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One senteacessBm@Mary: For tissue level implants, thin and thick peri-implant mucosal phenotypes

achieved si@ilar clinical parameters and radiographic marginal bone levels.
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d

Background™T im of this one-year prospective clinical trial was to compare clinical parameters

and margin e levels around tissue level implants with a partially smooth collar between

\

patient 2 mm) and thick (> 2 mm) vertical mucosal phenotypes.

Methods: hirty patients needing a single dental implant were recruited and allocated to thin (n =

§

14) or thic phenotype groups. Post-restoration, clinical (probing depth, recession, width of

O

keratinized a, bleeding on probing, suppuration, implant mobility, plaque index, and gingival

index) and{adiographic bone level measurements were recorded at different timepoints for one

q

year.

{

Results: Twenty-si¥ patients (13 per group) completed the one-year examination. No implants were

U

lost (100% rate). There were no significant differences (p > 0.05) between thin and thick

A

vertical muc notypes for any clinical parameter or for the radiographic marginal bone level.

Conclusion: Tissue level implants at one year of function placed in thin vertical mucosa achieved

similar clinical parameters and radiographic marginal bone levels as those in thick tissue. The
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formation of the peri-implant supracrestal tissue height plays a key role in MBL than mucosal

thickness in tissue level implant.

T

Introducti
I I
A iterature review proposed that the peri-implant mucosal phenotype (i.e.,

implants. al study has correlated the presence of angular bony defects with thin peri-

horizontal ‘nd/or’vertical mucosal thickness) may influence bone remodeling around dental
implant su%al tissue height (STH).> Defined by Avila-Ortiz et al., the peri-implant STH is
composed Icular epithelium, junctional epithelium, and the supracrestal connective tissue
around an @the authors stated that STH affects bone remodeling independently from implant
level design or prosthetic features.? In dogs, a surgically-induced thin (€ 2mm) phenotype produced
slightly mmesorption, implying that a minimum mucosal thickness is required to allow the
formati le STH.* In a series of prospective trials on humans, Linkevicius and coworkers
have sh implant sites in subjects with a thin (< 2 mm) vertical mucosal phenotype develop

more radiographic bone loss than sites in subjects with a thick (> 2 mm) phenotype.”®

L

Several _authors have suggested that marginal bone loss can be mitigated by platform
switching, teral positioning of the implant platform-abutment interface away from the
aIveoIarmﬂoward the center of the implant.®*! Vanderweghe and DeBruyn concluded that
platform switchinggreduces marginal bone loss by up to 30% only in sites where the peri-implant
mucosa is phini han 4.22 mm." Linkevicius et al. found platform switching does not prevent
radiograph oss in sites with a thin mucosal phenotype.® A systematic review by Hsu et al.
reporte<tn marginal bone loss of 0.36 mm within the first year of function in platform-
switched implantSend a trend toward less bone resorption at sites with a thick horizontal mucosal

phenotype.”
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The vertical positioning of the implant platform with respect to the alveolar crest (e.g.,
subcrestal, equicrestal, or supracrestal) at time of placement™ as well as prosthetic factors that
create ver’ca: fistance between bone and restorative components (e.g., abutment height, crown

contours)* ect post-surgical bone remodeling. Several researchers have argued that the

margina’bi_ie is preserved not by having thick mucosa but by using an abutment over 2-3 mm tall.™>
7 Pico et al _demonstrated that marginal bone loss is twice as severe when short (1 mm) instead of

tall (3 mm) nts were used on platform-switched implants placed equicrestally, regardless of

mucosal ;w_m Over-contoured crowns (emergence angle > 30°) placed on bone level

implants hg times more radiographic bone loss than tissue level implants due to patient’s
e

19
l.

reduce abi an these restorations during self-perform mechanical plaque control.” As most

studies ﬁn!that thin vertical and horizontal mucosal phenotypes and a lack of keratinized mucosa

increase thmperi-implant diseases, the current clinical dogma is to place implants in sites with

thick and a e keratinized mucosa (KM), whether these conditions are natively present or
surgically d.2%*?* Scarce material exists on the impact of mucosal phenotype on the
margin (MBL) around tissue level implants. 2> The aim of this prospective clinical trial is

to compare clinical parameters and MBL around implants with a 1.8 mm supracrestal smooth collar

between pailen!s with a thin (£ 2 mm) vertical mucosal phenotype and those with a thick (> 2 mm)

presentatiO

Materials *H Methods

Th;ctive cohort study was reviewed and approved by the University of Michigan
Health Qﬂtutional Review Board (IRB) (HUMO00095933), registered in ClinicalTrials.gov
(ID:NCT02925078),"and conducted in accordance with the Helsinki Declaration of 1964 as revised in
2013. Research subjects were recruited from new or active patients receiving dental care at the

University of Michigan School of Dentistry from November 2016 through December 2019. Prior to
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enrollment, each subject received information about the study design and signed an informed

consent. A summary of this study timeline is depicted in Figure 1A.

