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(Abstract )

The aim of this study was to systematically review bone volume changes obtained via the use of the Guided
Bone Regeneration Technique (GBR-T) versus the Screw-Tenting Technique (ST-T) in horizontally defec-
tive alveolar ridges. In addition to review and compare rates of complications pertaining to post-operative
dehiscence with membrane exposure, graft exposure, graft loss or other unforeseen complications and

rates of implant placement into grafted sites.

PRISMA protocol was used for systematic reviewing, electronic and manual searches of primary and secon-
dary objectives were performed using the National Library of Medicine (MEDLINE via PubMed), EMBASE
(Ovid), and EBSCO Host up to and including the 1* May 2023.

Three articles qualified under the stipulated inclusion and exclusion criteria. Regarding GBR-T, the mean
horizontal ridge bone gain was 2.47+3.16 mm with a mean complication rate of 16.50%, a mean graft loss
rate of 11.70% and a mean implant placement rate of 91.30%. Regarding ST-T, the mean horizontal ridge
bone gain was 4.76.02+2.57 mm with a mean complication rate of 9.30%, a mean graft loss rate of 2.80%

and a mean implant placement rate of 98.10%.

Both techniques are predictable in achieving horizontal ridge bone gains with low complication/failure
rates leading to high second stage implant placement rates. The adjunctive use of tenting screws appears
to be effective, offering additional benefit to the mechanism of space maintenance. Current evidence is
however limited and of moderate risk-of-bias with heterogeneity within and between studies. Different

interventions were performed by various clinicians with varying surgical skillsets in differing clinical envi-

ronments using different biomaterials so caution must be used when interpreting these findings.
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Introduction

Alveolar bone undergoes dimensional changes following tooth loss due to various factors, such as
periodontal disease, trauma, and pathology [1]. These changes unfold over a 1-year post-tooth extraction
timeline [2]. The resulting horizontal and vertical ridge dimensional alterations, particularly buccolingual-

ly, underscore the need for augmentation before embarking on successful implant therapy.

The pre-clinical insight that peri-implant bone sites with buccolingual thickness 21.5 mm exhibit
fewer changes than those with <1.5 mm emphasises the pivotal role of augmentation in long-term success
[3]. There are numerous regenerative techniques, such as Distraction Osteogenesis, Orthodontic tooth
movement, Inlay/Onlay Bone Block Grafting, Ridge Splitting/Expansion, Osseodensification. However, this

review focuses on Guided Bone Regeneration (GBR) to address alveolar bone defects.

Defined by [4], GBR deploys a barrier membrane over a bone defect to impede the ingress of rapidly
proliferating epithelial and connective tissue cells. The major biological principles of GBR, succinctly coined
as ‘PASS’ by [5], encompass primary/tension-free wound closure, adequate vascularity, space maintenance,

and stability of the wound.

Barrier membranes, resorbable or non-resorbable, play a crucial role in providing space maintenance
and stability to the clot within the defect [6]. Resorbable membranes, lauded for their handling and fewer
exposures, are particularly suitable for certain applications [7], but are less suitable for vertical bone
augmentation since they are less rigid [8]. The other advantage is that a second surgery is not required as
they degrade preventing disruption of healing [9]. In contrast, non-resorbable membranes, while offering
greater stability, come with a higher risk of perforation and wound dehiscence [10]. A second surgery
is also required for membrane removal, nevertheless, clinical horizontal bone gains of up to 9 mm and

vertical gains of up to 12 mm have been recorded [10].

Despite the evidence of membrane use and GBR definition, if there is no support by an underlying
bone graft or bone substitute within the defect there may be a propensity for membrane collapse which in
turn can affect space maintenance and wound stability [11]. Thus, if the grafted space is compromised due

to membrane collapse, augmentation will be compromised [12].

Bone grafts and bone substitutes, integral to GBR, contribute to space maintenance and possess
four principal biological properties: osteogenesis, osteoconduction, osteoinduction, and osteopromotion
[14,15]. The types of grafts encompass autografts (patient’s own bone), allografts (another individual’s
bone, usually obtained from treated cadaver bone and have osteoconductive and osteoinductive properties),
xenografts (osteoconductive), and alloplasts (osteoconductive), each with its unique characteristics and
applications. The principles of GBR showing the barrier membrane occluding a bone defect are shown in

Figure 1.
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First introduced by [16] GBR Technique (GBR-T) is considered a reliable and predictable technique
for alveolar ridge augmentation. It involves the use of barrier membranes and bone grafts, yielding
reproducible results with high long-term success rates. It has been extensively described as yielding
reproducible results with high-long term success rates [8,17,18]. For illustration purposes (Figure 2) shows

a schematic diagram of the GBR technique.
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Figure 1: Principles of GBR depicting barrier membrane
occluding a bone defect [13].
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Figure 3: GBR-T for a horizontal ridge augmentation using e-PTFE non-resorbable membrane and xenograft
bone substitute in the pre-maxilla. A) Pre-operative view of horizontal bone defect, B) e-PTFE non-resor-
bable membrane fixated with titanium pins overlying xenograft bone substitute, C) Implant placement 7

\\months after GBR-T, (D and E) 1-year post-op photograph and radiograph [20]. )

A challenging aspect of particulate bone grafting with resorbable membranes is graft immobilisa-

tion. This is key as there is an increased dehiscence rate and reduced augmentation if there is no immobili-
sation [21].
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In addition to the use of barrier membranes and bone grafts/bone substitutes alone or in combi-
nation, adjunctive space-maintaining modalities such as titanium mesh trays [9,22], Titanium-Reinforced
PTFE (Ti-PTFE) membranes [23], tenting techniques [24-26] or their combinations [27-29] also serve as
variations attempting to avoid this collapse and promote enhanced stability. Figure 3 shows GBR-T for a
horizontal ridge augmentation using e-PTFE non-resorbable membrane and xenograft bone substitute in

the pre-maxilla.

