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ABSTRACT

Context: Shortimplants are acceptable treatment options for atrophic ridges; however, they increase the crown-to-implant (C/1) ratio compared
to regular length implants. The study aimed to assess the correlation between the C/l ratio and marginal bone loss (MBL) in single short implants

at the posterior of the mandible.

Aims: The study aimed to assess the correlation between the C/I ratio and MBL in single short implants at the posterior of the mandible.

Settings and Design: Cross-sectional study.

Materials and Methods: This cross-sectional study assessed short implants with 6 mm lengths at the posterior of the mandible. The long-cone
peri-apical digital radiographs were taken immediately after loading and 24 months later. Age, gender, implant diameter, gingival biotype, and implant
brands were the study variables, and the C/l ratio was the predictive factor. The mean MBL at 2 years was considered the study outcome.

Statistical Analysis Used: The Pearson correlation test was applied to assess the correlation between MBL and C/I.

Results: Seventy implants (36 Straumann and 34 SGS implants) were studied. A significant difference was observed in the mean MBL
between the two implant brands (P < 0.001). Besides, a correlation was found between MBL and the C/I ratio (P = 0.002).

Conclusions: It seems that the C/l ratio is associated with an MBL increase in single short implants at the posterior of the mandible.
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Short implants are acceptable treatment options for
atrophic ridges. Short implants have similar survival to
implants with 10 mm length or longer.!"*! Short implants
reduce the need for bone augmentation and have
comparable outcomes to regular implants in the vertically
augmented bone.* However, short implants increase the
crown-to-implant (C/I) ratio compared to regular length
implants.P!It is expected that longer lever arms with higher
C/I ratios lead to a non-axial force load and stress to the
peri-implant bone.

Despite a high C/I ratio, previous studies reported the
promising outcomes of short implants.”#! Splinted crowns
in two or more short implants are associated with a low
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marginal bone loss (MBL).”! A few studies have investigated
MBL in single short implants.!°
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This study was designed to investigate the effects of C/l ratio
on MBL around a single short implant at the posterior of the
mandible. We hypothesized that the high (/I ratio in a short
implant is associated with an MBL increase. The study aimed
to assess any correlation between (/I and MBL around a single
short implant at the posterior of the mandible.

The cross-sectional study sample was derived from patients
referring to the Department of Oral and Maxillofacial Surgery
and a private clinic to rehabilitate a partially edentulous area
at the posterior of the mandible from September 1, 2017 to
December 31, 2021.

Eligible subjects had an edentulous area at the posterior
of the mandible with an insufficient bone height (<9 mm)
undergoing short implant restoration. Subjects were
excluded from the study if they had a deficient bone width,
required horizontal bone augmentation, were smokers, had
a systemic disease affecting bone metabolism, consumed
any drugs or nasal spray affecting bone regeneration such as
corticosteroids, failed to return for follow-up, or refused to
enroll in the study. All participants were informed about the
study design and objectives, and written informed consent
was obtained from them. Finally, 70 patients enrolled in the
study.

The Medical Ethics Committee approved the research (IR.
SBMU.DRC.REC.1399.030). Also, the study design was
consistent with the principles outlined by the World Medical
Association’s Declaration of Helsinki on experiments
involving human subjects, as revised in 2000.

The study variables were age, gender, implant diameter,
gingival biotype, and implant brands. The (/I ratio was a
predictive factor, and the mean MBL at 2 years was considered
the study outcome.

A crestal incision was made with two short-releasing
incisions, and sub-periosteal dissection was done. The
implant site was prepared according to the manufacturer’s
guidelines. Two implant brands were used, including
Straumann SP (Switzerland, Basal) with 4.8 and 4.1 mm
diameters and SGS (Budapest, Hungary) with 4 and 4.5 mm
diameters. Straumann implants were placed based on a
one-stage protocol, and SGS implants were placed based
on a two-stage protocol exposed 3 months after insertion.