I

Q.

Patient selcahiconmm

-

Patignts mgho were eligible for the study fulfilled all seven of the following criteria: (1) aged >
18 years, (Qlly edentulous at a maxillary or mandibular premolar or first molar region, (3)
adjacent tht mesial and distal to the edentulous site, (4) residual bone height > 9 mm and
bone widt , (5) more than 2mm width of KM, (6) optimal oral hygiene (full-mouth plaque
scores of < o), and (7) clinical gingival health on an intact or reduced periodontium. Exclusion
criteria incg;ed any of the following: (1) need for bone augmentation, (2) current smoking or

smoking c f less than one year, (3) current or planned pregnancy, (4) uncontrolled systemic

disease, (5) conditions known to alter bone metabolism (e.g., diabetes, osteopenia, osteoporosis,

hyperparath ), (6) current or historical use of oral or intravenous bisphosphonates, (7)

history therapy, (8) need for active periodontal therapy, or (9) poor oral hygiene. Figure

1B shows tr experimental flowchart for this study.

- urgrg

re allocated to the thin (£ 2 mm) or thick (> 2 mm) vertical mucosal phenotype
group at chal screening appointment.® Under local anesthesia, an endodontic file with a

rubber stopper was used to measure the vertical mucosal thickness of the edentulous site at the

glon. Standardized intraoral radiographs and a cone-beam computerized tomogram
(CBCT) were taken to confirm adequate ridge dimensions that precluded advanced grafting.
Customized putty bite blocks were fabricated for each patient to ensure reproducibility of

standardized digital intraoral radiographs. Preliminary alginate impressions were taken to fabricate
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study models, and a surgical guide was made based on ideal prosthetic positioning, which was

confirmed through CBCT analysis.

Surgicalgpretocelmm

Eachgimpiant placement (IP) was performed by an experienced periodontist (author HLW)

Gl

under local esia with 2% lidocaine with 1:100,000 epinephrine and 2% lidocaine with 1:50,000

epinephring f ostasis. Intrasulcular incisions were made around the teeth adjacent to the

S

edentulou ; a mid-crestal incision was made bisecting the width of KM. A full-thickness flap

U

was raised on the buccal and lingual/palatal aspects of the edentulous site to expose the alveolar

i

ridge. Ad | caliper™and a periodontal probe*were used to measure mucosal thickness at 3mm

apical to t on line on the buccal flap (horizontal mucosal thickness) and vertical mucosa

d

height in the center of the ridge at the time of surgery (Figure 2A).

Ost s were performed following the manufacturer’s drilling sequence using a surgical
guide. After site preparation was completed, a dental implant™ was placed in the premolar or first

molar regi@h; the smooth-rough junction along the implant collar was surgically positioned at the

E

crest such y the machined portion was supracrestal. 3.8 mm diameter, 3.5 mm platform

0O

implants or m diameter, 4.6 mm platform fixtures were placed based upon available ridge
width. Fixture length ranged between 9-12 mm based on anatomical variations. Following

placem tall healing abutment with a regular emergence profile (<30°) was seated, and

uth

A

TBackhaus dental i plant caliper, ProDent® USA, East Brunswick NJ, USA
* University of North Carolina (UNC) manual probe with 1 mm markings, Hu-Friedy®, Chicago, IL, USA

” Tapered Tissue Level implant, BioHorizons®, Birmingham, AL, USA
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interrupted dense polytetrafluoroethylene”“sutures were used to close each surgical site. A

standardized periapical radiograph was taken post-surgically.

Postopeanntivesinsitnwctions

ctsqwere instructed to rinse with warm salt water once a day for two weeks. All

Cr

subjects we cribed amoxicillin 500 mg tid for 10 days. If an allergy to amoxicillin was reported,

the patien pr@scribed a five-day dose pack of azithromycin 250 mg. Additionally, ibuprofen 600

S

mg was pr or swelling and pain control. Sutures were removed two weeks postoperatively;

U

checks to ensure proper healing were performed one and four months post-implantation.

dll

Prosthetic t

All res ive treatment was completed by author GM. Final crown impressions were

\]

perfor five months after implant placement. Crown delivery occurred two to four

weeks postrimpression. Custom abutments and screw-retained implant prostheses were used.

.

Proper occl lat or slightly convex crown contours, and sealed crown margins were achieved

and/or co at the final restorative visit. Post-delivery adjustments were made based on

O

patient ne

uth

Clinical ass

ﬁ measurements including probing depths (PD) , recession (REC), bleeding on probing

A

(BOP), suppuration (SUP), plaque index (PLI), gingival index (GI) at 6 sites (mesio-buccal, mid-buccal,

" dPTFE, Osteogenics Biomedical, Lubbock, TX, USA
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disto-buccal, mesio-lingual, mid-lingual and disto-lingual) were recorded using a University of North
Carolina (UNC) manual probe®, and implant mobility. Mean values among the 6 sites were obtained
at the t#‘plant crown delivery (CD) as well as six months (T6) and 12 months (T12) post-
restoratio y, width of KM was recorded post-surgically at mid facial during IP from mid-
buccal Hug%rgin to the mucogingival margin. Supportive implant therapy using mechanical

instrumentation was also performed at T6 and T12.

