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ABSTRACT 
 
INTRODUCTION: A plenty of materials have been used to increase the success rate, decrease time needed for osseointegration, stimulate 
bone formation around dental implants. Bisphosphonates increase bone mineral density by inhibiting osteoclast-mediated bone resorption. 
Alendronate sodium hydrate is a bisphosphonate that potently inhibits bone resorption and is used to treat osteoporosis. A 1% sodium 
alendronate gel is manufactured and tested in order to accelerate osseointegration around dental implants. 
OBJECTIVES: This study aims to compare clinically and radiographically the osseointegration for 2 groups of submerged dental implants 
both in upper anterior and premolar region, first group with the use of local sodium alendronate gel prior to placement of dental implant and 
the second group without. 
MATERIALS AND METHODS: A clinical trial on 24 implants divided into 2 groups indicated for dental implant placement in the upper 
anterior and premolar region selected from the outpatient clinic of the Oral and Maxillofacial department, Faculty of Dentistry, Alexandria 
University. For the test group 12 implants were placed with sodium alendronate gel just prior to implant placement. For control group 12 
implants were placed without sodium alendronate gel. 
RESULTS: On the 12 week the resonance frequency analysis (RFA) median records were (55.50, 54.0) and the Mean ± SD (55.08 ± 4.94, 
54.67 ± 5.69) for the control group and test group, respectively. The bisphosphonate-coated implants showed an increase in implant stability 
from 0 to 12 weeks more than the control's measures. On the 12 week, the mean peri-implant bone density value was 1417.92 ± 310.54 for 
control group and 1550.25 ± 286.15 for test group. These increases in the bone density were higher in test group than the control group. 
CONCLUSIONS: Using sodium alendronate gel with delayed implant placement could enhance the osseointegration around dental implants. 
KEYWORDS: Sodium Alendronate gel, osseointegration, cone beam CT, implants stability, bone density. 
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INTRODUCTION 
Implant dentistry has been definitively established as a 
predictable treatment modality for replacing missing or 
non-restorable teeth which yields excellent clinical success 
rates (1).  

In 1969, Brånemark, an orthopedic surgeon, used 
titanium to study blood flow in animal research projects. 
While conducting his research, he found again that the 
material became solidly embedded in bone, and he called 
this phenomenon “osseointegration.” (2).  

The desire to attain faster osseointegration is common 
for both health professionals and patients. This has 
motivated research into the development of materials and 
techniques to optimize the process of bone remodeling 
around dental implants (3).  

During implant placement surgery, the primary 
stability of the implant in bone tissue is one of the aspects 
used to determine whether or not to apply an immediate 
load; In cases in which there is no primary stability during 
dental implant placement, it is recommended that the 
professional follows the protocol of two surgical stages, 
delaying functional loading for the period of 
osseointegration (3). 

In this scenario it becomes important to accelerate the 
process of osseointegration, so that the delay between 
implant placement surgery and re-opening for the 
connection of the prosthetic abutment can be reduced.   
Interest in the use of bisphosphonates as bone  

 
biomodulators in implant dentistry was aroused because of 
the known ability of these drugs to inhibit the activity of 
osteoclasts; this inhibition activity is why the drugs are used 
widely in the treatment of diseases characterized by 
excessive bone resorption, such as osteoporosis (4). 

 Studies have suggested that bisphosphonates may have 
a positive influence on bone formation and remodeling, and 
may consequently improve the fixation of titanium implants 
in humans (5, 6).  

The intention is that the bisphosphonate will positively 
influence the remodeling of bone adjacent to the implant, 
without causing undesirable systemic side effects. The 
direct application of bisphosphonate to the osteotomy site 
immediately before implant insertion would appear to be a 
simple and more practical procedure (7-9).  

Several formulations containing bisphosphonates have 
been applied to the management of osteoporosis. 
Alendronate sodium hydrate (alendronate) is a 
bisphosphonate that potently inhibits bone resorption and is 
used for the treatment of osteoporosis. Alendronate 
produces a sustained reduction in the levels of biochemical 
markers of bone remodeling, returning them to the 
premenopausal range (10, 11). 

