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Conventional crestal and intrasulcular incisions followed by full-thickness flap 
reflection may inevitably induce surgical trauma, resulting in facial contour 
reduction, mucosal recession, and interdental papilla loss. Flapless implant surgery 
is the most conservative approach; however, it might create undetectable bone 
fenestration/dehiscence and subsequent complications. The present clinical study 
introduces a modified and minimally invasive approach, the palatal access flap 
(PAF), for placing implants in the esthetic zone. Preliminary data of 15 consecutive 
cases demonstrated clinically negligible soft tissue contour changes when pre- 
and postoperative 3D model scans were compared. The PAF technique could 
be a surgical solution, especially for patients with a high esthetic risk, to maintain 
facial and interproximal tissue contours for the implant site and adjacent teeth. 
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Esthetic outcomes have become 
an important consideration for as-
sessing implant success. Objec-
tive parameters that are commonly 
used to evaluate esthetics include 
the mucosal level, papilla height, 
soft tissue surface texture, and fa-
cial contour.1 Although the survival 
rate of single-implant restoration 
in the esthetic zone is high, achiev-
ing an esthetic outcome is still chal-
lenging.2–4 Soft tissue and esthetic 
complications of implant-supported 
single crowns (eg, midfacial and 
papillary recession) account for 7.1% 
of total implants assessed in a sys-
tematic review.2 An average midfa-
cial recession of 0.92 mm was found 
12 weeks after conventional implant 
placement in healed ridges.3 An-
other study showed a mean 0.6-mm 
apical displacement of facial tissue 
level at the 1-year visit.4 Esthetic 
failures may be attributed in part to 
the surgical incision designs. Con-
ventional implant surgery requires 
reflection of both the facial and pal-
atal/lingual full-thickness flaps. Full-
thickness flap reflection for single 
implant placement in healed ridges 
resulted in a median 0.5 mm vertical 
and horizontal facial plate resorp-
tions.5 The observed clinical bone 
loss is due to disruption of vascu-
larity in the periosteum and an in-
creased osteoclastic activity, which 
is often followed by soft tissue re-
cession. The papilla is supported by 
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the supracrestal fibers and underly-
ing bone. Papillae incisions interrupt 
blood supply and trigger tissue re-
modeling, which might negatively 
change tissue volume.6 Papillary el-
evation caused a mean recession of 
0.98 mm 1 year after surgery.6 Ad-
ditionally, because intrasulcular inci-
sions extend to the adjacent teeth, 
facial mucosal recession may occur. 
This amount of soft tissue reces-
sion is an average of approximately  
0.5 mm,7–9 and the frequency of los-
ing 2 mm of attachment can be as 
high as 5%.10 This surgically induced 
recession, although minor, may be 
clinically significant and noticeable 
by the patients, raising esthetic 
concerns. It is especially true if the 
adjacent tooth is crown-restored, as 
even a slight recession can expose 
the margin. In particular, patients 
with a thin tissue phenotype could 
be at a higher risk for recession.11 
Therefore, alternative surgical tech-
niques are needed to eliminate or 
decrease the incidence of esthetic 
complications. 

Flapless surgery was introduced 
with the aim to maintain soft tissue 
contours and reduce patient mor-
bidity.12 Nevertheless, this tech-
nique represents a great challenge 
to clinicians due to limited access to 
the bone during osteotomy.12 Final 
implant position might be compro-
mised (eg, inappropriate apicocoro-
nal placement) because of inability 
to “see” bone. A meta-analysis re-
ported the risk ratio of implant fail-
ure with the flapless surgery site is 
1.75 (95% confidence interval: 1.07 
to 2.86) compared to the flap ap-
proach.13 Because flapless surgery 
is a blind technique, proper cross-

sectional imaging may be needed.14 
Alternatively, the papillae-sparing 
incisions were introduced to avoid 
severing interdental papillae.15 The 
two vertical incisions on the facial 
side might form unesthetic scar tis-
sue and facial contour collapse. 