SC

Radiographic assessment

U

Standardized radiographs were taken at crown impression, CD, T6, and T12; a new CBCT

E)

scan was taken at T12. Radiographic measurements included distance from first implant thread to

bone-impl ct (BIC) (1™ Thread-BIC) — pathologic bone remodeling and implant platform to

d

BIC (Platform-BICJ - physiologic bone remodeling; these were taken at the time of implant placement

(IP) through igure 2C). Preoperative and postoperative bone width (BW) of the buccal and

WY

palatal es were measured from CBCT images using a computer software**. All

measurements were collected by authors CGP and JM after intra- and inter-examiner calibration.

[

Using the Ka est, the inter- and intra-examiner agreements were calculated to be 0.79 and 0.85,

O

respectivel

h

I
3

Statistical anal

A test significance level (a) of 5% was used, and the power analysis was 80%. Sample size for

each gr calculated using a computer program with two-sided equivalence for difference of

A

* Blue Sky Bio, Libertyville, IL, USA
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proportions in two group design®. According to a previous study,® mean bone loss around an

implant placed in a thin tissue biotype (u4) is 1.450 mm; an implant placed in a thick tissue biotype

t

P

has 0.170 f mean bone loss (U,). The difference in means between the two groups (U - W) is
1.280 mm on standard deviation (o) of 1.160 mm. Based on these figures, the sample

(n) needed N eac group in this present study was calculated to be 14 patients. A non-parametric

analysis for longitudinal data (Brunner-Langer model) was performed for all clinical and radiographic

CrI

measurem OVA-type statistics were used to detect differences between groups at a 95%

confidencelint@rva

Results

NUS

0 patients were identified—16 were allocated to the thick tissue group (> 2 mm

3

vertical mucosal“height), and 14 were allocated to the thin tissue group (< 2 mm vertical mucosal

height). Thre nts in the thick tissue group dropped out of the study (one reported financial

\'{

limitati ed away, and one was lost for unknown reasons); one patient from the thin

tissue group was dismissed due to noncompliance. Twenty-six patients (13 per group) completed the

I

one-year stu summary of the baseline demographic data is presented in Table 1. No statistical

O

difference d between groups at baseline demographic, clinical and radiographic parameters

(p>0.05). Risure 3 documents the treatment and follow up of a patient with a thick vertical mucosal

h

phenotypegFiguregA) and one with a thin vertical mucosa phenotype (Figure 3B).

ut

Clinical fi

A

% hQuery Advisorw, version 7.0; Statsols, Los Angeles, CA, USA
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In the thick vertical tissue group, the intra-operatively mean mid-buccal and mid-lingual
bone width immediately following implant placement was 1.65 + 0.98 mm and 1.65 + 0.82 mm,
respectim thin vertical tissue group, the corresponding measurements were 1.04 + 0.64
mm and 1 m, respectively. There were no significant differences noted in buccal (p =

0.072) o qu!iuap= 0.902) bone thickness between the two groups immediately following implant

placement.

5C

Normal_healthy clinical parameters (e.g. PD <4mm, 22mm KM and <0.5mm REC) were
observed i t in (£ 2 mm) and thick (> 2 mm) vertical tissue height groups for all recorded

measurements (Table 2). Between CD and T12, the mean PD in the thin tissue group increased by

Gl

0.65 mm (CDg= mm, T12 = 3.13 mm, p < 0.001); mean PD deepened by 1.35 mm (CD = 2.12 mm,

T12 =3.46

'l

0.001) in the thick phenotype group (Figure 4A). Deeper PDs were found around

implants h mucosa compared to those with thin phenotypes from CD-T6 and CD-T12 (p

©

<0.05). and REC values, however, did not differ between groups from CD-T12 (p =

0.195) (see S ental Figure 1in online Journal of Periodontology). Mean REC values remained <

0.3 mm and did not differ between groups at any timepoint (p > 0.05) (Table 2A, Figure 4B).

trend toward higher PLI (thin group = 0.26 + 0.23mm, thick group = 0.13 + 0.13

Aup = 42.31%, thick group = 34.62%), and Gl (thin group = 0.58, thick group = 0.35)

3

3
@
o
<

in the thin ype compared to the thick at one year post-restoration, but none of these

N

differe tatistically significant (Table 2A; Figures 4C, 4D, and 4E). The width of KM

{

decreased By approximately 1 mm in both groups from implant placement to crown delivery (IP-CD)

(thin: p < 0.05; thigk: p < 0.05) and remained stable from crown delivery to one year post-restoration

9

(CD-T12) ( (Figure 4F). No statistically significant difference in mean KM width between the

thin and thi osal groups were detected at all time points (p = 0.687). No mobility of any

A

implant was detected at any timepoint.
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A subset analysis was performed to examine the influence of horizontal mucosal thickness

(thin <1mm and thick >1mm) on PD, KM, BOP and Gl (Table 2B), no statistical significance difference

t

P

(p > 0.05) was found between groups.

