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One sentence summary: Alveolar ridge preservation, using either flap or flapless approach, did not

make any significant difference in crestal ridge width, height, and percentage of vital mineralized

bone. H

AcknowleQme.

I
ABSTRA(L

Background: The aim of this randomized clinical trial was to compare a flapless technique of
alveolar ri reg@rvation (ARP) to a flap technique, to determine if preserving the periosteal blood

supply would limifjloss of crestal ridge width and height.

Materials gods: Twenty-four patients were randomly assigned to receive ARP using either a

flapless or nique. Sockets were grafted with demineralized bone matrix and mineralized

particulate then covered with a barrier. Re-entry was performed at 4 months to obtain

ical analysis and subsequent implant placement.

1dth of the flapless group at the crest decreased from 8.3 = 1.3 mm to 7.0 £ 1.9 mm
for a mean loss of 1.3 = 0.9 mm (p < 0.05), whereas the flap group decreased from 8.5 = 1.5 mm to
75+ 1.5 Mmean loss of 1.0 = 1.1 mm (p < 0.05). The mean mid-buccal vertical change for

the flap gr@a loss 0of 0.9 = 1.3 mm (p < 0.05) versus 0.5 = 0.9 mm (p < 0.05) for the flapless

group. Ther no statistically significant difference between the groups. Histologically, flapless

ARP reveasd more vital mineralized tissue (44 = 10%) compared to the flap group (p>0.05). In the

flapless Mocclusal soft tissue was significantly thicker than the flap group at the 4-month

Conclusions: al ridge width, height, and percentage of vital mineralized bone following

treatmen flapless ARP technique was not significantly different from a flap technique.

This article is protected by copyright. All rights reserved.
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1|INTRO
H I

Alveolar ri rvation (ARP) is a procedure designed to attenuate post-extraction osseous ridge
dimension g#han®®s. Most studies on post-extraction dimensional changes show that following
extraction u teeth, the horizontal dimension is most affected by loss while the vertical
dimension es only slight change." * Extraction studies, in general, show that there is
substantialwhorizontal ridge width that increases with time. Thus, studies with 12-month
observatio s demonstrate more loss than 6-month follow-up studies which show more loss

than 4-mo -up studies.”.>”

ReﬂectionSf a mucoperiosteal flap has been shown to cause loss of crestal alveolar bone.’ These

studies we ed with the tooth present when the crestal bone had a dual blood supply from

both the pgfio as well as the periodontal ligament, and when it was not possible to determine an
effect on ridge .

7 Crestal bone loss may have been at least in part due to the disruption of blood

supply the periosteum. The thin nature of the crestal bone and its minimal vascular
supply make i e to resorption leading to loss of crestal width®. Hence, it may seem advantageous
to avoi ion and preserve the remaining blood supply from the periosteum.

However, there is still conflicting evidence regarding significant benefit, or lack thereof, associated

with a flap cal procedure compared to traditional flap reflection as it relates to post-extraction
bone loss equent ARP procedures. Animal studies have not demonstrated a significant
difference lar bone loss between full thickness flap and flapless or partial thickness flap
elevation.”” rly, no histological or histomorphometric differences were reported between the
flap anﬂproaches for tooth extraction and socket grafting procedures in humans.'" In

contrast“ study by Barone et al. and a canine model by Fickl et al., it was shown that more
bone resomned with a full thickness flap in post-extraction sockets.'” "> As indicated by the

recent syst

. . . . 14
comparison be surgical variables, such as flap reflection among others.>
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views, there is a need for clinical studies investigating ARP that allow for direct



Hence, the primary aim of this randomized controlled single-blinded clinical trial was to compare a
flapless technique of ARP versus a conventional flap technique. We hypothesize that preserving the

periosteal iood si'ply may minimize loss of crestal ridge width and height.

