
The International Journal of Oral & Maxillofacial Implants 607

Dental implants have long been used to replace 
missing or “hopeless” teeth.1 However, anatomical 

limitations such as inadequate posterior bone height 
may limit their use.2,3 In the past, 10 to 12 mm of re-
sidual alveolar bone height has been considered to 
be the minimum amount of bone necessary to enable 
predictable implant treatment.4 When dental implants 
were first introduced, an assumption was made that 
longer implants would not only prove more advan-
tageous than shorter implants due to an improved 
crown-to-implant ratio,5 but also offer greater implant 
surface area available for osseointegration.1 A viable 
standard implant was considered to be 4 mm in diam-
eter and 10 mm in length because these dimensions 

could ensure sufficient bone-to-implant contact 
and adequate crown-to-implant ratios for implant 
restorations.6–9

Frequently, posterior bone height is insufficient to 
allow for the use of such standard implants2,10,11 unless 
invasive surgical procedures such as sinus elevations, 
vertical bone augmentation,12–14 or alveolar nerve 
transposition have been undertaken. Risks of intraop-
erative  and postoperative complications, infection, or 
graft resorption have been reported for these proce-
dures, along with increased duration and cost of treat-
ment.15–18 Advancement in textured surfaces enabled 
increases of implant surface areas that presumably 
compensated for the shorter length of bone contact 
when using short implants. As a consequence, the use 
of short dental implants was suggested as an alterna-
tive to regenerative procedures in atrophic posterior 
ridges, where the presence of the maxillary sinus or the 
mandibular inferior alveolar canal often reduces avail-
able bone height.19–21 In 1991, implants shorter than 
10 mm (8 and 9 mm) were defined as “short.” Since then, 
the definition of short implants has been controversial, 
with studies and reviews lacking consensus about the 
meaning of that term.22 The present study adheres to a 
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recent classification scheme based on the frequency of 
reporting, which designated “extra-short” for implants 
shorter than or equal to 6 mm and “short” for implants 
between 6 and 10 mm long.23

The present study aimed to investigate the cumu-
lative survival rate and marginal bone loss (MBL) of 
extra-short (5 and 6 mm) and short (6.5 mm) implants 
immediately loaded in severely atrophic posterior man-
dibles and maxillae of partially edentulous patients. In 
addition, statistical analysis was determined for the ef-
fect of platform switching on MBL.  

MATERIALS AND METHODS

The present study included partially edentulous pa-
tients in need of replacement of teeth in the posterior 
area. All the dental procedures were performed at one 
clinic between October 2013 and December 2017 after 
obtaining informed consent signatures from patients in 
accordance with the Declaration of Helsinki for investi-
gations in human subjects. 

Inclusion criteria were as follows: (1) partially eden-
tulous patients in the posterior area (premolars and 
molars); (2) 5-mm bone height or more above the al-
veolar canal in the mandible and 4 mm or more bone 
height inferior to the floor of the maxillary sinus in the 
maxilla; (3) patients of 20 years of age or older; (4) ab-
sence of periodontal disease or parafunctional habits.

 Exclusion criteria were as follows: (1) less than 5 
mm bone height above the mandibular alveolar canal; 
(2) less than 4 mm bone height inferior to the floor of 
the maxillary sinus or presence of any sinus pathol-
ogy; (3) severe maxillomandibular discrepancies; (4) the 
presence of periodontal disease; (5) irradiated patients 
or patients taking medications that could interfere with 
bone metabolism (ie, bisphosphonates); and (6) smok-
ing was not considered to be an exclusion criterion, nor 
was the presence of a periapical lesion. However, im-
plant placement was postponed if any one of the fol-
lowing occurrences existed in the extraction site: (1) an 
abscess; (2) draining fistula; (3) pus; or (4) exudate. Un-
controlled diabetes or any other systemic condition 
that was a contraindication to surgery was also con-
sidered an exclusion criterion, as was the presence of 
pathology involving the adjacent teeth.

All implants were manufactured with a microrough-
ened surface (T3, Zimmer Biomet). 

Treatment
To aid in the making of the prosthesis, alginate im-
pressions were taken, study casts were mounted on 
an articulator, and diagnostic wax patterns were cre-
ated for optimal crown positions. The intended implant 
sites for each patient were identified by fabricating a 

radiographic-surgical template and a provisional pros-
thesis of metal-reinforced acrylic resin with perfora-
tions in the central fossae areas. Occlusal analysis and 
a complete intraoral clinical and radiographic exami-
nation, including cone beam computed tomography 
(CBCT), was performed prior to and immediately after 
implant insertion with subsequent biannual follow-up 
periods (25 to 48 months) for every patient.

