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ABSTRACT
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INTRODUCTION
Regardless of the progress of modern dentistry, tooth
extraction leads to severe difficulties and impairment of the
masticatory or chewing system and is believed to be a very
complex issue for both the dentist and the patient. Loss of
teeth leads to poor dietary habits and worsening of quality of
life. Permanent teeth are extracted for some reasons including
tooth decay, periodontal disease, traumatic -injuries,
impacted teeth, unsuccessful dental procedures (root canal
treatments, etc.) (1).

The alveolar ridge shows dramatic changes in height and
width after tooth loss. This necessitates using augmentation
procedures to achieve optimal results and long-term survival
of the prosthesis (2). Moreover, vertical alveolar bone loss
constitutes a major challenge in partially edentulous patients.
Various procedures, for example, onlay bone graft, guided
bone regeneration, distraction osteogenesis, and ridge
osteotomies have been described (3,4). However, no single
augmentation procedure delivered evidence-based criteria to
be generalized in the clinical setting.
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enting of periosteum and soft tissue has shown good potential
in the rehabilitation of atrophied alveolar ridges. Expansion of
the soft tissue with the use of titanium mini-screws and guided
bone regeneration was introduced by Bash Le et al., 2010 (5).
They evaluated "the use of titanium screws in tenting fashion
that was surrounded by particulate human mineralized allograft
to reconstruct large vertical mandibular defects before implant
placement". Fifteen patients with large vertical defects (<7 mm
of residual height) were clinically evaluated 4 to 5 months after
augmentation for implant placement and harvesting bone cores
for histological evaluation. The mean increase in the bone
height was 9.7mm (5).

Alloplastic bone materials as resorbable ceramics act like a
scaffold or temporary space fillers that allow for new tissue
to develop. The resorption of these bone substitutes is
essential as they are eventually to be replaced by newly
formed bone (6). The distinctive structure of NanoBone® (a
combination of nanocrystalline hydroxyapatite and highly
porous silica gel) results in quick bone formation. Using
NanoBone® can considerably decrease the whole treatment
period (7).
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Platelet Rich Fibrin (PRF) has a natural fibrin framework
with growth factors within it that could stimulate tissue
regeneration efficiently. So, when it was combined with the
graft material, higher osteoconductive capacity is achieved.
Moreover, PRF has a rapid degradability within 14
days (8,9).

A predictable intraoral guided bone regeneration (GBR) concept
was established in the late 1980s and early1990s (10,11).
Different kinds of resorbable and non resorbable membranes
have been utilized in the GBR procedures. The use of occlusive
barrier membranes adds stability to the graft and minimizes
its mobility, promotes the ingrowth of cells with osteogenic
properties and prevents immigration of cells from the
overlying soft tissues. Hypro-Sorb® F is a rigid, bilayer
membrane that is absorbable, bovine and sterile atelo-collagen
type 1 (12).

So, the objective of this study is to assess clinically and
radiographically the effectiveness of "Tent-Pole" grafting
technique using titanium mini-screws with guided bone
regeneration for augmentation of mandibular ridge vertical
defects.

The null hypothesis of this study is that there is no signifi
difference in the alveolar ridge height in the clipi
radiographic parameters after reconstruction
mandibular ridge defects with screw tent
technique and guided bone regeneration.

MATERIALS AND METHODS
Study design: Twelve patients with vertical defeC
shaped depression in the posterior mandibular ridg
were treated with guided bone regeneration around tita
screws that tent out the soft tissue matrix.
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committee, Faculty of Dentistry, A
Eligibility Criteria's

Patients were chosen according to
of both sexes in the age frame betwee
Patients with missing lower tooth or
related large vertical bony defect, 7mm rt
(from the crest of the ridge to the inferior alveolar nerve) and
requiring about 5 mm rise in the verg§ical height of the
mandibular alveolar ridge for future prosthetic rehabilitation,
in addition, Patients were required to have an acceptable oral
hygiene and a desire to enhance it

Exclusion criteria: Presence of infection or local lesions,
parafunctional habits, current chemotherapy or radiotherapy,
heavy smoking. Alcohol or drug abuse and medically
compromised patients with diseases that affect passively the
clinical procedure or result.

The purpose of this study, the procedures, benefits and the
expected complications were illustrated for all the patients.

bone height
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Moreover, every patient signed a consent about this and
informed that they had the right to withdraw whenever they
want.

Materials

1. Osteosynthesis mini screws (Antonhib, Germany)
Self-tapping mini screws made of titanium with their width
2.0mm and their length comes in 7,9 mm.

