The effect of bone particle size on the histomorphometric and clinical outcomes following lateral

ridge augmentation procedures. A randomized double blinded controlled trial

Hom-Lay , MSD, PhD

Department@ntics and Oral Medicine,
University ofgdyli n School of Dentistry
1011 North m Avenue

Ann Arbor, Michiga@48109-1078, USA.

TEL: (734) 763-3325; FAX: (734) 936-0374

E-mail addrggs: homlay@umich.edu

* Departm eriodontology, University of Alabama at Birmingham School of Dentistry, Birmingham, AL,
USA E

" Department of Periodontics and Oral Medicine, University of Michigan School of Dentistry, Ann Arbor, MI,
USA

¥ DepartmeQe, Chronic and Continuing Care, School of Nursing, University of Alabama at

Bimingkﬁham, AL, USA
5 Department of Perigdontics & Oral Medicine, University of Pittsburg, Pittsburg, PA, USA.

i
D

This is the anuscript accepted for publication and has undergone full peer review but has not
been th copyediting, typesetting, pagination and proofreading process, which may lead to
differences be this version and the Version of Record. Please cite this article as doi:

10.1002/jper.11010.

This article is protected by copyright. All rights reserved.


https://doi.org/10.1002/jper.11010
https://doi.org/10.1002/jper.11010
https://doi.org/10.1002/jper.11010

Running Head: Allograft Particle Size on outcomes of ridge augmentation

Word WO
Abstract Word Count: 245

Number nces: 30
Number ¢§Tables and Figures: 1 Table and S Figures
Suppleanentar; Figures and Tables: 4 Figures and 1 Table

Keywords : Dental Implants, Bone Regeneration, Allografts, Cone-beam Computed

Tomo graphO

Data ava tyl) The data that support the findings of this study are available from the

E

5

corresponding author upon request.

U

Authors’ tributions: HB, RVA contributed to the conception and design of the work. HB, PL,

F)

and RVA and analyzed the data; MS, HB, AR and RVA contributed to manuscript

d

preparation and NG made critical changes and gave final approval to the manuscript. All

authors ga ir final approval and agreed to be accountable for all aspects of the work.

M]

1

One sente ary: Different size particles of allografts can be used safely and effectively for LRA

without sigg @ ifferences in clinically or histological outcomes.
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Abstr

Backg : aim of this randomized clinical trial was to clinically and histologically
compare the amount and quality of bone gained after lateral ridge augmentation (LRA)
procedure§ performed using small (250-1000um) versus large (1000-2000um) particle size

cortico-ca gus bone allografts at 6 months following surgical intervention.

Patients wer mly allocated to small (SP) and large particle (LP) size graft. The gain in ridge
width at th@ level of the crest and 4mm apical to the crest was assessed via a standardized procedure
before grafing anﬁat time of implant placement, using a surgical caliper and a novel digital technique

using cone"beam computed tomography (CBCT). Six months following the procedure, trephine bone

Materials ods: 22 patients, each presenting with ridge width less than Smm were enrolled.

cores were taken firom 19 augmented sites out of 17 patients (14/19 sites were in the posterior

mandible) leted the study for clinical, histologic and histomorphometric analysis.
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apical to the crest (LP, 5.9 = 2.2; SP, 5.1 £ 1.8 mm; p=0.4480) compared with the SP. No
statistical significance for the bone density at the time of implant placement (p=1.00) was

found. Wformation was more extensive in the SP compared with the LP 41.0 + 10.1

% vs31.4 V0, respectively (p=0.05).
Conclusio s of the present article show a trend of higher ridge gain using LP during bone

augmeniatiommpreeedure. Future research with bigger sample size should confirm the results of the

present art

[

anuscC

Introduc

Interve

ral ridge augmentation (LRA) are very predictable. The reported survival rates of

implants after procedures is 87-95% for the simultaneous approach and 99-100% for the staged

approa

atic review assessing the effectiveness of LRA in the anterior maxilla even

{1

showed higher percentages of survival for either simultaneous or staged approaches, with 100% and