All implants were loaded 4 months after insertion. The
cemented crown was used. The crown length was measured
and documented.

The subjects were radiographed (immediately after loading
and 24 months later). A long-cone peri-apical digital
radiograph (iRay D3, Dexcowin, South Korea) with 60 kV
and 7 mA Dc in 0.20 s was applied. Individual bite blocks
attached to the beam-guiding device (XCP, Rinn, Elgin,
IL) were used to confirm the radiographs’ reproducibility.
EMAGO/advanced 3.43 software (Oral Diagnostic Systems,
Amsterdam, Netherlands) was applied to subtract images.
The EMAGO program made the automatic gamma correction.
The bone level was measured in the mesial and distal
surfaces of the implants. MBL was measured at the mesial
and distal aspects of implants by comparing the bone level
on radiographs taken directly after loading and 24 months
later [Figure 1]. If the MBL was different at the mesial and
distal of implants, the mean MBL was reported. The bone
level was measured from the alveolar crest to the implant
collar. If implants had mobility, peri-implant radiolucency,
and the presence of pus or infection, they were considered
failed implants.

The C/l ratio was measured immediately after loading. Crown
length was calculated as the distance between the occlusal
edge of the crown and the level of bone around the implant
collar in radiography. The implant length was also considered
as the length of implant in the alveolar bone.

Thin and thick gingival biotypes (GBs) were categorized
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according to the transparency of a double-ended periodontal
probe (Rolle, @ 0.5 and 0.75 mm; DBS12 prototype, Deppeler
SA, Switzerland). The peri-odontal probe prototype had
two unequal thick endings. Transparency was evaluated
through the gingival margin while probing the sulcus at the
mid-buccal aspect of implants. The gingival biotype was
considered thick if the thick probe ending was not evident
through the tissue.

The sample size was calculated using the formula (r + 1)
(Za/2 + Z 1-B)* o*rd?, where Zo/2 was considered 1.96
(type I error) at a 5% significance level and Z 1-p was 0.84
at 80% power (type Il error). According to a similar study,
o (standard deviation) was 0.63 for MBL, and the sample
size was 64.°!

Two examiners calculated MBL in two sessions.

The statistical analyses were performed using SPSS for
Windows, version 21 (IBM, USA). MBL and (/I correlation was
assessed using the Pearson correlation test. The independent
T test was applied to compare MBL between the two
implant brands. We considered P values <0.05 statistically
significant. The inter-examiner reliability analysis was done
using the Kappa test to determine consistency between the
two examiners.

Seventy implants (36 Straumann and 34 SGS implants) were
studied. The mean age was 50.97 = 8.96 years. The mean
implants’ diameter was 4.25 * 0.29 mm. The mean MBL was
0.51 = 0.12 mm. The mean (/I ratio was 1.81 =+ 0.21. Variables
were compared between the two implant brands [Table 1].
The data analysis showed a significant difference in the mean
MBL between the two implant brands (P < 0.001). Besides,
the variables were compared between the two gingival
biotypes [Table 2]. The results did not demonstrate any difference
in the thick and thin gingival biotypes (P > 0.05). The comparison
of variables did not show any difference between males and
females (P > 0.05) [Table 3]. A correlation was found between
MBL and the (/1 ratio (P = 0.002) [Table 4]. The inter-rater
reliability for the raters was 0.61 (P < 0.001), which indicated a
substantial agreement between the examiners. Figure 2 shows
a radiographic view of a short implant, immediately after load.

