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Management of Thick and Thin Periodontal Phenotypes for 
Immediate Dental Implants in the Esthetic Zone:  
A Controlled Clinical Trial

The goal of the study was to compare the outcome of immediate single-implant 
placement in esthetic sites of patients with thick or thin tissue phenotypes. 
Forty-one patients underwent implant surgery with guided bone regeneration 
including peri-implant gap and overcontour grafting. A connective tissue graft 
was added only for patients with a thin tissue phenotype. Twenty-six patients 
completed the 12-month follow-up examination (thick, n = 14; thin, n = 12). The 
thick-phenotype group gained 0.01 ± 1.56 mm of midfacial soft tissue height, 
while the thin-phenotype group lost 0.20 ± 1.14 mm (P = .21). There was no 
significant difference in buccal plate thickness achieved at time of uncovery, 
pink and white esthetic scores, radiographic bone levels, and clinical parameters 
between the two groups. These results suggest that when the suggested treatment 
protocol is followed, there are no significant differences in the outcomes of 
immediate implant placement for patients with different soft tissue phenotypes. 
Int J Periodontics Restorative Dent 2020;40:51–59. doi: 10.11607/prd.4317

Immediate implant placement has 
been accepted as a predictable and 
effective method to replace a single 
tooth in the esthetic zone with sur-
vival rates that are comparable to 
conventionally delayed implants.1,2 
One of the major esthetic concerns 
following immediate implant place-
ment is midfacial mucosal recession. 
A systematic review by Chen and 
Buser3 reported that the incidence 
of midfacial recession of 1 mm or 
more ranged from 9% to 41% (medi-
an 26%) between 1 to 3 years follow-
ing immediate implant placement.

Risk indicators for recession fol-
lowing immediate implant place-
ment include a thin soft tissue 
phenotype, placement of the im-
plant too facially, and a thin or non-
intact facial plate.2–4 To decrease 
the amount of bone loss and com-
pensate for a thin facial plate and 
its associated dimensional changes 
following extraction, grafting the 
implant-socket gap and the ex-
ternal aspect of the facial plate (ie, 
contour bone augmentation) may 
create more favorable peri-implant 
conditions.5–8 The addition of a con-
nective tissue graft to achieve ideal 
esthetic outcomes has also been 
documented9,10 and could be advan-
tageous in thin tissue phenotypes.11 

Taken together, contour bone 
augmentation and connective tis-
sue grafts represent valuable strat-
egies when addressing esthetically 
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demanding cases. The purpose of 
the study was to compare the es-
thetic, clinical, and radiographic 
outcomes of immediate implants 
in conjunction with guided bone 
regeneration performed within the 
socket and beyond the facial plate 
in patients with a thick or thin tis-
sue phenotype. A connective tissue 
graft was added to the thin group, 
and the midfacial soft tissue margin 
level was the primary outcome.

Materials and Methods

Participant Enrollment Protocol

Patients who required extraction 
of a single nonrestorable tooth and 
replacement with a dental implant 
were enrolled in the study. Sites in-
cluded the maxillary first premolar, 
canine, and lateral or central incisor 
with adjacent natural teeth. Exclusion 
criteria consisted of: (1) a history or 
current habit of smoking  more than 

10 cigarettes per day; (2) untreated 
or previously treated periodontal 
disease; (3) systemic disease that pre-
cluded standard dental implant ther-
apy; (4) taking medications or having 
a disease that could alter bone me-
tabolism; and (5) current pregnancy.

The study was conducted in 
accordance with the Helsinki Dec-
laration of 1975, as revised in 2013; 
was approved by the IRB of UT 
Health San Antonio, Texas; and was 
registered under clinicaltrials.gov 
(ID: NCT0214581). Informed con-
sent for participation was obtained 
from each patient by the Graduate 
Periodontics research team. 

