CoCr block 2/S EC/FPD 41.6 (18.7) 41.6 (28.2)
et al'? scanner + Ceramill (AmannGirrbach)
Motion 2 (Amann Control: CoCr alloy (Starloy C;
Girrbach) DeguDent Dentsply)
Pasall et al*3 10 7 Series (Dental CrCo sintered (M) and 1/5 IC/SI M: 92 (2)
Wings) + DWOS CAD  presintered block (MS) 81(2)
(Dental Wings) + HSC  (CopraBond K; Whitepeaks MS:
20 (Linear; DMG Mori)/ Dental Solutions + inCoris CC; 99 (2)
inEos X5 (Dentsply Dentsply Sirona)
Sirona) + inLab SW
4.2.1 (Dentsply
Sirona) + inLab MC XL
(Dentsply Sirona)
Moris et al** 8  Ceramill Map CAD/CAM: CoCr alloy 1/S EC/SI 6.89 (7.44) 4.55 (4.36)

300 (Amann Girrbach)

(Fit Cast Cobalto; Talmax)

Control: CoCr alloy (Ceramill
Sintron; Amann Girrbach)

NR = not related; Ni = nickel; Cr = chromium; Mo = molybdenum; Si = silicon; S = screwed; C = cemented; S| = single-unit implant-supported crown;

FPD = fixed partial denture crowns; IC = internal connection; EC = external connection; Y-TZP = yttrium-stabilized tetragonal zirconia polycrystal;

ZS blank = KaVo Everest partially sintered, yttrium-stabilized zirconium oxide; ZH blank = KaVO Everest fully sintered, pressed, yttrium-stabilized zirconium
oxide; G blank = KaVo Everest leucite-reinforced glass-ceramic; T blank = KaVo Everest medical pure titanium; MCR = conventional metal-ceramic

restorations; POM = press-on-metal restorations.

(172 fabricated using CAD/CAM and 124 using lost-wax

both intraoral and extraoral scanning systems (Lava,

technique). Nine different CAD/CAM systems, including  DCS, Everest, Cerec Bluecam, Neoshape, 3shape D700,
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Table 2 Different Metal Alloys Used for Selected Studies

Study Alloy

Classification system for alloys®

Karatasli et al*2
Prasad and Al-Kheraif3°

Zaghloul and Younis*!

Ni-Cr (I-Bond 02, Interdent)
Ni-Cr (Protechno-N Protechno)

de Araujo et al*?

Ni-Cr-Mo (Mealloy, Dentsply MEA&CIS Division)

Co-Cr-Mo (Nobilium “PM"; Nobilium American Gold;

Non-noble metal alloy
Non-noble metal alloy
Non-noble metal alloy

Non-noble metal alloy

composition: 64% Co, 28.5% Cr, and 5.25% Mo)

Bayramoglu et al?
de Franca et al?” (2015)
de Franca et al*® (2017)

Nejatidanesh et al*®

Ni-Cr alloy

Ni-Cr (Wirocer Plus; Bego)
Presotto et al'2

Pasali et al*3
(Microlit isi; Schiitz Dental)

Moris et al** Co-Cr (Fit Cast Cobalto; Talmax)

Co-Cr (Nobil Star Ultra; Nobilium)
Co-Cr (Nobil Star Ultra; Nobilium)

Co-Cr (Starloy C; DeguDent Dentsply)
Co-Cr (61.1% Co, 27.8% Cr, 8.5% W, 1.7% Si, < 0.5% Mn)

Non-noble metal alloy
Non-noble metal alloy
Non-noble metal alloy
Non-noble metal alloy
Non-noble metal alloy

Non-noble metal alloy

Non-noble metal alloy

ahttps://www.ada.org/en/about-the-ada/ada-positions-policies-and-statements/revised-classification-system-for-alloys-for-fixed-prosthodontics.
Ni = nickel; Cr = chromium; Mo = molybdenum; Co = cobalt; W = tungsten; Si = silicon; Mn = manganese.

Table 3 CASP Quality Assessment of Included Studies

Study Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12 Total
Karatasli et al*? Yes Yes Yes Yes No No Yes Yes Yes No Yes Yes 9
Prasad and Al-Kheraif3° Yes Yes Yes Yes No No Yes Yes Yes No Yes Yes 9
Zaghloul and Younis*! Yes Yes Yes Yes No No Yes Yes Yes No Yes Yes 9
de Araujo et al*® Yes Yes Yes Yes No No Yes Yes Yes No Yes Yes 9
Bayramoglu et al? Yes Yes Yes Yes No No Yes Yes Yes No Yes Yes 9
de Franca et al®” (2015) Yes Yes Yes Yes No No Yes Yes Yes No Yes Yes 9
de Franca et al*® (2017) Yes Yes Yes Yes No No Yes Yes Yes No Yes Yes 9
Nejatidanesh et al*® Yes Yes Yes Yes No No Yes Yes Yes No Yes Yes 9
Presotto et al'? Yes Yes Yes Yes No No Yes Yes Yes No Yes Yes 9
Pasali et al*3 Yes Yes Yes Yes No No Yes Yes Yes No Yes Yes 9
Moris et al** Yes Yes Yes No No No Yes Yes Yes No Yes Yes 8

Ceramill Map 300, 7 Series, and inEos X5), were used.
Regarding the type of prostheses, the studies evaluated
single unit, fixed implant supported, and complete arch.
For the materials used for CAD/CAM groups, one group
in the eligible studies fabricated leucite-reinforced glass-
ceramic frameworks, another study fabricated mono-
lithic lithium disilicate frameworks, and another group
titanium frameworks. Ten groups fabricated zirconium
frameworks, and seven fabricated frameworks us-
ing different cobalt-chromium alloys. All the included
studies used non-noble metal alloys: cobalt-chromium
(CoCr),12:36,37.43.44 nichrome (NiCr),24383941 NiCrMo,*?
and CoCrMo*° (Table 2).

