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Abstract

P

|
Background: A sfudy was made of the dimensional changes in free epithelialized

gingival/mugcosgl grafts (FEGs) used to augment keraftinized tissue (KT) at tooth and implant

C

sites, and nfounders influencing the dynamic changes over 6 months of follow-up.

S

Material ods: A prospective cohort interventional study was made of implant and
tfooth si’resmg keratinized tissue augmentation by means of an apically positioned flap
and FEG. operative variables were recorded at baseline (T0). In addition, graft width

(GW), gratt length (GL) and graft dimension (GD) were assessed at three weeks (T1), three

q

months 6 months of follow-up (T3). Univariate and multivariate analyses were

d

performe ore associations between the demographic and infraoperative variables

and th over the study period.

Results

M

N an a priori power sample size calculation, a total of 56 consecutive

patients were recruited, of which 52 were available for assessment. A total of 73 graft units

I

were incl 22 sites. At T3, the mean change in GD in FEG was 40.21%. In particular, the

mean chg GL and GW were 12.13% and 33.06%, respectively. Statistically significant

changes in re recorded from TO to T1 (p<0.0005) and from T1 to T2 (p<0.0005), but not

h

fromT 13). The change in GD at T3 was 33.26% at tooth and 43.11% at implant site

L

level (p and GW assessed at TO proved to be related to the changes in GD and

GW in the univafigte and multivariate analyses. The univariate analysis showed the avascular

Ul

area (AA) to begrelated to the changes in GD and GW at the implant sites, while graft

thickn as associated to changes in GD and GW at the tooth sites in the univariate

and multivariate analyses.
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Conclusions: Free epithelialized grafts are exposed to dimensional changes that result in a
reduction of approximately 40% of the original graft dimension - the changes being

opproxm greater at the implant sites than at the tfooth sites (NCT04410614).

IniroductiQ

I I
Soft tissue @haracteristics at tooth and implant sites were a subject of debate for decades, in

[

particular #8s ards the significance of keratfinized gingiva/mucosa in relation to

&

periodonta -implant health.’¢ Later findings, however, suggested that the presence of

keratinize sugl (KT) at tooth and implant sites affords greater stability of the

S

gingival/ argin, and is associated to less clinical inflammation.é® This was found to

U

be more at implant sites compared to the contralateral tooth sites.? In furn, clinical

studies danonstrated that the proinflammatory profile, defined by inflammatory mediators

fl

and cytoki h as prostaglandin E2 (PgE2),'© tumor necrosis factor-a (INF-a)!' and

d

interleukin B).11 is upregulated at implant sites that exhibit < 2 mm of keratinized

Mmucos refore, inferventions seeking to gain KT at tooth and implant sites in areas

characteri a mobile mucosa have been advocated for the prevention and

M

management of periodontal and peri-implant disorders.12.13

or

The wuse icolly positioned flaps (APFs) combined with free epithelialized

gingival/ grafts (FEGs) were suggested to predictably modify the periodontal/peri-

N

implan phenotypes with the aim of augmenting KT and promoting long-term

{

health.’3 ¥t should be noted that these strategies have shown less favorable outcomes in

terms of aesthefics (i.e., color match)!> when compared to other interventions such as

U

coronally a ed flaps in combination with other grafting approaches such as de-

epithel rafts.’¢ Furthermore, one of the notorious shortcomings associated with this

A

technique is graft dimensional changes, which can eventually compromise the desired final

outcome.”
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Sullivan oid ATW’ s reported that autograft shrinkage occurred at two main fimepoints,
namely im igfely after harvesting and during the healing process.'® In particular, thicker
grafts Ten&greo’rer immediate contraction upon detachment from the donor zone,
due ’ro*n %er elastic fiber content, though with less secondary contraction during the

healing p and demonstrate greater resistance to functional stresses. Confrarily, thinner

C

grafts ca e re easily maintained through diffusion, and neovascularization is easier

achieve — such grafts display greater secondary shrinkage.'? Furthermore, the nature

S

of the recipient bed,? the graft stabilization approach employed,?! the adjacent gingival

U

phenotype,?2 or Smoking habit,22 among other variables, 2 have been shown to have an

impact u t stability during healing. Nonetheless, the role played by infraoperative

N

variables i n fo dimensional changes at footh and implant sites remains unclear. Thus,

the purp present prospective cohort study was to assess the dynamic dimensional

a

changes over 6 months of follow-up when using FEGs simultaneous to APFs at tooth and

implant sites he aim of gaining KT.

