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ABSTRACT
Objectives: This study was conducted to assess and compare the effect of autogenous bone
graft versus mineralized plasmatic matrix (MPM) and versus the Nano hydroxyapatite bone graft
as bone regenerative materials during immediate implant placement.
Material and Methods: A total of 14 patients with 18 implants have been included in this
study, patients were divided into 3 groups. Group I(control group) received autogenous bone graft.
Group II (study group A) received Mineralized Plasmatic Matrix (MPM), and group III (study
group B) received Nano hydroxyapatite as bone regenerative materials for immediate implant
placement. The treatment outcome was evaluated clinically and radiographically at 3 and 6 months
of implant placement. Implants stability was measured using Osstell radiofrequency device at 3 and
6 months postoperatively. Also bone density were measured radiographically at 2 weeks and at 3
and 6 months postoperatively and statistically analysed.
Results: Statistical analysis of bone density measurements between the three groups showed
significant difference (P ≤ 0.05) between the control autogenous bone group and the two other
groups (MPM &Nano bone) at all time intervals. Comparison between the test groups revealed
non-significant difference (P ≤ 0.05) between (MPM & Nano bone) at two weeks interval. While
at three & six months postoperatively there was a significant difference (P ≤ 0.05 between the two
groups. Regarding implant stability comparison between the three groups , there was no statistical
significant difference between them (P ≤ 0.05) at three and six months post operatively.
Conclusion: The autogenous bone graft remains the gold standard for grafting materials but the
use of MPM and Nano hydroxyapatite grafting materials can also give successful results regarding
implant stability and bone density.
KEYWORDS: Immediate implant, autogenous bone graft, MPM, Nano hydroxyapetite bone
graft, bone regeneration, osseointegration, growth factors, platelets concentrates.

* Lecturer of Oral & Maxillofacial Surgery. Faculty of Dentistry. October University of Modern Sciences and Arts
** Assistant Professor of Oral & Maxillofacial Surgery. Faculty of Dentistry. October University of Modern Sciences
and Arts
*** Lecturer of Radiology. October University of Modern Sciences and Art. Egypt

(3136)

E.D.J. Vol. 64, No. 4

INTRODUCTION
Since Branemark and his colleagues introduced
the concept of osseointegration & its implication in
dentistry, implant therapy became an integral part of
current dentistry.(1’2) The following years witnessed
many researches regarding different materials &
techniques of implants.
Studies performed during the past 20 years have
shown great predictability and success for dental
implants placed immediately at the time of tooth extraction.(3,4) with high survival rates reaching more
than 95%.(3,5-7) Authors described primary implant
stability as a guiding factor for long term success
predictability of immediate implants. (1, 8)
Clinical & experimental studies reported dimensional changes of the alveolar bone following
tooth extraction with varying degrees of vertical
& horizontal bone loss. (9) Although implant placement into fresh extraction socket is thought to reduce bone resorption, studies reported that immediate implant installation failed to interfere with
bone remodelling.(10,11) In order to overcome the
continued process of ridge contraction many strategies were proposed including immediate implant
placement with varying grafting materials & barrier membranes. Clinical & experimental reports
advocated grafting the gap between immediately
placed implant and extraction socket to enhance
hard & soft tissue healing. (12-14) Review article by
Chen & Buser recommended bone augmentation
with immediate implants for improved functional &
aesthetic outcomes. (15) Although autologous bone
grafts remain to be the golden standard as a regenerative material with unique osteogenic potential. Its
inherited limitations due to donor site morbidity &
prolonged surgical procedure advocated researchers
to look for alternatives. Recently investigators implied tissue engineering methods to enhance results
of bone augmentation with documented effect of
growth factors. (16)
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Autologous plasma rich with growth factors
(PRGF) showed potential effect to accelerate
healing of hard & soft tissue around implants. (17,18)
Mixing bone graft particles with growth factors
produced Mineralized Plasmatic Matrix (MPM).
MPM is an autologous blood product with high
platelet concentrate & fibrin prepared in a liquid
state & mixed with a bone substitute. The material
become malleable along with adding the effect of
growth factors on enhanced bone regeneration.(19)
Recent studies supported the use of MPM with
immediate implant placement & showed improved
bone regeneration & implant stability. (20, 21, 22,23)
Variety of synthetic bone substitutes are invented
with the new advances in tissues engineering and
nanotechnology. Nano bone grafting material
is a newly developed graft made of silica gel &
hydroxyapatite nanocrystals in matrix. The rough
surface of the nano structure provides porous
pattern that resembles the structure of natural
bone.(24) Nano hydroxyapatite is believed to be
biologically active synthetic grafting material
with great biocompatibility with hard & soft
tissues.(25) The biological compatibility of this material
along with its osteoconductive property advocated
researchers to use it in bone regeneration and implant
dentistry. (26-29)
Although the primary stability and bone
regeneration achieved using different grafting
materials around immediate implants are important
factors influencing the long term success, the
correlation between them is not well evaluated. The
aim of the current study is to evaluate the effect of
varying grafting materials utilized with immediate
implants on implant stability & bone regeneration.
PATIENTS AND METHODS
Participants in this study were selected from the
outpatient clinic from the Department of Oral and
Maxillofacial Surgery, Faculty of Dentistry, October
University of Modern Sciences and Arts.
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Sample selection:

