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SUMMARY More studies evaluating the outcome of

short-length dental implants in immediate loading

are needed. To evaluate the use of short-length

tapered implants in immediate loading for

complete edentulous maxillae rehabilitations using

an All-on-4 design. This retrospective clinical study

included a cohort of 43 patients with 172 implants

(74 short-length implants) inserted in low bone

quantity. The patients were followed between

4 months and 6 years (average = 3 years). Outcome

measures were implant survival, marginal bone

remodelling, biological and mechanical

complications. Two patients with four short-length

implants were lost to follow-up during the first

year. Three short and three long implants failed in

four patients, rendering an overall cumulative

survival rate implant and patient level,

respectively, of 95�7% and 95�1% for short

implants, 100% for regular implants and 96�6% and

95�2% for long implants. The average marginal

bone remodelling at 1 and 3 years was 0�97 and

1�25 mm for the short implants, 0�82 and 0�87 mm

for regular implants and 0�87 and 0�98 mm for long

implants. Three patients presented 4 short-length

implants with peri-implant pockets (3 implants in

2 patients were pseudo-pockets). Mechanical

complications were registered in 13 patients (7

provisional prostheses fractures and 6 abutment

screw loosening). All complications were treated

successfully. Within the limitations of this clinical

study, the short-term outcome of fixed prosthetic

complete edentulous maxillae rehabilitations

supported by short-length implants inserted in

low bone quantity areas is viable. Long-term

clinical studies are necessary for evaluating the

outcome of these implants.
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Introduction

Dental implants used in partial and complete edentu-

lous rehabilitations have demonstrated to achieve

good outcomes irrespective of the loading regimen (1,

2).

During many years, the use of short implants (7–

8�5 mm in length) was associated with low success

rates (3), with 7 mm or shorter implants revealing

decreased success rates when compared to longer

implants (4). The use of short-length implants was

also discouraged from a biomechanical point of view,

when combined with poor bone quality and high

occlusal loads (3). However, the development of

implant designs, surface structures and improved sur-

gical techniques has given reason to re-evaluate previ-

ous results with recent clinical studies indicating that

short implants may adequately support most pros-

thetic restorations: survival rates around 95% were

reported for the rehabilitation of partial edentulism in
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the severely resorbed maxillae (5, 6), and 88–100%

for the atrophic mandible (7). Furthermore, recent

systematic reviews pointed out the importance of the

improvements in implants and surgical techniques for

the success of rehabilitations using short implants (8,

9).

A recent development in the short-length implants

was the introduction of an implant featuring a

tapered apex and anodically oxidised surface (Nobel-

Speedy Shorty*) to be used in the rehabilitation of

atrophic jaws and/or in the presence of low bone den-

sity. Partial rehabilitations using this implant design

achieved a 95% success rate after 1 year of function

(10).

The issue of prosthetic load is not object of consen-

sus and the existing literature does not clarify (11).

On one-hand, several aspects may represent impor-

tant risk factors for the long-term survival of short

implants, considering, for example, the crestal portion

of the implant body load-bearing capacity, the pattern

of distribution of prosthetic loads to the bone–implant

interface, the poor bone density of the atrophic jaw-

bone where short implants are inserted and the resto-

rations’ augmented crown height associated with the

use of short implants (12). However, it was reported

in a finite element method study that prosthetic load

is concentrated on the most coronal aspect of the

implant, implying that the importance of placing long

implants in detriment to short implants was secondary

(3). Furthermore, in full arch rehabilitation, the

short- and medium-term results revealed short

implants as a good option even in posterior regions of

the jaw (13–15). Additionally, when the crown/

implant ratio is inverted, the occlusal planning criteria

should be controlled, to allow the occlusal loads to be

the closest to the implant’s long axis (16). Therefore,

the use of short implants is justified by the fact that

most of the occlusal forces at the bone/implant inter-

face are distributed in the most coronal portion of the

implant’s body, and close to the alveolar crest, where

the cortical bone at the implant platform level is pres-

ent (17).

