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failure and difficulty in implant placement in the posterior 

maxilla are limited visibility, reduced interarch space, and 

sinus pneumatization due to post-extraction bone resorption6.

In cases with adequate vertical dimension of the residual 

alveolar ridge, conventional implants can be used with high 

survival rates and acceptable prognosis7. However, in atro-

phic maxillary bones, an implant with a rough surface can 

be used as compensation for poor bone quality and limited 

bone height6. This approach can be used with sinus augmen-

tation using autogenous bone or sinus elevation as a solution 

for limited bone height to allow placement of conventional 

implants6,8-10. Long-term studies have shown that there is no 

significant difference between the success rates of implants 

placed in natural alveolar bone and those placed in grafted 

bone11. However, bone graft is not a possible technique for 

all treatments and is associated with increased postoperative 

morbidity, higher costs, and higher risks of complications 

during patient rehabilitation8-11. Some complications that can 

occur in patients undergoing sinus floor elevation are sinus 

membrane perforation, local infection, swelling, hematoma, 

I. Introduction

A common treatment for edentulous patients is either re-

movable complete or partial dentures. However, the use of 

removable dentures reduces the chewing capacity and taste 

perception1. Endosseous dental implants have become a pre-

dictable treatment option for applicable patients2. The success 

rate of dental implants is associated with bone quality and 

quantity3. Most implant failures occur in the maxillary molar 

region with poor bone quality4,5. Other factors that may cause 
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The purpose of this study was to perform a literature review of short implants in the posterior maxilla and to assess the influence of different factors on 
implant success rate. A comprehensive search was conducted to retrieve articles published from 2004 to 2015 using short dental implants with lengths 
less than 10 mm in the posterior maxilla with at least one year of follow-up. Twenty-four of 253 papers were selected, reviewed, and produced the fol-
lowing results. (1) The initial survival rate of short implants in the posterior maxilla was not related to implant width, surface, or design; however, the 
cumulative success rate of rough-surface short implants was higher than that of machined-surface implants especially in performance of edentulous 
dental implants of length <7 mm. (2) While bone augmentation can be used for rehabilitation of the atrophic posterior maxilla, short dental implants 
may be an alternative approach with fewer biological complications. (3) The increased crown-to-implant (C/I) ratio and occlusal table (OT) values in 
short dental implants with favorable occlusal loading do not seem to cause peri-implant bone loss. Higher C/I ratio does not produce any negative in-
fluence on implant success. (4) Some approaches that decrease the stress in posterior short implants use an implant designed to increase bone-implant 
contact surface area, providing the patient with a mutually protected or canine guidance occlusion and splinting implants together with no cantilever 
load. The survival rate of short implants in the posterior edentulous maxilla is high, and applying short implants under strict clinical protocols seems to 
be a safe and predictable technique.
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ined 1,955 dental implants, 914 of which were short implants 

(<10 mm). They demonstrated that standard dental implants 

had a survival rate of 86.7% with a peak failure rate after 

6 to 8 years of function, while short dental implants had a 

survival rate of 88.1% at 168 months with a peak failure rate 

after 4 to 6 years of function (P=0.254). The study revealed 

that standard dental implants failed later than short implants. 

However, in the long-term, short dental implants were as 

predictable as longer implants. Romeo et al.19 demonstrated 

that some important factors affected short implants such as 

diameter and length of the implant, surface topography of the 

implant, C/I ratio, prosthesis type, occlusal/parafunctional 

loads, and splinting to other implants. Furthermore, additional 

influences were systemic factors and habits such as smoking 

and implant placement in host versus grafted bone. It is also 

notable that the length of bone-to-implant contact, which was 

measured after prosthetic connection, may be more related to 

implant survival than is the length of the implant placed into 

the bone20.

1.	Surface topography and diameter and length of 

the implant

Atieh et al.20 carried out a systematic review of 1,354 stud-

ies, which led to direct evaluation of 401 articles. The se-

lected studies evaluated short implants of less than 8.5 mm, 

which were placed in the posterior maxilla and/or mandible 

to support fixture restoration. They found no significant dif-

ference in the reported survival of short versus long implants. 