\Y

]

Material a ods

A prosped @ ort interventional study was carried out from May 2020 to July 2021 in

abidance e principles of the Declaration of Helsinki, and was approved by the

n

Resear mmittee of the Gerencia del Area de Salud de Badajoz (Badajoz, Spain).

|

The study®was carried out in a private practice (CICOM Monje, Badajoz, Spain). All the

interventions andifecords were conducted by a single periodontist (AM), who also supervised

u

the patient ng supportive therapy. This study was registered and approved by

Is.gov (NCT04410614). The study was reported following the items checklist of

the STROBE statement.24
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Study population

Patients iqneed if FEG as primary or secondary prevention or management of periodontal
and/or pelsi nt diseases were recruited. The following inclusion criteria were applied:
patients b 80 years of age, non-smokers, a lack of or an insufficient (< 2 mm) band

of keroﬁni?gmgivol (KG) or mucosa (KM) at the buccal aspect of teeth/implants, and no

presence oOf sysiemic diseases or medications known to alter bone or soft tissue metabolism.

Patients er eligible if they exhibited healthy or gingivitis-affected teeth or implants

in need ow prevention (during second stage implant surgery), secondary prevention

(due to mucositls defined as profuse bleeding on probing)25 or anti-infectious therapy (due to

peri—implon’riﬁsi?s he exclusion criteria were: pregnant or breastfeeding women, smokers, or
individual controlled medical conditions or an unwillingness to undergo the free soft
fissue gra rvention or attend the regular check-ups for monitoring the dimensional

changes.

Surgicczn at footh sites

A partial !ickness (mucosal) flap was raised following the mucogingival margin. Then, the

mucosal flap_was apically positioned. Root scaling was performed before the graft was
s’robilized,ocey curettes”.

Surgica on atimplant sites

For proceaking tfo augment KM during second stage implant surgery, no intervention

other ﬂ'{g the healing abutments was carried out simultaneous to APF and FEG. In

* Hu-Friedy, Chicago, IL
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contrast, for the management of peri-implantitis, APF, implantoplastyt and osteoplasty at the

crestal aspect (if needed) were carried out as part of anti-infectious therapy.

{

Free epﬁhel:ohzed gingival/mucosal grafting description

1

The FEG ested from the palate. The extent was calculated according to the length

and widtiil estim@ted using a 15C bladef. Graft thickness varied, though attempts were

C

made to s thickness of about 1.5 mm (including epithelium and lamina propria). The

S

graft was aked in saline solution and sutured using simple interrupted Nylon 5.0 or 6.08

and Vycril 5.0 s@fures upon the recipient bed. If needed, periosteal cross mafttress sutures

Ul

were use al cyanoacrylateft was then applied to protect the donor wound.

Resorbabl

1

ctin 910 4.0 cross suturesit were placed on top, and an acrylic suck-down

device w ized for each patient.

d

Demo variables

M

The recorded demographic variables included age, gender, footh/implant site (anterior and

I

posterior) type of intervention involved (periodontal soft tissue augmentation/peri-

implant sofi glaugmentation).

no

Intraop ables

T Meisinger L:, Germany

 Swann-Mo) field, England

{

§ Resorba® steogenics Biomedical, Lubbock, TX, USA
* Vycril®, Ethicon Inc, New Jersey, USA
tt Peryacril® 90HV, Glustitch Inc, Delta, Canada

# Vycril®, Ethicon Inc, New Jersey, USA
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The following site-specific variables were recorded at the zenith of the implant/tooth site

(Figure 1):

Av

area (AA): the area (in mm2) of the bone dehiscence at the tooth or
im se contfact with the graft. The area was determined examining the
Wi and length of the avascular bed using a North Carolina Probe.

e RecCipie ed thickness (RBT): the thickness (in mm) of the vascular recipient bed

d mi using a North Carolina Probe approximately 3 mm below the mucosal

Zem
o Grail length (GL): the length (in mm) of the graft measured using a North Carolina

Probe. s

. GE (GW): the width (in mm) of the graft measured using a North Carolina
Pr

. Grmnsion (GD): the dimension (in mm?2) of the graft determined examining the

raft length and width.

ess (GT): the mean thickness (in mm) of the soft tissue graft measured

igers. The mean value was calculated from three measurements along the

raft.