Surgical Procedure
Prior to surgery (2 to 3 days), professional tooth clean-
ing for plaque and calculus removal was administered 
to each patient and 0.20% chlorhexidine rinse was pre-
scribed (3 times a day for 14 days). At 12 hours before 
surgery, all patients began a 6-day course of amoxicil-
lin (1 g tablets, bi-daily). On the day of surgery, local 
infiltration of 4% articaine with 1:100,000 epinephrine 
was delivered into the vestibular and lingual/palatal 
areas. The same local anesthetic was used on the inci-
sion lines with 1:50,000 epinephrine. In cases where it 
was determined by CBCT that the bone crest was less 
than 7 mm wide (buccal to lingual) or when the band 
of keratinized gingiva was inadequate, a full-thickness 
mucoperiosteal flap was raised to expose the crestal 
bone and increase the amount of keratinized gingiva 
buccally; in the maxillary arch, this was achieved by 
moving the incision line toward the palate and repo-
sitioning the flap buccally; in the mandibular arch, a 
subepithelial gingival graft was harvested from the 
palate and placed buccally. Though ridge augmenta-
tion was not performed, Endobon Xenograft mate-
rial (Zimmer Biomet) was mixed with autogenous bone 
(50%/50%), harvested with the burs during drilling in 
all immediate extraction placement sites, filling the fa-
cial gaps between the implant and the alveolar walls. 
In the maxillary arch, where the available bone height 
was less than 5 mm, a crestal approach sinus elevation 
with osteotomes without any particulate graft insertion 
was performed to allow the placement of a short or ex-
tra-short implant at the crestal bone level. Whenever a 
flap was raised, resorbable sutures were used to close 
it. Based on both the CBCT analysis and the amount of 
resistance encountered during drilling, bone quality 
was assessed and recorded. For Type I and II bone, os-
teotomies were performed according to the manufac-
turer’s protocol. In maxillary Type III and IV bone, care 
was taken to underprepare the osteotomies by using 
osteotome bone expanders (Steri-Oss, Osteotome Kit). 
In mandibular Type III bone, drills of the same length 
but one size smaller in width were used. In Type IV 
mandibular bone, the final drill was the same length 
as the implant but two sizes smaller in width. All im-
plants were inserted using a drill unit, and final seating 
was achieved with a torque caliper hand-ratchet (High 
Torque Indicating Ratchet Wrench, Zimmer Biomet); 
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the insertion torque was then recorded. Implant insertion and surgical sites 
are illustrated with clinical and radiographic images (Figs 1 to 6). The distri-
bution of implant types with respect to diameter (Fig 7) and bone quality 
(Fig 8) as well as insertion torque values (ITV) versus bone type (Table 1) are 
depicted for all implants.

Provisional Prostheses
In all cases, provisional abutments (Titanium Temporary Cylinders, Zim-
mer Biomet) were chosen, adjusted for length and angulation, and then 
inserted. The provisional abutment platforms were one size smaller than 
the short/extra-short implant platforms, and thus, platform-switched. The 
4-mm-diameter standard-length implants were not platform-switched. 
Periapical radiographs were taken to verify complete seating of each abut-
ment. The abutment screws were torqued to 10 Ncm using a torque driver 
(Low Torque Indicating Ratchet Wrench, Zimmer Biomet). The intaglio sur-
faces of the provisional fixed prostheses were relieved, and openings were 
prepared to allow the temporary cylinders to seat without interference. The 
screw-access areas were blocked to prevent light-cured composite resin 
(Tetric-Flow, Ivoclar Vivadent) from flowing in when luting the cylinders to 

Fig 3  Example measurement of the medial 
crestal bone level referenced from the most 
coronal aspect of the implant to the crest of 
the bone.

Fig 2  (a) Clinical image of a wide-diameter, extra-short implant (6.0 × 6.0 mm) being placed in the extraction socket of the maxillary left first 
molar. The first and second premolar extraction sockets are also apparent. (b) Clinical occlusal image after placement of the implants with the 
inclusion of a xenograft material along the buccal aspect (Endobon, Zimmer Biomet). (c) Hand-ratchet that demonstrated an insertion torque of 
80 Ncm. (d) Clinical image of the screw-retained provisional prosthesis immediately postinsertion. This restoration had centric occlusal contacts; no 
contacts were permitted in lateral excursions. (e) Postoperative radiograph showing the fixed provisional prosthesis with a splint. The abutments 
for short/extra-short implants were designed for platform switching.