As a secorﬂective, the histological composition of the newly formed bone that occupies the

extraction evaluated to determine vital bone percentage. It was hypothesized that the
increasdd VASEHMty provided by the intact periosteum lining the facial and lingual bone may

promote m i vascularization of the graft resulting in greater formation of vital bone and faster

resorption ®tal/residual graft particles.
2 | MATERIALS iND METHODS

2.1 | Ethic al and registration

This randomized, single-blinded controlled clinical trial reports on patients presenting to the Graduate

Periodont ic at the University of Louisville, Kentucky, and requiring ARP for the purpose of

implant placemént. This study was conducted in accordance with the Helsinki Declaration for the

ethical es for medical research involving human subjects, as revised in 2013. The study was
approved b stitutional Review Board (IRB) of University of Louisville, Kentucky, protocol
#047.06"

NCTO01901783). The present study complied with the Consolidated Standards Of Reporting Trials

(CONSORwines.IS

2.2 | Study nd population
Twenty s participated in this randomized controlled single-blinded clinical trial with two

parallel Ms, conducted at a single center. This study was conducted at the University of
Louisville mf Dentistry, Department of Periodontics. By random selection, using a coin toss,

patients w

y was registered at U.S. national library of medicine (ClinicalTrials.gov:

ed either to the test or control group. Twelve control patients were selected to

receive an i et graft composed of demineralized bone matrix allograft’ mixed with a cortico-
ralized particulate allograft’ and covered by a calcium sulfate barrier” using a full-

thickness flap techftique. Twelve test patients received the same intrasocket allograft mixture covered

This article is protected by copyright. All rights reserved.



by a calcium sulfate barrier using a flapless technique. All clinicians and examiners participating in

the trial were calibrated before the surgeries and the measurements.

T

23] Inclu

The follwig Metusion criteria were applied: (1) had one non-molar tooth treatment planned for
extraction hcement with a dental implant where at least one adjacent tooth was present, (2) the

study subj @at least 18 years old and had signed an informed consent.

2.4 | Exclu teria

The following exclision criteria were applied: (1) had a debilitating systemic disease, or a disease that

affected the_periodontium, (2) had an allergy to any material or medication used in the study, (3)
required phylactic antibiotics, (4) had previous head and neck radiation therapy, (5) had

chemotherapy in the previous 12 months, (6) were taking long term Nonsteroidal Anti-inflammatory
Drugs or stgro apy, (7) smoked more than one pack of cigarettes per day.

2.5 | Surgi ment

For the flap group, a papilla preservation incision was utilized to raise a full thickness mucoperiosteal
flap on th@lfacial and palatal/lingual to expose the alveolar ridge (Figurela- a, b). The flap was

reflected past_the mucogingival junction, beyond Smm from the crest. Teeth were elevated and

extracted @ otomes, elevators, and forceps. For the flapless group, the same extraction
ttilized without flap reflection (Figurelb, a, b). The extraction socket was then
curettecmall granulation tissue. Both the demineralized bone matrix and the mineralized
cortico articulate allograft were hydrated in sterile water for about 10 minutes. For both
the flap s groups, 0.5cc of mineralized particulate allograft was thoroughly mixed with one

package oﬂalized bone matrix. The mixture was placed into the socket to the level of the

socket cre

technique w4

s-cross suture was placed over the bone graft in both groups to provide retention

for the calcj ate barrier. The calcium sulfate barrier was mixed and placed over the bone graft
ed by the buccal and palatal/lingual flaps. A second criss-cross suture was placed over

the barrier after it fad completely set. In the flap group, the flaps were replaced and sutured with 5-0

This article is protected by copyright. All rights reserved.



monofilament polyglyconate sutures’'. At 4-months, papilla preservation incisions were utilized, and
a full thickness flap was elevated for both the flap and flapless groups. Core Biopsies were taken using

trephine_burs. Follbwing that, osteotomy for implant placement, was performed according to the

manufactuﬂndaﬁon and implants were placed.
Each patie post-surgical regimen of oral antibiotics (Doxycycline Hyclate 50 mg daily for
2 weeksy, A mmatory (Naproxen Sodium 375 mg for 1 week), 0.12% chlorhexidine gluconate

rinse twicedai d analgesics as needed. Patients also received detailed oral hygiene instructions.