The aim of this study was to evaluate clinically and 
radiographically the osseointegration around submerged 
dental implants with and without the use of sodium 
alendronate gel. 
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MATERIALS AND METHODS 
This study was a clinical trial on 24 patients divided into 2 
groups: Group A: 12 patients indicated for dental implant 
placement in upper anterior and premolar region received 
submerged dental implants with application of 1% sodium 
alendronate gel. Group B: 12 patients indicated for dental 
implant placement in upper anterior and premolar region 
received submerged dental implants without 1% sodium 
alendronate gel. Patient selection was done from the 
outpatient clinic of the Oral and Maxillofacial Department, 
Faculty of Dentistry, Alexandria University. All procedures 
were done in accordance with Ethic research committee, 
Faculty of Dentistry, Alexandria University and in 
accordance with the 1964 Declaration of Helsinki. All 
patients were informed about the aim of the designed study 
and a written consent was obtained. 

The inclusion criteria for patient selection were: missed 
anterior or premolar maxillary teeth, age ranging from 20-
40 years, adequate bone quality and quantity, good oral 
hygiene, non-smokers, adequate zone of keratinized 
gingiva.  

The exclusion criteria for patient selection were: 
presence of local infection, inadequate interocclusal space, 
bruxism or clenching, current chemotherapy or 
radiotherapy, alcohol or drug abuse, systemic diseases.  

An informed consent was taken from all patients after 
explaining all the procedures to the patients including all the 
benefits and side effects in a simple and easy way, also the 
patients had the right for withdrawal at any time. 
Materials:  
Implants: Dentis system implants (Dentis s-clean tapered 
system, Woram-Dong, Dalseo-Gu, Daegu, Korea) with 
different diameters (3.4, 4.1 and 4.8 mm) and lengths (8, 10, 
12 and 14 mm) were used in this study  

Osstell ISQ “resonance frequency analyzer”: was 
used for measurement of implant stability. Osstell ISQ 
(Osstell AB, stampgatan, Goteborg, Sweden) consists of 
Osstell ISQ instrument, probe, charger, USB cable and test 
peg. The system includes the use of a SmartPeg™ attached 
to the dental implant by means of an integrated screw. The 
SmartPeg is excited by a magnetic pulse from the 
measurement probe on the handheld instrument. The 
resonance frequency, which is the measure of implant 
stability, is calculated from the response signal.  

Results are displayed on the instrument as the implant 
Stability Quotient (ISQ), which is scaled from 1 to 100. The 
higher the value, the more stable the implant. SmartPeg 
Type 11 and type 22 were used. 
Bisphosphonate “sodium alendronate” gel 1% (by 
volume) 
1% Sodium alendronate gel “ALN Gel” was prepared as 
described by Reddy et al (12). Briefly, ALN obtained from 
FOSAMAX® (by Merck Sharp & Dohme Corp., a 
subsidiary of Merck & Co., Inc, USA) tablets was dissolved 
in a required amount of distilled water to achieve a 
concentration of 1% ALN. A weighed quantity of 
polyacrylic acid (PAA) (2% weight/weight) was added to 
the distilled water. The mixture was stirred gradually, and 
PAA was allowed to soak for 2 hours. One-percent 
triethanolamine was added to neutralize the PAA solution 
and to form the gel. The pH was adjusted to 6.8. Finally, the 
required amount of methyl paraben (0.1%) and propyl 

paraben (0.05%) were dissolved in ethanol and added to the 
gel (12). 
Methodology 
I. Preoperative phase:  
All patients went through preoperative phase including 
clinical examination of recipient site to ensure absence of 
infection or any signs of inflammation, radiographic 
examination of recipient site to be implanted by CBCT and 
primary impression and fabrication of study model and 
surgical stent (Figure 1). 
 

