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ABSTRACT

Aim of the study: The aim of this study was to evaluate the effect of vitamin D3 when mixed 
with xenogenic bone grafts in alveolar ridge augmentation performed simultaneously with implant 
placement for the management of bony dehiscence defects around dental implant. This included 
evaluation of the alveolar ridge buccolingual dimensional changes (primary objective) and 
evaluation of the implant stability changes (secondary objective). 

Subjects and methods: 14 patients suffering from missing upper anterior tooth and seeking 
dental implant were included in the study. All the patients showed a residual alveolar ridge with 
slight bone resorption buccolingually which allowed implant insertion with sufficient stability but 
with slight bony dehiscence that necessitated simultaneous alveolar bone augmentation with the 
implant insertion. Group 1 (Test group, 7 patients , received dental implant and alveolar ridge 
augmentation using customized titanium mesh and xenografts mixed with vitamin D) while  Group 
2 (Control group, 7 patients, received dental implant and  alveolar ridge augmentation using 
customized titanium mesh and xenografts without vitamin D). Buccolingual (BL) alveolar ridge 
width changes were evaluated during the study using the cone beam computed tomography (CBCT) 
while the implant stability changes were evaluated using Osstell Mentor throughout the study. 

Results: In both groups, a higher mean buccolingual (BL) alveolar ridge width was recorded 
4 months after augmentation. The difference between initial and follow up value was statistically 
significant. Regarding the percent change in BL width, a higher mean percent increase was recorded 
in group1, with a statistically significant difference between groups. In both groups, a higher mean 
value of implant stability (ISQ) was recorded 4 months after augmentation. The difference between 
initial and follow up value was statistically significant. Regarding the percent change in ISQ, a 
higher mean percent increase was recorded in group1, with a statistically significant difference 
between groups.

Conclusion: Vitamin D enhanced the bone formation when mixed with xenografts in alveolar 
ridge augmentation surgeries. Moreover, it played a role in improving implant stability . 
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INTRODUCTION 

Nowadays the use of dental implants for the 
management of partial and complete edentulism 
yields predictable and successful results with 
esthetically and functionally accepted prosthesis 
(Lekholm et al 1999; Weber et al 2000; Leonhardt 
et al 2002). Unfortunately, partial or complete 
edentulism is usually associated with quantitative 
changes in the alveolar ridge related to the loss 
of teeth and this  interfere with the concept of 
prosthetically-driven dental implants (Schropp 
et al 2003; Araujo et al 2005).  Tooth extraction 
is usually followed by alveolar ridge resorption 
especially on the buccal aspect which ends up with 
unfavorable changes in alveolar ridge size and shape 
(Araujo & Lindhe 2005). Several techniques and 
materials have been proposed to manage alveolar 
ridge deficiency and reconstruct the alveolar bone ( 
Chiapasco et al 2006; Donos et al 2008; Rocchietta 
et al 2008).

According to some authors, alveolar ridge 
augmentation for treatment of alveolar ridge 
deficiency can be performed as a separate initial 
surgery before the second surgery for implant 
placement (staged approach) (Bell et al 2002; 
Jemt & Lekholm 2003; Lizuka et al 2004). They 
stated that the “staged approach” allows implant 
placement in vascularized bone with better implant 
stability, decreased risks of wound dehiscence 
and decreased incidence of graft infection when 
compared to the “combined approach”. Lundgren 
et al 1997;  Rasmusson et al 1999; Clementini et al 
2013  suggested  the “combined approach”; where 
both the implant placement and bone augmentation 
were performed simultaneously during the same 
single surgery  and  they  reported that this approach 
saves treatment time and  cost (Mc Grath et al 1996; 
Vermeeren et al 1996; Van der Meij et al 2005). 
Moreover, any grafted bone undergoes resorption  
by time after grafting (Vermeeren et al 1996; Van 
der Meij et al 2005) but the dimensions of the 

grafted bone around dental implants in function 
(combined approach) could be preserved (Kearns et 
al 1997; Verhoeven et al 2000). 

Usually the available alveolar ridge quality and 
quantity and the ability to achieve primary stability 
should be the guide to whether use the staged or 
combined approaches (Chiapasco et al 2006).

