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Abstract

Purpose: To evaluate bone loss, prosthodontics and biological complications, and
implant survival rates of internal conical connections (ICC) compared with internal
non-conical connection (INCC) implants.

Methods: The systematic review was registered on PROSPERO (CRD42021237170).
Meta-analysis was performed using standardized mean difference (SMD) for bone loss
and risk ratio (RR) for implant survival and complication rates. Risk of bias analy-
sis was evaluated using RoB 2.0, whereas the GRADE tool was used to evaluate the
certainty of evidence. A systematic search of the PubMed, Web of Science, Embase,
Cochrane, and ProQuest databases was performed independently by two reviewers for
articles published up to March 2022. The search criteria had no language or publica-
tion date restrictions. Handsearching analysis was performed in the reference list of
potential articles.

Results: Twelve randomized clinical trials, including 678 patients and 1006 implants
(ICC [n = 476]; INCC [n = 530]), were included. Meta-analysis revealed that ICC
demonstrated a lower risk for marginal bone loss (SMD: —0.80 mm; p = 0.004) and
prosthodontics complications (RR: 0.16; p = 0.01) than INCC. However, both inter-
nal connections demonstrated no significant difference in implant survival rates (RR:
0.54; p = 0.10) and biological complications (RR: 0.90; p = 0.82). The overall risk of
bias revealed some concerns and a low risk of bias for most of the included studies.
However, the certainty of evidence of outcomes was considered low to moderate.
Conclusion: ICC may be considered a more favorable treatment option than INCC
owing to greater preservation of peri-implant bone tissue and a lower probability of
prosthodontics complications. However, well-conducted studies with long-term follow-
up are warranted.
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Dental implants are considered to be one of many viable
alternatives for treating complete and partial edentulism.'
The demand for their use has been growing since their
introduction to the global dental market and continues to
expand.’ Many factors can influence the longevity of rehabil-

itation with dental implants, including the implant—abutment
connection interface.*©

Current studies have described the superiority of internal
over external connections, mainly in relation to mainte-
nance and peri-implant bone tissue.”~’ Preservation of the
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peri-implant bone tissue should be an essential consideration
because bone loss is one of the main factors associated with
late implant failures.*

Internal connections can be subdivided according to their
geometric features and the relationship between implant
and abutment connection.® Internal non-conical connections
(INCC) present a clearance-fit connection with abutment
and internal portion of implant walls with a small gap to
avoid friction between the components. INCC incorporates
geometric designs (hexagon, trilobe, octagon, polygonal,
and others) to avoid the rotation between implant—abutment
interface and facilitate the abutment positioning.*® Inter-
nal conical connections (ICC), such as the Morse taper
connection,® are composed of a conical portion of the
abutment tapered internally of the conical portion of the
implant wall without the need for clearance-fit between
components.® Despite the superiority of internal over exter-
nal connections, there is no consensus in the literature
to support a better choice between different types of
internal connections.”'? Studies have reported that bone
loss with ICC is significantly lower than that in an
INCC.'"'> Conversely, some studies have reported no
differences in internal connections in terms of implants sur-
vival, prosthodontics and biological complications and bone
loss.”!?

A recently published study evaluated only the prognosis
of internal connection implants, but without comparison with
INCC.'* Therefore, given the lack of evidence supporting
differences among the types of internal connections, this sys-
tematic review and meta-analysis aimed to assess the clinical
performance through marginal bone loss, complications, and
implant survival rate of conical and non-conical internal con-
nections. The null hypotheses were as follows: (1) There is no
influence of the type of internal connection on the values of
marginal bone loss, (2) ICCs demonstrate complication rates
similar to INCCs, and (3) both connection types yield similar
implant survival rates.

METHODS

This systematic review was structured in accordance with
guidelines from the Cochrane Handbook of Systematic
Reviews of Interventions'”> and followed the Preferred
Reporting Items for Systematic Reviews and Meta-Analysis
(PRISMA) statement 2020.'® The methodological protocol
was accepted and registered in the International Prospec-
tive Register of Systematic Reviews (i.e., PROSPERO) with
number CRD42021237170.

The participants, intervention, comparison, outcomes, and
study design (PICOS) for the present study considered the
following question: “Do patients with missing teeth and reha-
bilitated using internal conical connection implants exhibit
marginal bone loss, complications, and implants survival
rates similar to those who receive internal non-conical con-
nection implants?” According to the question, marginal bone
loss was the primary outcome, whereas complications (bio-
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logical and prosthodontics) and implant(s) survival rates were
secondary outcomes.