 
Figure (1): Preoperative CBCT with imaginary implant 
placement. 
 
II. Operative phase:  
Included using of chlorohexidine mouth wash (Hexitol 
Chlorhexidine HCl 1.25%, by adco company ltd, 
Alexandria, Egypt) for thirty seconds before operation. 
Nerve block and infiltration anesthesia using Mepecaine 
hydrochloride 2% (Alexandria pharmaceutical company, 
Alexandria, Egypt). Surgical exposure of the maxillary crest 
by a trapezoidal flap was performed (Figure 2a). Drilling 
was made through the maxilla, the sequence of the drilling 
was carried out according to manufacturer’s instructions 
(Figure 2b). Implants were screwed directly into the 
osteotomy site, primarily the screwing was done mechanically 
by Fixture Mount Connection attached to the implant carrier 
(Figure 2c).  
 

 
Figure 2: (A) Crestal incision with buccal reflection. (B) Drilling 
of the osteotomy site. (C) Placement of implant into osteotomy 
site. 
 

In the test group patients 1% sodium alendronate gel 
was applied locally to the surface of the implant just before 
placement into osteotomy site. 

Implant stability was measured using OsstellTM 
resonance frequency analyzer (RFA) using the SmartPeg 
(Figure 3). Suturing the wound using 3-0 black silk was then 
performed. 
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Figure 3:  Measuring primary stability using OsstellTM resonance 
frequency analyzer (RFA). 
 
III. Post-operative phase:  
Postoperative instructions included: cold fomentation on 
the first day, warm saline mouth washes for the next seven 
days, oral hygiene instructions. Postoperative medication 
Antibiotic: Amoxicillin 875+clavulanic acid 125 was given 
5 days 1 gram every 12 hours (Augmentin® 1 g Tablets by 
Galaxosmithkline co ltd, USA). Diclofenac potassium 50 
mg was given every 8 hours for 5 days (Cataflam® tablets, 
by Novartis Pharmaceuticals Corporation). Chlorhexidine 
HCl 1.25% mouthwash was given twice daily for one week 
after the first day (Hexitol by adco company ltd, Alexandria, 
Egypt). Sutures were removed one week after surgery. 
IV. Assessment phase: 

1. Clinical Evaluation: all Patients were evaluated clinically 
for pain and edema after the first week and for presence of 
infection every month for the following 3 months. Peri-
implant probing depth was done after 3 months. Implant 
stability measured by OsstellTM immediately and after 3 
months and the results were compared. 

Pain was evaluated through “visual analogue scale” (13) 
as follows: 0 = no pain, 1 = mild pain: it is easily tolerated, 2 
= moderate pain: it is causing discomfort but bearable, 3 = 
severe pain: it is causing discomfort, hardly tolerated and 
unbearable. Edema was evaluated by its ability to pit (14). 
The pitting is graded on a scale of +1 to +4 as follows: +1 
(trace) slight indentation rapid return to normal, +2 (mild) the 
indentation returns to normal in few seconds, +3 (moderate) 
6 mm indentation rebounds in 10-20 second, +4 (severe) 8 
mm indentation rebounds after more than 30 second. 

Periodontal follow up was designed to determine 
whether the soft tissue at teeth and implant region is normal 
or reflects any sign to inflammation (15,16). 

Implant stability was measured immediately after 
placement and 3 months after surgery was assessed by 
OsstellTM resonance frequency analyzer (RFA) using the smart 
peg. 

2. Radiographic evaluation: was done using cone beam 
computed tomography (CBCT) software “On Demand 3D 
App” immediately and after 3 months of implant placement 
to evaluate bone density and osseointegration around the 
implant (Figure 4).  
 

 
Figure 4: Measuring bone density “On Demand 3D Application".  
 