Fig 1  (a) Lateral view of a partially edentu-
lous area. (b) Radiographic image that dem-
onstrated sinus floor proximity and minimal 
vertical bone height distal to the second 
premolar. The maxillary premolars were not 
restorable.
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the fixed provisional prostheses. Once the resin set, the 
prostheses were adjusted to achieve proper contact 
points in centric occlusion and no contact in excursive 
or protrusive movement, which was determined with 

thin foil articulating paper. The block-out material was 
removed, and the retaining screws were loosened to 
remove the provisional prostheses with the luted cyl-
inders. Further adjustments were made with respect 

Fig 5  (a) Lateral view of a partially edentu-
lous area in the mandible. (b) Radiograph and 
(c) CBCT image demonstrating minimal verti-
cal bone height. (d) Clinical occlusal image 
after placement of the implants. (e) Clinical 
image including the xenograft material along 
the buccal aspect (Endobon, Zimmer Biomet). 
(f) Clinical image of the screw-retained provi-
sional prosthesis immediately postinsertion. 
(g) Postoperative radiograph showing the fixed 
provisional prosthesis with a splint. The abut-
ments for short/extra-short implants were 
designed for platform switching.

Fig 4  (a) Clinical image of the definitive res-
toration 3 years postinsertion. (b) Periapical 
radiograph 3 years postinsertion, which dem-
onstrated stable crestal bone levels adjacent to 
the implants.

Fig 6  (a) Clinical image of the definitive res-
toration 4 years postinsertion. (b) Periapical 
radiograph 4 years postinsertion, which dem-
onstrated stable crestal bone levels adjacent to 
the implants.
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to the emergence profile: contour of the crown, refine-
ment, and polishing. The fixed provisional prosthe-
ses were reinserted, and the screws were torqued to 
20 Ncm using a manual wrench for final seating. Periapi-
cal radiographs were taken at baseline and at 6-month 
intervals to determine and compare implant marginal 
crestal bone level using an individualized film holder. 
Mesial and distal crestal bone level measurements 
were taken from the most coronal part of the implant 
collar to the crestal bone level using VixWin Platinum 
Software calibrated measurement (Fig 3). Clinical and 
radiographic images at implant insertion and place-
ment of a provisional prosthesis are illustrated (Figs 2 
and 5). All patients were given an NSAID analgesic and 
anti-inflammatory medication to take immediately af-
ter surgery and repeat after 8 hours, if needed. They 
were instructed to consume only liquids for 1 week and 
after that to chew soft food for 2 months. Patients were 
seen for hygiene maintenance once a week for the first 
month and then monthly up to 6 months.

Restorative Prostheses
Four to 6 months later, implant-level definitive impres-
sions were made using anatomical custom trays and 
pick-up impression copings (Zimmer Biomet) placed 
onto the implant platforms. Low-viscosity polyether im-
pression material was used for the definitive impressions 
(Impregum Penta, 3M ESPE). To minimize the potential 
for peri-implant bone resorption, abutments narrower 
than the short/extra-short implant platforms were se-
lected, and thus, platform-switched. All standard-diam-
eter implants (4 mm) were not platform-switched. Gold 
UCLA abutments (Zimmer Biomet) were used in all cas-
es. Abutment screws (Gold-Tite, Zimmer Biomet) were 
torqued to 32 Ncm according to the manufacturer’s 
protocol using a calibrated torque driver (Contra Angle 
Torque Driver Body, Zimmer Biomet). To provide for 
both esthetics and function, porcelain-fused-to-metal, 

screw-retained restorations were utilized. Periapical 
radiographs were taken using an individualized film 
holder for crestal bone level measurements and com-
parisons (Fig 3). The bone at implant level was calibrat-
ed at the day of implant surgery and then thereafter at 
the recheck appointments. Clinical and radiographic 
images at restoration and final follow-up are illustrated 
(Figs 4 and 6). Where applicable, data are presented as 
the mean ± SD, and statistical significance (P < .05) was 
calculated with the open source R Project for Statistical 
Computing (The R Foundation). An effect of platform 
switching on MBL was determined across each im-
plant length by repeated-measures analysis of variance 
(ANOVA) followed by a pairwise post hoc t test of the fit 
to a linear mixed-effect model.