-
Clinical vorio;es during the study period
These ; been included within the text. The following clinical parameters were

recorde e 3-week (T1), 3-month (T2) and é-month postoperative recall visits (T3): GL,

GW and GD.

In the e newly-formed gingiva/mucosa could not be identified, Lugol staining was
used to outlin areq.?¢
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Postoperative care

The po’riei’rs weri instructed to apply an antimicrobial gel in the area three times a day
during tw s (Lacer MucoRepair®, Lacer, Barcelona, Spain), and systemic amoxicillin
(750 mg, Qr day during 7 days) and antiinflammatory medication (lbuprofen, 600
mg, 1 %bEry 6 hours during 5 days) were also prescribed. The sutures were removed

after 2-3 weeks,_and the patients were advised to resume oral hygiene.

Statistical my

An a prio analysis was carried out for sample size calculation, based on a study
published f€lsewhere,? in order to establish statistical significance (p<0.05). Assuming «
standard deviaiion of 1 mm, a minimum clinical difference of 0.75 mm, a ratio between

implant O@\ of 2, an alfa error and beta error of 0.05 and 0.20, respectively, and a
dropmé 5, a total of 50 and 25 graft units were found to be needed in the implant
sites and too s group, respectively. Quantitative variables were reported as the mean
and st iation (SD), while frequencies and percentages were used to describe
quoli’ro’rivzvoriobles. Differences between groups were evaluated using the chi-squared test
or Fisher's exgct test (if at least one cell was < 5) for categorical variables and the student 1-
test or eq @ onparametric tests (Mann-Whitney U-test or Wilcoxon test) for quantitative
variables, essing the normality of data distribution with the Shapiro-Wilk test. In order
fo test gdic‘rors of GW reduction, a univariate analysis was performed employing a
Three—lemn‘r, graft, implant/tooth) random intercept linear mixed model, using
percentage GWieduc’rion as dependant variable and age, gender, intervention, GT, RBT,
AA, GL, GW /implant position and type of site (footh versus implant) as independent
variables equently, only those variables that exhibited p < 0.20 were entered in the
multivariate analysis, which was carried out employing a stepwise three-level random

intercept linear mixed model. Likewise, univariate and multivariate analyses were conducted
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for both the tooth and implant subgroups. The SPSS version 26 statistical package (Armonk.

New York, USA) was used throughout. Statistical significance was considered for p < 0.05.

A Cohen 4 xaminer agreement rate was calculated to test the accuracy of the
examiner ssment of the clinical variables in the course of the study period. As part

of ’rroirﬂniWond GL were assessed at two different timepoints (before and after

{

supportive maintenance therapy). The study was started when the examiner reached > 85%

agreemenii resentative sample of 12 patients (20% of the sample size).

Results

US¢C

Demographic dara

§

A total of secutive patients (Nteeth = 22; Nimplants = 34) were recruited. Of these, four

d

dropped t ng the study period (nteeth = 1; Nimplants = 3). Of the patients eligible for
analysis; were females, and the mean age was 52.4 £ 14.6 year. A total of 73 graft units

af 122 re included. Anterior mandibular sites predominated over other sites (34.9%).

M

None of the infraoperative variables yielded statistical significance at TO, except AA

(p<0.0005 ing implant compared to tooth sites (Supplementary Table 1). A Cohen intfro-

[

examiner ent rate of 100% and 92% was reached for GW and GL, respectively before

O

the inifiatio e study.

th

Free epith gingival/mucosal graft dimensional changes

U

At the 6-mon low-up assessment (T3), the mean change in GD was 40.21%. In particular,

the m and GW reductions were 12.13% and 33.06%, respectively, at T3. Similar

dimensional ¢ ges were reported at T1 when compared to TO (16.32%) and at TI
compared to T2 (15.31%). This yielded statistical significance at both fimepoints (p<0.0005).

Only minor changes occurred from T2 to T3 (1.8%), without reaching statistical significance

This article is protected by copyright. All rights reserved.