At 4 montR§ post-ghirgery, a 2.7x6 mm trephine core was taken from the center of the grafted socket

for histologicallprgparation. The osteotomy site was then fully prepared, and a dental implant placed.

)

2.6 | Outco surements

immediately gnr‘(to implant placement. The core was placed in 10% buffered formalin and submitted

2.6.1 | Cli ices and Parameters

ed a diagnostic work-up including standardized periapical radiographs, study
models, clinical photographs, and a clinical examination to record attachment level, probing depth,
recessiof, obility of teeth adjacent to the extraction sites. A customized acrylic occlusal stent

. . . 12
was fabric e study models to serve as a fixed reference guide for the vertical measurements.

Pre-surgical baseline data consisted of measurements on the site to be treated included: 1) keratinized

tissue and ! soft tissue thickness measured using the dedicated tissue thickness meter**.'*"*

After toot ion, the following measurements were recorded: 1) horizontal ridge width at the
crest and 5

al to the crest using a digital caliper™® and 2) vertical height of the ridge relative to
an acrylic omized to fit on neighboring teeth.'” All height measurements were done at mid-
buccal, mi:;'n;;alt mesial and distal, all of them were measured at the crest using a custom stent
(Figure 2).gFor th@ flapless group, a 2 mm soft tissue plug was removed at the ridge crest using a

trephine to ccess for the digital caliper. The measurement 5 mm apical to the crest was not
performed for the sipless group.

At 4 month er standardized radiograph was taken. All baseline indices and measurements were
repeated® ded examiner performed all clinical measurements for both the initial and final data
collection points.

This article is protected by copyright. All rights reserved.



2.6.2 | Histological analysis

Trephine cogzes X 6 mm were decalcified, sectioned, and prepared for histological analysis using
hematoxyl efsin staining. Twelve to 15 step serial sections were taken from the center of each

longitu@Wned trephine core. Six randomly selected fields, one per slide, if possible, were
used to obfain percent of vital bone, remaining graft particles, and trabecular space using a light

microscope”_at , with a 10X objective and Nikon® 15X reticle eyepieces.

2.7 | Data Analys

S

Means and stan deviations were calculated for all parameters. The data were analyzed using a
paired t-te ine the statistical significance of the differences between baseline and follow-up
data and a d t-test was used to evaluate statistical difference between the test and control
groups. A mined sample size of 12 gave 83% statistical power to detect a difference of 1 mm
ridge widt the groups with a standard deviation of 0.8 mm. The mean and standard deviation

d

used for th calculation was based on data from previous studies.'” ** The histomorphometric

ed using an independent t-test. In all tests, statistical significance was set at a p-

value of 0.05. ta analysis was conducted using a commercially available software’™.

analysi

\

3 RESUISS

3.1 | Samp cteristics

A total of 16 es and 8 males with a mean age of 55.0 + 14.4 years, ranging from 26 to 78 years,
were enrollgd. Patients were equally distributed between the two study groups, with 12 patients per

group a ts. Recruitment stopped after required sample size was reached in both groups.

The studw

flowchart is prese;;d in Table 1. No difference was noted in terms of early post-operative healing

between the two ps and implants were successfully placed at all treated sites for the flapless group.
Implant t was delayed at two sites in the flap group; one site needed sinus augmentation prior
to implant p t while the other required restorative work on adjacent teeth prior to implant

placement and placement was delayed by four and one month, respectively.
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3.2 | Alveolar ridge width at the crest

Flap cases had a mean initial width at the crest of 8.5 + 1.5 mm, which decreased to 7.5 £ 1.5 mm at

the 4-mo < for a mean loss of 1.0 + 1.1 mm (p< 0.05, Table 2). Flapless cases presented with
a mean initme crest of 8.3 £ 1.3 mm, which decreased to 7.0 = 1.9 mm at the 4-month re-
entry for a 1.3 = 1.0 mm (p< 0.05). There were no statistically significant differences

between The FEP*AE flapless groups (p > 0.05, Table 2a).

