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There is paucity of the studies that assess the outcomes of short dental implants with a follow-up time
higher than 10 years. This study aims to evaluate the long-term (15 years) survival and marginal bone loss
around short dental implants and assess the influence of the anatomical location (mandible or maxilla)
on these outcomes. A clinical retrospective study of short dental implants (<8.5 mm) was conducted in
a single private dental clinic. The predictor variable was the anatomical location (mandible or maxilla).

é(ﬁyvzo‘rds:l . The primary outcome was the dental implant survival rate. The secondary outcomes were the marginal
Log;_:::ﬁfn bone loss, the prosthesis failures and the influence of anatomical location, the antagonist type, and the

clinical/anatomical crown-to-implant ratio (CIR) on the marginal bone loss and implant success rate.
Descriptive analysis was performed for patients’ demographic data, implant details, and prosthetic vari-
ables. Kaplan-Meier method was used to assess the implant survival rate. Fifty patients with a mean age
of 59 + 10years had a mean follow-up time of 15 years. Seventy five implants were placed being 30 in
the maxilla and 45 in the mandible. The implant position did not affect significantly the implant survival.
The marginal bone loss has been significantly higher in the maxilla than the mandible. The implant sur-
vival rate was 93.3%. Short dental implants could be indicated to support fixed partial prosthesis in the
mandible and the maxilla. Implant position may affect the marginal bone loss around the short dental
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Marginal bone loss
Bone type

implants.

© 2018 Published by Elsevier GmbH.

1. Introduction

The clinical management of alveolar bone atrophy requires ade-
quate treatment planning to offer the patient a therapy with less
surgical complications, adequate postoperative recovery and capa-
ble to save time and costs (Anitua and Alkhraisat, 2016; Esposito
et al., 2011). Patient rehabilitation with short dental implants may
be the preferred treatment in atrophic alveolar bone as they have
been associated with lower biological complications, decreased
morbidity, costs and surgical time (Anitua et al., 2017; Bechara
et al.,, 2017; Nisand et al., 2015; Thoma et al., 2015). Thus, short
implants would save the need for vertical bone augmentation or at
least reduce the amount of bone height to gain (Anitua etal., 2014a;
Anitua et al., 2013a; Anitua et al., 2017; Esposito et al., 2011). Sev-
eral systematic reviews have underlined the predictability of short
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implants in regards to implant survival, marginal bone loss, and
prosthodontic failures (Lee et al., 2014; Monje et al., 2013; Nisand
etal., 2015; Srinivasan et al., 2012,2014; Telleman et al., 2011). The
use of short dental implants would reduce significantly intraopera-
tive and postoperative complications (Lee et al., 2014; Nisand et al.,
2015; Thoma et al., 2015).

However, higher number of clinical studies are needed to assess
the long-term prognosis of short dental implants. Especially when
the data of the life expectancy at birth in 2015 are 80.6 and
78.8 years in Europe and USA, respectively. This means that if a
short dental implant is placed at age of 65, then it will be working
for about 15years. In fact, few studies are available with a mean
follow-up time higher than 10 years (Anituaetal.,2014b; Lopsetal.,
2012; Mertens et al., 2012).

The bone quality is one of the anatomical factors that affect the
success/failure of the dental implants (Bahat, 2000; Friberg et al.,
1999; Jaffin and Berman, 1991). Bone quality is a collective term
that refers to the mechanical properties, architecture, degree of
mineralization, chemical composition and remodeling properties
of bone (Shapurian et al., 2006). In the practice of implant den-
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tistry, bone quality is generally assumed to be equivalent to bone
density (Molly, 2006). The mandible has a higher bone density than
the maxilla (Truhlar et al., 1997). The bone density is the highest
in the anterior mandible and the lowest in the posterior max-
illa (Truhlar et al., 1997). High implant failure rates for maxillary
bone with low density have been observed (Khang et al., 2001;
Tabassum et al., 2011). Similarly, implant failure has been more
common in low density bone (Pagliani et al., 2013; Sennerby and
Roos, 1998). Higher survival rate have been reported for implants
in the mandible than those in the maxilla (Albrektsson, 1988).

