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Abstract
Purpose: The purpose of this retrospective study was to determine the 3-year me-
chanical complication rates of the most distally positioned implant-supported single
crowns (ISSCs) in the posterior region, and how these complication rates are affected
by several clinical factors (i.e., gender, mean age, horizontal distance [HD], position in
the jaw, placement location, duration of functional loading, clinical crown-to-implant
length ratio [C/I ratio], and crown height space of the implant).
Materials and Methods: The mechanical complications (i.e., abutment screw loos-
ening [ASL], abutment screw fracture [ASF], and ceramic fracture [CF]) associated
with the implants were identified by examining the patients’ treatment records, clinical
photographs, and intraoral periapical radiographs. Statistical analyses were performed
using chi-square and Student’s t-test to identify the relationship between various clin-
ical factors and the mechanical complication rates. Receiver operating characteristics
analysis was conducted to determine the optimal cut-off value for the HD between the
most distally positioned ISSCs and the mesially adjacent natural tooth beyond which
complications occur.
Results: The study inclusion criteria were met by 183 patients who had undergone
implant surgery in the period 2004 to 2011, involving a total of 221 implant treatments.
Mechanical complications were present in 40 (18.1%) of the 221 investigated ISSCs.
ASL was the most common complication (n = 28, 12.7%), followed in order by CF
(n = 9, 4.1%) and ASF (n = 3, 1.4%). Repeated ASL and CF occurred in four (1.8%)
and two (0.9%) implants, respectively. The mechanical complication rates differed
significantly between implants with different HDs (p = 0.009) and clinical C/I ratios
(p = 0.019); however, there was no significant association between the other clinical
factors and the mechanical complication rates.
Conclusion: Within the limitations of this study, it appears that the incidence of
mechanical complications is higher for the most distally positioned ISSCs in the
posterior region than for those positioned at other sites. Furthermore, since the rate of
mechanical complications increases with increasing HD, an HD of 3.7 mm or less is
recommended.

Despite the predictable treatment modality of implant-
supported single crowns (ISSCs), biological and mechanical
complications frequently occur.1,2 Mechanical complications
such as abutment screw loosening (ASL), abutment screw frac-
ture (ASF), and fractures of the veneer material (chipping or
ceramic fractures [CF]) tend to occur more frequently with

ISSCs than with implant-supported fixed dental prostheses
(ISFDPs).2,3 In a systematic review of longitudinal studies of
ISSCs, the cumulative incidence rates of occlusal screw loos-
ening or ASL, loss of retention, and CF were 8.8%, 4.1%,
and 3.5%, respectively, after 5 years.2 In particular, a high
prevalence of mechanical complications has been reported for
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implants placed in the posterior region.4 Cha et al reported that
the rate of ASL was 37.7% for single-molar replacements in the
posterior region.5 Excessive or parafunctional mastication dy-
namics (e.g., high occlusal force, bruxism, and clenching) and
anatomic characteristics (e.g., alveolar bone resorption, pres-
ence of the inferior alveolar nerve or maxillary sinus floor, and
bone quality) can cause occlusal overloading and/or non-axial
loading, increasing the risk of mechanical complications in the
posterior region.6-10

Clinical and engineering studies have explored various im-
plant designs and the materials used to construct them, with
the aim of reducing the mechanical complication rates and en-
abling successful maintenance of ISSCs placed into the poste-
rior region.11-15 In an effort to increase prosthesis success rates
in the posterior region, it was proposed that two small-diameter
implants should be placed into a missing single tooth area; how-
ever, such a protocol is difficult to apply in most cases, and so is
only applicable to a limited range of patients.4,11 Engineering
studies have revealed that the design and material properties
of the implant significantly impact the mechanical complica-
tion rates.12 From the design perspective, since internal systems
are mechanically more stable than external systems, an inter-
nal implant/abutment connection is currently used more widely
since it is more likely to prevent mechanical complications.14,16

Regarding the materials used to fabricate implants, those fabri-
cated using a strong substance such as zirconia are useful, and
may be applied with care to the posterior region; however, there
is insufficient long-term data about their efficacy.17-19 Most pre-
vious studies have aimed to reduce the occurrence of fatigue
between the implant fixture and its abutment, increase the resis-
tance to fracture, and/or maintain rigid and stable connections
between the crown and the abutment, and between the abutment
and the implant fixture.12,13