The rehabilitation of the edentulous atrophic max-

illa can be challenging, but nevertheless performed

using immediate loading protocols: The All-on-4 con-

cept (18) is one of such protocols, based on the

insertion of 4 implants as cornerstones, 2 anterior

implants in an axial position and 2 posterior implants

tilted distally. The use of four implants in the maxilla

is supported by results from medium- and long-term

clinical studies (18, 19) with no significant difference

between tilted and non-tilted implants in analyses of

load distribution (20, 21). In complete edentulous

maxillae rehabilitations, the bone resorption associ-

ated with long-term edentulism may compromise the

insertion of immediately loaded conventional

implants in both the anterior and posterior regions,

and in extreme situations, this may lead to a rehabili-

tation approach using zygomatic implants (22). Never-

theless, the rehabilitation might be possible using

immediately loaded short-length implants before

advancing to more difficult and technical demanding

rehabilitation protocols.

The aim of this study was to retrospectively evalu-

ate the use of a novel short-length implant inserted

on the anterior area in complete edentulous maxillae

rehabilitations when using the All-on-4 treatment

concept.

Material and methods

This manuscript was written according to the STROBE

guidelines (23). This retrospective clinical study was

conducted at a private clinic†, between April 2006

and December 2010. The study was approved by the

Ethics Committee for Health, Lisbon, Portugal (au-

thorisation 007/2010). The cohort included 43 consec-

utive patients identified from the medical charts as

presenting atrophic maxillae and rehabilitated in

immediate loading with implant-supported fixed pros-

thesis (33 females and 10 males), with an age range

of 31–83 years (average = 55�5 years). Additional

inclusion criteria were the process of follow-up being

performed by our team. Patients with maxillary reha-

bilitations supported by short-length implants together

with zygomatic implants were excluded.

The patients were followed between 4 and

75 months (average = 3 years). There were 11

patients with systemic conditions: 1 patient with thy-

roid condition, 7 patients with a cardiovascular disor-

der, 1 diabetic patient, 1 oncologic patient, 1 patient

with Sj€ogren syndrome.

*Nobel Biocare AB, Gothenburg, Sweden. †Mal�o Clinic, Lisbon, Portugal.
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The short-length implant featured 4 mm diameter,

external connection, anodically oxidised surface and

collar (TiUniteTM*), with added grooves to the threads,

slightly larger edges on threads and a tapered apex

(Fig. 1). The clinical rationale for the insertion of

short implants was related to the limited width and

height of the maxillary crest, with a majority inserted

between the maxillary canines (Fig. 1).

The opposing dentitions were implant-supported

prostheses (n = 20), natural teeth (n = 4), removable

prostheses (n = 2) and miscellaneous (n = 17).

Implant insertion protocol

All surgeries were performed by one surgeon (P.M.).

The surgical protocol followed was described in length

in a previous publication (18). A mucoperiosteal flap

was raised at the ridge crest with relieving incisions on

the buccal aspect in the molar area. A small window

was opened to the sinus using a round bur for identifi-

cation of the exact position of the anterior sinus wall.

The implants and abutments were placed in one posi-

tion at a time, starting with the posterior ones.

Under-preparation was used to achieve an insertion

torque between 35 and 50 Ncm before final seating of

the implant. The preparation was typically made by

full depth with a 2-mm twist drill followed by 2�4/
2�8 mm step drill and 3�2/3�6 mm (depending on

bone density). In cases of high-density bone, the 3�8/
4�2 mm step drills were used only in the cortical

bone. The implant neck was aimed to be positioned at

bone level, and bicortical anchorage was established

whenever possible, using the maxillary crest and the

nasal corticals in the anterior region for the short-

length implants. The posterior implant tilting followed

the anterior sinus wall up to 45° of inclination and

30° angulated abutments were connected to the

implant correcting the inclination.

The anterior implants were oriented vertically by a

guide pin replacing the All-on-4 guide* and typically

inserted in lateral or central incisor positions.

After closing and suturing the flap with 3-0 non-re-

sorbable suture, the abutments were accessed by

means of a punch if needed, and impression copings

were placed.

Immediate and definitive prosthetic protocols

An impression with putty material (Elite HD+ Putty

50 ft Fast‡) was made in a custom open tray. High-

density acrylic resin (PalaXpress Ultra§) prosthesis

with titanium cylinders* was manufactured at the

dental laboratory and inserted on the same day of

surgery (n = 43). Anterior occlusal contacts and

canine guidance during lateral movements were pre-

ferred in the provisional prosthesis.