The initial survival rate of short implants for treatment of 

posterior partial edentulism was high and was not related to 

implant width, surface, or design. Anitua et al.21, in a retro-

spective cohort study performed from 2001 to 2004, inves-

tigated 293 subjects who received 532 short implants with a 

diameter ranging from 3.3 to 5.5 mm and a length ranging 

from 7.0 to 8.5 mm. Subjects showed good periodontal health 

before implant placement, and antibiotics were prescribed 

for each patient from 30 minutes before implant placement to 

6 days after surgery. Also, analgesic and anti-inflammatory 

drugs were administered 30 minutes before surgery. Twice 

daily chlorhexidine 0.12% rinses were recommended until 

the sutures were removed. Short implants were inserted by 

two surgeons, and the crowns were installed by prosthodon-

tists. The potential influence of clinical factors, demographic 

factors, prosthetic variables, and surgery-dependent factors 

on implant survival was investigated. The overall survival 

rate of short implants after life-table analysis was 98.7% and 

maxillary sinusitis, and upper lip paresthesia4.

Short implants were introduced recently as a new approach 

to simplify implant placement in compromised alveolar bone 

and to prevent possible damage to vital structures11. Accord-

ing to a study on 431 edentulous patients, the available bone 

height in the posterior maxilla in 38% of cases is at least 6 

mm12. Moreover, implants that are placed in the posterior re-

gion are shorter than those in the anterior region13.

Implants with 10 mm intrabone length have been defined 

as long implants, and those less than 10 mm were considered 

short implants. However, short implants have recently been 

defined as less than 8 mm in length14. There are many advan-

tages to short implants including decreased contact possibility 

with adjacent tooth roots, lower risk of surgical paresthesia, 

less bone overheating, and lower risk of bone graft exposure. 

In addition, short implants lead to time and cost reduction 

and less patient discomfort15. Furthermore, short implants do 

not need computed tomography (CT) scans, since CT scans 

are usually invested for >10-mm-long implants or sinus aug-

mentation surgery6. Moreover, studies have revealed that the 

failure rate of short implants was not higher than that of long 

implants16,17.

There is still controversy on short implant indication be-

cause of challenges such as less bone to implant contact due 

to reduced implant surface, more crestal bone resorption due 

to a reduced surface over which to distribute forces, and the 

increased crown-to-implant (C/I) ratio6.

II. Materials and Methods

An electronic search of PubMed and MEDLINE databases 

for relevant studies published in English from January 2004 

to August 2015 was performed. Randomized clinical trials, 

human experimental clinical trials, and prospective studies 

(e.g., cohort as well as cases series) were selected to inves-

tigate the survival rate of short dental implants (<10 mm) 

for fixed prostheses or overdenture. Short implant, posterior 

maxilla, and survival rate were chosen as keywords. Twenty-

four of 253 studies were selected after determining that they 

met the four following criteria: implant length <10 mm, 

placed in the posterior maxilla, data on survival rate, and at 

least one year of follow-up.

III. Literature Review

Monje et al.18 performed a meta-analysis of 13 prospective 

clinical human trials published from 1997 to 2011, and exam-
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bone of the control group and 201 implants of 41 patients that 

were placed after preliminary sinus floor elevation in the pos-

terior maxilla of the test group. The subjects in the test group 

were treated with the two-stage technique and were followed 

at 3, 6, and 12 months after implant placement and then ev-

ery 6 months for the next 6 years. The findings revealed that 

implants placed in pristine bone had a higher survival rate 

(96.4%) compared with those placed in an augmented sinus 

(86.1%). All implant failures in the test group occurred be-

fore prosthetic rehabilitation.

Esposito et al.30 performed a systemic review of horizontal 

and vertical bone augmentation techniques for dental im-

plant treatment and reported a higher odds ratio (OR) of im-

plant failure (OR=5.74) and more significant complications 

(OR=4.97) in patients who had received vertical augmenta-

tion. However, when comparing various horizontal augmen-

tation techniques, no statistically significant differences were 

observed8. These authors, in another systemic review of aug-

mentation surgery of the maxillary sinus, found that short im-

plants (5 to 8 mm) can be effective and result in fewer com-

plications than longer implants placed using more complex 

techniques. Corbella et al.31 conducted a systematic review of 

44 articles and evaluated the implant survival rate of differ-

ent rehabilitation techniques (lateral approach to sinus floor 

elevation and osteotomy) in the posterior atrophic maxilla 

after a period of more than 3 years. Their review included (1) 