96.8%, resflectively”. The reported average ridge width gain following LRA is 3.90 mm in the staged

{

approach and 4.28 mm in the simultaneous approach’.
Guided bov@ration (GBR) procedures are derived from guided tissue regeneration (GTR)
concept, inygiwi sage of a barrier membrane for cell exclusion, and more importantly to create and

q

maintain s to allow bone formation®. GBR procedures were found to be equally successful using

either resorbable onon-resorbable membranes®’. Autogenous bone grafts with its osteogenic,

t

L

osteoinduc steoconductive characteristics are still considered as the gold standard in bone
regeneration proce res™® However, donor site morbiditylo, limited intraoral quantities“, and

unpredictable resggption are drawbacks related to autografts that have intensified the search for

ves'” " . Bone-substitute materials such as allografts and xenografts have commonly

been used as juinct or a replacement for autografts with successful clinical and histologic
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outcomes in bone augmentation . Due to their favorable turnover, excellent biocompatibility, and

successful attainment of space maintenance properties, allografts have become increasingly popular.

T

Successful w and histological outcomes were demonstrated when mineralized freeze-dried bone
allografﬁ(FWas used in bone augmentation procedures both in particulate'™ '” and block
shapes'. AStudy found that even FDBA particles farthest away from the host-graft interface were

embedded mnew bone'®. A higher percentage of new vital bone may be desired at time of implant

placement @nd is thught to be beneficial for implant osseointegration. It has been suggested to use
large particle of alloplast as a grafting material for staged ridge split procedures in the posterior
mandible® comparing the amount of newly formed bone after sinus floor augmentation with
two differe icle sizes of demineralized bovine bone mineral (DBBM) using clinical, micro-

computerized tomdgraphy, and histological techniques found that both particle sizes act similarly*'.

Likewise, mt much data regarding the percentage of newly formed bone using either graft
z

particle si ver, to the best of the authors’ knowledge, no study ever investigated the effect of

the graft p e on either the clinical, or the histomorphometric outcomes of LRA. Hence, this
human ran linical trial aimed to clinically, radiographically, and histologically compare the
quantit of bone gained following LRA procedures using small- (0.25-1.0 mm) versus

large- (1.0-2. sized particle mineralized cortico-cancellous bone allografts.

Materialsfand Methods

Ethical approval and registration

This study ucted in accordance with the Helsinki Declaration for the ethical principles for
medical re olving human subjects, as revised in 2013. The study was approved by the
Instituti iaw Board (IRB) of University of Alabama in Birmingham (UAB), protocol #

F161123Mndomized controlled clinical trial reports on patients presenting to the Graduate
Periodonttzic at the University of Alabama at Birmingham (UAB) and requiring LRA for the

purpose of, placement. This randomized controlled trial has complied with the CONSORT

22

guidelines™ (see Ta‘ble S1in online Journal of Periodontology).
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Patients were required to be at least 18 years old and willing to comply with the preoperative and
postoperative study visits. Patients had to exhibit an insufficient alveolar ridge width (<5mm) for
endosseouiimgla' placement as determined by cone beam computed tomography (CBCT) to be
included in thesstudy. Exclusion criteria included heavy smoking (>10 cigarettes/day), uncontrolled
systemic dry of poor compliance, active periodontal disease, pregnancy, patients taking
oral or -systemic antiresorptive medications and any other diseases that may interfere with bone

]
healing. s
El@t, randomization and calibration

Since there wereano other LRA studies evaluating the influence of particle size, a sinus augmentation
study was eyed for the power calculation to determine the sample size. Assuming that similar
results will ved as reported by Testori et al.*!, specifically vital bone formation with LP and
SP will be 26.8% 39.6% and 18.8% + 4.7%, respectively, at least 17 augmentation surgeries in each
group from 17 patients (total of 34 sites from 34 patients) will reach 0.80 statistical power to reject the

null hypot

sis of equal means with a significance level (alpha) of 0.05 using a two-sided two-sample
unequal-variance t-test. Given that one patient may receive multiple augmentation surgeries, the
power can m. Power calculation was conducted using PASS 14 (NCSS, LLC. Utah).