Given the limitations of the 
abovementioned surgical ap-
proaches, an alternative flap design 
was introduced, termed the palatal 
access flap (PAF). The proposed 
technique included limiting the flap 
elevation on the palatal side only in 
an attempt to preserve facial tissues 
and to reduce patient morbidity. 
This technique provided visualiza-
tion of the alveolar ridge at the pala-
tal side to allow for optimal implant 
positioning. This case series study 
aims to describe the PAF design in 
detail, including the treatment plan-
ning and early clinical outcome. The 
effect of the proposed technique on 
preserving the soft tissue contour 
at the implant site and the adjacent 
teeth were three-dimensionally ana-
lyzed. 

Materials and Methods

Subject Recruitment

The study protocol was approved 
by the institutional review board 
at the University of Michigan 
(HUM00147436). Consecutive sub-
jects who received the PAF for re-
placing a single missing tooth in the 
maxillary anterior or premolar region 
were identified and included in the 
study. To be included, the subjects 
had to have two dental models, one 
taken before implant surgery and 

one at the second stage or at the fi-
nal impression visit. In addition, sub-
jects had to have an interpretable 
radiograph after crown restoration 
in order to evaluate marginal bone 
level. Cases receiving bone or soft 
tissue augmentation at the time of 
implant surgery were excluded. 

PAF Design

A U-shaped incision design, com-
posed of a short facial incision and 
two vertical interproximal incisions, 
was made with the opening toward 
the palatal side. The facial incision 
was 1 mm palatal to the expected 
faciolingual implant crown margin. 
This line also served as the limit of 
the implant platform position. The 
mesiodistal length of this incision 
corresponds to the selected im-
plant diameter. Two vertical pap-
illary-sparing incisions followed, 
connecting to the facial incision, 
parallel to the interproximal sur-
face of the adjacent teeth, toward 
the palatal side. The two incisions 
were at least 2 mm away from the 
adjacent teeth. This palatal flap was 
then reflected (full thickness) until 
the palatal bone edge was visual-
ized. If the access was limited, the 
lengths of the two vertical incisions 
were further extended in a pala-
tal direction. The facial soft tissue 
was tunneled until the crestal bone 
on the facial side could be felt. In 
cases with an available CBCT scan, 
tunneling of the facial tissue may 
not be necessary. Standard oste-
otomy with assistance of a model- 
based or computer-generated sur-
gical guide was performed (Fig 1). 
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The implant position followed the 
ideal 3D placement. Care was also 
exercised to ensure the presence 
of at least 0.5 mm palatal and 1.5 
mm facial bone surrounding the 
implant platform. Additionally, the 
osteotomy site was carefully evalu-
ated with a periodontal probe to 
ensure absence of a bony fenestra-
tion and dehiscence, especially in 
the presence of a sudden resistance 
reduction during osteotomy. Apico-
coronally, the implant was placed at 
the bone crest or 1 mm subcrestally 
at most. After implant placement, 

either a cover screw or healing abut-
ment was placed, depending on the 
primary stability and temporary res-
toration type. The palatal flap was 
then repositioned, and one or two 
sutures were placed at the facial in-
cision, if a cover screw was placed. 
The vertical incisions were sutured, 
if necessary, to achieve hemostasis. 
If bony dehiscence occurred, the 
PAF was extended to include two 
facial vertical incisions for a guided 
bone regeneration procedure. Two 
cases required this procedure and 
were excluded from analysis. 

Clinical Data Collection

Available clinical information, in-
cluding the medical history, implant 
location and size, and soft tissue 
phenotype around the implant, was 
collected from the patient charts. 
The tissue phenotype was assessed 
by the transparency method us-
ing a periodontal probe (UNC, Hu-
Friedy). The marginal bone level was 
studied on the latest digital periapi-
cal/bitewing film. The bone level 
was measured by a calibrated ex-
aminer (I.S.) with the built-in digital 
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Fig 1 The surgical protocol for the PAF technique. (a) Occlusal and (b) facial presurgical 
views. (c) A crestal incision was made over the edentulous area with two releasing incisions. 
(d) Implant placement. (e) A healing abutment was placed, and the site was sutured.  
(f) Facial and (g) occlusal views of the final crown in place.
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caliper (ImageJ, National Institutes 
of Health), rounded to the nearest 
0.01 mm on the mesial and distal 
sites of the implant, using the im-
plant platform and the first radio-
graphic bone-implant contact as 
the references. The readings were 
performed on a 15-inch screen in 
a radiology reading room. Possible 
image distortion was adjusted by 
the actual implant length. 