Tenting techniques: The tenting techniques, as described by [24,30,25], raise the periosteum to create and
maintain space thus favouring stability. These techniques aim to serve as adjuncts to GBR [31-34,11,23],

supporting the membrane against mechanical influences.

The Tent-Pole technique used dental implants as space-maintaining tent-poles, achieving stability
for the surrounding iliac crest-derived bone graft in severely resorbed mandibular ridge areas of <6 mm
height, resulting in mean vertical bone gains of 10 mm after a 5-year follow-up. Augmentation was reliable
with 99.5% of implant success despite experiencing short-term paraesthesia in 17.1% of the cases with the
important drawback being the need for extraoral incisional access, thus rendering this procedure tailored

to hospital settings and far from general practice [24].

The Cortical autogenous tenting technique involves securing autogenous cortical bone blocks to
the recipient site via titanium screws leaving a gap which is filled with a bone graft/bone substitute mix.
The blocks supersede the use of membranes by tenting the periosteum. Complications reported included
wound infection, graft exposure/failure and resorption. This technique requires a second surgical site, in-

creasing morbidity and complexity relative to the GBR Technique [35].

The Khoury technique further modified this Cortical autogenous tenting technique to attain bone
augmentation via the splitting of the autologous cortical bone block graft into thinner sections which were
then secured via titanium screws alongside an autologous particulate bone graft infill. Similarly, this dis-

carded the need for membranes and carried with it greater morbidities [36].

A direct modification of GBR-T, Screw-Tenting Technique (ST-T) introduces titanium screws to create
space within the defective recipient site. This alteration, while achieving significant bone gain, introduces
challenges such as wound dehiscence and screw exposure. The ST-T technique demands a meticulous ap-
proach [25], through treating severe localised mandibular/maxillary vertical ridge defects, achieving a
mean vertical bone gain of 9.7 mm. A schematic diagram of the screw tenting technique is shown in Figure

4 whilst Figure 5 shows clinical photographs demonstrating ST-T.
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Figure 4: Schematic of the Screw-Tenting technique [11].
- % Figure 5: Clinical photographs demonstrating ST-T-Tita-
nium tenting screws secured to the defective recipient
site; Bone graft/bone substitute placement up to the ex-
tent of the screwheads; Coverage with resorbable mem-
\\brane; Primary closure [23]. )

Comparison between guided bone regeneration and Screw-Tenting Techniques: The comparative ana-
lysis between GBR-T and ST-T illuminate’s nuances in horizontal bone gains and associated complications
[37]. Evaluated different GBR methods, showcasing an overall mean horizontal bone gain of 2.27+1.68 mm
and a mean vertical bone gain of 3.05+1.02 mm. The literature, however, lacks direct comparisons between
GBR-T and ST-T.

[38], in a systematic review of vertical ridge augmentation procedures, found no significant diffe-
rences between various techniques, including GBR-T. However, ST-T was not considered in their analysis
[39]. Focused on implant success rates, highlighting the efficacy of tenting techniques in achieving vertical
bone gains but without direct comparison to GBR-T. The existing body of evidence presents a gap in syste-
matically comparing these techniques.

Tenting screws have been used as adjuncts for GBR in several studies [40,31,11,23,33,34] with the
intention of improving graft stability as previously mentioned. It is acknowledged that limitations of space
maintenance identified with GBR have been considered in the addition of tenting screws to alveolar ridge
defects.

This systematic review aims to provide clear guidelines regarding the judicious use of tenting screws
in horizontal bone defects. The overarching question is whether and when the incorporation of screw ten-
ting can modify and enhance the GBR approach. The goal is to assess if the adjunctive use of tenting screws
offers tangible clinical enhancements in terms of bone gains and complication rates. The hypothesis un-
derlying this investigation is that if screw tenting systematically improves the GBR protocol, it could po-
tentially obviate the need for more invasive procedures involving autologous bone block harvesting and its
associated morbidities.
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Materials & Methods

The study employed the preferred reporting Items for Systematic Review and Meta-Analysis (PRIS-
MA) Protocols, consisting of a 27-item checklist and a 4-phased diagram, to prevent and identify bias. The
research question focused on the effectiveness of the Screw-Tenting Technique (ST-T) compared to the Gui-
ded Bone Regeneration Technique (GBR-T) in patients with horizontal alveolar bone ridge defects. The
research followed the Participants, Intervention, Comparison, Outcome, Timeline (PICOT) framework and

had a 12-month follow-up.
Study selection for the systematic review was dictated by the following criteria:
Inclusion criteria

e Population: Systemically healthy and non-syndromic human subjects of 218 years of age presenting with

horizontal alveolar ridge defects requiring augmentation.
e Intervention: Screw-tenting Technique (ST-T).
e Comparison: Guided Bone Regeneration Technique (GBR-T).
e Outcome: Clinical horizontal alveolar ridge volumetric changes.
e Timeline: Follow-up of up to 12 months.

e Study Design: Randomised Clinical Trials (RCT), Controlled Clinical Trials (CCT), Prospective /Retrospec-
tive Cohort Studies (PCS/RCS), and Case Series (CS).

Exclusion criteria

Case reports, pre-clinical, animal or in-vitro studies.

Studies involving human subjects presenting with vertical alveolar ridge defects requiring augmentation.