Following effrolf#nt and signing informed consent, patients were randomized into either “Group 1:

Small p
(1.0-2.0 mm)Z

one allograft (0.25-1.0 mm)” or “Group 2: Large particle (LP) bone allograft

1:1 ratio. The pre-determined randomization list (provided by the statistician) was

M

generat

permuted blocks randomization strategy with computer-generated random
numbers. Surgical guides were prepared by the prosthodontist based on ideal wax-ups and used to

standardiz tions of pre- and post-operative measurements on the edentulous ridges. The

[

primary invgstigator (RVA), conducted all clinical and radiographic exams to determine eligibility

according f @ entioned inclusion criteria, performed all clinical measurements and was blinded

with regard andomization. Another examiner (HB), performed the radiographic evaluations

n

and was alsg blinded to the randomization process. Examiner calibration was performed in two

calibration sessions held prior to the beginning of the study on a sample of 10 anonymized CBCTs.

The second session took place two weeks after the first one, and intra-class correlation coefficient

(ICC) was used to assess intra-examiner reliability™.

l

Surgi ocedures

A loading rophylactic antibiotics was dispensed at the time of surgery (Amoxicillin 2g, 30

minutes to one hour prior to surgery). If the patient was allergic to penicillin, Clindamycin 600mg was
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administered. Patients were given a 0.12% chlorhexidine solution for 1 minute to rinse with to
disinfect the surgical site to minimize the potential contamination from extraoral sources'. Local
anesthesia ’ith 4°4Articaine Chlorhydrate and epinephrine 1:100000, was applied. A crestal incision

was made withsgavertical releasing incision was done at least one tooth away on both mesial and distal

to the graft Buccal and lingual full-thickness flaps were reflected to allow adequate access to
the surgi-cal site. A superficial periosteal releasing incision was placed on the buccal flap to allow for
|

adequate ﬂs extension and achieve complete coverage of the graft materials and barrier membrane.

To standardize ridge width measurements, the surgical stent planned to be used for implant
placement to mark the area at which measurements were to be made at the ridge crest and at
4 mm api crest with standardized surgical calipers. Decortication of the defect site was

achieved u amirgh-speed hand piece with a #2 round bur perforating the cortical plate every 4 mm
throughou‘m At that point, it was revealed to the clinician which type of bone allograft would
be used (

augmentaticaone graft was extended in all cases slightly over the original bony envelope
(Figure 1).

) (see Figure S1 in online Journal of Periodontology). To ensure maximum

To accoungifo ation in age, race, gender and related healing potential of different grafts, the graft
material was obtained from the same manufacturer lot from the same donor". The same criteria were
applied absorbable non-cross-linked collagen barrier membrane utilized". The membrane was
fixated wit 4 surgical tacks for barrier stabilization. The flap was then mobilized to permit
tension-~ closure. Primary closure was obtained in all cases using a combination of

horizontal mattress and continuous interlocking 5-0 vicryl sutures.

Patients retumea !or follow-up and sutures removal after two weeks. Healing status was evaluated and

postoperati @ tions on resuming oral hygiene measures were instructed to patients.
(0]

The pri e in this study was to evaluate the percentage of new bone formed using either

particle #

The secondary ouSome was to compare clinically and radiographically the dimensional changes in

the augmented ridges.
ical histological and histomorphometric analysis

A) Radiographic measurements
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Approximately 6 months post-ridge augmentation, a second CBCT scan was taken to evaluate the

ridge width changes. The baseline CBCT was superimposed on the new CBCT, and digital implants
were place! accor’n g to the guides to act as reference points for the radiographic measurements

mirroring theghimical ridge width measurements. Bucco-lingual dimensions at the level of the crest

e crest were measured radiographically using an implant planning software with
a digital reference”. Any ridge height alterations were also evaluated. (see Figure S2 in online Journal
I I

of Periodontology).