Crl

Radiograp

e mean mid-buccal bone width obtained through a CBCT evaluation was 1.73 *

0.74 mm igkth€ thick tissue group and 1.37 £ 0.43 mm in the thin tissue group, and no statistically

S

significant ce presented between phenotypes (p = 0.151) (Table 2C). From implant

U

placement through one year of function (IP-T12), there was no significant change in mid-buccal bone

4

width bet n groups (p > 0.05).

A stati y significant apical positioning of the marginal bone level from IP-CD was noted

d

in both + 0.43 mm, p < 0.001) and thick (0.33 + 0.52 mm, p = 0.022) phenotype groups

using this i design (Table 2C). Slightly less bone remodeling occurred in the thick biotype

\

group, but this tendency did not reach statistical significance under comparison (p = 0.277). From

CD-T12, th€ke was a non-significant (p > 0.05) MBL change of 0.26 + 0.44 mm in the thin vertical

E

tissue gro non-significant change of 0.28 + 0.57 mm for the thick vertical tissue group. At

0O

one year (T12fhe radiographic MBL for the thin and thick vertical tissue phenotypes was 1.69 +

0.54 mm afd 1.59 * 0.83 mm, respectively; this difference between groups was not significant (Table

3

L

2C, Fig mean MBL change from IP-T12 was statistically significant at 0.78 + 0.66 mm

(thin group) and 0%1 + 0.71 mm (thick group), but there was no significant difference between the

Gl

groups (p =0.5

We co results from quartile phenotypic extremes to check for hidden trends. Four of
thinnest sites (mean vertical tissue height: 1.33 + 0.28 mm) were evaluated against four of the

thickest sites (mean vertical tissue height: 3.00 £ 0.40 mm). At T12, a slighter greater MBL was noted

This article is protected by copyright. All rights reserved.



in the thin group (1.92 + 0.52 mm) compared to the thick group (1.42 £ 0.97 mm), but neither this

difference nor the ones for clinical parameters reached statistical significance between the group

extremes (! >0.05).

As s was performed to examine the influence of horizontal mucosal thickness
I I

(thin <1mmMand thick 21mm) on MBL (Table 2D), no statistical significance difference (p > 0.05) was

found betQups although both groups showed significant MBL changes from IP up to T12
were note groups.

-

Discussion
Altgost clinical studies 2*° have previously evaluated MBL changes occurs around

tissue Ieve, the present prospective study did not find significant clinical or MBL changes in
tissue | s when taking into consideration of thin and thick mucosal phenotypes. These
results Ehose reported by most clinical studies™”® 3* and systematic reviews,”" ** which
have indicated that thicker mucosa moderates bone remodeling. The main differences between
other studs and this clinical trial are the type of implant used and the implant platform depth
relative to olar crest. We employed a tissue level implant placed supracrestally (smooth
collar place e the crest) whereas others followed bone level implants placed equicrestally or

subcrestall¥(roughened collar below the crest).

Lin!evicius et al. reported that rough-surfaced implants placed 1.5 mm subcrestally

surroundemvertical mucosa compared to epicrestally placed implants.® ** Soft tissue tenting
P |

over 2 mm healing abutments and subcrestal implant placement can significantly reduce crestal

[

bone loss, compared to vertical soft tissue thickening by tenting of epicrestally placed implants.
Ercoli et al. have noted that subcrestal implant positioning of a platform-switched implant generates

less crestal bone loss than a equicrestally placed implant with a tenting healing abutment.” In a
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randomized clinical trial, Linkevicius and associates observed less reduction of MBL when implants

were placed subcrestally compared to epicrestally placed implants.*

I

For of the peri-implant STH, along with implant design (polished collar, laser-
microtextu p ture positioning (supracrestal), and prosthetic features (particular abutment
I I

lengths, geSIx contoured crowns),™ *® has likely influenced the outcomes of this study and dwarfed

any effectsfof theWative mucosal thickness. Linkevicius et al. determined that platform switching did

G

not maintain crestal bone loss in patients with thin tissue phenotypes.*® Conversely, Wallner and

S

coworkers § that mucosal phenotype does not affect marginal bone loss.>® In the present

study, minimal bWt statistically significant MBL increases were noted in both groups from implant

Ui

placement timepoints up to one year. The statistically relevant resorption occurred prior to

[

crown deli ifying that formation of the peri-implant STH causes the greatest alterations in

MBL (Tablgl 2 implant in either phenotypic group displayed radiographic bone loss beyond

O

physiol remodeling after one year in function. These findings suggest that the peri-

implant STH i tablished regardless of mucosal phenotype prior to the prosthetic phase and is

maintained during function in tissue level implants with a 1.8 mm tall polished collar. The biological

response rSy differ for bone level implants, as evidenced by studies from the Linkevicius and van

