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ABSTRACT

The aim of this study was to evaluate clinically and radiographically the outcomes of using short implants as an alternative for 
sinus lift in extreme atrophic maxilla. Patients and methods: partially edentulous patients of both sexes (mean age 31.5 years, 
range 27.0–55.3 years, seven women and five men) were selected from the out-patient clinic, Faculty of Oral and Dental Medicine, 
Boys, Cairo, Al-Azhar University. The patients were divided into two groups:  Group (I) the patients were treated with dental 
short implant placement without sinus lift, (eight implants with short length 5mm). Group (II) the patients were treated with dental 
implant placement after sinus lift, (four implants with long length which higher than bone 2-3 mm) according to case. Patient 
examination past medical history, past dental history, chief complaint). Radiographic examination (by panoramic X-ray & 
Cone Bram C.T. Presurgery and Postsurgery 0,3,6 months). Surgical procedures for implant installation. After muco-periosteal 
flap was performed in the prepared surgical site, large round surgical bur (no. 6) rotating at very low-speed was introduced at 
the prospective implant site in the maxilla to create bony concavity which is necessary for stable direction control of Pilot drill. 
Then, the implant was slowly threaded into the bone using ratchet or handle instrument by a clockwise direction under external 
saline irrigation. Topical ointment antibiotic was applied, then fixture was covered after black retraction suture was removed, then 
thorough debridement and irrigation of the surgical field with sterile normal saline solution. The flap was repositioned and sutured. 
Methods of evaluation: all implants were tested for proper osseointegration, function and absence of mobility at three and six 
months after surgery.  The condition of the gingival tissues around the fixture abutments was evaluated according to Loe and 
Sillness. Radiographic Evaluation: all subjects of the study were submitted to Cone Beam scanning before implant placement, 
another cone beam C.T. was taken immediately after placement, after 3 months and after 6 months for bone density measurements 
(densitometry analysis) and crestal bone resorption. Results: the mean value of crestal bone loss was 0.29 mm, with a maximum 
of 1.77 mm.  No significant differences were found in the rate of bone thickness loss between group (I) and group (II) (P=0.191). 
The mean value of bone loss increased in longer implants, but the difference was not significant (P=0.313). Spearman’s correlation 
coefficient was 0.039 between the mean value of bone loss and implant length (P=0.717) and 0.242 between the patients’ age and 
implant length (P=0.068). On conclusion; I) Short implants’ is successful treatment modality to avoid invasive surgical treatments 
at atrophic areas of posterior maxilla, such as bone grafts and sinus lifting. II) The reconstruction of edentulous, atrophic jaws 
according to functional and aesthetic factors not only restores chewing function, but leads to positive psychosocial effect and thus 
also improves the patient quality of life.

INTRODUCTION 

The introduction of dental implants has led to 
a turning point in the rehabilitation of partially or 
totally edentulous patients(1). However, not always, 
the placement of dental standard length implants 
is possible or feasible in the first instance. Several 

anatomical conditions affect the rehabilitation 
treatment as maxillary posterior regions(2). 
Historically, clinical studies have reported on 
low survival rates of short implants (≤10 mm). 
These studies describe implants with machined 
surfaces, mostly placed in posterior regions with 
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higher loads and softer bone compared with more 
anterior regions(3). Cinical studies on short implants 
with rough surfaces report survival rates similar 
to implants in general. Two extensive reviews 
concluded that the survival rates for short implants 
were found to be comparable with those obtained 
for longer implants placed under similar conditions, 
when using appropriate surgical technique and 
implants with a rough surface(4). This is supported 
by some clinical studies on implants products 
where the survival rates for shorter implants (8–9 
mm) were similar to longer implants (≥10 mm)
(5). The current study is an attempt to assess and 
compare the final outcomes of dental short implant 
installation into atrophic maxilla vs. mucosal sinus 
membrane elevation. 