The inclusion criteria for this review were randomized clin-
ical trials (RCTs) that compared an ICC with an INCC within
the same study, contained at least 10 implants for each group
evaluated, and had a minimum follow-up period of 1 year.
Non-randomized studies, in vitro studies, animal studies, case
series or case reports, in silico studies, studies with repeated
data, or repeated patients in another included study with a
longer follow-up were excluded.

Two independently calibrated authors (V.V.M.R. and
D.S.F) performed the literature search using the Med-
line/PubMed, Web of Science, Embase, and Cochrane
databases for articles published up to March 2022. The
retrieved records were exported and imported into the Rayyan
QCRI program'’ to enable the removal of duplicate arti-
cles retrieved from the various databases and to enable the
article selection process. First, studies were chosen in accor-
dance with eligibility criteria, through title and abstract. In
cases for which it was not possible to establish a judgment
based on reading the title and abstract, the decision was
made based on the reading of the full text. A complementary
search of the gray literature (ProQuest database) and a man-
ual review of the reference lists of eligible studies were also
performed. Furthermore, a search in the ClinicalTrials.gov to
find registers with results that met the eligibility criteria was
performed. A third author (C.A.A.L.) analyzed the decisions
of the other two authors and, in case of divergence in the
analyses, inclusion or exclusion of the article was made by
consensus discussion (Table 1).

One author (V.VM.R.) extracted information from the
studies, including first author, publication year, study design,
number of patients/sex, mean age, number of implants (sep-
arated by group), implant system, diameter and length of
implant, retention system (screwed or cemented)/prosthesis
type and rehabilitated arch, marginal bone loss (in mm);
number of complications and implant failures for each
group, and follow-up period (in months). The second author
(C.D.D.R.D.) was responsible for data verification to avoid
the extraction of incorrect information.

Two investigators (M.FL.S.L. and V.A.A.B.) considered
the risk of bias evaluation of the RCTs using the RoB 2.0
tool.'® RoB 2.0 consider five domains of bias: the randomiza-
tion process, deviations from intended interventions, missing
outcome data, measurement of outcome(s), and selection of
the reported results. After domain definition, overall bias
was determined for each study. Each of these domains was
categorized as low, high, or certain concerns.

The Grading of Recommendations Assessment, Devel-
opment, and Evaluation (GRADE) system was used to
evaluate the certainty of evidence for each outcome. The
GRADE assessment considers study design, inconsistency,
indirection, imprecision, and publication bias. The cer-
tainty of evidence rating is classified into four categories,
high, moderate, low, and very low. The GRADEpro Guide-
line Development Tool (www.gradepro.org) was used to
summarize the findings.'”
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FIGURE 1 Flow diagram describing the search strategy.
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Gultekin et al 035 0.13 43 0.83 0.16 50 8.1% -3.24 [-3.87,-2.61] 2013 -

Arnhart et al 0.85 1.32 84 0.89 1.65 86 8.8% -0.03 [-0.33, 0.27] 2012 x
Pieri et al 019 0417 20 0.49 0.25 40 82% -1.30 [-1.89, -0.72] 2011 S

Total (95% Cl) 461 531 100.0% -0.80 [-1.34, -0.25] L 2

Heterogeneity: Tau? = 0.86; Chi? = 171.08, df = 11 (P < 0.00001); I> = 94%

Test for overall effect: Z = 2.86 (P = 0.004)

FIGURE 2 Forest plot of marginal bone loss event.

0.04-0.68). Prosthodontics complications included ceramic
chipping, screw and crown loosening, and abutment and
crown fractures. However, when analyzing the rates of bio-
logical complications, no differences were observed between
the different types of internal connections (RR 0.90 [95% CI
0.34-2.35]; p = 0.82). Analysis of prosthodontics and biolog-
ical complication rates revealed no significant heterogeneity
(» = 0.95, = 0%; p = 0.82; I2 = 0% for both analyses,
respectively) (Figure 3).

Regarding implant survival rates, no significant differ-
ence was observed between the internal conical and INCC
implants (RR 0.54 [95% CI 0.25-1.13]; p = 0.10). More-
over, no significant heterogeneity was detected (p = 0.30;
I? = 17%) (Figure 4).