33| Alveoue width S mm apical to the crest

Flap cases peesgntedfwith a mean loss of 0.6 = 1.0 mm (p > 0.05). For the flapless group, there were no

ridge width ents 5 mm apical to the crest at baseline. At the 4-month re-entry, the flap and
flapless cases had aFimilar mean width of 8.6 + 1.4 mm and 8.0 + 1.6 mm, respectively. There were no

0.05, Table

34| Changes: in:ertical ridge height

Over a period 0 onths, the flap group showed a statistically significant decrease in the mean facial
height o (p< 0.05). In the flapless group, there was a statistically significant mean loss of
facial height of 0.5 = 0.9 mm (p < 0.05). There were no statistically significant differences between
groups in teSs of vertical change (p> 0.05). Vertical ridge height changes are reported in Table 2b.

statistically &ﬂ differences between the flap and flapless groups at 5 mm apical to the crest (p >
).

valuation

0O

3.5 | Histolo

h

A high of vital bone was found in both groups (Table 3). Histological analysis

reveale ites healed with 35 * 15% vital bone, 19 * 12% remaining graft particles, 46

[

* 17% trabecular§pace. The flapless sites healed with 44 + 10% vital bone, 17 + 13% remaining

Ul

graft particles 9% trabecular space. There were no statistically significant differences

betwe p and flapless groups (p > 0.05) (Table 3 and “see Figure S1 in online Journal of

A

Periodontology").
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3.6 | Bone Quality

Bone qualit ssessed subjectively as Type I through IV for all sites.*’ The flap group was
comprised Qsite, 2 Type II sites, 8 Type III sites, and 1 Type IV site. The flapless group

consistechof I IWE | site, 7 Type Il sites, 3 Type Il sites, and 1 Type IV site (Figure 3).

3.7 | Soft Tissue Thickness

cr

Soft tissue fificknesy increased from 0.1 to 0.4 mm on the facial and lingual for both the flap and

5

flapless gro (Pable 2c). This increase was statistically significant only on the lingual for both
groups (p< 0.05). T the flapless group, the occlusal soft tissue was significantly thicker than the flap

group at the reentry (p< 0.05).

Nu

4| DISCU

d

In this 4-month randomized controlled clinical study of alveolar ridge preservation, a flapless surgical
technique mpared to a flap reflection technique. While there are a number of pre-clinical and

clinical stu paring the two surgical techniques for implant placement, this is one of the very

\/

22-24

few hu vestigating ridge alterations as it relates to ARP. For both groups, the socket

was grafted using a demineralized bone matrix allograft mixed with a mineralized particulate allograft

f

then cappedgiu alcium sulfate barrier in the socket opening to contain the graft. There were no
statistically “!“! ant differences in ridge dimension changes between groups in this study (Figure la

c & d, Figur & d). These findings are in agreement with the results demonstrated by Araujo &

Lindhe and Jsili et al., in that, there is no statistically significant difference in hard tissue loss

between theWwo surgical approaches.” >* Araujo & Lindhe examined the ridge dimension changes in an

—
—
—
—

animal mo ollowing tooth extraction with and without flap reflection, while Filipek et al., did a

9,25

comparative analysis between flap and flapless tooth extractions in humans.
Furthermore, the clirrent findings also confirmed that bone loss cannot be prevented completely
gical approach used, which concurred with the results of several other studies.” '*
findings differed from the conclusions of Fickl et al., and Barone et al.'"> * who
evaluate hea ket sites at earlier time intervals. Fickl et al., examined the tissue alterations

following tooth extraction in flap and flapless groups at 2- and 4-month time intervals." Their canine

