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Background: With the increased use of short dental im-
plants (<10 mm), a high crown/implant (C/I) ratio has be-
come a common finding. However, the effect of the C/I
ratio on the marginal bone loss (MBL) has not yet been ex-
amined extensively. Hence, the aim of the present system-
atic review is to explore the influence of the C/I ratio on the
success rate and MBL of dental implants.

Methods: Three electronic databases (PubMed, Ovid
MEDLINE, and Cochrane Central) and a manual search for
human trials with a minimal follow-up of 6 months are
used for the present study. A statistical analysis of the influ-
ence of the C/I ratio was performed on the peri-implant MBL
while considering follow-up period, type of implants, implant
connection, and technical and biologic complications.

Results: One hundred ninety-six potential articles were
identified on the selected databases. Only 57 articles were
selected for full-text evaluation. According to the inclusion
criteria, a total of 13 articles were included in this systematic
review. A significant negative association between the C/I
ratio and the MBL was found (P=0.012). However, no statis-
tically significant difference was found (P>0.15) for potential
effects regarding the observation period, the type of implant
connection, or between both methods of evaluating the C/I
ratio.

Conclusions: Within the limitations of the present study,
the C/I ratio of implant-supported restorations has an effect
on peri-implant marginal bone level. Within the range of
0.6/1 to 2.36/1, the higher the C/I ratio, the less the peri-
implant MBL. J Periodontol 2014;85:1214-1221.
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Tooth loss is often associated with
compromised esthetics, function,
and subsequent alveolar bone re-
sorption that ultimately may compro-
mise the final rehabilitation procedure. 12
Bone resorption presents several chal-
lenges, including the prevention of ap-
propriate implant position or even the
absence of sufficient bone for implant
placement.3 Various procedures are
available currently to overcome these
limitations. The use of short dental im-
plants (<10 mm) represents a reliable
alternative option.? The benefits of using
a shorter implant include no need for
advanced bone drafting and, conse-
quently, lower risk of complications and
expenses, which greatly increases a pa-
tient’s acceptance.® As proof of their ef-
fectiveness, short implants have shown
survival rates similar to standard (>10
mm) implants,®? regardless of their
length and width.® However, a recent
meta-analysis demonstrated that, even
with a similar long-term survival rate,
shorter implants failed 2.5 years earlier
than the standard ones.”

Nevertheless, the use of short dental
implants is not exempt from clinically
challenging situations. An increased
crown/implant (C/I) ratio is usually found
when <10-mm implants are placed
compared to the normal crown/root
(C/R) ratio associated with healthy
dentition. Theoretically, the C/R ratio
is the relationship between the length
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of the crown and the length of the root, taking the
cemento-enamel junction as the fixed point sep-
arating both. Conversely, the clinical C/R ratio is
the physical relationship between the portion of the
tooth located above the alveolar bone compared to
the portion embedded into the alveolar bone, as
seen radiographically.®

Accordingly, the C/I ratio can be defined ana-
tomically, which takes the implant shoulder as the
boundary between the crown and the implant, and
clinically, which takes the bone level as the boundary
separating crown and implant (Fig. 1). Over the
years, several publications reported the C/I ratios of
their implant-supported prosthesis.!?-12 However,
although some authors reported the anatomic C/I
ratio,!3:14 others showed the clinical C/I ratio.!>-16
Although the clinical C/I ratio seems to describe
a more realistic biomechanical scenario,!” the an-
atomic C/I ratio is most commonly found in the
literature.

The importance of the C/I ratio relies on the theory
that unfavorable occlusal forces, including non-axial
and overload, represent one possible explanation
for biologic and technical complications.!”-18 Higher
C/I ratios display a form of non-axial force in which
the crown acts as a lever arm that creates a bending
moment, transferring stress to the peri-implant
crestal bone.!° Technical complications?® and/or
crestal bone loss?! may result from this occlusal
stress. As a result, C/I ratios from 0.5 to 1 were
proposed to avoid crestal bone loss.??

Literature exploring the influence of the C/I
ratio on the success rate and implant marginal
bone loss (MBL) is heterogeneous, with a limited
number of studies reporting great variability re-
garding their findings. Although some studies
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Figure 1.
Representation of the anatomic and clinical C/l ratio.

failed to show a correlation between the C/I ratio
and MBL,10.13.17 others reported higher amounts
of MBL with increased C/I ratios.'? Surprisingly,
some studies even reported an inverse relation-
ship between the C/I ratio and MBL, finding better
results with higher ratios.!>16 In addition, there
is limited literature reporting the incidence of
biologic and/or technical complications associ-
ated with this topic.