Considering patient desires, a metal–ceramic

implant-supported fixed prosthesis with a titanium

framework and all-ceramic crowns (Procera forte

scanner, Procera and NobelProcera titanium framework,

Fig. 1. Short-length, regular-length and long-length implants distribution by anatomical position in the maxillae.

‡Zhermack 5pA, Badia Polesine, Italy.
§Heraeus Kulzer GmbH, Hanau, Germany.
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NobelProcera crowns, NobelRondo ceramics*); a

metal–acrylic resin implant-supported fixed prosthesis

with a titanium framework (NobelProcera titanium

framework*) and acrylic resin prosthetic teeth (Pala

Mondial§) or a high-density acrylic resin (PalaXpress

Ultra§) prosthesis with titanium cylinders* was used

to replace the provisional prosthesis. In this final pros-

thesis (delivered typically 6 months post-surgically),

the occlusion mimicked natural dentition.

Follow-up

All patients were included in a prospective follow-up

protocol and were evaluated clinically (10 days, 2, 4,

6 months, 1 year and thereafter every 6 months) and

radiographically.

Outcome measures

The primary outcome measure was implant survival

evaluated according to the following criteria (18): (i)

fulfilled purported function as support for reconstruc-

tion; (ii) stable when tested manually; (iii) no signs of

infection observed; and (iv) demonstrated a good aes-

thetic outcome of the rehabilitation. Implants that did

not meet these criteria were classified as failures.

The secondary outcome measures were marginal

bone remodelling and the incidence of biological and

mechanical complications (calculated using the patient

as unit of analysis). Intra-oral radiograph examinations

were performed at baseline (day of surgery), 1 and

3 years of follow-up. A conventional radiograph holder

was used, the position of which was adjusted manually

to ensure orthogonal film positioning. A blinded opera-

tor examined all implant radiographs and performed

the measurements for marginal bone remodelling.

Each periapical radiograph was scanned at 300 dpi, and

the marginal bone level was assessed with image analy-

sis software (Image J v.1.40g for Windows¶). The refer-

ence point for the reading was the implant platform

(the horizontal interface between the implant and the

abutment), and marginal bone remodelling was

defined as the difference in marginal bone level relative

to baseline. The radiographs were accepted or rejected

for evaluation based on the clarity of the implant

threads; a clear thread guarantees both sharpness and

an orthogonal direction of the radiographic beam

towards the implant axis.

The biological complications assessed were peri-

implant pockets >4, suppuration and fistulae forma-

tion. The mechanical complications assessed were

fracture or loosening of prosthetic components.

Statistical evaluation

The implant cumulative survival rate was evaluated

using life table analysis. A separate analysis was per-

formed according to implant length: short implants

(≤8�5 mm), regular-length implants (10–13 mm) and

long implants (>13 mm). Descriptive statistics were

used to perform univariate analysis of the marginal

bone remodelling, biological and mechanical compli-

cations. The marginal bone remodelling was calcu-

lated separately for short, regular and long implants,

and the average marginal bone remodelling with cor-

responding 95% confidence interval (95% CI) was

further evaluated according to the anatomical location

of the implants (mid/distal implant).

Results

Dropouts

There were 2 patients (4�7%) with 4 short implants

that dropped out of the study after 6 months (patient

unreachable) and 13 months (due to the failure of

one longer implant that was replaced by a zygomatic

implant).

Implant components

A total of 172 implants (NobelSpeedy*) were placed

in the maxilla, to rehabilitate 43 edentulous maxillae.

The implants featured 4 mm diameter, and lengths

ranging between short-length implants: 7 mm

(n = 3), 8�5 mm (n = 71); and longer length implants:

10 mm (n = 7), 11�5 mm (n = 4), 13 mm (n = 14),

15 mm (n = 37), 18 mm (n = 36).

