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ABSTRACT

Background: Both melatonin (MLT) and Hyaluronic acid (HA) are widely used in the dental 
field especially in implant therapy due to their well known physiochemical properties and biologic 
effects that boost hard and soft tissues healing. 

Aim: Assessing the effect of local application of a mixture of HA and MLT to the implant 
surface and peri-implant gap in immediate implants. 

Subjects and Methods: Twenty-four subjects with teeth scheduled for extraction of hopeless 
teeth in the inter-bicuspid region were equally divided between test group (immediate implant with 
HA and MLT mixture) and a control group (immediate implant alone). CBCT scans were done 
immediately after implant placement and 6 months postoperatively to evaluate the bone changes in 
terms of vertical, horizontal bone dimensional and density changes. 

Results: At the end of the study, the peri-implant vertical and horizontal buccal bone changes 
in test group recorded lower mean value compared to control group with no statistical significant 
difference between both groups with mean for test group (-0.97±0.265 ; -0.33±0.222) and control 
group (-1.08±0.275 ; -0.41±0.371) (p=0.329 ; p=0.543) respectively. As for the increase in bone 
density, there was a statistical difference between both groups in favor of the test group, with 
median and range [58.45 (8 - 110), 18.1 (0 - 70)] for test and control groups respectively. 

Conclusions: Within the limitations of this study, topical application of MLT and HA mixture 
might have a beneficial impact on immediate implant placement specifically in reduction of 
buccolingual dimensional changes and increasing bone density.
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INTRODUCTION 

Dental implant is a treatment option that 
offers great functional and biologic advantages 
alongside noticeable long-term success outcomes 
with survival rates exceeding 95%  (Buser et al., 
2012; van Velzen et al, 2015).  Delayed implant 
placement has been widely and successfully used 
for replacing missing teeth (Tarazona et al., 2014). 
However, there are some challenges faced with 
delayed implant placement protocol due to the post-
extraction alveolar ridge resorption in buccolingual 
and apicocoronal directions (Van der Weijden et al., 
2009 ; Vignoletti et al., 2012).

The percentage of the post-extraction horizontal 
and vertical dimensional changes are 29-63% and 
11-22% respectively (Tan et al., 2012). This is at-
tributed to the disruption of vascular supply due 
to damage of periodontal ligament leading to pro-
nounced bundle bone resorption  (Chappuis et al., 
2017). This pronounced post-extraction bone re-
sorption usually leads to functional challenges and 
the need for augmentation procedures  (Stumbras 
et al., 2019). In order to avoid such challenges, im-
mediate post-extraction implant placement concept 
was introduced to avoid the bone resorption follow-
ing tooth extraction and to reduce treatment time 
(Blanco et al., 2019). Immediate implant placement 
showed a high overall implant placement rate reach-
ing  97.1% as reported in the systematic review con-
ducted by Slagter et al., (2014) and 94.9% in the 
meta-analysis done by Cosyn et al., (2019). 

Although immediate implant placement is 
effective in preservation of the alveolar bone 
dimensions but it fails to completely prevent the post-
extraction dimensional changes (Moy et al., 2016 ; 
Vignoletti et al., 2019). Therefore, attempts were 
done regarding placement of various biomaterials 
in the peri-implant gap to increase the immediate 
implant stability and to minimize or even prevent 
the post-extraction bone dimensional changes if 
possible. Multiple materials were successfully used 
such as bone grafting materials like xenografts 

(Aly and Nassar 2016), autogenous grafts (Kabi 
et al., 2020) in addition to the application of bone 
morphogenetic proteins (BMPs) (Kim et al., 2012), 
platelet rich fibrin (PRF) (Medikeri et al., 2018). 

Recently, other biomimetic agents have been 
used to induce bone formation, increase implant 
osseointegration, decrease post-extraction bone 
resorptive process and increase bone density which 
is consequently positively affecting implant success 
and survival rates (Rostom and Farouk 2020). 
Melatonin (MLT) and Hyaluronic acid (HA) are 
among these agents which are of a great interest 
for the recent researches whether in the medical or 
dental fields due to their confirmed physiological 
and structural functions, their biocompatibility and 
non-antigenic properties (Cristache et al., 2019). 

