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Purpose: To evaluate clinical safety and effectiveness of a novel calcium-incorporated titanium im-
plant (Xpeed, MegaGen Implant Co. Limited, Gyeongbuk, South Korea). 
Materials and methods: Sixty patients were randomised to receive either 1 to 6 calcium-incorporated 
or control titanium implants in the maxilla according to a parallel group design at 2 different cen-
tres. Implants were submerged and exposed at 3 different endpoints in equal groups of 20 patients 
each at 12, 10 and 8 weeks, respectively. Within 2 weeks, implants were functionally loaded with 
provisional or definitive prostheses. Outcome measures were prosthesis failures, implant failures, any 
complications and peri-implant marginal bone level changes. 
Results: Thirty patients received 45 calcium-incorporated implants and 30 patients received 42 
control titanium implants. One year after loading, no drop-outs and no prosthesis or implant fail-
ures occurred. There were no statistically significant differences between groups for complications 
(P = 0.61; difference in proportions = -0.27; 95% CI -0.71 to 0.18) and mean marginal bone level 
changes (P = 0.64; mean difference -0.04 mm; 95% CI -0.22 to 0.13). 
Conclusions: Nanostructured calcium-incorporated titanium implants seem to be at least as effective 
and safe as conventional titanium implants.

Conflict-of-interest statement: MegaGen partially supported this trial and donated the implants 
and prosthetic components. The study design was negotiated with MegaGen Implant Co. Limited, 
Gyeongbuk, South Korea, however, the data was the sole property of the authors and by no means 
did MegaGen interfere with the conduct of the trial or the publication of its results.

 n Introduction

Over the years, a lot of research has been directed 
toward finding the ideal dental implant surface char-
acteristics to further improve the success of implant-
supported prostheses, especially for those conditions 
where success rates are slightly lower (immediate 

and early loading conditions, augmented bone, poor 
bone quality, smokers, immediate post-extractive 
implants, etc.)1-6. In those more challenging situa-
tions, it may be sensible to use implants with puta-
tively improved surface characteristics, which may 
speed up the bone healing process. So far, not a 
single modified implant surface has been shown to 
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be clinically superior to others7, but this lack of a 
difference could be due to the small sample sizes of 
the trials testing these hypotheses. Consequently, it 
is actually not known whether there is a modified 
implant surface able to further improve the clinical 
performance of dental implants.

Among the newly developed implant surfaces, 
there is a nanostructured calcium-incorporated surface 
on titanium implants, which have been shown in an 
animal study to significantly improve the overall bone-
to-implant contact and removal torque after 6 weeks 
over control titanium implants in rabbits8. In brief, the 
titanium surface is enriched in calcium using a hydro-
thermal method: titanium implants are immersed in a 
mixed solution of 0.2 M NaOH and 2 mM CaO dis-
solved in deionised water using a Teflon-lined hydro-
thermal reactor system at 180ºC for 24 h under a 
water pressure of 1 MPa8. These reaction parameters 
are used in an attempt to preserve as much as possible 
the surface microstructure, nevertheless some signifi-
cant differences in surface roughness parameters were 
produced, which made the calcium-incorporated sur-
faces slightly smoother (for instance, Ra 1.7 in blasted 
implants versus 1.3 in calcium-incorporated implants, 
though this holds true for other parameters used for 
measuring surface roughness)8. Other similar animal 
studies confirmed these findings9-11.

The aim of this randomised controlled trial (RCT) 
was to compare the clinical safety and effective-
ness of early loaded titanium implants with a novel 
nanostructured calcium-incorporated titanium sur-
face with identical control implants not having their 
surfaces modified with a calcium incorporation pro-
cess. The null hypothesis was that there would be 
no difference in the outcomes of the two implants 
types, against the alternative hypothesis of a differ-
ence. The present article is reported according to 
the CONSORT statement for improving the quality 
of reports of RCTs  (http://www.consort-statement.
org/) and was planned to have a follow-up of 5 years 
after loading. This article is the first report presenting 
data at 1 year after loading.

 n Materials and methods

Any patient requiring 1 to 6 implants in the maxilla 
at least 10 mm long and 4 mm wide who was 18 

years or older and able to understand and sign an 
informed consent form was eligible for inclusion in 
this trial. Only one prosthesis per patient was to be 
included in the trial.