Presurgical Protocol

Patients were screened and evalu-
ated with cone beam computed to-
mography. Preoperative data were 
collected, including photographs of 
the study site and contralateral tooth, 
radiographs with a customized radio-

graphic stent, and alginate impres-
sions of the maxillary arch. Soft tissue 
phenotype was determined imme-
diately prior to the surgery by two 
board-certified periodontists evalu-
ating the probe visibility through the 
sulcus of the study site (Fig 1).12

Surgical Procedure

Prior to the start of surgery, patients 
rinsed with a 0.12% chlorhexidine 
gluconate solution for 1 minute. 
Patients underwent moderate con-
scious sedation at their request. 
Following administration of local an-
esthetic, the tooth was extracted in a 
minimally traumatic fashion (Fig 2a). 
Granulation tissue was removed and 
the patient was included in the study 
if intact socket walls were present (in-
cluding fenestration or a dehiscence 
less than 3 mm). 

A full-thickness envelope flap 
with a single distal releasing incision 
was reflected to visualize the full 

Fig 1 (a) Thick-phenotype case. 
Preoperative view of a nonrestorable 
maxillary left central incisor. (b) Thin-
phenotype case. Preoperative view of a 
nonrestorable maxillary right central incisor. 

Fig 2 Minimally traumatic tooth extraction 
in the (a) thick- and (b) thin-phenotype 
cases. Note the complete flap design using 
a single vertical releasing incision at the 
most distal aspect in (b). 
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height of the facial plate (Fig 2b). 
Fully guided surgery was not per-
formed in this study; rather, im-
plants were placed freehand or with 
a nonrestrictive guide. Implants 
were positioned 3 to 4 mm apical-
ly to the prospective free gingival 
margin (Fig 3); a minimum of 1.5 mm 

mesiodistally from the adjacent 
teeth, measured at the bone crest; 
and, at least 2 mm in a buccopala-
tal direction from the internal wall of 
the facial plate (Fig 4). The titanium 
implant with a modified hydrophilic 
surface (SLActive Bone Level Im-
plant, Straumann) was either 3.3 or 

4.1 mm in diameter and 10, 12, or 
14 mm in length. 

Hard tissue anatomy measure-
ments were recorded to the nearest 
0.5 mm (Fig 5).13 To provide verti-
cal support for the flap, a 2-mm–
tall healing abutment was placed. 
A periosteal releasing incision was 

Fig 3 Buccal view of implant placed in an 
appropriate mesiodistal and apico-coronal 
orientation in the (a) thick- and (b) thin-
phenotype cases. 

Fig 5 (a) HDD = horizontal defect dimension in the palatal (HDDP) and buccal (HDDB) aspects, defined as the distance between the internal 
border of the socket (IB) and the implant shoulder (S); VDH = vertical defect height in the palatal (VDHP) and buccal (VDHB) aspects, defined 
as the distance between the base of the residual defect (D) to S; SBC = implant in relation to the bone crest in the palatal (SBCP) and buccal 
(SBCB) aspects, defined as the distance between the height of the bone crest (BC) and S (a negative value represents that the implant 
shoulder is placed subcrestal to the bone crest); BBW = buccal bone width, measured from the IB of the most coronal aspect of the crest to 
the external border of the most coronal aspect of the crest (EB); PBW = palatal bone width measured from the IB of the most coronal aspect 
of the crest to the EB of the most coronal aspect of the crest. (b) SBC = implant in relation to the BC at the mesial (SBCM) and distal (SBCD) 
aspects, defined as the distance between the height of the BC and the implant; Prox = proximal distance from implant to adjacent-tooth 
surfaces at the mesial (ProxM) and distal (ProxD) aspects, measured at the level of the BC on the interproximal surface of the adjacent teeth. 