Hence, the aim of the present review is to explore
the influence of the C/I ratio on the success and MBL
of dental implants.

MATERIALS AND METHODS

Three electronic databases, including PubMed, Ovid
(MEDLINE), and Cochrane Central, were used to find
relevant studies. Articles restricted to the English
language were considered without any time limita-
tion. The search was conducted from February 2013
through March 2013 by two examiners (FS and
CG-P). The search terms used included the following:
(“Jaw, edentulous”’[mh] OR “Alveolar process”[mh]
OR “Dental implants, single-tooth”’[mh] OR “Dental
implantation”’[mh] OR “Dental implants”’[mh] OR
“Dental prosthesis design”’[mh] OR “Crown-to-
implant ratio”[tiab]) AND (“short”’[tiab] OR “re-
storation”[tiab] OR “bone loss”[tiab]), where mh and
tiab represented MeSH term and title or abstract,
respectively.

Furthermore, references in the included papers
were identified and reviewed by their titles and ab-
stracts. A supplementary manual search in dental
journals up to February 2013 was performed, in-
cluding the following: 1) Journal of Clinical Peri-
odontology; 2) Journal of Oral and Maxillofacial
Surgery; 3) Journal of Periodontology; 4) The In-
ternational Journal of Periodontics & Restorative
Dentistry; 5) International Journal of Prosthodontics;
6) European Journal of Oral Implantology; 7) Journal
of Oral and Macxillofacial Implants; 8) Journal of Oral
Implantology; 9) Implant Dentistry; 10) Clinical Im-
plant Dentistry and Related Research; 11) Clinical
Oral Implants Research; 12) Journal of Prosthetic
Dentistry; 13) International Journal of Oral and
Maxillofacial Surgery; and 14) Journal of Dental
Research.

For this systematic review, only articles fulfilling
the following selection criteria were considered: hu-
man clinical trials, either prospective or retrospec-
tive, that reported the mean C/I ratio and MBL with at
least 6-month follow-up. In addition, these papers
had to include how the C/I ratio was measured.
Conversely, animal studies, finite element analysis,
case reports/series, review articles, or clinical trials
with less than five participants and insufficient follow-
up time were excluded.
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The relationship between the C/I ratio and the MBL
was evaluated while considering the observation
period, the type of implant connection, and between
both types of measurement for the C/I ratio for any
additional effects. No additional interpretation for
timing of restoration was made because of the fact
that, after analyzing current evidence, different pro-
tocols for time of restoration delivery have shown no
effect on MBL.23

Publication bias was assessed qualitatively by
judging the selection and comparability of the study
groups and the ascertainment of the exposure or
outcome of interest for the included studies.?*
Qualitative analysis pertained to the criteria for de-
termining the quality of the research. For the sta-
tistical analysis, it was assumed that heterogeneity
was present in the studies’ datasets.

The potential relationship between the C/Iratio and
MBL was determined using multivariate random-
effects metaregression,?® in which the covariates
include the C/I ratio, the observation period, the
type of connection, and the type of measure
(anatomic/clinical). A P value of 0.05 was set as
the significance threshold. The Newcastle-Ottawa
scale (NOS) was used to assess the quality of
such studies for a proper understanding of non-
randomized studies.?®

PubMed, Ovid (MEDLINE) and Cochrane
Central databases searched
Limits: English-language articles only

A 4

197 Potential articles identified through database

RESULTS

During the screening process, 197 potential articles
were identified, and 140 were excluded based on their
titles and abstracts as represented in the flowchart
(Fig. 2). A full-text version of the 57 remaining ar-
ticles was obtained for evaluation. Forty-four of the
articles were excluded from the present study by not
accomplishing the inclusion criteria as depicted in
Figure 2. Only 13 articles were included in this
systematic review,10-13,15,16,27-33

The multivariate random-effects metaregression
yielded a significant association between the C/I ratio
and the MBL (z=-2.52, P=0.012, 95% confidence
interval = —2.09 to 0.26 as represented in Fig. 3).

Table 1 summarizes the characteristics of the in-
cluded articles. The results from the present study
fail to show any statistically significant difference
(P>0.15) favoring any potential effect regarding the
observation period, the type of the implant connec-
tion, or the types of measurement for the C/I ratio
(clinical or anatomic).