four articles including 901 short implants with up to 5 years 

of follow-up, (2) eight studies that evaluated 1,208 implants 

for the osteotomy technique after 3 years of follow-up, and 

3) twenty-nine studies that assessed 6,940 implants placed in 

2,707 sinuses augmented by the lateral technique. According 

to these three mentioned study sets, there was no significant 

difference in clinical outcomes of osteotomy or the lateral 

approach. Long-term evaluations of clinical outcomes dem-

onstrated that sinus floor elevation with osteotomy and the 

lateral approach was the preferred therapeutic option for re-

habilitation of the atrophic posterior maxilla. Short implants 

are a promising treatment option, but further long-term stud-

ies are required.

Thoma et al.32 performed a systematic review comparing 

short implants (≤8 mm) in the posterior maxilla with lon-

ger implants (>8 mm), placed after or simultaneous to sinus 

grafting. The result indicated that shorter dental implants are 

an appropriate alternative approach with fewer biological 

complications and lower morbidity, costs, and surgical time. 

Shi et al.33 investigated implant stability, surgical time, and 

patient satisfaction in three groups of short dental implants 

99.2% for subject- and implant-based analysis, respectively, 

at 31.0±12.3 months. Thus, under strict clinical protocols, 

short implant placement in the posterior maxilla can be con-

sidered predictable and safe.

In other retrospective study of 1,287 short implants, Anitua 

and Orive22 found similar results over 8 years, with the same 

method. Kotsovilis et al.23 performed a systematic review and 

meta-analysis to evaluate the effect of implant length on the 

survival rate of rough-surface dental implants and found no 

statistically significant difference between conventional (=10 

mm) and short (<10 mm) rough-surface implants, placed 

in partially edentulous patients. Although some systematic 

reviews have reported comparable survival rates for con-

ventional and short rough-surface implants, a comprehen-

sive review by Hagi et al.24 revealed that surface geometry 

(machined vs rough) played a primary role in performance 

of edentulous dental implants of length <7 mm. Also, Men-

chero-Cantalejo et al.25 reported that the cumulative success 

rate of rough-surface short implants was higher than that of 

machined-surface implants.

Furthermore, Ketabi et al.26 the implant stability and ra-

diographic crestal bone loss in hydroxylapatite (HA) coated 

compared with restorable blast media (RBM) short dental im-

plants placed in the posterior maxilla. The results revealed 

that the amount of crestal bone loss around HA-coated short 

implants was smaller than that of RBM, indicating that the 

HA-coated surface was more appropriate in areas with poor 

bone quality.

2. Placement of implant in host vs grafted bone

Peng et al.27 suggested that elevation of the maxillary sinus 

floor with autogenous bone graft through the lateral window 

approach is safe and feasible. In addition, for patients with re-

duced vertical bone height in the posterior maxillary region, 

maxillary sinus floor elevation is typical in implant rehabili-

tation.

Nedir et al.28 evaluated the efficacy of 37 short implants (8 

mm), placed with accompanying osteotome sinus floor eleva-

tion (OSFE), in a residual bone height ≤4 mm over a period 

of 3 years. Healing time before prosthetic rehabilitation was 

10 weeks. Results showed that atrophic posterior maxillae 

can be predictably rehabilitated using OSFE and simultane-

ous placement of short implants. Barone et al.29 compared the 

survival rate of implants placed in augmented sinus with ones 

placed in host bone in the posterior maxilla. Their study con-

tained 192 implants of 64 patients that were placed in pristine 
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performed on all other implants. The researchers decreased 

stress to the posterior implants based on the increased bone-

implant contact surface area, providing the patient with pro-

tected or canine guidance occlusion and splinting implants 

with no cantilever load. The investigation results indicated 

that there were six surgical failures during the time from 

stage I to stage II healing (98.9% survival rate) and two 

failures from stage II healing to prosthesis delivery, but no 

implant failure occurred after the 338 final implant prosthe-

ses were installed. Therefore, this study shows that short-

length implants can be used for supporting fixed restorations 

in posterior partial edentulism. Kim and Lee5 reported that, in 

residual bone with a smaller than 4 mm vertical dimension, 

restoration of a single implant had a significantly lower sur-

vival rate compared with cases where the superstructure was 

joined to several implants in the area.