Benic and Hammerle 2014 developed a 
classification for alveolar bone defects to facilitate 
choosing the suitable procedure and ideal time for 
alveolar bone augmentation. Class 1;  intra-alveolar 
defect between the implant surface and intact bone 
walls, Class 2; peri-implant dehiscence where  the 
volume stability of the area to be augmented is 
provided by the adjacent bony walls,   Class 3; peri-
implant dehiscence where  the volume stability of 
the area to be augmented is not provided by the 
adjacent bony walls, Class 4; horizontal alveolar 
ridge defect requiring staged approach for  bone 
augmentation before implant placement, Class 
5; vertical alveolar ridge defect requiring staged 
approach for  bone augmentation before implant 
placement. Class 2 and class 3 bony defects can 
be augmented simultaneously with the implant 
placement. In class 2 cases, resorbable barrier 
membrane and particulate bone graft can be used, 
while in class 3 cases titanium reinforced barrier 
membrane with particulate bone graft should be 
used (Benic and Hammerle 2014). 

Xenogenic bone grafts have been widely used in 
different alveolar ridge augmentation surgeries with 
highly successful outcomes ( Barone et al 2008; 
Di Stefano et al 2009; Ohayon 2011). Particulate 
bone graft alone lacks structural integrity. Thus, 
in bone augmentation around dental implants, it 
requires a containment system to allow bone graft 
stabilization and space maintenance (Buser et al 
1996; Donos et al 2002). The most commonly used 
containment systems is the barrier membranes and 
titanium meshes (Boyne et al 1985; ;  Buser et al 
1996; Boyne 1997; Schopper et al 2001;  Artzi et 
al 2003). 
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Previous studies documented that the use of 
adjunctive agents (e.g growth factors, hormones 
and vitamins) in addition to the bone graft used, can 
enhance the graft properties and lead to successful 
regenerative results improving implant to bone 
contact (Qi et al 2004; Lima et al 2013; Xu et al 
2015). Active vitamin D3 plays a significant role 
in homeostasis of bone minerals and can act as a 
biologically active protein enhancing osteogenesis 
(Li et al 1998; Lips 2006; Stoffels et al 2006). 
Vitamin D (Vit D) plays an important role in 
stimulating calcium absorption in the intestine, 
regulating activity of the osteoblasts / osteoclasts 
and  bone mineralization (Kraichely & Mac Donald  
1998; Misof et al 2003; Rapuri et al 2007, St-
Arnaud 2008; Kumar et al 2011).

Vit D can be obtained in diet or synthesized 
naturally in the skin when exposed to sunlight 
(Lips 2006; Holick 2007) . 7-dehydrocholesterol 
in the skin absorbs the sunlight and forms pre-
vitamin D3 which is quickly changed into vitamin 
D3. Vitamin D3 is then hydroxylated in the liver 
then the kidney to form the active form of vitamin 
D (1,25- dihydroxy vitamin D) (Mac Laughlin et 
al 1982; DeLuca 2004; Holick 2005a). Previous 
literature showed that bone and gingival tissues has 
the enzymes capable of synthesizing the active form 
of Vit D (Lehmann & Meurer 2003; Bikle 2004; 
Hewison et al 2007).

 Many studies have documented the positive 
effect of Vit D supplementation in promoting 
healing of bone fractures and in increasing callus 
strength (Brumbaugh et al 1982; Dekel et al 1983; 
Omeroglu et al 1997; Delgado-Martinez et al 
1998). Moreover, other studies proved that increased 
bone density and reduced fracture rates can be 
achieved by Vit D and calcium intake (Gallagher 
& Goldgar 1990; Chapuy et al 1992; Dawson-
Hughes et al 1997). Previous literature proved that 
vitamin D receptors are available in most body cells 
which suggest the wide diverse effects vitamin D 

can induce on different cells (Landfield et al 1991; 
Garcion et al 1997; Becker et al 2005).

 In vitro studies proved that Vitamin D3 can affect 
osteoblasts regulation of several genes through 
interaction with vitamin D receptors (VDR) on 
osteoblasts which in turn affect the mineralization 
and maturation of bone (Gallagher & Goldgar 
1990; Van Leeuwen et al 2001; Miyahara et al 
2002). Other animal studies proved that vitamin 
D when incorporated with bone grafts can play a 
significant role in enhancing bone regeneration. 
(Gogolewski et al 2006; Hong et al 2012) 

Moreover in 2013, a study was performed 
on implants coated with vitamin D3 precursor 
and showed that this surface treatment may have 
a positive effect on osteoblasts differentiation 
and proliferation (Satue et al 2013). Thus, it was 
tempting to evaluate the effect of vitamin D3 when 
mixed with bone grafts in alveolar bone regenerative 
procedures managing bony defects around dental 
implants. 