2. Synthetic bone graft (ARTOSS GmbH, Germany)
NanoBone® granulate 0,6 ml formed in the ratio of 76%
Hydroxylapatite and 24% Silica. It is totally alloplastic
material with no animal or human elements. The interconnecting
nanopores ply space for vascularization and bone

F (Bioimplon GmH. Germany)

(99.9% collagen type 1 without
ouble-layered structure with one
tissue and another rough side
e was fixed with bone tacks

All the procedu
Chlorhexidine g

onate 0.12% (Hexitol: the Arab Drug
A.R) was used for oral cavity preparation.

er reflection of the mucoperiosteal flap with the
elevator. (Figure.3, A) Buccal and lingual tissue

ension-free closure through split thickness dissection and
upraperiosteal advancement. Fixation of the screws over the
alveolar ridge was done, so that about 3-5mm of the screw
length exposed. Decortication (perforation of the outer
cortex) was done with a rounded bur to increase future
vascularization of the graft. The collagen membrane was
fixed lingual to the defect. (Figure.3, B) Bone graft material
was introduced and adapted to cover the screws completely;
the defect was overcorrected with particulate material in
expectation of future graft resorption. (Figure.4)

PRF was prepared in a table centrifuge machine at 3000
revolutions per minute (rpm) for 10 minutes. After separation
of PRF, it was prepared like a membrane by compression
device and then placed on top of the grafting material as a
source of growth factors (9).

Then the collagen membrane was rolled, adjusted over the
grafted site and fixed on the buccal side with bone tacks.
(Figure.5) Flap repositioning and closure by horizontal
mattress sutures using 4.0 vicryl suturing material (Ethicon,
Edinburgh).
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Figure (1):A) A photograph showing NanoBone® graft
.B)Hyprosorb ® F Atelo collagen type 1 membrane .

Figure (2): A photog ing PRF after preparation.

LN i
Figure (3): A) A photograph showing the bony defect after
retraction of mucoperiosteal flap.B) Aphotograph showing

two mini screws"tent poles”, collagen membrane fixed on the
lingual side
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A photograph showing grafting material covered
completely.

Figure
the s

i

aph showing collagen membrane fixed
bone tacks

Figure (5): Ap
on the buccal sid

Postoperative medi€ation

Extraoral cold f; tations every one hour during the first

24 hours and ipStRtictions to maintain the oral hygiene. Also,
dications e prescribed including:

ibi 1gm twice daily for 5 days. Augmentin:

illin clavulanate) GlaxoSmithKline, UK.

teroidal anti-inflammatory drug three times daily for

days. Cataflam 50mg (Diclofenac Potassium): Novartis-

Switzerland.

Antiseptic mouthwash for 1 week starting from the

second day. Hexitol  (Chlorhexidine): Arabic drug

company, ADCO.

Follow up phase

Patients were clinically evaluated after 24 hours, 7days and

14 days for pain, edema and wound healing.

Radiographic evaluation

Postoperatively, Cone Beam Computerized Tomography

(CBCT) was done immediately during the first week and after

six months to evaluate both the increase in vertical ridge

height and bone density.

OnDemand3D™ software (Cybermed Inc.) was used to

assess vertical height. Measurements were taken as follows:

From the alveolar crest till the inferior alveolar nerve, the

vertical bone height was measured from the cross-sectional

views of the pre operative, immediate post-operative and 6 months

postoperative  CBCT. Bone density was estimated

radiographically using the same software.For measurements in the

gray density values, voxel values (VV) in CBCT , the desired

area (between the 2 mini screws) was selected and the average

density was chosen.
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Statistical analysis of the data

All the obtained data was statistically analysed and presented
in tables, graphs and charts using the IBM Statistical Package
for Social Science (SPSS)” version 20 (13). Number and
percent were used to describe qualitative data. The normality
of distribution was confirmed using the Kolmogorov-
Smirnov test. Range, mean, median and standard deviation
were used to describe the quantitative data. The level of
significance was at 5%. ANOVA with repeated measures
and Paired T-test were used for the normally distributed
quantitative data and to compare between more than two
periods.

RESULTS
Twelve patients with residual ridge atrophy in the posterior
mandible were treated with guided bone regeneration around
titanium screws that act as a "Tent Poles" and maintain a space
for the graft material. They were from 43 to 59 years old with a
mean age of (52.08 + 5.84). They were of both sexes (4 males
and 8 females). The ratio between males and females was 1:2.
Clinical and radiographic follow up was done for 6 months.
I. Clinical evaluation

1. Pain

Pain was evaluated immediately after 24 hours afi
7days and 14 days to detect any pain accordi
analogue scale (VAS) (0-10) where 0= no p3
pain (15).