Group 3 (Study group B) 6 immediate implants:

Fourteen patients (9 female, 5 males) with mean
age of 37 years old (21-53 years old) were included.
Subjects enrolled were seeking for replacement
of un- restorable or badly destructed teeth with
immediate implants. Total number of eighteen
immediate implants were installed for replacement
of single rooted teeth. All individuals went through
detailed clinical examination and radiographic
evaluation after taking medical history. Selected
subjects were informed about the nature of the study
& written consents were obtained to participate.

The gap around the implant and the socket wall
was filled with Nano- hydroxyapatite bone graft.

Inclusion criteria:
Included patients were systemically healthy with
decent oral hygiene. Presented with one or more unrestorable hopeless single rooted teeth indicated
for extraction. With clinical and radiographic data
confirming the presence of adequate bone quality &
quantity for initial implant stability.

Surgical technique:
Implant site preparation:
Following administration of adequate local
anaesthesia atraumatic tooth extraction was carried
out with aid of periotome. (Fig1) The socket was
then thoroughly debride with small bone curette
and irrigated with saline solution. The osteotomy
site was prepared using sequential drilling prior to
placement of equivalent implant size. After implant
installation the gap between the implant & the socket
wall was filed with a grafting material according to
the pre-planned patients grouping.

Exclusion criteria:
The presence of any local pathology, systemic
health status or chronic medications that could
interfere with hard or soft tissue healing. Patients
with poor oral hygiene and severe periodontitis
were also excluded. As well as patients with
parafunctional habits and abnormal occlusal
relationship that may complicate future restoration.
Patients Grouping:
Selected individuals included in the present
study were randomly divided into three groups:
Group 1 (control group) 6 immediate implants:
The gap around the implant and the socket wall
was filled with autogenous bone graft collected
from the chin.
Group 2 (Study group A) 6 immediate implants:
The gap around the implant and the socket wall
was filled with mineralized plasmatic matrix MPM
(sticky bone graft).

Fig. (1) Showing atraumatic tooth extraction

Graft preparation:
Group 1 (control group)
For the control group autogenous bone was
collected from chin using 5mm diameter trephine
drill after reflection of suitable mucoperiosteal flap.
The collected bone cores were crushed using bone
mill to obtain particulate bone graft. (Fig2 A,B)
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Fig. 2 (A,B) : Showing collected autogenous bone cores.