AIM OF THE STUDY 

The aim of the study was to evaluate the effect of 
vitamin D3 when mixed with xenografts in alveolar 
ridge augmentation performed simultaneously with 
implant placement treating implant dehiscence 
defects. This will be performed by evaluating the 
alveolar ridge buccolingual dimensional changes 
(primary objective) and evaluating the implant 
stability changes  by time (secondary objective).

SUBJECTS AND METHODS 

The study population consisted of 14 patients 
with age range 28-40 years. All the patients were 
selected from the oral diagnosis clinic, faculty of 
dentistry, Ain Shams University. 

Inclusion criteria: All the patients showed 
missing single maxillary anterior tooth with 
a residual alveolar ridge showing slight bone 
resorption buccolingually but enough bone height. 
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The buccolingual dimensions of the alveolar ridge 
in all the patients in this study allowed implant 
insertion but with slight bony dehiscence exposing 
the crestal 2-3 threads of the implant fixture which 
necessitated simultaneous bone augmentation at the 
same time of the implant insertion using bone graft 
and titanium mesh (Benic & Hammerle, 2014). 
The radiographic buccolingual width of the coronal 
third of the alveolar ridge ranges from 4 to 5 mm 
in all cases, and this was measured at a point 5 mm 
apical to the alveolar crest. While the radiographic 
buccolingual width of the apical third of the alveolar 
ridge ranges from 10 to 14 mm in all cases, and this 
was measured at a point 9 mm apical to the alveolar 
crest. All Patients were free from any systemic 
disease as evidenced by Burket’s Oral Medicine 
health history questionnaire (Glick et al., 2008).

Exclusion criteria: Smokers (Susarla et 
al., 2008), patients with residual infection in 
the edentulous area or apparent infection in a 
neighboring tooth and patients with poor oral 
hygiene were excluded from the study. Moreover, 
vulnerable groups as pregnant females were also 
excluded from the study.

 The nature of the study was explained to each 
patient and the patients were fully informed about the 
surgical procedure and the treatment alternatives. An 
informed consent was obtained from all participants 
prior to any study-related procedures.

The fourteen patients in this study were 
randomly divided into two groups; group one and 
group two by the flip of a coin. Group 1 (7 patients, 
test group) received dental implant simultaneously 
with alveolar ridge augmentation performed using 
customized titanium mesh (CTi Mem, Neobiotech, 
USA) and xenografts (Hypro-oss, Bioimplon, 
Germany) mixed with vitamin D3 . Group 2 (7 
patients, control group) received dental implant 
simultaneously with alveolar ridge augmentation 
performed using customized titanium mesh (CTi 
Mem, Neobiotech, USA) and xenografts (Hypro-oss, 

Bioimplon, Germany) only without using vitamin D3 
. In both groups, the bone graft covered the exposed 
coronal 2-3 threads of the implant fixture.

Preparation of vitamin D3 gel:  Active vitamin 
D3 gel was prepared by pharmaceutical factory, 
Faculty of Pharmacy, Tanta University. Accurately 
weighted methyl cellulose was added to required 
amount of  biocompatible solvent to prepare methyl 
cellulose gel. The mix was heated at 50 oC to 60 oC 
and shaken well with a mechanical shake to obtain a 
clear solution. Weighted mount of aqueous solution 
of vitamin D3 (active material manufactured by 
MUP company “medical union pharmaceuticals”) 
was added to the previous solution and dissolved 
completely to obtain a homogenous gel which was 
loaded in sterile plastic syringes and stored in dry 
cool environment for use. The concentration of 
vitamin D3 gel was similar to concentration used in 
previous studies (Hong et al., 2015). Each   25ml   
of gel contains Vitamin  D3 (80 I .U), Hydroxyl 
propyl methyl cellulose  (2 g) and Water  (10g). 

Preoperative evaluation: Preoperative analysis 
included complete patient history, clinical exami-
nation, clinical photographs and radiographic ex-
amination using the cone beam computed tomog-
raphy (CBCT) to evaluate the alveolar ridge. Two 
weeks before the surgery, professional debridement 
and instructions in self-performed plaque control 
measures were delivered to all patients. Single sur-
gery was performed to each patient throughout the 
study involving the implant insertion and alveo-
lar ridge augmentation performed simultaneously. 
The same surgical steps and materials were used 
in both groups except the addition of vitamin D3 to 
the graft material in group 1 (test group) only. All 
surgeries were performed in the oral medicine and 
periodontology department faculty of dentistry, Ain 
Shams University. Surgical procedure (figure 1) 
: Patients were pre-medicated one hour before the 
surgery with amoxycillin 875mg/ clavulanic acid 
125 mg  orally* and Dexamethasone phosphate 8mg 
I.M. injection**. (Di Stefano et al, 2009, Dasmah et 
al, 2012). All patients were also instructed to rinse 
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with 0.1 % Chlorhexidine gluconate*** for 2 minutes 
before starting the surgery.