0 a visual
0 10= worst

value of ( 8.00 £1.60) at the first week postoperative
minimum pain value was 2.0 and the maximum was 6.0

value of 2.0 with a mea
2. Edema

It was assessed by its cd
done after 24-hours, 7da
graded as follows:

e +1 (trace) insignificant inden
e +2 (mild) the indentation retur
e +3 (moderate) 6 mm indentation
e +4 (sever) 8 mm indentation rebou
All patients showed edema with
at the first postoperatively day of 3
of 4.0, which reduced at the first wee
value of 1.0 and the highest value &
receded in the second week postopera
minimum and maximum value of 1.0.
Wound healing complications

Within two weeks after surgery, fourf€ases were with
incomplete wound healing (wound dehiscence), screw heads
were exposed in two cases and there was loss of the graft in the
other two cases. Eight cases were with complete wound
healing. There was no infection for all the patients through the
follow-up phase (Table 1).

I1. Radiographic evaluation

a. CBCT for measurement of bone height

CBCT was used to assess the increase in vertical bone height
above the inferior alveolar canal that was evaluated
preoperatively, immediate postoperative and after 6 months.
(Figure.6)
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Table (1): Distribution of the studied cases according to
complications (h=12

Complication

Patients with no complications

Patients with (partial dehiscence) screw head
exposure
Patients with complete wound dehiscence (loss

cal®bone height value was
the lowest value of 6.3mm and the
mm. While the mean bone height
atively was 10.40 £1.68 with the lowest
e highest value of 12.5. There was
t difference in bone height between the

, the mean bone height value was 9.23+1.25
m value of 7.0 and a maximum value of 11.1.

eight value immediately after augmentation and six
s later (p3<0.001), also there was statistical significant
difference between the mean bone height value
preoperatively and after 6 months. (p2 <0.001) (Table 2).
Table (2): Descriptive analysis of the studied cases according
to post-operative BONE HEIGHT (n= 12

Post-operative Partial

BONE Eta

BONE HBECI)(';L';:T HEIGHT Square
d

HEIGHT | \\MEDIAT 6-

PRE-OP | coos.op | MONTH (Effect

POST OP Size)

6.3-7.9 7.0-12.5 7.0-11.1

[ B UPIET R B 77.31%

7.25 10.55 9.15

pl <0.001* p2 <0.001* p3< 0.001*

F,P: F and P values for F test (ANOVA) with repeated measures for
comparing between different periods

pl: p value for comparing between Pre-operative and Immediately
Post-operative

p2: p value for comparing between Pre-operative and after 6 months
p3: p value for comparing between Immediately Post-operative and
after 6 months

*: Statistically significant at p <0.05
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b. CBCT for measurement of bone density

In the immediate post-operative phase, the mean gray density
value was 270+68.92 with the lowest value of 170 and the
highest value of 392.33. In the sixth month, the mean bone
density was 353.25 +£53.75 with the lowest value of 190.8
and the highest value of 550. (Table 3).

Table (3): Descriptive analysis of the studied cases according
to post-operative DENSITY (n= 12

Immediate After six Rate of

Radiographice Post- months Post- improvemen

assessment

operative operative t

Min- Max 170- 190.5-550 . 30,67%

MeanzSD 392.33 353.25+53.7
Median 270+68.9 5

2

t, p: t and p values for Paired t-test for comparing between
immediate post-operative and after 6 post-operative
*: Statistically significant at p < 0.05

DISCUSSION
Severe vertical alveolar ridge defects are 3-dimensi

they have to be restored in all dimensions
and functional results (17).

Preoperatively, the medical status of t
for proper selection of the patients to maximiz
from this surgery. This procedure is not an ideal

Moreover, with vertica
maintain a space for g
resorption and permit

studies stated that using CBGC
from preoperative analysis co
considerations and treatment
evaluation (20,21). Furthermore,
doses of radiation, Also, the CBCT
density values make it a valuable alternative for
computerized tomography (CT) 2,23). Immediate
postoperative and after 6 months CBCT Was done_to measure
and to evaluate the changes in the bone
For the bone density, estimated values i
voxel values for the CBCT were recorded
About the surgical procedure, under local anesthesia, access to
the alveolus was preferred to be through a horizontal full thickness
mid-crestal incision and releasing incision is done to enable
tension-free closure. This is in accordance with le et al., 2008 (24).
Louis et al., 2008 (25), and Bash Le et al., 2010 (5), all used
standard crestal incisions with vertical releasing incision and
a flap with a broad base to allow maintenance of blood
supply. This was different from other studies that employed
the tenting of soft tissue. Marx et al., 2002 (26), used a
transcutaneous submental approach and Akoush et al., 2014
used vestibular incision (27).
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An average of 3-5 mm of the screws was left exposed supra-
crestally. According to Bash et al., 2010, these tent poles help
to prohibit soft tissue contraction around the particulate graft
and subsequent resorption or displacement of the grafting
material is also diminished (25).