(0=0.13). The mean difference in GD between the tooth and implant sites was statistically
significant at T3 (p=0.01). In particular, the decrease in GD at T3 was 33.26% at the tooth sites

and 43M implant sites. A similar tfendency was noted for the tooth and implant sites

in the co’rudy period, becoming more notorious at T2, since GW and GD at the

implanfgsitesadgigled greater statistical significance (p<0.0005) compared to the footh sites

(0=0.004) & Figures 2 and 3 and Supplementary Table 2).

Confoundgrsfof filee epithelialized gingival/mucosal graft dimensional changes

SC

The univariate an@ multivariate analyses yielded statistical significance between GD and GW

Ul

and age (Ra ) and GW assessed at TO (p<0.0005). Moreover, the type of intervention

simultane

h

oft fissue grafting further demonstrated significance in the univariate

analysis. | ular, FEG when performed simultaneous to peri-implantitis anti-infectious

d

therapy sh significantly more dimensional changes when compared to other
interventi ugment KG/KM at the tooth and implant sites (p=0.002). On evaluating the

tooth ndently, GT furthermore showed significance in the univariate (p=0.003)

M

and multivariate analyses (p=0.009). For the implant sites, AA exhibited statistical significance

[

in the univigi nalysis (p=0.01) (Table 2).

Discussio

Nho

t

Princip

U

The findin this prospective cohort study showed that: (1) FEGs are exposed to
dimensio nges that result in a reduction of approximately 40% of the original GD; (2)

the GD c are essentially attributable to a decrease in GW, which was approximately

A

70% compared to GL; (3) the FEG dimensional changes were about 10% greater at the

implant sites than at the tooth sites; (4) wider FEGs in older patients are prone to exhibit
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greater dimensional changes; (5) thicker grafts are more consistent with graft stability at
tooth sites; and (6) FEGs stabilized in areas with greater AA are exposed to greater GD and
GW chwmplon’r sites. The later finding may reflect the fact that GD and GW were

significan @ er when FEGs were performed simultaneous to anfi-infectious therapy,

o

where thegddgfigthe implant is greater.

Cr

Agreemen discrepancies with previous findings

S

The use o as been advocated to gain attached tissue,?” deepening the vestibule,?8

and also to afterfipt root coverage.?” The technique was originally described in the 1960s by

Ul

several au 183031 Since then, clinical studies have sought to understand the factors

influencin

]

infegration/success20:3233 and dimensional stability.17.202223 Syllivan and

Atkins sho; pillary outgrowths to be crucial in the development of granulation tissue

d

and in the VasC8larization of FEGs.'® As such, graft areas outlined by a denuded root/implant

surface o | bone may suffer necrosis.

\Y

In additio iferature has shown the following elements and strategies to be crucial in

]

reducing ges: (1) FEGs used to gain KM at implant sites in contrast to grafts used to

O

augment ooth sites;7 (2) intermediate thickness grafts when compared to very thin

grafts;20 (3f grafts in non-smokers compared to smokers;2 (4) the presence of a thick gingival

g

phenot and T at adjacent sites compared to thin phenotypes;?2 and (5) stabilization

{

using cya te compared to suturing up.2! The present study further confributes to

U

understan the variables that dictate graft stability. For instance, it was seen that for

tooth ant sites, GW is pivotal in predicting GD and GW changes. In the light of our

A

findings, it is s lated that wider grafts have been used in scenarios where the vestibule is
shallower, and thus more collapse of the mucogingival or alveolar mucosal junction is

anficipated rather than “shrinkage” of the graft. In this sense, we feel that this term is
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inaccurate, considering that GW and GL were not seen to undergo dimensional changes of
proportional magnitudes. These changes thus occur as a consequence of vertical collapse,
rather TMrinkage” attributable to factors inherent to the properties of the FEG or to

the nature & recipient site. This phenomenon has also been described elsewhere.17.34

P

Furthergaoigmilmegin e speculated that implant sites may have a shallower vestibule due fo

[

alveolar r ophy after tooth extraction than that found at tooth sites.35 This may

partially efplain e difference in changes in GD and GW.