Cl

B) Clinicalgne ements

The surgical@pproach for implant placement was similar to the grafting procedures. After exposure of

the augmented b§e ridge, the implant sites were located using the same previously used surgical

guide, and dth was measured at the crest and 4 mm apical to the crest.

s C; Histomorphometric measurements

Bone biopmwere taken from the augmented ridge at the planned implant site using a 2-mm
internal diafaet phine. The specimens were then placed in a formalin solution. Following fixation
with 1 ffered formalin for 48h, the bone biopsy specimens were dehydrated, embedded
in methylmetha te, ground sectioned at the center of the biopsy in its long axis into 50-70 micron-
thick s i polished with 4000 grit sandpaper and Novus Polish to create a smooth surface.
All sections were stained with Goldner’s Trichrome bone stain and imaged for quantification of bone
formation. sistomorphometry was done using a dedicated image analysis software’™ through

measuring the_total surface of vital bone, residual graft particles, organic matrix and artifact/air

between small"and large particle grafts for ridge augmentation separately. These experiments were
conducted @t the UAB histomorphometry and Molecular Analysis Core and all measurements made

byane b technician blinded to the study protocol.

Implants vjd using the fabricated guide according to manufacturer protocol. Bone density

was estimated b surgeon at time of biopsy according to the classification by Lekholm and Zarb**.
All biopsy core and LP groups) were divided into three zones: zone 1 corresponds to the coronal
third, z he middle third, and zone 3 to the apical third of the biopsy core.

Statistical analysis

This article is protected by copyright. All rights reserved.



For, Patients’ demographics and baseline measures were summarized as mean + standard deviation
(SD) or frequency (proportion) for each group and compared using two samples t test or Fisher’s

exact test where gppropriate. Both the primary outcome (new bone formation) and the secondary

outcomes (dimaensional changes of the augmented sites by clinical and the radiographic methods)

were su s mean £ SD in each group and the group comparison was conducted using a
generalized estimating equations (GEE) approach. The GEE method was used to handle the
I

dependent sservations caused by the facts that some patients had more than one sites with surgical
1

procedure in_practice. Analysis of demographics was conducted on patient level while the analysis of
outcomes @Jcted on site level. The correlation between the clinical and radiographic changes

in width at the crest was evaluated with Pearson correlation analysis. Statistical analysis was done to
calculate tl@nage of new bone, residual graft and connective tissue after measuring the surface
area in co

ison to the total biopsy surface area. All analysis was conducted using SAS 9.4 (Cary,
NC) at the signific@nce level of 0.05.

Results

Due to somtrolled reasons, only 22 patients participated in the present study, among which

two pati o qualifying sites. Therefore, this study included a total of 24 qualifying sites

participated 1 resent study, where each site comprised a single treatment area. Of the 22 subjects

initially, ed, a total of 17 patients completed the study. The 5 patients who were disqualified or
withdrew from the study were arbitrarily from the SP group. Two patients were no longer able to
return for Se core biopsy and implant placement due to developing significant medical problems

rticipation in the study. The other 3 patients were disqualified due to delivering
@)

edure.

unrelated t

removable c appliances over the grafted areas, which resulted in failure of the ridge

augmentatio

Among thdge 17 patients who completed the study, one received surgical procedures on two sites
where one Fith sgll particles and the other with large particles, one received surgical procedures on
two sites both with large particles, and 15 received surgical procedure on one site. As a result, 7 sites
from 7 patients in}$P group and 12 sites from 11 patients (one also in SP group) in LP group were

included in analysis.

that finalized the study comprised of 7 males and 10 females aged between 46 and 78

years old, 15 CauCasians and 2 Blacks. Consequently, a total of 17 patients and 19 sites were included
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in the data analyses. The group distribution was as follows; SP group (7 sites) and LP group (12 sites).

Patient and site distribution of the included sample are shown in Table 1A.

Ridge M crest:
Clinically, nt groups resulted in significant bone gain after 6 months of healing. GBR in

including mean_gains of 5.1 £ 2.0mm in the LP and 3.8 + 1.3mm in the SP groups, with no
statisticallmant difference (p=0.214) (Figure 2). Pearson correlation between clinical and

radiographic wi ain at the crest showed a very high correlation between the two measurements (r
=0.86, p<0.0001) fFigure 2).