Fig 4 Occlusal view of implants placed in 
an appropriate mesiodistal and bucco-
palatal orientation in the (a) thick- and 
(b) thin-phenotype cases.
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completed, and a freeze-dried 
bone allograft (OraGRAFT, LifeNet) 
was placed in the residual gap and 
layered on the external aspect of 
the facial plate for contour augmen-
tation of the site (Fig 6). A resorb-
able collagen membrane (BioGide, 
Geistlich) was trimmed and placed 
to cover the bone allograft and oc-
clusal aspect of the socket, then 

tucked under the palatal flap (Fig 7). 
Exclusively for patients in the thin 
phenotype group, a subepithelial 
connective tissue graft of approxi-
mately 15 mm (length) × 10 mm 
(width) × 1 mm (thickness) was 
harvested from the palate using a 
single horizontal incision without 
vertical releasing incisions and split-
thickness dissection (Fig 8). The 

graft was then sutured to the palatal 
flap and positioned over the facial 
aspect of the augmented implant 
site, prior to coronal advancement 
of the facial flap and stabilization to 
the palatal flap (Fig 9). Primary clo-
sure was not a requirement (Fig 10). 

Patients were prescribed amoxi-
cillin or clindamycin postoperatively. 
If the patient was not given 8 mg of 

Fig 6 Grafted implant-socket gap and 
external aspect of the facial plate. (a) 
Occlusal view of the thick-phenotype case 
and (b) buccal view of the thin-phenotype 
case.   

Fig 7 Resorbable membrane placed 
over grafted site and tucked under the 
palatal flap. (a) Occlusal view of the thick-
phenotype case and (b) buccal view of the 
thin-phenotype case.  

Fig 8 (left) Connective tissue graft 
harvested from the palate of a case in the 
thin-phenotype group.

Fig 9 (right) Purse string suture used to 
secure connective tissue graft and position 
it over the augmented site of the thin-
phenotype case.

Fig 10 Facial flap coronally advanced over 
the augmented site in the (a) thick- and (b) 
thin-phenotype cases.
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dexamethasone intravenously at the 
start of the surgery, the patient was 
provided a prescription for meth-
ylprednisolone (Medrol Dosepak, 
Pfizer). The patient was instructed to 
gently rinse with chlorhexidine glu-
conate 0.12% twice daily. 

Suture removal was completed 
between 1 to 2 weeks after surgery, 
and further postoperative visits 
were conducted at 1 and 2 months. 
After 3 months of healing, the pa-
tients returned for the stage-two 
uncovery procedure (Fig 11). This 
included a minimal flap to allow re-
peated measurements of the osse-
ous dimensions and the placement 
of a 4-mm transmucosal healing 
abutment (Fig 12). Patients were 
then directed to the referring den-
tist for the restorative phase (Fig 13).

Restorative Phase and Follow-up

The decision to fabricate a provi-
sional restoration and selection of 
the type of final restoration were left 
to the discretion of the restorative 
dentist. Following placement of the 
final restoration, the patient was 
seen for follow-up appointments 
(immediately after [baseline] and at 
3 and 12 months later) or periapi-
cal radiographs, photographs, and 
alginate impressions. Clinical pa-
rameters at the implant site were 
recorded mesially, distally, buccally, 
and palatally, including modified 
Plaque Index (mPI), modified sulcus 
bleeding index (mSBI), and peri-
odontal probing depth (PPD). Ra-
diographic crestal bone level, as the 
distance from the implant shoulder 

to the first detectable bone-to-
implant contact, was measured on 
peri-apical radiographs taken with a 
customized film holder. 

Soft tissue changes at the mid-
facial mucosal margin and proxi-
mal papillae were evaluated prior 
to tooth extraction and at 3 and 12 
months postloading using stan-
dardized photographs of the casts 
and a software program (Gingival 
Status 2009, version 1.0.0.2, Inspe-
ktor Research Systems), as previ-
ously described.13

To further assess the esthetic 
outcomes, the pink and white es-
thetic scores (PES/WES)14 were 
employed using photographs and 
graded by three examiners (A.S. 
and G.H.).  

a
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b

b

Fig 11 Healing at 3 months postoperative 
in the (a) thick- and (b) thin-phenotype 
cases.

Fig 12 Second-stage implant surgery 
with placement of a transmucosal healing 
abutment in the (a) thick- and (b) thin-
phenotype cases.