Primary outcome measure

Cumulative survival rate. In total, 3 of 74 short

implants placed, failed in 2 patients, giving a cumula-

tive survival rate of 95�7% and 95�1% at implant and

patient level, respectively (Tables 1 and 2); no regular¶National Institutes of Health, Bethesda, MD, USA
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implants failed giving a cumulative survival rate of

100% at implant and patient level, respectively

(Tables 1 and 2), while 3 of the longer implants failed

in 2 patients, giving an overall cumulative survival

rate of 95�4% and 94�4% at implant and patient level,

respectively (Tables 1 and 2). The 3 short implant fail-

ures were lateral incisors. In one patient, who was a

smoker and a heavy bruxer, 2 short implants failed

(after 16 and 20 months), together with the 2 long

implants failures, causing the failure of the prosthesis.

The rehabilitation was repeated using 4 zygomatic

implants. In another patient who was also a smoker,

one short implant failed after 4 months and was

replaced 6 months later, remaining in function with-

out further complications. The survival rate of the

prostheses was 97�7% (42 of 43 prostheses).

Secondary outcome measures

Marginal bone remodelling. The average and frequen-

cies for marginal bone remodelling at 1 and 3 years

distributed by implant anatomical location and length

are given in Table 3. The overall average (95% CI)

bone remodelling at 1 and 3 years was 0�91 mm

[0�84; 0�98] and 1�07 mm [0�95; 1�19], respectively

(Table 3). Considering the implant length, the average

(95% CI) bone remodelling for short, regular and

long implants at 1 year of follow-up was 0�97 mm

[0�86; 1�08], 0�82 mm [0�62; 1�02] and 0�87 mm

[0�77; 0�97], respectively, while at 3 years, the aver-

age (95% CI) marginal bone remodelling for short,

regular and long implants was 1�25 mm [1�05; 1�46],
0�87 mm [0�50; 1�24] and 0�98 mm [0�82; 1�14],
respectively (Table 3).

Considering the implant anatomical location, the

average (95% CI) bone remodelling for mid- and dis-

tal implants at 1 year of follow-up was 0�95 mm

[0�85; 1�06] and 0�86 mm [0�77; 0�95], respectively,

while at 3 years, the average (95% CI) marginal bone

remodelling for mid- and distal implants was

1�19 mm [1�02; 1�36] and 0�96 mm [0�80; 1�13],
respectively (Table 3).

Table 1. Cumulative survival rate of short-length (≤8�5 mm), regular (10–13 mm) and long (>13 mm) dental implants inserted for

the rehabilitation of the complete edentulous maxillae (All-on-4 treatment concept) using the patient (failure considered when one of

the implants supporting the rehabilitation failed) as unit of analysis

Duration Total Failed Lost to follow-up Not yet due SR% CSR%

Short-length implants using the patient as unit of analysis

Placement–6 months 43 1 1 0 97�7 97�7
6 months–1 year 41 0 0 3 100�00 97�7
1–2 years 38 1 1 3 97�4 95�1
2–3 years 33 0 0 11 100�0 95�1
3–4 years 22 0 0 14 100�0 95�1
4–5 years 8 0 0 5 100�0 95�1
5–6 years 3 0 0 2 100�0 95�1

Regular-length implants using the patient as unit of analysis

Placement–6 months 18 0 0 0 100�0 100�0
6 months–1 year 18 0 0 2 100�0 100�0
1–2 years 16 0 0 1 100�0 100�0
2–3 years 15 0 0 8 100�0 100�0
3–4 years 7 0 0 5 100�0 100�0
4–5 years 2 0 0 1 100�0 100�0
5–6 years 1 0 0 1 100�0 100�0

Longer implants using the patient as unit of analysis

Placement–6 months 38 1 1 0 97�4 97�4
6 months–1 year 36 0 0 3 100�0 97�4
1–2 years 33 1 1 2 97�0 94�4
2–3 years 29 0 0 8 100�0 94�4
3–4 years 21 0 0 13 100�0 94�4
4–5 years 8 0 0 5 100�0 94�4
5–6 years 3 0 0 2 100�0 94�4

SR%: survival rate; CSR%: cumulative survival rate.
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Biological complications. Four implants presented peri-

implant pockets >4 mm in 3 patients (7%) between 2

and 4 months, all in short-length implants. In 2

patients with 3 implants, the 5 mm pocket depths

represented pseudo-pockets that were treated through

non-surgical interventions using chlorhexidine and

reinforcing the importance of an efficient oral

hygiene. In one patient, the pocket was treated

through surgical intervention (flap reflection,

mechanical cleansing and decontamination of the

implant surface with 0�2% chlorhexidine, removal of

granulation tissue). The treated implants remained

stable throughout the follow-up of the study.

