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PURPOSE. The aim of this study was to compare the efficacies of two-implant splinting (2-1S) and single-implant
restoration (1-IR) in the first and second molar regions over a mean functional loading period (FLP) of 40 months,
and to propose the appropriate clinical considerations for the splinting technique. MATERIALS AND METHODS.
The following clinical factors were examined in the 1-IR and 2-IS groups based on the total hospital records of
the patients: sex, mean age, implant location, FLP, bone grafting, clinical crown—implant ratio, crown height
space, and horizontal distance. The mechanical complications [i.e., screw loosening (SL), screw fracture, crown
fracture, and repeated SL] and biological complications [i.e., peri-implant mucositis (PM) and peri-implantitis
(PI)] were also evaluated for each patient. In analysis of two groups, the chi-square test and Student’s t-test were
used to identify the relationship between clinical factors and complication rates. The optimal cutoff value for the
FLP based on complications was evaluated using receiver operating characteristics analysis. RESULTS. In total,
234 patients with 408 implants that had been placed during 2005 - 2014 were investigated. The incident rates of
SL (P<.001), PM (P=.002), and PI (P=.046) differed significantly between the 1-IR and 2-IS groups. The FLP was
the only meaningful clinical factor for mechanical and biological complication rates in 2-1S. CONCLUSION. The

mechanical complication rates were lower for 2-IS than for 1-IR, while the biological complication rates were
higher for 2-IS. FLP of 39.80 and 46.57 months were the reference follow-up periods for preventing biological
and mechanical complications, respectively. [J Adv Prosthodont 2016;8:494-503]

KEYWORDS. Implant restoration; Splinted restoration; Posterior region; Complication rates; Functional loading

period

INTRODUCTION

The reconstruction of multiple missing teeth with dental
implants is a predictable and proven treatment technique for
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edentulous patients in both antetior and postetior regions.'?

However, the molar teeth are often shown to be a trouble-
some area for implant restorations from mechanical and
biological aspects,” which is due to complicated and com-
plex factors of implant prosthetic components and the
load-related bone contact area.* The strong occlusal forces
exert harmful effects on an implant prosthesis and alveolar
bone in the postetior atea,™ which results in marginal bone
loss and decreased implant stability, and can lead to compli-
cations in an implant fixture and its suprastructure.”
Natural teeth are traditionally splinted in order to
decrease the stress and increase the stability of prosthesis.
This can also result in a smaller horizontal load being trans-
ferred to the supporting teeth, and can compensate for the
crown-root ratio increasing in various alveolar bone-loss
regions and periodontally compromised patients.”” Several
studies have recommended that adjacent implants should be
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The prognosis of splinted restoration of the most-distal implants in the posterior region

splinted with the fixed retained prosthesis.” When off-axis
forces are applied to an implant, they induce an adverse
loading that can cause mechanical failure of a restored
implant and biological failure of the surrounding bone that
could lead to implant failure.'”!* The aim of a splinted
implant restoration is to favorably distribute the stress
between the implants in order to minimize the transmission
of horizontal forces to the bone-implant contact area.>*!
In particular, two-implant splinting (2-1S) in the posterior
region can promote the stability in the mesiodistal direction
and relieve the stress in the buccolingual direction.” 2-IS can
also be considered as an important treatment option in
patients without anterior guidance or with parafunctional
oral habits."” Nevertheless, several procedures of multiple-
implant restoration splinting are highly technique-sensitive,
and the accuracy of the final prosthesis is mainly limited."

Alveolar bone loss is common in patients with peri-
odontitis, which will lead to an unfavorable crown-implant
ratio (C/I ratio). An off-axis force acting on an implant res-
toration with an increasing C/I ratio and crown height
space (CHS) of the implant-defined as the distance from
the alveolar bone crest to the occlusion plane-can induce a
detrimental load at the implant restoration neck area, and
result in surrounding bone loss and eventual prosthetic fail-
ure. 1617
According to Grossmann ef al.,” the splinting technique
can be an appropriate treatment option for periodontitis
patients who have an impaired occlusal relationship due to
the loss of alveolar bone and multiple teeth.

In spite of splinted implant restoration being beneficial
for periodontitis patients with severe alveolar bone loss and
excessive occlusal forces in the posterior region, most of
the studies have been theoretical, with insufficient clinical
analyses and negative long-term results.’ Several studies of
splinted prostheses have involved short-term investigations
and shown limited efficacies and controversial results, and
so further investigations and long-term studies are
required.'>'®1?

The aim of this retrospective study was to determine the
efficacies of 2-IS, and compare them with those of single
implant restoration (1-IR) in the first and second molar
regions, which has been demonstrated to produce good
results in previous studies. This study has also identified the
appropriate clinical considerations for splinted implant res-
toration of the molar region.

MATERIALS AND METHODS

This study was approved by the Institutional Review Board
of the Ilsan Hospital, National Health Insurance Service
(NHIS) (Approval no. 2015-02-006). All surgical treatment pro-
cedures were performed by periodontists at the Department of
Periodontology, Ilsan Hospital, NHIS. The study was limit-
ed to the posterior region, including patients with missing
first and second molars only, in order to minimize the
effects of position and occlusal force. The internal connec-
tion implant fixtures comprising a sand-blasted, large-grit,

acid-etched surface (Implantium, Dentium, Seoul, Korea;
Straumann, Institut Straumann, Basel, Switzerland) were
placed using a one- or two-stage surgical procedure as the
manufacturer’s protocol. The prosthodontic procedures
were started after a healing period of more than 3 months.
The prosthesis type [i.e., occlusal screw (OS), lateral screw
(LS), cementation (CM), and screw-cement-retained pros-
thesis (SCRP)] was selected depending on the condition of
the patient and the preferences of the prosthodontist, and
occlusal adjustment was carried out to obtain the optimal
centric and eccentric contact forces. The final prostheses
were installed more than 4 months after the implant surgery.
Maintenance care that emphasized scaling and oral hygiene
instruction was provided every 3 - 6 months, and intraoral
petiapical or panorama radiographs were obtained every 12
months.