The purpose of the study was to assess the long-term out-
comes of short dental implants supporting a cemented fixed-partial
prosthesis. The null hypothesis was the absence of significant
differences between the mandible and maxilla in the long-
term survival of short dental implants placed in the posterior
(premolar-molar) segments, supporting a cemented fixed-partial
prosthesis. The specific aims of the study were: (1) to estimate
the cumulative survival rate and success rate of the short dental
implants, (2) to measure the marginal bone loss around the dental
implants, (3) to estimate the survival rate of the dental prostheses,
and (4) to assess the influence of anatomical location, the antag-
onist type, and the crown-to-implant ratio (CIR) on the marginal
bone loss and implant success rate.

2. Materials and methods
2.1. Study design

The investigators designed and implemented a retrospective
clinical study. The manuscript was prepared according to the
Strengthening the Reporting of Observational studies in Epidemi-
ology (STROBE) guidelines (von Elm et al., 2007). The study
population was patients with dental implants who were treated
in a private dental clinic in Vitoria, Spain. In this study, the case
selection criteria were patients had to be older than 18 years old
at the time of surgery, the insertion of at least one dental implant
with a length <8.5 mm before December 2001, the implants were
inserted in the premolar-molar region of both maxillae and the
implant-supported prosthesis was a cemented fixed partial den-
ture.

Patients were excluded as study subjects if one or more of
the inclusion criteria were not satisfied. There were no specific
exclusion criteria. One hundred and seventy one implants with
a length <8.5 mm were placed in 99 patients before September
2002. A total of 60 implants in 27 patients were excluded. Forty six
implants were supporting a complete prosthesis and 8 were single-
unit implants. Three implants were supporting a screw-retained
partial prosthesis and another 3 implants were placed in the ante-
rior maxilla. For that, the study cohort was composed of 111 dental
implants placed in 72 patients.

This study was performed following the Helsinki declaration
regarding the investigation with human subjects.

2.2. Variables

The patients’ demographic data (sex and age) were obtained.

The predictor variable was the anatomical location (mandible or
maxilla). The primary outcome was the implant survival, defined
as whether the implant is still physically in the mouth or has been
removed. The cumulative implant survival rate was assessed by
time-to-event analyses (Kaplan-Meir method).

The secondary outcomes were: (1) the implant success rate, (2)
the marginal bone loss after loading defined as the increase in the
distance between the uppermost point of the implant platform
and the most coronal bone-implant contact after loading, (3) the

anatomical crown to implant ratio (the anatomical crown length
divided by the implant length), (4) the clinical crown to implant
ratio (the distance between the uppermost point of the crown to
the marginal alveolar bone divided by the implant length), (5) the
number of splinting implants, (6) the antagonist type, and (7) the
survival of the dental prosthesis defined as the first definitive pros-
thesis is still physically in the mouth at the last visit.

2.3. Data collection methods

Dental implants were followed clinically and radiographically
to identify any sign of implant failure. The implant/prosthesis sur-
vival was positively evaluated if the implant/prosthesis was present
at the last follow-up. The measurement of the marginal bone loss
was performed on the most recent panoramic radiograph. The lin-
ear measurements was calibrated by the known implant length
(Sidexis software, Sirona, USA). The bone level recorded just after
the placement of the provisional prosthesis served as a reference
for the measurement of the marginal bone loss.

Before surgery, patients underwent a routine periodontal treat-
ment before implant surgery. The treatment plan was set after
clinical examination and the study of the diagnostic wax-up and
cone-beam computerized tomography (CBCT) scans (Anitua et al.,
2015; Anituaetal.,2012,2013b). Patients received 2 g of amoxicillin
(600 mg of clindamycin for allergic patients) 60 min before surgery
and 1 g of acetaminophen 30 min preoperatively. Local anesthesia
was achieved by the administration of articaine hydrochloride with
epinephrine (1:100,000).

An experienced surgeon (EA) had placed all the dental implants.
After the reflection of a full-thickness flap, implant sites were
marked by the initial drill (1.5 mm drill) working at 850-100 rpm
under irrigation. Implant site preparation was continued with
diameter drills (Anituaetal.,2015; Anituaetal.,2007). The implants
were wetted by plasma rich in growth factors (BTI Biotechnology
Institute; Vitoria, Spain) (Anitua, 1999; Anitua et al., 2013c). For
placing the dental implant, the surgical motor was set at 25 Ncm
and the implants were finally seated manually by a calibrated
torque wrench. The implants evaluated in this study were cylindri-
cal and had an moderately-rough and acid-etched surface (Anitua
et al., 2008).

