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Introduction

The use of dental implants has been widely 
advocated for predictable success in oral 
rehabilitation. However, limited bone volume 
and anatomical constraints, such as those 
presented by the maxillary sinus and inferior 
alveolar nerve, can pose significant challenges, 
particularly in the posterior regions of the 
maxilla and mandible.1 Moreover, sinus 
pneumatisation and resorption of the alveolar 

ridge following exodontia can result in 
inadequate availability of vertical bone height. In 
such clinical scenarios, clinicians may consider 
additional surgical procedures to augment 
bone, such as guided bone regeneration, block 
grafting, sinus elevation, inferior alveolar nerve 
transposition and distraction osteogenesis.2,3,4 
Although these procedures have demonstrated 
success, they are more invasive and entail more 
morbidity, increased treatment time and higher 
costs, which may act as deterrents for patients 
seeking implant treatment.

An alternative to conventional implants 
and complex surgical procedures to simplify 
treatment is the use of short implants. Previous 
systematic reviews and meta-analyses have 
demonstrated that short implants exhibit 
comparable survival rates to standard-sized 
implants.5,6,7 Advances in technology, such 
as surface modifications and improved 
macrodesign features, have further enhanced 
their performance.8 Previous recommendations 
have supported the rigid splinting of short 
implants, particularly in the posterior regions, 

to increase functional surface area and improve 
occlusal force distribution.9,10 Despite this, 
most studies have focused on single-crown 
restorations or combined splinted crowns, 
with limited analysis on the comparison with 
varying restoration designs, including their use 
with removable prostheses.

Traditionally, dental implant failures have 
been classified as either biological or technical 
in nature.11 Although biological failures have 
been extensively studied with measures of 
marginal bone loss, the same criteria applied 
for success may prove more detrimental in 
cases with a pre-existing shorter implant 
length. Mechanical failures, although less 
commonly reported, include implant and 
abutment fractures, screw loosening and 
ceramic chipping as the most frequently 
encountered. Additionally, factors related to 
the crown, such as the occlusal area and higher 
crown-to-implant ratio with short implants, 
may alter the biomechanical behaviour of the 
implant and surrounding tissues, potentially 
leading to complications and failures.12

Analysis of survival rates with the use of short 
implants.

Comparison with alternate invasive bone 
augmentation procedures.

Evaluating implant placement in areas of 
anatomical restrictions.
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The aim of this retrospective study was 
to evaluate clinical outcomes, including 
implant and prosthetic survival with technical 
complications, associated with the use of short 
6 mm implants supporting prostheses in the 
posterior premolar region of the maxilla and 
mandible over a two-year period. While it is 
recognised that this study has a shorter-term 
follow-up, the results should therefore be 
interpreted with a degree of caution.

Materials and methods

Study design
This retrospective study was performed in 
a single-centre university dental hospital. 
All study participants recruited signed an 
informed written consent before undertaking 
any treatment. The study design was reviewed 
by the local ethics committee within the 
institution. The study was deemed to adhere 
to the guidelines for reporting observational 
studies and ethical approval was not required.13

The hospital implant database was used 
to obtain the sample of patients, which was 
done by reviewing the implants ordered and 
subsequently filtering those to include 6 mm 
length implants only. Data collection was 
completed retrospectively by assessing digital 
records at two years following treatment and 
data were recorded for the following domains: 
sex, smoking status, periodontal history, ASA 
(American Society of Anaesthesiologists) 
status, indication for treatment and survival 
rates.

Patient selection
To be recruited for the study, the patients had 
to meet the following inclusion criteria: at 
least 18  years of age; systematically healthy; 
edentulism in the posterior premolar region 
of the maxilla or mandible; and available 
bone volume for the placement of short 6 mm 
implants. The following exclusion criteria were 
applied: previous bone grafting at the planned 
implant site; active caries or periodontal disease; 
head and neck radiation >60 gy; and intravenous 
bisphosphonates. The presence of periodontal 
disease was identified by the patient’s BPE (Basic 
Periodontal Examination) score, and those 
having a score of three or higher were excluded. 
None of the exclusion criteria applied to patients 
in the dataset of this study.