Patients who had undergone implant surgery at the
Department of Periodontology, Ilsan Hospital, NHIS dur-
ing 2005 - 2014 were reviewed over a mean functional load-
ing period (FLP) of 40 months. The following inclusion cri-
teria were applied: sex ratio of 1 : 1, aged 20 - 80 years
(mean age 58.5 years), and good systemic health condition
(including well-controlled systemic diseases). The implant
prosthesis had been functioning for 1.1 - 102.8 months,
with a mean loading period of 41.4 months. One or two
implant placements in the first and second molar regions
were included. Single-implant restorations in the first or sec-
ond molar region were classified into the 1-IR group, while
restorations involving two splinted implants in the first and
second molar regions were classified into the 2-IS group.
Patients with severe systemic disease, advanced or aggres-
sive periodontitis, or parafunctional oral habits (e.g, exces-
sive occlusal force, heavy clenching, or bruxism) were
excluded from this research.

In total, 408 implants in 234 patients who conformed to
the inclusion and exclusion criteria were investigated. All
data related to these patients with implant treatments were
based on the clinical treatment records, clinical photo-
graphs, and radiographs of the patients. The following clini-
cal factors of the patients were considered: sex, mean age,
implant location, FLP, bone grafting, clinical C/I ratio,
CHS, horizontal distance (HD) between the two implants
(HDI, the first and second molar positions), and HD
between the natural tooth in the mesial position and the
implant in the distal position (HDNI, the first or second
molar position).*™?! Based on previous studies, the clinical
C/I ratio was defined as the distance ratio measured from
the clinical crown to the implant fixture (standard fulcrum
located at the marginal bone), and CHS was measured as
the distance from the alveolar bone crest to the occlusion
plane.”? HDI and HDNI were measured as the distance at
the marginal bone level on the day of implant placement. A
PACS workstation (Centricity GE Healthcare, Waukesha,
WI, USA) was used to calculate the clinical C/I ratio, CHS,
HDI, and HDNI on the radiographs, and distortion caused
by magnification was corrected using a calibration based on
the known interthread pitch of the implant (Implantium,
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Dentium: 0.6 mm; Straumann, Institut Straumann: 1.25
mm) as a reference. Mechanical complications [i.e., SL,
screw fracture (SF), CF, and repeated SL] and biological
complications [i.c., peri-implant mucositis (PM) and peri-
implantitis (PI)] were evaluated for each patient. The biolog-
ical complications were examined based on mobility, suppu-
ration, probing depth, bleeding on probing, and alveolar
bone loss. A reversible inflammation of peri-implant muco-
sa was diagnosed as PM, and loss of alveolar bone was diag-
nosed as PL1.? All measurements were performed using a
UNC periodontal probe (Hu-friedy, Chicago, IL., USA).

In comparisons and analyses of two groups, the chi-
square test and Student’s t-test (two-tailed with independent
samples) were used to identify the relationships between the
clinical factors (i.e., sex, mean age, implant location, FLP,
clinical C/T ratio, CHS, HDI, and HDNI) and the complica-
tion rates (i.e., mechanical and biological complications).
The chi-square test was applied to noncontinuous variables
and Student’s t-test (two-tailed with independent samples)
was applied to continuous variables. The optimal cutoff val-
ue for FLP related to the complications was evaluated using
receiver operating characteristics (ROC) analysis. The results
obtained in all of the investigations were analyzed using
SPSS software (version 19.0, SPSS, Chicago, IL, USA). The
cutoff for statistical significance was set at P < .05. All mea-
sured data are presented as mean = SD values.

RESULTS

The subjects of this study comprised the 1-IR group, which
contained 124 patients (69 males, 55 females) with a mean
age of 50.26 years (range, 23 - 77 years), and the 2-IS group,
which contained 110 patients (53 males, 57 females) with a
mean age of 59.01 years (range, 34 - 91 years).

The implants in the 1-IR group were distributed in the
posterior region as follows: maxillary first molar, n = 22
(15.9%); maxillary second molar, n = 10 (7.3%); mandibular
first molar, n = 43 (31.2%); and mandibular second molat, n
= 63 (45.6%). Totals of 32 (23.2%) and 106 (76.8%)
implants were positioned in the maxilla and mandible,
respectively. In the 2-IS group, 134 (67 pairs, 49.6%) and
136 (68 pairs, 50.4%0) implants were positioned in the maxil-
la and mandible, respectively.

The mean FLP was 42.87 months (range, 1.84 - 101.25
months) for the 1-IR group and 39.86 months (range, 1.08 -
102.75 months) for the 2-IS group. In addition, bone graft-
ing was performed for 32 (23.3%) implants in the 1-IR
group and for 108 (54 pairs, 40%) implants in the 2-IS
group, showing an intergroup difference of about threefold.
For the 1-IR group, the clinical C/T ratio was 1.11 + 0.47,
CHS was 9.65 + 1.98 mm, and HDNI was 2.80 £ 1.17 mm;
the corresponding values for the 2-1S group were 1.07 *
0.21, 9.62 £ 1.75 mm, and 3.26 = 1.30 mm, respectively.
These results are consistent with a previous study finding
that in order to minimize bone loss, HDI (i.c., interimplant
distance) should be longer than HDNI (i.e., distance from
the adjacent natural tooth to the implant).”* Most of the
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data represents a mean value of normal distribution curve;
the deviation is observed in individual clinical situation of a
patient. Since periodontist performed the treatment in the
controlled clinical setting, it can be said that the position of
implant is appropriate in this study (Table 1).