Following local anaesthesia, crestal incision was 
performed slightly palatal to the alveolar crest and 2 
vertical incisions were performed one tooth before 
and one tooth after the edentulous area thus at the 
end of the surgery the edges of the titanium mesh 
were not under the flap margins. 

Full thickness mucoperiosteal flaps were 
elevated labially and palatally. Enough reflection at 
the labial aspect passing the mucogingival junction 
was very important to allow coronal advancement 
of the mucosa at the end of the surgery, tension-free 
adaptation of the wound margins, wound stability 
and primary intention closure of the surgical flap 
which are of primary importance for the prognosis 
of the regenerative procedures (Haney et al., 1993).

The alveolar bone was curetted by bone curette to 
remove any soft tissue remnants on the bone surface. 
Implant site preparation was then performed in 
routine fashion using the implant surgical kit drills 
(Neobiotech, IS implant, USA). Initially the pointed 
drill was used to locate the pathway of the fixture 
insertion, no more than 8 mm depth. The speed 
used was 1000-1200 rpm with torque 20NCM. 
At the same torque and speed, the pilot drill was 
then used drilling to the full length of the implant 
preparing the osteotomy followed by the final drill 
which was 3.0mm diameter in all cases allowing 
implant insertion 3.5 mm x 13mm in all cases (Neo 
CMI implant, IS-II active fixture, Neo Biotech, 
USA). Implant insertion was then performed using 
the hand piece at 30 rpm and 40 NCM followed by 
torque wrench till the implant platform was flushing 
with the lingual alveolar crest in all cases. The 
implant stability quotient was then measured using 

the Osstell device (Osstell Mentor®, integration 
diagnostics AB, Goteberg, Sweden). 

All the implants after insertion suffered bony 
dehiscence exposing around  2-3 coronal  threads 
of the implant fixture. Particulate xenograft was 
hydrated with saline in a sterile dappen dish for 10 
minutes then used to cover the bony dehiscence and 
the whole labial bony plate after slight decortication 
with small round bur. The customized titanium 
mesh (CTi-Mem, Neobiotech) was then stabilized 
in place using the cover screw of the implant then its 
margins were burnished with large ball burnisher. 
For group 1 only, Vitamin D3 was added to the 
xenograft  in the dappen dish before use. 

Releasing periosteal  incisions were performed 
at the labial flap to allow tension free adaptation of 
the wound margin and primary intension closure of 
the flap which is crucial for the regenerative bony 
procedures.  Suturing was then performed using 
polypropylene 4/0 sutures (Assut sutures), starting 
with the crestal incisions followed by the vertical 
incisions.

Post-surgical medications and instructions: 
Antibiotic, anti-inflammatory and anti-edematous 
medications were prescribed for all patients. 
Antibiotic [Amoxycillin/ clavulanic acid orally****; 
1 tab every 12 hours for 7 days + Metronidazole 
orally*****; 1 tab every 12 hours for 7 days], Anti-
inflammatory [Diclofenac potassium 50mg******; 
1 tablet 3 times daily for 3 days] , and Anti-
edematous [Chymotrypsin/trypsin*******; 1 tablet 3 
times daily for 5days]. Patients were instructed to 
use Chlorhexidine mouth wash twice daily for 2 
weeks starting the second day following the surgery 
to reduce the risk of infection.

* Hibiotic 1gm tablets; Amoun pharmaceuticals
** Epidron ampoule 2ml; Eipico
*** Hexitolmouth wash; Adco pharmaceuticals
**** Hibiotic 1gm tablets; Amoun pharmaceuticals. Egypt
***** Flagyl 500 mg tablets; Aventis.Egypt
****** Cataflam 50mg tab, Novartis. Egypt
******* Alphintern; Amoun pharmaceuticals. Egypt
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Patients were instructed not to wear any 
removable prosthesis after the surgery till the final 
prosthesis fabrication. For some cases, resin bonded 
Maryland bridges were fabricated for esthetic 
purposes

The titanium mesh was removed 4 months after 
implant insertion by removing the cover screw of 
the implant using single horizontal crestal incision 
then the healing abutment was placed. Two weeks 
later prosthetic steps started to fabricate porcelain 
fused to metal fixed prosthesis. 