Eekeren grOc linked thin phenotypes to greater bone loss.”® **

Thi id not find differences in clinical or radiographic measurements between thin
and thiﬁlue phenotypes; this may imply that once peri-implant STH is established with
relativem,te influence of mucosal phenotype may be neutralized. Although implants in the
thin tissue ;rOUESended toward greater BOP, PLI, and Gl score compared to those in the thick
group, no al differences were found between groups in BOP, PLI, or Gl, and no peri-implant
disease was ed for any fixture at any time. Additionally, correlations between intra-operative

and CBCT outcomes should be interpreted carefully. A slight increase in buccal bone width was

noted after 1-year of implant placement in CBCT evaluation when compared to intra-operative
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measurements. The difference may be caused by the CBCT scattering or beam hardening.

Furthermore, these differences address the limitations between the chosen non-invasive (CBCT) and

t

invasive (sUrgical re-entry) techniques.

Th
|

study, Mail@a et al. noted significantly greater midfacial recession in sites with peri-implantitis (0.79

nt mucosa may raise the risk for peri-implant diseases. In a cross-sectional

+2.22 mm)fas welas in those with a thin vertical mucosal phenotype (0.71 + 1.53 mm).37 To prevent
such biologica mplications, soft tissue augmentation is currently endorsed to correct thin
ucosal autografts or allografts can thicken soft tissue’ and improve esthetics.*®

phenotype

Soft tissue augmefitation around bone level implants with thin phenotypes results in significantly

Us

less radiogr ne loss compared to non-grafted sites.” **

Implan ing KM are associate with plague accumulation, tissue inflammation, recession,

and attach s, though not with radiographic bone loss.** *° In this trial, we ensured that a

all

sufficie of KM (22mm) was present at the time of implantation. Irrespective of phenotype or

M

adequa KM, we noted an approximately 1 mm reduction in KM width from implantation to
crown delivery, which may be due to coronally flap repositioning around the polish collars that
triggers a

s of KM. Nonetheless, post-crown delivery, the peri-implant tissues remained

stable for dp year. One study using the same implant type as in the present study determined

or

that KM wi changed up to three years if flap was positioned in the bone level.*”*

N

Scarge evidence is available related to influence of horizontal mucosal thickness on the clinical

!

and radiog rameters. Results from this study indicated there is no difference between thin

(<1mm) an 21mm) with regards to MBL and clinical parameters recorded. More study in this

area is to further validate these findings. Nonetheless, it has been demonstrated that

A

horizontal mucosal thickness is inversely correlated with the integrity and thickness of the buccal
bone.*” The present data was in line with this observation which showed buccal thickness of 0.57

mm and 1.21 mm in thin (<1mm) and thick (21mm) horizontal tissue phenotypes, respectively.
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This trial tracked implants for 12 months post-crown delivery; a longer follow-up may reveal

soft tissue and MBL changes that do not appear until later. Although we assessed signs of

£

P

inflammation,_we did not directly evaluate peri-implant diseases or the influence of tissue
phenotype hese results apply only to one type of tissue level implant; future studies

should Bnalyze Various implant designs, placement depths, and prosthetic features to clarify the

¢

effect of tissue notype in other scenarios.

SC

Conclusion

U

Within the limitations of this study, tissue level implants at one year of function placed in thin

vertical muggsa achieved similar clinical parameters and radiographic MBL as those in thick vertical

)

tissue; th oft tissue phenotype does not impact implant health possibly because peri-

d

implant STH is rapidly established in the implant design we used. Longitudinal studies are required to
confirm the of mucosal thickness in different implant designs and surgical and prosthetic

situatio

r VI
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Tables and Figures

Figure 1. Experiment timeline and flowchart.
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Figure 1A. Study timeline

" Figure 1A
I Study timeline
CBCT visit 2 weeks PO Crown Impression 6 mc(r:;l; PO
L l ! | |
| 1 f f f
Screening Implant placement 1 month PO Crown Delivery 12 month PO

(cD) (T12)

(IP)
PRE-SURGICAL PHASE IMPLANT HEALING PHASE PROSTHETIC PHASE MAINTENANCE/MONITORING PHASE

Author '
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Figure 1B. Flow chart of patient allocation, intervention and post-operative follow-ups

Figure 1B

] [ Enroliment ]

Allocation

Screened patients
(n=56)

Excluded (n = 26)
+ Not meeting inclusion criteria (n=26)
+ Advanced grafting procedures were required

h 4

according to clinician and results from CBCT
evaluation

Eligible patients
(n=30

A 4

A

Thin phenotype (<2mm)
(n=14)

Thick phenotype (>2mm)
(n=16)

Received allocated intervention (n=13)
Did not received allocated intervention
(Patient dismissed due to multiple
cancellations) (n=1)