Mechanical complications wete found in 31 (22.6%) of
the 138 implants in the 1-IR group, with SL (n = 23, 16.7%)
being the most common complication. This was followed
by SF and CF (n = 3, 2.2%), and then repeated SL (n = 2,
1.5%). Mechanical complications were found in 30 (11.1%)
of the 270 implants in the 2-IS group, corresponding to
approximately half the rate in the 1-IR group. CF (n = 14,
5.2%) was the most common complication, followed by SL
(n =10, 3.7%) and then SF (n = 6, 2.2%), while repeated
SL did not occur in any of the implants. The rate of
mechanical complications differed significantly between the
two groups (P = .020), with only SL showing a clearly sig-
nificant increase in the 1-IR group (P < .001).

The rate of biological complications was markedly high-
er in the 2-1S group than in the 1-IR group. Only PI (n =5,
3.6%) was found in the 1-IR group. In contrast, out of the
44 (16.3%) implants with biological complications in the
2-1S group, PI was found in 26 (9.6%) implants, followed by
PM, which was found in 18 (6.7%) implants. The rate of
biological complication differed significantly between the
two groups (P < .001), with significantly elevated incidence
rates of PM (P = .002) and PI (P = .0406) in the 2-IS group.

In 1-IR group, SL, SE, and CF occurred simultaneously
on one implant. Also, SL. and CF occurred simultancously
on another implant, and SL and PI occurred simultaneously
on the other implant.

In 2-IS group, SL and SF occurred simultaneously on
one implant, and SL, CF, and PI occurred simultaneously on
another implant (Table 2).

Patients in the 2-IS group who did or did not experience
complications at least once were classified into the compli-
cation and success groups, respectively.

Mechanical and biological complications showed no sta-
tistically significant associations with sex, age, implant loca-
tion in the jaw, and bone grafting.

The FLP was the only clinical factor to show a statisti-
cally significant difference with complications and success
in the 2-IS group (P = .049). 2-1S remained relatively suc-
cessful up to a mean of 38 months, while biological and
mechanical complications arose after mean time periods of
approximately 49 and 56 months, respectively.

Implant-supported fixed dental prostheses (ISFDPs)
located in the posterior region can induce stress in the
implant and matginal bone when there is an unfavorable C/
I ratio (anatomical and/or clinical C/I ratio of = 2).* In the
present study, the overall clinical C/I ratio in the 2-IS group
was 1.07 £ 0.21 (first molar region = 1.06 £ 0.18, second
molar region = 1.09 * 0.23), and the maximum value was
1.84 (Table 1), confirming that a favorable C/I ratio had
been achieved. Moreover, the clinical C/I ratio was close to
1:1 in both the mechanical complication and success

groups (1.05 = 0.14 and 1.08 £ 0.21) and the biological
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Table 1. Characteristics of the study population according to implant treatment

Characteristics 1-IR group (first or second molar region) 2-1S group (first and second molar region)

Patients 124 110
Males 69 (55.6) 53 (48.2)
Females 55 (44.4) 57 (51.8)

Age, mean (range) 56.26 years (23 - 77 years) 59.01 years (34 - 91 years)
Males 54.22 years (381 - 77 years) 59.24 years (39 - 91 years)
Females 58.82 years (23 - 75 years) 58.79 years (34 - 81 years)

Implant location 138 270 (135 pairs)

Maxilla 32 (23.2) 134 (67 pairs, 49.6%)
First molar 22 (15.9) 67 (24.8)
Second molar 10 (7.3) 67 (24.8)

Mandible 106 (76.8) 136 (68 pairs, 50.4%)
First molar 43 (31.2) 68 (25.2)
Second molar 63 (45.6) 68 (25.2)

FLP, mean (range) 42.87 months (1.84 - 101.25 months) 39.86 months (1.08 - 102.75 months)
< 24 months 33 (23.9) 80 (40 pairs, 29.6%)
24 - 36 months 29 (21) 52 (26 pairs, 19.3%)

36 - 48 months 27 (19.6) 50 (25 pairs, 18.5%)
48 - 60 months 21 (15.2) 36 (18 pairs, 13.3%)
> 60 months 28 (20.3) 52 (26 pairs, 19.3%)

Bone grafting
Operation 32 (23.2) 108 (54 pairs, 40%)

No operation 106 (76.8) 162 (81 pairs, 60%)

Clinical C/I ratio (mean + SD) 1.11 £ 047 1.07 £ 0.21
First molar region 1.10 £ 0.66 1.06 £0.18
Second molar region 1.12 +£0.23 1.09 + 0.23

CHS (mean + SD, mm) 9.65 +1.98 9.62 +1.75
First molar region 10.183 £ 2.46 9.82 +1.65
Second molar region 9.28 +1.58 943 +1.84

HD (mean + SD, mm)

HDNI 280+ 1.17 None
HDI None 3.26 +1.30

1-IR, single-implant restoration; 2-IS, two-implant splinting; FLP, functional loading period; C/I ratio, crown-implant ratio; CHS, crown height space; HD, horizontal
distance; HDNI, HD between the natural tooth on mesial position and the implant in the distal position; HDI, HD between the two implants.

Data are n (%) values except where indicated otherwise.

complication and success groups (1.05 * 0.23 and 1.08 *
0.20), demonstrating favorable clinical C/T ratios.”® Corre-
spondingly, there were no statistically significant differences
in the clinical C/I ratios.