Mertens et al.2 evaluated the long-term survival and success 

rate of 52 short 8 mm and 9 mm implants in 14 patients in-

stalled using the two-stage surgical approach and all prosthet-

ic rehabilitations performed by the same prosthodontist. After 

10.1 years, all patients were re-examined radiographically 

and clinically. According to the Karoussis et al.’s criteria36, 

4 implants failed; however, according to the Albrektsson et 

al.’s criteria37, all implants were successful. Therefore, the 

results of this study show that the failure rate and marginal 

bone resorption in short and long implants are similar, and a 

higher C/I ratio did not seem to have any negative influence 

on implant success2. Birdi et al.38 performed a retrospective 

cohort study of 309 implants placed in 194 patients who 

had 1 or more single-tooth, 5.7-mm- or 6-mm-long plateau-

design implants placed and restored (cement retained, non-

splinted) with use of the locking-taper design. The results of 

measurements of periapical radiographs (with a paralleling 

technique) and C/I ratios (with a software measurement tool) 

revealed that the success of those implants was not affected 

by the C/I ratio. However, some studies claimed that high C/I 

ratio has a negative biologic effect on crestal bone loss and 

suggested overloading as a result of higher bone stress lead-

ing to bone atrophy and greater marginal bone loss39-41. Ani-

tua et al.42, in a retrospective study, evaluated the influence 

of C/I ratio on marginal bone loss and on the survival rates 

of implant-supported prostheses in 128 short implants (28.5 

mm in length) placed in the posterior maxilla or mandible of 

63 patients over a period of 10 years. Based on the C/I ratio 

(C/I <2 and C/I ≥2), two groups were designed. According 

to this study, marginal bone loss in the posterior area is not 

significantly influenced by C/I ratio.

(6 mm), short dental implants (8 mm) combined with OSFE, 

and standard dental implants (10 mm) combined with OSFE 

for treating atrophic posterior maxilla in partially edentulous 

patients. In total, 33 patients with 33 implants were involved 

in the study. In all three groups, high survival rates, adequate 

primary and secondary implant stability, and excellent patient 

satisfaction were achieved. The short 6-mm implant group 

demonstrated a significantly shorter surgical time than the 

other groups.

Schincaglia et al.34 evaluated survival rate, marginal bone 

level alteration (MBL), periodontal probing depth, bleeding 

on probing, and C/I ratio of short (6 mm) and long implants 

(11-15 mm) placed with sinus floor elevation. Patients with 5 

to 7 mm of bone height in the posterior maxilla were random-

ly assigned to receive short or long implants with sinus graft-

ing. Implants were loaded with a single crown 6 months after 

placement. In 97 patients, 132 implants were re-assessed 12 

months after loading, and there was no correlation between 

C/I and MBL, and the two treatment procedures provided 

similar outcomes.

3. Occlusal/parafunctional loads

Tawil et al.35 investigated the influence of some prosthetic 

factors on the survival and complication rates and suggested 

that implants shorter than 10 mm can be a long-term solution 

for sites with reduced bone height. In this study 262 short 

machined-surface Brånemark System implants were con-

secutively placed in 109 patients and followed for a mean of 

53 months. The opposing dentitions were implant-supported 

fixed restoration, natural teeth, and fixed prosthesis supported 

by natural teeth. The results indicated no correlation between 

peri-implant bone loss and C/I ratio or occlusal table (OT) 

width. Furthermore, increased C/I and OT values do not seem 

to be a major risk factor in cases of favorable loading. Can-

tilever length and bruxism had no significant effect on peri-

implant bone loss.

4. Prosthesis type and crown-to-implant ratio

Misch et al.13 evaluated 745 dental implants <10 mm long 

that supported 338 posterior restorations in 273 patients 

followed for up to 6 years. Implant survival rates were col-

lected as follows: (1) stage I to stage II healing, (2) stage II 

to prosthesis delivery, and (3) prosthesis delivery to as end of 

follow-up. In the study, 240 implants healed with a one-stage 

surgical approach, while a two-stage surgical approach was 
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minimizing off-axis loads would contribute to more favor-

able load distribution and potentially more success in implant 

treatment6. However, several studies reported that C/I ratio 

has no effect on the success rate of short implants and does 

not influence marginal bone loss38,51.