Patients were not accepted into the study if any 
of the following exclusion criteria were present: 
•	 general contraindications to implant surgery
•	 irradiated in the head and/or neck
•	 immunosuppressed or immunocompromised
•	 uncontrolled diabetes
•	 pregnancy or lactation
•	 untreated periodontal disease
•	 poor oral hygiene and motivation
•	 addiction to alcohol or drugs
•	 psychiatric problems or unrealistic expectations
•	 acute infection in the area intended for implant 

placement
•	 patients referred only for implant placement or 

unable to commit to a 5-year post loading fol-
low up

•	 lack of opposing occluding dentition/prosthesis 
in the area intended for implant placement

•	 patients who have or are taking amino-bisphos-
phonates intravenously

•	 patients needing bone augmentation procedures 
simultaneously at implant placement or previ-
ously augmented bone

•	 post-extractive sites (implants can be placed 3 
months after tooth extraction)

•	 lack of opposing dentition/prostheses in the area 
intended for implant placement

•	 patients who cannot be restored with a retriev-
able prosthesis to allow for individual implant 
stability assessment

•	 patients participating in other studies, if the pre-
sent protocol could not be properly followed.

Patients were grouped into three groups according to 
what they declared: non-smoker, moderate smoker 
(up to 10 cigarettes per day), or heavy smoker (more 
than 10 cigarettes per day). 

All patients understood and signed a written 
informed consent form to be recruited in this trial. 
Patients were recruited and treated by two expe-
rienced clinicians (Dr Pietro Felice and Dr Maria 
Gabriella Grusovin) in Italian private practices with 
extensive experience in dental implant rehabilitation. 
Preliminary screening was performed on intraoral 
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radiographs, panoramic orthopantomographs or 
computed tomography (CT) scans. 

Patients received amoxicillin 2 g 1 hour prior to the 
intervention as prophylactic antibiotic therapy. Patients 
allergic to penicillin were given clindamycin 600 mg 
1 hour prior to the intervention. Patients rinsed with 
chlorhexidine mouthwash 0.2% for 1 minute prior to 
the intervention. Local anaesthesia was obtained using 
articaine with adrenaline 1:100,000. Implants were 
inserted after crestal incision and flap elevation. Bone 
quality (density) was subjectively assessed at drilling 
and categorised as ‘hard’, ‘medium’ and ‘soft’. Site 
preparation was performed in accordance with the 
manufacturer’s instructions. Once the first implant site 
was prepared, the sequentially numbered sealed en-
velope corresponding to the patient inclusion number 
was opened, and the surgeon received the correspond-
ing implant type ‘1’ or ‘2’ to insert. This procedure was 
performed in an attempt to keep the surgeons blinded.

The implants used were screw-type EZ Plus 
titanium implants (MegaGen Implant Co. Limited, 
Gyeongbuk, South Korea) with a surface blasted 
with particles of resorbable calcium phosphates 
(RBM = resorbable blast media) and internal con-
nection (Fig 1a). Test implants were hydrothermally 
modified to have a nanostructured calcium-incorpo-
rated titanium surface (Xpeed; MegaGen) (Fig 1b). 
Available implant sizes were 10 and 11.5 mm long 
with a 4 mm diameter. 

Resistance to implant insertion was recorded using 
the surgical unit. It was attempted to place the head 
of the implants level with the alveolar bone crest, 
implants were submerged and baseline intraoral radi-
ographs were taken. Patients were instructed to rinse 
with chlorhexidine mouthwash 0.2% for 1 minute 
twice a day for 2 weeks and were prescribed anal-
gesics (ibuprofen 400 mg) to be taken 2 to 4 times a 
day during meals on patient demand. Patients were 
seen after 1 to 2 weeks for suture removal and post-
operative control. The first 10 treated patients had 
their implants exposed 12 weeks after placement, the 
second group of 10 patients at 10 weeks and the third 
group at 8 weeks under local anaesthesia.