Recent studies”*® have found that CHS values exceeding
15 mm indicate an increased risk of implant prosthesis fail-
ure due to a vertical cantilever effect. In this study, the over-
all CHS in the 2-IS group was 9.62 * 1.75 mm (first molar
region = 9.82 * 1.65 mm, second molar region = 9.43 +
1.84 mm), with a maximum value of 14.28 mm (Table 1).
Given that this is within the acceptable CHS range (8 - 12

mm) and below 15 mm, CHS is not expected to have a neg-
ative effect on the prognosis of the implant prosthesis. CHS
did not differ significantly among the mechanical complica-
tion and success groups (9.67 £ 1.31 and 9.62 £ 1.80 mm,
respectively) and the biological complication and success
groups (10.04 £ 1.94 and 9.53 £ 1.70 mm, respectively).

HDI also did not differ significantly among the mechan-
ical and biological complication groups (3.36 * 1.27 and
3.51 £ 1.51 mm, respectively) and the mechanical and bio-
logical success groups (3.25 £ 1.30 and 3.21 £ 1.25 mm,
respectively) (Table 3).
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Table 2. Mechanical and biological complication rates in the two study groups

1-IR (total implants = 138)

2-IS (total implants = 270)

First molar region (%)  Second molar region (%)  All single implants (%) n (%) g
Mechanical complications 12 (18.5) 19 (26.0) 31 (22.6) 30 (11.1) .0208
SL 10 (15.4) 13 (17.8) 23 (16.7) 10 (3.7) <.0018
Repeated SL 2(3.1) 0(0) 2(1.5) 0(0) 160
SF 00 3(4.1) 3(2.2 6(2.2) 978
CF 0(0) 3(4.1) 3(2.2) 14 (5.2) 185
Biological complications 2(3.1) 3(4.1) 5(3.6) 44 (16.3) <.0018
PM 00 00 00 18 (6.7) .002%
PI 2(3.1) 3(4.1) 5 (3.6) 26 (9.6) .046¢%
SL, screw loosening; SF, screw fracture; CF, crown fracture; PM, peri-implant mucositis; PI, peri-implantitis.
Data are n (%) values except where indicated otherwise.
*Chi-square test for complication data between 1-IR (all single implants) and 2-IS groups.
SStatistically significant difference (P < .05).
Table 3. Comparison between complication and success rates in the 2-1S group
Mechanipal Mechanical p Biolggiqal Biological p
complications success complications success
Patients 12 99 .836* 20 93 413"
Males (n) 6 47 11 43
Females (n) 6 52 9 50
Age (mean + SD, years) 60.33 + 14.88 58.97 + 9.62 b37t 61.65 + 7.83 58.61 + 10.54 .3287
Implant location 26 244 .792¢ 44 226 .970*
Maxilla 12 122 22 112
Mandible 14 122 22 114
FLP (mean + SD, months) 55.85 + 21.66 38.16 + 24.1 01218 49.21 + 26.88 38.04 + 23.59 .0491¢
Bone grafting operation 8 100 AT75* 22 86 .295*
Clinical C/I ratio (mean + SD) 1.05+0.14 1.08 £ 0.21 .6957 1.05 +0.23 1.08 £ 0.20 48771
First molar 1.02 + 0.09 1.07 £0.19 1.03+0.18 1.07 +£0.18
Second molar 1.09 +£0.18 1.09 £ 0.23 1.07 £0.27 1.09 +0.22
CHS (mean + SD, mm) 9.67 £ 1.31 9.62 +1.80 9177t 10.04 £ 1.94 9.53 +1.70 18471
First molar 1014 £ 1.14 9.78 £1.70 10.35 £ 1.67 9.70 £ 1.63
Second molar 9.19 +1.33 9.46 +1.89 9.72+2.16 9.36 +1.77
HDI (mean + SD, mm) 3.36 = 1.27 3.25 +£1.30 7647 3.51 = 1.51 321125 3187

Data are n values except where indicated otherwise.

*Chi-square test for data between complications and success groups.
fStudent’s t-test (two-tailed with independent samples).

SStatistically significant difference (P < .05).

LS was the most commonly used type of prosthesis in
the 1-IR group (n = 84, 60.9%), and was associated with the
following rates of mechanical complications: SL, n = 14
(16.7%); repeated SL, n = 1 (1.2%); SE, n = 2 (2.4%); and
CE n = 2 (2.4%). The next most common type of prosthe-
sis was CM (n = 23, 16.7%; SL, n = 5, 21.7%; repeated SL,
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n =0, 0%; SE n = 1, 44%,; CE n = 1, 4.4%), followed by
SCRP (n =19, 13.8%; SL, n = 2, 10.5%; repeated SL, n = 0,
0%; SE, n = 0, 0%; CE, n = 0, 0%) and OS (n = 12, 8.7%;
SL, n = 2, 16.7%; repeated SL, n = 1, 8.3%; SE, n = 0, 0%;
CE, n = 0, 0%). SL was the most frequent mechanical com-
plication, and was associated with the prosthesis types as
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follows: OS, n = 2 (16.7%); LS, n = 14 (16.7%); CM, n = 5
(21.7%); and SCRP, n = 2 (10.5%). Although SL occurred
proportionally the most often in CM, in terms of absolute
numbers it occurred the most often in LS. However, there
were no statistically significant associations between pros-
thesis types and mechanical complication rates (P = .304).