SC

Not surpri icker grafts were seen to experience lesser dimensional changes at tooth

u

sites. This reement with previous studies?® that reported an average difference of

approxim@rely 15% between very thin (GT 0.3 mm) and scalpel-thick grafts (GT 0.9 mm). It

N

has been sized that the stability of thicker grafts is linked to resistance to functional

a

stresses.18 gly. the univariate analysis showed AA fo be associated to dimensional

chang nt sites. This finding was not surprising, given that in avascular zones, there

are no ca utgrowths to promote plasma circulation and organic binding.3¢ Hence, it is

\Y

worth noting that whenever soft tissue grafting is performed at implant sites to increase the

KM band @lin particular simultaneous to anti-infectious therapy for the management of peri-

[

implantitis raft must be secured within the vascular recipient bed, and no attempt

O

should be to coronally reposition the mucosal margin with the aim of covering the

recession,§ce this may result in partial necrosis of the FEG.

N

{

Graft dimensiondll changes have been more extensively documented at tooth sites than af

U

implant sites oth sites, changes ranging from 25% to 48.3% have been reported.20.3437.38

Thus, o s are in line with the data found in the literature. At implant sites, the reported

A

mean GD changes range from 33% to 61.8%.17263740 |n fact, a comparative study showed
that after 12 months of follow-up, the mean GD changes were two-fold greater at implant

(61%) compared to tooth sites (36%).17 This is in partial agreement with our own findings.
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Nevertheless, it must be noted that the difference in terms of GD changes at the tooth and
implant sites favored the latter by only about 10%. The differences between outcomes might
be o’r’rrim differences in operator expertise, considering that the interventions in the

present st w e performed by a specialist, in contrast to trainees in a university setfing. It is

o

speculgiegdthgigtihe grafts were stabilized over the implant/superstructure. That portion of the
graft asso ith the AA (“dead space”)3¢ was more likely to slough off - leading to more

GD chang@es. InYeddition, it should be noted that the residual periodontal ligament may

Gl

con’rribu’rem the formation of granulation tissue, favoring a smoother revascularization

Limifoﬁor! and recommendations for future research

The short, inherent to the study design must be mentioned. Firstly, clinical

phase. 4!

measurementsWere carried out with a periodontal probe; errors derived from this approach

are there ly. To overcome this limitation, it is advisable for future studies to assess GD

chang i three-dimensional scanning devices. Furthermore, given that GW
experienced substantially more changes than GL over the study period, it is also advisable for
future s’ruhr’rher assess the influence of the vestibular depth upon the GW and GD
changes. other hand, it should be noted that FEG performed simultaneous to anti-
infectious therGpy for peri-implantitis was associated to significantly more GD changes when
compore&o other interventions to augment KG/KM at the tooth and implant sites (p=0.002).
This fincwhove influenced the outcome. Hence, future studies should focus on the

de’rermin@D changes in FEGs used in standardized interventions at teeth and implant

<

Conclusions

sites.
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Free epithelialized grafts are exposed to dimensional changes that result in a reduction of
approximately 40% of the original graft dimension - the decrease moreover being about 10%

greo’rerw’r compared to tooth sites. Baseline graft width and thickness, the type of

in’rerven’ris the avascular area of the recipient site all influence the dynamic graft

dimens'pnmes.

Data availa statement

SCI

The data t®Support the findings of this study are available on request from the

corresponding thor. The data are not publicly available due to privacy or ethical

Ui

restrictions,

dll

Figures an egends

Figure 1. lllus s depicting the intraoperative variables recorded at T0.

Author M
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Figure 2. Percentage dimensional changes referred to fotal graft dimension (GD), total graft

width (GWF tal graft length (GL).