The prosthetic procedures were similar for both 
groups. Impressions at implant level were taken with 
individual trays using Impregum F (Espe Dental AG, 
Seefeld, Germany) and the stability of individual 
implants was manually evaluated using a torque of 

20 Ncm. Within 2 weeks of implant exposure, either 
provisional or definitive prostheses were delivered, 
intraoral radiographs of the study implants were taken, 
and oral hygiene instructions were given as required.

Patients were recalled every 6 months for oral 
hygiene maintenance and prosthetic check-ups for 
the entire study period. 

The outcome measures evaluated in the present 
trial were:
•	 Prosthesis failure: when it was not possible to 

place the prosthesis due to implant failures or the 
prosthesis was lost because of implant failures.

•	 Implant failure: the presence of any mobility of 
the implant and/or any infection dictating im-
plant removal. Implant stability was assessed at 
initial loading and 1 year after loading by manu-
ally tightening the abutment screws or the im-
plant head with the prostheses removed using a 
manual wrench with a torque of 20 Ncm. Also, 
mechanical problems/fractures rendering the im-
plant not usable were considered failures.

•	 Any complication.
•	 Peri-implant marginal bone level changes: 

intraoral radiographs were taken with the par-
alleling technique at implant placement, initial 
loading and 1 year after loading. In any cases of 
unreadable radiographs, the radiographs were 
taken again. Radiographs were scanned, digitised 
in JPG, converted to TIFF format with a 600 dpi 

a b

Fig 1  The types of 
implants evaluated in 
the study were 10 and 
11.5 mm long with a 4 
mm diameter and inter-
nal connection: a) EZ 
Plus MegaGen titanium 
implant with a surface 
blasted with particles 
of resorbable calcium 
phosphates; b) Xpeed 
MegaGen implant with 
thermally modified 
nanostructured calcium-
incorporated titanium 
surface.
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resolution, and stored in a personal computer. 
Peri-implant marginal bone levels were measured 
using the UTHSCSA Image Tool 3.0 (The Univer-
sity of Texas Health Science Center, San Antonio, 
USA) software. The software was calibrated for 
every single image using the known distance of 
the implant length or, in case the full implant 
length was not visible, with the maximum num-
ber of visible consecutive threads. Measurements 
of the mesial and distal bone crest level adja-
cent to each implant were made to the nearest 
0.01 mm. Reference points for the linear meas-
urements were the coronal margin of the im-
plant collar and the most coronal point of bone-
to-implant contact. Measurements of the mesial 
and distal sides were averaged at implant level, 
then at patient level and finally at group level.

This study was designed as a pilot study and we had 
no previous information of the clinical performance 
of the novel implant surface in humans, so no sample 
size calculation was attempted. It was decided to 
include 30 patients in each group according to a par-
allel group design. On specific request of the manu-
facturer the 60 patients were then further divided into 
3 subgroups of 20 patients each (10 with test and 10 
with control implants) whose implants were exposed 
at 12, 10 and 8 weeks after implant placement.

A computer-generated restricted random list was 
created by one of the authors who was not involved 
in patient recruitment or treatment, and had access 
to the random list stored in a password-protected 
portable computer (Dr Marco Esposito). The ran-
domised codes designated as ‘implant 1’ and ‘im-
plant 2’ were enclosed in sequentially numbered, 
identical, opaque, sealed envelopes. Envelopes were 
opened sequentially only after the implant sites 
were prepared, therefore treatment allocation was 
concealed to the investigators in charge of enrolling 
and treating the patients. It was also attempted to 
blind the surgeons to the treatment allocation. The 
implants differed macroscopically only in the colour. 
The colour difference was a consequence of the pro-
cess for preparing the test implants. Implants were 
kept stored in identical boxes marked as ‘implant 1’ 
and ‘implant 2’ in a place secured with a locker which 
could only be accessed by a designated nurse. Once 
the envelope containing the randomisation code 

was opened, the nurse in charge took the required 
implants, opened all packages and gave the implants 
to the operator. Unfortunately, after a few cases the 
operators noticed the colour difference and could 
guess what type of implant they were placing.