All the articles included in the present systematic
review are prospective or retrospective human clin-
ical trials with the clear aim of studying survival of
dental implants and assessing the influence of the C/I
ratio on it. Because no randomized clinical trial was
included, the NOS was used to assess the quality of

all the included studies for
a proper understanding of non-
randomized studies.?® This was
performed by a single, masked
examiner (AM). The mean + SD
NOS for the studies included in
the present systematic review
is 6.78 £ 2.01, displaying what
the authors of this study de-
termined an acceptable level of
evidence of C/I influence on

searchin, . . . .
¥ implant survival in the included
studies.
T ——r] 140 Articles excluded based on the titles/abstracts DISCUSSION

v

Full texts of these articles were obtained:

Centripetal and centrifugal bone
loss after tooth extraction is of-

13 Articles included in this review

Two did not report mean C/1 ratio
Three did not report MBL
Two in a different language

W=% 44 Articles excluded based on the full-text ten associated with inadequate
evaluation: bone quantity for proper three-

Four literature reviews dimensional implant placement.!

——— One f‘rﬁrf;";‘i‘;ﬁ“cw To overcome the bone resorp-

v 30 not evaluating C/I ratio tion problem, bone augmen-

tation procedures are often
recommended to create a
better environment for implant

Figure 2.
Flowchart of the screening process.
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1.5

MBL

C/I Ratio

Figure 3.

Association between the C/l ratio and MBL according to the random-
effects metaregression expressed in proportion and millimeters,
respectively. The area of each circle is inversely proportional to the
variance of the MBL estimate.

or morbidity of the donor site). Furthermore, it is
important to bear in mind that cost and time would
increase, thus decreasing the patient’s overall sat-
isfaction and acceptance of treatment. Therefore, the
use of narrower and shorter implants was thought
to minimize drawbacks.® 73435 Consequently, when
<10-mm implants are placed in partially dentate
patients, a high C/I ratio might be displayed. In this
situation, short implants are often under bending
moments because of a large C/I ratio. It could thus be
hypothesized that an increase in MBL is caused by an
increased C/I ratio.

Blanes!” demonstrated in a previous systematic
review that an increased C/I ratio did not have re-
percussions on MBL. However, because of the dearth
of available data when performed, conclusive results
could not be drawn. Conversely, the present findings
confirm that a high C/I ratio does not contribute to
more peri-implant MBL.

The loss of supporting bone around dental im-
plants in function is reported as one of the major
complications for implant failure.36:37 Biologic and
mechanical complications are capable of inducing
disturbances of the supporting tissues around im-
plants, including peri-implantitis and perimucositis.38
Although potential host risk factors were identified
and strongly associated with peri-implant dis-
eases,39 the assessment of the biomechanical
properties of implant-supported restorations re-
mains a challenge.

Rieger et al.!9 demonstrated that high levels of
stress during bending moments are located around
the neck and apex of the implant. In addition, the

authors observed a distribution of these bending
forces along the axis of the implant fixture. These
outcomes may suggest that higher C/I ratios may
create more stress around the implant shoulders and
induce bone loss that could endanger the long-term
success rates.!® Nevertheless, previous animal
studies failed to demonstrate that stress concentra-
tions around implants could lead to bone resorp-
tion.#041 Despite such concerns, implants with an
increased C/I ratio can still achieve a long-term
survival rate as long as the occlusion and para-
functional habits are controlled.!3

It has been suggested that occlusal overload
should be considered as a possible risk factor for
peri-implant tissue breakdown and a primary cause
for early implant failure.#? In a systematic review,
Chambrone et al.#3 were not able to determine
whether an excessive occlusal load has a negative
effect on osseointegration. One possible explanation
is the lack of information regarding prosthetic factors.
As observed in the present study, only some of the
included studies mention in detail the implant sys-
tems used, opposing arch, and type of restoration,
factors which may facilitate a more accurate analy-
sis. Furthermore, splinting implants aims to reduce
the amount of force applied over a single implant to
avoid excessive occlusal forces, but no clear dis-
tinction among the included studies was found to
establish a difference between groups and their in-
fluence on the MBL.