MLT is a natural hormone with powerful 
antioxidant properties, released mainly the pineal 
gland (Martin et al., 2000; Klasbeek and Bujis 
2002; Allegra et al., 2003). It is successfully 
used in various conditions as sleep disorders, 
cardiovascular, chronic inflammatory diseases and 
parkinsonism (Carpentieri et al., 2017)

MLT showed promising results in implant therapy 
leading to a shorter period for osseointegration 
and better implants stability (Maldonado et al., 
2007). Rostom et al., (2016) showed that to MLT 
application around immediate- loaded implants led 
to significantly higher bone density and implant 
stability compared to implants placed without 
MLT. Moreover, Awwad et al., (2019) and  Sun 
et al., (2019)  reported that MLT accelerated new 
bone formation around the implants leading to an 
increase in the bone tissue ratio and bone to implant 
contact. This is justified by the pivotal role of MLT 
in enhancing of fibroblasts activity, osteoblasts 
differentiation and suppressing bone resorption 
(AlMughrabi et al., 2013; Montero et al., 2017; 
Permuy et al., 2017; Rostom and Farouk, 2020).

On the other hand, hyaluronic acid (HA) is a 
non- sulfated glycosaminoglycan  which is a main 
component of the extracellular matrix of connective 
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tissue found in most of body tissues as synovial 
fluid, vitreous humor, lungs, kidneys and muscle 
tissues (Ialenti and Di Rosa, 1994 ; Casale et al., 
2016). It is found in abundant amount in periodontal 
and gingival tissues (Dahyia and Kamal 2013). HA 
has many chemical and physical properties such as 
high biocompatibility, viscoelasticity (Dahiya and 
Kamal 2013), anti-edematous effect (Jentesch et 
al., 2003) with remarkable anti-inflammtory and 
bacteriostatic actions (Xing et al., 2020). Therefore, 
HA has been widely applied as a therapeutic 
agent in different medical fields as in ophthalmic, 
rheumatologic, dermatologic (Necas et al., 2008). 
HA has been also successfully used in the dental 
field whether in periodontal therapy (Gontiya and 
Galgali  2012 ; Kumar et al., 2014 ; Yildirim et al., 
2018) or with implant placement (de Araujo et al., 
2007 ; Yazan et al., 2018).  Francia and Ramirez 
(2019) in a mini-review article showed that HA 
have a positive effect on hard and soft tissue healing 
around immediate implants, accelerating osteogenic 
cell differentiation which enhanced implant 
osseointegration. On the other side, Yazan et al., 
(2019) showed that HA has no impact on bony tissue 
and does not induce new bone formation or enhance 
osteoid matrix content compared to spontaneous 
healing.

Since, it is well proven that both MLT and HA 
are having such a positive impact on improving the 
outcomes of implant therapy, this study aimed to 
investigate whether using the mixture of both agents 
together around post-extraction immediate implants 
would provide a synergistic effect or not especially 
that, to the best of our knowledge, no studies were 
conducted to evaluate the impact of such mixture on 
peri-implant hard tissue changes. 

SUBJECTS AND METHODS

The study protocol followed the guidelines of the 
declaration of Helsinki (1975) revised in 2013 and 
was approved by the Ethics Committee of Scientific 
Research, Faculty of Dentistry, Cairo University. 

All the steps were described in full details to each 
patient who participated in this study and each 
patient signed an informed consent.

This randomized, controlled clinical study was 
carried out on 24 patients (15 females and 9 males) 
with age range from 24-52 years. Subjects were se-
lected from the clinic of Oral Medicine, diagnosis 
and Periodontology department, Faculty of Den-
tistry, Cairo University. Patients included in the 
study had non-restorable tooth or teeth in the inter-
bicuspid area with adequate bone width and height 
(bone at least 3 mm apical to the socket most apical 
part), and proper inter-occlusal distance (8-10 mm) 
for dental implant placement. Patients who were 
compliant to follow strict oral hygiene measures. 
Following tooth extraction, an intact vestibular 
plate of bone was present following tooth extrac-
tion. Patients with any systemic disease that might 
contraindicate implant placement or any surgical 
procedures were excluded from the study. Heavy 
smokers (more than 10 cigarettes/day) and pregnant 
females were also excluded. Patients who received 
radiotherapy or chemotherapy during the past 12 
months or having any parafunctional habits were 
not included in the present study.