3D Tissue Surface Evaluation

Alginate impression material was 
used to obtain two type-three stone 
models, one taken before the im-
plant surgery and the other at the 
final impression visit. The surfaces 
of the two models were digitalized 
by the same calibrated examiner 
(I.S.) with an optical scanner (Trios, 
3Shape); the STL (standard tessella-
tion language) files for the scanned 

Fig 2 Digital workflow for the 3D analysis between the pre- and postoperative positions 
of the facial tissues. Stone models are scanned by an intraoral scanner (Trios, 3Shape). 
Then, the models are transferred to Geomagic software (3D Systems) and superimposed 
for best-fit alignment, and a 3D comparison tool was used to evaluate the position of the 
facial tissues.

models were transferred for 3D 
analysis using commercially avail-
able software (Geomagic Design X 
2017, 3D Systems). The software al-
lows selection of several reference 
points on different planes to match 
between the two models. After the 
models were well-aligned, a 3D 
comparison tool allowed for com-
parison of linear deviation between 
the two models. The linear dimen-
sional changes at the implant site 
in the horizontal direction (tissue 
contour changes) were measured 
in the midbuccal, mesial, and dis-
tal papillary planes at levels of 2, 4, 
and 6 mm from the mucosal mar-
gin. The vertical linear changes of 
the midfacial mucosal margin were 
measured, as were mesial and dis-
tal papilla. Changes in the marginal 
gingival level of the adjacent teeth 
were also measured (Fig 2). For the 
intraexaminer calibration, an agree-
ment of 0.91 was achieved after ra-
diographic and surface deviation 
measurements were repeated on 
three randomly selected cases. 

Results

Subject Demographics and 
Radiographic Outcomes

Medical and dental records of 15 
subjects (9 men and 6 women) who 
received the PAF surgery were in-
cluded. These subjects had no his-
tory of a medical condition that 
could impact the success of the 
implant surgery; the subjects’ ages 
ranged between 42 and 72 years 
(mean: 50.24 years). Fifteen implants 
were placed (5 central incisor, 2  
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lateral incisor, 1 canine, and 7 pre-
molar sites). Implants had a cumu-
lative survival rate of 100% after an 
average follow-up period of 12.1 
months (range: 6.8 to 19.6 months; 
Table 1). The mean facial bone thick-
ness was 1.8 ± 0.31 mm, measured 
at time of surgery. The soft tissue 
phenotype assessment at the time 
of surgery revealed 8 cases with thin 
phenotype and 7 cases with thick 
phenotype. 

Fifteen implants (TSVT MTX, 
Zimmer Biomet) were placed. The 
implant sizes were 3.7 × 10.0 mm  
(n = 3), 3.7 × 11.5 mm (n = 4), 4.1 
× 10.0 mm (n = 2), and 4.1 ×  
11.5 mm (n = 6). The mean marginal 

bone level at the mesial and distal 
sites was 0.43 ± 0.36 mm and 0.40 ± 
0.38 mm, respectively.

3D Surface Image Outcomes

Table 2 summarizes the mean hori-
zontal facial contour changes in 
the midfacial, mesial, and distal 
implant sites. Positive values sug-
gested tissue recession in the lin-
gual or apical direction, whereas 
negative values indicated the op-
posite direction. Overall, the soft 
tissue contour changes were within  
0.05 mm. The changes were mostly 
from model registration deviation 

and reading errors rather than true 
clinical changes. The mean midfa-
cial changes at 2, 4, and 6 mm apical 
to the mucosal margin were 0.02 ±  
0.24 mm, 0.00 ± 0.26 mm, and 
–0.04 ± 0.32 mm, respectively. At 
the mesial side, the correspond-
ing changes were –0.02 ± 0.2 mm, 
–0.02 ± 0.24 mm, and –0.04 ±  
0.33 mm. At the distal side, the cor-
responding changes were –0.01 ±  
0.18 mm, 0.05 ± 0.24 mm, and 
–0.01 ± 0.3 mm. The mean mesial 
and distal papilla height changes 
were –0.09 ± 0.5 mm and –0.01 ±  
0.21 mm, respectively. Negligible 
mean vertical changes of the free 
gingival level at the adjacent teeth 

Table 1 Surgical Site and Follow-up Specifics per Case 

Case no.