Fig 13 Delivery of final implant-supported 
restorations in the (a) thick- and (b) thin-
phenotype cases.
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Statistical Analysis

A midfacial recession difference 
greater than 1 mm between the 
thick- and thin-phenotype groups 
was considered clinically signifi-
cant. Mean comparisons were 
analyzed with two-sample t test 
with the level of significance set at 
P < .05, and analysis of variance for 
repeated measures was used on 
the differences in measurements 
between time points, followed by 
corresponding t tests. A coefficient 
of variation and an intraclass cor-
relation coefficient were calculated 
to determine the consistency of the 
measurements of each examiner 
for the PES/WES evaluations. PES/
WES scores were averaged over the 
three examiners and compared us-
ing t test, and Wilcoxon rank sum 
test was performed to verify the re-
sults. The frequency of acceptable 
cases was analyzed using Fisher 
exact test, and the frequency dis-
tribution of recession was analyzed 
using repeated-measures analysis. 
Shapiro-Wilk test was used to test 
normality.  

Results

Patient Enrollment,  
Post Hoc Power Analysis,  
and Study Site Distribution

Twenty-six patients who had 
their implant restored with the 
final crown and completed a 
12-month follow-up visit were in-
cluded in the final analysis. Figure 
14 describes the flow of patients 
through the study from recruit-
ment to the 12-month postloading 
evaluation. To compare means and 
detect differences between groups 
(14 in the thick-phenotype group, 12 
in the thin-phenotype group), two-
sample t test was used. This result-
ed in power of 0.90 and a one-tail 
significant P value of .05 for detect-
ing a 1-mm difference, with 1-mm 
standard deviation. 

The mean patient age for the 
thick group was 61.6 ± 14.5 years and 
for the thin group was 51.6 ± 14.5 
years (range: 29 to 79 years) (P = .09). 
There was no significant difference 
in gender distribution (P = .22) or 
study site distribution (P = .88). 

Soft Tissue Changes 

There was no significant difference 
in the midfacial mucosal changes 
from preoperative to 3 and 12 
months postloading between the 
groups. The average loss of height 
in the midfacial mucosal mar-
gin of the thick and thin groups 
was 0.36 ± 1.29 mm and 0.49 ± 
1.27 mm, respectively, at 3 months 
(P = .39). There was no change in 
the midfacial mucosal margin height 
in the thick group (0.01 ± 1.56 mm) 
and a slight loss of 0.20 ± 1.14 mm 
in the thin group (P = .21) at 12 
months (see Appendix Table 1 in 
the online version of this article at 
www.quintpub.com). No signifi-
cant differences were seen in distal 
papilla height between groups at 
either time point. However, for 
mesial papilla height, the loss of 
height in the thick group (1.41 ± 
1.46 mm) was about four times more 
than the loss of height in the thin 
group (0.36 ± 1.08 mm) (P < .05) 
at 3 months and about five times 
more than the change in the thin 
group (0.19 ± 1.14 mm) (P < .05) at 

Fig 14 Flowchart illustrating the patient 
inclusion throughout the study, from 
recruitment to the 12-month follow-up. Enrolled (N = 41)

Thick phenotype (n = 21) Thin phenotype (n = 20)

Exited (n = 4) Exited (n = 6)

Exited (n = 3) Exited (n = 2)

3-mo follow-up (n = 17) 3-mo follow-up (n = 14)

12-mo follow-up (n = 14) 12-mo follow-up (n = 12)
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12 months. The frequency distribu-
tion for midfacial mucosal margin 
change from preoperative to 12 
months postloading is illustrated in 
Fig 15, with no statistical significant 
difference between the two groups 
(P = .21). 

Bone Measurements

There were no significant differenc-
es between the two groups for any 
osseous measurements (Appendix 
Table 2). Though some differences 
in radiographic measurements be-
tween groups were statistically sig-
nificant, the clinical differences are 
negligible (Appendix Table 3).  