Allocation concealment and randomization

Each experimental site was randomly assigned 
to either test (immediate implant with HA and MLT 
mixture) or control (immediate implant alone) 
group using computer generated randomization list 
with 1:1 allocation ratio. Allocation concealment 
was done using opaque sealed envelopes that were 
opened immediately before the surgical interven-
tions. Patients were randomly assigned into two 
equal groups. This study was a single-blinded clini-
cal trial. Blinding was for the outcome assessor and 
the statistician. It was impossible for both the opera-
tor and the patients to be blinded since the interven-
tions were clearly different. 
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Sample size calculation:

Based on the paper performed by (Granic et al., 
2015), the expected difference using power 80% 
and 5% significance level, 9 patients were required 
in each group. This number was to be increased to a 
sample size of 12 patients in each group to compen-
sate for any possible losses during follow up. 

Preoperative measures (for both groups)

A full medical and dental history was taken and 
then intraoral examination with proper examination 
of the non restorsable tooth was done (Fig. 1) and 
periapical radiographs were taken at the time of the 
initial examination to confirm the diagnosis of the 
non-restorable tooth site.

All subjects received phase 1 periodontal 
therapy which consisted of supragingival scaling, 
subgingival debridement with proper mechanical 
and chemical plaque control (brushing twice daily 
and chlorhexidine 0.12% mouth wash* twice daily  
for 2 weeks). Restoration of any carious lesions 
and/or endodontic treatment of teeth adjacent to 
the implant site was done if needed. Cone beam 
computed tomography (CBCT) scan was done to 
record preoperative available bone dimensions 
measurements used to determine implant diameter, 
length and position. 

Surgical phase

For both groups, all procedures were performed 
under local anesthesia (4% articaine with 1/200 
000 adrenaline solution). Atraumatic extraction of 
the targeted teeth was performed using periotome 

in a wedging action to preserve the alveolar bone 
integrity, then a small straight elevator was used to 
luxate the root if needed. A remaining root forceps 
was used to deliver the tooth or remaining root. The 
root and socket dimensions were measured after the 

extraction to be a guidance in implant size selection 
(Fig. 2; 3a, b). Irrigation of the socket with sterile 
saline solution was done followed by curettage of 
the socket walls to remove any granulation tissue. 
Then a periodontal probe was used to confirm the 
integrity of socket bony walls (Fig. 3c). 

Implant** osteotomy was done through sequen-
tial drilling so that immediate implant engaged at 
least 3 mm of the bone apical to the extraction sock-
et to achieve proper primary stability. The implant 
osteotomy was prepared more towards the palatal 
direction allowing for proper implant three dimen-
sional prosthetically-driven positioning (Fig. 4b).

For the test group, MLT and HA mixture was 
prepared by mixing 1 cc of prepared MLT gel 
with 1 cc of HA gel. MLT gel was made from pure 
MLT powder*** prepared as 5% oral gel by mixing 
the MLT powder with propylene glycol (1.2/ml) 
to act as a carrier. While HA was used in the gel 
form ‘Gengigel® HA****. The prepared mixture was 
added to the implant surface, into the extraction 
socket and in the peri-implant area using a sterile 
plastic syringe (Fig. 4a). For the control group, the 
implant was placed without any additions. Primary 
implant stability was checked and cover screw was 
placed, then criss-cross suture was performed to 
approximate the labial/buccal and lingual/palatal 
tissues (Fig. 4c). Immediate post-operative CBCT 
scans were done on the same day after implant 
placement, to check for proper implant position and 
for comparison of peri-implant bone dimensional 
changes at the end of the study. 