Ridge wid pical to the crest:

Clinically, the
width at thi§ 1ay

post-grafting clinical measurements could not be obtained due to significant gain in
the ridge, prohibiting the use of the surgical calipers. Radiographically, the bone
gain at 4mm apica

5.1+1.

to the crest was comparable between the two groups (5.9 + 2.2 mm for the LP and

the SP group), with no statistically significant difference (p=0.32).

Correlafi n radiographic and clinical measurements could not be evaluated at 4mm apical to

the crest.

Vertical rih]ges at the crest:
The use orafts was associated with a loss of vertical height at the level of the mid-crest
-0’2 0.

(mean of Smm) whereas LP allografts resulted in a mean vertical gain (0.3 £ 1.0mm).
However, fhiese results lacked statistical significance (p=0.32) (see Figure S3 in online Journal of

Periodontology¥™elinical and radiographic changes are reported in Table 1B.

Bone dens:

Four o .1%) sites in the SP group had a D1 density and the remaining 3 sites (42.9%) had a
D2 density. In P group, 7 out of 12 sites (58.3%) had D1 bone density, 4 sites (33.3%) revealed

D2 density and only 1 site (8.3%) had a D3 bone density. No statistical significance was found
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correlating the particle size to the bone density at the time of implant placement (p=1.00) when using

the Fisher's exact test (see Figure S4 in online Journal of Periodontology).

T

Histology orphometric Analysis

All biop-sie—ireveaed newly formed bone, residual allograft particles and dense, organized connective

tissue enci graft particles. Three biopsies had insufficient length to divide into 3 zones due to

non-intact gopsy ?res (Figure 3). Allograft particles were identified by the separation lines and the

absence of es in lacunae. The new bone in contact with the residual particles appeared viable

with ostem lacunae. Osteoblasts were present in conjunction with newly formed bone
e

surroundin ft particles. No acute or chronic inflammatory infiltrate was noticed in any of the

biopsies. s

Statistical a iseshowed no significant difference in the percentage of new bone, residual graft

particles ang soft tissue between the SP and LP groups or among the 3 zones between these groups.

The only exception was the significant difference found in the percentage of the soft tissue area in
zone 1 bet@P group (29.2 = 7.1%) and the LP group (42.3 £ 15.2%) (p=0.05).

Figure 4 e calculated percentage of new bone, residual graft particles and soft tissue in each
zone and overall percentage. For the SP group, the mean new bone formed was 41.0 = 10.1 %, mean

residual graft was 33.6 = 7.3 % and mean soft tissue was 25.5 = 10.5 %. Zone 3 revealed the highest

% of new mmmthis group (49.8 £ 5.32%) while zone 1 exhibited the least (37.2 + 11.1.%). In the
LP group, new bone formed was 31.4 = 14.8 %, mean residual graft was 38.3 + 19.7 % and
mean soft s 30.3 &+ 13.8%. Zone 3 showed the highest percentage of new bone formed in this
group (47. %) while zone 1 was the least (32.6 £ 15.1 %) (Figure 5). Hence the amount of
overall rmed was higher in the SP group. The amount of residual graft and connective
tissue w, i n the LP group. Zones 1 and 2 showed higher % of new bone in the SP group

statistical significafice difference for all these measurements.

Discuss{
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The results of the current study showed that the combination of particulated corticocancellous bone
allografts with a stabilized absorbable non-cross linked collagen membrane can be used safely and

effectively fior LR Al of deficient ridges. There was a trend that LP size graft resulted in greater ridge
width gain atamd 4mm apical to the crest compared with SP size graft, but this did not reach the level
of statistica @ ance. Vital bone formation was more in SP compared with LP, but without
statistical significance.

| &

To our kn(hthis is the first human study that investigates the influence of bone graft particle
size on clinf€al histologic LRA procedures. Overall, the effect of particle size on the clinical and
histologicm

had 41% Vw new bone formation, 33.6 % vs. 38.3 % residual graft and 25.5% vs. 30.3% soft

tissue.

