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Pinhole Surgical Technique Versus Vestibular Incision Subperiosteal Tunnel Access Technique in
Conjunction with Collagen Membrane in the Treatment of Cairo Type 1 Isolated Gingival Recession Defects

Manuscript Info Abstract
Manuscript History 29 Purpose: The aim of the present study was to clinically compare
Received: XXXXXXXXXXXXXXXX 30 between the effectiveness of pinhole surgical technique (PST) and

Final Accepted: XXXXXXXXXXXX

PUbIiShed: XXXOMXXOOKXXXK 31 vestibular incision subperiosteal tunnel access technique (VISTA) in

32 conjunction with collagen membrane in the treatment of type 1 single
Keywords: ] 33 isolated gingival recession defects according to Cairo et al
Single ~ Gingival ~ Recession, 34 classification. Methods: This study includes 20 patients. Cases were
Cairo Type 1, Pinhole, VISTA, . . . . .
Collagen membrane. 35 FiISt.I’I.bUted mto_ two main groups, group | was treqted V.\Ilth ve%stlbu.lar
36 incision subperiosteal tunnel access (VISTA) technique in conjunction
37 with collagen membrane, while group 11 was treated by pinhole surgical
38 technique in conjunction with collagen membrane. Clinical assessment
39 was caried out at baseline including the following parameters: probing
40 depth (PD), clinical attachment level (CAL), keratinized tissue width
41 (KTW), gingival thickness (GT), recession depth (RD). Re-evaluation
42 of theses parameters was carried out after three and six months, while
43 evaluation of pain score using visual analogue scale (VAS) was carried
44 out after 24 hours, 72 hours, first and second week of surgery. Results:
45 Both groups recorded statistically significant improvements from
46 baseline in decreased recession depth, gain in clinical attachment levels
47 and increase in gingival thickness. However, there was no statistically
48 significant difference between VISTA and PST regarding PD, CAL,
49 RD, KTW, GT, and VAS score. Conclusions: Both VISTA and PST
50 when combined with collagen membrane were successful in the
51 management of Cairo’s type 1 single isolated gingival recession
52 defects.

Introduction:
Marginal tissue recession is defined as the displacement of the soft tissue mar-gin apical to the cementoenamel

junction (CEJ)™. Gingival recession is a prevalent condition observed in many patients. While some may be
unaware of its presence, others may recognize it but feel unconcerned, whereas a portion of patients express concern
and seek corrective treatment. Typically, patients present with three primary issues related to gingival recession:
dissatisfaction with aesthetics, anxiety about possible tooth loss, and dentine hypersensitivity resulting from the
exposed root surface .

To aid in the diagnosis of gingival recessions, a number of classifications have been put out in the literature,
including the Sullivan and Atkins (1968), Miller (1985), Smith index (1990), Mahajan classification (2010), Cairo et
al. (2011) ©@.

In 2011 Cairo and his associates “ put on the following classification of gingival recession in relation to interdental
clinical attachment loss: Recession type 1 (RT1): gingival recession with no loss of inter-proximal attachment.
Interproximal CEJ was clinically not detectable at both mesial and distal aspects of the tooth. Recession type 2
(RT2): gingival recession associated with loss of inter-proximal attachment. The amount of interproximal
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attachment loss was less than or equal to the buccal attachment loss. Recession Type 3 (RT3): Gingival recession
associated with loss of inter-proximal attachment. The amount of interproximal attachment loss was higher than the
buccal attachment loss ).

The successful coverage of exposed roots for both aesthetic and functional purposes has been the goal of various
mucogingival procedures. Multiple techniques have been developed to achieve predictable root coverage. These
advancements aim to enhance predictability, reduce patient discomfort, minimize the number of surgical sites, and
meet the patient’s aesthetic expectations, including the final color and tissue integration of the grafted area ©.

Currently, the gold standard technique for root coverage correction is the combination of a subepithelial connective
tissue graft (SCTG) and a coronally advanced flap (CAF). However, this approach involves creating a second
surgical site, which increases patient morbidity, and requires vertical releasing incisions, leading to scar formation
that compromise aesthetics ©.

To avoid these disadvantages, the vestibular incision subperiosteal tunnel access approach was developed by Zadeh
HH  and was combined with collagen membrane ©. Following the similar concept, a novel minimally invasive
technique called the pinhole surgical technique (PST) was introduced by Chao in 2012 ©. These techniques offers
an advantage by preserving the blood supply from both the overlying flap and the underlying periosteal bed, without
compromising vascularity due to the dissection of papillae ©.

A major problem with non-resorbable membranes is that a second surgical procedure is needed to remove the
membrane, which may jeopardize healing and clinical outcomes @° V. Studies comparing the efficacy of non-
resorbable and bioabsorbable barrier membranes in the treatment of the gingival recession have shown no difference
in clinical outcomes %3, Therefore, bioabsorbable membranes such as collagen are generally preferred.