Studies involving maxillary sinus floor elevation.

Studies evaluating procedures aiming to alter horizontal ridge augmentation for purposes other than
tooth

Replacement
e Studies evaluating procedures with the sole use of radiographs.

Primary outcomes focused on horizontal bone dimensional changes, while secondary outcomes included

complication rates, implant placement effectiveness, and graft loss.

Automated electronic literature searches were performed using general bibliographic databases; National
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Library of Medicine (MEDLINE via PubMed), EMBASE (Ovid), and EBSCO Host up to 1% May 2023. These
are large citation databases which will encompass a wide distribution of sources of information, sufficient

for an effective and comprehensive search.

The searches utilised MESH terms combined via Boolean operators (AND, OR). The following
keywords were used.

(“Tent Screw Pole Technique” or “Cortical Tenting” or “Tenting Technique” or “Screw Tenting” or
“Tent-Pole” or “Bone screw”) and (“Guided Bone Regeneration” or “GBR”) and (“resorbable membrane” or
“non-resorbable membrane” or “collagen membrane” or “titanium-reinforced membrane”) or (“particulate
bone graft” or “bone substitute”) and (“alveolar ridge augmentation” or “ridge augmentation” or “hori-
zontal ridge augmentation” or “alveolar bone defect reconstruction” or "bone augmentation” or “severely
atrophic ridge”).

Manual literature searches were done for all reference lists related to included studies which were
then checked against previous systematic reviews. No search filters were set regarding publication date,
language, or type of study. One reviewer screened titles/abstracts based on inclusion/exclusion criteria,
with inconclusive articles subjected to full-text review. Data extraction was performed for relevant articles.
Data collected included study details, participant characteristics, surgical procedures, and outcomes. Pri-
mary outcomes involved changes in alveolar ridge width, while secondary outcomes included implant pla-

cement and complication rates.

Regarding the primary outcome of the Ridge Width (RW) change was calculated as RW Follow up
minus RW baseline, leading to change in alveolar width (ARW):
ARW = (RWFollowup — RWBaseline)

The percentage (%ARW) was calculated as follows:

%ARW = ( X 100

RWBasline>

The secondary outcomes of interest were calculated from the Implant Placement Rate (IPR) relative

to the number of implants (N) placed in number of grafted (Ngs) sites was calculated as follows:
( & )
%IPR = —] x 100
Ngs

The percentage of implant complication rate (%C,) was calculated from the number of complica-

tions (N ) and number of grafted sites (Ngs) as follows:

The graft loss rate (GLR) calculated as a percentage from number of grafts lost N, and number of
grafted sites (Ngs) as follows:

Nc
%CR = <—> x 100
Ngs
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Risk of bias for randomised controlled trials was assessed using the Cochrane Risk-of-Bias (RoB2)

Tool, and non-randomised trials were assessed with the Risk-of-Bias in Non-Randomised Studies of Inter-

vention (ROBINS-I) Tool. Statistical analysis involved a random-effects model to account for variability.

Results

From the 163 articles identified, 143 underwent screening, and 28 were eligible for full-text evalua-

tion. Ultimately, three articles met the inclusion criteria for the systematic review. Figure 6 shows PRISMA

search and selection flowchart using a template extracted from Page et al. 2021.

Table 1 shows a list of important studies but were not used due to the exclusion criteria used for this work.

-~

[ Table 1: Studies excluded and reasons.

~
/

Excluded article

Caldwell et al. 2015
[41]

K ) Records identified through \
database searching: Records removed before
= i -
] Medline - PubMed (n = 67) screening:
o -
L2 Embase (n = 54) Duplicate records removed
b (n =20)
% EBSCO Host (n =15)
- Manual literature search
(n=27)
Records excluded on
Records screened (n =143) title/abstract basis (n =114)
. I
= Reports sought for retrieval Reports not retrieved (n =1)
g (n =29) >
3
[
l Reports excluded:
No GBR Technique vs ST
Rep'_:”_ts__assessed for — Technique comparison (n
eligibility (n =28) =12); Deviates from
D— techniques of interest (n
=8); Case Report (n =4)
— Assesses Vertical Ridge
- Augmentation (n=1)
2 Studies included in review
=
= (n=3)
=
Figure 6: PRISMA search and selection flowchart. Template extracted from
Page etal 2021.
Reference Reason for exclusion
Lateral Alveolar Ridge Augmentation Using Tenting Screws, Acellular Dermal Matrix, and No GBR vs TS technique
Freeze-Dried Bone Allograft Alone or with Particulate Autogenous Bone. Int ] Periodontics comparison q

Restorative Dent 2015; 35(1): 75-84

Chasioti et al. 2013
[11]

Maintaining space in localized ridge augmentation using guided bone regeneration with
tenting screw technology. Quintessence Int. 2013 Nov-Dec; 44(10): 763-71.

Case report

Dagaetal. 2018

Tentpole technique for bone regeneration in vertically deficient alveolar ridges: A

Assesses Vertical Ridge

prospective study. ] Oral Biol Craniofac Res. 2018 Jan-Apr; 8(1): 20-24. Augmentation
Deeb etal. 2017 Effect of biologic materials on the outcomes of horizontal alveolar ridge augmentation: A No GBR vs TS technique
[23] retrospective study. Clinical & Experimental Dental Research 2021; 7(2): 147-156. comparison
Doan & Le 2020 Efficacy of the Tent-Pole Technique in Horizontal Ridge Augmentation. Pesqui. Bras. No GBR vs TS technique
[42] Odontopediatria Clin. Integr. 2020; 20: e5643 comparison
Doong-Woon et al. | The Role of Two Different Collagen Membranes for Dehiscence Defect Around Implants in No GBR vs TS technique
2015 Humans. ] Oral Implantol 2015; 41(4): 445-450. comparison

Durrani et al. 2023

Predictable guided bone regeneration. Journal of Indian Society of Periodontology 2023;
27(1): 104-113.