N
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Figure 3. Epithelialized soft tissue graft for gaining keratinized tissue at tooth and implant sites.
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Table 1. Digne

il e B o e G T3 M ey G 13

al changes along the study period

il G 1 W e A T e e G T

M

Linear Linear Linear Linear
cha value changes ChZ:\ge vc:)l;e changes Chz:\ge vcrl,l;e changes ChZ;ge v:I;e
Mean®E Mean t SD Mean £ SD Mean £ SD
TOOTH SITES TO vs T1 (n=23) T1 vs T2 (n=20) T2 vs T3 (n=20) Overall change (n=20)
GW (mm) 0.96 % O.%w <0.0005 0.85+1.05 14.30% 0.004 0.14£0.62 1.92% 0.315 1.84+1.35 2637%  <0.0005
GL (mm) 1.13£2.26 % 0.025 0.3+ 1.69 0.15% 0.437 0.15+1.31 1.30% 0.614 1.35+1.09 975% <0.0005
GD (mm2) | 21.09 21 . <0.0005 | 13.33+20.96 13.18% 0.010 1.9+10 2.86% 0.406 | 33.88+21.64  33.26%  <0.0005
IMPLANT SITES T1 (n=50) T1 vs T2 (n=49) T2 vs T3 (n=48) Overall change (n=48)
GW (mm) 1.26 % 1441 l7.45i <0.0005 1.08+15.3 15.72%  <0.0005 0.15+0.82 1.17% 0.253 2.54+1.92 35.84%  <0.0005
GL (mm) 0.92+0.9 <0.0005 0.92+2.22 5.03% <0.0005 0.54£1.11 3.19% 0.001 2.42+270 13.12%  <0.0005
GD (mm2) | 27.11+27.53 21 .9:; <0.0005 | 20.42+28.3 19.00%  <0.0005 | 4.64+14.57 5.07% 0.032 | 53.43+4545  43.11%  <0.0005
TOTAL TO vs T1 (n=48) T1 vs T2 (n=49) T2 vs T3 (n=68) Overall change (n=68)
GW (mm) 1.16 <0.0005 1.01+1.4 1531%  <0.0005 0.15+£0.76 1.81% 0.137 2.33+£1.78 33.06%  <0.0005
GL (mm) 0.98+1.45 <0.0005 0,74 +2.08 3.61% <0.0005 0.43+£1.18 2.64% 0.004 2.1+238 12.13%  <0.0005
GD (mm?) | 2521 %2577  21.42%  <0.0005 | 18.36+26.43 17.31%  <0.0005 | 3.83+13.37 4.42% 0.061 | 47.67 £40.77  40.21%  <0.0005

GW: graft width; GL: graft length; GD: graft dimension
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Table 2. Uliv jafe and multivariate analysis of tooth group and implant group. Estimates of

multilevel, -intercept linear mixed models of percentage width change at é months

compared 10 B0

in’rervoﬁ&C

e. Cl inf: inferior confidence interval 95%; Cl sup: superior confidence

4@ Univariate analysis Multivariate analysis
—mE Coefficient p-valve Clinf  Clsup Coefficient p-valve Clinf  Clsup
ienPlevel
Ag 0.002 0.749 -0.009  0.012
r 0.027 0.816 -0.215  0.270
raft level
n
Pri ondary -0.055 0.795 -0.498  0.387
f ess -0.219 0.033 -0.419  -0.020 -0.253 0.009 -0.435  -0.071
-0.055 0.593 -0.266  0.157
Baselin -0.002 0.895 -0.032  0.028
igle sites 0.224 0.818 -0.180  0.225
Ratio avascular/baseline graft dimension 0.885 0.943 -2.404 2.581
! Tooth level
vascular area 0.003 0.792 -0.020 0.027
@ 0.059 0.157 -0.025 0.143 0.076 0.037 0.005 0.147
i iy
el
H 0.009 0.008 0.002 0.015 0.006 0.028 0.001 0.012
3 0.099 0378 0127 0326
|
n
ry vs. all -0.271 0.005 -0.453  -0.089
Secondary¥s. all -0.025 0.838 -0.277 0.226
Anti-infectious vs. all 0.207 0.014 0.045 0.368
Graft thickness -0.007 0.932 -0.167 0.153
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Recipient thickness 0.048 0.435 -0.075 0.170

Baseline length 0.006 0.315 -0.006 0.018

ndible vsgvaxilla 0.029 0.722 -0.134  0.192

{

Single/Multiple sites 0.066 0.339 -0.071 0.204

Ratio avascllar area/b@keline graft area 3.20 0.105 -0.682 7.082

Implant level
I I
ascular area 0.038 0.016 0.007 0.069
Anterior vs. Posterior 0.053 0.305 -0.050 0.156

aseline th 0.088 <0.0005 0.045 0.130 0.077 0.001 0.035 0.119
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