RESULTS

The study consisted of 55 partially edentulous patients 
(women: 38; men: 17) including 16 smokers. Patients 
had severe vertical bone atrophy in the mandibular 
and/or maxillary premolar and molar areas and re-
ceived 146 implants (maxilla = 73; mandible = 73) con-
sisting of a combination of 62 extra-short (5 and 6 mm), 

Table 1 Number of Implants (ITV vs Bone Quality)

Bone type

ITV (Ncm)

A: > 90 B: 70–90 C: 50–69 D: < 50

PE 2 1 3 2

Type I 4 3 2

Type II 10 4 1

Type III 6 11 4 4

Type IV 3 6 3 8 

PE = postextractive; ITV = insertion torque value.

Fig 7  Quantification of implants by diameter and length. Fig 8  Distribution of implants by length, bone quality, and arch.  
PE = postextractive.
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15 short (6.5 mm), and 69 standard (≥ 10 mm) lengths; 
120 were inserted in healed bone and 26 in fresh ex-
traction sockets. In the maxillary arch, 20 implants were 
inserted with simultaneous sinus floor elevation. The 
median age of the subjects was 63 years (minimum: 30; 
maximum: 86).

In 55 patients (group 1), extra-short (5 and 6 mm) 
and/or short (6.5 mm) implants were splinted to stan-
dard implants (≥ 10 mm). In five patients (group 2), only 
extra-short (5 and 6 mm) and/or short (6.5 mm) im-
plants were splinted. These two groups were also cat-
egorized according to arch site and the poorest bone 
quality within each splint. Fifty patients received only 
one fixed provisional prosthesis; five patients received 
two. The total fixed prostheses amounted to 60, with 30 
each located in the maxillae and mandibles. 

Postrestoration follow-up occurred from a minimum 
of 24 up to 48 months biannually. At each follow-up vis-
it, clinical and radiographic inspections were taken, and 
no adverse signs or symptoms were noted apart from 
one 6-mm extra-short implant that failed in the mandi-
ble. The affected patient functioned with the provision-
al restoration for 8 months. Two of the three abutment 
screws came loose; only the mesial screw retained the 
prosthesis and subsequently became mobile. Thus, the 
mesial implant was removed and replaced 8 weeks later 
with an implant of the same length and diameter. This 
implant osseointegrated and was successfully loaded 
with a new definitive prosthesis.

Cumulative survival rate and MBL were determined 
at an average follow-up period of 38 ± 10 months for 
each implant type. 

The bone at implant level was calibrated at the day 
of implant surgery and then thereafter at the recheck 
appointments. Changes in the mesial and distal crest-
al bone levels were determined by the use of VixWin 

Platinum software measurements of periapical radio-
graphs (Fig 3) and averaged for MBL. Data for groups 
1 and 2 were pooled together, as independent sample 
sizes were insufficient to provide statistical power for 
comparisons. Due to the combined groups, the effect 
of platform switching on MBL was determined with 
respect to implant length. Platform switching and im-
plant length were treated as one independent vari-
able in repeated-measures ANOVA, which resulted in 
an overall effect. This was followed by a pairwise post 
hoc analysis using a t test to determine the fit of a lin-
ear mixed-effect model for each independent variable. 
Consequently, MBL was found to mainly depend upon 
the absence (1.36 ± 0.19 mm; P < .05) versus the pres-
ence of platform switching (0.36 ± 0.25 mm) as op-
posed to splinting of extra-short implants with (0.37 ± 
0.28 mm) or without (0.34 ± 0.18 mm) larger implant 
lengths. 

Cumulative survival rates for all implants (99.3%) 
were similar across implant lengths: standard length 
(100%), extra-short (98.4%), and short (100%) with 
one failure. The small number of distributed implants 
according to length and bone quality (Fig 8) did not 
permit adequate assessment of the latter on measured 
outcomes. MBL for extra-short (0.35 ± 0.24 mm; range: 
0.0 to 0.8 mm) and short (0.25 ± 0.17 mm; range: 0.0 to 
0.9 mm) implants was significantly different from stan-
dard-length implants (0.92 ± 0.26 mm; P < .05). As all 
extra-short and short implants were platform switched, 
it was determined that the difference resulted from the 
absence (1.36 ± 0.19 mm; range: 1.1 to 1.7 mm; n = 43; 
P < .05) or presence (0.48 ± 0.32 mm; n = 26) of plat-
form switching in standard-diameter implants (Figs 9 
and 10). No difference was noticed between implants 
inserted in healed bone, in fresh extraction sockets, or 
with crestal approach sinus floor elevation.

Fig 9  Distal marginal bone loss (MBL) for different groups and 
treatments.