Group 2 (Study group A)
According to Dohan et al. (30) protocol for
MPM preparation venous blood was taken from the
antecubital fossa and transferred to (10ml) sterile test
tubes deprived of anticoagulant. For separation of
platelet rich plasma from red blood cells; test tubes
were placed in the centrifuge machine operated for
10 minutes at 2700-3000 rpm. After centrifugation
three distinctive layers are separated. The bottom
one of red blood cells, middle part of platelet
rich plasma and upper most layer of platelet poor
plasma. Upper and middle parts of each supernatant
were collected using syringes. This plasma rich part
contains fibrin network with plasma leukocytes and
undifferentiated mesenchymal cells. To achieve

the sticky bone the collected fibrin combination is
mixed with particulate bone graft (Beta tri calcium
phosphate β-TCP) and few drops from the patient
blood and allowed to set for few minutes. (Fig3 A,B)
Group 3 (Study group B)
For this group the alloplastic Nano-crystalline
hydroxyapatite NanoBone®, ARTOSS GmbH
Company,Rostock, Germany) was utilized to fill
the gap between the implant & the socket wall. The
material is mixed with few drops of patient blood.
(Fig4 A, B)
After implant placement and grafting procedure
the buccal flap is advanced and sutured.

Fig. 3 (A,B) : Showing filling of the gap around the immediate implants with MPM.
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Fig. 4 (A,B) : Showing filling of the gap around the immediate implants with Nano-crystalline hydroxyapatite.

Postoperative care:
At the day of the surgery patients were instructed
for cold application to reduce post-operative edema.
All patients were dismissed after prescription of
Chlorhexidine mouth wash 3 times a day for 2
weeks post- operatively. This was accompanied by
Augmentin antibiotic (amoxycillin + clavulanate
potassium,GSK) 1gm b.i.d for 5 days & Brufen
400mg as anti-inflammatory pain killer. One week
postoperative patients were recalled for suture
removal.
Follow up:
During the first month patients were recalled
on weekly bases then monthly bases. Each visit
included clinical and radiographic evaluation.
Clinically the surgical site was examined for signs
of soft tissue healing. Radiographic evaluation was
utilised for the implant & the surrounding bone.
Radiological examination:
The radiographic sweeps were gotten utilizing
CBCT
Newtom
GIANO/VG3-(Quantitative
Radiology, Imola, Italy).
According to the CBCT manufacturer
recommendations patients were positioned so
that the midline laser beam of the CBCT system
coordinates to the mid-sagittal plane of the skull and

the horizontal laser beam parallel to the occlusal
plane.
All Patients received full high resolution scan:
Voxel size 0.125 mm (10 mAs, 90 kVp, 3mA) and
a field of view (FOV) of 80 (mm) ×50 (mm), 360°
rotation around patients in 3.6‑second scan time.
Acquired information were changed over into
Digital Imaging and Communications in Medicine
(DICOM). They were arrange and transported
into the product (OnDemand 3D) for volumetric
investigation. The pictures were shown in every one
of the 3 symmetrical planes (pivotal, coronal, and
sagittal). Cross-sectional pictures of the district of
intrigue were produced with a pitch separation of
1mm and a cut thickness of 1 mm. (Fig 5 A,B)
Implant stability measurement:
Resonance Frequency Analysis (Osstell ISQ)
was utilized for measurement of implant stability
on intervals of three and six months for all
implants postoperatively. Smartpegs transducers
were mounted to the implants to be used with the
Osstell device for implant stability measurements.
Resonance Frequency (RF) values were measured
in four directions representing buccal, palatal,
mesial and distal side of the implant. Values were
described by a numerical unit called the implant
stability quotient (ISQ). (Fig 6) The results were
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presented in ISQ and the mean values for each
implant was calculated.
Statistical analysis:
Collected data were statistically analysed using
SPSS ver. 22 software (statistical package for social
science on windows 2013) with probability value
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p≤ 0.05. Changes in preoperative and postoperative
data regarding bone density & implant stability in
the same group were evaluated using the Student T
test (paired and unpaired) to assess the significance
of the difference. The groups were then compared to
each other similarly using the Student T test (paired
and unpaired).