Short implants are used widely for prosthetic rehabilitation

Variables Straumann SGS P
implants implants

C/I ratio 1.83+1.9 1.79+0.23 0.374*

Age (years) 50.06+9.37 51.94+8.55 0.382*

Implant diameter (mm) 4.31+0.33 4.19+0.25 0.080*

MBL (mm) 0.43+0.07 0.59+0.10 <0.001*

Gender 17 males, 17 males, 0.503**
19 females 17 females

C/I ratio: Crown/Implant ratio, MBL: Marginal bone loss, *Independent t-test
**Chi-square test

Variables Thick gingiva Thin gingiva P
biotype biotype
C/l ratio 1.82+0.22 1.79+0.18 0.315%
Age (years) 51.20+9.29 50.19+8.01 0.671*
Implant diameter (mm) 4.26+0.31 4.22+0.25 0.526*
MBL (mm) 0.51+0.12 0.50+0.12 0.692*
Gender 29 males, 5 males, 0.097**
25 females 11 females

C/I ratio: Crown/Implant ratio, MBL: Marginal bone loss, *Independent t-test
**Fisher’s exact test

Variables Males Females Independent
T-test

C/I ratio 1.80+0.22 1.82+0.20 P=0.744
Age (years) 50.94+8.98 51.00+9.07 P=0.978
Implant diameter (mm) 4.24+0.29 4.27+0.31 P=0.603
MBL (mm) 0.52+0.11 0.50+0.12 P=0.692
C/I ratio: Crown/Implant ratio, MBL: Marginal bone loss

Variables Mean+SD MBL Pearson r

(mm) Correlation
test

C/I ratio 1.81+0.21 0.51+0.12 P=0.002 0.37
Age (years) 50.97+8.97 0.51+0.12 P=0.998 0.171
Implant diameter (mm) 4.25+30 0.51+0.12 P=0.158 0.00

C/1 ratio: Crown/Implant ratio, MBL: Marginal bone loss

of patients with inadequate bone heights to avoid risks and
complications associated with advanced surgical procedures
and achieve acceptable outcomes."” The increased C/I ratio

is one of the main concerns in applying short implants.

Different studies have investigated the influence of
the C/I ratio on marginal bone loss; some showed a
positive correlation,>'" while others failed to show any
correlation."'¥ These controversies remain regarding short
implants. Most studies concluded no significant correlation
between the ¢/l ratio and MBL in short implants.®!>20 These
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studies used a heterogeneous sample of dental implants with
different lengths and types.

Our study demonstrated a significant correlation between
MBL and the C/I ratio, which is consistent with the results of
Di Fiore et al.?' They showed that a higher C/I ratio (=2) was
associated with greater MBL in short dental implants placed
in the posterior mandible. Also, the study of Hingsammer
et al.”? showed a correlation between the C/I ratio and MBL
in 76 homogeneous implants with a length of 6.5 mm and a
diameter of 4.0 mm. They suggested that the (/I ratio should
not exceed 1.7 to avoid increased early marginal bone loss.

One of the aspects that should be considered when interpreting
the differences between studies is the splinting of restorations.
Splinting the restoration can result in a better distribution
of occlusal loads and reduced stress, which may cause lower
marginal bone loss.??! In some studies, the authors used
both simple and splinted crowns, #1922 but only one of them
specified the number of short and standard implants that have
been used.® The systematic review conducted by Pellizzer
et al.® showed that MBL increased as the C/I ratio increased
in single crowns, consistent with our study results.

Besides the increased C/I ratio, another aspect that may
contribute to the increased marginal bone loss in our study
is that all implants were loaded with cemented type crowns.
A recent systematic review revealed increased biological
complications with cemented crowns, which are associated
with excess cement./??7!

This study was conducted on short implants at the posterior
of the mandible to ensure a homogeneous sample. Also, the
long follow-up was one of the other strengths of this study.
The limitations of our study were the small sample size and

MBL measurement errors. Two examiners interpreted the
radiographs to reduce these errors.

Within the limitations of our study, analytical measurements
showed that the increased C/I ratio could increase MBL in
single short dental implants at the posterior of the mandible.
More studies with larger sample sizes and longer follow-ups
are required for more definite conclusions in applying single
short implants.

It seems that the C/I ratio is associated with an MBL increase
in a single short implant at the posterior of the mandible.
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