None of the implants were immediately loaded. Non submerged
healing was performed in 50 implants and submerged healing in
25 implants. The implants loading was performed 5 42 months
(range: 3-8 months) after insertion. The prosthetic rehabilitation
was performed on surgical abutments (not at the implant platform).
The definitive prosthesis was placed after 6-9 months of progres-
sive loading with a provisional prosthesis. The occlusal scheme
was the maximum intercuspation with mutual protection. The
follow-up visits were normally at one week, 1, 3, 6 months after
intervention and then once a year. The implant health status and
complications were evaluated clinically and radiographically.

2.4. Data analysis

Descriptive statistics were performed considering the implant
and the patient as a unit of analysis. Absolute and relative fre-
quency distributions were calculated for qualitative variables and
mean values and standard deviations for quantitative variables.
Shapiro-Wilk test was selected to check the normal distribution
of the data. Qualitative variables were compared by x2 test. The t-
test was selected to compare the variables of age and marginal bone
loss between the mandible and the maxilla. The Mann-Whitney U
test was selected to compare the variables of the crown-to-implant
ratio and the follow-up time between the mandible and the maxilla.
The analysis of variance (ANOVA) has been selected to assess the
effect of the variables of sex, smoking, antagonist type and number
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Table 1
Patients data grouped by the implant location (maxilla/mandible).
Sex (number of Age (years) Smoking
patients) (number of
patients)
Male Female Yes No
Macxilla 7 15 60+9 8 14
Mandible 4 24 58+11 5 23
p 0.137° 0.331° 0.139°
2 Chi square test.
b T test.
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Fig. 1. Anatomical position of the placed dental implants.

of splinting implants on the MBL. Linear regression was selected to
test the effect of age, crown-to-implant ratio (clinical and anatomi-
cal) and implant diameter on the marginal bone loss. The statistical
significance was set at p<0.05. SPSS v15.0 for Windows statisti-
cal software package (SPSS Inc. Released 2006. SPSS for Windows,
Version 15.0. Chicago, SPSS Inc.) was used for statistical analysis.

3. Results

In this study, 111 short dental implants in 72 patients were
assessed. Two patients with two implants were lost (not attend-
ing the clinic). Another 22 patients (34 implants) died. The final
study sample had 75 dental implants in 50 patients.

At the time of surgery the patients mean age was 59 4+ 10 years
(range: 28-84 years). Eleven patients were males and 39 were
females. Smoking was reported in 13 patients. Table 1 shows the
demographic data grouped by the implant location. Fig. 1 shows
that all implants were placed in the premolar-molar regions.

Table 2 shows the length and the diameter of the dental
implants. The 91% of implants were 8.5 mm in length and the most
frequent diameter was 3.75 mm. The mean follow-up time of the
dental implants was 179 & 21 months after insertion (Figs. 3 and 4).
Five dental implants failed giving a survival rate of 93.3% (Fig. 2).
All failures occurred in the mandible giving it a survival rate of
88.9% (Table 3). All failed implants showed an excessive marginal
bone loss (>2 mm).The difference in the survival rate between the
mandible and maxilla was not statistically significant (p=0.063).
There was a statistically significant difference in the number of
implants to which the short implant was splinted to. The implants
in the mandible were mostly splinted to one implant whereas in
the makxilla they were splinted to 2 implants (Table 4).
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0.2

T T | T |
0 50 100 150 200

Follow-up time (months)

Fig. 2. The cumulative implant survival rate.

The mesial and distal marginal bone loss were less than 1 mm for
all implants. The distal marginal bone loss was significantly higher
in the maxilla. Table 5 shows the outcomes of the analysis of the
effect of several factors of marginal bone loss. There was no signifi-
cant effect of sex, age, smoking, crown-to-implant ratio, antagonist
type and implant diameter on the marginal bone loss.

The mean follow-up time of the prosthesis was
153 +44 months. There was no statistically significant differ-
ences in the type of the antagonist and the crown-to-implant
ratio. Four prostheses in the maxilla were modified due to the
loss of neighboring tooth/implant. Three prostheses failed in the
mandible due to the failure of supporting implant (3 prostheses).
Another 3 prostheses were modified due to the loss of neighboring
tooth/implant. Two more prostheses were renewed to change
their design.