Many previous studies have focused on the mechanical com-
plications that occur in ISSCs placed in the posterior region.
The placement of ISSCs in the posterior region has recently
been recognized for its benefits as a predictable treatment
modality.20,21 However, insufficient studies have focused on
the most distally positioned single-molar replacements, which
means that controversy remains regarding the correlation be-
tween mechanical complications and clinical factors (i.e., gen-
der, mean age, the horizontal distance [HD] between the most
distally positioned ISSCs and the mesially adjacent natural
tooth, position in the jaw, placement location, duration of func-
tional loading, clinical crown-to-implant length ratio (C/I ra-
tio), and crown height space (CHS) of the implant).22,23 The
aim of the present study was to determine the mechanical com-
plication rates of the most distally positioned ISSCs in the
posterior region, and to elucidate the effects of clinical factors
thereon.

Materials and methods
Treatment protocol

This study was carried out at the Department of Periodon-
tology, National Health Insurance Service (NHIS), Ilsan Hos-
pital, and was approved by the Institutional Review Board of
NHIS Ilsan Hospital (approval #2013-083). All implant surgery

was performed by a periodontologist. Implant fixtures with
a sandblasted, large-grit, acid-etched surface and an internal
connection with microthreads (Implantium; Dentium, Seoul,
South Korea) were used, and were placed mainly using a
one-stage procedure without any advance surgery, as per the
manufacturer’s recommended protocol. Customized abutment
and screw-cement-retained implant-supported metal ceramic
crowns were selected according to the prosthodontist’s prefer-
ence. Occlusion was adjusted to obtain optimal centric and ec-
centric contact forces. The final prosthesis was delivered more
than 3 months after implant placement. After the final setting
of the ISSC, maintenance care focusing on oral hygiene was
provided every 3 to 6 months, and intraoral periapical radio-
graphs were taken every 12 months using the parallel-cone
technique.

Patient sample

The patients were reviewed at the General Hospital to identify
patients who had undergone implant placement in the period
2004 to 2011. The following inclusion criteria were applied:
aged 20 to 80 years, good systemic health (including controlled
medical diseases), and placement of ISSCs into the most distal
position of the posterior region. Patients with a severe systemic
disease, advanced periodontitis or peri-implantitis, and heavy
clenching or bruxism were excluded from this study.

Data collection and radiographic examination

In total, 221 implants in the 183 patients who satisfied the
inclusion criteria were investigated. The mechanical compli-
cations (ASL, ASF, and CF) occurring in association with the
investigated implants were identified by examining the patients’
treatment records, clinical photographs, and intraoral periapi-
cal radiographs. The clinical C/I ratio was measured as the
length from the clinical crown (the fulcrum being located at the
marginal bone) to the implant, and the CHS was measured as
the space between the crest bone and the occlusal plane in the
posterior region.24,25 The HD between the crestal bone levels
of the most distally positioned ISSCs and the mesially adjacent
natural tooth was measured for each implant (Fig 1). Distor-
tion errors such as those due to magnification differences were
corrected for by calibrating the clinical C/I ratio, CHS, and HD
using the inter-thread distance (0.6 mm) as a reference at a
PACS-workstation (Centricity GE Healthcare, Waukesha, WI).

Statistical analysis

Statistical analyses were performed using chi-square (χ2) and
Student’s t-test (two-tailed, independent samples) to identify
the relationship between clinical variables (i.e., gender, mean
age, HD, position in the jaw, placement location, functional
duration, clinical C/I ratio, and CHS of the implant) and me-
chanical complication rates. Receiver operating characteristics
(ROC) analysis was conducted to determine the optimal cut-off
value for the HD. All statistical analyses were carried out us-
ing SPSS Statistics v19 (SPSS Inc., Chicago, IL) and post-hoc
power analyses using G*power version 3.1 for Macintosh. The
level of significance was set at p < 0.05.

518 Journal of Prosthodontics 24 (2015) 517–524 C© 2015 by the American College of Prosthodontists



Lee et al Mechanical Complication Rates of Single Implants

Figure 1 Radiographic illustration of the measurement of the horizontal
distance between the implant edge and an adjacent natural tooth (a, the
most coronal bone-to-implant contact point; b, the most coronal bone-
to-natural tooth contact point).