Baseline examination
All patients included in the study were 
examined for caries and periodontal status 

where applicable at the initial consultation 
stage. If periodontal therapy was required, 
patients were subsequently referred to have 
this completed before implant placement in 
accordance with the current periodontology 
management guidelines.14 Impressions were 
taken to create a wax-up of the planned 
prosthetic component, together with a surgical 
stent if required to aid surgical planning.

Surgical procedure
The implant surgery was performed according 
to the protocol of the manufacturer, with cases 
being performed under local anaesthesia 
or with intravenous sedation. Radiographic 
investigations, including plain imaging or 
cone beam computed tomography scans, were 
obtained to determine bone availability and 
proximity to anatomical structures, such as the 

Fig. 1  Pre-operative radiograph confirming limited bone height due to the mental foramen

Fig. 2  Frontal view of young hypodontia patient presenting with multiple missing units

Fig. 3  Mandibular view showing a missing lower right central incisor and lower premolars

Fig. 4  a, b) Post-operative radiographs confirming short 6 mm implants above mental foramen
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maxillary sinus and mandibular canal (Fig. 1). 
Implant placements were carried out by 
multiple operators across different specialties 
and surgical notes were reviewed during data 
collection to evaluate the treatment protocol 
followed. All patients selected required either 
single or multiple short 6 mm implants in the 
posterior premolar region (Fig. 2). Antibiotics 
were given pre-operatively as a stat dose of 3 g 
amoxicillin, or 600 mg clindamycin if allergic 
to penicillin. Following mid-crestal incisions 
or raising of full-thickness mucoperiosteal 
flaps as necessary, a surgical stent was used 
if constructed overlying the occlusal plane 
to determine the position of the osteotomy 
preparation (Fig.  3). The osteotomy site 
was prepared using the sequence of burs 
recommended by the manufacturer from the 
initial twist drill to the step drills up to the 
diameter required for the implant.

All implants placed were 6 mm in length, 
Astra Tech EV (Dentsply Sirona, North 
Carolina, USA), and were 3.6, 4.2 or 4.8 mm 
in diameter. Implant sites were prepared with 
a safety margin of at least 2 mm relative to 
the maxillary sinus floor or mandibular canal 
before placement (Fig. 4). No additional bone 
augmentation was undertaken at the implant 
site. In accordance with the two-stage surgical 
protocol, cover screws were tightened onto 
the implants and the flaps were repositioned 
and sutured to allow submerged healing for 
12 weeks. Surgical complications such as pain, 
infection or other adverse events were recorded 
if noted. Provisional prosthetic restorations 

could be worn during the healing phase but 
adjustments may have been required to avoid 
excessive loading.

Prosthetic procedure
Following a 12-week healing period, the cover 
screws were uncovered and replaced with a 
healing abutment to allow for transmucosal 
healing and to manually assess implant stability 
at this stage. Impressions were then taken and 
provisional restorations fabricated together with 
the completion of any additional restorative 
requirements (Fig.  5). Definitive prostheses 
in the form of single-crown restorations, fixed 
bridges, or removable implant-supported 
overdentures were subsequently fitted within 
one month of the second-stage surgery 
(Fig. 6). Clinical follow-ups were performed 
after six months and yearly up to the two-
year observation period covered in this study. 
Patients also continued regular follow-ups with 
their general dental practitioner. At each visit, 
implant and prosthetic survival was evaluated 
together with any complications and clinical 
parameters were recorded.

Outcome measures
Implant survival was defined as implants that 
were in  situ and functioning at the time of 
follow-up. Implant success was based on the 
absence of clinical signs of pain, infection and 
mobility, with no radiographic features of failed 
osseointegration.15 Owing to the retrospective 
design of the study, not all parameters for 
these criteria were available. Consequently, 

the decision was made to assess implant 
survival. With regards to implant failure, this 
was classified as either early with the need 
for implant removal due to the absence of 
osseointegration before loading, or late due to 
excess bone loss after loading.