4. Discussion

This study aimed to analyze the long-term outcomes of short
dental implants placed in the maxilla and the mandible. The null
hypothesis has been the absence of significant differences between
the mandible and maxilla in the long-term survival of short dental
implants placed in the posterior (premolar-molar) segments, sup-
porting a cemented fixed-partial prosthesis. The specific aims of the
study were the long-term cumulative survival rate of the short den-
tal implants, the marginal bone loss, the prosthesis survival rate and
the influence of anatomical location, the antagonist type, and the
crown-to-implant ratio (CIR) on the marginal bone loss and implant
success rate. The outcomes of this study strengthen the indica-
tion of the short dental implants in the maxilla and the mandible.
The 15 years-survival rate of the short implants was 93.3% and the
marginal bone loss was less than 1 mm.

Several definition have been described for the short dental
implants (Atieh et al., 2012; Srinivasan et al., 2012, 2014; Telleman
etal.,,2011; Thoma et al., 2015). The threshold length, below which
the dental implant has been considered as short, has been varying
from <10 mm, <8.5 mm, <8 mm, <8 mm to 6 mm (Atieh et al., 2012;
Srinivasan et al., 2012, 2014; Telleman et al., 2011; Thoma et al.,
2015). Which is a reflection of changing in the definition of stan-
dard length implant and an evidence of the predictability of short
dental implants. In this study, all implants with a length <8.5 mm
has been considered as short dental implants.

In the posterior sectors, Reich et al. have observed that the
residual well-rounded ridges with reduced height, and ridges with
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Table 2
Implant dimensions grouped by the implant location (maxilla/mandible).
Length (number of implants) Diameter (number of implants)
7.5mm 8.5mm 3.3mm 3.75mm 4.0mm 4.5mm 5.0mm
Macxilla (30 implants) 4 26 1 9 12 6 2
Mandible (45 implants) 3 42 9 16 9 10 1
p 0.282° 0.115°

@ Chi square test.

A

Fig. 3. Radiographic images showing a case treated with short dental implants in the maxilla. (a) The placement of the dental implants, (b) the insertion of the definitive
prosthesis, (¢) 3 years of follow-up and (d) 16 years of follow-up. Arrow head indicated 8.5 mm long implants.

a &

Fig. 4. Radiographic images showing a case treated with short dental implants in the mandible. (a) Before treatment, (b) placement of the dental implants, (c) the insertion
of the definitive prosthesis, and (d) 16 years of follow-up. Arrow head indicated 8.5 mm long implants.

Table 3

Implant-centred outcomes grouped by the implant location (maxilla/mandible).

Follow-up (months)

Mesial MBL (mm)

Distal MBL (mm)

Implant failures

Prosthesis failures

Implant Prosthesis
Macxilla (30 implants) 182+14 166 +29 0.52+0.67 0.74+0.53 0 4
Mandible (45 implants) 184+14 170+28 0.41+70 0.40+0.62 5 8
p 0.879% 0.559% 0.495° 0.03" 0.059¢ 0.120°

2 Mann-Whitney U test.
b T test.
¢ Chi square test.

Table 4
Prosthesis-centered outcomes grouped by the implant location (maxilla/mandible).
Antagonist Crow-to-implant ratio Splinting
Periodontal ligament Osseointegration Anatomical Clinical 1 Implant 2 Implants
Macxilla (30 implants) 13 17 1.5+03 1.6+04 9 21
Mandible (45 implants) 18 27 14+04 1.6+04 32 13
p 0.835% 0.541° 0.901° 0.000*

2 Chi square test.
b Mann-Whitney test.
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Table 5
Factors influencing the marginal bone loss.
Variables Categories Mesial MBL (mm) P value Distal MBL (mm) P value
Sex Male 0.33+0.53 0.460° 0.61+0.56 0.290°
Female 0.50+0.72 0.51+0.62
Smoking Yes 0.34+0.77 0.419° 0.45+0.56 0.848°
No 0.48 +0.66 0.55+0.62
Antagonist Periodontal ligament 0.45+0.72 0.304% 0.44+£0.50 0.891°
Osseointegration 0.51+0.65 0.61+0.67
Number of splinting implants One implants 0.40+0.64 0.355% 0.50+0.63 0.736%
Two implants 0.53+0.74 0.57 +£0.58
Age 0.967" 0.083"
Anatomical CIR 0.534° 0.546"
Clinical CIR 0.347° 0.490"
Implant diameter 0.431° 0.158"
2 ANOVA.