Evaluation and measurement:

Evaluation of the changes in buccolingual 
alveolar ridge width: This was performed using the 
cone beam computed tomography (CBCT) (I-CAT 
cone beam 3d dental imaging system, imaging 
sciences international, Hatfield, Pa) at 120KVp, 
5ma, exposure time 3-4sec, slice 0.3mm, field of 
view 60-70mm. 

The CBCT was performed twice throughout 
our study. The initial CBCT was performed before 
the implant placement by one week, while the 
follow up CBCT was performed 4 months after 
implant placement. Always, the follow up CBCT 
was performed after removing the titanium mesh 
to avoid any distortion in the image that may be 
applied with the metal of the mesh. 

During planning for the present study, we de-
cided that choosing a single point at the edentu-
lous area to be measured before and after the ridge 
augmentation will not be accurate representative 
of the buccolingual ridge width changes and will 
not be easily reproducible. Different points in the 
same edentulous area may show different degrees of 
changes in the alveolar ridge width by time. Thus, 
on the same CBCT, 2 sagittal views were used for 
evaluation and at each sagittal view 3 buccolingual 
measures were taken.  The first was 4mm apical 
to the alveolar crest, the second was 8 mm apical 
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to the crest, and the third was 12 mm apical to the 
crest. Thus total 6 measures for the ridge buccolin-
gual width for each patient at each occasion were 
taken then the average buccolingual width was cal-
culated (figure 2).  it should be noted here that all 
implants in the study were placed that the shoulder 
of the implant is flushing with the lingual alveolar 
crest, thus during the second CBCT measurements 
the implant shoulder was used as the fixed point that  
measurements can start from them. Evaluation of 
the implant stability:  This was performed using 
Osstell Mentor® (integration diagnostics AB, Gote-
berg, Sweden) for the magnetic resonance frequen-
cy measurements. The smart peg was screwed to the 
implant fixture and tightened to around 5NCM. The 
transducer probe was aimed at the small magnet at 
the top of the smart peg at a distance of 2-3mm and 
then held stable until the osstell showed the implant 

stability quotient value (ISQ).

The ISQ for each implant was evaluated twice 
throughout the study. The Baseline ISQ (ISQ1) was 
measured just after implant insertion the day of 
surgery and the follow up ISQ (ISQ2) was measured 
4 months after implant insertion after removing the 
titanium mesh and just before healing abutment 
placement.

At each occasion, the ISQ was evaluated for 
every implant labially, lingually, mesially and   
distally, then the  mean value was calculated.

Statistical analysis

Numerical data were explored for normality using 
Kolmogorov-Smirnov test of normality. Normally 
distributed (parametric data) were presented as 
mean, standard deviation (SD), and 95% confidence 

Fig. (1) A,B, implant placement in thin alveolar ridge with bony dehiscence.C,D, titanium mesh, bone graft & vit D. E, Placement 
of graft. F,G mesh fixation. H, sututring 
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intervals and were compared between groups 
using independent t test (intergroup). Intragroup 
comparison was performed using paired t test. The 
percent change was calculated using the formula:

Value after-value before X 100

Value before

The significance level was set at p < 0.05. 
Statistical analysis was performed with SPSS 18.0 
(Statistical Package for Scientific Studies, SPSS, 
Inc., Chicago, IL, USA) for Windows.

RESULTS

Buccolingual (BL) alveolar ridge width :

a) Intra group comparison of values

In group 1, a higher mean value was recorded 
after follow-up. The difference between initial 
and follow up value was statistically significant 
(p=0.00).

In group 2, a higher mean value was recorded 
after follow-up. The difference between initial 
and follow up value was statistically significant 
(p=0.00), (Table 1, Fig.3)

b) Inter group comparison of values

Regarding initial BL width, a higher mean 
value was recorded in group1, with no statistically 
significant difference between groups (p=0.25).

Regarding Follow-up BL width, a higher mean 
value was recorded in group1, with a statistically 
significant difference between groups (p=0.00), 
(Table 2)

c) Intergroup comparison of percent change

Regarding the percent change in BL width, 
a higher mean percent increase was recorded in 
group1, with a statistically significant difference be-
tween groups (p=0.00)  (Table 3)

Fig. (2) A, buccolingual alveolar ridge assessment on CBCT 
at multiple points. B, implant stability assessment by 
OSSTELL.