Prosthetic evaluation was recorded from 
initial placement to the end of the two-year 
observational period. Survival was defined as 
the prosthesis still being in function despite the 
need for any smaller renewals and replacement 
not being required due to extensive fracture or 
inferior aesthetics.15

Any adverse technical complications that 
occurred during the follow-up period were 
recorded, including screw loosening or 
fractures, ceramic fractures and fracture of the 
implant or prosthetic abutment. Prostheses 
with minor chipping, occlusal roughness and 
minimal contour deficiencies that did not 
require replacement were regarded as successful.

Statistical analysis
Statistical analysis was performed using SPSS 
(IBM Corporation, New York, USA). The results 
of the clinical parameters and quantitative 
data are presented using descriptive methods 
including the mean, standard deviation, and 
range for the outcome variables. Tables of 
implant and prosthetic success rates have 
been presented and the level of significance 
for comparisons was set at 0.05.

Results

Demographic data
A total of 30 patients (12 men and 18 women; 
mean age = 46 years; range = 29–80 years) that 
fitted the inclusion criteria were included 
in the study. From analysis of the patient 
characteristics included, the majority were 
non-smokers without a history of periodontal 
disease that required a maintenance 
programme prior (Table 1).

A total of 45 Astra Tech EV 6 mm implants 
were placed, with 33 in the maxilla and 12 in 
the mandible. From the implants placed, 31 
(68.9%), were 3.6 mm in diameter, 12 (26.7%) 
were 4.2 mm in diameter, and the remaining 
two (4.4%) were 4.8 mm in diameter. All 
implants selected were placed in the posterior 
premolar sites (Table 2). The cases enrolled 
fitted the established priority groups for 
patients eligible to receive NHS-funded dental 
implants as per the Royal College of Surgeons 
(RCS) guidelines.16 The majority of these cases 
selected were for patients with hypodontia 

Fig. 5  Frontal view of closure of midline diastema and bridge replacement of lower incisor

Fig. 6  Mandibular view showing implant supported prosthesis for the lower premolars
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or dental trauma, respectively (Table  3). 
Following a delayed loading approach, the 
implants were restored with either single 
crowns, fixed bridges or implant-supported 
removable overdentures.

Implant survival
Four implants in two patients failed, resulting in 
an implant survival rate of 91.1% at the implant 
level and 93.3% at the patient level. All four 
implants lost were early within the first three 
months before loading, with two implants in 
one patient from the maxilla, and two implants 
in another patient from the mandible. The 
implants were removed due to clinical signs of 
mobility and loss of osseointegration with no 
objective signs of infection observed (Table 4). 
No further implants were lost after loading 
during the two-year follow-up period and there 
was no statistically significant different between 
failure and loading arch.

Prosthetic survival
Prosthetic failures were assessed15 and there 
were no adverse prosthetic events that occurred 
during the evaluation period with survival 
recorded as 100%. The two implants that failed 
in the mandible were planned to have single 
implant-retained crowns but were lost before 
loading. The two failures in the maxilla were 
the distally positioned implants supporting an 
implant-retained overdenture. Despite their loss, 
the prosthesis was still fabricated and in function 
at the end of the follow-up period (Table 5).

Technical complications
In total, only three implants exhibited technical 
complications, which included screw loosening 
and minor ceramic fractures (Table 6). None 
of these required prosthesis replacement, with 
the overall complication rate at the two-year 
follow-up being 6.6%.

Discussion

The current study demonstrated that the use of 
6 mm implants is a viable option for supporting 
prostheses in the posterior premolar region of 
both the maxilla and mandible, in the context 
of the two-year follow-up period assessed in 
this study. The short implants were successfully 
loaded after a delayed approach and exhibited a 
high survival rate of 93.3%, which is consistent 
with previous systematic reviews and meta-
analyses.17,18 Notably, all implant failures 
were early in nature and no implants were 
lost after loading, with only minor technical 

complications encountered during the two-
year follow-up period.