Six studies'?36.37.4043.44  ysed screw retention,
and five studies?438394142 ysed cement retention.
Regarding the implant-abutment connection type,
six studies?#438.39.41-43 ysed internal connection, and
five!2:36.3740,44 ysed external connection.
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Quality Assessment of Included Studies

The quality assessment of the individual studies is
summarized in Table 3 (CASP) and Table 4 (MINORS).
According to the CASP scale, the eligible studies (in
vitro) received a “no” rating for criteria 5, 6, and 10.
These three negative answers resulted in a total score
of 9 for 10 studies and 8 for the last study. For the
MINORS scale, all studies showed scores above 16, indi-
cating lower risk of bias.

Meta-analysis

For the quantitative analysis, all 11 studies provided the
complete marginal misfit values (with standard devia-
tion [SD]) by comparing the CAD/CAM systems with the
lost-wax casting technique. Comparing these values,
the difference was statistically favorable for the CAD/
CAM group (P =.003; MD -16.06 [Cl -26.69 to -5.44];
1=99%, P < .00001) (Fig 2).
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Table 4 Modified Methodologic Index for Nonrandomized Studies (MINORS)

2% & E & £ 3 : %
= 5% 3. & % 88 88 5 e
f2 3¢ 2% f= G f= f2 Er Br = o
. S0 22 B3 orf FL we we wp 9X F o
Evaluation ¥ o o< N > A7) oo T R ) Zo T a =
Clearly stated aim 2 2 2 2 2 2 2 2 2 2 2
Contemporary groups 2 2 2 2 2 2 2 2 2 2 2
Prospective collection of data 2 2 2 2 2 2 2 2 2 2 2
Sample randomization 0 0 0 0 0 0 1 0 0 0 0
Test group milling material: (O [not reported], 1 1 0 1 1 1 1 1 1 1 2
1 [presintered/crystallized material],
2 [final phase, sintered,
monolithic material or metallic material])
Measurement standardization 2 2 2 1 1 1 1 0 1 1 2
Condition of the samples during measurements 0 2 0 2 2 2 2 2 2 2 2
Measurement method 2 2 2 2 1 2 2 2 2 2 2
Endpoints appropriate to the aim of the study 2 2 2 2 2 2 2 2 2 2 2
Unbiased assessment of the study endpoint 0 0 0 0 0 0 0 0 2 0 0
Prospective calculation of the study size 0 0 0 0 2 0 0 0 0 2 0
Baseline equivalence of groups 2 2 2 2 2 2 2 2 2 2 2
Adequate statistical analyses 2 2 2 2 2 2 2 2 2 2 2
Total Score 17 19 16 18 19 18 19 17 20 20 20
0 = not reported; 1 = reported but inadequately; 2 = reported and adequate.
The global ideal score is 16 for noncomparative studies and 24 for comparative studies.
CAD/CAM Contol Weight Mean difference Mean difference
Study Mean, SD  Total Mean, SD  Total (%) IV, random, 95% ClI IV, random, 95% ClI
de Aratjo et al (CoCrcad)* 4876,1345 4 1875510363 4 0.9 -138.79(-241.20,-3638) &——
de Aratjo et al (Zircad)* 103.81,43.15 4 187.55,10363 4 0.8 -83.74(-193.75, 26.27) :
Pasali et al (M)*3 81,2 10 92,2 10 57 -11.00(-12.75,-9.25) T
Pasali et al (MS)* 99,2 10 92,2 19 5.7 7.00(5.47, 8.53) T
Bayramoglu et al (MCR)?* 109.3,464 20 896,234 20 45 19.70 (-3.07, 42.47) —r
Bayramoglu et al (POM)?4 109.3,464 20 856,243 20 45 23.70(0.74, 46.66) ——
de Franga et al (CADCoCr)*® 12,22 4 11.8,9.8 4 54  -10.60 (-20.44,-0.76) -
de Franca et al (CADZirc)?® 59,36 4 11.8,9.8 4 5.4 -5.90 (-16.13, 4.33) -t
de Franga et al (CoCrCAD)? 12,22 4 129, 11 4 54 -11.70(-22.69,-0.71) ——
de Franca et al (ZirCAD)? 59,36 4 129, 11 4 5.3 ~7.00 (~18.34, 4.34) -t
Karatasli et al (DCS)* 110.1,365 10  120.1,33.1 10 3.9 -10.00 (-40.54, 20.54) —_—
Karatasli et al (LAVA)* 24.6,14 10 120.1,33.1 10 45  -9550(-117.77,-73.23) —v—
Moris et al** 6.89, 7.44 8 455436 8 5.6 2.34(-3.64,8.32) -
Nejatidanesh et al (Cercon)3® 34.26,11.41 10 59.19,17.81 10 52 —24.93(-38.04,-11.82) -
Nejatidinesh et al (¢.MaxCAD)*® ~ 32.02,10.38 10 59.19,17.81 10 53  —27.17(-39.95,-14.39) —_
Prasad and Al-Kheraif (G blank)*®  54.75,939 10  915,1472 10 54  -36.75(-47.57,-25.93) -
Prasad and Al-Kheraif (T blank)®®  18.32,3.42 10  915,1472 10 54  -73.18(-82.55,-63.81) -
Prasad and Al-Kheraif (ZH blank)*® 67.71,536 10 915,1472 10 54  -23.79(-33.50, -14.08) -
Prasad and Al-Kheraif (ZS blank)®®  58.6, 4.4 10 915,1472 10 54  -32.90(-42.42,-23.38) -
Presotto et al'? 416,187 10 416,282 10 47 0.00 (-20.97, 20.97) e
Zaghloul and Younis*' 84.58,3.767 10 4227,3.766 10 5.7 42.31(39.01, 45.61) T
Total (95% Cl) 192 201 100.0 -16.06 (-26.69, -5.44) ‘
Heterogeneity: Tau? = 517.17; x% = 1,338.16; df = 20 (P < .00001); I = 99%.
Test for overall effect: z=2.96, P=.003 —1IOO —éO 0 SIO 1(|)0
Favors (CAD/CAM) Favors (Control)