Fig 10  Mesial marginal bone loss (MBL) for different groups and 
treatments.
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DISCUSSION

In clinical practice, patients often find it uncomfort-
able to wear removable provisional prostheses during 
the initial implant-integration phase. The potential to 
receive a fixed prosthesis immediately after implant 
placement has been described as a major advantage.24 
The ability to place short implants in areas with mini-
mal bone height precludes the need for bone regen-
eration that would delay the use of a fixed prosthesis. 
The introduction of short implants (< 10 mm in length) 
has made it possible to deliver favorable outcomes at 
efficient speeds by reducing the need to perform tech-
niques that enhance available bone.25

When short implants were introduced, the use of a 
staged approach for placement was suggested. The im-
plants were first submerged below the gingiva prior to 
introducing restorations to protect the initial phases of 
osseointegration and avoid the risk of implant failures 
due to micromovement or contamination.26 Current 
practice often follows a single-stage approach based 
on several studies showing no significant differences in 
survival rate between immediate and delayed loading 
of implants depending on bone height and quality.27 
Some differences occurred in success variables, but 
the benefits of reduced time and patient comfort out-
weighed any small changes observed.27 Recent studies 
have additionally shown that the implant length does 
not play a relevant role in the achievement of implant 
primary stability. Anitua et al (2010) conducted a finite 
element analysis of the influence of implant length, di-
ameter, and design on implant surface stress distribu-
tion.28 Stress distribution on the implant surface was 
localized on the first six threads of the implant, inde-
pendent of its length, diameter, or design. They also 
reported that at a constant length, wider implants re-
duced the maximum von Mises stress in bone by 20% to 
30%.28 Furthermore, a number of clinical studies show 
no significant difference in survival rates between short 
and standard-length implants independent of the need 
to perform sinus floor elevation.6,29–34

Short implants placed in select patients using high 
insertion torque values (> 40 Ncm) and immediately 
loaded have shown comparable survival rates to those 
placed using staged procedures, even in the presence 
of poor bone quality.21 Recent studies have further as-
sessed the effects of splinting short implants to each 
other or to longer implants for support of fixed partial 
prostheses without any significant difference in sur-
vival rate.35 The present study investigated the effect of 
prosthetic support by extra-short, short, and standard 
implants by determining cumulative survival rate and 
MBL in relation to bone quality and arch site. 

The data collected show no significant differences 
for cumulative survival rate and MBL, respectively: 

extra-short (98.4%), short (100%), and standard (100%). 
In addition, the excellent outcome of cumulative sur-
vival rate and MBL (< 0.5 mm) at an average of 38 ± 10 
months follow-up for extra-short and short implants 
indicated that these provided an added advantage 
for patients with severe vertical bone atrophy. Despite 
the even distribution of implants with respect to bone 
quality and arch site, a trend toward larger MBL result-
ed, particularly for standard-length implants. The pres-
ence of platform switching resulted in the study in MBL 
differences; this has been shown to reduce or minimize 
bone resorption at the top of the implant, increasing 
support to facial gingival marginal tissue and papillae.36 
The lack of platform switching in all the 4-mm-diameter 
standard implants may have accounted for their losses. 

Indeed, many factors can contribute to the adequate 
dispersion of load across splinted implants.37 The pres-
ent study analyzed each implant separately for ease of 
study comparisons and to prevent vague associations 
that arise from fitting survival data to a statistical mod-
el. Two studies using similar patient demographics and 
surgical techniques38–40 accounted for the interdepen-
dency across splinted implants. In one study,38,40 short 
Brånemark implants (6 to 8.5 mm; Nobel Biocare) were 
used in posterior sites of the maxilla and/or mandible 
with a mean follow-up period of 5 years. Compari-
sons were made between splinted implants and single 
crowns. In measurements of cumulative survival rate 
and MBL, implants supporting single crowns were not 
significantly different compared with two groups of 
splinted implants, though it was not clear how many 
single implants were located in the maxilla, where larg-
er bone losses occurred. A 51-year systematic review 
up to 201641 showed similar ranges in marginal bone 
loss between implants restored with nonsplinted and 
splinted restorations. Interestingly, Naert et al40 showed 
a significantly higher hazard rate as well as larger, in-
significant bone loss in the first 6 months for shorter 
implants, but these results were not categorized with 
respect to single or splinted groups. Moreover, all im-
plants tested (< 10 mm in length) would be considered 
short by some investigators.34,42

The data of the present study show similar cumula-
tive survival rate values for splinted implants compared 
with the aforementioned studies, with the exception 
of the increased hazard rate or implant loss for short 
implants38,39 accompanied by insignificant increases in 
bone loss.40 MBL was a better indicator of differences 
and indeed showed variability across studies. Neverthe-
less, the changes in MBL that did occur were very small 
(0.015 mm/year after 6 months) compared with the 
present study (median 0.5 ± SE mm). The MBL values in 
the present study correspond more closely to the data 
involving splinted, standard implants.35,39 The fact that 
standard-diameter implants resulted in the largest MBL 
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was probably related to the absence of platform switch-
ing in the implant-abutment connection. However, it is 
also possible that the lack of platform switching per-
formed for standard implants resulted in susceptibility 
to influences of bone quality.