LS was the most commonly used type of prosthesis in
the 2-1S group (n = 150, 55.6%), and was associated with
the following rates of mechanical complications: SL, n = 8
(5.3%); repeated SL, n = 0 (0%); SE, n = 4 (2.7%); and CFL,
n = 6 (4.0%). The next most common type of prosthesis
was CM (n = 35, 25.9%; SL, n = 2, 2.9%; repeated SL, n =
0, 0%; SE, n = 2, 2.9%; CFE, n = 4, 11.4%), followed by
SCRP (n = 17, 12.6%; no complications) and OS (n = 8,
5.9%; no complications). The overall mechanical complica-
tion rates were lower for all prosthesis types in the 2-IS
group than in the 1-IR group, with SL being particularly
rare. OS and SCRP, which were used proportionally less,
showed no complications at all. As with the 1-IR group,
there were no statistically significant differences (P = .425)
(Table 4).

There was no case of PM for any of the prosthesis
types in the 1-IR group. PI occurred in OS (n = 3, 25.0%),
LS (n =1, 1.2%), and CM (n = 1, 4.4%), but was not
observed in SCRP.

Conversely, biological complications occurred for all
prosthesis types in the 2-IS group, with the following rates:
OS (PM, n = 0, 0%; PI, n = 4, 25.0%), LS (PM, n = 4,
2.7%; PI, n = 18, 12.0%), CM (PM, n = 12, 17.1%; PI, n =
4, 5.7%), and SCRP (PM, n = 2, 5.9%; PI, n = 0, 0%). PM
was most common in CM, while PI showed the highest rate
in OS but the highest absolute frequency in LS.

In both groups, there were no statistically significant
associations between prosthesis types and biological compli-
cations (P = .385 and 0.385, respectively) (Table 4).

The results listed in Table 3 indicate that FLLP was the
only variable that had an important impact on mechanical
and biological success. The ROC curve for FLP of mechan-
ical and biological complications is shown in Fig. 1. The
area under the ROC curve (AUC) for FLP of mechanical
complications is 0.725, which indicates a reliable result since
the value exceeds 0.5. The optimal cutoff value was 46.57
months (95% confidence interval, 0.61 - 0.84), which gave a
sensitivity of 69.2% and a specificity of 69.7%. In addition,
the AUC for FLP of biological complications was 0.615,
which is also a reliable result (i.e., > 0.5). The optimal cut-
off value was 39.80 months (95% confidence interval, 0.49 -
0.74), which gave a sensitivity of 54.5% and a specificity of
54.9%.

DISCUSSION

While 1-IR has been predictable treatment modality in the
posterior edentulous region, mechanical and biological com-
plications occur frequently.?”*" These complications include
SL, CE, implant fixture fracture, de-cementation, PM, and
PI, and also, they often occur in multiple-implant restora-
tion splinting.” In addition, the implant success rate of 1-IR
(94.3%) was not significantly lower than that of multiple-
implant restoration splinting (97.1%). Thetefore, these two
types of the implant restoration have been reported to have
similar success rates.

However, there were some differences between the 1-IR
and 2-IS groups in the present study in the characteristics

Table 4. Relationship between prosthesis types and complication rates in the two study groups

1-IR (total implants = 138)

2-IS (total implants = 270)

oS LS CM SCRP

0s LS cM SCRP
(12,8.7%) (84, 60.9%) (23, 16.7%) (19, 13.8%)
('l”oe;gﬁ‘g;%'ns 3(250) 19(22.6) 7(304)  2(10.5)
sL 2(16.7)  14(167) 5017  2(10.5
Repeated SL 1 (8.3) 1(1.2) 0(0) 0(0)
SF 0(0) 2 (2.4) 1(4.4) 0(0)
CF 0(0) 2 (2.4) 1(4.4) 0(0)
i‘)‘;’fg;giions 32500  1(12) 143 00
PM 0(0) 0(0) 0(0) 0(0)
PI 3(25.0) 1(1.2) 1(4.4) 0(0)

P 16,5.9%) (150,55.6%) (70, 25.9%) (34,12.6%)
304 0() 18(120)  12(172)  0(0) 425
000) 8 (5.9 22.9) 000
000) 000) 000 000
000) 42.7) 2 2.9 00)

00) 6 (4.0) 8(11.4 00
385 4(250) 22(147)  9@28 269 385
00 4R 12071 269
4050 18(120)  4(7) 000)

OS, occlusal screw; LS, lateral screw; CM, cementation; SCRP, screw-cement-retained prosthesis.

Data are n (%) values except where indicated otherwise.

*Chi-square test for complication data between prosthesis types and complication rates in the two groups.
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Fig. 1. Receiver operating characteristics (ROC) curve of functional loading period (FLP) in the 2-IS group. (A) ROC
curve of FLP for mechanical complications. The area under the ROC curve (AUC) was 0.725 (> 0.5 is a reliable value),
and the optimal cutoff value of 46.57 months (95% confidence interval, 0.61 - 0.84) yielded a sensitivity of 69.2% and
a specificity of 69.7%. (B) ROC curve of FLP for biological complications. AUC was 0.615 (> 0.5 is a reliable value),
and the optimal cutoff value of 39.80 months (95% confidence interval, 0.49 - 0.74) yielded a sensitivity of 54.5% and

a specificity of 54.9%.

of mechanical and biological complication rates related to
clinical factors.

There was no significant association between the implant
position (first or second molar region) in the 1-IR group
and the occurrence of mechanical and biological complica-
tions (P = .243 and P = .7406, respectively). These results
were identical to those of a previous study.® Also, prosthe-
sis types were not associated with complication rates in the
1-IR and 2-IS groups, and did not affect the comparison of
the two groups (P = .270).