Increasing the implant number and splinting short implants 

together or to long implants could increase the survival 

rate41,52. Bergkvist et al.53 revealed that stress levels in bone 

surrounding splinted implants were significantly lower than 

stress levels surrounding uncoupled implants. Bone quality 

and site of implant placement seem to be main predictors 

of treatment outcome54,55. Some studies with short implants 

placed in the maxilla showed a lower survival rate than those 

placed in the mandible49-56,57. This result could be due to the 

difference in bone density, which can reduce stress concen-

tration around implants and improve mechanical properties of 

the implant-bone interface, consequently facilitating primary 

stability and early osseointegration, which compensate the 

implant lengths reduction57.

V. Conclusion

This study presents strong evidence supporting the use of 

short implants even in the posterior maxilla. The survival rate 

of short implants is a multifactorial parameter; however, the 

findings of this study indicate the predictability of short den-

tal implants considering a precise treatment plan and strict 

clinical protocol.

Conflict of Interest

No potential conflict of interest relevant to this article was 

reported.

ORCID

Zeinab Rezaei Esfahrood, http://orcid.org/0000-0001-9046-5896
Loghman Ahmadi, http://orcid.org/0000-0003-1095-0563
Elahe Karami, http://orcid.org/0000-0003-1553-9749
Shima Asghari, http://orcid.org/0000-0002-9801-3402

References

1.	 Sato T, Abe T, Nakamoto N, Tomaru Y, Koshikiya N, Nojima J, et 
al. Nicotine induces cell proliferation in association with cyclin D1 
up-regulation and inhibits cell differentiation in association with 
p53 regulation in a murine pre-osteoblastic cell line. Biochem Bio-
phys Res Commun 2008;377:126-30. 

IV. Discussion

The use of the longest possible implants was defended 

based on the principle that longer implants would exhibit 

higher survival rates and more favorable prognosis7. How-

ever, in many clinical conditions, placement of long implants 

was doubtful due to limitations such as alveolar ridge defi-

ciencies, maxillary sinus pneumatization, and inferior alveo-

lar nerve canal position43-47.

Because of different outcomes of treatment time, cost, and 

morbidity following advanced osseous augmentation tech-

niques7,38, short dental implants have been proposed as a treat-

ment option to simplify implant placement in a compromised 

alveolar ridge, to avoid vital structures, to minimize surgical 

trauma, and to decrease the morbidity of advanced surgical 

procedures48. It has often been supposed that shorter implants 

will show a lower success rate than standard ones. Neverthe-

less, no distinctive linear relationship between survival rate 

and implant length has been scientifically established49, and 

many studies showed that short dental implants have no more 

risk of failure than longer implants20. Because implant surviv-

al rates are affected by many factors such as implant surface, 

primary stability, bone quality and quantity, prosthodontics 

protocol, and overheating during surgical preparation21.

Primary stability may be more difficult to achieve with 

short implants due to decreased bone-implant contact11. The 

contact area is determined by length, taper, diameter, and 

the surface texture6. Therefore, osseointegration of the bone-

implant interface was increased by using wide-diameter or 

rough-surface implants2,23. Some studies indicated that the 

effect of diameter of the implant on survival rate is more im-

portant than the length14. Similarly, a meta-analysis showed 

that there is no statistically significant difference in survival 

rate between standard and short rough-surface implants in 

edentulous patients23. In addition, the greater was the bone-

implant contact percentage, the less stress there was at the 

bone-implant interface13.

Some risk factors that may increase stress when using short 

implants are (1) increased crown height, (2) high bone den-

sity in the region, and (3) higher bite force. Some methods 

available to decrease stress include (1) minimizing the lateral 

force on the prosthesis, (2) lack of cantilevers on the prosthe-

ses, and (3) splinting multiple implants together13.

The C/I ratio of short implants might increase the risk of 

biomechanical complication because of overloading/non-

axial loading and can eventually result in crestal bone loss50. 

Occlusal table reduction, flattening the cuspal incline, and 



Short dental implants in the posterior maxilla

75

tematic review. Int J Oral Maxillofac Implants 2012;27:1323-31.
21.	 Anitua E, Orive G, Aguirre JJ, Andía I. Five-year clinical evalua-

tion of short dental implants placed in posterior areas: a retrospec-
tive study. J Periodontol 2008;79:42-8. 