The microroughened implant surfaces used in the 
present study and the high insertion torque values ob-
tained (> 50 Ncm) may account for the achievement 
of success rates comparable to standard implants. The 
roughened surface allows for faster integration and 
significantly increases the surface area, allowing for 
greater bone-to-implant contact. The use of high inser-
tion torque values for placement of an implant results 
in closer contact between the implant and surround-
ing bone, thus improving the primary stability.43 To 
achieve high insertion torques, the osteotomies were 
underprepared in accordance with the bone quality 
at each site.37,43 Many studies report similar outcomes 
with the placement of single, short, and standard im-
plants following two types of sinus floor elevation pro-
cedures31,44 or in the absence of sinus floor elevation 
for single, short implants.25 Likewise, immediate and 
delayed loading procedures do not impart any sub-
stantial differences in survival and success variables 
for implants.27 Therefore, other factors excluding surgi-
cal procedures may be at play with regard to success 
variables for short versus standard implants. Some of 
these factors include proper surgical planning and res-
toration, longer follow-up, implant design (machined 
versus textured), and comparisons with regard to bone 
quality and/or location of insertion. One study44 noted 
that surgical time and cost were significantly higher 
in patients who received standard implants versus 
those that received short implants. Indeed, one of the 
main advantages of using short  implants is faster and 
less-expensive treatment due to the lack of invasive 
surgical procedures required. The results of the pres-
ent study add support for the immediate loading of 
extra-short and short implants, with only minor influ-
ences in splinting with standard implants when not 
platform-switched. The only limiting factor was an ini-
tial learning curve for the underpreparation technique 
and immediate loading procedures. Occlusal control, 
patient selection, and dietary compliance present addi-
tional elements for achievement of satisfactory clinical 
results.

CONCLUSIONS

The results of this study potentially support the use of 
extra-short (5 and 6 mm) and short (6.5 mm) implants 
splinted or not to standard-length implants (≥ 10 mm) 
for immediate loading in cases of severe posterior 
bone atrophy, both in the maxilla and the mandible. 

Cumulative survival rates and MBL were comparable 
to those obtained from similar studies with standard-
length implants. Larger sample sizes and longer fol-
low-up periods are needed to further validate these 
conclusions. Using extra-short and/or short implants 
may be considered a valid alternative to performing 
regenerative procedures, one that offers patients the 
advantages of shorter treatment times, minimal inva-
siveness, and lower morbidity and costs. 

ACKNOWLEDGMENTS

The authors reported no conflicts of interest related to this study.

REFERENCES

 1. Albrektsson T, Zarb G, Worthington P, Eriksson AR. The long-term 
efficacy of currently used dental implants: A review and proposed 
criteria of success. Int J Oral Maxillofac Implants 1986;1:11–25.

 2. Tallgren A. The reduction in face height of edentulous and partially 
edentulous subjects during long-term denture wear. A longitu-
dinal roetgenographic cephalometric study. Acta Odontol Scand 
1966;24:195–239.

 3. Ten Bruggenkate CM, Asikainen P, Foitzik C, Krekeler G, Sutter F. Short 
(6-mm) nonsubmerged dental implants: Results of a multicenter clini-
cal trial of 1 to 7 years. Int J Oral Maxillofac Implants 1998;13:791–798.

 4. Felice P, Cannizzaro G, Checchi V, et al. Vertical bone augmentation 
versus 7-mm-long implants in posterior atrophic mandibles. Results 
of a randomized controlled clinical trial of up to 4 months after load-
ing. Eur J Oral implantol 2009;2:7–20.

 5. Glantz PO, Nilner K. Biomechanical aspects of prosthetic implant-
bone reconstructions. Periodontol 2000 1998;17:119–124.

 6. Renouard F, Nisand D. Short implants in the severely resorbed max-
illa: A 2-year retrospective clinical study. Clin Implant Dent Relat Res 
2005;7(suppl 1):s104–s110.

 7. Himmlová L, Dostálová T, Kácovský A, Konvicková S. Influence of 
implant length and diameter on stress distribution: A finite element 
analysis. J Prosthet Dent 2004;91:20–25.