Postoperative care and follow up

Patients were instructed to avoid any hard 
brushing and rinse with 0.12% Chlorhexidine 
mouth wash twice per day for two weeks. Brushing 
was resumed after sutures removal (10 days 

* Hexitol, the arab drug company (ADCO) – Egypt
** NucleOss ™, ŞANLILAR Tıbbi Cihazlar Medikal Kimya San. Tic. Ltd. Şti. Turkey
*** Pure melatonin, Bulk supplements
**** Gengigel Gel®, 20ml, Ricerfarma, Milano, Italy
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postoperatively) at the treated sites using a soft 
tooth brush. Patients were then recalled every 
month to check on the healing of the surgical site 
and to ensure that they were following proper oral 
hygiene measures.

Six months after implantation, patients were 
recalled and CBCT scan was done to calculate 
the peri-implant bony changes. Implant exposure 
was then done and a healing cap was placed and 
interrupted sutures were done to stabilize the papilla 
around the healing cap

Prosthetic phase

After two weeks, healing caps were removed and 
impressions were taken for fabrication of the final 
implant supported porcelain- fused- to metal (PFM) 
crowns. Crowns were delivered after checking of 
occlusion and contour.

Outcomes

Peri-implant bone dimensional changes were 
radiographically evaluated comparing immediate 

post-operative CBCT and 6 months postoperative 
CBCTs. The CBCT images in DICOM format 
(Digital Imaging and Communications in Medicine) 
were then imported. For each study subject, change 
in vertical facial bone height (VBH) and horizontal 
facial bone thickness (HBT) at 0, 2, 4, 6 apical to the 
implant platform, buccolingual bone width (BLW) 
were measured. Superimposition was done with auto 
registration to take the readings of changes between 
both CBTC scans.  Bone density and its change was 
also measured by virtual superimposition method. 
This method allowed to use the bone density chart 
tool to obtain the readings of bone software to 
identify the bone density in layer of 2 mm thickness 
around the virtual implant simulating the real 
inserted implant in length and diameter ( typical and 
total simulation in all directions and angulations).

Statistical analysis

Data were analysed using IBM SPSS advanced 
statistics (Statistical Package for Social Sciences), 
version 24. Data were explored for normality 

Fig. (1): Different views of non restorable upper right premolar

Fig. (3): (a) Checking socket bony walls integrity with a 
periodontal probe (b) Measurement mesiodistal and (c) 
buccolingual dimensions of the socket

Fig. (2): Measuring root (a) width & (b) length after atraumatic 
extraction,   

Fig. (4):  (a) MLT and HA mixture injected around the implant 
fixture (b) Immediate implant placed in its proper 
position. (c) Suturing for approximation of buccal and 
palatal tissues after placement of healing cap
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using Kolmogorov-Smirnov test of normality. 
Parametric values were presented as mean and 
standard deviation (SD), and non parametric data 
were presented in median and range. Friedman test 
and Wilcoxon signed Rank test were used for intra-
group comparison. Normally distributed values 
were compared using independent t test between 
groups and paired t test for intra-group comparison.  
Mann-Whitney U test was used for comparison of 
non normally distributed values. The significance 
level was set at p ≤0.05

RESULTS

All the placed implants were clinically 
successful with no adverse events or postoperative 
complications in any of the 24 patients. No patients 
were lost to follow up and all of them completed the 
6-months follow up period after implant placement.

Demographic data:

Mean age of patients in test group was 
38.55±13.38, while in control group it was 
35.98±11.08 with no statistical significant difference 
between both groups (p=0.43). Test group consisted 
of 8 females and 4 males, while control group 
consisted of 7 females and 5 males, with no 
significant difference between groups (p=0.99) as 
shown in (Table 1).

Table (1): Descriptive statistics for the demographic 
data of the study groups 

                     Group

Variables

Test group
(n = 12)

Control 
group

(n = 12)
P-value

Age 
(years)

Mean±SD 38.55±13.38 35.94±11.08 0.43ns

Gender n % n %

0.99nsFemale 8 66.7 7 58.3

Male 4 33.3 5 41.7

Significance level P ≤ 0.05; ns: non-significant

Vertical buccal bone change:

As presented in table (2) and fig. (5a), test 
group recorded lower mean value of vertical bone 
loss (-0.97±0.265) compared to control group 
(-1.08±0.275) with no statistical significance 
difference between both groups (p=0.329) 

TABLE (2): Mean, SD and intergroup comparison of 
vertical bone loss of the studied groups 

Test group A Control group P value
(between groups)