Complications were assessed and treated by the 
treating dentists who were partially blinded. Two inde-
pendent and fully blinded dentists (Dr Vittorio Checchi 
at Dr Felice’s centre and Dr Mauro Zorzenon at Dr 
Grusovin’s centre) not aware of patient allocation eval-
uated implant stability with the prostheses removed. 
Another independent and fully blinded dentist (Dr 
Gerardo Pellegrino) evaluated peri-implant marginal 
bone level changes on periapical radiographs. 

All data analysis was carried out according to a 
pre-established analysis plan. The patient was the 
statistical unit of the analyses. A biostatistician with 
expertise in dentistry analysed the data, without 
knowing the group allocation. Differences in the pro-
portion of patients with prosthesis failures, implant 
failures and complications (dichotomous outcomes) 
were compared between the groups using Fisher’s 
exact probability test. Paired t tests were used to 
compare the mean radiographic values at implant 
placement and 1 year after loading. Sample t tests 
were used to compare the mean radiographic mar-
ginal bone level changes between the groups. Dif-
ferences in the proportion of patients with prosthetic 
failures, implant failures and complications were 
compared between the two centres using  Fisher’s 
exact test, and for bone levels using the sample 
t test. All statistical comparisons were conducted at 
the 0.05 level of significance. 

 n Results

In total, 147 patients were screened for inclusion 
in the trail, but 87 (5 patients by Dr Felice and 82 
by Dr Grusovin) were not included for the follow-
ing reasons: 26 patients were in need of bone aug-
mentation or were previously augmented at the im-
plant sites, 20 patients were to have post-extractive 
implants, 19 were referred only for implant treat-
ment, 5 immediately loaded implants were planned, 
5 because the correct Osstell Mentor SmartPegs 
were not available, 3 were unable to commit to a 
5-year recall plan, 3 were under periodontal therapy 



Esposito et al  Nanostructured calcium-incorporated titanium implants n 5

Eur J Oral Implantol 2012;5(3):?–?

and had dubious oral hygiene, 2 because other types 
of implants were required since the patient already 
had different implant types; 2 specifically requested 
a 1-stage implant placement; 1 was breast feeding, 
and 1 was missing the opposing tooth element and 
the patient was not interested in replacing it.

Sixty patients were consecutively enrolled and 
randomised in equal groups of 30 patients each to 
receive either test or control implants. The first 20 (10 
from each centre) had their implants submerged for 12 
weeks, the following 20 for 10 weeks and the last 20 
for 8 weeks. All patients were treated according to the 
allocated interventions. No patient dropped out and 
the data of all patients were evaluated in the statistical 
analyses. A list of deviations from the operative proto-
col follows. The main deviation from the original pro-
tocol concerned a decision at protocol level to record 
(at implant placement, at abutment connection, and 
at 1, 3 and 5 years of follow-up after loading) the 
ISQ (implant stability quotient) values with resonance 
frequency analysis (RFA) using Osstell Mentor (Inte-
gration Diagnostics, Göteborg, Sweden) on request of 
the study sponsor. Unfortunately, the wrong SmartPeg 
(the adaptor to allow the measurements from different 

implant heads) were provided and 10 patients were 
treated at one centre before the problem surfaced, 
therefore it was decided to drop the measurement since 
no patient had the proper recording performed. One 
centre (Dr Felice) placed 8 post-extractive implants 
in 7 patients (one with additional anorganic bovine 
bone graft) and did not elevate flaps in 4 patients, 
despite that these were exclusion criteria. Data from 
these patients were evaluated anyway according to 
an ITT (intention-to-treat analysis). The other centre 
(Dr Grusovin) had 4 patients of the 12-week and 1 of 
the 8-week loading group loaded 1 to 3 weeks later 
because of holidays or patient disease. Also, the 1-year 
radiographs of 2 patients were actually taken at 15 and 
24 months post-loading since patients did not come 
at the agreed scheduled time. One of the 12-week 
patients had 2 implants placed in an area which was 
previously subjected to a sinus lift elevation with a lat-
eral approach, which was an exclusion criterion. 