Compared to 2-1S, 1-IR showed a higher rate of
mechanical complications (P = .020). SL was reported as
the most common mechanical complication of implant-sup-
ported single crowns (ISSCs),”* and also in the present
study this was the only major complication associated with a
statistically significant increase in occurrence (P < .001). Sex
was the only clinical factor exerting an important influence
on the occurrence of mechanical complications in 1-IR (P
= .040). Finally, 91.3% (21 implants) of all SL cases
occurred in male patients, which is possibly due to the bit-
ing force and occlusal contact area both being greater than
in female patients.?>*

Conversely, in 2-IS, there was a significant increase in
the rates of biological complications (P < .001). FLP (P =
.049) played an important role in this pattern. One possible
explanation is that although regular dental hospital visits
following the completion of the final implant prosthesis
enabled examinations during the early stages, the intervals
between the dental hospital visits became longer over time,
resulting in a reduced awareness about oral hygiene manage-

500

ment. Similarly, the significant increases in PM (P = .002)
and PI (P = .040) are due to the difficulty of performing
adequate oral hygiene management in splinted implant res-
torations. Several studies have found that nonsplinted
implant restoration was advantageous for oral hygiene man-
agement.” These results emphasize the need to provide
patients with specific instructions about the use of dental
floss and interdental brushes, especially for 2-IS.

7737 found that SL induced changes in
centric and eccentric contact forces and nonideal occlusion,
and that this was a major cause of SF and CE Moreover,
food impaction on the inferior aspect of the implant pros-
thesis was caused by SL, and the resulting gingival redness
and swelling not only increased the occurrence rates of PM
and PI but also decreased the sutvival and success rates of
the implants.”™ In the present study we also observed the
simultaneous occurrence of SF, CF, and PI with SL in three
implants from the 1-IR group and in two implants from the
2-1S group.

The superiority of 1-IR in the first and second molar
regions has been reported previously.** 2-IS was advanta-
geous over 1-IR in terms of mechanical complications but
disadvantageous in terms of biological complications. The
decreased incidence of mechanical complications is probably
attributable to the improved stress distribution resulting
from the splinting technique reducing the transfer of exces-
sive forces to the implant fixture and surrounding bone*"!,
In addition, the splinting technique is able to promote the
retention and resistance of the prosthesis, and successful
outcomes can also be expected under certain limiting condi-

Previous studies
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tions such as insufficient abutment length, abnormal load-
ing, or long treatment petiod.” The increased incidence of
biological complications is probably due to structural
aspects of the splinting technique. It is often difficult to
ensure the formation of appropriate paths and distances
when placing fixtures in patients with periodontal disease.
This makes it difficult to form an appropriate contour and
embrasure between the inferior aspect of the splinted
implant restoration and the interproximal region, which is a
limitation in oral hygiene management. Given that biological
complications cause inflammation and the loss of tissue and
bone in the surrounding implant, and increase the risk of
implant failure, these complications need to be managed
carefully. Conversely, the disconnection and reconnection
are more convenient for 1-IR, and examining and ensuring
the hygiene of the prosthesis are casier than for the splinted
implant restoration.""*

The only clinical factor that strongly affected the
mechanical and biological complications associated with
2-1S was the FLP. In 2-1S, the biological complications
occurred earlier in the investigations of FLP values.
Relatively successful outcomes were maintained for up to 38
months on mean after the placement of the implant pros-
thesis. However, biological and mechanical complications
occurred after mean FLP of approximately 49 and 56
months, respectively. These findings contrast with a previ-
ous study finding that mechanical complications usually
occurred sooner than biological complications during fol-
low-up petiods of 1 - 2 years.” We attribute this difference
to our clinical protocol of implant treatment for preventing
mechanical complications, since patients were encouraged
to visit the dental hospital continuously at short intervals
after completing the treatment so that their implant pros-
theses could be examined regularly. PM and PI were previ-
ously reported to occur in 50% and 10 - 43% of all
implants, respectively.** However, the incidence of biologi-
cal complications was considerably lower in the present
study, with PM and PI occurring in 0% and 3.6% of 1-IR,
respectively, and in 6.7% and 9.6% of 2-IS. These results
also demonstrate that the periodontal checkups were thor-
ough. The dental hospital visits occurred regularly at inter-
vals of 3 - 6 months during the 3 years after implant place-
ment in the present study. However, after 3 years the inter-
val between the dental hospital visits increased to 1 year,
and some cases were lost to follow-up due to cancelled
appointments. This led to neglect of oral hygiene manage-
ment, which resulted in increased rates of biological com-
plications due to the deposition of plaque and calculus and
of mechanical complications due to the lack of regular
examinations approximately 1 - 2 years later.

Therefore, within the limitations of this study, the opti-
mal cutoff values for FLP with significant effects on the
mechanical and biological success of 2-IS were calculated
using ROC analysis. Those for the biological and mechani-
cal complications were 39.80 and 46.57 months, respective-
ly. This information can be used to determine the optimal
petiod for follow-up by predicting the time at which com-

plications might occur. Such a strategy will help prevent
complications, while making it possible to explain the
importance of regular dental hospital visits to patients and
also providing them with motivation.

In the previous study, an excessively long HDNI (> 3.7
mm) was a significant factor affecting the prognosis of
ISSCs located in the first and second molar regions.”
However, in the present study, HDI was not an important
cause of the complications in 2-IS. This is probably due to
HDI has to be longer than HDNI in order to reduce the
alveolar bone loss,? and the reduction in the cantilever
effect due to dispersal of the occlusal forces when the
implant prosthesis is splinted. Moreover, careful consider-
ation should be given to a certain degree of HDI needing to
be established for an interproximal design in order to sim-
plify the use of oral hygiene products such as dental floss
and interdental brushes.

The results of this study need to be analyzed carefully
because they were limited by the lack of investigations of
various clinical factors that could affect implant restoration,
such as the individual physiological characteristics, occlusal
relationships, and parafunctional oral habits of each
patient.** Therefore, more reliable results can be expected
from future investigations of restorations involving two or
more splinted implants to analyze the effect of the above
factors on mechanical and biological complications and
from long-term evaluations. In addition, a careful prospec-
tive study of FLP should be performed, since the present
study found FLP to be an important factor affecting
mechanical and biological complications in 2-IS.