Finally, after 3 months, loading of abutment and final 
prosthesis was done using porcelain fused to metal crowns. 
Statistical Analysis of the data  
Data was fed to the computer and analyzed using 
International Business Machines Statistical Package for the 
Social Sciences (IBM SPSS) software package version 
20.0. (Armonl, NY: IBM Corp) Qualitative data were 
described using number and percent. Quantitative data were 
described using range (minimum and maximum), mean, 
median and standard deviation.  
The used tests were: 
1- Mann Whitney test. 
2- Student t-test. 
3- Paired t-test. 
 
RESULTS 
Patients selected from the outpatient clinic of the Oral and 
Maxillofacial Surgery Department, Faculty of Dentistry, 
Alexandria University. Each had a missing maxillary 
anterior (14 cases) or premolar (10 cases) tooth that has 
been extracted for more than 6 months and indicated for 
implant placement. Their ages ranged between 20 and 40 
years with mean age of 32.5 years, patients were selected 
free from systemic diseases because that may complicate 
the surgical procedure or the healing process of the implant 
procedure. All patients had undergone surgical procedures 
for delayed implant placement and loading. The Dentis 
system implants with different diameters (3.4, 4.1 and 4.8 
mm) and lengths (8, 10, 12 and 14 mm) were used in this 
study. 

 All patients were followed up both clinically and 
radiographically for 3 months. 

All patients have been operated under local anesthesia 
using surgical flap technique and implant placement, and no 
complications have been recorded during the operation. All 
patients have been examined periodically during the follow-
up period up to 3 months. Healing was normal in all cases 
with no post-operative complications. 

I.Clinical Evaluation: parameters have been recorded such 
as: pain, edema, presence of infection, probing depth and 
implant stability.  

1. Pain, edema and infection after surgery; all patients 
experienced slight to mild pain at the surgical site which 
subsided by the 7th day post-operative. All patients 
experienced slight to mild edema on the 2nd post-operative 
day subsided by the 4th day post-operative. All patients 
continued the follow up period without any signs of 
infection, gingivitis, or peri-implantitis. 

2. Peri implant probing depth; on the third month, the mean 
probing depth for Control group was 2.10 ± 0.27 mm with a 
minimum recorded value of 1.75 mm and a maximum 
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recorded value of 2.50. On the third month, the mean 
probing depth for test group was 2.13 ± 0.29 mm with a 
minimum recorded value of 1.75 mm and a maximum 
recorded value of 2.50 mm.  

3. Implant stability evaluation; the measurements revealed 
very good stability in all implants. At day 0 the range of 
the readings were between (48.0 – 63.0) and between (48.0 
– 65.0) for the Control group and Test group, respectively. 
The median records were (55.50, 54.0) and the Mean ± SD 
(55.08 ± 4.94, 54.67 ± 5.69) for the control group and test 
group, respectively. (Table 1, Figure 5) 

 
Table (1): Comparison between the two studied groups 
according to implant stability. 

Implant 
stability 

Control 
(n = 12) 

Test 
(n = 12) T p 

Immediately     
Min. – Max. 48.0 – 63.0 48.0 – 65.0 

0.191 0.850 Mean ± SD. 55.08 ± 4.94 54.67 ± 5.69 
Median 55.50 54.0 

After 3 months     
Min. – Max. 52.0 – 68.1 53.0 – 74.0 

0.508 0.617 Mean ± SD. 60.17 ± 4.97 61.33 ± 6.21 
Median 60.50 61.50 

t: Student t-test  
p: p value for comparing between the two studied groups 
 
 

 
Figure 5: Comparison between the two studied groups according 
to implant stability 
 

The bisphosphonate-coated implants showed an 
increase in resonance frequency analyzer RFA value from 0 
to 12 weeks more than the control's measures (The 
difference in the median was about 1 unit. As the median 
for the RFA measures was (61.50) for the Bisphosphonate 
coated titanium implant and (60.50) for the control group.  

After twelve weeks, the measurements were taken for 
all the implants in both groups again. All implants showed 
increase in RFA value ranging between (52.0 – 68.1) for the 
control group and between (53.0 – 74.0) for the test group.  