Anatomical consideration in posterior 
maxilla for implant instelation for many dental 
practitioners, the edentulous posterior maxilla 
is considered a clinical challenge during dental 
implant treatment(6). This is because its insufficient 
bone quality, deficient alveolar ridge, spiny ridges, 
undercuts, and sinus pneumatization are often 
encountered after tooth loss. Several approaches 
have been developed and are currently used to 
overcome these problems, two of them being sinus 
augmentation and bone augmentation(7). Elevation 
of the maxillary sinus floor was first published by 
Boyne and James (1980) (8). After these reports, 
several techniques were reported for successful sinus 
floor elevation, including crestal and transalveolar 
approaches. A crestal approach uses the osteotome 
technique introduced by Summers in 1994(9). Dental 
practitioners used two main procedures of sinus 
floor elevation for dental implant placement: two-
stage technique using the lateral window approach, 
and a one-stage technique using a lateral or a crestal 
approach(10).

Sinus pneumatization and residual bone resorption

Maxillary sinus pneumatization is a physiologic 
process that occurs in all Para nasal sinuses during 

the growth period, causing them to increase in 
volume(11). The reasons for sinus pneumatization 
are poorly understood, but factors that cause this 
process include heredity, the pneumatization drive 
of the nose’s mucous membrane, craniofacial 
configuration, density of the bone, growth hormones, 
sinus air pressure, sinus surgery, and posterior 
tooth extraction(12). According to a radiographic 
study, pneumatization was more significant after 
extraction of teeth enveloped by a superiorly 
curving sinus floor, extraction of several adjacent 
posterior teeth, and extraction of second molars as 
opposed to first molars (12). Residual ridge resorption 
following tooth extraction is unavoidable process in 
posterior maxillary area. Extensive ridge resorption 
is one of the many problems for implant-prosthetic 
treatment in the posterior maxillae. Although 
resorption rate is subject to individual variability 
and almost resorption occurs in 6 month after 
extraction, the alveolar ridge resorption persists for 
subsequent years to decades(13). Available alveolar 
bone may be compromised in the in the posterior 
maxillae may be compromised because of sinus 
pneumatization and/or residual ridge resorption 
after tooth loss. The average height of the available 
bone in the edentulous maxilla was classified into 
three classes(11).

Short implants: design, and clinical aspects

The rehabilitation treatment by implants 
instituted new concepts of dental prosthesis planning, 
and this approach provided an efficient masticatory 
function to patient as well as established aesthetical 
alternatives(14). Despite this, such rehabilitative 
strategy demands the possibility of osseointegrated 
implant placement into the remaining tooth socket 
and/or basal bone(15). Otherwise, implant-supported 
prosthesis planning will be limited, requiring other 
treatment options to satisfy patient’s need(14). The 
pattern of bone loss after tooth extraction at maxilla’s 
posterior area is important to understand implant 
position; Maxilla presents a greater horizontal loss, 
at buccal-palatal direction, with a slow vertical 
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loss(16). Maxilla’s vertical bone loss occurs in 
two directions – the natural height remodeling 
undergone by the crestal bone and maxillary sinus 
pneumatization(16). Because of this type of bone loss 
and the presence of important anatomical areas, 
the planning of atrophic arches’ posterior sites is 
normally more complex (17). 

However, the posterior maxilla presents a 
uniquely challenging site for implant placement 
due to several complicating factors. Some of the 
factors that lead to difficulties in implant placement 
and success in the maxillary molar region are the 
following:

•	 Difficult and challenging access                   

•	 Commonly reduced interarch space         

•	 Limited visibility

•	 Post extraction resorption that leads to extensive 
tissue loss over time, and sinus pneumatization

•	 Poor (type IV) bone quality associated with the 
least favorable success rates(18). 

* Implants classification:

•	 The type of fixture (subperiosteal, root from, 
hollow)

•	 The surface (machined, rough)                        

•	 The shape (straight, tapered)            

•	 The implant system (Branemark, Nobel Replac 
Straumann, Astra, 3i, MIS and bicon) 

•	 Diameter (wide, regular, narrow)                    

•	 Length(long and short implant ) (19). 

AIM OF THE STUDY	

The aim of this study was to evaluate clinically 
and radiographically the outcomes of using short 
implants as an alternative for sinus lift in extreme 
atrophic maxilla. 

PATIENTS AND METHODS

Partially edentulous patients of both sexes (mean 
age 31.5 years, range 27.0–55.3 years, seven women 
and five men) were selected from the out-patient 
clinic, Faculty of Oral and Dental Medicine, Boys, 
Cairo, Al-Azhar University. 