Several factors that may influence the 
success of short implants have been examined. 
Studies have found that smokers and those 
with poorer bone quality can experience 
lower survival  rates.19,20,21 In this study, an 
equal number of implant losses were observed 

in both the maxilla and mandible, and no 
significant difference was detected between 
the two arches in terms of implant failure. 
Two of the implant failures in the mandible 
occurred in a patient who was a smoker with an 
additional confounding risk factor. Meanwhile, 
the two implants that failed in the maxilla were 
supporting an implant-retained overdenture. 

Variable Overall
n (%)

Implant survival
n (%)

Implant failure  
n (%)

Arch

Mandible 33 (73.3) 31 (93.9) 2 (6.5)

Maxilla 12 (26.7) 10 (83.3) 2 (16.7)

Implant site

14 12 (26.7) 11 (91.7) 1 (8.3)

15 6 (13.3) 6 (100.0) 0 (0.0)

24 10 (22.2) 9 (90.0) 1 (10.0)

25 5 (11.1) 5 (100.0) 0 (0.0)

44 5 (11.1) 5 (100.0) 0 (0.0)

45 2 (4.4) 1 (50.0) 1 (50.0)

34 3 (6.7) 3 (100.0) 0 (0.0)

35 2 (4.4) 1 (50.0) 1 (50.0)

Implant diameter

3.6 mm 31 (68.9) 29 (93.5) 2 (6.45)

4.2 mm 12 (26.7) 10 (83.3) 2 (16.7)

4.8 mm 2 (4.4) 2 (100.0) 0 (0.0)

Table 2  Implant survival

Variable Overall
n (%)

Implant survival
n (%)

Implant failure  
n (%)

Sex

Male 12 (40.0) 11 (91.7) 1 (8.3)

Female 18 (60.0) 17 (94.4) 1 (5.6)

Smoking

Yes 3 (10.0) 2 (66.6) 1 (33.0)

No 27 (90.0) 26 (96.3) 1 (3.7)

Periodontal disease history

Yes 8 (26.7) 7 (87.5) 1 (12.5)

No 22 (73.3) 21 (95.5) 1 (4.5)

ASA status

I 15 (50.0) 14 (93.3) 1 (6.7)

II 11 (36.7) 10 (90.1) 1 (9.9)

III 4 (13.3) 4 (100.0) 0 (0.0)

IV 0 (0.0) 0 (0.0) 0 (0.0)

Table 1  Patient characteristics
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Therefore, it is possible that the increased 
load of the overlying prosthesis may have 
contributed to the implant failures. Overall, 
these findings suggest that patient-related 
factors, such as smoking status and bone 
quality, as well as prosthesis-related factors, 
such as implant load, should be carefully 
considered when using short implants.

Previous research has suggested that short 
implants can achieve clinical outcomes 
comparable to longer implants placed in 
augmented bone.22,23,24 However, wider implant 
bodies have often been used to compensate for 
the lack of implant height. Functional load on 
narrow implants is distributed over a smaller 
surface area, resulting in higher loads that can 

lead to accelerated bone remodelling and loss. 
Despite this, the findings of this study show 
no significant association between implant 
diameter and implant failure, as two implants 
failed in the narrow diameter (3.6 mm) group 
and two in the regular diameter (4.2 mm) group. 
There were no implants that failed in the wide 
diameter (4.8 mm) group, although this group 
had the smallest sample size. These findings 
suggest that while wider implant bodies may 
be used to offset the effects of shorter implant 
heights, implant diameter does not appear to 
have a significant impact on survival.

In this study, the analysis conducted included 
several covariates and found no increase in the 
risk of prosthetic failure associated with any of 
the potential risk factors assessed. Additionally, 
no prosthetic failures were reported during the 
evaluation period. The only complications 
observed during the follow-up period were 
screw loosening and minimal ceramic chipping, 
which occurred in 6.6% of cases. While this was 
slightly higher than previous reports, it should 
be noted that prosthetic complications are 
often under-reported in the literature.25 From 
a clinical standpoint, while these complications 
are typically considered technical failures, they 
were easily repaired and none of them resulted 
in the need for prosthesis replacement.