As shown in (Table 1) all Bisphosphonate coated 
titanium implants showed a high stability revealed by higher 
increase in RFA value at all measurements time points than 
their paired controls. There was no statistical difference.  

II.Radiographic evaluation was done immediately and after 
3 months of implant placement to evaluate bone density. On 
the first week, the mean peri-implant bone density value 
was 1240.67 ± 341.20 HU for control group and 1256.17 ± 
325.51 HU for test group. On 12 weeks, the mean peri-
implant bone density value was 1417.92 ± 310.54 HU for 
control group and 1550.25 ± 286.15 HU for test group.  

These increases in the bone density for the all implants 
were clear after 3 months also it was higher in 
bisphosphonate coated implants than the control group, and 
this is a very clear radiographic indicator for the response of 
the process of mineralization and remodeling of the 
maxillary bone to the Bisphosphonate. (Table 2, Figure 6) 
 

 
Figure 6 :  Comparison between the two studied groups according 
to % change of bone density 
 
 
Table (2): Comparison between the two studied groups 
according to bone density 

Bone 
density 

Control 
(n = 12) 

Test 
(n = 12) 

Test 
of 
sig. 

p 

Immediatel
y     

Min. – Max. 714.0 – 1756.0 780.0 – 1740.0 
t= 
0.114 0.910 Mean ± SD. 1240.67 ± 

341.20 1256.17 ± 325.51 

Median 1215.0 1237.0 
After 3 
months     

Min. – Max. 923.0 – 1920.0 1018.0 – 1992.0 
t=  
1.086 0.289 Mean ± SD. 1417.92 ± 

310.54 1550.25 ± 286.15 

Median 1358.0 1488.50 
% of 
change     

Min. – Max. 7.52 – 32.88 13.12 – 67.28 
U= 
38.0 0.052 Mean ± SD. 16.20 ± 8.54 26.27 ± 15.97 

Median 12.53 21.10 

t: Student t-test 
U: Mann Whitney test   
p: p value for comparing between the two studied groups 
 
DISCUSSION 
Patients were selected from the outpatient clinic of the Oral 
and Maxillofacial Surgery Department, Faculty of 
Dentistry, Alexandria University. Each had a missing 
maxillary anterior or premolar tooth that has been extracted 
from more than 6 months and indicated for implant 
placement. Their ages ranged between 20 and 40 years with 
mean age of 32.5 years. 

Regarding the mean peri-implant probing depth in the 
present study in both control and test group there wasn’t any 
increase throughout the evaluation period, which indicates 
periodontally successful implants. That was in agreement 
with Pranskunas et al (17) in 2016, who concluded that the 
width of keratinized mucosa around dental implants was 
related with less mucosal inflammation, less plaque 
accumulation, increased stability of the peri-implant area, 
and prevention of mucosal recession.  
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In our study regarding implant primary stability, each 
implant was assessed by osstell device. The 
bisphosphonate-coated implants showed an increase in 
RFA value at 0 week and 12 weeks more than the control's 
measures (The difference in the median was about 1 unit). 
As the median for the RFA measures was (61.50) for the 
Bisphosphonate coated titanium implant and (60.50) for the 
control group.  

As shown in all Bisphosphonate coated titanium 
implants showed a high stability revealed by higher increase 
in RFA value at all measurements time points than their 
paired controls. However, the increase was statistically 
insignificant (p≥0.05) this may be due to small sample size 
and short period of follow up. 

Abtahi et al (5) in 2010, found similar results as they 
evaluated the clinical stability of bisphosphonate-coated 
dental implants. The level of the marginal bone around each 
implant was measured by intraoral periapical radiographs 
and implant stability was recorded using resonance 
frequency measurements. Resonance frequency values 
(RFA) were obtained pre-operatively before flap closure 
and after six months at abutment connection.  

Furthermore, in agreement with our results Abtahi et al 
(6) in 2012, research showed that a drug released from the 
implant surface can improve parameters reflecting the 
quality or amount of this bone. 