Case report
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Horizontal Bone Augmentation in the Posterior Atrophic Mandible and Dental Implant

Farias etal. 2021 Stability Using the Tenting Screw Technique. Int ] Periodontics Restorative Dent 2021; No GBR.VS TS technique
comparison
41(4): el47.
Golob Deeb eta al. | Effect of postoperative steroids on clinical outcomes and radiographic findings of horizontal No GBR vs TS technique
2020 alveolar ridge augmentation: A retrospective study. ] Periodontol 2020; 91(7):917-925. comparison
Clinical evaluations of alveolar ridge preservation in compromised extraction sockets with No GBR vs TS technique
Guo etal. 2023 cortical-lamina anchoring technique: Case series study. Clin Implant Dent Relat Res. 2023 comparison 4

Feb; 25(1):46-56.

Jung et al. 2009

A randomized-controlled clinical trial evaluating clinical and radiological outcomes after
3 and 5 years of dental implants placed in bone regenerated by means of GBR techniques
with or without the addition of BMP-2. Clin Oral Implants Res. 2009 Jul; 20(7):660-6.

Deviates from technique of
interest

Kakar et al. 2018

Lateral alveolar ridge augmentation procedure using subperiosteal tunneling technique: a
pilot study. Maxillofacial Plastic & Reconstructive Surgery 2018; 40(1):0-1.

Deviates from technique of
interest

Khojasteh 2012
[43]

Localized bone augmentation with cortical bone blocks tented over different particulate
bone substitutes: a retrospective study. Int ] Oral Maxillofac Implants. 2012 Nov-Dec;
27(6):1481-93.

Deviates from technique of
interest

Kuoppala et al.
2013

Outcome of treatment of implant-retained overdenture in patients with extreme
mandibular bone resorption treated with bone grafts using a modified tent pole technique.
] Oral Maxillofac Surg. 2013 Nov; 71(11):1843-51.

Deviates from technique of
interest

Korpi et al. 2012

Long-term follow-up of severely resorbed mandibles reconstructed using tent pole
technique without platelet-rich plasma. ] Oral Maxillofac Surg. 2012 Nov; 70(11):2543-8.

Deviates from technique of
interest

Korpi etal. 2013

Tent-pole approach to treat severely atrophic fractured mandibles using immediate or
delayed protocols: preliminary case series. ] Oral Maxillofac Surg. 2013 Jan; 71(1):83-9.

Deviates from technique of
interest

Le etal. 2016

Treatment of Labial Mucosal Recession Around Maxillary Anterior Implants with Tenting
Screws, Particulate Allograft, and Xenogenic Membrane: A Case Report. J Oral Implantol 1
October 2016; 42 (5): 427-431.

No GBR vs TS technique
comparison

Le & Hayashi 2022

The Aesthetic Contour Graft - Enhancing peri-implant soft tissue contours and pontic
sites with guided bone regeneration. Journal of Esthetic & Restorative Dentistry 2022;
34(1):188-203.

Case report

Lin etal. 2022

Horizontally ridge reconstruction using titanium mesh with tenting screw vs autologous
bone graft: aretrospective study, 29 June 2022, PREPRINT (Version 2) available at Research
Square.

No GBR vs TS technique
comparison

Marx et al. 2002
[24]

Severely resorbed mandible: predictable reconstruction with soft tissue matrix expansion
(tent pole) grafts. ] Oral Maxillofac Surg. 2002 Aug; 60(8): 878-88; discussion 888-9.

Deviates from technique of
interest

Nevins et al. 2014

Recombinant human platelet-derived growth factor BB for reconstruction of human large
extraction site defects. Int ] Periodontics Restorative Dent. 2014 Mar-Apr; 34(2): 157-63.

No GBR vs TS technique
comparison

Reddy etal. 2016

Space Maintenance Using Tenting Screws in Atrophic Extraction Sockets. ] Oral Implantol.
2016 Aug; 42(4): 353-7.

Case report

Simon etal. 2010 | Alternative to the gold standard for alveolar ridge augmentation: tenting screw technology. No GBR vs TS technique

[34] Quintessence Int. 2010 May;41(5):379-86. comparison
Application of a tent-pole screw technology in reconstruction of severe alveolar bone .

Wu etal. 2022 [6]  defect: a retrospective study of 30 patients. Journal of Shanghai Jiao Tong University cNoomG;I;iZ(s)rTS technique

(Medical Science). 2022; 42 (6) 768-777).

Included in the systematic review were 3 articles (see Table 2 for data extraction) consisting of 1
randomised clinical trial (RCT) (Johar, 2019) and 2 retrospective cohort studies (RCS) (Cesar Neto et al.
2020 and Deeb et al. 2017).
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C Table 2: Included study data extraction table. )
No. of No. of No. of Follow-
No of 0.0 Particulated bone graft/ ) 0.0 No of 0-0 otiow
Author/Year  Group K grafted Membrane used . implants .. grafts up/
patients . bone substitute complications
sites used lost months
Cesar Netoet | ST 10 22 Collagen (BioGide*) DBBM (Bio-0ss*) 22 3 0 6-8
al 2020 GBR 18 22 Collagen (BioGide*) DBBM (Bio-0ss*) 22 1 0
FDBA (Puros)+DNNM(Bio-
Deeb et al ST 35 35 Collagen (BioGide*) Oss) 33 4 3 6
2017 [22] GBR 31 31 ePTFE FDBA (Puros)+DNNM(Bio- 22 16 12
Oss)
ST 50 50 ePTFE 50 3 0 6
har 2019
Johar GBR 50 50 ePTFE 50 0 0

RCT: Randomised Controlled Trial; RCS: Retrospective Cohort Study; ePTFE: Expanded Polytetrafluoroethylene; FDBA: Freeze-Dried Bone
Allograft; DBBM: Deproteinised Bovine Bone Mineral; ST: Screw-Tenting technique; GBR: Guided Bone Regeneration technique; NR: Not
Recorded.