Mean SD Mean SD

-0.97 0.265 -1.08 0.275 0.329

Significance level p≤0.05

Horizontal buccal bone thickness

Control group recorded higher mean value of 
radiographic horizontal bone change compared 
to test group in all radiographic points except 
at point 6. In point 0, control group recorded 
mean decrease (-0.41±0.371) versus test group 
(-0.33±0.222). In point 2, control group recorded 
mean decrease (-0.48±0.39), in comparison to test 
group (-0.45±0.233). In point 4, control group 
recorded mean decrease (-0.37±0.28) versus test 
group (-0.29±0.165). In point 6, test group recorded 
higher mean decrease (-0.3±0.348), in comparison 
to control group (-0.25±0.088), with no significant 
difference between groups (P=0.803) , (P=0.368) 
(P=0.694) (P=0.543) at points 0,2,4,6 respectively  
as shown in (Table 3 and Fig.5b)  

Buccolingual width

In both groups, the mean BLW showed a 
statistically significant decrease after 6 months 
(p=0.00) with a statistically significant difference 
between both groups only after 6 months (p=0.035).

Test group recorded less mean decrease 
(-2.08±0.996) with mean percentage change                                     
(-27.84±11.39) versus control group (-3.08±0.9) 
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with percentage change (-40.77±8.597), with a 
statistically significant difference between groups 
(P=0.017) and (P=0.005) respectively as shown in 
(Table 4 and Fig.6a).

Bone density

The mean bone density immediate post-
operatively in test group was 564.20±114.82, 
compared to 569.40±113.21 in control group. After 

6 months post-operatively, the mean bone density 
in test group was 623.1 ±128.38, compared to 
591.60±120.73 in control group. The difference not 
was statistically significant between both groups in 
each time interval [baseline (p=0.912) ; 6 months 
(p=0.542)]. A statistically significant increase was 
recorded in mean bone density after 6 months post-
operative in each group separately (p=0.00 ; p=0.00) 
as shown in table (5)

TABLE (3): Mean and SD values of difference and percentage change of radiographic horizontal bone 
change between the studied groups 

 Radiographic horizontal bone 
change
 

Group A
(Test)

Group B
(Control) P-value

 
Mean SD Mean SD

Difference from 
Immediate post-op. to 
6 months

P0 -0.33 0.222 -0.41 0.371  0.543

P2 -0.45 0.233 -0.48 0.391  0.803 

P4 -0.29 0.165 -0.37 0.28  0.368 

P6 -0.3 0.348 -0.25 0.088  0.694 

Percent change
from Immediate post-
op. to 6 months

P0 -19.47 11.26 -21.19 15.58  0.760 

P2 -27.05 16.66 -26.72 18.42  0.964 

P4 -21.3 14.05 -25.53 12.13  0.439 

P6 -23.86 22.82 -29.63 8.01  0.423 

Significance level p≤0.05

TABLE (4): Mean and standard deviation values of buccolingual width, the difference and percentage 
change in the studied groups

 Buccolingual width

Group A
(Test)

Group B
(Control)

P value
(between 
groups)

 Mean SD Mean SD

Immediate Post-op. 7.42a 1.31a 7.50 1.17 0.871ns

6 months 5.33b 1.15b 4.42 0.79 0.035*

Difference -2.08 0.996 -3.08 0.90 0.017*

Percentage change -27.84 11.39 -40.77 8.597 0.005*

Significance level p≤0.05, * Statistically significant.      Different letters mean significant difference within same group.
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The median change between immediate post-
operative and after 6 months in bone density in 
test group was 58.45 (range 8-110), compared to 
18.1 (range 0-70) in control group. The difference 
was statistically significant (p=0.005).The median 

percentage change in bone density in test group was 
10.44 (range 1.88-19.47), compared to 2.99 (range 0- 
9.97)  in control group with a statistically significant 
difference between both groups (p=0.006) as shown 
in table (6) and fig. (6b)

TABLE (5) Mean, standard deviation (SD) and inter and intragroup comparison of bone density of the 
studied groups at baseline and after 6 months

Bone density
Test group Control group

P value
Mean S.D. Mean S.D.