The present results report an inverse correlation
between the C/I ratios and the MBL (P = 0.012). In
concordance with a previous systematic review,!”
the clinical application of these findings suggests
that shorter implants (<10 mm) supporting larger
implant-supported restorations may have less MBL
compared to standard implants (=10 mm). Despite
the current biomechanical considerations, every clini-
cal scenario should be analyzed properly. Moreover,
a correlation of the present study was found with
previous results that showed that MBL around short
dental implants (<10 mm) is similar when compared
to standard longer implants.** Hence, together with
this fact, it is understandable to think that MBL is
independent of implant length. However, it is im-
portant to bear in mind that, because MBL is the
major predictor for implant success, length will play
a crucial role in failure timing. This assumption is in
accordance with Monje et al.” who found that short
implants, as defined for implants <10 mm, fail 2.5
years before standard implants (=10 mm). Further-
more, the present findings demonstrate that short
dental implants with a high C/I ratio could be
considered as a possible treatment option without
major concern for the MBL. Controversially, Bayraktar
et al.*? in a finite element analysis reported that the
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~ CBE implant length had less influence on the MBL than
s 8|o N8t the implant diameter and targeted the crown
£Ea| g£8% height as the main factor affecting the sur-
o > Sy o d d
23 3 rounding hard tissues. Moreover, if accepting that
5 I e MBL is the main predictor in implant long-term
+2 © = .
S 35| E8x success, a recent meta-analysis showed the null
S| 3 7>> | 285 . ) y
S ke EgE hypothesis that implant diameter matters for
" o E short-implant success rate.® Consequently, both
£ OSO - EE g short and standard implants must be meticulously
I gl & < 5 5 8 maintained to minimize MBL and increase the long-
S N z s £ term survival rate.”
4 = O . . .
£ § §E,§ Conversely, several publications described that
0 £ g o oE increased C/I ratios may not be considered a risk
o g =l » £ %wn . . . 13 .
3 g EE factor for implant failure. Tawil et al.’~ failed to es-
— gey tablish a correlation between MBL and numerous
é § é a o ¢ %Q'l 5 variables, including C/I ratio, the presence of canti-
= = i [©] . .
acals sz U%g lever, and the occlusal table and pattern. Similarly,
a5 \» £3 p y
| e & g:iji Birdi et al.!® in a retrospective cohort study evalu-
= E£5 == ating 309 implants found no association between the
c o ol = < S g p
g% 9% = gg? C/I ratio and MBL. More recently, Okada et al.4®
c k7 ; H i i
- 57T Eé‘;ﬁ’ showed that implants with high C/I ratios had an
o] . . o e .
- 3l =T increased bone remodeling activity, but MBL did not
2 5l &3 g~ 3 differ from implants with similar and lower C/I ratios.
0 0 g x 6 < 2l ore P
3 ol O > g < In addition, the authors suggested that proper plaque
3| x2S efe} proper plaq
o | » é (::3 corlljtrlol might provide an additional effect for implant
35| > = =l stability.
@ ol x ~ Eh-RE
g ) = SZ3g Numerous publications mentioned the C/I ratios of
= w ol T o B their implant-supported prosthesis.!'?-12 However,
LE § 5 E g S L';fé £ the measurement of the C/I ratio has been approached
— o el . .
E =N }é § 6§3ES from different perspectives because of the absence
= o o ég %g of a consensus definition of C/I ratio.!” Commonly,
g E| A 7 SE 5 some authors reported the anatomic C/I ratio,!314-29
A RS 5 8 Lg 5 whereas others showed the clinical C/I ratio,? 16 which
s S § 53 i:; it has been described to represent a more realistic
I o~ 5388 scenario.!” The results from the present study do not
el ~ I EmEQ p y
ElS S RS support any potential effect for either type of mea-
% . ® g E 5 surement of the C/I ratio.
= S g o Tk
o m =W
3 T |g o =298 CONCLUSIONS
rs) RS : 2 g o g .. L. . . .
9 U% e < B 3 %1 %% Conflicting and limited information on the C/I ratio
) = Q. P . . .
E & SHEY was found in the literature. When analyzing the re-
2« SE8T sults from the present study, caution should be taken
© sl s o g3ac pre y, caul a
5] 22|~ ™ SRes when extrapolating the conclusions to clinical sce-
< L = <9338 i Mp fgh included arti i
3 _ S85¢ narios. Most of the included articles lacked in-
3} L 0 E vo = i formation to determine the reliability of the restored
c SR IS A >8I . y
—_ &9 gl = o g—i L= implants. Although throughout the years multiple
2 = 2’229 studies evaluated the mechanical consideration of
- %E’L g ‘§ o 2 ?%%é irpplant ther'apy, this study fails to demonstrate that
T © 29 % = 2559 high C/I ratios may play a role in promoting MBL.
g g v = - g < i _‘§ Nonetheless, biomechanics and occlusal consid-
2 0 S0 2 E % gZga erations have been demonstrated to be of para-
S o g6=13 mount importance. Within the limitations of the
© . .
i3] 8y o o o §§§§ present study, it can be concluded that a high C/I
© © sl== S 2=2 = E ‘IL" ratio of implant-supported restorations may provide
2 & & EJ LR § BN %E %5 a protective effect on peri-implant marginal bone
= O X oz level.
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