Was considered to have a ‘Some concerns’ risk of bias, whereas Cesar [22] were at a ‘Moderate’ risk
of bias (see Figures 7 & 8 and Appendices sections 2.1, 2.2 and 2.3 for detailed individual study risk of bias

tool assessments).

Regarding eligibility criteria, [23] and Cesar Neto et al. 2020 included a pre-operative assessment to
ascertain horizontal ridge defects in healthy complication-free individuals 18 years or older, smoking less
than 10 cigarettes/day and requiring implant therapy. Similarly, Johar 2019 included healthy complication-
free individuals with horizontal ridge defects with at least 6 months of healing but more specifically with

an age range between 20 and 50 years of age who were excluded if there was any history of smoking.

[23] Failed to specify participant characteristics regarding mean age, range, and gender ratios. Neto
etal. 2020 enrolled participants with an age range of 19-79 and mean ages of 51.95+18.50 and 52.77+13.09
for females and males respectively consisting of 64.3% females and 35.7% males in a ratio of approxima-
tely 2:1. Johar 2019 enrolled participants with an age range of 20-42 and mean ages of 28.78+6.32 and
27.62%5.42 for females and males respectively consisting of 50% females and 50% males in a ratio of 1:1,
showing a slightly younger studied cohort in comparison. See Table 3 below for narrative breakdown of

included studies.
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D2 Bias due o deviations from niended inersenbion = BOma DonoHTE

D3 B dhad b0 miging oucams daba. . Low
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Figure 7: Randomised risk of bias following RoB2 tool guidelines using the
robvis package.

-

Page 10



Vol 10: Issue 01: 2184

Cssar Mo sl al 2020

Study

Caab i al 2017

i - @ ® e
—

Dizmainy

D Bicys chise 0 COevrdinging

002 Bra chua I aidecBon of parbcgumsh

03: Biys i classdicalion of inenasmiore.

D044: Eiich chu Iy thiraibore inam isknched rkareenbon

C15: B chus to miming cista

DS By i sy SLnemaa T ol oiioomes

07 Ber m smbedan of S reporied el

Figure 8: Non-randomised studies risk of bias following ROBINS-I tool guide-
\\lines using the robvis package.

B @
D

. Sarcan

- Ploseis

L R

/

C Table 3: Included study narrative synthesis.

)

Author/Year of publication
Debb et al. 2017 [23] Cesar Neto et al. 2020 Johar 2019
Follow-up & Study 6 month follow-up retrospective cohort 6-8 month follow-up retrospective cohort 6 month follow-up randomised controlled
design study; No dropouts study; 2 dropouts (TS) study; no dropouts
Participants
Treated at the Department of Oral and
Maxillofacial Surgery at the Virginia
C Ith Uni ity School of
DZQES:WSSA betr\:\t\;z;sg‘}h’ Nf)v(:r)nl())er Treated at a private practice in Sao Paulo, Treated at King Abdulaziz University clinics
Setting % . Brazil between 2013 and 2018, by a single in Jeddah, Saudi Arabi between 2010 and
2013 to 25™ March 2016, by senior .
. . . operator. 2015, by a single operator.
level residents under direct supervision
by the director of the graduate implants
program.
Systematically healthy ASA I/II adults 18
years or older, under periodontal maintenance Edentulous area with horizontal ridge
Pre-operative CBCT assed to with at least 1 site of less than 4mm bone deficiency Siebert Class I in need of implant
characterise defect dimensions, adults | width at Imm below crest level or requiring  therapy. Time after extraction of minimum
18 years or older who had undergone | GBR for enough ridge width to accommodate | of 6 months. Age range 20-50 years old.
HRA with TS, GBR, or Tunnel an implant angulation to allow for a screw- Absence of periodontal disease.
R L Technique. retained restoration. Excluded if presence of Diabetes Type I/
Eligibility criteria . . . . . . . .
Excluded if a component of VRA was Excluded if presence of periodontal disease, | II, history of smoking, history of metabolic
performed, if HRA was performed with | pregnancy/lactation, smoking 10 daily bone or collagen disease, medication
simultaneous implant inversion, or if cigarettes or more, bone metabolic disease, affecting bone/collagen metabolism like
additional methods were used like PRP ' medication affecting bone metabolism, cortisone or bisphosphonates, pregnancy,
or BMP biphosphates in the last 4 years, history history of failed prior ridge augmentation
of malignancy, radio/chemotherapy for procedure.
malignancy in the past 5 years
Characteristics
Age
Range NR 19-79 19-79 20-42 20-42
Mean (SD) NR 51.95+18.50 52.77+13.09 28.78+6.32 27.62+5.42
Sex F:M (%) NR 18F(64.3%): 10M(35.7%) 25F(50%): 25M(50%)
Numb f
umber 0 35 31 18 (16) 10 50 50
participants
Numb f fted
umber: of - gratte 35 31 24 (22) 22 50 50
sites
Site location
NR NR 9:13 12:10 NR NR
(Maxilla: Mandible)
Intervention
Group Test: Control ST GBR ST GBR ST GBR
Collagen Lo Lo
Membrane used (Bioguide®) e-PTFE (Cytoplast*) | Collagen (Bioguide*) | Collagen (Bioguide*) e-PTFE (NR) e-PTFE (NR)
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Membrane fixation No Screws No No Tacks Tacks
FDBA (Pur(?s*) FDBA (Puros*) Au.togenogs from Au.togeno%ls from Au.togenous fl"OH-I
Bone graft/Bone & DBBM (Bios- . adjacent sites and adjacent sites and | maxillary tuberosity
: & DBBM (Bios-0Oss *) . . . Blood clot only
substitute used Oss *) 1:1 mix ratio DBBM (Bios-Oss *) DBBM (Bios-Oss *) | and DBBM (Bios-Oss
1:1 mix ratio ' (Mix ratio NR) (Mix ratio NR) *) (Mix ratio NR)
Tenting screw used/n | Pro-Fix™/2-4 None Neodent™ /1 None NR None
NR length, 1.5 8-10 length, 1.5
Tenting screw | diameter 3.5 diameter NR
dimension/mm screwhead 3.5 screwhead
diameter diameter
Placed 1 f; tand
Tenting screw | Placed 3-6 away ace romerestan
. 4 away from buccal NR
location/mm from buccal bone bone