TABLE (1) Descriptive statistics and intra-group comparison of BL width (paired t test)

BL width Mean
Std. 
Dev

Std. 
Error 
Mean

Difference

t P
Mean

Std. 
Dev

Std 
error

95% C.I 
Upper

95% C.I 
Lower

Gp1
Initial 8.79 .75 .28

-3.80 .57 .21 -4.33 -3.27 17.68 .00*
Follow up 12.59 1.28 .48

Gp2
Initial 8.33 .65 .25

-1.49 .31 .12 -1.78 -1.20 12.55 .00*
Follow up 9.81 .90 .34

Significance level p≤0.05, *significant
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Implant stability ISQ:

a) Intra group comparison of values

In group 1, a higher mean value was recorded 
after follow-up. The difference between initial 
and follow up value was statistically significant 
(p=0.00).

In group 2, a higher mean value was recorded 
after follow-up. The difference between initial and 
follow up value was statistically significant (p=0.01)   
(Table 4, fig 4)

b) Inter group comparison of values

Regarding primary ISQ, a higher mean value 
was recorded in group1, with no statistically 
significant difference between groups (p=0.73).

Fig. (3) Bar chart showing mean initial and follow-up BL width 
in group 1&2

TABLE (2) Descriptive statistics and inter-group comparison of BL width (independent t test)

BL width  Groups Mean
Std. 
Dev

Std. 
Error 
Mean

Difference

t P
Mean

Std 
error

95% C.I 
Upper

95% C.I 
Lower

Initial
Gp1 8.79 .75 .28

.46 .38 -.37 1.28 1.21 .25ns
Gp 2 8.33 .65 .25

Follow up
Gp1 12.59 1.28 .48

2.77 .59 1.47 4.08 4.68 0.00*
Gp 2 9.81 .90 .34

Significance level p≤0.05, *significant, ns=non-significant

TABLE (3) Descriptive statistics and inter-group comparison of percent change in BL width (independent 
t test)

 BL width  Groups Mean
Std. 
Dev

Std. Error 
Mean

Difference

t P
Mean

Std 
error

95% C.I 
Upper

95% C.I 
Lower

Percent
Change

Gp1 43.10 3.76 1.42
25.34 1.80 21.39 29.30 14.04 .00*

Gp 2 17.75 2.95 1.11

Significance level p≤0.05, *significant
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Regarding secondary ISQ, a higher mean 
value was recorded in group1, with a statistically 
significant difference between groups (p=0.02), 
(Table 5)

c) Intergroup comparison of percent change

Regarding the percent change in ISQ, a higher 
mean percent increase was recorded in group1, with 
a statistically significant difference between groups 
(p=0.00), (Table 6)

TABLE (4) Descriptive statistics and intra-group comparison of ISQ (paired t test)

Stability Mean
Std. 
Dev

Std. 
Error 
Mean

Difference

t P
Mean

Std. 
Dev

Std 
error

95% C.I 
Upper

95% C.I 
Lower

Gp1 Initial 60.14 1.95 .74
-5.14 .69 .26 -5.78 -4.50 19.72 .00*

Follow up 65.29 2.43 .92

Gp 2 Initial 59.71 2.56 .97
-1.43 .98 .37 -2.33 -.53 3.87 .01*

Follow up 61.14 3.39 1.28

Significance level p≤0.05, *significant, ns=non-significant

TABLE (5) Descriptive statistics and inter-group comparison of  values of stability (ISQ) (independent t test)

ISQ Stability Groups Mean
Std. 
Dev

Std. 
Error 
Mean

Difference
t P

Mean
Std 

error
95% C.I 
Upper

95% C.I 
Lower

Primary
Gp1 60.14 1.95 .74

.43 1.22 -2.25 3.10 .35 .73ns
Gp 2 59.71 2.56 .97

Secondary Gp1 65.29 2.43 .92
4.14 1.58 .67 7.62

2.63
.02*

Gp 2 61.14 3.39 1.28

Significance level p≤0.05, *significant, ns=non-significant

TABLE (6) Descriptive statistics and inter-group comparison of percent change of stability (ISQ)  
(independent t test)

ISQ Stability Groups Mean
Std. 
Dev

Std. Error 
Mean

Difference
t P

Mean
Std 

error
95% C.I 
Upper

95% C.I 
Lower

Percent
Change

Gp1 8.54 1.01 .38
6.19 .69 4.66 7.72 8.95 .00*

Gp 2 2.35 1.53 .58

Significance level p≤0.05, *significant
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DISCUSSION

Alveolar ridge resorption following tooth 
extraction is an inevitable process that affects 
the available alveolar bone quantity for implant 
placement. A sufficient volume of bone at an 
edentulous site is crucial to expect long term good 
prognosis of dental implants (Barewal et al 2003, 
Rocchietta et al 2008).