Clinical Parameters

PPD, mSBI, and mPI indicated over-
all good peri-implant health in both 
groups. While some differences be-
tween groups were statistically sig-
nificant, the clinical differences are 
negligible (Appendix Table 4).

PES/WES

For reliability, the intraclass corre-
lation coefficients for the PES and 
WES measurements were 0.93 and 
0.72, respectively, at 12 months. The 
scores for the PES/WES are report-
ed in Table 5. No single parameter 
of the PES or the WES was signifi-
cantly different (P > .05) between 
the two treatment groups. 

Discussion

The changes in the midfacial mu-
cosal margin between preextrac-
tion and 12 months postloading for 
the thick and thin groups were 0.01 
and 0.20 mm, respectively (P = .21). 
These values are consistent with 
the range of midfacial recession 
reported in the literature following 
immediate implant placement.3,15 

Several factors could explain 
the statistically significant changes 
in mesial papilla height. The correct 
three-dimensional placement of 
the implant relative to the adjacent 
teeth can affect long-term papilla 

stability.2 Randomized studies also 
suggest that loss of the tooth-im-
plant papillae up to 1 mm should 
be universally expected, which co-
incides with the present findings at 
3 and 12 months postloading.3 The 
change in the midfacial mucosal 
margin over time matched trends 
described by Chen and Buser,3 
where most dimensional changes 
were found within the first 3 months 
and stabilized by 1 to 3 years. In the 
present study, there was a soft tis-
sue gain from 3 to 12 months post-
loading in the thick (0.36 ± 0.58 mm) 
and thin (0.30 ± 0.53 mm) groups 
(P = .77) that ultimately resulted in 
decreased recession by 12 months 
postloading.

Contour augmentation has 
been shown to be beneficial at im-
mediate implant placement and at 
ridge preservation.16,17 In this study, 
contour augmentation resulted in 
greater than 2 mm of facial bone 
thickness in 13 of 14 thick-phenotype 
cases and 12 of 12 thin-phenotype 
cases at the time of stage-two sur-
gery. Bone measurements were in-
dicative of normal healing following 

Fig 15 Frequency distribution of midfacial 
mucosal margin change per treatment 
group from preextraction to 12 months 
after placement of the final restoration. 
A positive value indicates true recession 
and a negative value indicates tissue 
gain. There was no significant difference 
between the two groups using repeated-
measures analysis (P = .21).
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extraction and immediate implant 
placement. There was more change 
in the crestal bone level at the buc-
cal aspect of the implant in the 
thin-phenotype group, which may 
have been a result of a thinner facial 
plate18 that is more likely to resorb 
after the tooth is extracted.19 

The esthetic outcome of the two 
groups was determined by the PES/
WES combined score. Previously, it 
was determined that a combined 
PES/WES score equal to or greater 
than 12 was clinically acceptable, 
while considering professional and 
patient satisfaction.20 Overall, the 
thick-phenotype group had a great-
er percentage of cases that were 
acceptable (64%) compared to the 
thin-phenotype group (58%). These 
results are less favorable than those 
reported by Cosyn et al, in which 
79% of cases were acceptable (out 
of 24).21 

Optimal esthetics may be chal-
lenging to achieve, especially in 
a dental school setting, and “fail-
ures” are not uncommon.21,22 The 
new gingival architecture is best es-
tablished early and can mature for 
more than 1 year with an immediate 
provisional restoration or custom 
healing abutment, which can then 
be duplicated and transferred to 
the final prosthesis.23,24 Stricter con-
trol of the entire restorative phase 
would benefit future research in 
this area. Despite these limitations, 
all patients in the current study ex-
pressed satisfaction with the final 
appearance and function of the im-
plant and restoration at the follow-
up appointments. 