This article is protected by copyright. All rights reserved.



study showed increased soft and hard tissue loss in the flap group but the experimental model did not
distinctly distinguish between hard and soft tissue components. The human study conducted by Barone
et al., examining th® socket healing in flap vs. flapless procedures after 3 months of healing, showed
statistically sigmificant differences in buccolingual width and vertical ridge height between the two
groups.' Toup showed more loss in the ridge height compared to the flap group. They
investigat-ed soft and hard tissue changes in extraction sockets grafted with cortico-cancellous porcine

bone and a @llagen membrane after 3 months. The teeth included in their analysis were molars and

premolars. 1fferences in tooth type, graft materials and healing time period may have contributed

to the differ@nce in gesults.

The flaples owed a loss of 1.3 mm in crestal ridge width which was slightly greater than the
flap group m:ss of 1.0 mm (Table 2). Both groups lost ridge height at all locations (mid-buccal,
mid-lingual, and distal). Although these changes were not statistically significant between
groups, the 3

a loss of ridmof 0.8 - 0.9 mm at all locations. The flapless group showed the greatest loss of 0.7

mm at the fdaliagual site and the least loss of 0.2 mm at the mesial site (Table 3) which was

comparablm.9 mm (lingual) and 0.2 +0.7mm (mesial) vertical dimension loss in a flapless
ti

roup showed less loss of ridge height than the flap group. The flap group showed

ridge prese dy by Barone et al."!

Whether a flap would negatively influence the outcomes of ARP is controversial, but what we
know is that nt of facial bone loss after extraction depends on several unrelated factors. The
ones tha nd out most prominently are facial bone thickness and tooth angulation.”® In a

landmark computed tomography study, teeth with facial bone thickness <I mm had a median vertical

bone loss o (62% of facial height) after just 8 weeks of flapless extraction.”” Interestingly, in
90% of casesgmmthg anterior maxilla, facial bone thickness is <1 mm; and <0.5 mm in roughly 50% of
cases.”* " O ther hand, patients with a facial wall thickness of >1 mm, exhibited only a median

vertical bone 1.1 mm®’. What literature shows and this study confirms, is that short-term hard
tissue chang@s following ARP with either a flapped or flapless approach are very similar’'.
Trephine“ taken from the center of the grafted socket at 4 months for histological analysis

(Supplemenmre 1). There was approximately 40% vital bone and 18% non-vital residual graft

particles in p with no statistically significant differences between groups. This was consistent

with previous reg of the 3 to 6-month histological composition of the ridge following placement of
ulate allograft into sockets.'" '* However, the percentage of vital bone was higher in
the current study pared to Barone et al., who showed 22.5%."" Perhaps the higher percentage of

vital bone at 4 month is the reason why the flapless group had relatively denser bone at the time of
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implant placement (Figure 3).

This study e ated loss of crestal ridge width in extraction sites with at least one adjacent tooth.
Eighteen o @ es had two adjacent teeth. Loss of crestal width may be greater when there are no
adjacent ﬁeew a terminal tooth is extracted, and especially when all teeth in an arch are being

removed. I!is observation was in agreement with the findings of Chen et al., and Schropp et al.** **
Thus, the m@ ranges reported in this study may not be generalizable and should be limited in

application © bounded single-tooth sites.

Overall, chmhe crestal ridge dimensions did not show any statistically significant differences
between thefldp
agreement '\‘mpresen‘[ed by Araujo & Lindhe (2009)’ in that, similar amount of bone loss was

noted amo

d flapless ARP techniques. The observation made in our study is largely in

o techniques, and while the latter was an animal study, the present study is in
humans. Wi limitations of this study, a flap could be used with minimal compromise to the
bone when for an ARP procedure. As with most procedures, there are indications and
contraindicagi use of the flapless technique. It is yet to be determined if the difference in crestal
ridge alterameen flap and flapless techniques is significant enough to impact the outcome of
implant has a long-lasting detrimental effect on the final ridge dimensions. The results

from this stu t indicate the aforementioned.