Fig2 Forest plot for overall marginal misfit values (um). The overall effect estimate was favorable for frameworks fabricated with CAD/CAM
systems when compared to the lost-wax casting technique (P = .003).
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CAD/CAM Contol Weight Mean difference Mean difference

Study Mean, SD  Total Mean, SD  Total (%) IV, random, 95% Cl IV, random, 95% Cl

Pasali et al (V)*3 81,2 10 92,2 10 102 -11.00 (-12.75,-9.25) T

Pasali et al (MS)* 99,2 10 92,2 10 102 7.00 (5.25, 8.75) T

Karatasli et al (DCS)* 110.1, 36.5 10 120.1,33.1 10 6.0 -10.00 (-40.54, 20.54) —

Karatasli et al (LAVA)*2 24.6,14 10 120.1,33.1 10 7.4 -95.50 (-117.77,-73.23) &—

Moris et al* 6.89, 7.44 8 4.55,4.36 8 10.0 2.34(-3,64,8.32) -

Nejatidanesh et al (Cercon)3® 34.26,11.41 10 59.19,17.81 10 9.0 —-24.93(-38.04,-11.82) -

Nejatidinesh et al (e.MaxCAD)3® 32.02,10.38 10 59.19,17.81 10 9.1 -27.17 (-39.95, -14.39) -

Prasad and Al-Kheraif (G blank)*®  54.75, 9.39 10 91.5,14.72 10 9.4 -36.75 (-47.57,-25.93) -

Prasad and Al-Kheraif (T blank)3® 18.32,3.42 10 91.5,14.72 10 9.6 -73.18 (-82.55,-63.81) -

Prasad and Al-Kheraif (ZH blank)*®  67.71, 5.36 10 91.5,14.72 10 9.5 -23.79 (-33.50, -14.08) -

Prasad and Al-Kheraif (ZS blank)*? 58.6,4.4 10 91.5,14.72 10 9.6 —-32.90 (-42.42,-23.38) -

Total (95% Cl) 108 108 100.0 -28.48 (-40.10, -16.86) ‘

Heterogeneity: Tau? = 343.79; x? = 598.60; df = 20 (P < .00001); I = 98%.

Test for overall effect: z=4.80, P < .00001 71'00 7%0 0 5'0 1(')0
Favors CAD/CAM Favors control

Fig 3 Forest plot for single-unit framework marginal misfit values (um). The overall effect estimate was favorable for frameworks fabricated
using CAD/CAM systems when compared to the lost-wax casting technique (P < .00001).

CAD/CAM Contol Weight Mean difference Mean difference
Study Mean, SD  Total Mean, SD  Total (%) IV, random, 95% Cl IV, random, 95% Cl
de Araujo et al (CoCrcad)* 48.76,13.45 4 187.55,103.63 4 34 -138.79(-241.20,-36.38) &——
de Araujo et al (Zircad)*® 103.81,43.15 4 187.55,103.63 4 3.1 —-83.74 (-193.75, 26.27) l
Bayramoglu et al (MCR)** 109.3,464 20 89.6,234 20 110 19.70 (-3.07, 42.47) T
Bayramoglu et al (POM)?* 109.3,464 20 85.6,24.3 20 109 23.70(0.74, 46.66) I m—
de Franca et al (CADCoCr)3® 12,22 4 11.8,9.8 12.1 -10.60 (-20.44, -0.76) -
de Franca et al (CADZirc)*® 509,36 4 11.8,9.8 12.1 -5.90 (-16.13, 4.33) -
de Franca et al (CoCrCAD)? 12,22 4 129,11 4 120 -11.70 (-22.69,-0.71) -
de Franca et al (ZirCAD)? 509,36 4 129,11 4 120 —7.00 (-18.34, 4.34) -1
Presotto et al'2 41.6,18.7 10 41.6,28.2 10 114 0.00 (-20.97, 20.97) —_—
Zaghloul and Younis*! 84.58,3.767 10 42.27,3766 10 123 42.31(39.01, 45.61) T
Total (95% Cl) 84 84 1000  -1.55(-23.72,20.63) <@
Heterogeneity: Tau? = 1,033.77; x* = 281.31; df = 9 (P < .00001); I> = 97%.
Test for overall effect: z=0.14, P= .89 71'00 75'0 0 5'0 1(')0
Favors CAD/CAM Favors control

Fig 4 Forest plot for fixed partial denture marginal misfit values (um). The overall effect estimate was not significant between the manufac-

turing methods analyzed (P = .89).