b Linear regression.

depressed bone level have been predominant in the posterior seg-
ments (Reich etal.,2011). Short dental implants are indicated when
a deficiency of the residual alveolar height is present. For that,
this study has focused on short implants placed in the posterior
(premolar-molar regions) segments of the maxillae.

Short dental implants could be indicated to support fixed par-
tial prosthesis in both maxillae. The survival of the short dental
implants after a mean follow-up time of 15 years has been 93.3%.
Few studies are available on the survival of short dental implants
with a mean follow-up time higher than 10years (Anitua et al.,
2014b; Lops et al., 2012; Mertens et al., 2012). In a previous study,
Anitua et al. have assessed 111 short implants (<8.5 mm in length)
for a mean follow-up time of 10.3years (Anitua et al., 2014b).
All the implants have been placed in the premolar-molar regions
and the implant success rate has been 98.9%. In the study by
Mertens et al., all the 8 mm- and 9 mm-long implants (52 implants
in 14 patients) have survived the follow-up time of 10.1years
(Mertens et al., 2012). Forty two implants (15 in maxilla and 27
in mandible) have been placed in posterior regions. Lops et al.
have followed 8-mm long implants (108 implants) for 13.2 years
showing a survival rate of 92.3% (Lops et al., 2012). In that study,
80 short implants were placed in posterior maxilla and mandible
and 4 has failed (3 in the maxilla). In the present study, there has
been no significant differences in the implant survival between
the maxilla and the mandible. However, all the implant failures
have been in the mandible. These failures were not early fail-
ures and could be considered as biological complications (marginal
bone loss >2 mm), probably due to peri-implantitis (Sailer et al.,
2012).

The insertion of short dental implants in the posterior regions of
both maxillae has not provoked excessive marginal bone loss after
loading. This is comparable to previously published studies. In one
study, the mean marginal bone loss has been 1 and 0.9 mm on the
mesial and the distal aspects of the implant, respectively (Anitua
et al.,, 2014b). There has been no significant differences in marginal
bone loss between the mandible and the maxilla. Another study
have measured 1.2 mm (mesial) and 1.5 mm (distal) of marginal
bone loss after loading (Lops et al., 2012). The marginal bone loss in
the study by Mertens has been higher in the mandible (0.37 mm)
than the maxilla (0.15mm) (Mertens et al., 2012). In the present
study, more marginal bone loss has been measured in the maxilla
than the mandible. Although it has not been statistically signif-
icant, more males and more smokers were found in the maxilla
group. Several systematic reviews have reported that the marginal
bone loss has been significantly higher in smoker than nonsmokers
(Clementini et al., 2014; Chrcanovic et al., 2015b; Moraschini and
Barboza, 2016; Strietzel et al., 2007). Chrcanovic et al., in a system-

atic review, have report a significantly higher marginal bone loss
in men than women (Chrcanovic et al., 2015a).

The present study suffer from several limitations that include
the absence of implant lengths <6 mm and the sample size. How-
ever, the type of the prosthesis, its retention mechanism, the
implant design and the surface type were equal in the study groups.
All the short implants in this study has been splinted and not imme-
diately loaded. The measurements of marginal bone loss have been
performed on a panoramic radiograph. However, the measure-
ments were performed after 1:1 calibration of the radiograph. This
would render the measurements sufficiently accurate for clinical
use (Schulze et al., 2000).

5. Conclusions

Short dental implants could be indicated to support fixed par-
tial prosthesis with a survival of 93.3% after a mean follow-up time
of 15years. The implant position (mandible/maxilla) has no influ-
ence on the implant survival although significantly more marginal
bone loss has been observed in the maxilla. The insertion of short
dental implants in the posterior regions of both maxillae has not
provoked excessive marginal bone loss after loading. Future con-
trolled and prospective clinical research is needed to assess the
long-term outcomes according to the loading protocol.
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