Fig. 5 (A,B) : Showing radiographic verification prior implant placement & measurement of bone density.

Fig. (6) Showing measurement of implant stability using Osstell device.
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RESULTS
The current study was conducted to evaluate the
influence of varying grafting materials on implant
stability & bone regeneration with immediate
implants. Three grafting materials were compared:
autogenous bone graft, mineralized plasmatic matrix
MPM & Nano- hydroxyapatite bone graft. Total of
fourteen patients with eighteen immediate implants
were included. All were assessed clinically &
radiographically for 6 months following implant
placement. Neither complications nor clinical
side effects were reported from the use of any of
the grafting material. All participants showed
uneventful healing of hard & soft tissues throughout
the study intervals.

TABLE (1) Showing means of implants stability

measurements of the Control autogenous
bone group

Implant stability
Implants

3 months postoperative

6 months postoperative

1

66

70

2

74

80

3

61

65

4

67

78

5

70

79

6

70

78

Mean

68.00

75.00

Control autogenous bone group

SD

4.43

6.07

The Mean Implant Stability Quotients (ISQs)
were (68.00 ± 4.43) at three months and increased
to (75.00 ± 6.07) at six months postoperatively.
The records showed significant increase of implant
stability (P ≤ 0.05). Table (1)

Min

61.00

65.00

Max

74.00

80.00

Implant stability:

TABLE (2) Showing means of implants stability

measurements of the Study group A
(MPM)

Study group A (MPM)
The Mean Implant Stability Quotients (ISQs)
were (66.17 ± 4.40) at three months and increased
to (72.33± 5.57) at six months postoperatively.
However this increase was statistically nonsignificant (P ≤ 0.05). Table (2)
Study group B (Nano bone)
The Mean Implant Stability Quotients (ISQs)
were (66.67± 4.41) at three months and increased
to (73.50± 5.75) at six months postoperatively.
This increase was statistically significant (P≤0.05).
Table (3)
When the three groups were compared to each
other the variation between them was statistically
non-significant (P ≤ 0.05) at three and six months
post operatively.(Fig 7)

Implant stability
Implants

3 months postoperative

6 months postoperative

1

64

68

2

72

77

3

59

63

4

66

75

5

68

75

6

68

76

Mean

66.17

72.33

SD

4.40

5.57

Min

59.00

63.00

Max

72.00

77.00
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TABLE (3) Showing means of implants stability

Study group A (MPM)

Implants

3 months postoperative

6 months postoperative

1

65

69

Bone density revealed significant increase
(P ≤ 0.05) at three months postoperatively reaching
(1155.83±47.88HU) when compared to two weeks
records (871.00±45.88 HU) while at six months
postoperative interval a significant decrease
(P ≤ 0.05) at the bone density measurements was
recorded (703.17±43.01 HU) in comparison to the
three months postoperative data. Table (5)

3

60

64

Study group B (Nano bone)

measurements of the Study group B (Nano
bone)
Implant stability

2
4
5
6

73
65
68
69

79
77
76
76

Mean

66.67

73.50

Min

60.00

64.00

SD

Max

4.41

73.00

5.75

79.00

Similar to group A bone density showed
significant increase (P ≤ 0.05) at three months
postoperatively (1034.50 ±75.15HU) in comparison
to two weeks interval (881.17±31.32HU) &
significant decrease (P ≤ 0.05) of bone density
measurements at six months postoperatively
(781.83±46.84 HU) in comparison to the three
months postoperative record. Table (6)
When the three groups were compared to each
other there was significant difference (P ≤0.05)
between the control autogenous bone group and
the two other groups (MPM &Nano bone) at all
time intervals. Comparison between the Study
groups revealed non-significant difference (P≤ 0.05)
between (MPM & Nano bone) at two weeks interval.
While at three & six months postoperatively there
was a significant difference (P ≤ 0.05 between the
two groups. (Fig 8)

Fig. (7) Showing means of the implants stability measurements
of the three groups at 3 and 6 months postoperatively.