Grouping: - The patients were divided into two 
groups:

Group (I) the patients were treated with dental 
short implant placement without sinus lift, (eight 
implants with short length 5mm). 

Group (II) the patients were treated with dental 
implant placement after sinus lift, (four implants 
with long length which higher than bone 2-3 mm) 
according to case. 

- Patient examination (past medical history, 
past dental history , chief complaint).

- Radiographic examination (by panoramic 
X-ray & Cone Bram C.T. Presurgery and Postsurgery                                                     
0,3,6 months).

- Surgical procedures for implant installation. 
A pyramidal muco-periosteal flap was performed 
in the prepared surgical site area using Bard Parker 
No.15 surgical blade. The crestal incision started 
½-cm distal to pre-planned fixture position toward 
palatal side and end 1-cm mesial then two semi-
vertical incisions descended buccally and the 
muco-Periosteal flap was elevated using periosteal 
elevator. The black silk 3-0 was used to invert 
flap and fixed it away from bone  then large round 
surgical bur (no. 6) rotating at very low-speed was 
introduced at the prospective implant site in the 
maxilla to create bony concavity which is necessary 
for stable direction control of Pilot drill. Then 
drilling was started using Standard Pilot drill then 
2.0mm diameter drill that was held parallel the 
long axis of teeth then moved up and down during 
drilling with light intermittent finger pressure 
with internal irrigation up to level equal implant 
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length. Pin 0˚ was held in drilling site to detect its 
Paralleling direction with long axis of remaining 
teeth. Enlargement of the drilling site was made 
by using 2.5mm diameter Standard Latch Reamer 
followed by 3mm even 4.5mm diameter Standard 
Latch Reamer, Enlargement of the drilling site was 
made by using 5.0mm diameter hand reamer. The 
implant with its fixture mount was removed from its 
sterile package and handled to its position inside the 
prepared site. The implant was slowly threaded into 
the bone using ratchet or handle instrument by a 
clockwise direction under external saline irrigation. 
The fixture mount was then removed from the top 
of the implant by the anti- clockwise direction then 
cut in suitable length and goes back to its position. 
Topical ointment antibiotic applied, then fixture was 
covered after black retraction suture was removed, 
then thorough debridement and irrigation of the 
surgical field  with sterile normal saline solution. 
The flap was repositioned and sutured using 3-0 
vicryl suture material. Three month postoperatively, 
implant load by final abutment and cement with 
fixed prostheses.

Methods of evaluation:

A-	 Mobility: All implants were tested for proper 
osseointegration ,function and absence of 
mobility at three and six months after surgery . 

B-	 Gingival index: The condition of the gingival 
tissues around the fixture abutments was 
evaluated according to Loe and Sillness .

C-	 Radiographic Evaluation 

(A)	Bone Density Measurements (densitometry 
analysis).

(B)	Crestal bone resorption.

Methodology

All subjects of the study were submitted to Cone 
Beam scanning before implant placement, another 
cone beam C.T. was taken immediately after 
placement, after 3 months and after 6 months. 

RESULTS

The mean value of crestal bone loss was 0.29 
mm, with a maximum of 1.77 mm.  No significant 
differences were found in the rate of bone thickness 
loss between group (I) and group (II) (P=0.191). The 
mean value of bone loss increased in longer implants, 
but the difference was not significant (P=0.313). 
Spearman’s correlation coefficient was 0.039 
between the mean value of bone loss and implant 
length (P=0.717) and 0.242 between the patients’ 
age and implant length (P=0.068). According to 
the survival criteria employed in the present study, 
failure did not occur in any of the participants of 
group (I) and group (II), so the overall survival 
rate was 100% for both groups. Clinically, the 
whole period of the investigation, implant mobility, 
recurrent peri-implant infection and radiolucency 
was not observed around the implants. None of the 
patients complained of continuous pain.