Pre-operative
measures

Intra-venous 2 g Amoxicillin or 900 mg
Clindamycin

1 hour pre-op 2 g Amoxicillin & 4 mg
Dexamethasone

None

Surgical procedure

LA +1/V, full thickness crestal incision
and trapezoidal flap reflection. E-PTFE
membrane secured palatally/lingually
with tack, FDBA/DBBM mix application,
then e-PTFE membrane secured over
with tacks and tension free closure for
GBR group. Tenting screw placement,
then FDBA/DBBM mix application

and collagen membrane coverage and
tension free closure for TS group.

Mid-crestal incision and trapezoidal flap
reflection one tooth away from defect. Soft
tissue remnants removed, decortication

of buccal bone, autogenous/DBBM mix
application for both groups, tenting screws
applied for TS group only, membrane
placement and tension free closure.

When needed, lingual/palatal sites grafted as
well.

LA (xylocaine 2%), crestal incision and
trapezoidal flap reflection. Decortication

of buccal bone, autogenous/DBBM mix
application for TS group, none for GBR
group, then membrane tackling and tension
free closure.

Post-operative
measures

Amoxicillin 500 mg x 3/day 1 week

If allergic, then Clindamycin 300 mg
x4 /day 1 week

Reviews at 1 week, 1 month, 6months

Amoxicillin 875 mg x 2/day 1 week
Nimesulide (NSAID) 100 mg x2/day 3 days
Sodium Dipyrone 500 mg x4 /day 2 days
Chlorhexidine 0.12% x3/day 3 weeks
Sutures removed 2-3 weeks later

Antibiotics for 1 week (dose/intake regime
not specified)

Ibuprofen (dose/intake regime not
specified)

Chlorhexidine (dose/intake not specified)
Suture removal (intervals not specified)

Outcomes
Initial ts at implant site at b
All CBCTs obtained pre-operative and 6-8 fitial measurements at implant site at bone
month postoperative crestand 10mm
CBCT 6 th t- tive t ) Apical Ch. in Ridge Width f
. rmonths post-operative to asses iCAT Classic* unit used by single calibrated pical Lhange In vl g_e idth/mm o .
for implant placement. examiner: relevance for comparison across studies.
Methods of | Success determined based on graft T . ARW ( Apical Late measurement - Apical
. o . Baseline grid drawn on DICOM sections of .
measurement material consolidation and the ability L . . . Initial measurement).
. . . baseline image with vertical line at bucco- . .
to place implant of appropriate size . . . Change in Percentage/A% in measurements
. . oral centre of ridge. Horizontal lines drawn . D
without further grafting ] . adjusted for Age and initial measurement.
perpendicular to this at 1, 3, 5, 7 mm levels .
(Later measurement - Initial measurement/
from bone crest .
Initial measurement) x100
Apical and Cervical Initial and Alte
measurements/mm.
Ridge Width (RW)/mm at 1, 3,5 & 7 mm ridge | Apical Change in Ridge Width/mm of
. levels (RWx) relevance for comparison across studies.
Primary Outcome . . .
Mean (Standard Implant placement rate/% (Implant Change in Rudge Width (ARW)/mm at (RWx | ARW (Apical Late measurement -
Deviation) placed n / Sample size, n)x100 final - RWx baseline) RW1 and ARW1 (at Apical Initial measurement). Change in

1mm ridge level) of relevance for comparison
across studies

Percentage/A% in measurements adjusted
for Age and initial measurement. (Late
measurement - Initial measurement/Initial
measurement) x100

Secondary Outcomes

Membrane exposure = wound
dehiscence rate, n (%).

(Membrane exposure = wound
dehiscence rate / Sample size) x100.
Graft loss, n (%).

(Graft loss/Sample size) x100.
Courses of antibiotics, median (range).
Postoperative visits, median (range).

Change in lingual Ridge Width (ALRW)/mm
at1, 3,5, & 7mm ridge levels (LRWx final -
LRWx baseline)

Membrane exposure + wound dehiscence
rate, n(%).