Immediate postoperative 564.20 114.82 569.40 113.21 0.912 

After 6 months 623.10 128.38 591.60 120.73 0.542

P value 0.00* 0.004*

Significance level p ≤ 0.05, *significant

TABLE (6): Mean, standard deviation (SD), median and range of difference and percentage change of bone 
density from baseline to 6 months postoperatively in the studied groups 

Bone density
Test group Control group

P value
Median  (Min - Max) Median  (Min - Max)

Difference 58.45 (8 - 110) 18.1  (0 - 70) 0.005*

Percentage change (%) 10.44 (1.88 - 19.47) 2.99 (0 - 9.97) 0.006*

Significance level p≤0.05, *significant

Fig. (5): Bar chart illustrating (a) Mean radiographic vertical 
bone loss in both groups. (b) Mean change in 
radiographic horizontal buccal bone thickness in both 
groups

Fig. (6):  (a) Bar chart illustrating mean change in buccolingual 
width in both groups. (b) Box plot illustrating median 
change in bone density after 6 months in both groups.
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DISCUSSION

Immediate post-extraction implantation has 
become an increasingly interesting strategy for 
replacing hopeless teeth to counteract the post-
extraction dimensional bone changes, reduce 
the overall treatment time and improve esthetic 
outcomes. (Chen et al., 2009; Ortega- Martinez 
et al., 2012).  Several studies have concluded that 
placing biomaterials in the extraction sockets may 
help bone remodeling and decrease the marginal 
ridge resorption (Thakkar et al., 2016 ;  Reda et 
al., 2020). Since both HA and MLT are powerful 
biomimetic agents with good properties that may 
promote soft tissue, bone healing and implant 
osseointegration, so the resulting mixture of both 
materials may offer additive benefit as a therapeutic 
agent (Cristache et al., 2018).  The rationale of this 
study was to evaluate whether MLT and HA mixture 
around immediately placed implants has a beneficial 
synergistic effect on peri-implant bone changes, and 
quality. 

To the best of our knowledge, no clinical trials 
were conducted to evaluate the effect of HA and 
MLT mixture application around immediately 
placed implants on peri-implant bone dimensional 
changes, bone density. Trials have only discussed 
the effect of  one of the two materials alone on 
implant procedure especially MLT..  

Regarding vertical dimensional changes, the 
current study showed no statistical significant 
difference between both groups with mean (-0.97 ; 
-1.08 mm) for test and control groups respectively. 
This is in agreement with the results recorded by 
Awwad et al., (2019) who evaluated the crestal bone 
loss around immediate implants after addition of 
beta tricalcium phosphate with and without MLT. 
The mean crestal bone loss after 6 months was (0.41 
;  0.43 mm) in test and control groups respectively 
with no statistical significant difference between 
them. In addition, Yasser et al., (2020), found no 
significant difference in buccal (mesial and distal 

aspects) bone level reduction when comparing the 
two groups after 6 months from implant placement 
with and without MLT application.

On the contrast, Hazaa et al., (2017) and (2020) 
evaluated the impact of adding MLT to autogenous 
bone graft around immediate and delayed implants 
respectively. In 2017, they reported  a statistically 
significant difference in the mean of marginal bone 
loss between the control group (1.91 mm) and the 
test group (0.84 mm) in favor of the latter. This 
disparity might be explained by the longer follow 
up in their study which was 9 months. In 2020, 
they recorded a statistical significant difference in 
marginal bone loss test group (0.67 mm) and control 
group (1.66 mm) in favor of the test group. This 
can be attributed to the different implant placement 
protocol used since the implant were placed after 
socket complete healing; at least 8 weeks after 
extraction. 

As for radiographic horizontal bone dimensional 
alterations, the present study showed that the test 
group recorded lower mean value of radiographic 
buccal bone thickness change compared to control 
group in most of radiographic points. The control 
group recorded more buccal bone resorption 0.41 
mm (21.19%) than that of the test group 0.33 mm 
(19.47%) at implant platform level (Point 0) six 
months after implant placement, with no statistically 
significant difference between groups. 