Patients were recruited and treated from July 
2009 to October 2010. The follow-up focused on 
the time between implant placement and 1 year after 
loading. Patient and intervention characteristics are 
described in Table 1. No implant or prosthesis failed.

Table 1  Patient and intervention characteristics. 

Ca incorporated (n = 30) Control (n = 30)

Females (%) 12 (40) 17 (57)

Age (range) 56 (25–81) 49 (30–68)

Smokers (%) 4 moderate + 2 heavy (20) 4 moderate + 1 heavy (17)

Patients receiving 1 implant (%) 21 (60) 22 (73)

Patients receiving 2 implants (%) 6 (20) 6 (20)

Patients receiving 3 to 6 implants (%)* 3 (10) 2 (7)

Total number of inserted implants 45 42

Mean insertion torque value in Ncm (SD) 36.8 (8.2) 37.6 (9.1)

Implants placed in hard bone quality 1 1

Implants placed in medium bone quality 28 31

Implants placed in soft bone quality 16 10

Implant in incisor sites 5 4

Implants in canine sites 0 1

Implants in premolar sites 27 23

Implants in molar sites 13 14

Sites receiving 10 mm-long implants 25 21

Sites receiving 11.5 mm-long implants 20 21

Sites receiving post-extractive implants** 3 in 3 patients 5 in 4 patients

*Two fully edentulous patients received 5 and 6 implants.
**Immediate post-extractive implants should not have been included.
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Table 3  Comparison between mean marginal bone levels (SD) in mm at implant placement, loading and 1 month after 
loading for the two implant types, and for changes from baseline within each group.  

Ca-incorporated 
implants (n = 30)

Conventional 
 surface (n= 30)

Mean 
 difference

95% CI of 
the  difference

P value from unpaired 
sample t-test

At implant placement 0.20 (0.19) 0.23 (0.23) -0.03 -0.14 to 0.08 0.61

At loading 0.48 (0.24) 0.47 (0.29) 0.01 -0.12 to 0.15 0.85

1 year postloading 0.78 (0.35) 0.85 (0.44) -0.07 -0.27 to 0.13 0.50

Mean changes at 1 year -0.58 (0.31) - 0.62 (0.36) -0.04 -0.22 to 0.13 0.64

P value from paired t test 
from placement to 1 year

<0.001 <0.001

95% CI of the difference -0.70 to -0.47 -0.76 to -0.49

Table 4  Comparison between the 2 study centres; each centre treated 30 patients. 

Dr Felice Dr Grusovin P value 

Patients with implant failures 0 0 -

Patients with prosthesis failures  0 0 -

Patients with complications 1 3 0.61

Mean bone loss 0.56 (0.27) 0.65 (0.39) 0.34

Table 2  Complications up to 1 year after loading. 

Complication type Ca incorporated (n = 30) Control (n = 30)

Incorrect implant placement 1 0

Implant neck partial fracture 0 1

Abutment screw loosening 1 2*

Total number of complications 2 3

*One complication occurred twice in the same patient. All but 1** complication were successfully treated. No statistically 
significant difference at patient level (P = 0.61) for complications.