5| CONC LSSION

0O

In conclusiort -extraction dimensional changes of the alveolar ridge were statistically comparable

between ap and flapless surgical techniques. Similarly, percent of vital bone and remaining graft

N

particle arable between the two surgical approaches. Though, the flapless technique may

L

result in d tissue thickness at the occlusal aspect.

U
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Table 1: Clinical indices for flap and flapless sites (Mean + SD).

Baseline (index 4 months (index Change (index units)
units) units)

Mean Rlaquenmms 0.1+0.2 0.2+0.2 -0.1+0.2

lndex‘ ’Flapless 0.1£0.2 0.0£0.1 0.1£0.2

Mean Gin 0.1+£0.1 0.0+0.0 0.1+0.1
p
lndex! Flapless 0.1+£0.2 0.0+£0.1 0.1+£0.2

_EB

Mean B 0.2+0.2 0.1+£0.2 0.1+£0.3
Flap
on
Pro Flapless 02+0.3 0.1+£0.2 0.1+0.2
SD= standarg aewa!lon
Table 2a: Ho crestal ridge width changes (in mm) for flap and flapless sites (Mean + SD).
Baseline 4 months
n Change (mm) Range (mm)
(mm) (mm)

85%1.5 7.5+1.5 -1.0£1.1* -2.5t0-0.9

At Crest 12
pless 83+1.3 7.0+1.9 -1.3 +1.0* -2.7 to +0.5
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Flap 9.2+1.6 86+14 -0.6+1.0 -25t0 1.5
12
Flapless 8.0+1.6

At5

*=p< Oinitial and 4-month values; ** = p < 0.05 between flap and flapless groups;
SD=standar@edeviatie
|

Table 2b: Vertical gidge height change for flap and flapless sites (Mean + SD).

Mean change (in mm) Range (in mm)
Mid-Buccal i -0.9£1.3* -0.5+0.9* -2.5t0 2.5 -2.0to0 1.0
Mid-Li\E 0.9 +13* 0.7 +1.1* -2.5t0 1.0 251015
Mesim -0.8+0.8* -0.2 £ 0.5* -2.2t0 0.5 -1.0t0 0.7
Distal -0.9+0.7* -0.3+£0.7* -1.8t0 0.2 -1.8t0 1.0

< 0.05 between initial and 4-month values; SD=standard deviation

\Y

Table 2c: 80:[ tissue thickness changes (in mm) for flap and flapless sites (Mean + SD).

Baseline 4 months
n Change (mm) Range (mm)
(mm) (mm)
Flap
|ucar 1.1£0.5 1.3+0.6 0.2+0.7 -12+14
12
Lingual 2.0+£1.0 23+1.3 0.3+0.7* -14+1.6
g 1.7+05 1.2+29
Flapless 12
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Buccal 09+0.4 1.0+0.4 0.1+0.3 -04+0.6
Lingual 2.3+0.5 2.7 0.5 0.4 +0.5* -0.6+1.3

Occ 2.3 +0.8** 0.8+3.1

* = p <m0.05mbetween initial and 4-month values; ** = p < 0.05 between flap and flapless groups;

SD=standa! deviation

Table 3: His ie@! data at implant placement for flap and flapless sites (Mean percentage + SD).