These findings come in accordance to what 
(Alcantara et al., 2018) found in their study to 
evaluate the HA effect on repair of extraction 
sockets. They reported no significant difference 
between test (HA addition) and control groups 
(healing without adding HA) with mean bone loss 
in the cervical, middle, and apical thirds 0.71, 0.25, 
and 0.19 for test sockets and 0.75, 0.54, and 0.21 for 
the control sockets respectively. Furthermore, our 
study results are in agreement with the split mouth 
study conducted by (Yasser et al., 2020) evaluating 
thickness of buccal cortical plate with and without 
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the application of MLT. The results showed less 
mean reduction of buccal bone plate for test group 
(0.116 mm) than control group (0.185 mm) with 
no statistically significant difference between both 
groups. 

However, the present study results reported a 
statistically significant difference in the change of 
buccolingual bone width from baseline to 6 months 
post-operatively between test and control groups 
with means (-2.08 mm ; -3.08 mm) respectively 
in favor of the test group. This indicates that 
the application of MLT and HA mixture led to a 
considerable reduction in both buccal and palatal 
bone resorption that occurred in control group, 
leading to this statistically less buccolingual bone 
width reduction after 6 months. 

Regarding bone density, test group recorded 
a higher mean (623.10) than the control group 
(591.60) after 6 months postoperatively with change 
in bone density from baseline [median 58.45 (range 
8 - 110), median=18.1 (range 0 - 70)] respectively.  
This difference was statistically significant in favor 
of the test group. This is consistent to what Abdel-
Dayem, et al., (2014) reported after evaluating bone 
density 6 months after implant placement with the 
application of Cerasorb with and without MLT. 
They recorded a statistically significant difference 
between the 2 groups in favor of the MLT group 
at 1 and 6 months. Moreover, Hazaa et al., (2017), 
showed a statistical significant difference in bone 
density when adding MLT to autograft around 
immediate implants with mean change 384.35 
(control) versus 420.65 (test) respectively 6 months 
after implant placement. 

Furthermore, Rostom et al., (2019) investigated 
the effect of MLT application around short implants 
supporting removable partial dentures. There was a 
statistical increase in bone density after 6  months 
with mean percentage change (4.1 vs 3.6) with and 
without MLT respectively. The ability of MLT to 
significantly increase bone density could be attrib-

uted to its antioxidant properties and to its role in 
increasing the production and activity of alkaline 
phosphatase. It also upregulates production of type 
I collagen, osteopontin, osteoprotegrin, sialopro-
tein which significantly promotes osteoblasts dif-
ferentiation, maturation and proliferation (Radio 
et al., 2006 ; Kazuhito et al., 2008). Furthermore, 
MLT inhibits bone resorption via scavenging reac-
tive oxygen species and suppressing of osteoclast 
differentiation by downregulating of receptor acti-
vator of nuclear factor kappa (RANK)  expression   
(Nakano et al., 2019).  

On the other hand, Awwad et al., (2019) recorded  
no statistical significant difference in mean bone 
density between test (β-TCP + MLT) and control 
groups (β-TCP) around immediate implants after 6 
months with mean (1158.28 ; 1081.70) respectively. 
Furthermore, Hazaa et al., (2020) reported a higher 
mean bone density in test group (autograft + MLT)  
than control group (autograft only) [582.80 ; 649.33] 
respectively after 6 months but the difference was 
statistically insignificant. This might be justified by 
the different protocol of implant placement used by 
Hazaa et al., (2020) which was delayed implant 
placement in healed bony sites. 

Lastly, from the results of the current study 
and comparing them to those of the previously 
mentioned studies, it can be mentioned that most 
of this mixture’s beneficial impact is attributed 
mainly to the MLT which has a direct effect on bone 
remodeling, while HA main benefit is promoting 
and accelerating soft tissue healing.

CONCLUSION

Within the limitations of the present study, we 
may conclude that local application of HA and 
MLT mixture minimized the peri-implant hard 
tissue dimensional changes around immediate post-
extraction implants in terms of reduction of buccal 
vertical and horizontal bone changes and increase 
of bone density. However, this was statistically 
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significant only in the increase of bone density and 
decrease in buccolingual resorption. Further studies 
with longer follow up are recommended with the 
evaluation of soft tissue healing to investigate the 
beneficial effect of HA in such mixture.
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