In the present study, the combined single surgery 
approach was selected which involves simultaneous 
bone grafting and implant placement. Many authors 
support the combined surgery approach rather than 
the staged approach (Nystrom et al 2004, Van Der 
Meij 2005). This combined single surgery approach 
saves time, helps the patient to avoid performing 
two surgeries and according to many authors has the 
advantage of decreasing the resorption by time of 
the grafted bone, since most of the resorption of the 
graft occurs soon after grafting and the bone around 
functioning dental implants could be preserved 
(Kearns et al 1997, Verhoeven et al  2000).

Postoperative antibiotics following regenerative 
techniques with bone grafts and/or barrier 
membranes for a period varying from three to 
ten days were recommended by several authors 
to minimize complications (Jensen & Sindet –
Pedersen, 1991; Buser et al., 1996; Fugazzotto, 
1997; Misch, 1997).   

In the present  study, similar cases having 
maxillary anterior edentulous area were included 
thus nearly the same bone quality and density in all 
cases. Previous studies showed that implant stability 
differs among various bone qualities and densities. 
(Martinez et al 2001, Sennerby & Meredith 2008).

 Evaluation of implant stability in our study was 
performed with resonance frequency analysis (RFA) 
which is a reliable, easy, and noninvasive technique 
(Meredith 1998, Kahraman et al 2009) and it 
was performed using osstell® device (Integration 
Diagnostics, Göteborg, Sweden). 

All cases in the present work were suffering 
bony dehiscence defect after implantation and were 
managed using particulate xenogenic bone graft 
(in addition to vitamin D in group 1) and titanium 
mesh. This was according to Benic and Hammerle 
suggested management for different bony defects 
around dental implants in 2014.

Customized porous titanium mesh was selected 
to be used in this study as a containment system 
for the bone graft, its rigidity allows   space 
maintenance and prevention of flap collapse (Buser 
et al 1996; Donos et al 2002; Eisig et al 2003; 
Van Steenberghe et al 2003). Titanium is a highly 
biocompatible metal with numerous applications 
in oral surgery (Zablotsky et al 1991; Degidi et al 
2003). Titanium meshes had been used widely in 
many previous studies and lead to successful bone 
regenerative results. (Von Arx et al 1996; Boyne 
1997; Schopper et al 2001)   

The use of titanium mesh rather than resorbable 
barrier membranes in the present study was based 
on previous studies which showed that resorbable 
membranes lack stability, lack rigidity, may show 
antigenicity. Moreover, resorbable membranes 
suffers early resorption while titanium meshes  keep 
the space till the time of removal thus maximize 
bone gain. (Lekholm et al 1993; Black et al 1994; 
Becker et al 1996; Simion et al 1996; Zitzmann et 
al 1997; Lundgren et al 1998) 

Fig. (4) Bar chart showing mean primary and secondary 
stability (ISQ) in group 1&2
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Moreover, porous titanium mesh was preferred 
over non-resorbable  titanium reinforced polytet-
rafluoroethylene (PTFE) membranes in this study 
since the pores in the mesh may play a role in en-
hancing graft nutrition , metabolic exchange and 
showed better tissue integration. (Von Arx et al 
1998) 

The most common complication reported in 
literature associated with the use of titanium meshes 
was the mesh exposure and wound dehiscence. This 
was usually related to irritation of the mucosal flap 
by the sharp edges of the mesh obtained during mesh 
trimming according to the defect shape (Becker et al 
1996; Watzinger et al 2000). This complication was 
avoided in our study by selecting a pre-contoured 
and pre-trimmed titanium mesh, already adjusted 
and customized to the defect shape and compatible 
with the implant system used thus no need for scissor 
cutting and no possibility of producing sharp edges.

Owing to the physicochemical characteristics of 
xenografts that are similar to human bone , xenografts 
were selected to be used in this study being excellent 
osteoconductive material and used successfully 
in many regenerative procedures (Hallman & 
Thor 2008; Di stefano et al 2009; Ohayon 2011; 
Pagliani et al 2012). Many authors reported 
that xenografts required long time before graft 
resorption and substitution by newly formed bone. 
(Piatelli et al 1999; Hallman et al 2001; Hallman 
et al  2002). Thus , many studies are being carried 
out nowadays trying to enhance the resorbability of 
the xenografts and the creep substitution of the graft 
material by new bone formation through adding 
biologic materials to the xenografts that can affect 
the osteoblastic-osteoclastic functions.