DISCUSSION

One of the difficulties encountered when 
evaluating short implant studies is the subjectivity 
of the term “short” implants. However, there is still 
no consensus in the literature on the definition of 
a short implant(21). There were a big controversy 
about this definition concept (from 1990 - up till 
now). These differences must be considered for 
an adequate evaluation and comparison between 
the studies(3,8,14) considering short implants include 
those which were 11, 12, and 13mm long. Others 
authors(6,29) defined an implant length of 10 mm 
also as a short implant. However, Bernard et al  
(1995)(21) considered any implant less10 mm in 
length as short(21), while few studies have included 
that short implants 8mm long or less(22). With 
complete respect to previous structured reviews, this 
study may be appropriated to define a short implant 
as a device with a designed intra-bony length of 
8mm long or less. It was illustrated that unlike 
what occurs with the stresses applied to a natural 
tooth and the periodontal ligament, stresses around 
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implants are greatest at the crest of the ridge and 
less in the apical portion(2).  Based on this principle, 
an increased length would simply improve primary 
stability of the implant during initial placement and 
enhance osseointegration(22). On the other hand, a 
wider diameter implant would increase not only 
primary stability but also the functional surface area 
at the crestal bone level, and thus lead to a better 
distribution of occlusal forces to the surrounding 
bone(22). 

Most studies on short implants have reported 
that these implants can be restored with any type of 
prosthesis (i.e. single crowns, fixed partial denture, 
and removable prostheses) (23). However, crown-
to-implant ratio, excessive occlusal forces, and 
presence of cantilevers are some of the risk factors 
that may lead to an increased stress on the implants 
and may therefore compromise implant survival(4). 

Severe forms of ridge resorption are viewed to be 
beyond the scope of implant prosthodontics. A 
minimum of eight mm clearance from the sinus 
wall was considered essential for implant provision. 
Unless this space is evident, augmentation and 
grafting procedures were considered compulsory 
requirements. Seeking alternatives to the time 
consuming and risky augmentation procedures 
became a motivating topic for researches. The 
reliance to use short implants was raised after the 
finding of the phenomenon of the “crestal load 
focus”. It was shown that when implants are loaded, 
most stresses are concentrated within the crestal 7 to 
9 mm of the bony ridge(24). 

According to the current study, badly resorbed 
ridges can be served by means of short implant 
supported single tooth.Dentulous patients were 
selected to limit the functional loads transmitted 
to short implants as the magnitude of biting force 
changes in accordance to the state of dentation. 
Therefore, short implants were viewed to be a 
less critical option with the edentulous jaws as 
it is with dentulous patients(24). Aside from the 
routine surgical protocol of implant placement, 

two surgical precautions were overemphasized. 
The first is to apply the bone expansion concept 
during osteotomy procedure. This augments the 
initial implant stability. The second precaution is 
to slightly over sink the implant into its foundation. 
This provides a more secure implant house far away 
from the overlying stresses transmitted throughout 
the mucosal layer(24). Radiographic evaluation of 
the bony outlay (density and length) of the implants 
did not show any significant difference in bone loss 
associated with the different implant group numbers 
used .This finding seems to be inconsistent with 
clinical studies on Implants products where the 
survival rates for shorter implants (8–9 mm) were 
similar to longer implants (≥10 mm) (5).

In the last decade, studies revealed conflicting 
results concerning the long-term survival and 
success rates of short implants(3) which classified into 
following groups accord to percentage of success 
rate:  In 1st group of  studies comparing survival rates 
of short implants, mostly machined-surface, with 
longer implants, failures were more often observed 
on implants of short length placed in maxillary sites 
where bone is generally of lesser density and the 
functional load remarkably increased. Failure rates 
(nearly 25%). The worst results with short implants 
was documented for shorter implants by Winkler et 
al(64). with an overall survival rate of 74.4% for short 
implants (of the 43 implants placed, 11 were lost) 
and superior  failure rate have been documented 
by Wyatt and Zarb (2010)(26) with an overall survival 
rate of 75% for short implants (of the 12 implants 
placed, three were lost). A second group of authors, 
although concluding that failure rates are higher 
with short implants, but it showed adequate survival 
rates ( up to 95%)(25).   An earlier report, published 
in 1998 by ten Bruggenkate et al, reported on 253 
short implants, with the investigators finding a 
survival rate of (94%).  Also, there were studies 
(Van Steenberghe et al. 1990;  Jemt et al. 1995; 
Friberg et al. 1991) revealed adequate success 
rates of short implants after 1 to 5 years of follow 
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up, ranging ( from 90 to 94.7%)(27). A third group 
of authors which focused specifically on short 
implants, showed similar clinical outcomes to those 
reported in longer implants with survival rates(25). 