Mechanical complications. Mechanical complications

were registered in 13 patients (30%) between 2 and

36 months of follow-up: 7 provisional prostheses frac-

tures and 6 abutment screw loosenings. The fractures

were mended, and the abutments retightened, fol-

lowed by the readjustment of the occlusion. All situa-

tions remained stable throughout the follow-up of the

study. No further complications were registered.

Discussion

The cumulative survival rate of 95�1% and 95�7% on

patient and implant level, respectively, for short-

length implants used in combination with regular-

length (10–13 mm) and longer implants (15–18 mm)

in an All-on-4 design is comparable to previous stud-

ies on the rehabilitation of edentulous maxillae

through the All-on-4 treatment concept, with cumu-

lative implant survival rates around 98% after 1 and

3 years of follow-up (24). These results point out that

short implants used in these rehabilitations might give

similar short and medium-term implant survival rates

as longer implants (18, 24), and be considered a via-

ble and safe concept.

The marginal bone remodelling for short implants

(0�97 mm and 1�25 mm at 1 and 3 years) was smaller

compared to a previous report for the same type of

short implants (1�27 mm) (10), and within the

range of results for regular and longer implants in

this study, as well as of previous reports on

longer implants used in similar complete edentulous

Table 2. Cumulative survival rate of short-length (≤8�5 mm), regular (10–13 mm) and long (>13 mm) dental implants inserted for

the rehabilitation of the complete edentulous maxillae (All-on-4 treatment concept) using the implant as unit of analysis

Duration Total Failed Lost to follow-up Not yet due SR% CSR%

Short-length implants

Placement–6 months 74 1 2 0 98�7 98�7
6 months–1 year 71 0 0 4 100�00 98�7
1–2 years 67 2 2 6 97�0 95�7
2–3 years 57 0 0 19 100�0 95�7
3–4 years 38 0 0 25 100�0 95�7
4–5 years 8 0 0 5 100�0 95�7
5–6 years 3 0 0 2 100�0 95�7

Regular-length implants

Placement–6 months 25 0 0 0 100�0 100�0
6 months–1 year 25 0 0 2 100�0 100�0
1–2 years 23 0 0 2 100�0 100�0
2–3 years 21 0 0 138 100�0 100�0
3–4 years 8 0 0 6 100�0 100�0
4–5 years 2 0 0 1 100�0 100�0
5–6 years 1 0 0 1 100�0 100�0

Longer length implants

Placement–6 months 73 1 1 0 98�6 98�6
6 months–1 year 71 0 0 6 100�0 98�6
1–2 years 65 1 2 4 98�5 97�1
2–3 years 58 1 0 15 98�2 95�4
3–4 years 42 0 0 25 100�0 95�4
4–5 years 17 0 0 11 100�0 95�4
5–6 years 6 0 0 4 100�0 95�4

SR%: survival rate; CSR%: cumulative survival rate.
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rehabilitations at both the 1 year (0�9 mm) (24) and

3 years (1�52 mm) (25).

The clinical success outcome of these implants is

subject of discussion: a previous study (25) concluded

that bone loss in short implants may increase the like-

lihood of failure: A particular aspect of this study was

the use of 6-mm-length implants as most distal

implants supporting an overdenture and furthermore

with short implants inserted in posterior regions of

the maxilla, more susceptible to high implant loads,

together with less denser bone. A similar situation

occurred in a study using the same implant design

(10) with short implants inserted in posterior

regions of both jaws in partial rehabilitations. These

differences in implant location (a higher percentage of

implants inserted in the anterior region for our study)