In a subgroup analysis for each type of framework
fabricated in the selected studies, a significant favorable
difference was observed for single-unit frameworks
fabricated using CAD/CAM systems in comparison to
the control group (P < .00001; MD -28.48 [Cl —40.10
to -16.85]; 12 = 98%, P < .00001) (Fig 3). Implant-
supported fixed partial frameworks were evaluated in
six studies, and no significant difference was observed
in the comparison between CAD/CAM and the conven-
tional method (P = .89; MD —1.55 [Cl -23.72 to 20.63];
12=97%, P < .00001) (Fig 4).
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Different retention systems (cemented and/or
screwed) were used and evaluated in the studies. In the
subgroup analysis of both retention systems, no sig-
nificant difference was observed between the marginal
misfit values when comparing CAD/CAM to the con-
ventional method (cemented: P = .60, MD -10.07 [Cl
-47.68 to 27.54]; 1> = 98%, P < .00001; Fig 5; screwed:
P = 13, MD -5.91 [Cl -14.51 to 2.68];, 1> = 96%,
P < .00007; Fig 6).
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CAD/CAM Contol Weight Mean difference Mean difference
Study Mean, SD  Total Mean, SD  Total (%) IV, random, 95% ClI IV, random, 95% ClI
Bayramoglu et al (MCR)** 109.3,464 20 89.6,234 20 14.1 19.70 (-3.07, 42.47) —
Bayramoglu et al (POM)?* 109.3,464 20 85.6,24.3 20 14.1 23.70(0.74, 46.66) —
Karatasli et al (DCS)* 110.1, 36.5 10 120.1,33.1 10 13.5 -10.00 (-40.54, 20.52) I
Karatasli et al (LAVA)*2 24.6,14 10 120.1,33.1 10 141 -95.50 (-117.77,-73.23) a—
Nejatidanesh et al (Cercon)3® 34.26,11.41 10 59.19,17.81 10 14.6 —-24.93(-38.04,-11.82) -
Nejatidinesh et al (e.MaxCAD)3® 32.02,10.38 10  59.19,17.81 10 14.6 -27.17 (-39.95, -14.39) L
Zaghloul and Younis*! 84.58,3.767 10 42.27,3.766 10 14.9 42.31(39.01, 45.61) Ll
Total (95% Cl) 90 90 100.0 -10.07 (-47.68, 27.54)
Heterogeneity: Tau? = 2,474.72; x* = 326.77, df = 6 (P < .00001); I> = 98%.
Test for overall effect: z=0.52, P= .60 71'00 7%0 (') 5'0 1(')0
Favors CAD/CAM Favors control

Fig 5 Forest plot for cement-retained framework marginal misfit values (um). The overall effect estimate was not significant between the
manufacturing methods analyzed (P = .60).

CAD/CAM Contol Weight Mean difference Mean difference

Study Mean, SD  Total Mean, SD  Total (%) IV, random, 95% Cl IV, random, 95% Cl

de Aratjo et al (CoCrcad)*© 48.76, 13.45 4 187.55,103.63 4 0.7 -138.79(-241.20,-36.38) &—

de Araujo et al (Zircad)*© 103.81,43.15 4 187.55,103.63 4 0.6 —-83.74 (-193.75, 26.27)

Pasali et al (V)*3 81,2 10 92,2 10 14.6 -11.00 (-12.75, -9.25) -

Pasali et al (MS)* 99, 2 10 92,2 10 146 7.00 (5.25, 8.75) -

de Franca et al (CADCoCr)3® 12,22 4 11.8,9.8 4 123 -10.60 (-20.44, -0.76) —_—

de Franca et al (CADZirc)3® 59 36 4 11.8,9.8 4 122 -5.90 (-16.13, 4.33) —_—

de Franca et al (CoCrCAD)? 12,22 4 129, 11 4 118 -11.70(-22.69, -0.71) —

de Franca et al (ZirCAD)? 5.9 36 4 129, 11 4 117 —7.00 (-18.34, 4.34) —_—

Moris et al** 6.89,7.44 8 4.55,4.36 8 137 2.34(-3.64, 8.32) -—

Presotto et al'? 41.6,18.7 10 41.6,28.2 10 7.8 0.00 (-20.97, 20.97) _—

Total (95% C) 62 62 1000  -5.91(-14.51,2.68) <o

Heterogeneity: Tau? = 131.08; x? = 220.66; df = 9 (P < .00001); I> = 96%.

Test for overall effect: z=1.35, P= .18 —éO _2'5 0 2'5 5'0
Favors CAD/CAM Favors control

Fig 6 Forest plot for screw-retained framework marginal misfit values (um). The overall effect estimate was not significant between the

manufacturing methods analyzed (P = .18).

DISCUSSION

The purpose of this study was to verify if the literature
presents scientific evidence capable of demonstrat-
ing the superiority of CAD/CAM systems compared to
conventional methods for the fabrication of implant-
supported frameworks. From the selected studies and
based on the present statistical analyses, it was ob-
served that the first null hypothesis formulated in this
study was rejected, since according to general analysis
in the in vitro studies the CAD/CAM systems were more
accurate and had marginal misfit values significantly
lower than those of the frameworks made by the con-
ventional method.