Implant placement rate/%

(Implant placed, n / Sample size, n) x100

ePTFE: Expanded Polytetrafluoroethylene; FDBA: Freeze-Dried Bone Allograft; DBBM: Deproteinised Bovine Bone Mineral; ST: Screw-Tenting
Technique; GBR: Guided Bone Regeneration Technique; NR: Not Recorded; LA: Local Anaesthetic; I/V: Intra-Venous; CBCT: Cone Beam
Computed Tomography.
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Primary outcomes: Horizontal ridge bone gain: The measurement methods employed by the stu-
dies differed, with [23] utilising post-operative CBCTs to assess implant eligibility and with success being
determined by the ability to place an implant without the need of further grafting. But, as this study focused
more on one of the secondary outcome measures, this being implant placement rate, this included study
failed to collate data for the primary outcome of interest cesar compared pre- and post-operative CBCTs,
and measured ridge widths at the bone crest with a surgical stent further standardised with an automated
poly-gauge at augmentation surgery and then at implant placement time 6-months later. The mean ARW
(horizontal bone gain) varied between 2.47 and 4.76 mm, showcasing the impact of technique variation.
Conversion to percentages revealed consistently enhanced effects with titanium screws, with ST-T groups
consistently demonstrating greater bone gains than GBR-T groups-see Table 4.

Findings can be collated into mean ARW horizontal ridge bone gains of 4.76.02+2.57 mm for the
ST-T and 2.47+3.16 mm for the GBR-T groups (Table 6).

CTable 4: Mean (SD)/mm primary outcomes for GBR-T. > CTable 5: Mean (SD)/mm primary outcomes for ST-T. \‘

GBR Johar 2019 Cesar Neto et al. 2020 Mean ST Johar 2019 Cesar Neto et al. Mean
WR,,,. 3.81£0.24 3.28+1.57 3.55£1.55 2020
RW,, . 7 0046 4544262 6.02£2.66 WR, . 3.66+0.22 3.18+1.57 3.42+1.59
ARW 3.69+0.84 1.2543.05 2 47+3.16 RW, iownp 9.45+0.35 6.09+2.99 8.18+3.01
AR 102.32 n/a n/a ARW 5.79+0.75 3.72+2.46 4.76+2.57
0 (97.81-106.83) n/a n/a %ARW 170.46 n/a n/a
(166.16-174.79) n/a n/a

(Table 6: Summary of Mean (SD) primary outcomes.

ST GBR
e 3.42+1.59 3.55£1.55
RW, 1o 8.18+3.01 6.02£2.66
ARW 4.76£2.57 2.47+3.16

Secondary outcomes: Cesar Neto et al. (2020) and Johar (2019) reported 100% implant placement rates
for both ST-T and GBR-T [23] presented slightly lower rates, with 94.29% for ST-T and 70.97% for GBR-T,
suggesting potential technique-specific variations in implant success - see Table 7.

Cesar reported complication rates of 13.64% (ST-T) and 4.55% (GBR-T), while [22] had rates of
11.43% (ST-T) and 51.61% (GBR-T). Reported a 6.00% complication rate for ST-T and none for GBR-T, hi-
ghlighting the need for a nuanced understanding of complications associated with each technique - see
Table 8.

Cesar Neto et al. (2020) and Johar (2019) recorded no graft losses, while [23] reported rates of
8.57% (ST-T) and 38.71% (GBR-T) - (Table 9). The variability in graft loss rates underscores the need for a
meticulous examination of the factors contributing to graft stability.
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( Table 7: Summary of included study implant placement rates. \

Cesar Net et al. Deebetal. 2017 [23] Johar 2019 Mean

2020

ST (%) 100.00 94.29 100.00

GBR (%) 100.00 70.79 100.00
\ Table 8: Summary of included study complication rates. \

Cesar Netetal. 2020 | Deebetal. 2017 [23] Johar 2019

ST (%) 13.64 11.43 6.00

GBR (%) 455 51.61 0.00

\ Table 9: Summary of included graft loss rates. \
Cesar Netetal. 2020 | Deeb etal. 2017 [23] | Johar 2019

ST (%) 0.00 8.57 0.00

GBR (%) 0.00 38.71 0.00

In pooled data, the ST-T group demonstrated higher implant placement rates (98.10%) compared
to the GBR-T group (91.30%). Complication rates were 9.30% for ST-T and 16.50% for GBR-T, and graft loss
rates were 2.80% for ST-T and 11.70% for GBR-T.

Discussion

Primary outcome: Horizontal ridge bone gain: A mean ARW of 4.76+2.57 mm was found when using the
ST-T compared to 2.47+3.16 mm when using the GBR-T demonstrating greater horizontal bone gains with
the adjunctive use of titanium screws. These mean values encompass the results extracted from Johar 2019
and Cesar Neto et al. 2020.

Johar 2019 yielded ARWs of 5.79+0.75 mm for the ST-T group and 3.69+0.84 mm for the GBR-T
group, demonstrating a significant difference in horizontal bone gains. There was a statistically significant
difference in participant age and initial measurements in favour of the ST-T group, which was considered
a confounding factor. Age affects healing potential [44] thus contributing to potentially skewed results, ne-
vertheless regression analysis was performed to take this into consideration. Consequently, on converting
to percentages, %ARWs of 170.46% (166.16-174.79) for the ST-T group and 102.32% (97.81-106.83) for
the GBR-T group, also demonstrated an enhanced effect of titanium tenting screw use considering age and

initial measurement disparities.

Similarly, Cesar Neto et al. 2020 yielded ARWs of 4.76+2.57 mm for the ST-T group and 1.25+3.05
mm for the GBR-T group, corroborating the findings obtained by Johar 2019. It could be construed that ti-

tanium tenting screws exert graft support and stability thus contributing to greater horizontal bone gains.