22.	 Anitua E, Orive G. Short implants in maxillae and mandibles: a 
retrospective study with 1 to 8 years of follow-up. J Periodontol 
2010;81:819-26. 

23.	 Kotsovilis S, Fourmousis I, Karoussis IK, Bamia C. A system-
atic review and meta-analysis on the effect of implant length 
on the survival of rough-surface dental implants. J Periodontol 
2009;80:1700-18.

24.	 Hagi D, Deporter DA, Pilliar RM, Arenovich T. A targeted review 
of study outcomes with short (< or = 7 mm) endosseous dental 
implants placed in partially edentulous patients. J Periodontol 
2004;75:798-804.

25.	 Menchero-Cantalejo E, Barona-Dorado C, Cantero-Álvarez M, 
Fernández-Cáliz F, Martínez-González JM. Meta-analysis on 
the survival of short implants. Med Oral Patol Oral Cir Bucal 
2011;16:e546-51.

26.	 Ketabi M, Farkhani N, Amini S. Comparing the implant stabil-
ity and radiographic crestal bone loss between HA/coated and 
RBM short Dentis implants in posterior maxilla. J Res Dent Sci 
2014;11:54-9.

27.	 Peng W, Kim IK, Cho HY, Pae SP, Jung BS, Cho HW, et al. As-
sessment of the autogenous bone graft for sinus elevation. J Korean 
Assoc Oral Maxillofac Surg 2013;39:274-82.

28.	 Nedir R, Nurdin N, Khoury P, El Hage M, Abi Najm S, Bischof M. 
Paradigm shift in the management of the atrophic posterior max-
illa. Case Rep Dent 2014;2014:486949.

29.	 Barone A, Orlando B, Tonelli P, Covani U. Survival rate for im-
plants placed in the posterior maxilla with and without sinus aug-
mentation: a comparative cohort study. J Periodontol 2011;82:219-
26.

30.	 Esposito M, Grusovin MG, Rees J, Karasoulos D, Felice P, Alissa 
R, et al. Interventions for replacing missing teeth: augmentation 
procedures of the maxillary sinus. Cochrane Database Syst Rev 
2010;(3):CD008397.

31.	 Corbella S, Taschieri S, Del Fabbro M. Long-term outcomes for 
the treatment of atrophic posterior maxilla: a systematic review of 
literature. Clin Implant Dent Relat Res 2015;17:120-32. 

32.	 Thoma DS, Zeltner M, Hüsler J, Hämmerle CH, Jung RE. EAO 
Supplement Working Group 4--EAO CC 2015 Short implants ver-
sus sinus lifting with longer implants to restore the posterior max-
illa: a systematic review. Clin Oral Implants Res 2015;26 Suppl 
11:154-69. 

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

34.	 Schincaglia GP, Thoma DS, Haas R, Tutak M, Garcia A, Taylor 
TD, et al. Randomized controlled multicenter 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;42:1042-51.

35.	 Tawil G, Aboujaoude N, Younan R. Influence of prosthetic param-
eters on the survival and complication rates of short implants. Int J 
Oral Maxillofac Implants 2006;21:275-82.

36.	 Karoussis IK, Salvi GE, Heitz-Mayfield LJ, Brägger U, Hämmerle 
CH, Lang NP. Long-term implant prognosis in patients with and 
without a history of chronic periodontitis: a 10-year prospective 
cohort study of the ITI Dental Implant System. Clin Oral Implants 
Res 2003;14:329-39.

37.	 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.

38.	 Birdi H, Schulte J, Kovacs A, Weed M, Chuang SK. Crown-to-im-
plant ratios of short-length implants. J Oral Implantol 2010;36:425-

2.	 Mertens C, Meyer-Bäumer A, Kappel H, Hoffmann J, Steveling 
HG. Use of 8-mm and 9-mm implants in atrophic alveolar ridges: 
10-year results. Int J Oral Maxillofac Implants 2012;27:1501-8.

3.	 Sennerby L, Roos J. Surgical determinants of clinical success 
of osseointegrated oral implants: a review of the literature. Int J 
Prosthodont 1998;11:408-20.

4.	 Kim YK, Hwang JY, Yun PY. Relationship between prognosis of 
dental implants and maxillary sinusitis associated with the sinus 
elevation procedure. Int J Oral Maxillofac Implants 2013;28:178-
83. 