a b c

Fig 2  Sequence of photographs showing one of the complications and its treatment. This complication is unrelated to the implant surface: a) the im-
plant was placed in position 14 as a post-extractive implant without flap elevation (protocol deviations) and perforated the buccal wall with two-thirds 
of its body in its apical portion because of wrong placement angle; b) at the 1-week postoperative control the patient complained about a ‘metallic 
sensation’ in the area, the problem was recognised and after local anaesthesia the implant was unscrewed; c) the implant site was re-prepared with the 
correct direction and the same implant was immediately re-implanted.
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During the 1-year follow-up, 3 complications 
in 2 patients treated with calcium-incorporated 
implants and 2 complications in 2 patients treated 
with control implants occurred (Table 2). Compli-
cations for patients in the calcium-incorporated 
implants included an implant placed flapless in the 
post-extractive site of tooth 14, which was posi-
tioned by mistake with two-thirds of its apical por-
tion outside the bone envelope (Fig 2a). After 1 
week, the patient complained about a ‘metal-like 
sensation’ in the mouth, the mistake was identi-
fied and the implant was unscrewed and immedi-
ately repositioned in the correct place (Figs 2b and 
2c). Also, 1 abutment screw become loose twice, 7 
and 8 months after loading, and was retightened. 
Complications in the control group were 1 partial 
implant fracture of the implant neck that caused 
vertical bone loss and was discovered at the 1-year 
radiographic control (Figs 3a–3c), and 1 loosen-
ing of the abutment screw 1 week after loading. 
The partial implant fracture occurred in a patient 
treated with a cross-arch fixed dental prosthesis 
screwed directly onto the implants and might have 
been caused by the tension induced when screw-
ing in the fixed dental prosthesis. A ‘wait-and-see’ 
approach was implemented so no treatment was 
delivered. All complications but one (the partially 
fractured implant) were successfully treated and 
there were no statistically significant differences 
in complications among the two interventions  
(P = 0.61; difference in proportions = -0.27; 95% 
CI -0.71 to 0.18). 

Peri-implant bone levels could be measured 
at all implant surfaces. There were no statistically 
significant differences for bone levels at loading 
and 1 year after loading between the two groups 
(Table 3). Both groups gradually lost marginal peri-
implant bone and this was statistically significant 
(P < 0.001) (Table 3). After 1 year, patients treated 
with calcium-incorporated implants lost an aver-
age of 0.58 mm compared with 0.62 mm for the 
conventional implants; the difference between 
groups was not statistically significant (P = 0.64; 
Table 3). 

There were no statistically significant differences 
for complications and marginal bone levels between 
the two centres (Table 4).

a

b c

Fig 3  Sequence of photographs showing another compli-
cation: a) frontal view just after delivery of a maxillary cross-
arch definitive fixed dental prosthesis; b) radiographic view 
at prosthetic loading showing the situation at the implant in 
position 15, no clear pathological sign could be observed; c) 
radiograph of the same implant taken 1 year after load-
ing where a fracture line is apparent at the coronal portion 
of the implant and bone loss occurred mesially up to the 
fracture line. The fracture could possibly have occurred after 
screwing in the definitive fixed dental prosthesis directly 
onto the implants because of excessive tension induced by 
some framework misfits when tightening the connecting 
screws. The fracture is unlikely to be related to the implant 
surface characteristics. The clinical situation was being regu-
larly monitored but no treatment was provided as of the 
writing of this report. 

 n Discussion

This study is a pilot trial to evaluate whether a tita-
nium screw-shaped implant with a novel nanostruc-
tured calcium-incorporated surface could be safe 
and more effective than identical titanium control 
implants. The preliminary results of this trial are very 
promising, since not a single implant was lost up to 1 
year after loading. It was decided to evaluate only the 
maxilla in the present trial since sites characterised by 
softer bone are more commonly encountered, which 
may put the implants at a higher risk for implant 
failures. The logic behind this choice was that the 
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potential clinical advantages of an improved bone-
to-implant contact observed in animal studies around 
calcium-incorporated implants over control implants 
could be more easily observed in maxillae8-11.

No other clinical study evaluating a calcium-
incorporated surface is available, with the exception 
of a short-term randomised trial comparing short 5 × 
5 mm implants with longer implants in posterior aug-
mented jaws12. Only 2 implants failed in 80 patients 
and these excellent results speak in favour of a good 
clinical performance of calcium-incorporated tita-
nium implants.