Several kinds of materials are utilized in ridge augmentation:
autologous bone, xenografts, alloplastic materials and several
mixtures of these materials with acceptable outcomes in
terms of biocompatibility and stimulation of bone formation (28).
Each bone grafting material has benefits and drawbacks.
Autogenous bone grafts have osteogenic, osteoconductive, and
i i@ properties, so they believed to be the gold
ertheless, requiring a second donor site and the
id resorption are the disadvantages of this type of
fts and allografts are obtained from other

another option. In th
F was chosen for the

study conducted by
uded that the quality
as improved when
contrast to Alrayess
F and miniplates only
atment of mandibular fractures, there
nificant difference in the bone density
ntrol groups.
s complete degradation within14 days,
so it only has in the healing process particularly the
giogenesis. is in agreement with Dohle et al.,
2017(32) they conducted in vitro study in which a co-culture
system of outgrowth endothelial cells (OECs) and primary
osteoblasts (pOBs) was mixed with injectable PRF and was
cultivated. Formation of Ilumina and microvessel-like
structures has been shown histologically in the PRF/co-
culture complexes after 7 days along with a higher
countenance of the proangiogenic factor (VEGF). So, PRF
might positively affect the healing process, in specific,
angiogenesis.
Guided bone regeneration with resorbable barrier membranes
can preclude the incursion of the undesirable cells from the
connective tissue into the bony defects and enhance bone
formation. They also completely metabolized after 6 months.
Similar studies of, Dahlinet al.,, 1990 (33) stated that a
resorbable membrane can block the ingrowth of the soft
tissue into the bone defects. So, the bilayer hyprosorb®
membrane was the barrier membrane of choice for the
present study. It was fixed in the lingual side of the defect
with its rough surface toward the bone and stretched out with
mini-tacks to completely immobilize the graft material, this is
what is called sausage technique, Istvan Urban, 2011 (34).
This was dissimilar to other studies which proposed that non
resorbable membranes are more reliable and retain the
stability of the grafting materials for a long period (35). Also,
some studies concluded that the intact periosteum acts as a
mechanical barrier and a source of osteogenic components,

et al., 2016 (
were used for
was no statistic
between the test
In fact, PRF und
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thus it is a good membrane that contributes to new bone
formation (36).

In the GBR procedure, perforation (decortication) of the
cortical bone layer has been promoted (37), as it was
assumed that this increases the wound vascularity with the
release of growth factors and cells with angiogenic and
osteogenic potential. In agreement with Delloye et al., (38)
they found that there was increase in the amount of the newly
formed with decortication in comparison with a non-
perforated cortical bone.

Nevertheless, some studies with adverse results were also
stated that cortical perforation did not improve the amount of
bone formation in rabbits (39,40).

In the present study, wound dehiscence occurred in 4 cases.
This occurred when the exposed length of the screw was>
5mm. it was supposed that this was not tolerated by the
expanded soft tissue matrix or causing more tension on the
soft tissue together with the muscle action. This is in
coincidence with Louis et al., 2008 (25) who noticed a high
incidence of wound dehiscence with using titanium mesh to
tent the mucoperiosteum. The sharp, small head of the mini
screws also may be a causative factor. Wound dehiscence

with maintenance of the oral hygiene and oral
the 6-month healing period.

"Tent pole" grafting technique was perfor
preoperative bone hight was7.18+0.49m
value of 6.3mm and the highest value €t 7.
bone height after 6 months was9.23+1.25 with
value of 7mm and the highest value of 11.1m
difference was statistically significant (p-value < 0.05).
Our results are consistent with the study conducted by Ba
Le et al., 2010, using mineralized allograft with autogenou
particulate graft arouRdtitanium screws for tenting the soft
tissue matrix and the ertical augmentation was 9.7
mm. Wound dehisce rred in two patients
causing loss of the gra dary grafting was
required. Second stage gra a

for five cases to attain ide
placement (5).

the “Tent Pole” grafting techniq
augmentation using dental impla
induced at both mesial and distal
However, there was new bone indd
lingual surfaces of the implants.

The mean bone density was

postoperatively, its value was 270+68.9
mean bone density values were 353.25+5
between the two periods was statistically S
<0.001).
The results are reinforced by the study conducted by
Eldibany& Shokry 2014 (30), the results of their study
showed that the Nanobone/ PRF mixture enhanced the
healing of the bone and improved the quality and the amount
of the new bone. The rate of increase in bone density was
22% after 6 months and continued to be 50% after 9 months.

Furthermore, according to these findings, there was a
statistically significant difference in bone height and density
after vertical ridge augmentation, so we reject the null
hypothesis of this study.
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CONCLUSION

From the results of this study, the screw tent -pole grafting
technique with guided bone regeneration is a technique of
high reliability in restoring mandibular vertical bone loss.

The authors declare that they have no conflicts of interest.
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