Results
Study population

The inclusion criteria were met by 183 patients (91 men, 92
women) with a mean age of 55.3 years (range, 22 to 73 years).
The implants were distributed in the posterior jaw as follows:
maxillary first molar, n = 62 (28.1%); second molar, n = 24
(10.8%); mandibular first molar, n = 86 (38.9%); and sec-
ond molar, n = 49 (22.2%). In total, 86 (38.9%) and 135
(61.1%) implants were placed in the maxilla and mandible,
respectively. The mean duration of functional loading was 37.8
months (range, 5 to 132 months; Table 1).

Mechanical complication rates

Mechanical complications were present in 40 (18.1%) of the
221 investigated posterior single-tooth implants. ASL was the
most common complication (n = 28, 12.7%), followed by CF
(n = 9, 4.1%) and ASF (n = 3, 1.4%). Repeated ASL and
CF were performed for four (1.8%) and two (0.9%) implants,
respectively (Table 2).

Relationship between implant position and
mechanical complications

Figure 2 shows the frequency distribution of implants according
to their position in the jaw. Complications were found for 9
(4.1%) of the 62 implants placed in the maxillary first molar
position (ASL, n = 7; ASF, n = 1; CF, n = 1), for 7 (3.2%) of
the 24 implants placed in the maxillary second molar position
(ASL, n = 4; ASF, n = 1; CF, n = 2), for 13 (5.9%) of the 86
implants placed in the mandibular first molar position (ASL,
n = 10; ASF, n = 0; CF, n = 3), and for 11 (5.0%) of the 49
implants placed in the mandibular second molar position (ASL,
n = 7; ASF, n = 1; CF, n = 3).

Table 1 Implants in the study population

Patients, n = 183 n (%)

Gender
Male 91 (49.7)
Female 92 (50.3)

Age, mean (range) 55.3 years
(22–73 years)

20–29 years 4 (2.2)
30–39 years 9 (4.9)
40–49 years 41 (22.4)
50–59 years 93 (51.4)
60–69 years 50 (27.3)
70–79 years 24 (13.1)

Implants, n = 221 n (%)
Position

Maxilla 86 (38.9)
First molar 62 (28.1)
Second molar 24 (10.8)
Mandible 135 (61.1)
First molar 86 (38.9)
Second molar 49 (22.2)

Duration of functional loading, mean
(range)

37.8 months
(5–132 months)

Up to 2 years 48 (21.7)
2–3 years 59 (26.7)
3–4 years 56 (25.3)
4–5 years 46 (20.8)
>5 years 12 (5.4)

Except where stated otherwise, the data are n (%) values

Table 2 Mechanical complication rates of the most distally positioned
implant-supported single crowns (ISSCs) in the posterior region

Implants, n = 221 n %

ASL 28 12.7
CF 9 4.1
ASF 3 1.4
Repeated ASL 4 1.8
Repeated CF 2 0.9

ASL, abutment screw loosening; CF, ceramic fracture; ASF, abutment screw

fracture

Relationship between the duration of functional
loading and mechanical complications

Examination of the incidence of mechanical complications rel-
ative to the duration of functional loading revealed that 26 of the
40 implants (65%) exhibited mechanical complications within
the first 6 months after functional loading. ASL alone occurred
in 17 implants within the first 6 months, whereas CF alone
occurred in just 4 during that same period. In three patients,
ASL and ASF occurred simultaneously, and in two, ASL and
CF occurred simultaneously (Fig 3). ASF did not occur alone
at any time point after functional loading. ASL accompany-
ing CF also occurred in two implants after the first 6 months,
and in one implant at 7 to 12 months of functional loading
(Fig 4).
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Figure 2 Frequency distribution of implants according to their posi-
tion in the jaw and the mechanical complication rates of the most
distally positioned implant-supported single crowns (ISSCs) in the
posterior region. ASL, abutment screw loosening; ASF, abutment
screw fracture; CF, ceramic fracture.

Figure 3 (A) Clinical photograph showing implant fail-
ure due to the simultaneous occurrence of ASL and ASF
(white arrow). (B) Clinical photograph showing implant
failure due to the simultaneous occurrence of ASL and
CF (black arrow).