In our study, vitamin D3 was mixed with the 
xenograft in an attempt to improve the biologic 
properties of the graft taking in considerations 
the previously reported actions of vitamin D3 
on osteoblastic-osteoclastic activities. Previous 
literature reported that vitamin D3 receptors (VDRs) 
are available in most body cells which means that 

vitamin D3 can exert diverse actions on different 
cells. (Landfield et al 1991; Garcion et al 1997; 
Becker et al 2005). Moreover, many studies proved 
that vitamin D3  is a potent regulator of osteoclastic-
osteoblastic actions. (Kraichely & MacDonald 
1998; Misof et al 2003; Rapuri et al 2007). Thus 
it was tempting to examine vitamin D3 ability 
in enhancing bone augmentation around dental 
implants specially that to the best of our knowledge 
most of the previous studies on vitamin D3 and 
alveolar bone regeneration were on animals and 
showed much diversity in their results. 

Regarding the results of our study, in both 
groups a higher mean value of the alveolar ridge 
buccolingual width was recorded at the follow up 
(4 months after augmentation) in compare to the 
base line value. This was in accordance with many 
previous studies that showed that titanium mesh in 
combination with particulate bone graft specially 
xenografts is a successful modality for alveolar 
ridge augmentation and results in predicable 
outcomes with new bone formation. (Von Arx et 
al 1998; Hallman and Thor 2008; Pagliani et al 
2012). No statistical significant difference was 
noticed between the baseline buccolingual widths 
in both groups since strict inclusion criteria were 
followed during patient selection. 

A statistically significant higher mean percent 
increase in the buccolingual ridge width in group 
1 in comparison to group 2 was noticed. This was 
in accordance with previous study by Hsiang –His 
Hong et al 2014 that showed that locally-applied 
active vitamin D3 has a positive effect on bone 
regeneration, accelerating new bone formation and 
being a regulator of both bone formation and bone 
resorption (Kraichely & Mac Donald 1998; Misof 
et al 2003; Rapuri et al 2007) through VDRs that 
are present in most body cells (Landfield et al 1991; 
Garcion et al 1997; Becker et al 2005).

Regarding the initial baseline ISQ values in this 
study, no significant difference was noted between 
groups since all cases   were in the maxillary anterior 
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region, same implant size and design, same operative 
technique and nearly same bone availability, thus, 
all factors affecting the primary stability according 
to the literature were standardized (Sennerby  & 
Meredith 2008).

Simunek et al 2012 showed that implants with 
low primary stability showed increase of ISQ during 
the healing period.  In both groups, an increase in 
the  ISQ mean value was recorded 4 months after 
implant insertion which was in accordance with 
Sargolzaie et al 2019 who  showed that  for all bone 
types, implant stability values decreased initially 
during the first postoperative month then  increase 
by month 3 after implantation . 

Comparing the follow up ISQ in both groups 
(measured 4 months after implant insertion); higher 
mean value was recorded in group 1. Moreover, 
higher percent increase by time was noticed in 
group 1 in comparison to group 2.

This may be related to the vitamin D3 used in 
group 1, as previous studies showed that vitamin 
D3 can play a role in enhancing bone density and 
improving implant stability (Dvorak et al 2012; 
Zhou et al 2012; Liu et al 2014; Hsiang–Hsi Hong 
et al 2015). 

Many authors support the idea that enhanced 
bone density leads to increased implant stability 
(Friberg et al 2003, Ikumi et al 2005,  Turkyilmaz 
et al 2006). Although , a study in 2003 showed 
no relation between implant stability and bone 
quality (Beer et al 2003) and another review article 
reported that  the relationship between implant 
stability  and the density of alveolar bone were not 
consistent, and concluded that this may be related 
to the different methodologies, and techniques of 
stability assessments (Miri et al 2017). 

A recent study in 2019 reported that reaching a 
certain conclusion about the effect of bone density 
on implant stability may be difficult as many factors 
may affect the stability of dental implant (Sargolzaie 
et al 2019).

CONCLUSION 

Within the limitations of this study, we can 
conclude that Vitamin D enhanced the bone 
formation when mixed with xenografts in alveolar 
ridge augmentation surgeries. Moreover, it played a 
role in improving implant stability. Further  studies 
should be carried out in the future to evaluate the 
effect of vitamin D on the quality of the newly 
formed bone histologically and evaluate the effect 
of vitamin D on different bone qualities. 
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