Conclusions

The present study suggests that im-
mediate implants placed with the 
addition of a connective tissue graft 
in patients with a thin tissue pheno-
type and ideal postextraction site 
can achieve esthetic outcomes that 
are not significantly different from 
that of a thick tissue phenotype. 
The addition of contour bone graft-
ing led to a facial plate thickness of 
2 mm or more in the vast majority 
of cases, irrespective of phenotype, 
and may favor the maintenance of 
the marginal tissue levels. 
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Appendix Table 1   Soft Tissue Level Changes Prior to Extraction 
and 3 and 12 Months After Placement of the 
Final Restoration

Group (Mean ± SD, mm)

PThick (n = 14) Thin (n = 12)

Preextraction to 3 mo
Midfacial mucosal margin 0.36 ± 1.29 0.49 ± 1.27 .39
Distal papilla 0.88 ± 1.20 0.97 ± 1.14 .70
Mesial papilla 1.41 ± 1.46 0.36 ± 1.08 .001*

3 mo to 12 mo
Midfacial mucosal margin –0.36 ± 0.58 –0.30 ± 0.53 .77
Distal papilla –0.32 ± 0.82 –0.55 ± 0.82 .49
Mesial papilla –0.46 ± 1.18 –0.03 ± 0.72 .29

Preextraction to 12 mo
Midfacial mucosal margin –0.01 ± 1.56 0.20 ± 1.14 .21
Distal papilla 0.56 ± 1.04 0.42 ± 0.65 .54
Mesial papilla 0.95 ± 0.84 0.19 ± 1.14 .003*

Positive values indicate soft tissue loss and negative values indicate soft tissue gain. 
*Statistically significant.
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Appendix Table 2  Osseous Measurements and Differences Between Implant Placement and  
Stage-Two Surgery 

Variable
Time of  

measurement
Group (Mean ± SD, mm) P

Thick (n = 14) Thin (n = 12)
BBW Placement 1.07 ± 0.70 1.04 ± 0.66

Stage two 3.04 ± 0.89 2.96 ± 0.84
Difference 1.96 ± 1.01 1.92 ± 0.82 .90

PBW Placement 0.93 ± 0.47 0.79 ± 0.33
Stage two 1.36 ± 0.63 1.21 ± 0.75
Difference 0.43 ± 0.81 0.42 ± 0.76 .97

Prox M Placement 2.68 ± 0.99 2.38 ± 0.57
Stage two 2.89 ± 0.76 2.42 ± 0.73
Difference 0.21 ± 0.58 0.04 ± 0.54 .44

Prox D Placement 2.46 ± 0.54 2.67 ± 0.33
Stage two 2.71 ± 0.64 2.88 ± 0.43
Difference 0.25 ± 0.55 0.21 ± 0.40 .83

HDD
P Placement 0.54 ± 1.08 0.38 ± 0.53

Stage two 0.07 ± 0.27 0.00 ± 0.00
Difference –0.46 ± 0.97 –0.38 ± 0.53 .77

B Placement 2.64 ± 0.93 2.50 ± 0.43
Stage two 0.00 ± 0.00 0.00 ± 0.00
Difference –2.64 ± 0.93 –2.50 ± 0.43 .61

VDH
P Placement 1.71 ± 3.85 0.58 ± 1.00

Stage two 0.07 ± 0.27 –0.04 ± 0.33
Difference –1.64 ± 3.81 –0.63 ± 1.26 .36

B Placement 9.00 ± 3.00 9.29 ± 2.21
Stage two 0.00 ± 0.00 0.04 ± 0.54
Difference –9.00 ± 3.00 –9.25 ± 2.36 .82

SBC
M Placement –2.68 ± 2.10 –3.71 ± 1.29

Stage two –2.00 ± 1.18 –2.00 ± 1.62
Difference 0.68 ± 1.73 1.71 ± 1.94 .16

D Placement –2.71 ± 2.20 –3.29 ± 1.12
Stage two –2.00 ± 1.26 –1.96 ± 1.34
Difference 0.71 ± 1.25 1.33 ± 1.50 .26

P Placement –0.93 ± 1.17 –0.96 ± 0.29
Stage two –0.11 ± 1.15 –0.08 ± 1.55
Difference 0.82 ± 0.85 0.88 ± 1.37 .90