Although two in vitro studies?**! observed lower val-
ues of misfit for the conventional method, the results
found in the present meta-analysis corroborate with
the literature that has verified extremely positive results
for CAD/CAM systems, not only for producing implant-
supported restorations and frameworks but also for
manufacturing surgical guides, orthodontic planning,
and even complete dentures and removable partial
dentures 36.38.46,47

In the individualized subgroup analysis for single-unit
restorations, a superior accuracy of CAD/CAM systems
was observed compared to the conventional method.
However, for fixed partial dentures, the technique used
did not influence the misfit values, which were similar to
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each other. Since CAD/CAM systems rely on complete
digitized production technology, human interferences
are eliminated and can increase the accuracy of adapta-
tion of fabricated frameworks. In addition, the software
used for planning with CAD/CAM systems presents a
library of geometries supplied by the manufacturer of
each implant. This library contains the design of each
connection and can contribute to greater accuracy in the
preparation of the prosthetic components that will be in
direct contact with the implant platform. The use of a
conventional method is predisposed to a greater num-
ber of interferences, correlated mainly with the manual
skill and qualification of the professional executing it.
However, for fixed implant-supported frameworks with
more than one element, the situation becomes slightly
different. The results found may be related to the fact
that, while the accuracy of the casting technique for
prostheses with more than one element will depend on
the same variables presented for the single-unit resto-
rations, the milling of these prostheses is subject to a
greater number of interferences since they are milled in
one-piece casting/monoblock. This significantly reduces
the possibility of accurately reaching and reproducing
the regions with the greatest richness of detail, such as
the platform and design of the connection of an implant.

The subgroup analysis for the retention systems
showed a statistical similarity in misfit values regard-
less of the manufacturing method used. The choice for
the type of retention is based on the clinician’s personal
preference according to the clinical condition of the
patient.48-30

According to Michalakis et al*® (2003), with respect
to the retention systems, the prosthesis connection to
the implants can be one of three different types: pros-
thesis screwed to the abutment (screw retained), pros-
thesis cemented to the abutment (cement retained), or
prosthesis screwed or snap fit onto the implant directly
(mechano-chemically [MC] retained). In the MC-retained
system, the crown is chemically bonded (porcelain fired
on the metal coping) over a metal substructure, which
is later screwed or snap fit directly onto the implant.”’

Screw retention systems are indicated when multiple
abutments are provided to facilitate the insertion axis
and removal of the prosthesis for cleaning or repair of
possible damages such as loosening or fracture of the
screws. The cemented systems are indicated in esthetic
areas or situations in which problems with the angulation
of the implants must be compensated.>2->* Moreover,
when a screw-retained prosthesis is considered in an oral
rehabilitation, it is recommended that a computerized
surgical stent be used in addition to the splinted impres-
sion technique and the fabrication of a verification jig to
achieve passive fit of the metal framework.>>

The literature has revealed that cemented prosthe-
ses may be more subject to the occurrence of biologic
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complications, whereas screw-retained prostheses pres-
ent a greater tendency toward technical problems or
failures.*® However, knowing the greater reversibility of
screw-retained prostheses, the technical or even bio-
logic problems that may occur will be more easily solved
compared to a cement-retained implant prosthesis.>®

It should be noted that internal misfit, no less impor-
tant than marginal misfit, was also an initial objective
of evaluation in this systematic review. However, only
two among the eligible studies presented data re-
garding internal misfit and evaluation of the different
methods.?438 These results could not be grouped and
compared, making a more detailed and reliable analysis
of this question impossible. However, it should be noted
that the internal adaptation of the prosthetic compo-
nents could be directly related to the milling tip used by
each milling system, and that the smaller the diameter
of the tip, the better the reproduction of internal details
of the implant-supported restorations, as well as the
adaptation.3857

It is valid to observe at this moment that among the
studies selected for this systematic review, there was
great heterogeneity between the materials used for
manufacturing frameworks with both techniques. The
significance in the heterogeneity of the quantitative
analysis represents a possible variability in the effects
of the intervention in the selected studies. This could
be related to a possible methodologic diversity between
the studies, which compromises the high heterogene-
ity in the analysis.>® However, because of this high het-
erogeneity, a random-effects model was used for the
meta-analyses to minimize this influence. So, the results
must be interpreted with caution and respecting the
limitations of this study.

In addition, the limitations in terms of the different
analysis methods for measuring the marginal misfit in
the eligible studies can be an important factor that in-
fluenced the results. Due to the difficulty of conducting
clinical studies to evaluate the marginal and internal mis-
fit of implant-supported frameworks, this review was
based only on in vitro studies. Thus, CAD/CAM is a vi-
able clinical option for fabrication of implant-supported
prostheses and components. However, further research
is highly encouraged due to the low level of evidence
observed in the selected studies.

CONCLUSIONS

Within the limitations of the eligible in vitro studies, the
current systematic review shows that CAD/CAM sys-
tems resulted in improved marginal fit of frameworks
over the conventional lost-wax casting technique for
fabrication of single-unit frameworks. However, no dif-
ference was observed for the fixed implant-supported
type or in terms of different retention systems.

© 2019 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY.
NO PART MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER.



ACKNOWLEDGMENTS

Supported by Scholarship CNPq 165406/2015-1; Sao Paulo Research
Foundation — FAPESP #2011/19150-7. The authors report no conflicts
of interest.