CONCLUSION

This study found 2-IS to be more advantageous than 1-IR
from mechanical aspects. However, the biological aspects of
2-1S need careful investigation. FLP are the most significant
clinical factor for the mechanical and biological complica-
tion rates of 2-IS. Biological complications come about in
FLP of 39.80 months and mechanical complications in FLP
of 46.57 months. Therefore, clinical consideration of FLP
will help to prevent the mechanical and biological complica-
tions of 2-IS.

ORCID

Jong-Bin Lee htp://orcid.org/ 0000-0002-6800-4337

Man-Yong Kim  b#p://orcid.org/ 0000-0002-8959-935X
Chang-Sung Kim  A#p://orcid.org/ 0000-0003-3902-1071
Young-Tack Kim A#p://orcid.org/ 0000-0002-5132-5783

REFERENCES

1. Naert I, Quirynen M, van Steenberghe D, Datius P. A six-year
prosthodontic study of 509 consecutively inserted implants
for the treatment of partial edentulism. ] Prosthet Dent 1992;
67:236-45.

2. van Steenberghe D, Lekholm U, Bolender C, Folmer T, Henry

The Journal of Advanced Prosthodontics 501



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

502

J Adv Prosthodont 2016;8:494-503

P, Herrmann I, Higuchi K, Laney W, Linden U, Astrand P.
Applicability of osseointegrated oral implants in the rehabili-
tation of partial edentulism: a prospective multicenter study
on 558 fixtures. Int ] Oral Maxillofac Implants 1990;5:272-81.
Grossmann Y, Finger IM, Block MS. Indications for splinting
implant restorations. ] Oral Maxillofac Surg 2005;63:1642-52.
Huang HL, Huang JS, Ko CC, Hsu JT, Chang CH, Chen MY.
Effects of splinted prosthesis supported a wide implant or
two implants: a three-dimensional finite element analysis. Clin
Oral Implants Res 2005;16:466-72.

Ishigaki S, Nakano T, Yamada S, Nakamura T, Takashima E
Biomechanical stress in bone surrounding an implant under
simulated chewing. Clin Oral Implants Res 2003;14:97-102.
Rangert B, Krogh PH, Langer B, Van Rockel N. Bending
overload and implant fracture: a retrospective clinical analysis.
Int J Oral Maxillofac Implants 1995;10:326-34. Erratum in:
Int ] Oral Maxillofac Implants 1996;11:575.

Brunski JB. In vivo bone response to biomechanical loading
at the bone/dental-implant interface. Adv Dent Res 1999;13:
99-119.

Miyata T, Kobayashi Y, Araki H, Ohto T, Shin K. The influ-
ence of controlled occlusal overload on peri-implant tissue.
Part 3: A histologic study in monkeys. Int ] Oral Maxillofac
Implants 2000;15:425-31.

Faucher RR, Bryant RA. Bilateral fixed splints. Int
Periodontics Restorative Dent 1983;3:8-37.

Isidor F Influence of forces on peri-implant bone. Clin Oral
Implants Res 20006;17:8-18.

Leung KC, Chow TW, Wat PY, Comfort MB. Peri-implant
bone loss: management of a patient. Int | Oral Maxillofac
Implants 2001;16:273-7.

Weinberg LLA. Reduction of implant loading using a modified
centric occlusal anatomy. Int ] Prosthodont 1998;11:55-69.
Skalak R. Biomechanical considerations in osseointegrated
prostheses. | Prosthet Dent 1983;49:843-8.

Brunski JB, Puleo DA, Nanci A. Biomaterials and biomechan-
ics of oral and maxillofacial implants: current status and fu-
ture developments. Int J Oral Maxillofac Implants 2000;15:
15-46.

Guichet DL, Yoshinobu D, Caputo AA. Effect of splinting
and interproximal contact tightness on load transfer by im-
plant restorations. ] Prosthet Dent 2002;87:528-35.

Misch CE, Goodacre CJ, Finley JM, Misch CM, Marinbach
M, Dabrowsky T, English CE, Kois JC, Cronin R]J Jr.
Consensus conference panel report: crown-height space
guidelines for implant dentistry-part 1. Implant Dent 2005;
14:312-8.

Barbier L, Schepers E. Adaptive bone remodeling around oral
implants under axial and nonaxial loading conditions in the
dog mandible. Int J Oral Maxillofac Implants 1997;12: 215-
23.

Herbst D, Nel JC, Driessen CH, Becker PJ. Evaluation of im-
pression accuracy for osseointegrated implant supported su-
perstructures. ] Prosthet Dent 2000;83:555-61.

Naert I, Koutsikakis G, Duyck ], Quirynen M, Jacobs R, van
Steenberghe D. Biologic outcome of implant-supported res-

torations in the treatment of partial edentulism. part I: a lon-

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

gitudinal clinical evaluation. Clin Oral Implants Res 2002;13:
381-9.

Stegaroiu R, Sato T, Kusakari H, Miyakawa O. Influence of
restoration type on stress distribution in bone around im-
plants: a three-dimensional finite element analysis. Int | Oral
Maxillofac Implants 1998;13:82-90.

Landry KE, Johnson PF, Parks V], Pelleu GB Jr. A photoelas-
tic study to determine the location of the nonrigid connector
in a five-unit intermediate abutment prosthesis. ] Prosthet
Dent 1987;57:454-7.