Received allocated intervention (n=14)
Did not received allocated intervention
(1 withdrew due to financial limitations
and 1 due to personal reasons) (n=2)

A A

v

Lost to follow-up (n=0)
*  No early implant failures

Analyzed (n=13)

Lost to follow-up (n=1)

+ 1 patient moved out

« No early implant failures
Analyzed (n=13)

[ 1-year Follow-up ] [Surgical Follaw-up] [

Author |
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Figure 2. lllustration of clinical and radiographic measurements

Fiire ZA'nd 2B. A) A periodontal probe and B) a dental caliper were used to measure

mmess and alveolar ridge width

|
Figure 2A and 2B
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Figure 2C. Diagram to illustrate radiographic measurements included distance from first

implant thread to bone-implant contact (BIC) (1* Thread-BIC) and implant platform to BIC

e

1 Figure 2C

C

(@ Platform-BIC
() 1st Thread-BIC

—
2
- 3
—
S
.

;'

p;
/
hS

Author
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Figure 3. Clinical cases illustration in both treatment groups.

Fiqre 3é'Thick tissue phenotype group. A) Baseline, intra-operative, 6 month and 12

m t-operative documentation of a dental implant with thick (> 2mm) mucosal
ph . Pre-operative and 12 months post-operative CBCT evaluation of a dental
I I

im&nt with thick (> 2mm) mucosal phenotype
f, N\

Figure 3A

Imp Surgery 6 months 12 months

A Pre-op screening (T6) (T12)

B Pre-op CBCT 12 months CBCT evaluation
screening (T12)
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Figure 3B. Thin tissue phenotype group. A) Baseline, intra-operative, 6 month and 12

months post-operative documentation of a dental implant with thin (£ 2mm) mucosal

ph e. B) Pre-operative and 12 months post-operative CBCT evaluation of a dental
im in (£ 2mm) mucosal phenotype
| —

Figure 3B

A Pre-p sceening Imp ﬁ:;gery Gm(_ltgg)ths 12g:>;)ths

] 2

B Pre-op CBCT 12 months CBCT evaluation
~_screening
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Figure 4. Clinical and radiographic outcomes between thin (£ 2mm) and thick (>

phenotypes

T

Figure 4

Author

Masn

1.55

PD (mm) B
35 346 01
336 iz s
£ oo
—Thin
—a—Thick s
Gramn deivery & o 1 year
(L] ma)
PLI (Score) D
75
—in
ik
s0
o1 £
s
°
o
Croun dstvery G rontra 1y
(o] 8 iz
GI (Score)
—ahin
—aThick
0s
033 £
031
o oy 8 et tyoar
ma
MBL (mm)

REC (mm)
——h
-
001 on o
—
o o 002
Cromngeney  Smorms yer
e
BOP (%)
—aThi
e
0
s
167 s
o 167
Cowndeney  Gmonms 1yesr
©0) ma iz
KM (mm)

B
s & 3 3 3
2 2 ——hin

e Thick
krp Sugsry  Crowndelhvery  Barorihe 1 ysar
) c0) ] a1

17

153

0.84 et Thin
=== Thick
T T T )
Imp Surgery Crown delivery & months 1 year
L] oy T8) mz

This article is protected by copyright. All rights reserved.

2mm) mucosal



Table 1. Baseline demographic data

Table 1. Bieline ’mographic data

Variables Q
Age (vears s
L Female
Gender (%
Male
Preoperative
Vertical m%ckness (mm)
Intraoperative
Horizontal mucoss thickness (mm) Intraoperative
Maxilla
Implant logation (%)
Mandible
Molar
Replaced tQet
Premolar

Pre-operative

Ridge

Author N

This article is protected by copyright. All rights reserved.

Thin group (n=13)
56.54 (10.39)

5 (38.46%)

8 (61.53%)

1.77 (0.72)

1.9 (0.48)

0.65 (0.24)

2 (15.38%)

11 (84.61%)

9 (69.23%)

4 (30.76%)

7.45 (1.11)

Thick group (n=13)
56.54 (13.30)

5 (38.46%)

8 (61.53%)

2.42 (0.49)

2.42 (0.45)

0.99 (0.43)

6 (46.15%)

7 (53.84%)

5 (38.46%)

8 (61.53%)

6.85 (1.27)



Table 2: Mean differences in clinical and radiographic measurements between vertical and

horizontal mucosal phenotypes

—
Q

ript

ean differences in clinical measurements between thin (£ 2mm) and thick (>

ucosal phenotypes

C

Table 2A. ifferences in clinical measurements between thin (£2mm) and thick (>2mm)