Relationship between clinical factors and
mechanical complications

The incidence of mechanical complications was significantly
associated with the clinical C/I ratio (p = 0.019) and HD
(p = 0.009); post-hoc power analysis indicated that the
study had powers of 0.834 and 1.00 for these values, re-

spectively. There was no significant relationship between
mechanical complication rates and other clinical factors such as
gender, mean age, position in the jaw, placement location, du-
ration of functional loading, and CHS of the implant (Table 3).
The clinical C/I ratios in the success and complications groups
were 0.9 ± 0.2 (mean ± SD; range, 0.6 to 1.7) and 1.0 ±
0.2 (range, 0.6 to 1.7), respectively; the corresponding CHS
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Figure 4 Incidence of mechanical complica-
tions according to the duration of functional
loading.

Table 3 Mechanical complication rates according to gender, mean age,
horizontal distance (HD) between the most distally positioned ISSCs
and the mesially adjacent natural tooth, position in the jaw, placement
location, duration of functional loading, clinical crown-to-implant length
ratio (C/I ratio), and crown height space (CHS) of the implant.

Complications Success
group (n = 40) group (n = 181) p

Gender
Male (n) 26 91 0.091∗

Female (n) 14 90
Age (years) 53.1 ± 9.2 56.1 ± 10.8 0.112†

Position in the jaw
Maxilla (n) 16 70 0.860∗

Mandible (n) 24 111
Placement location

First molar (n) 22 126 0.075∗

Second molar (n) 18 55
Duration of functional

loading (months)
35.1 ± 26.4 38.3 ± 12.7 0.413†

Clinical C/I ratio 1.0 ± 0.2 0.9 ± 0.2 0.019†

CHS (mm) 10.8 ± 1.9 10.4 ± 1.9 0.253†

HD (mm) 3.8 ± 0.2 3.1 ± 0.1 0.009†

Except where stated otherwise, the data are mean ± SD values

†Student’s t-test (two-tailed, independent samples)

*Chi-square test

values were 10.4 ± 1.9 mm (range, 5.9 to 19.7 mm) and 10.8 ±
1.9 mm (range, 7.3 to 16.1 mm), and the HD values were
3.1 ± 0.1 mm (range, 0.4 to 5.8 mm; including 181 posterior
single-tooth implants) and 3.8 ± 0.2 mm (range, 1.1 to 6.0 mm;
including 40 posterior single-tooth implants). Figure 5 shows
the HD ROC curve. The area under the ROC curve for the op-
timal HD was 3.7 mm (95% confidence interval, 0.52–0.72). A
cut-off HD value of 3.7 mm yielded sensitivity and specificity
values of 62.6% and 53.8%, respectively.

Discussion

This study explored treatment outcomes of the most distally
positioned ISSCs in the posterior region. The mechanical

Figure 5 Receiver operator characteristics (ROC) curve of the HD in
this study. The area under the ROC curve (AUC) for the HD is 3.7 mm
(standard error, 0.049; 95% confidence interval, 0.52–0.72).

complication rates reported herein are higher than those found
in previous studies focusing primarily on ISSCs, and a statis-
tically significant relationship was found between HD and the
occurrence of mechanical complications (p = 0.009).2,12 There
were 40 (18.1%) complications among the 221 implants exam-
ined. The rates of occurrence of ASL, ASF, CF, repeated ASL,
and repeated CF were 12.7%, 1.4%, 4.1%, 1.8%, and 0.9%,
respectively. Several of those studies noted that ASL and CF
are major mechanical complications of ISSCs. According to re-
ports based on research with various follow-up durations, from
6 months to 10 years depending on the position and number
of implants, the occurrence rate of ASL ranged from 2.4% to
8.8%.2,13,20,26 According to those studies, ASF always occurred
in association with ASL, indicating that the two complications
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are related. ASL causes a change in both the centric and ec-
centric contact forces, which is thought to be the main cause
of ASF; it is believed that the co-occurrence of ASL and CF
has a similar etiology.27 In the present study, the incidence of
mechanical complications tended to be significantly reduced
with longer durations of functional loading, and simultaneous
occurrence of ASF and ASL, and CF and ASL did not occur
after a functional loading time of �1 year.

In this study, the rate of mechanical complications did not
differ significantly with gender (p = 0.091); however, 65% of all
mechanical complications occurred in male patients, a finding
that appears to be attributable to the biting force and occlusal
contact area being greater in males than in females.28,29 The
mechanical complication rate also did not differ significantly
between implants placed in the first molar and second molar
positions (p = 0.075). Such mechanical complications occur
more frequently for second molars (24.7%) than for first molars
(14.9%). These complications are thought to be attributable to
frequent interference in the balance and the occlusal forces
applied to the second molar, which are at least 10% higher than
those applied to the first molar.30 The mechanical complication
rate did not differ significantly with the position in the jaw (i.e.,
between the upper and lower jaw; p = 0.860) or functional
duration (p = 0.413).