and implant design (only anodically oxidised surface

implants used in our study) might explain the differ-

ent marginal bone remodelling results between our

study and the cited studies (10, 25). On the other

hand, another study (6) reported the use of short-

length implants in single and partial rehabilitations,

but the large majority splinted to longer implants, a

situation that might explain the more apically located

marginal bone level. According to two systematic

reviews, short implants seem to perform comparably

to longer implants (9, 14), provided the adaptation of

the surgical procedure to bone density and the use of

Table 3. Marginal bone remodelling at 1 and 3 years of follow-up for short (7–8�5 mm), regular (10–13 mm) and long (15–18 mm)

implants distributed by mid- and distal implants

Midimplants

Short implants Regular implants Long implants

1 year 3 years 1 year 3 years 1 year 3 years

Average (mm) 0�97 1�25 0�83 0�96 0�99 0�84
Standard error (mm) 0�58 0�99 0�16 0�13
Number 63 23 8 5 1 1

Frequencies N % N % N % N % N % N %

0 mm 0 0 0 0 0 0 0 0 0 0 0 0

�0�1 to 1�0 mm 32 50�8 10 43�5 7 87�5 3 60�0 1 100 1 100

�1�1 to �2�0 mm 30 47�6 11 47�8 1 12�5 2 40�0 0 0 0 0

�2�1 to �3�0 mm 1 1�6 2 8�7 0 0 0 0 0 0 0 0

>�3�0 mm 0 0 0 0 0 0 0 0 0 0 0 0

Distal implants

Short implants Regular implants Long implants

1 year 3 years 1 year 3 years 1 year 3 years

Average (mm) 0�82 0�81 0�40 0�87 0�98
Standard error (mm) 0�11 0�05 0�08
Number 1 9 1 53 31

Frequencies N % N % N % N % N % N %

0 mm 0 0 0 0 0 0 0 0 0 0 0 0

�0�1 to 1�0 mm 1 100 0 0 8 88�9 1 100 41 77�4 19 61�3
�1�1 to �2�0 mm 0 0 0 0 1 11�1 0 0 11 20�8 11 35�5
�2�1 to �3�0 mm 0 0 0 0 0 0 0 0 1 1�9 1 3�2
>�3�0 mm 0 0 0 0 0 0 0 0 0 0 0 0

Marginal bone remodelling (95% CI) at 1 year: overall: 0�91 mm [0�84; 0�98]; short implants 0�97 mm [0�86; 1�08]; regular implants:

0�82 mm [0�62; 1�02]; long implants: 0�87 mm [0�77; 0�97]; midimplants: 0�95 mm [0�85; 1�06]; distal implants: 0�86 mm [0�77; 0�95];
marginal bone remodelling (95% CI) at 3 years: overall: 1�07 mm [0�95; 1�19]; short implants 1�25 mm [1�05; 1�46]; regular implants:

0�87 mm [0�50; 1�24]; long implants: 0�98 mm [0�82; 1�14]; midimplants: 1�19 mm [1�02; 1�36]; distal implants: 0�96 mm [0�80; 1�13].

© 2015 John Wiley & Sons Ltd
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textured-surface implants (14). Nevertheless, it is pos-

sible that the lack of sufficient follow-up in the analy-

sed studies might underestimated the effect of

prosthetic loading on short implant length outcomes

in a medium- and long-term performance (9).

Short implants in this study were inserted together

with regular and longer implants for the rehabilitation

of the complete edentulous maxilla using an All-on-4

design. A finite element analysis study reported that

the All-on-4 design created a significant stress at the

crest for the midimplants while preventing incidences

related to the distal cantilever (26), which could

translate in a higher probability for marginal bone

loss. Our results at the clinical level allowed conclud-

ing that at 3 years of follow-up the marginal bone

remodelling was considered a success, being compara-

ble between both groups (midimplants compared to

distal implants). This conclusion takes into consider-

ation the significant overlap of the 95% confidence

intervals of the average marginal bone remodelling

between both groups (more than 25%) (27, 28).

However, this particular result should be interpreted

with caution as the this analysis did not account for

the effect of concurrent risk factors for marginal bone

loss such as implant infections and parafunctional

habits nor the dependent nature of observations

(multiple implants within the same individual). Nev-

ertheless, it is necessary to evaluate in a longer term

if the cumulative effect of this stress could affect the

marginal bone remodelling outcome.