The RoB 2.0 plots are shown in Figure 5. Most RCTs were
classified as “low risk of bias,” whereas four were consid-

2 2 4
Favours [ICC] Favours [INCC]

ered to have some “concerns.” Two studies reported a high
risk of bias for bias during randomization process* and bias
due to deviations from intended intervention.'” The judgment
related to some concerns was attributed to bias due to devi-
ations from intended intervention,”>?® bias due to missing
outcome data,'>® bias in the measurement of outcome,'3-30
and bias in the selection of the reported results.”!0:1327.28.30
The funnel plots showed slight asymmetry (mainly marginal
bone loss) indicating a possible publication bias or small
study effect size (Figure 6).

The certainty of evidence of the outcomes evaluated using
the GRADE approach showed low certainty of evidence for
marginal bone loss and implant survival rate, and moderate
certainty of evidence for prosthodontics and biological com-
plications. The explanation about the downgraded for each
outcome was reported in Table 2.
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Conical Connection  Non-Conical Connection Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl Year M-H, Fixed, 95% CI
1.4.1 Prosthodontic Complicati
Galindo-Moreno et al 0 15 3 15  28.3% 0.14[0.01,2.55] 2021 ¢ ol
Mihali et al 0 46 0 46 Not estimable 2021
Corvino et al 0 34 0 34 Not estimable 2020
Sanz-Martin et al 0 33 4 28 39.3% 0.09[0.01,1.69] 2017 ¢ @ —
Cannata et al 0 45 1 45 121% 0.33[0.01,7.97] 2017
Hsu et al 0 13 0 13 Not estimable 2016
Felice et al 0 7 0 73 Not estimable 2014
Arnhart et al 0 84 0 86 Not estimable 2012
Pieri et al 0 20 2 20 20.2% 0.20 [0.01, 3.92] 2011 i
Subtotal (95% CI) 361 360 100.0%  0.16 [0.04, 0.68] i
Total events 0 10
Heterogeneity: Chi2 = 0.36, df = 3 (P = 0.95); I = 0%
Test for overall effect: Z = 2.47 (P = 0.01)
1.4.2 Biological Complications
Galindo-Moreno et al 0 15 1 15 17.8% 0.33[0.01, 7.58] 2021 -
Corvino et al 0 34 0 34 Not estimable 2020
Sanz-Martin et al 0 33 0 28 Not estimable 2017
Cannata et al 2 45 1 45 11.9%  2.00[0.19,21.28] 2017 —
Hsu et al 0 13 0 13 Not estimable 2016
Felice et al 1 7 1 73 11.7%  1.03[0.07, 16.12] 2014
Arnhart et al 4 84 5 86 58.6% 0.82[0.23, 2.95] 2012
Pieri et al 0 20 0 20 Not estimable 2011
Subtotal (95% Cl) 315 314 100.0% 0.90 [0.34, 2.35]
Total events 7 8
Heterogeneity: Chi? = 0.86, df = 3 (P = 0.84); I>= 0%
Test for overall effect: Z = 0.22 (P = 0.82)
001 01 1 10 100
Favours [ICC] Favours [INCC]
FIGURE 3 Forest plot of subgroup analysis considering the prosthodontic and biological complications event.
Conical Connection  Non-Conical Connection Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI Year M-H, Fixed, 95% CI
Mihali et al 2 48 2 48  9.6% 1.00[0.15, 6.81] 2021 — T
Galindo-Moreno et al 0 15 0 15 Not estimable 2021
Corvino et al 0 34 0 34 Not estimable 2020
Uraz et al 0 22 0 25 Not estimable 2020
Sanz-Martin et al 0 33 1 28 7.8% 0.28[0.01, 6.72] 2017
Cannata et al 1 45 0 45 24%  3.00[0.13,71.74] 2017
Hsu et al 0 13 0 13 Not estimable 2016
Cooper et al 0 48 13 93 44.5% 0.07 [0.00, 1.17] 2015 ¢—— @ ——
Felice et al 0 71 3 73 16.6% 0.15[0.01,2.79] 2014 ¢ *
Gultekin et al 0 43 0 50 Not estimable 2013
Arnhart et al 4 84 3 86 14.3% 1.37[0.31,5.92] 2012 = ™
Pieri et al 2 20 1 20 4.8% 2.00[0.20, 20.33] 2011 i
Total (95% Cl) 476 530 100.0%  0.54[0.25,1.13] <>
Total events 9 23
Heterogeneity: Chi? = 7.22, df = 6 (P = 0.30); 12 = 17% b t y i
Test fo?overtzll effect: Z=1.63 (P (= 0.10) ) 0.01 0.4 L 100
Favours [ICC] Favours [INCC]
FIGURE 4 Forest plot of implants survival event.
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The hypothesis tested in the present study—that there is no
influence of the type of internal connection on the values of
marginal bone loss—was rejected because higher marginal
bone loss was observed for INCC. Although previous studies
have highlighted the superiority of internal connections,”’
the comparative relationship between different internal con-
nections (i.e., internal conical vs. internal non-conical) was
less evident in the literature.®