Nissan J, Gross O, Ghelfan O, Priel I, Gross M, Chaushu G.
The effect of splinting implant-supported restorations on
stress distribution of different crown-implant ratios and
crown height spaces. ] Oral Maxillofac Surg 2011;69:2990-4.
Klinge B, Meyle J, Working Group. Peri-implant tissue de-
struction. The Third EAO Consensus Conference 2012. Clin
Oral Implants Res 2012;23:108-10.

Tarnow DP, Cho SC, Wallace SS. The effect of inter-implant
distance on the height of inter-implant bone crest. ] Periodontol
2000;71:546-9.

Rangert BR, Sullivan RM, Jemt TM. Load factor control for
implants in the posterior partially edentulous segment. Int J
Oral Maxillofac Implants 1997;12:360-70.

Nissan J, Ghelfan O, Gross O, Priel I, Gross M, Chaushu G.
The effect of crown/implant ratio and crown height space on
stress distribution in unsplinted implant supporting restora-
tions. ] Oral Maxillofac Surg 2011;69:1934-9.

Morneburg TR, Proschel PA. In vivo forces on implants in-
fluenced by occlusal scheme and food consistency. Int |
Prosthodont 2003;16:481-6.

Nothdurft FP, Nonhoff ], Pospiech PR. Pre-fabricated zirco-
nium dioxide implant abutments for single-tooth replacement
in the posterior region: success and failure after 3 years of
function. Acta Odontol Scand 2014;72:392-400.

Jung RE, Zembic A, Pjetursson BE, Zwahlen M, Thoma DS.
Systematic review of the survival rate and the incidence of
biological, technical, and aesthetic complications of single
crowns on implants reported in longitudinal studies with a
mean follow-up of 5 years. Clin Oral Implants Res 2012;23:
2-21.

Jung RE, Pjetursson BE, Glauser R, Zembic A, Zwahlen M,
Lang NP. A systematic review of the 5-year survival and com-
plication rates of implant-supported single crowns. Clin Oral
Implants Res 2008;19:119-30.

Simon RL. Single implant-supported molar and premolar
crowns: a ten-year retrospective clinical report. | Prosthet
Dent 2003;90:517-21.

Weber HP, Sukotjo C. Does the type of implant prosthesis af-
fect outcomes in the partially edentulous patient? Int ] Oral
Maxillofac Implants 2007;22:140-72.

Lee JH, Lee JB, Park JI, Choi SH, Kim YT. Mechanical com-
plication rates and optimal horizontal distance of the most
distally positioned implant-supported single crowns in the
posterior region: A study with a mean follow-up of 3 years. ]
Prosthodont 2015 Jun 19.

Theoharidou A, Petridis HP, Tzannas K, Garefis P. Abutment

screw loosening in single-implant restorations: a systematic



35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

40.

47.

48.

The prognosis of splinted restoration of the most-distal implants in the posterior region

review. Int J Oral Maxillofac Implants 2008;23:681-90.
Miyaura K, Matsuka Y, Morita M, Yamashita A, Watanabe T.
Comparison of biting forces in different age and sex groups:
a study of biting efficiency with mobile and non-mobile
teeth. ] Oral Rehabil 1999;26:223-7.

Ferrario VE, Sforza C, Serrao G, Dellavia C, Tartaglia GM.
Single tooth bite forces in healthy young adults. ] Oral Rehabil
2004;31:18-22.

Sepetcioglu F, Ataman BA. Long-term monitoring of micro-
leakage of cavity varnish and adhesive resin with amalgam. J
Prosthet Dent 1998;79:136-9.

Bidra AS. Nonsurgical management of inflammatory periim-
plant disease caused by food impaction: a clinical report. |
Prosthet Dent 2014;111:96-100.

Kim YK, Kim SG, Yun PY, Hwang JW, Son MK. Prognosis of
single molar implants: a retrospective study. Int ] Periodontics
Restorative Dent 2010;30:401-7.

Levin L, Laviv A, Schwartz-Arad D. Long-term success of
implants replacing a single molar. ] Periodontol 2006;77:
1528-32.

Biancu S, Ericsson I, Lindhe J. Periodontal ligament tissue te-
actions to trauma and gingival inflammation. An experimental
study in the beagle dog. | Clin Periodontol 1995;22:772-9.
Abrahamsson I, Berglundh T, Lindhe J. The mucosal barrier
following abutment dis/reconnection. An expetimental study
in dogs. J Clin Periodontol 1997;24:568-72.

Simonis P, Dufour T, Tenenbaum H. Long-term implant sur-
vival and success: a 10-16-year follow-up of non-submerged
dental implants. Clin Oral Implants Res 2010;21:772-7.
Linkevicius T, Vladimirovas E, Grybauskas S, Puisys A,
Rutkunas V. Veneer fracture in implant-supported metal-ce-
ramic restorations. Part I: Overall success rate and impact of
occlusal guidance. Stomatologija 2008;10:133-9.

Pjetursson BE, Tan K, Lang NP, Brigger U, Egger M,
Zwahlen M. A systematic review of the survival and compli-
cation rates of fixed partial dentures (FPDs) after an observa-
tion period of at least 5 years. Clin Oral Implants Res 2004;
15:667-76.

Yuan JC, Sukotjo C. Occlusion for implant-supported fixed
dental prostheses in partially edentulous patients: a literature
review and current concepts. ] Periodontal Implant Sci 2013;
43:51-7.

Johansson A, Omar R, Carlsson GE. Bruxism and prosthetic
treatment: a critical review. ] Prosthodont Res 2011;55:127-
36.

Falcon-Antenucci RM, Pellizzer EP, de Carvalho PS, Goiato
MC, Noritomi PY. Influence of cusp inclination on stress dis-
tribution in implant-supported prostheses. A three-dimen-
sional finite element analysis. ] Prosthodont 2010;19:381-6.

The Journal of Advanced Prosthodontics

503