The incidence of mechanical complications was

somewhat high (30%). This incidence may be

explained by the opposing dentition and the occlusal

planning criteria. On one-hand, 10 of 13 patients pre-

sented an implant-supported fixed prosthesis as

opposing dentition, which has been previously

reported as an indicator for a higher probability of

mechanical complications (29); on the other hand,

previous studies (11, 13) reported the importance of

totally controlling the occlusal planning criteria when

the crown/implant ratio is inverted, so to allow the

occlusal load to be closest to the implants’ long axis, a

situation that is further stressed by the results of our

study.

The limitations of the study are the short follow-up

time, the retrospective design and only 1 clinical cen-

tre involved.

Future investigations should focus on the long-term

performance of the rehabilitations using short-length

implants, particularly the marginal bone and soft tis-

sue outcomes.

Acknowledgments

This study was funded by Nobel Biocare Services AG

(grant no. 2012-1097). Professor Paulo Mal�o is cur-

rently a consultant for Nobel Biocare AB. Dr. Miguel

de Ara�ujo Nobre and Dr. Armando Lopes received

grants for other research projects. Dr. Rolando Rodri-

gues has no conflicts of interest.

References

1. Atieh MA, Zadeh H, Stanford CM, Cooper LF. Survival of

short dental implants for treatment of posterior partial e-

dentulism: a systematic review. Int J Oral Maxillofac

Implants. 2012;27:1323–1331.

2. Esposito M, Grusovin MG, Maghaireh H, Worthington HV.

Interventions for replacing missing teeth: different times for

loading dental implants. Cochrane Database Syst Rev. 2013;

(3):CD003878. doi: 10.1002/14651858.CD003878.pub5.

3. Pierrisnard L, Renouard F, Renault P, Barquinis M. Influ-

ence of implant length and bicortical anchorage on implant

stress distribution. Clin Implant Dent Relat Res. 2003;5:254–

262.

4. 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.

5. 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.

6. Renouard F, Nisand D. Short implants in the severely re-

sorbed maxilla: a 2-year retrospective clinical study. Clin

Implant Dent Relat Res. 2005;7:S104–S110.

7. Stellingsma C, Vissink A, Meijer HJ, Kuiper C, Raghoebar

GM. Implantology in the severely resorbed edentulous man-

dible. Crit Rev Oral Biol Med. 2004;15:240–248.

8. Esposito M, Grusovin M, Rees J, Karasoulos D, Felice P,

Alissa R et al. Effectiveness of sinus lift procedures for dental

implant rehabilitation: a Cochrane systematic review. Eur J

Oral Implantol. 2010;3:7–26.

9. Annibali S, Cristalli MP, Dell’Aquila D, Bignozzi I, La Mon-

aca G, Pilloni A. Short dental implants: a systematic review.

J Dent Res. 2012;91:25–32.

10. Mal�o P, Nobre M, Lopes A. Short implants in posterior jaws.

A prospective 1-year study. Eur J Oral Implantol.

2011;4:47–53.

11. Weber HP, Morton D, Gallucci G, Roccuzzo M, Cordaro L,

Gr€utter L. Consensus statements and recommended clinical

procedures regarding loading protocols. Int J Oral Maxillofac

Implants. 2009;24:S180–S203.

12. Degidi M, Piattelli A, Iezzi G, Carinci F. Immediately loaded

short implants: analysis of a case series of 133 implants.

Quintessence Int. 2007;38:193–201.

© 2015 John Wiley & Sons Ltd

P . M A L �O et al.622

http://dx.doi.org/10.1002/14651858.CD003878.pub5


13. Esposito M, Pellegrino G, Pistilli R, Felice P. Rehabilitation

of posterior atrophic edentulous jaws: prostheses supported

by 5 mm short implants or by longer implants in aug-

mented bone? One-year results from a pilot randomized

clinical trial Eur J Oral Implantol. 2011;4:21–30.

14. Renouard F, Nisand D. Impact of implant length and diame-

ter on survival rates. Clin Oral Implant Res. 2006;17:S35–

S51.