es of GBR has been scarcely studied. In the present study, the SP vs. LP group

The estimated boni density at augmented sites was found to be high in accordance with the results of
an animal study investigating the effect of particle size.” In a Rhesus monkeys study, there was
signiﬁcant! more new bone formation associated with SP FDBA (100-300 um) when mixed with
autogenous marrow than LP (1000-2000 pm)*®. Also, there was a marked resorption of SP in the new
bone formgd. s concluded that SP FDBA enhance osteogenesis when mixed with autogenous

marrow by Hcré@8ing the number of pores®. Accordingly, an increase in the surface area along with

an incr ¢ osteoclastic activity may lead to a better osteogenic induction®®. Therefore, it is
conceivable particle size might play a role in the osteogenic activity. Unfortunately, the small

number

in the current study does not allow for drawing any definitive conclusions in that

regard.

Though prm studies with histological analysis did not put emphasis on particle size effect,

their resultite close to the present study. For example, the histomorphometric analysis of

ridge augm using FDBA plus a titanium re-enforced e-PTFE barrier demonstrated a 47.6%
new bone 4% graft particles'’. Another study that compared the histologic outcomes
of DFD DBA following ridge and sinus augmentations has reported a mean percentages

of new l“ and 41.9%, respectively with no statistical difference®’.

In a human randonflized controlled trial,”' authors compared vital bone formation and residual graft

volume in bilateral sinus augmentations performed with either (1.0 to 2.0 mm) or (0.25 to 1 mm)

ganic bovine bone matrix. Vital bone formation was 26.7% for LP compared to
18.7% for idual xenograft was 20% vs. 21.6% for the LP and SP, respectively. Similar

findings were not shown in an earlier sinus augmentation study where there was not a statistically

This article is protected by copyright. All rights reserved.



significant difference in the percentage of new vital bone formation®®. The difference in results
between current and previous studies may be related to differences in study design, graft material or
the nature af regen@rated area. A more containing defect like the maxillary sinus should be assumed to
regenerate edictably regardless of used bone graft compared to LRA%.

Clinically, al differences were detected between the sites augmented with SP vs LP grafts
at time '8f FAPEAEDlacement. Sites augmented with LP grafts resulted in more uneven and rougher
ridges that iligeh minor osteoplasty prior to placing implants. Implant placement was possible in all

sites withomnal augmentation. In all sites, grafts showed good incorporation with the newly

formed rid, stologically evidenced by a dense network of newly formed bone connecting

residual grwes.

In this trial s a mean clinical lateral bone gain of 3.8 mm and 5.1 mm for the SP group versus
5.1 mm and 5.9 mg for the LP group at the level of the crest and at 4mm apically, respectively. This
gain was around 1.4 mm more in the LP group, but with no statistical (p=0.06). In a systematic
review ang meta-analysis by Sanz-Sanchez et al > an average of 3.90 mm bone width gain was
reported after . That number was based on a weighted mean of various procedures including
block graf@with absorbable or non-resorbable membranes), or ridge splitting done in either a
simultaneous'orstaged fashion. Though, the study which reported the greatest increase in ridge width
5.7 zed a mixture of autogenous and anorganic bovine bone mineral covered with a fixated
colla;:E for 8-9 months®. Interestingly, from the 40 clinical trials included in that

system. Wonly 2 articles utilized allografts’.

LRA studigs rarely report on possible ridge height changes. Although there was no statistical

significanc ce between SP and LP groups, the SP group resulted in a mean vertical loss of the
ridge -0.4 the LP group resulted in a mean vertical gain 0.3. These vertical changes ranged
between -1. ¥émm. Though our results may not be significant due to sample size, care should be

taken in anfeTior cases where loosing 2mm of ridge height might cause esthetic challenges.