REFERENCES

1. Simonis P, Dufour T, Tenenbaum H. Long-term implant survival and
success: A 10—16-year follow-up of non-submerged dental implants.
Clin Oral Implants Res 2010;21:772-777.

2. den Hartog L, Slater JJ, Vissink A, Meijer HJ, Raghoebar GM. Treatment
outcome of immediate, early and conventional single-tooth implants
in the aesthetic zone: A systematic review to survival, bone level, soft-
tissue, aesthetics and patient satisfaction. J Clin Periodontol 2008;35:
1073-1086.

3. de Franca DG, Morais MH, das Neves FD, Barbosa GA. Influence of CAD/
CAM on the fit accuracy of implant-supported zirconia and cobalt-
chromium fixed dental prostheses. J Prosthet Dent 2015;113:22-28.

4. Pereira LMS, Sordi MB, Magini RS, Calazans Duarte AR, M Souza JC.
Abutment misfit in implant-supported prostheses manufactured by
casting technique: An integrative review. Eur J Dent 2017;11:553-558.

5. JemtT. Failures and complications in 391 consecutively inserted fixed
prostheses supported by Branemark implants in edentulous jaws:

A study of treatment from the time of prosthesis placement to the first
annual checkup. Int J Oral Maxillofac Implants 1991;6:270-276.

6. Branemark PI. Osseointegration and its experimental background.

J Prosthet Dent 1983;50:399-410.

7. Abduo J, Bennani V, Waddell N, Lyons K, Swain M. Assessing the fit of
implant fixed prostheses: A critical review. Int J Oral Maxillofac Implants
2010;25:506-515.

8. Abduo J. Fit of CAD/CAM implant frameworks: A comprehensive review.
J Oral Implantol 2014,40:758-766.

9. Rodrigues SA, Presotto AGC, Bardo VAR, Consani RLX, Nébilo MAA,
Mesquita MF. The role of welding techniques in the biomechanical
behavior of implant-supported prostheses. Mater Sci Eng C Mater Biol
Appl 2017,78:435-442.

10. Romero GG, Engelmeier R, Powers JM, Canterbury AA. Accuracy of
three corrective techniques for implant bar fabrication. J Prosthet Dent
2000;84:602-607.

11, Priest G. Virtual-designed and computer-milled implant abutments.

J Oral Maxillofac Surg 2005;63(suppl):s22-s32.

12. Presotto AG, Bhering CL, Mesquita MF, Bardo VA. Marginal fit and
photoelastic stress analysis of CAD-CAM and overcast 3-unit implant-
supported frameworks. J Prosthet Dent 2017;117:373-379.

13. Tinschert J, Natt G, Mautsch W, Spiekermann H, Anusavice KJ. Marginal
fit of alumina- and zirconia-based fixed partial dentures produced by a
CAD/CAM system. Oper Dent 2001,26:367-374.

14. Mello C, Santiago Junior JF, Galhano G, Quinelli Mazaro JV, Scotti R,
Pellizzer E. Analysis of vertical marginal adaptation of zirconia fixed
dental prosthesis frameworks fabricated by the CAD/CAM system:

A randomized, double-blind study. Int J Prosthodont 2016;29:157-160.

15. Ortorp A, Jénsson D, Mouhsen A, Vult von Steyern P. The fit of
cobalt-chromium three-unit fixed dental prostheses fabricated with
four different techniques: A comparative in vitro study. Dent Mater
2011;27:356-363.

16. Buzayan MM, Yunus NB. Passive fit in screw-retained multi-unit implant
prosthesis understanding and achieving: A review of the literature.

J Indian Prosthodont Soc 2014;14:16-23.

17.  Alikhasi M, Monzavi A, Bassir SH, Naini RB, Khosronedjad N, Keshavarz
S. A comparison of precision of fit, rotational freedom, and torque loss
with copy-milled zirconia and prefabricated titanium abutments. Int J
Oral Maxillofac Implants 2013;28:996-1002.

18. Vigolo P, Fonzi F, Majzoub Z, Cordioli G. An in vitro evaluation of
titanium, zirconia, and alumina procera abutments with hexagonal
connection. Int J Oral Maxillofac Implants 2006;21:575-580.

19. Att W, Hoischen T, Gerds T, Strub JR. Marginal adaptation of all-
ceramic crowns on implant abutments. Clin Implant Dent Relat Res
2008;10:218-225.

20.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Mello et al

Kahramanoglu E, Kulak-Ozkan Y. Marginal and internal adaptation of
different superstructure and abutment materials using two different
implant systems for five-unit implant-supported fixed partial dentures:
An in vitro study. Int J Oral Maxillofac Implants 2013;28:1207-1216.
Kunavisarut C, Lang LA, Stoner BR, Felton DA. Finite element analysis on
dental implant-supported prostheses without passive fit. J Prosthodont
2002;11:30-40.

Coelho AL, Suzuki M, Dibart S, Da Silva N, Coelho PG. Cross-sectional
analysis of the implant-abutment interface. J Oral Rehabil 2007;34:
508-516.

Quirynen M, van Steenberghe D. Bacterial colonization of the internal
part of two-stage implants. An in vivo study. Clin Oral Implants Res
1993;4:158-161.

Bayramoglu E, Ozkan YK, Yildiz C. Comparison of marginal and internal
fit of press-on-metal and conventional ceramic systems for three- and
four-unit implant-supported partial fixed dental prostheses: An in vitro
study. J Prosthet Dent 2015;114:52-58.