Kajiwara et al (18) in 2005, did several experimental 
studies with small laboratory animals investigating 
improvements in mechanical fixation of screw-shaped 
implants by coating the surface with bisphosphonates and 
their results are in line with our findings. 

Regarding the bone density values immediately and 
after 3 months. The increase in peri-implant bone density 
starting from the first month to the end of the 3 months of 
the evaluation period indicates osseointegration of all 
implants. That was in agreement with Albrektsson et al.  
(19) in 1986 and Parithimarkalaignan and Padmanabhan 
(20) in 2013.  

Hilding and Aspenberg (21) in 2006 outside the field of 
dentistry, found that bisphosphonate-coated screws for 
fixation of osteoporotic fractures, improved longevity of 
external fracture fixation, and better initial stability of joint 
replacements. It has been shown that bisphosphonate 
treatment can improve the early stability of total knee 
replacement in line with our results.  

Meraw and Reev (22) and Meraw et al (23) in 1999, 
also in their research which was based on Qualitative 
analysis of peripheral peri-implant bone and influence of 
alendronate sodium on early bone regeneration found that; 
the local application of Bisphosphonate (alendronate) 
around dental implants in dog mandibles has shown 
increased bone density and bone formation and this was in 
agreement with our study. This method, however, does not 
directly immobilize the bisphosphonate onto the implants 
instead the implant is soaked in the solution. 

These results are also supported by Stadelmann (24) in 
2008, his study confirms that implants delivering 
bisphosphonate locally increase periprosthetic bone density 
in an osteoporotic sheep model.  

A more recent study conducted by Kwak et al (25) in 
2009, also supports our findings, they demonstrated that 
bisphosphonate incorporated on titanium implants 
increased bone density locally in the peri-implant region 

with the effect of the antiresorptive drug limited to the 
vicinity of the implant.  

On other hand, a study carried out by Denissen et al 
(26) in 2000, explored associating bisphosphonates with 
porous HA implants. The authors did not report any 
advantages or disadvantages associated with the locally 
delivered bisphosphonate. 

Jakobsen et al (8) in 2009, also supports the results 
from this study. They found that the local Bisphosphonate 
(alendronate) treatment could increase the fixation of HA-
coated implants inserted with bone compaction. They 
concluded, as initial implant stability is important for long-
term implant survival, the combined effect of local 
bisphosphonate treatment and bone compaction might be 
beneficial for HA coated joint replacements. 

Our results also are in line with those in a recent study 
by Toksvig-Larsen and Aspenberg (27) in 2013, as they 
compared bisphosphonate- coated pins with uncoated ones 
in the shaft, and with hydroxyapatite-coated pins in the 
metaphysis. In conclusion, the study suggests that 
bisphosphonate-coated external fixation pins can be used 
successfully in metaphyseal bone, where uncoated pins 
have a history of showing a very high rate of loosening. 

Researchers have been striving to figure out the best 
way of administering bisphosphonate in particular focusing 
on systemic administration or local application of the 
bisphosphonate to implants. 

Wermelin et al (28) in 2007, in their research which 
was conducted on rats found that, the Systemic 
administration is thought to be non-optimal, since bones are 
low-perfusion organs and drugs diluted in blood stream 
have low probabilities to reach the required locations with 
sufficient time or concentration to be effective. It is 
therefore suggested that to ensure the availability of 
bisphosphonate at the peri-implant area, where it is most 
needed, methods for local delivery maybe more beneficial 

Mckenzie et al (29) in 2011 and Russell et al (30) in 
2008 stated that locally released bisphosphonate from a 
coated implant will adhere to the nearest bone surface and 
stay there for a long time, with the bone surface acting as a 
store for repeated bisphosphonate release. 

Therefore, it could be considered that the 
bisphosphonate coating lead to improvement of 
osseointegration and positive bone healing response around 
dental implant. 
 
CONCLUSION 
From the results of this study it was concluded that using 
sodium alendronate gel with delayed implant placement 
would enhance the osseointegration around dental implants. 
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