The currenggstudy wsed a novel radiographic methodology for the measurement of ridge dimensional
changesMngual width and height following LRA. The strong correlation (r=0.86, p<<0.0001)
demonstrated betWeen clinical and radiographic width measurements validates the employed
radiographic methgdology. This allowed for precise calculations and a simultaneous evaluation of
ridge dj al changes with minimal to no errors in the reproducibility of the location of

measureme is endorses the future use of this methodology in similar study designs.
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This study limitations include the small sample size compounded by the failure of five patients to
complete the study, inability to assess clinical width gain at 4mm from the crest due to excessive bone
gain and s‘gical 'alipers limitations at several sites, lack of reporting on post-augmentation ridge

width and subseguent width loss until re-entry, lack of data on implant survival and not capturing

Conclusion;

The resultsO present article suggest using bigger bone particles during bone augmentation
procedure.where was a trend for greater ridge width gain when large particles were used in
comparisonw®’sri@ll particles with near statistical significance. There was also a slight gain in ridge
height Wme particles whereas a slight loss of ridge height was observed with the small
particles wi

small partic the small sample size did not allow for statistical significance. Future research

ize should confirm the results of the present article.

atistical differences. Histologically, there was a trend for more new bone with

with larger

Ma

Footnotes:

[

S peridex m sh, 3M ESPE®, USA 2510 Conway Avenue St. Paul, MN 55144-1000 USA

"Maxxeus” , mineralized corticocancellous bone allograft, Community Tissue Services,

Kettering,

§

TMemlok® Pliabie, Biohorizons, Birmingham, Alabama, USA

* CoDiagnosti ided Surgery Software by DENTAL WINGS INC 160 Rue St-Viateur E Suite 701
Montréal QC H2TRA8 CANADA

:

G

" Exakt gies, Inc. Oklahoma City, OK
I

A

Bioquant® Image Analysis Software (R&M Biometrics, Nashville, TN)
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Legends I '
Figure 1: ical situation showing the ridge deficiency and the need for lateral ridge

augmenpfationto-enable implant placement. B) Full mucoperiosteal flap reflection revealing
ridge deﬁ&ncz. C) Verification of adequate flap release following periosteal flap release. D)
Bone grament (small particles) in the grafted site with cross-linked membrane fixation

on the bu id¢’ Membrane was fixed by tacks from both buccal and lingual sides. E) The
membran ded to completely cover the graft. The volume of bone graft added can be
appreciate nsion-free primary closure was achieved in all cases. G) Approximately 6

months post-ridge augmentation, full mucoperiosteal flap reflection was performed. The
volume o ained is evident. H) Core biopsies were taken from both sites of future

implant p!cement, followed by osteotomy for implant placement as per the manufacturer

guidelines:
]

Figure 2: er plots showing mean ridge clinical gain (mm) in width at the crest for
both grou atter plots showing mean ridge radiographic gain (mm) in width at the
crest for b, ps. C) Pearson correlation between the clinical and radiographic width gain
at crestﬂoth groups.

=
<
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Table 1A. Patient demographics and site variables

-
Small (N=7 Large (N=11
!ariable patients) patients) P
Age m 67.9+5.7 66.1 = 8.6 0.6442*
Race 1.00007
AAE 1 1
Caucass' n 6 10
Sex O 0. 6371%
Female: 5 6
Male I ' 2 5
Site : Small (N=7 sites)  Large (N=12 sites) 1.0000%
Anterior le 0 1

A
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Anterior maxilla 1 2

a—

Posteri ible 5 9

Posig oiiiiisile 1 0

Mean £ SD or freguency (%), * t test;  Fisher's exact test.

Table 1B. Wnd radiographic outcomes in test and control groups.
Small Large

Outcome : (N=7) (N=12)
Clinic Wi@t the crest (mm) 37+13 51+1.7
RadiographiesWadth Gain at the crest (mm) 38+1.3 5.1+2.0
Radiograpm Gain at 4mm from the crest (mm) 5.1+1.8 59+£22
Vertical cha e crest (mm) -0.4+£0.5 0.3+£1.0
Bone D

D1 s 4 (57.1%) 7 (58.3%)

D2 3 (42.9%) 4 (33.3%)

D3 O 0 1 (8.3%)

Mean + SDior frequency (%); v* GEE F test; ¥ Fisher's exact test.

h

Aut
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P

0.0571*
0.2142%*
0.3178*
0.3176*

1.0000+