Bindl A, Mérmann WH. Marginal and internal fit of all-ceramic CAD/
CAM crown-copings on chamfer preparations. J Oral Rehabil 2005;32:
441-447.

Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items
for systematic reviews and meta-analyses: The PRISMA statement.

BMJ 2009;339:b2535.

Lemos CA, Mello CC, dos Santos DM, Verri FR, Goiato MC, Pellizzer EP.
Effects of platelet-rich plasma in association with bone grafts in maxillary
sinus augmentation: A systematic review and meta-analysis. Int J Oral
Maxillofac Surg 2016,45:517-525.

Lemos CA, Verri FR, Batista VE, Junior JF, Mello CC, Pellizzer EP.
Complete overdentures retained by mini implants: A systematic review J
Dent 2017,57:4-13.

de Medeiros FCFL, Kudo GAH, Leme BG, et al. Dental implants in
patients with osteoporosis: A systematic review with meta-analysis.

Int J Oral Maxillofac Surg 2018;47:480-491.

Higgins JP, Thompson SG. Quantifying heterogeneity in a meta-analysis.
Stat Med 2002;21:1539-1558.

Chrcanovic BR, Albrektsson T, Wennerberg A. Immediately loaded non-
submerged versus delayed loaded submerged dental implants:

A meta-analysis. Int J Oral Maxillofac Surg 2015;44:493-506.

Eick S, Meier I, Spoerlé F, et al. In vitro-activity of Er:-YAG laser in com-
parison with other treatment modalities on biofilm ablation from implant
and tooth surfaces. PLoS One 2017;12:¢0171086.

Zeng X, Zhang Y, Kwong JS, et al. The methodological quality assess-
ment tools for preclinical and clinical studies, systematic review and
meta-analysis, and clinical practice guideline: A systematic review. J Evid
Based Med 2015;8:2-10.

Slim K, Nini E, Forestier D, Kwiatkowski F, Panis Y, Chipponi J.
Methodological index for non-randomized studies (minors): Development
and validation of a new instrument. ANZ J Surg 2003;73:712-716.
Kellesarian SV, Abduljabbar T, Vohra F, et al. Does local ibandronate and/
or pamidronate delivery enhance osseointegration? A systematic review.
J Prosthodont 2018;27:240-249.

de Franca DG, Morais MH, das Neves FD, Carreiro AF, Barbosa GA.
Precision fit of screw-retained implant-supported fixed dental prostheses
fabricated by CAD/CAM, copy-milling, and conventional methods. Int J
Oral Maxillofac Implants 2017;32:507-513.

de Franca DG, Morais MH, das Neves FD, Barbosa GA. Influence of CAD/
CAM on the fit accuracy of implant-supported zirconia and cobalt-
chromium fixed dental prostheses. J Prosthet Dent 2015;113:22-28.
Nejatidanesh F, Shakibamehr AH, Savabi O. Comparison of marginal
and internal adaptation of CAD/CAM and conventional cement retained
implant-supported single crowns. Implant Dent 2016;25:103-108.
Prasad R, Al-Kheraif AA. Three-dimensional accuracy of CAD/CAM
titanium and ceramic superstructures for implant abutments using spiral
scan microtomography. Int J Prosthodont 2013;26:451-457.

de Aratjo GM, de Franca DG, Silva Neto JP, Barbosa GA. Passivity of
conventional and CAD/CAM fabricated implant frameworks. Braz Dent J
2015,26:277-283.

Zaghloul HH, Younis JF. Marginal fit of implant-supported all-ceramic
zirconia frameworks. J Oral Implantol 2013;39:417-424.

Karatasli O, Kursoglu P, Capa N, Kazazoglu E. Comparison of the mar-
ginal fit of different coping materials and designs produced by computer
aided manufacturing systems. Dent Mater J 2011;30:97-102.

Volume 32, Number 2, 2019 191

© 2019 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY.
NO PART MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER.



Reviews

43. Pasali B, Sarac D, Kaleli N, Sarac YS. Evaluation of marginal fit of single 51. Implant dentistry: A technology assessment. In: Jokstad A (ed).
implant-supported metal-ceramic crowns prepared by using presintered Osseointegration and Dental Implants. Hoboken, NJ: Wiley-Blackwell,
metal blocks. J Prosthet Dent 2018;119:257-262. 2009:3-26.

44. Moris ICM, Monteiro SB, Martins R, Ribeiro RF, Gomes EA. Influence of 52. Shadid R, Sadaga N. A comparison between screw-and cement-retained
manufacturing methods of implant-supported crowns on external and implant prostheses. A literature review. J Oral Implantol 2012;38:298-307.
internal marginal fit: A micro-CT analysis. Biomed Res Int 2018;2018: 53. Pjetursson BE, Thoma D, Jung R, Zwahlen M, Zembic A. A systematic
5049605. review of the survival and complication rates of implant-supported fixed

45. Landis JR, Koch GG. The measurement of observer agreement for cat- dental prostheses (FDPs) after a mean observation period of at least 5
egorical data. Biometrics 1977;33:159-174. years. Clin Oral Implants Res 2012;23(suppl):s22-s38.