One of the possible reasons for the superiority of ICC
may be linked to biological factors such as greater seal-
ing capacity,’’ which reduces microgaps and increases
resistance to bacterial infiltration.’>33 However, other stud-
ies have reported no differences in resistance against
bacterial microleakage between various types of internal
connections.**%
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FIGURE 6 Funnel plot of each evaluated outcomes: (a) marginal bone loss; (b) implants survival rates; (c) complication rate (prosthodontics and

biological).

Another factor that may contribute to higher bone preser-
vation with ICC is related to biomechanics. Many ICC
implants exhibit a platform switching design,’® which
contributes to the centralization of stresses in the long axis
of the implant’’*® and reduces stresses in the peri-implant
region. In addition, the stabilization of the conical connection
reduces micro-movement between the implant/abutment
when compared to non-conical connection implants,??333
which also contributes to the superiority of these implants.

In the meta-analysis, most studies reported lower marginal
bone loss for implants with ICC, except for one that
demonstrated significant favorable differences—but of small
magnitude—for INCC.” This difference may be not related
to the connection itself but to the difference in the type of
implant (one-piece vs. two-piece), as well as the higher rates
of plaque and bleeding in the group experiencing greater
marginal bone loss.”

Differences among the selected studies, as well as the lack
of standardization of the reported data, may have contributed
to the increase in data heterogeneity. However, it is important
to note that all studies, except for one,”® reported bone loss
values <1 mm for both groups. This can be explained by the
fact that many studies had a follow-up period of 1 year, which
should be considered a limitation of those studies. Thus, fur-
ther RCTs with long-term follow-ups are recommended to
confirm these results.

The same biomechanical relationship that may have
contributed to lower marginal bone loss may have also
reduced the incidence of prosthodontics complications for
ICC implants, thus rejecting the second hypothesis. Coppedé
et al.*” reported that the force required to cause deformation
or fracture of ICC implants must be greater than that of inter-
nal non-conical connection implants. This emphasizes the
higher incidence of loosening and fractures of the screws and
crowns in this group. Only four studies reported prosthodon-
tics complications, and two studies contributed significantly
to the differences between the groups evaluated.’>>°
Sanz-Martin et al.’® reported that an additional 20° of
conical internal connection implants promote greater sta-
bility and, consequently, lowers the risk for prosthodontics
failure(s). Galindo-Moreno et al.> reported that the use of
screw-retained metal-ceramic crowns in UCLA abutments
could be even more impaired in cases of internal non-conical

implants. Therefore, these factors must be considered during
reverse treatment planning. However, owing to the reduced
incidence of prosthodontics failures, a longer follow-up
period is recommended.

Regarding implant survival rates, the hypothesis
was accepted given that no significant differences
were found between both connections. These findings should
also be interpreted with caution considering that the mean
follow-up period of the included studies was 14 months, with
most studies having a follow-up of 1 year. The literature rec-
ommends a minimum of 5 years to assess the survival rate of
dental implants*’; however, these studies were included due
to only three studies'®>**° comparing this variable with a
follow-up period of up to 1 year. Short follow-up period was
one of the main limitations of this systematic review, thus
highlighting the need for new studies with longer follow-up
periods to support the conclusions, especially regarding
implant survival rates. In addition, uncontrolled and non-
standard factors between included studies related to the
study designs, abutment conical degrees, implant systems,
dimensions, retention systems, implant geometry, rehabil-
itated arch, prosthesis type, and restorative materials may
directly affect the data heterogeneity of evaluated outcomes.
However, sub-analyses considering possible variables were
not possible due to the absence of information by included
studies or a small number of comparative studies. Therefore,
the results should be interpreted with caution, and further
studies investigating this association may overcome these
limitations.

CONCLUSION

ICC implants may be considered a more favorable treatment
option than INCC for the rehabilitation of edentulous patients
because they result in greater preservation of peri-implant
bone tissue and a lower possibility of prosthodontics com-
plications. However, further studies with longer follow-up
periods are warranted.
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