Friberg et al. also found success rate for short 
implants, with a 95.5% five-year survival rate(22). 

Also, Tawil and Younan observed 262 machined 
surface implants of 10 mm or smaller, which 
supported 163 prostheses. These authors obtained 
a excellent final success of (98.5%) in cases 
employing short implants(3). In 2009, retrospective 
study by Grant et al. involved 335 implants 8 mm in 
length placed in 124 patients (median age 56 years 
and 112 partially edentulous) between May 2005 and 
June 2007. The majority received fixed prostheses, 
while the remaining subjects received individual 
restorations. Four implants (in two patients) failed 
to osseointegrate, and one implant fractured. Of the 
remaining 330, for up to two years post-placement 
the survival rate was (99%)(23). Mario Santagat et 
al (2012) found  total of 25 implants of 8 mm in 
length were placed with primary stability in 11 
patients. Cumulative survival rates for implants 
were 100%(24). A fourth group of authors reported 
that implant length was not reported as influencing 
the survival rate (Buser et al. 1997; Ellegaard et 
al. 1997; Gunne et al. 1999; Brocard et al. 2000; 
Testori et al. 2001; Stellingsma et al. 2003; Feldman 
et al. 2004; Romeo et al. 2004; Lemmerman & 
Lemmerman 2005) (3). 

Finally, It is widely agreed upon that the use of 
short implants would be better in cases of severely 
atrophic mandibles and/or pneumatization of the 
maxillar sinus, due to the fact that if a standard 
implant were to be inserted it would lead to a more 
invasive, expensive, and complex surgery (i.e., 
sinus lift, bone grafting procedures) (25). Rokni et 
al. evaluated 199 implants, taking into account 
short implants and long implants. Long implants 
showed a greater bone loss of the alveolar bridge 
in relation to short implants(26). 

In the current study, all short implant which used 
in atrophic maxilla without sinus left and long length 
implant with sinus left were success and survival 
rates for all implants after insertion for six month 
were 100%,this result combatable with report of 
3rd group authors.  We can explain historical high 
failure survival rate of short implants compared 
with long implant in the posterior areas of  maxilla 
by1st group authors as proposed by Telleman et 
al(27). First, there was less area of contact between 
bone and implant. Second, most implants types with 
machine surface. And third, poor bone quality of 
maxilla. While the results improved in next groups of 
studies as mentioned due to increase area of contact 
this determined by 4 factors: the length, diameter, 
taper, and texture of the implant surface. However, 
short implants’ length can be compensated by 
wider diameter (Currently available implants vary 
in diameter from 3 to 7 mm) , presence or absence 
of threads, the distance between the threads (thread 
pitch) and the depth of the threads, additional macro-
irregularities, and the shape/outline of the implant’s 
body constitutes important aspects of its design(26). 
Finite element studies suggest on implant with a 
wider diameter is more favorable in reducing the 
stress distribution in bone surrounding the implants. 
And where the bone quality is Poor, The retention 
of the wider diameter implants was mainly at the 
cortical layer which had a thin thickness of 0.5mm, 
whereas the rest of the long implant length was 
in the cancellous bone which had a low stiffness, 
causing a high deformation range. Also, from a 
biomechanical standpoint, the use of wider diameter 
implants allows engagement of a maximal amount 
of bone and improved distribution of stress in the 
surrounding bone. The use of wider components 
also allows for the application of higher torque in 
the placement of prosthetic components(28). 

CONCLUSION

Based on the result of this study it can be stated 
the following:
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I) 	 Short implants’ is successful treatment modality 
to avoid invasive surgical treatments at atrophic 
areas of posterior maxilla, such as bone grafts 
and sinus lifting.

II) 	The reconstruction of edentulous, atrophic jaws 
according to functional and aesthetic factors 
not only restores chewing function, but leads 
to positive psychosocial effect and thus also 
improves the patient quality of life.
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