Bone Density:
Control autogenous bone group
Bone density revealed steady increase from
(980.83 ±27.43HU) at two weeks postoperatively to
(1204.00± 51.07 HU) after three months reaching
(1393.33± 33.30 HU) after six months showing
significant increase in the three records. (P ≤ 0.05).
Table (4)

Fig. (8) Showing means of bone density measurements of the
three groups at different time intervals.
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TABLE (4) Showing means of bone density measurements of the Control autogenous bone group
Bone density
Implants

2 weeks post-operative

3 months post-operative

6 months post-operative

2

1032

1282

1449

4

976

1

982

3

964

5
6

Mean
SD

Min

Max

952
979

980.83
27.43

952.00

1032.00

1248

1410

1174

1382

1190

1373

1144

1353

1186

1393

1204.00

1393.33

1144.00

1353.00

51.07

33.30

1282.00

1449.00

TABLE (5) Showing means of bone density measurements of the Study group A (MPM)
Bone density
Implants

2 weeks post-operative

3 months post-operative

6 months post-operative

1

894

1179

722

3

906

1190

735

2

891

4
5
6

1176

814

1094

811

1096

910

1200

719
664
743
636

Mean

871.00

1155.83

703.17

Min

811.00

1094.00

636.00

SD

Max

45.88

910.00

47.88

1200.00

43.01

743.00

TABLE (6) Showing means of bone density measurements of the Study group B (Nano bone)
Bone density
Implants

2 weeks post-operative

3 months post-operative

6 months post-operative

1

874

1019

754

3

913

1183

838

2
4
5
6

853
843
883
921

Mean

881.17

Min

843.00

SD

Max

31.32

921.00

1008
973
997

1027

748
742
764
845

1034.50

781.83

973.00

742.00

75.15

1183.00

46.84

845.00
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TABLE (7) Correlation between implant stability and bone density was statically significant in the three

groups at all intervals of the study with (P ≤ 0.05) except at three months postoperatively of
autogenous group.
Bone density

Implant stability

Correlations between
HU and ISQ
At three months

Correlations between
HU and ISQ
At six months

3 months
postoperative

6 months
postoperative

3 months
postoperative

6 months
postoperative

r value

P value

r value

P value

Autogenous group

1204.00

1393.33

68.00

75.00

0.39

0.06

0.084

0.003

MPM Group

1155.83

703.17

66.17

72.33

0.19

0.02

0.46

0.02

Nano GROUP

1034.50

781.83

66.67

73.50

0.66

0.01

0.46

0.02

DISCUSSION
With the advent of immediate implant dentistry,
their use became a legitimate treatment modality.
Authors recommended grafting per -implant gap
that exceeds 1-2 mm to minimize post-operative
bone resorption and enhance aesthetic soft tissue
healing. (31,32,33,34) yet the influence of the grafting
procedure on implant stability has not been
comprehended.
Autogenous bone graft is considered as the
golden standard for grafting materials owing to
it is unique osteogenic properties. However, the
encountered donor site morbidity & limitation on the
obtained quantity encourage operators to use other
types of grafting materials. (35) A variety of bone
substitutes were developed to overcome the possible
limitations of autogenous bone graft.(36) Recently
many allogeneic, alloplastic, and xenogeneic bone
graft materials are projected, based on completely
different biological mechanisms and bone
regeneration principles, like tissue engineering, and
therefore the osteoinductive and osteoconductive
potential of various scaffolds. (37)
Recently autologous blood product rich in
growth factors and platelets are increasingly used
to enhance biological characteristics and success
rate of the graft. (38) Ever since the developed PRF