Very few complications occurred, which so far 
have had little clinical relevance. One of the compli-
cations, the implant fenestration (Fig 2a), was prob-
ably caused by the excessive confidence of the sur-
geon who placed the implants without elevating the 
flap. Flapless implant placement in post-extractive 
sockets may cause some relevant implant fenestra-
tion if the implant is not correctly angulated. It is im-
portant to note that as soon the mistake was recog-
nised the following week, the surgeon managed to 
unscrew the implant, re-prepare the implant site and 
place the same implant in the correct position. The 
1-year postloading outcome of this implant was une-
ventful (Figs 4a and 4b). It is interesting to comment 
also on the partial implant neck fracture accidentally 
discovered at the 1-year follow-up (Fig 3c). No clin-

ical symptoms were observed with the exception of 
a deeper pocket on probing. So far it has not had 
any real clinical consequence for the patient even 
though marginal bone resorbed up to the level of 
the most apical fracture line. The responsible clinician 
decided not to intervene also because it is not simple 
to solve the problem without removing the implant. 
Consequently, the patient is under strict monitor-
ing, and in the case of manifest clinical symptoms 
she will be treated surgically. It is also interesting 
to speculate on the possible cause of the fracture. 
The patient received a screw-retained cross-arch 
fixed dental prosthesis directly onto the implants. It 
is possible that a minor misfit of the prosthesis was 
present, which could have induced tension on the 
internal portion of the implant when the fixed dental 
prosthesis was screwed in. This may have caused the 
breakage of the weakest point of the structure, the 
thin titanium wall of the collar neck. The implant 
was also the last abutment before a cantilever and 
this might also have contributed to its fracture. It is 
possible that the fracture is not complete yet but only 
partial. It may be that for more extensive fixed dental 
prostheses, where it is more difficult to obtain the 
ideal precision of the framework, an implant with an 
external-type connection or the use of intermediate 
abutments could be preferable since a possible misfit 
could be more easily identified.

a b

Fig 4  One-year periapical radiograph (a) and clinical picture (b) of the same implants illustrated in Figure 2. The implant in 
position 14 successfully osseointegrated after being removed and immediately re-implanted in the correct position since it 
was placed with the wrong angle.
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The manufacturer asked to load the implants 
at different time points, hoping to see some differ-
ent trends. In contrast, the trial adviser suggested 
to focus the trial on those more challenging clin-
ical situations (e.g., very soft bone, augmented 
bone, post-extractive implants, immediate to early 
loading at 6 weeks) in which an improved surface 
could have made a difference. In the present case 
of 100% success, we all are certainly very pleased 
with the results, however there was not enough 
room for improvement in order to evaluate the 
potential superiority of the novel surface. Our find-
ings are in line with the current scientific literature, 
which has been summarised in a systematic review7: 
no substantial evidence has so far being published 
showing that any particular implant surface modifi-
cation is superior to any other. The lack of evidence 
should not be erroneously interpreted as no evidence 
of effect, since all the published trials were grossly 
underpowered and therefore unable to identify any 
possible  superiority of any specific implant surface. 
The major clinical implication is that we definitively 
need trials sufficiently powered to finally understand 
whether these so-called ‘improved’ implant surfaces 
had some advantage over more conventional sur-
faces.

No significant difference in peri-implant marginal 
bone loss was observed between the two implant 
types 1 year after loading, however it remains im-
portant to evaluate longer follow-ups in view of the 
fact that the calcium-incorporated surfaces were 
slightly smoother than the control implants (Ra 1.7 in 
blasted implants versus 1.3 in calcium-incorporated 
implants) and this might be an advantage in the long 
term in cases of peri-implantitis8.

It is acknowledged that the major limitation 
of the present trial is the low number of included 
patients, however this was a pilot trial and not a 
single implant was lost. Therefore, to find a possible 
difference, if any, sample sizes in the range of sev-
eral thousand patients might be needed and this is 
outside our capacity. 

The generalisation of the present results to 
patients with similar characteristics can be done 
with confidence since ‘ordinary’ patient cases were 
included.

 n Conclusions

This pilot study suggests that nanostructured calcium-
incorporated titanium implants can be at least as effec-
tive and safe as conventional titanium implants. In 
order to understand whether nanostructured calcium-
incorporated titanium implants could have superior 
clinical performance than conventional implants, they 
need to be tested in more challenging clinical situations.
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