The main aim of GBR is to maintain adequate space to allow for osteogenesis to take place unhin-

dered [5]. An animal study by [45] indicated in their findings that space maintenance and membrane co-
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verage are essential in GBR using collagen resorbable membranes, pointing out that membrane collapse
leads to reduced regenerative capability. Another animal study by showed that wound closure displaces the
bone substitute which in turn leads to coronal collagen membrane collapse. Tacking pins and bone block

substitutes were found to enhance this graft displacement.

Johar 2019 yielded greater horizontal bone gains compared to Cesar Neto et al. 2020 in both ST-T
and GBR-T groups. This is most likely due to the use of more rigid and stable non-resorbable membranes as
opposed to the resorbable collagen membranes used in Cesar Neto et al. 2020. When comparing the ST-T
group results of both studies, the tenting screws exert a further effect on horizontal bone gains irrespective
of membrane type. The added effect of titanium tenting screws has been shown here to further improve

this sought-after stability.

Following from this, although [25] comes with its limitations due to lack of a true control group as
well as inexistent clinically and/or radiographically CBCT-derived measurements of ARW, they indirectly
compared collagen resorbable membrane use without fixation in the ST-T group with non-resorbable mem-
brane use with fixation in the GBR-T group [18] aimed to discern if collagen resorbable membrane fixation
led to superior clinical bone gains and determined that regeneration was greater with fixation, albeit with
no statistical difference so evidence supporting this was weak. Hence, in [23], greater implant placement
rates in the ST-T group (without fixation) group relative to the GBR-T group (with fixation) may infer that
tenting screws enhanced resorbable membrane stability with no fixation to the extent that greater horizon-

tal bone gains were achieved than with non-resorbable membrane use with fixation.

These findings could also potentially focus the use of non-resorbable membranes for more severe
ridge defect situations whereby tenting screws and resorbable membranes could be intended to solve other
specific defects. Given the higher rates of complications associated with non-resorbable membranes [10],
this could avoid unnecessary morbidity for the patient requiring certain horizontal ridge defect augmenta-

tions.

This could be part of the reason why [38] found and suggested ST-T as being most useful in hori-
zontal bone augmentation. When evaluating their included studies involving ST-T [24,33,11,40] for both
vertical and horizontal ridge augmentation, they all involved the use of a resorbable membrane or acellular

dermal matrix.

According to Urban et al. 2021 and within the limitations of scarcity of relevant RCTs, the Khoury
technique involving cortical bone tenting and the ‘sausage’ GBR-T, are both similarly effective at horizontal
bone augmentation. Balci Yuce & Tasdemir 2022 compared GBR-T with block grafting for horizontal ridge
augmentation and both achieved similar results in terms of bone gain and complications. Block grafting
was found to be more time consuming and costly. From this perspective if the adjunctive use of screw ten-
ting is beneficial for GBR, it could be that in certain cases, its clinical bone gains could potentially surpass

those of block grafting not only from the standpoint of clinical bone gain but also of complication rates.

Secondary outcomes: Implant placement rate: ST-T groups generally showed higher rates, although
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membrane type may influence outcomes. The nuanced details of implant placement, such as the number of

screws used, warrant further exploration to elucidate their impact on success rates.

Complication Rate: GBR-T had higher rates, potentially linked to non-resorbable membrane use and
graft material excess. The inclusion of thick and thin gingival biotypes and meticulous recording of site lo-

cations could unveil additional insights into the factors influencing complication rates.

Graft Loss Rate: Rates were higher in GBR-T, especially in [22], possibly due to variable operator
skillsets. A more in-depth exploration of the operator's experience and skill level in handling graft mate-
rials could contribute to a more nuanced understanding of graft stability. Demonstrated strengths in sample
size, defined controls, and reproducible measurements. In contrast, [22] lacked a true control group, poten-
tially impacting the reliability of the results. Johar (2019) faced challenges with confounding variables and
a significant increase in ridge measurements, suggesting possible biases that need to be acknowledged and

addressed in future research.

Several factors contribute to the variability observed across the studies. Decortication techniques,
differing measurement methods, allocation concealment, confusion bias, information bias, variable graft/
membrane combinations, site specificity, and the absence of histological findings collectively influence the
interpretation of results. A thorough understanding of these sources of variability is crucial for contextua-

lizing and generalizing the findings.
Conclusion

Based on the limited compiled evidence, both the GBR-T and the ST-T can achieve horizontal bone

gains with subsequent effective and complication free second-stage implant placements.

The adjunctive use of tenting screws is a simple surgical treatment option which according to the li-
terature is easy to execute enabling graft adaptation on alveolar ridge insofar as it uses screws and particu-
lated bone. It can be inferred that screw tenting can offer additional benefits to space maintenance leading
to an increase in horizontal clinical bone gain. Nevertheless, this is based on a limited range of moderate
risk-of-bias evidence with heterogeneity within and between the included studies. Variable interventions
were performed by different clinicians with a range of surgical skillsets and training in different clinical
environments. A range of biomaterials were also utilised with different instruments so interpretation must

be done cautiously.

In future the research could focus on the potential effects of tenting screw use in simultaneous im-
mediate/early implant placement with guided bone regeneration in comparison to delayed second-stage
implant placement relative to the grafted sites of interest. If screw tenting can enhance clinical bone gain
at this stage, the omission of a second surgery would be much appreciated by clinicians and patients. This
review of screw tenting in vertical alveolar ridge augmentation could also help discern if the use of pro-
cedures involving autologous block grafting with greater morbidity rates, could be replaced in certain si-

tuations giving way to less invasiveness and potential complications.
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