It has been hypothesised in the literature that 
patients with periodontitis may experience a 
greater number of biological complications, 
although implant survival rates do not seem 
to differ from those of healthy patients.26,27,28 
The findings of the present study are consistent 
with this. This study included patients with a 
history of periodontitis but excluded those 
with active periodontal disease and there was 
no statistically significant difference in implant 
survival observed between healthy patients 
and those with a history of periodontitis. 
However, as there are only a limited number of 
studies available on the impact of periodontal 
disease on short implant survival, it can be 
challenging to draw definitive conclusions. 
Further research is therefore necessary to 
analyse the influence of periodontitis on the 
long-term success rate of short implants.

The present study provides a valuable insight 
into the use of short implants in supporting 
prostheses with a delayed loading approach in 
the posterior premolar region of the maxilla 
and mandible. However, it should be noted 
that the follow-up period may not provide a 
sufficient length of time to evaluate the long-
term impact on survival as a high loading force 
on a short implant with limited contact with 

RCS priority group Overall
N (%)

Group I (hypodontia/cleft lip and/or palate) 12 (40.0)

Group II (trauma) 9 (30.0)

Group III (oncology) 5 (16.7)

Group IV (congenital/acquired conditions) 0 (0.0)

Group V (edentulism) 4 (13.3)

Group I (oral mucosal disorders) 0 (0.0)

Group I (facilitate orthodontics) 0 (0.0)

Table 3  Treatment indication

Site 14 24 45 35

Sex M M F F

Age 59 59 29 29

Diameter 3.6 3.6 4.2 4.2

Length 6 6 6 6

Smoking history N N Y Y

Periodontal disease history N N N N

ASA status III III II II

Timing Early Early Early Early

Table 4  Implant failures

Prosthesis Overall
N (%)

Implant survival
N (%)

Implant failure
N (%)

Prosthetic failure
N (%)

Single crown 27 (60.0) 25 (92.6) 2 (7.4) 0 (0.0)

Fixed bridge 6 (13.3) 6 (100.0) 0 (0.0) 0 (0.0)

Implant-supported overdenture 12 (26.7) 10 (83.3) 2 (16.7) 0 (0.0)

Table 5  Prosthetic failures

Table 6  Technical complications

Complication Overall
N (%)

Screw loosening 2 (4.4)

Screw fracture 0 (0.0)

Ceramic fracture 1 (2.2)

Implant fracture 0 (0.0)

Prosthetic fracture 0 (0.0)
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bone could exert its influence over time. While 
the current results are encouraging, the authors 
acknowledge that more research on longer-term 
survival is required to endorse these findings. If 
the efficacy of short implants is validated, they 
may become the preferred treatment modality 
due to their simplicity and cost-effectiveness, 
as well as the potential to avoid complications 
associated with augmentation procedures.29,30

A further limitation of the current study is that 
it was not designed as a randomised clinical trial 
with an augmentation procedure and placement 
of longer implants as a control group. Given that 
the study involved implant treatment performed 
by multiple operators, prior calibration was not 
achievable due to constraints of the setting in 
a teaching institution. Despite this, the short-
term results suggest the use of 6 mm implants 
were beneficial as they offered favourable results 
and a safe treatment protocol with minimal 
complications. Further studies are warranted to 
expand the patient population beyond a single-
centre university setting and to increase the 
sample size. Additionally, analysis of marginal 
bone loss over the study period would augment 
the value of these findings.

Conclusion

Within the limitations of this study, it can be 
concluded that the use of short 6 mm implants 
in the posterior maxilla and mandible region can 
serve as a viable treatment option, as they have 
demonstrated high survival rates throughout the 
two-year follow-up period. The study failed to 
identify any direct correlation between implant 
failure and arch placement. Further research, 
including a longer follow-up period with 
study designs that entail comparisons between 
augmentation procedures, would contribute to 
the existing body of evidence available and to 
support these conclusions.
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