C

L

Study group Timepoint n VMT (%) NVMT (%) % Trabecular bone

anu

Flap ths 12 3515 19+12 46 +17
Flapless ths 12 44 +10 17 +£13 399

}

=standard deviation; VMT: Vital mineralized tissue; NVMT: Non-vital mineralized tissue

Figure 1a. edure. A. Tooth site before extraction showing a premolar with vertical root

fracture; B, idal papilla preservation incisions buccally and lingually; C. Tooth extracted and

minerali ate allograft + demineralized bone matrix was packed to the bone crest; D. Criss-

|

cross suturés placed over the bone graft in both groups to provide retention for the calcium sulfate

barrier; E, F. Healgd site 4 month after ARP; G. Trapezoidal papilla preservation incisions buccally

G

and linguall litate clinical measurements, H. A tissue-level implant placed in a single stage

approach; ¢ and Post Periapical radiographs.

A
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Figure 1b. Flapless procedure. A, B. Tooth site before extraction; C. Tooth extracted and mineralized
particulate allograft + demineralized bone matrix was packed filling the socket to the bone crest; D.
Criss—crmlaced over the bone graft in both groups to provide retention for the calcium
sulfate baaled site 4 month after ARP; G. Trapezoidal papilla preservation incisions
buccallysandsiimgually; H. Horizontal ridge width demonstrated clinically after 4 months (note that the
measuremL taken using a digital caliper); I, Implant placement showing adequate buccal

bone. J. Pr@land Pg§t Periapical radiographs.

¢

Author Manus
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1

Figure 2. om surgical stent was fabricated before each case. Channels in these stents guide the

North Car dontal probe placement for intra-surgical and re-entry measurements.

d

Author M
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M Flap B Flapless

Type | Type ll Type Il Type IV

Figure 3. Bon ity as subjectively assessed as Type I through IV for both flap and flapless

techniq the Lekholm and Zarb classification.*’

Author M
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Figure 1a. Flap procedure. A. Tooth site before extraction showing a premolar with vertical root
fracturewidal papilla preservation incisions buccally and lingually; C. Tooth extracted and
mineralized @ ate allograft + demineralized bone matrix was packed to the bone crest; D. Criss-
cross suturessplaeed over the bone graft in both groups to provide retention for the calcium sulfate
barrier; E, hl site 4 month after ARP; G. Trapezoidal papilla preservation incisions buccally

and lingually to fadilitate clinical measurements, H. A tissue-level implant placed in a single stage

C

approach; Lgl. nd Post Periapical radiographs.

S

Figure 1b. procedure. A, B. Tooth site before extraction; C. Tooth extracted and mineralized

U

particulate + demineralized bone matrix was packed filling the socket to the bone crest; D.

Criss-crossfsutures placed over the bone graft in both groups to provide retention for the calcium

N

sulfate barrier; E, F, Healed site 4 month after ARP; G. Trapezoidal papilla preservation incisions

i

d

buccally a ly; H. Horizontal ridge width demonstrated clinically after 4 months (note that the

measur taken using a digital caliper); I, Implant placement showing adequate buccal

bone. J. Pr st Periapical radiographs.

\Y

Figure 2. Custom surgical stent was fabricated before each case. Channels in these stents guide the

r

North Car dontal probe placement for intra-surgical and re-entry measurements.

O

Figure 3. ity as subjectively assessed as Type I through IV for both flap and flapless

techniques the Lekholm and Zarb classification.”

n

Supple ure 1. Representative histological observations 4 months after ridge preservation

!

surgery. A. ne- Flapless group, Hematoxylin and eosin stain; B. non-vital residual (acellular)

U

bone, probably allograft, encapsulated in fibrous connective tissue- Flap group, Hematoxylin and

eosin st ital woven bone (cellular)- Flap group, Toluidine blue

A
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Table Le

Table 1 L Studx design flowchart.

[

Table 2: a tal crestal ridge width changes for both flap and flapless sites (Mean = SD). b:

C

Vertical ridge heightt change for flap and flapless sites (Mean £ SD). c. Soft tissue thickness changes

or flap and flapless sites (Mean + SD).

S

Table 3: al data at implant placement for flap and flapless sites (Mean percentage = SD).

U

Consort fo, CONSORT 2010 (Consolidated Standards Of Reporting Trials) checklist.

N
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