For ISFDPs placed in the posterior region, an unfavorable
C/I ratio (anatomical and/or clinical C/I ratio of �2) leads
to an increase in stress due to non-axial loading on the im-
plant and marginal bone.31 However, it has been reported that
biomechanical complications do not occur if the C/I ratio is
favorable.17,26 In the present study, the C/I ratio appeared to dif-
fer significantly between the success and complications groups,
at 0.9 ± 0.2 (range, 0.6 to 1.7) and 1.0 ± 0.2 (range, 0.6
to 1.7), respectively (p = 0.019); however, since both groups
had a C/I ratio of close to 1:1, with a maximum value of 1.7,
it was estimated that the difference was actually not statisti-
cally significant.31,32 Furthermore, a recent study found that
the incidence of biomechanical complications is more signif-
icantly related to the CHS of ISFDPs than to the C/I ratio,
such that a higher CHS leads to more serious biomechan-
ical complications due to the vertical cantilever and angled
loads.18,26-28 Nissan et al reported that the acceptable CHS
range is between 8 and 12 mm, and that a value of �15
mm is associated with an increased frequency of prosthetic
failure.33 The results of the present study show that the CHS
values in the success and complications groups were 10.4 ±
1.9 mm (range, 5.9 to 19.7 mm) and 10.8 ± 1.9 mm (range,
7.3 to 16.1 mm), respectively; there was no significant group
difference (p = 0.253). In addition, in cases where the CHS was
>12 mm (constituting 7 out of 40 [17.5%] in the complications
group and 32 out of 181 [17.7%] in the success group), there
were no major differences between the two groups. Therefore,
CHS could be excluded as a factor affecting the mechanical
complications in this study.

The HD in the anterior region is largely determined by
esthetic factors.34 Esposito et al reported that HD values of
�1 and �2 mm resulted in 2.22 and 1 mm of vertical bone
resorption, respectively.35 Gastaldo et al reported that the ideal

HD at the interproximal papilla was 3 to 4 mm.36 However,
in the case of posteriorly placed ISSCs, the HD should be
determined by considering the occlusal force distribution.27

Clinically, the optimal HD in the most distally placed ISSCs is
one of the key factors underlying implant success, in terms of
preventing failure and the mechanical complications caused by
an unfavorable cantilever effect and bending movements.31,37

Therefore, the width of implant-supported prostheses should
be decreased by reducing the HD for these ISSCs.27 However,
various factors make it difficult to reduce the HD, such as the
degree of root divergence, occlusion with the antagonist teeth,
esthetic issues, interproximal bone resorption, and certain prac-
tical difficulties encountered during the surgery.4,34,38

It is now accepted that the HD can affect the success of
the most distally positioned ISSCs in the posterior region, but
the actual optimal HD (i.e., beyond which mechanical com-
plications become significant) was not previously defined. The
present study performed an ROC analysis to determine the re-
lationship between the HD and the presence of mechanical
complications for a single-tooth implant in the posterior region
of the jaw. The ROC curve indicated that the probability of
experiencing mechanical complications increased with an HD
of �3.7 mm. Although the measured cut-off value is not suf-
ficiently reliable for use as a reference value for the onset of
mechanical complications according to HD, it may be taken into
account during ISSC placement in the posterior region, since it
has been established that the risk of mechanical complications
increases with increasing HD.

The results of this study must be interpreted with caution due
to it being subject to several limitations, including the patients’
physiological factors and occlusal loading factors such as the
3D bite force and the occlusal scheme, the lack of morpholog-
ical evaluation, and exclusion of patients with parafunctional
activities, which may represent confounding factors or cofac-
tors for the patient sample.39-43 A longer and more careful
prospective and retrospective, long-term study might be neces-
sary, and future studies are expected to include these factors and
identify the correlation between the occurrence of mechanical
complications and distal placement of ISSCs in the posterior
region.

Conclusion

Within the limitations of this study, the incidence of mechanical
complications for the most distally positioned ISSCs in the
posterior region is relatively high compared with other ISSCs.
The results of this study suggest that the HD for these most
distally positioned ISSCs should not exceed 3.7 mm in order to
reduce the occurrence of mechanical complications.
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