B Placement –0.29 ± 1.03 –0.83 ± 0.58
Stage two –0.89 ± 0.79 –0.46 ± 1.23
Difference –0.61 ± 1.21 0.38 ± 1.40 .07

HDD = horizontal defect dimension, defined as the distance between the internal border of the socket and the implant shoulder;  
P = palatal; B = buccal; VDH = vertical defect height, defined as the distance between the base of the residual defect to the implant 
shoulder; SBC = implant in relation to the bone crest, defined as the distance between the height of the bone crest and the implant 
shoulder (a negative value represents an implant shoulder placed subcrestal to the bone crest); M = mesial; D = distal; BBW = buccal bone 
width, measured from the internal border of the most coronal aspect of the crest to the external border of the most coronal aspect of the 
crest; PBW = palatal bone width, measured from the internal border of the most coronal aspect of the crest to the external border of the 
most coronal aspect of the crest; Prox = proximal distance from implant to adjacent-tooth surfaces, measured at the level of the osseous 
crest on the interproximal surface of the adjacent teeth. 
A negative value for the difference between the two time points represents a gain in bone level in relation to the implant platform.  
A positive value for the difference between the two time points represents a loss in bone level in relation to the implant platform. 
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Appendix Table 3   Radiographic Bone Measurements at Final Crown Delivery and After 3 and  
12 Months of Loading

Variable

Group (Mean ± SD, mm)

PThick (n = 14) Thin (n = 12)
Mesial BIC
Loading 0.08 ± 0.12 0.04 ± 0.11
3 mo 0.04 ± 0.08 0.07 ± 0.16
12 mo 0.09 ± 0.18 0.11 ± 0.17
Differences
 Loading to 3 mo –0.04 ± 0.08 0.02 ± 0.05 .03*
 3 mo to 12 mo 0.05 ± 0.10 0.04 ± 0.10 .89
 Loading to 12 mo 0.00 ± 0.13 0.06 ± 0.12 .05*

Distal BIC
Loading 0.33 ± 0.52 0.11 ± 0.20
3 mo 0.31 ± 0.48 0.07 ± 0.17
12 mo 0.24 ± 0.45 0.12 ± 0.23
Differences
 Loading to 3 mo –0.02 ± 0.13 –0.04 ± 0.12 .44
 3 mo to 12 mo –0.07 ± 0.12 0.05 ± 0.08 .01*
 Loading to 12 mo –0.08 ± 0.15 0.01 ± 0.12 .004*

SD = standard deviation; BIC = distance from the implant shoulder to first bone-to implant-contact. Positive values indicate bone loss and 
negative values indicate bone gain.   
*Statistically significant.  
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Appendix Table 4  Peri-implant Clinical Parameters at Baseline and After 3 and 12 Months of Loading

Variable Time of measurement

Group (Mean ± SD, mm)

PThick (n = 14) Thin (n = 12)
PPD

M Baseline 3.14 ± 0.77 2.50 ± 1.24 .009*
3 mo 3.21 ± 0.70 2.92 ± 1.16 .11
12 mo 3.29 ± 0.83 2.42 ± 1.31 < .0001*

D Baseline 3.43 ± 0.85 2.33 ± 0.49 < .0001*
3 mo 3.43 ± 1.02 2.08 ± 0.51 < .0001*
12 mo 3.36 ± 1.01 2.42 ± 0.51 .0002*

B Baseline 2.93 ± 1.14 1.75 ± 0.75 < .0001*
3 mo 3.07 ± 1.27 1.75 ± 0.75 < .0001*
12 mo 3.21 ± 1.58 1.92 ± 0.79 < .0001*