5.	 Kim BJ, Lee JH. The retrospective study of survival rate of im-
plants with maxillary sinus floor elevation. J Korean Assoc Oral 
Maxillofac Surg 2010;36:108-18.

6.	 Morand M, Irinakis T. The challenge of implant therapy in the pos-
terior maxilla: providing a rationale for the use of short implants. J 
Oral Implantol 2007;33:257-66.

7.	 Lee JH, Frias V, Lee KW, Wright RF. Effect of implant size and 
shape on implant success rates: a literature review. J Prosthet Dent 
2005;94:377-81.

8.	 Esposito M, Grusovin MG, Felice P, Karatzopoulos G, Worthing-
ton HV, Coulthard P. Interventions for replacing missing teeth: hor-
izontal and vertical bone augmentation techniques for dental im-
plant treatment. Cochrane Database Syst Rev 2009;(4):CD003607.

9.	 Queiroz TP, Aguiar SC, Margonar R, de Souza Faloni AP, Gruber 
R, Luvizuto ER. Clinical study on survival rate of short implants 
placed in the posterior mandibular region: resonance frequency 
analysis. Clin Oral Implants Res 2015;26:1036-42. 

10.	 Esposito M, Felice P, Worthington HV. Interventions for replacing 
missing teeth: augmentation procedures of the maxillary sinus. Co-
chrane Database Syst Rev 2014;(5):CD008397.

11.	 Kennedy KS, Jones EM, Kim DG, McGlumphy EA, Clelland NL. 
A prospective clinical study to evaluate early success of short im-
plants. Int J Oral Maxillofac Implants 2013;28:170-7.

12.	 Oikarinen K, Raustia AM, Hartikainen M. General and local 
contraindications for endosseal implants--an epidemiological pan-
oramic radiograph study in 65-year-old subjects. Community Dent 
Oral Epidemiol 1995;23:114-8.

13.	 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;77:1340-7.

14.	 Srinivasan M, Vazquez L, Rieder P, Moraguez O, Bernard JP, 
Belser UC. Efficacy and predictability of short dental implants (<8 
mm): a critical appraisal of the recent literature. Int J Oral Maxil-
lofac Implants 2012;27:1429-37.

15.	 Grant BT, Pancko FX, Kraut RA. Outcomes of placing short dental 
implants in the posterior mandible: a retrospective study of 124 
cases. J Oral Maxillofac Surg 2009;67:713-7. 

16.	 Nedir R, Bischof M, Briaux JM, Beyer S, Szmukler-Moncler S, 
Bernard JP. A 7-year life table analysis from a prospective study 
on ITI implants with special emphasis on the use of short im-
plants. Results from a private practice. Clin Oral Implants Res 
2004;15:150-7.

17.	 Testori T, Del Fabbro M, Feldman S, Vincenzi G, Sullivan D, Rossi 
R Jr, et al. A multicenter prospective evaluation of 2-months loaded 
Osseotite implants placed in the posterior jaws: 3-year follow-up 
results. Clin Oral Implants Res 2002;13:154-61.

18.	 Monje A, Chan HL, Fu JH, Suarez F, Galindo-Moreno P, Wang 
HL. Are short dental implants (<10 mm) effective? a meta-analysis 
on prospective clinical trials. J Periodontol 2013;84:895-904. 

19.	 Romeo E, Chiapasco M, Ghisolfi M, Vogel G. Long-term clinical 
effectiveness of oral implants in the treatment of partial edentulism. 
Seven-year life table analysis of a prospective study with ITI dental 
implants system used for single-tooth restorations. Clin Oral Im-
plants Res 2002;13:133-43.

20.	 Atieh MA, Zadeh H, Stanford CM, Cooper LF. Survival of short 
dental implants for treatment of posterior partial edentulism: a sys-



J Korean Assoc Oral Maxillofac Surg 2017;43:70-76

76

33.
39.	 Rangert BR, Sullivan RM, Jemt TM. Load factor control for 

implants in the posterior partially edentulous segment. Int J Oral 
Maxillofac Implants 1997;12:360-70.