Mean1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Tooth sitea 15 15 14 13 12 11 11 21 21 21 22 24 24 25 25

Time of final 
impression 
(from base-
line), mo 3.0 6.0 8.7 5.1 5.5 4.1 6.2 4.2 9.5 4.2 4.0 4.2 4.7 3.5 4.9 5.2

Time of final 
follow-up 
(from base-
line), mo 19.6 18.9 15.0 14.7 14.2 13.2 12.8 11.9 11.2 10.5 10.4 7.9 7.9 6.8 6.8 12.1

aFDI tooth-numbering system. 

Table 2 Horizontal Facial Contour Deviations at the Midfacial and Interproximal Implant Sites 

Mesial locationa Midfacial locationa Distal locationa

2 4 6 2 4 6 2 4 6

Mean, 
mm –0.02 –0.02 –0.04 0.02 0.00 –0.04 –0.01 0.05 –0.01

Range, 
mm

–0.2 to  
0.5

–0.5 to  
0.5

–0.7 to 
0.7

–0.4 to 
0.4

–0.5 to  
0.48

–0.6 to 
0.5

–0.3 to  
0.3

–0.3 to 
0.6

–0.5 to  
0.7

SD, mm 0.2 0.24 0.33 0.24 0.26 0.32 0.18 0.24 0.3
aDistance (in millimeters) from the mucosal margin/papilla tip. 
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were recorded (mesial tooth: 0.01 
± 0.33 mm; distal tooth: 0.02 ±  
0.24 mm; Table 3). 

Discussion

Favorable Short-Term Clinical 
Outcome

A favorable short-term (mean: 
12.1-month follow-up) implant suc-
cess rate was reported with the PAF 
approach. More importantly, mini-
mal facial tissue linear changes at 
the implant site and adjacent teeth 
were noted, demonstrating the ad-
vantage of this technique in pre-
serving tissue contours. Soft tissue 
changes after implant placement in 
healed sites were reported in some 
clinical trials as a control group in 
comparison to immediate or early 
placement.16–18 Lindeboom et al16 
compared 1-year clinical outcomes 
between immediate and delayed 
implant placement. In the delayed 
group (n = 25), four implants with 
up to 1 mm midfacial recession and 
seven implants with incomplete pa-
pilla fill were found. Schropp and 
Isidor18 assessed soft tissue out-
come and patient satisfaction in 
patients with implants with early 
and delayed placement. Of 22 pa-

tients who received delayed implant 
placement, 19% and 25% showed a 
lack of papilla and a too-long clinical 
crown height, respectively, 1 week 
after final crown seating. Soft tissue 
outcomes improved at 2- and 5-year 
follow-ups. Palattella et al17 com-
pared 2-year soft tissue changes be-
tween implants placed immediately 
(test) and at 8 weeks after extraction 
(control). A mean 0.6-mm midfacial 
recession and 50% of cases with in-
complete papilla fill were found in 
the control group. Van Kesteren et 
al19 evaluated soft tissue changes in 
24 patients with 26 implants who re-
ceived early or delayed placement. 
Although the mean midfacial reces-
sion was approximately 0.3 mm at 
both 3- and 6-month follow-ups, 4 
out of 13 implants developed reces-
sion, ranging from 0.56 to 1.13 mm 
in the delayed-placement group. 
Interproximal papillae height de-
creased significantly from baseline 
to 6 months, with mean recessions 
of 1.73 and 1.48 mm for the me-
sial and distal papillae, respectively. 
These data suggested a subset of 
subjects developed noticeable re-
cession after delayed implant place-
ment. Although restoration contour 
might influence the mucosal margin 
level, it is undeniable that surgical 
trauma can cause mucosal reces-

sion. Additionally, in spite of thin 
tissue phenotype being regarded 
as a risk factor, there is currently no 
method to clearly identify subjects 
at a higher recession risk. To reduce 
surgical trauma and subsequent 
soft tissue recession, the proposed 
minimally invasive surgical approach 
may be used whenever indicated. 