 8. Lum LB, Osier JF. Load transfer from endosteal implants to support-
ing bone: An analysis using statics. Part one: Horizontal loading.  
J Oral Implantol 1992;18:343–348.

 9. Lum LB, Osier JF. Load transfer from endosteal implants to support-
ing bone: An analysis using statics. Part two: Axial loading. J Oral 
Implantol 1992;18:349–353.

10. Misch CE. Implant design considerations for the posterior regions of 
the mouth. Implant Dent 1999;8:376–386.

11. Aguilar-Meimban CO. Available bone is the foremost criterion in the 
insertion of endosteal implants. J Philipp Dent Assoc 1996;47:3–21.

12. Chiapasco M, Zaniboni M, Rimondini L. Autogenous onlay bone 
grafts vs. alveolar distraction osteogenesis for the correction of verti-
cally deficient edentulous ridges: A 2-4 year prospective study on 
humans. Clin Oral Implants Res 2007;18:432–440.

13. Nevins M, Al Hezaimi K, Schupbach P, Karimbux N, Kim DM. Vertical 
ridge augmentation using an equine bone and collagen block 
infused with recombinant human platelet-derived growth factor-BB:  
A randomized single-masked histologic study in non-human pri-
mates. J Periodontol 2012;83:878–884.

14. Esposito M, Grusovin MG, Felice P, Karatzopoulos G, Worthington 
HV, Coulthard P. Interventions for replacing missing teeth: Horizontal 
and vertical bone augmentation techniques for dental implant treat-
ment. Cochrane Database Syst Rev 2009:CD003607.

15. Esposito M, Grusovin MG, Kwan S, Worthington HV, Coulthard P. 
Interventions for replacing missing teeth: Bone augmentation tech-
niques for dental implant treatment. Cochrane Database Syst Rev 
2008:CD003607.

© 2020 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY. 
NO PART MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER. 

User
螢光標示

User
螢光標示

User
螢光標示

User
螢光標示

User
螢光標示

User
螢光標示

User
螢光標示

User
註解
1. 具有特定結構的2. 特徵顯著的

User
螢光標示

User
螢光標示

User
螢光標示

User
螢光標示



The International Journal of Oral & Maxillofacial Implants 615

Amato et al

16. Rosenquist B. Implant placement in combination with nerve transpo-
sitioning: Experiences with the first 100 cases. Int J Oral Maxillofac 
Implants 1994;9:522–531. 

17. McDermott NE, Chuang SK, Woo VV, Dodson TB. Maxillary sinus 
augmentation as a risk factor for implant failure. Int J Oral Maxillofac 
Implants 2006;21:366–374.

18. Rammelsberg P, Schmitter M, Gabbert O, Lorenzo Bermejo J, Eiffler C, 
Schwarz S. Influence of bone augmentation procedures on the short-
term prognosis of simultaneously placed implants. Clin Oral Implants 
Res 2012;23:1232–1237.

19. Das Neves FD, Fones D, Bernardes SR, do Prado CJ, Neto AJ. Short 
implants—an analysis of longitudinal studies. Int J Oral Maxillofac 
Implants 2006;21:86–93.

20. Feldman S, Boitel N, Weng D, Kohles SS, Stach RM. Five-year survival 
distributions of short-length (10 mm or less) machined-surfaced and 
Osseotite implants. Clin Implant Dent Relat Res 2004;6:16–23.

21. Cannizzaro G, Felice P, Leone M, Ferri V, Viola P, Esposito M. Im-
mediate versus early loading of 6.5 mm-long flapless-placed single 
implants: A 4-year after loading report of a split-mouth randomized 
controlled trial. Eur J Oral Implantol 2012;5:111–121.

22. Neldam CA, Pinholt EM. State of the art of short dental implants: 
A systematic review of the literature. Clin Implant Dent Relat Res 
2012;14:622–632.

23. Al-Johany SS, Al Amri MD, Alsaeed S, Alalola B. Dental implant length 
and diameter: A proposed classification scheme. J Prosthodont 
2017;26:252–260.

24. Schropp L, Isidor F, Kostopoulos L, Wenzel A. Patient experience of, 
and satisfaction with, delayed-immediate vs. delayed single-tooth 
implant placement. Clin Oral Implants Res 2004;15:498–503.

25. Esfahrood ZR, Ahmadi L, Karami E, Asghari S. Short dental implants 
in the posterior maxilla: A review of the literature. J Korean Assoc 
Oral Maxillofac Surg 2017;43:70–76.