46. Fuster-Torres MA, Albalat-Estela S, Alcafiz-Raya M, Pefarrocha-Diago 54. Taylor TD, Agar JR, Vogiatzi T. Implant prosthodontics: Current perspec-
M. CAD/CAM dental systems in implant dentistry: Update. Med Oral tive and future directions. Int J Oral Maxillofac Implants 2000;15:66-75.
Patol Oral Cir Bucal 2009;14:E141-E145. 55. Algutaibi AY. Cement- and screw-retained implant-supported restora-

47. Morris JB. CAD/CAM options in dental implant treatment planning. tions showed comparable marginal bone loss and implant survival rate.
J Calif Dent Assoc 2010;38:333-336. J Evid Based Dent Pract 2017;17:107-109.

48. Michalakis KX, Hirayama H, Garefis PD. Cement-retained versus screw- 56. Sailer I, Mthlemann S, Zwahlen M, Hdmmerle CH, Schneider D.
retained implant restorations: A critical review. Int J Oral Maxillofac Cemented and screw-retained implant reconstructions: A systematic re-
Implants 2003;18:719-728. view of the survival and complication rates. Clin Oral Implants Res 2012;

49. MaX, LiC, Jia L, et al. Materials for retrograde filling in root canal 23(suppl):s163-s201.
therapy. Cochrane Database Syst Rev 2016;12:CD005517. 57. Reich S, Wichmann M, Nkenke E, Proeschel P. Clinical fit of all-ceramic

50. Lemos CA, de Souza Batista VE, Almeida DA, Santiago Junior JF, Verri three-unit fixed partial dentures, generated with three different CAD/
FR, Pellizzer EP. Evaluation of cement-retained versus screw-retained CAM systems. Eur J Oral Sci 2005;113:174-179.
implant-supported restorations for marginal bone loss: A systematic 58. Chrcanovic BR, Albrektsson T, Wennerberg A. Turned versus anodised
review and meta-analysis. J Prosthet Dent 2016;115:419-427. dental implants: A meta-analysis. J Oral Rehabil 2016;43:716-728.

Appendlx ! . . 59. Karl M, Graef F, Wichmann M, Beck N. Microfractures in metal-ceramic
Excluded Studies and Reasons for Exclusion and all-ceramic implant-supported fixed dental prostheses caused by
Reason(s) Reference superstructure fixation. Dent Mater J 2012;31:338-345.

60. Al-Abdullah K, Zandparsa R, Finkelman M, Hirayama H. An in vitro

No control group Karl et al*? comparison of the accuracy of implant impressions with coded heal-
Al-Abdullah et al®® ing abutments and different implant angulations. J Prosthet Dent
Park et al®! 2013;110:90-100.
Katsoulis et al62 61. Park JI, Lee Y, Lee JH, Kim YL, Bae JM, Cho HW. Comparison of fracture
. . 3 . 63 resistance and fit accuracy of customized zirconia abutments with
Volumetric analysis in mm Almasri et al prefabricated zirconia abutments in internal hexagonal implants. Clin
Drago et al® Implant Dent Relat Res 2013;15:769-778.
Analyzed tooth-supported prostheses Han et al6s 62. Katsouli; J, I\/Ierigs.ke—Stem R, Yates DM, I;utani N,‘ Enkling N, Blatz
Ueda et al66 MB. In vitro precision of fit of computer-aided design and computer-
aided manufacturing titanium and zirconium dioxide bars. Dent Mater
Data of central point position at each Paniz et al®” 2013;29:945-953.
implant analog 63. Almasri R, Drago CJ, Siegel SC, Hardigan PC. Volumetric misfit in CAD/
Incomplete data (no standard deviation) ~ Abdel-Azim et al®® gé’s\fhﬁiiiéﬂ?ﬁ;g;j_r;%\l_orks‘ A university laboratory study. |
Fernandez et al®® 64. Drago C, Saldarriaga RL, Domagala D, Almasri R. Volumetric determina-
Katsoulis et al”® tion of the amount of misfit in CAD/CAM and cast implant frame-
works: A multicenter laboratory study. Int J Oral Maxillofac Implants
2010,25:920-929.

65. Han HS, Yang HS, Lim HP, Park YJ. Marginal accuracy and internal
fit of machine-milled and cast titanium crowns. J Prosthet Dent
2011;106:191-197.

66. Ueda K, Beuer F, Stimmelmayr M, Erdelt K, Keul C, Guth JF. Fit of 4-unit
FDPs from CoCr and zirconia after conventional and digital impressions.
Clin Oral Investig 2016;20:283-289.

67. Paniz G, Stellini E, Meneghello R, Cerardi A, Gobbato EA, Bressan E. The
precision of fit of cast and milled full-arch implant-supported restora-
tions. Int J Oral Maxillofac Implants 2013;28:687-693.

68. Abdel-Azim T, Zandinejad A, Elathamna E, Lin W, Morton D. The influ-
ence of digital fabrication options on the accuracy of dental implant-
based single units and complete-arch frameworks. Int J Oral Maxillofac
Implants 2014;29:1281-1288.

69. Fernandez M, Delgado L, Molmeneu M, Garcia D, Rodriguez D. Analysis
of the misfit of dental implant-supported prostheses made with three
manufacturing processes. J Prosthet Dent 2014;111:116-123.

70. Katsoulis J, Mericske-Stern R, Rotkina L, Zbaren C, Enkling N, Blatz MB.

192

The International Journal of Prosthodontics

Precision of fit of implant-supported screw-retained 10-unit computer-
aided-designed and computer-aided-manufactured frameworks made
from zirconium dioxide and titanium: An in vitro study. Clin Oral Implants
Res 2014;25:165-174.

© 2019 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY.
NO PART MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER.



	_Hlk512762116
	_GoBack
	_GoBack