vertical mUgosal pienotypes

dnNus$s

Thin Thick
Variable ne Thin - Thick (mm)
Mean (SD) Mean (SD)
2.47 (0.46) 2.12(0.25) 0.35
3.42(0.37) 3.36 (0.42) 0.06
3.13 (0.45) 3.46 (0.53) 0.33
PD (m
-T6 0.96 (0.57)* 1.24 (0.43)* 0.28
s T6-T12 -0.29 (0.26)* 0.10.(0.51) 0.36*
-T12 0.65 (0.62)* 1.35(0.58)* 0.70*
3.96 (1.65) 3.92 (1.36) 0.04
c 2.77 (1.24) 2.92 (1.05) 0.15
3.00(1.35) 3.00 (0.93) 0.00
I | !2 2.96 (1.13) 2.96 (1.12) 0.00
IPSD -1.19 (1.15)* -1.00 (0.96) 0.11
KM (mm)
6 -0.96 (1.35)* -0.92 (0.86) 0.26
IP-T12 -1.00 (1.47)* -0.96 (1.03) 0.26
CD-T6 0.23 (0.73) 0.08 (0.28) 0.15
CD-T12 0.19 (0.63) 0.04 (0.14) 0.15
T6-T12 -0.04 (0.59) -0.04 (0.32) 0.00
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D 0.03 (0.09) 0.00 (0.00) 0.02
6 0.03 (0.06) 0.00 (0.00) 0.03
Hz 0.03 (0.16) 0.02 (0.05) 0.01

REC (mm)
6 0.00 (0.07) 0.00 (0.00) 0.00
T6-T12 0.00 (0.00) 0.02 (0.05) 0.02

N E——

CD-T12  -0.04(0.59) 0.02 (0.05) 0.06
Q 19.23(24.39)  3.84(9.99) 15.39
6 33.33(24.62)  29.48(22.72) 3.85
w 4231(24.17)  34.62(22.01) 7.69

BOP (%)
:rs 15.28(39.22)  25.64 (25.11)* 10.36
12 833(18.12) 5.13 (32.19) 3.20
s CD-T12  23.08(39.40)*  30.77 (23.42)* 7.69
C 0.20 (0.29) 0.10 (0.30) 0.10
0.10 (0.24) 0.10 (0.30) 0.00
0.26 (0.23) 0.13 (0.33) 0.13

PLI (Score,
6 -0.10 (0.29) -0.01 (0.18) 0.09
912 0.15(0.36)* 0.03 (0.22) 0.12
s CD-T12 0.06 (0.35) 0.02 (0.23) 0.04
cD 0.09 (0.13) 0.03 (0.06) 0.06
O 0.36 (0.32) 0.33 (0.25) 0.03
0.58 (0.31) 0.35 (0.25) 0.23

Gl (Score)
6 0.29 (0.38)* 0.31(0.26)* 0.02
Hn 0.22 (0.36)* 0.31(0.26) 0.21
CDSlZ 0.49 (0.34)* 0.31(0.26)* 0.17

PD: Probing d ; KM: Keratinized mucosa (post-surgically); REC: Recession; BOP: Bleeding on
probingg que index; Gl: Gingival index; IP: Implant placement; CD: Crown delivery; T6: 6-
month fo 12: 12-month follow-up; SD: Standard deviation

&

*p<0.05
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Table 2B. Mean differences in clinical measurements between thin (< 1mm) and thick (>

1mm) horizontal mucosal phenotypes

T

Table 2B. mnces in clinical measurements between thin (<1mm) and thick (=1mm)
horizontal notypes.

Variable Leline

o))

SC

PD (mm)

T (o
— N
D

-T12

I

-T12

d

(@)

D

6

M
N

IP-CD
KM (mm)

T6

T12

Or

-T12

n

-T12

{

U

—
(e}

T12
REC (mm
-T6
T6-T12
CD-T12

Thin
Mean (SD)
2.31(0.47)
3.43 (0.38)
3.21(0.54)
1.11 (0.57)*

-0.22 (0.27)*
0.90 (0.71)*
3.97 (1.61)
2.91(1.24)
3.09 (1.32)
3.09 (1.13)
-1.06 (1.41)*
-0.88 (1.26)*
-0.88 (1.41)*
0.19 (0.66)
0.19 (0.57)
0.00 (0.55)
0.02 (0.08)
0.02 (0.06)
0.02 (0.06)
0.00 (0.06)
0.00 (0.00)

0.00 (0.06)

Thick
Mean (SD)
2.27 (0.29)
3.31(0.42)
3.43 (0.46)
1.09 (0.43)*
0.19 (0.58)
1.17 (0.63)*
3.90 (1.35)
2.75(0.98)
2.85(0.82)
2.75(0.98)
-1.15 (0.97)

-1.05 (0.86)*
-1.15 (0.97)*
0.10 (0.32)
0.00 (0.00)
-0.10 (0.32)
0.00 (0.00)
0.00 (0.00)
0.03 (0.06)
0.00 (0.00)
0.03 (0.06)

0.03 (0.06)
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Thin - Thick
(mm)

0.04
0.12
0.22
0.08
0.30
0.26
0.06
0.15
0.24
0.34
0.09
0.18
0.28
0.09
0.19
0.10
0.02
0.02
0.00
0.00
0.02

0.02



(@]