15. Mal�o P, de Ara�ujo M, Rangert B. Short implants placed

one-stage in maxillae and mandibles: a retrospective clinical

study with 1 to 9 years of follow-up. Clin Implant Dent

Relat Res. 2007;9:15–21.

16. Anitua E, Orive G, Aguirre JJ, And�ıa I. Five year clinical

evaluation of short dental implants placed in posterior areas:

a retrospective study. J Periodontol. 2008;79:42–48.

17. Lum LB. A biomechanical rationale for the use of short

implants. J Oral Implantol. 1991;17:126–131.

18. Mal�o P, de Ara�ujo Nobre M, Lopes A, Francischone C, Rig-

olizzo M. “All-on-4” immediate-function concept for com-

pletely edentulous maxillae: a clinical report on the

medium (3 years) and long-term (5 years) outcomes. Clin

Implant Dent Relat Res. 2012;14(Suppl 1):e139–e150. doi:

10.1111/j.1708-8208.2011.00395.x. Epub 2011 Oct 18.

19. Malo P, Nobre M, Lopes A. The rehabilitation of completely

edentulous maxillae with different degrees of resorption

with four or more immediately loaded implants: a 5-year

retrospective study and a new classification. Eur J Oral

Implantol. 2011;4:227–243.

20. Krekmanov L, Kahn M, Rangert B, Lindstrom H. Tilting of

posterior mandibular and maxillary implants of improved

prosthesis support. Int J Oral Maxillofac Implants.

2000;15:405–414.

21. Takahashi T, Shimamura I, Sakurai K. Influence of number

and inclination angle of implants on stress distribution in

mandibular cortical bone with All-on-4 Concept. J Prosth-

odont Res. 2010;54:179–184.

22. Mal�o P, de Ara�ujo Nobre M, Lopes A, Ferro A, Moss S.

Extramaxillary surgical technique: clinical outcome of

352 patients rehabilitated with 747 zygomatic implants with

a follow-up between 6 months and 7 years. Clin Implant

Dent Relat Res. 2015;17(Suppl 1):e153–e162.

23. von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche PC,

Vandenbroucke JP, STROBE Initiative. The Strengthening

the Reporting of Observational Studies in Epidemiology

(STROBE) statement: guidelines for reporting observational

studies. J Clin Epidemiol. 2008;61:344–349.

24. Agliardi E, Panigatti S, Cleric�o M, Villa C, Mal�o P. Immedi-

ate rehabilitation of the edentulous jaws with full fixed

prostheses supported by four implants: interim results of a

single cohort prospective study. Clin Oral Implants Res.

2010;21:459–465.

25. Van Assche N, Michels S, Quirynen M, Naert I. Extra short

dental implants supporting an overdenture in the edentu-

lous maxilla: a proof of concept. Clin Oral Implants Res.

2012;23:567–576.

26. Almeida EO, Rocha EP, J�unior AC, Anchieta RB, Poveda R,

Gupta N et al. Tilted and short implants supporting fixed

prosthesis in an atrophic maxilla: a 3D-FEA biomechanical

evaluation. Clin Implant Dent Relat Res. 2015;17(Suppl 1):

e332–e342.

27. Cumming G. Inference by eye: reading the overlap of inde-

pendent confidence intervals. Stat Med. 2009;28:205–220.

28. van Belle G. Statistical rules of thumb, 2nd ed. Hoboken

(NJ): John Wiley & Sons Inc.; 2008:38.

29. Kinsel RP, Lin D. Retrospective analysis of porcelain failures

of metal ceramic crowns and fixed partial dentures sup-

ported by 729 implants in 152 patients: patient-specific and

implant-specific predictors of ceramic failure. J Prosthet

Dent. 2009;101:388–394.

Correspondence: Miguel A. de Ara�ujo Nobre, Research and Develop-

ment Department, Mal�o Clinic, Avenida dos Combatentes, 42, piso

8, 1600-042 Lisboa, Portugal.

E-mail: research@maloclinics.com

© 2015 John Wiley & Sons Ltd

S H O R T - L E N G T H T A P E R E D IM P L A N T S I N IMMED I A T E L O AD I N G 623

http://dx.doi.org/10.1111/j.1708-8208.2011.00395.x