as the second generation of platelets concentrate
the application of this material in regenerative
implant dentistry has revolutionized greatly. (39)
This is explained by its distinctive criteria being
entirely autologous formulated without the addition
of anticoagulant which is buns over the Platelets
Reach Plasma PRP the first generation of platelet
concentrate. (40 ) MPM was introduced as natural
advancement of platelet rich plasma. (41) The
material has distinctive structure composed of two
phases. Plasmatic phase collected following blood
centrifugation & mineralised phase composed of
any bone graft (autogenous, allogenic, xenogeneic
or synthetic bone substitute). The resulting mixture
showed great capacity to improve healing of
hard & soft tissue accomplished by the release of
growth factors from entrapped platelets in the fibrin
network. (42) Meanwhile, The mineral phase provides
a scaffold for bone cells with its osteoconductive
effect.(38) With its unique mechanical & biological
behaviour MPM was utilized by many researchers
to enhance bone regeneration. (21,38,43,44,19,45)
Recently developed synthetic bone substitute
consists of Nano-crystalline hydroxyapatite
(HA) and Nano-structured silica (SiO2). The
osteoconductive & biodegradable behaviour
of the material was described to be similar to
the remodelling processes occurring in natural
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bone. (46) Pezzatini et al. reported that the material
has proangiogenic potential related to the structure
of hydroxyapatite nanocrystals which induces the
release of vascular endothelial growth factor that
in turn results in improved bone formation. (47)
Clinical & experimental studies have demonstrated
the enhanced regenerative effect of the nanobone
graft. (48-52)
In the present study we evaluated the efficacy of
two currently available grafting materials (MPM&
Nano Bone) in comparison to the autogenous bone
graft. The mean Implant Stability Quotients (ISQs)
and bone density around the implants were compared.
Our results demonstrate that although autogenous
bone graft showed higher values of (ISQs) both at
three & six months post-operative intervals, yet the
variation was statistically non-significant (P ≤ 0.05).
This suggests that the currently tested materials can
be used as a possible alternative to autogenous bone
eliminating the risk of complications encountered
with it.
The mean values of (ISQs) recorded in the present
study are comparable to Kang et al . (53) study that
evaluated stability of simultaneously placed dental
implants with autologous bone grafts harvested
from the iliac crest or intraoral jaw bone. The mean
ISQ value was 69 ± 9 for intraoral group and 71
± 10 for iliac crest counterpart with no statistical
difference between the two groups. On the other
hand, Gangwar, et al. (54) reported implant stability
value of 75.71 ISQ for implants with PRGF. Results
of ISQ were comparable as well to values reported
by Canullo et al (55) that reported ISQ of 66.61
(SD: 4.76) at three months interval for implants
placed simultaneously with sinus lifting using nanocrystalline hydroxyapatite sole bone filler.
In the current study when the three grafting
materials were evaluated for their influence on
bone density; they all showed significant increase
(P ≤ 0.05) of density values at three months post
operatively. However, autogenous bone group
showed higher values of bone density with
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significant difference (P ≤ 0.05) when compared
to MPM & Nano-bone at all time intervals. On
the other hand when MPM & Nano-bone were
compared they revealed non-significant difference
(P ≤ 0.05) at two weeks interval. While at three &
six months postoperatively there was a significant
difference (P ≤ 0.05) between the two groups.
Current results are comparable to findings
reported by Turkyilmaz et al. (56) that showed bone
density values of 721 ± 254HU at implant sites.
As well as reports by Arisan et al. (57) that revealed
values of gray density to be (765±97.32 voxel
value) using CBCT based values and (668.4±110
Hounsfield unit) using CT-based values.
In the present study the correlation between
implant stability and bone density was statically
significant in the three groups at all intervals of
the study except at three months postoperatively of
autogenous group.
These results were comparable to aforementioned
studies. (56,57)
CONCLUSION
The use of different grafting materials to fill the
gap around immediate implants enhances implant
stability and bone density. Yet the autogenous
bone graft remains the golden standard for grafting
materials, but the current study showed the
possibility of using MPM or Nano-Graft materials
with successful outcomes as well regarding implant
stability and bone density.
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