40.	 Friberg B, Gröndahl K, Lekholm U, Brånemark PI. Long-term 
follow-up of severely atrophic edentulous mandibles reconstructed 
with short Brånemark implants. Clin Implant Dent Relat Res 
2000;2:184-9.

41.	 Bahat O. Brånemark system implants in the posterior maxilla: 
clinical study of 660 implants followed for 5 to 12 years. Int J Oral 
Maxillofac Implants 2000;15:646-53.

42.	 Anitua E, Piñas L, Orive G. Retrospective study of short and extra-
short implants placed in posterior regions: influence of crown-to-
implant ratio on marginal bone loss. Clin Implant Dent Relat Res 
2015;17:102-10.

43.	 Chiapasco M, Zaniboni M, Boisco M. Augmentation procedures 
for the rehabilitation of deficient edentulous ridges with oral im-
plants. Clin Oral Implants Res 2006;17 Suppl 2:136-59.

44.	 Donos N, Mardas N, Chadha V. Clinical outcomes of implants fol-
lowing lateral bone augmentation: systematic assessment of avail-
able options (barrier membranes, bone grafts, split osteotomy). J 
Clin Periodontol 2008;35(8 Suppl):173-202. 

45.	 Pjetursson BE, Tan WC, Zwahlen M, Lang NP. A systematic 
review of the success of sinus floor elevation and survival of im-
plants inserted in combination with sinus floor elevation. J Clin 
Periodontol 2008;35(8 Suppl):216-40.

46.	 Rocchietta I, Fontana F, Simion M. Clinical outcomes of vertical 
bone augmentation to enable dental implant placement: a system-
atic review. J Clin Periodontol 2008;35(8 Suppl):203-15.

47.	 Tonetti MS, Hämmerle CH. Advances in bone augmentation to en-
able dental implant placement: Consensus Report of the Sixth Eu-
ropean Workshop on Periodontology. J Clin Periodontol 2008;35(8 
Suppl):168-72.

48.	 Pjetursson BE, Tan K, Lang NP, Brägger U, Egger M, Zwahlen M. 
A systematic review of the survival and complication rates of fixed 

partial dentures (FPDs) after an observation period of at least 5 
years. Clin Oral Implants Res 2004;15:667-76.

49.	 Wyatt CC, Zarb GA. Treatment outcomes of patients with implant-
supported fixed partial prostheses. Int J Oral Maxillofac Implants 
1998;13:204-11.

50.	 Telleman G, Raghoebar GM, Vissink A, den Hartog L, Huddleston 
Slater JJ, Meijer HJ. A systematic review of the prognosis of short 
(<10 mm) dental implants placed in the partially edentulous pa-
tient. J Clin Periodontol 2011;38:667-76.

51.	 Blanes RJ. To what extent does the crown-implant ratio affect the 
survival and complications of implant-supported reconstructions? 
A systematic review. Clin Oral Implants Res 2009;20 Suppl 4:67-
72.

52.	 das Neves FD, Fones D, Bernardes SR, do Prado CJ, Neto AJ. 
Short implants--an analysis of longitudinal studies. Int J Oral Max-
illofac Implants 2006;21:86-93.

53.	 Bergkvist G, Simonsson K, Rydberg K, Johansson F, Dérand T. 
A finite element analysis of stress distribution in bone tissue sur-
rounding uncoupled or splinted dental implants. Clin Implant Dent 
Relat Res 2008;10:40-6.

54.	 Misch CE, Dietsh-Misch F, Hoar J, Beck G, Hazen R, Misch CM. 
A bone quality-based implant system: first year of prosthetic load-
ing. J Oral Implantol 1999;25:185-97.

55.	 Tada S, Stegaroiu R, Kitamura E, Miyakawa O, Kusakari H. Influ-
ence of implant design and bone quality on stress/strain distribution 
in bone around implants: a 3-dimensional finite element analysis. 
Int J Oral Maxillofac Implants 2003;18:357-68.

56.	 Deporter D, Todescan R, Caudry S. Simplifying management of 
the posterior maxilla using short, porous-surfaced dental implants 
and simultaneous indirect sinus elevation. Int J Periodontics Re-
storative Dent 2000;20:476-85.

57.	 Renouard F, Nisand D. Short implants in the severely resorbed 
maxilla: a 2-year retrospective clinical study. Clin Implant Dent 
Relat Res 2005;7 Suppl 1:S104-10.