26. Brånemark PI, Hansson BO, Adell R, et al. Osseointegrated implants 
in the treatment of the edentulous jaw. Experience from a 10-year 
period. Scand J Plast Reconstr Surg Suppl 1977;16:1–132.

27. Hong DGK, Oh JH. Recent advances in dental implants. Maxillofac 
Plast Reconstr Surg 2017;39:33.

28. Anitua E, Tapia R, Luzuriaga F, Orive G. Influence of implant length, 
diameter and geometry on stress distribution: A finite element 
analysis. Int J Periodontics Restorative Dent 2010;30:89–95.

29. Corbella S, Taschieri S, Del Fabbro M. Long-term outcomes for the 
treatment of atrophic posterior maxilla: A systematic review of litera-
ture. Clin Implant Dent Relat Res 2015;17:120–132.

30. Shi JY, Qiao SC, Gu YX, Zhu Y, Lai HC. Treatment strategies in moder-
ate atrophic posterior maxilla: Short dental implants or sinus floor 
elevation? Musculoskelet Regen 2015;2:e1002. 

31. Schincaglia GP, Thoma DS, Haas R, et al. Randomized controlled mul-
ticenter study comparing short dental implants (6 mm) versus longer 
dental implants (11-15 mm) in combination with sinus floor elevation 
procedures. Part 2: Clinical and radiographic outcomes at 1 year of 
loading. J Clin Periodontol 2015;42:1042–1051.

32. Arlin ML. Short dental implants as a treatment option: Results from 
an observational study in a single private practice. Int J Oral Maxil-
lofac Implants 2006;21:769–776.

33. Misch CE, Steignga J, Barboza E, Misch-Dietsh F, Cianciola LJ, Kazor C. 
Short dental implants in posterior partial edentulism: A multicenter 
retrospective 6-year case series study. J Periodontol 2006;77: 
1340–1347.

34. Tawil G, Younan R. Clinical evaluation of short, machined-surface 
implants followed for 12 to 92 months. Int J Oral Maxillofac Implants 
2003;18:894–901.

35. Anitua E, Flores C, Flores J, Alkhraisat MH. Clinical effectiveness of 
6.5-mm-long implants to support two-implant fixed prostheses in 
premolar-molar region: The influence of immediate loading and the 
length of splinting implant. J Prosthodont 2019;28:e688–e693.

36. Canullo L, Fedele GR, Iannello G, Jepsen S. Platform switching 
and marginal bone-level alterations: The results of a randomized-
controlled trial. Clin Oral Implants Res 2010;21:115–121.

37. Swanberg DF, Henry MD. Avoiding implant overload. Implant Soc 
1995;6:12–14.

38. Naert I, Koutsikakis G, Duyck J, Quirynen M, Jacobs R, van 
Steenberghe D. Biologic outcome of implant-supported restorations 
in the treatment of partial edentulism. Part I: A longitudinal clinical 
evaluation. Clin Oral Implants Res 2002;13:381–389.

39. Lekholm U, Gunne J, Henry P, et al. Survival of the Brånemark implant 
in partially edentulous jaws: A 10-year prospective multicenter study. 
Int J Oral Maxillofac Implants 1999;14:639–645.

40. Naert I, Koutsikakis G, Quirynen M, Duyck J, van Steenberghe D, 
Jacobs R. Biologic outcome of implant-supported restorations in the 
treatment of partial endentulism. Part 2: A longitudinal radiographic 
evaluation. Clin Oral Implants Res 2002;13:390–395.

41. Al Amri MD, Kellesarian SV. Crestal bone loss around adjacent dental 
implants restored with splinted and nonsplinted fixed restorations:  
A systematic literature review. J Prosthodont 2017;26:495–501.

42. Weng D, Jacobson Z, Tarnow D, et al. A prospective multicenter 
clinical trial of 3i machined-surface implants: Results after 6 years of 
follow-up. Int J Oral Maxillofac Implants 2003;18:417–423.

43. Amato F, Polara G. A prospective evaluation of a novel implant 
designed for immediate loading. Int J Periodontics Restorative Dent 
2014;34(suppl 3):s43–s49.

44. Bechara S, Kubilius R, Veronesi G, Pires JT, Shibli JA, Mangano FG. 
Short (6-mm) dental implants versus sinus floor elevation and place-
ment of longer (≥ 10-mm) dental implants: A randomized controlled 
trial with a 3-year follow-up. Clin Oral Implants Res 2017;28: 
1097–1107.

© 2020 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY. 
NO PART MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER. 


	_GoBack