P Baseline 2.64 ± 0.50 2.00 ± 0.85 .008*
3 mo 2.79 ± 0.80 1.67 ± 0.78 < .0001*
12 mo 2.21 ± 0.70 1.75 ± 0.97 .05*

mSBI
M Baseline 0.43 ± 0.65 0.00 ± 0.00 .01*

3 mo 0.29 ± 0.47 0.08 ± 0.29 .23
12 mo 0.29 ± 0.47 0.08 ± 0.29 .23

D Baseline 0.43 ± 0.51 0.17 ± 0.58 .12
3 mo 0.14 ± 0.36 0.08 ± 0.29 .72
12 mo 0.29 ± 0.47 0.17 ± 0.39 .48

B Baseline 0.21 ± 0.58 0.17 ± 0.39 .80
3 mo 0.36 ± 0.50 0.25 ± 0.62 .57
12 mo 0.64 ± 0.93 0.00 ± 0.00 .001*

P Baseline 0.14 ± 0.36 0.00 ± 0.00 .23
3 mo 0.36 ± 0.50 0.00 ± 0.00 .04*
12 mo 0.29 ± 0.47 0.00 ± 0.00 .02*

mPI
M Baseline 0.29 ± 0.61 0.42 ± 1.00 .57

3 mo 0.36 ± 0.63 0.08 ± 0.29 .24
12 mo 0.50 ± 0.76 0.00 ± 0.00 .04*

D Baseline 0.36 ± 0.50 0.17 ± 0.58 .29
3 mo 0.29 ± 0.61 0.17 ± 0.39 .51
12 mo 0.29 ± 0.61 0.08 ± 0.29 .26

B Baseline 0.14 ± 0.36 0.08 ± 0.29 .55
3 mo 0.14 ± 0.53 0.00 ± 0.00 .16
12 mo 0.29 ± 0.47 0.00 ± 0.00 .006*

P Baseline 0.36 ± 0.50 0.00 ± 0.00 .01*
3 mo 0.07 ± 0.27 0.00 ± 0.00 .59
12 mo 0.21 ± 0.58 0.00 ± 0.00 .12 

PPD = periodontal probing depth measured with UNC-15 probe from free gingival margin to base of the sulcus at mesial, distal, buccal, and 
palatal sites; mSBI = modified sulcus bleeding index; mPI = modified plaque index; M = mesial; D = distal; B = buccal; P = palatal.  
Baseline is the time following final restoration placement.  
*Statistically significant. 
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Appendix Table 5  PES, WES, and Total Scores at 12 Months Postloading  

Score

Group (Mean ± SD, mm)

P, Shapiro-WilkThick (n = 14) Thin (n = 12)

PES
Mesial papilla 0.88 ± 0.82 1.33 ± 0.71 .13, 0.005

Distal papilla 1.02 ± 0.70 1.28 ± 0.80 .38, 0.003
Curvature of facial mucosa 1.21 ± 0.53 1.08 ± 0.51 .52, 0.04
Level of facial mucosa 1.38 ± 0.43 1.53 ± 0.48 .40, 0.005
Root convexity/soft tissue color and texture 1.38 ± 0.54 0.97 ± 0.66 .10, 0.02
Total (max: 10) 5.88 ± 1.63 6.19 ± 2.19 .67, 0.05

WES
Tooth form 1.33 ± 0.65 1.17 ± 0.46 .51, 0.008
Tooth volume/outline 1.07 ± 0.47 0.92 ± 0.29 .30, 0.08
Color (hue/value) 1.19 ± 0.75 1.08 ± 0.65 .68, 0.007
Surface texture 1.36 ± 0.48 1.14 ± 0.46 .30, 0.10
Translucency 1.24 ± 0.53 1.14 ± 0.52 .64, 0.09
Total (max: 10) 6.19 ± 1.96 5.44 ± 1.74 .30, 0.14

Combined total score (max: 20) 12.07 ± 2.87 11.64 ± 3.22 .72, 0.27
SD = standard deviation; PES = pink esthetic score; WES = white esthetic score. 
A combined PES + WES score ≥ 12, inferring clinical acceptability, was found in 64% of the thick group and 58% of the thin group at 12 
months postloading (P = 1.00).
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