Other Advantages and 
Limitations

The described surgical design pos-
sesses advantages of both flapless 
and flap approaches. Being minimal-
ly invasive, the facial tissue contour 
and papillae could be preserved. 
The ridge width and bone quality 
can be assessed on the palatal side, 
allowing for direct visualization and 
accurate implant positioning. With 
the assistance of a model-based or 
computer-generated surgical guide, 
the surgical time is comparable to 
the conventional approach, if not 
better due to reduced time for su-
ture placement. Unlike a flapless de-
sign that excises crestal soft tissue 
for osteotomy, this new approach 
retains soft tissues for a tension-free 
primary closure. Regarding the limi-
tations, a clinician’s learning curve 
must be conquered before this flap 

Table 3 Vertical Changes in the Papilla and Midfacial Gingival Levels of the Adjacent Teeth

Papillae Midfacial mucosa

Mesial Distal Mesial tooth Distal tooth

Mean, mm –0.09 –0.01 0.01 0.02

Range, mm –1.7 to 0.2 –0.4 to 0.4 –0.8 to 0.6 –0.3 to 0.5

SD, mm 0.5 0.21 0.33 0.24
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design can be comfortably applied 
in the esthetic zone for daily prac-
tice. Because facial bone concavity 
is common in the esthetic zone,20 
cross-sectional imaging (eg, CBCT 
and ultrasound) is preferred to re-
duce surgical complications.14,21–24 
Case selection is prudent; this tech-
nique is primarily designed for sites 
with adequate bone quantity and 
not intended to exclusively replace 
the conventional approach. 

Hard Tissue Changes

Currently it is unknown whether this 
new flap design has an influence 
on bone remodeling by preserving 
soft tissues. Gomez-Roman25 found 
significantly less interproximal bone 
loss after utilizing a papilla-sparing 
incision (0.29 mm) vs a papilla- 
elevating flap (1.12 mm). The range 
(0 to 1 mm vs 0 to 3.5 mm) and devi-
ation (0.38 vs 1.14 mm) of bone loss 
were also less in the papilla-sparing 
group.25 Soft tissue deficiency at the 
implant site26,27 (eg, inadequate ke-
ratinized tissue) is associated with 
more marginal bone loss and soft 
tissue recession.28,29 Crestal soft tis-
sue thickness is correlated with im-
plant marginal bone remodeling. 
Mean bone loss was significantly 
less at thick-mucosa sites (0.09 mm 
mesially and 0.26 mm distally) than 
at thin-mucosa sites (1.61 mm me-
sially and 1.28 mm distally).30 The 
mean marginal bone loss with this 
flap design was 0.43 mm mesially 
and 0.4 mm distally, which is compa-
rable to the conventional method. 
Longer-term data will be needed to 
validate this approach. 

Study Limitations

Major limitations of this study in-
clude (1) inherent errors arising from 
the fabrication process for the stone 
models, digitalizing the stone mod-
el surfaces with an optical scanner, 
and imaging registration of pre- and 
postoperative models; (2) case se-
lection bias, as this is a retrospective 
study; (3) a small sample size; and 
(4) a short-term follow-up. Direct in-
traoral scanning may alleviate some 
of the measurement errors. Tissue 
changes as a result of surgery may 
take more than 6 months to be fully 
realized so the relatively short ob-
servation period (5.2 months; range: 
3.0 to 9.5 months) might not capture 
some late changes. This new surgi-
cal design is reserved for healed 
sites with adequate ridge width in 
the esthetic zone. Therefore, the re-
sults cannot be generalized.  

Conclusions

Within the limits of this study, the 
proposed PAF technique is a mini-
mally invasive method that provides 
palatal access for implant osteoto-
my while preserving the facial and 
interproximal tissues at both the im-
plant and adjacent teeth sites in the 
short-term follow-up.
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