D

|

BOP (%)

i

S

PLI (Score)

u
_| 1
5o

CD-T12

[

D

6

d,

12
Gl (Score
-T6

M

-T12

s CD-T12

15.63 (23.15)
34.38 (23.15)
40.63 (21.92)
18.75 (36.45)*
6.25 (17.08)
25.00 (36.51)*
0.21(0.29)
0.11(0.24)
0.21(0.21)
-0.10 (0.26)
0.09 (0.29)*
0.00 (0.28)
0.05 (0.10)
0.39 (0.29)
0.52 (0.31)
0.33 (0.34)*
0.14 (0.36)

0.47 (0.32)*

5.00 (11.25)
25.93 (23.73)
35.00 (25.40)
24.07 (25.15)*
7.41 (38.29)
30.00 (24.60)*
0.06 (0.10)
0.08 (0.21)
0.17 (0.28)
0.02 (0.19)
0.08 (0.33)
0.11(0.31)
0.07 (0.12)
0.28 (0.28)
0.37(0.27)
0.24 (0.28)*
0.07 (0.38)

0.30 (0.28)*

This article is protected by copyright. All rights reserved.

0.10

0.09

0.06

0.01

0.03

0.04

0.17

0.03

0.04

0.14

0.03

0.13

0.01

0.11

0.16

0.12

0.05

0.17



Table 2C. Mean differences in radiographic measurements between thin (< 2mm) and thick

(> 2mm) vertical mucosal phenotypes

{

Table 2C. ferences in radiographic measurements between thin (€2mm) and thick (>2mm)
vertical m types
|
Thin Thick
Variable eline Thin - Thick (mm)

Mean (SD) Mean (SD)

SCl

ccal 1.04 (0.64) 1.65 (0.98) 0.61
IP

intraoperati gual 1.69 (0.75) 1.65 (0.82) 0.00

bone widt
Alerage 1.37 (0.58) 1.65 (0.71) 0.28
1P 0.90 (0.61) 0.98 (0.69) 0.08
s CD 1.43 (0.56) 1.31(0.68) 0.12
6 1.50 (0.61) 1.51(0.91) 0.01
12 1.69 (0.54) 1.59 (0.83) 0.10
IP-CD 0.52 (0.43)* 0.33 (0.52) 0.2

MBL (mm)
IP-T6 0.60 (0.67)* 0.53 (0.75) 0.07
IP-T12 0.78 (0.66)* 0.61 (0.71) 0.18
s CD-T6 0.07 (0.37) 0.20 (0.59) 0.13
-T12 0.26 (0.44) 0.28(0.57) 0.02
-T12 0.19 (0.34) 0.08 (0.38) 0.61
Buccal 1.96 (0.63) 1.95 (0.74) 0.01

T12 CBC
bone widt Liggual 2.52 (1.00) 1.80 (0.69) 0.57
(mm
jrage 2.24(0.79) 1.92 (0.60) 0.32
IP: /mplanﬁnt; MBL: Marginal bone level; CBCT: Cone beam computerized tomogram; CD:

Crown delivery; T6: 6-month follow-up; T12: 12-month follow-up; SD: Standard deviation

*p<0.05
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Table 2D. Mean differences in radiographic measurements between thin (< 1mm) and thick

(2 1mm) horizontal mucosal phenotypes

{

Table 2D. ferences in radiographic measurements between thin (<1mm) and thick (21mm)
horizontal notypes
I I
. L o Thin Thick Thin - Thick
Variabl Timeline
Mean (SD) Mean (SD) (mm)
Buccal 1.15 (0.88) 1.65 (0.81) 0.50
IP intraopefati .
i Lingual 1.75 (0.81) 1.55 (0.72) 0.20
bone widt
s Average 1.45 (0.70) 1.6 (0.60) 0.15
P 1.06 (0.67) 0.76 (0.58) 0.30
s CD 1.46 (0.60) 1.21 (0.63) 0.25
T6 1.73 (0.74) 1.13 (0.67) 0.60
T12 1.87 (0.61) 1.26 (0.65) 0.82
IP-CD 0.41(0.51)*  0.45 (0.45)* 0.05
MBL (mm)
IP-T6 0.68 (0.75)*  0.38 (0.60)* 0.30
IP-T12 0.82(0.72)*  0.50(0.58)* 0.32
s CD-T6 0.27 (0.52) -0.08 (0.35) 0.35
CD-T12 0.41 (0.47) 0.05 (0.48) 0.37
T6-T12 0.14 (0.30) 0.12 (0.45) 0.02
S Buccal 2.03(0.71) 1.84 (0.64) 0.19
T12C _
) Lingual 2.32(0.83) 2.01(1.02) 0.31
W"“W
: Average 2.17 (0.72) 1.92 (0.71) 0.25
IP: /mplanﬁnt; MBL: Marginal bone level; CBCT: Cone beam computerized tomogram; CD:

Crown delivery; T6: 6-month follow-up; T12: 12-month follow-up; SD: Standard deviation

*p<0.05
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