One of the key benefits of using collagen membranes in the treatment of gingival recession is their ability to increase
tissue volume. As the membrane is absorbed, it is gradually replaced by the host's own tissue, which helps promote
the regeneration of keratinized gingiva. This regenerative process not only enhances aesthetic outcomes but also
contributes to functional healing. Additionally, collagen membranes play a role in reducing common complications
observed in other regenerative procedures, such as membrane exposure or wound infection. These advantages make
collagen membranes an effective and less invasive option for root coverage and gingival tissue regeneration .

Thus the purpose of this study was to clinically compare between the effectiveness of vestibular incision
subperiosteal tunnel access technique (VISTA) and pinhole surgical technique (PST) in conjunction with collagen
membrane in the treatment of type 1 single isolated gingival recession defects according to Cairo et al ®
classification.

Subjects and methods

Study population: A total of twenty participants were selected from the outpatient clinic in the department of Oral
Medicine and Periodontology, Faculty of Dentistry, Mansoura University. All participants had thorough clinical
examination and were given all the information available about the treatment that they will receive and steps to be
done including possible risks, and other treatment options. This trial was conducted to compare between the
effectiveness of pinhole surgical technique and vestibular incision subperiosteal tunnel access Technique in
conjunction with collagen membrane in the treatment of type 1 single isolated gingival recession defect according to
Cairo et al classification. Study protocol was approved by the ethical committee, Faculty of Dentistry, Mansoura
University with approval number A09061222. Written informed consents were taken from all patients. Patients were
informed about the benefits, risks, complications and follow up times before treatment.
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Selection Criteria: Patients above 18 years old with type 1 gingival recession according to Cairo et al classification
and with recession depth = 3mm were included in the study.

Exclusion criteria included: 1-Patients with type 2 and type 3 gingival recession according to Cairo et al
classification, 2-smokers and pregnant or lactating mothers, 3-presence of antibiotic or periodontal therapy in the
last 3 months, and 4-patients with history of systemic diseases.

Clinical examination & preoperative preparation: Before starting any surgical operations, a detailed medical and
dental history were obtained from every patient. Then, during the same visit, patients was motivated and educated
about self-performed oral hygiene measures. All patients were subjected to a thorough scaling and root planing
(SRP) procedures. Preoperative baseline intraoral pictures were taken with a digital camera (D5300, Nikon).

Clinical Parameters: The parameters include: probing depth (PD) “® clinical attachment loss (CAL) @)
keratinized tissue width (KTW) “® gingival thickness (GT) "), recession depth (RD) “®, and evaluation of pain
score using visual analogue scale (VAS) ®% . These parameters were evaluated at baseline (T0), 3 months (T1) and 6
months (T2), while VAS score was recorded at 24h, 72h, one week and two weeks after surgery.

Surgical procedures:
Group I: VISTA group :

Under local anaesthesia, VISTA approach initiates with a vestibular access incision. The location of the access
incision depends on the sites being treated, wherein midline frenum was considered for maxillary anterior region,
frenal area between canine and lateral incisor was considered for maxillary posterior region and in cases of
mandibular anterior and posterior regions area between canine and lateral incisor was taken into consideration.

The access incision was made through the periosteum to elevate a subperiosteal tunnel exposing the facial osseous
plate as well as root dehiscence. Biomodification of the exposed root surface of the tooth in procedure was done
through EDTA gel application (MD-ChelCream-METABIOMED-Pennsylvania-USA). A collagen membrane was
then trimmed to fit the dimension of the surgical area and was adjusted to extend at least 3-5 mm beyond the bony
dehiscence overlying the root surfaces.

Each tooth was then prepared for attachment of the suture to the tooth. The facial enamel surface of each tooth was
briefly acid etched for <5 s, thoroughly washed, and dried. The 5.0 monofilament polypropylene sutures were
secured to the facial aspect of each tooth by placing a small amount of flowable composite resin over the knot,
thereby effectively preventing apical relapse of the gingival margin during the initial stages of healing. The access
incision was then approximated and sutured primarily with collagen membrane using 5.0 polypropylene suture
(GMS- Ghatwary Medical GMS- Borg El Arab City-Alexandria-Egypt).

Group I1: PST group ©:

Following local anaesthesia, a horizontal incision of around 2-3 mm with tunnelling instrument (transmucosal
periosteal elevator) was inserted through the pinhole and used for blunt dissection. The flap is then extended
coronally and horizontally to allow for elevation of two adjacent papillae on each side of the denuded root. The
interproximal extension of flap allowed the coronal advancement of the mucogingival complex beyond the
cementoenamel junction at the defect site.

Biomodification of the exposed root surface of the tooth in procedure was done through EDTA gel (MD-
ChelCream-METABIOMED-Pennsylvania-USA) application. For stabilization, a collagen membrane was placed
through the pinhole beneath the tunnel. Digital pressure was applied for 5 min to stabilize the advanced flap.



147
148

149

150
151
152
153

154

155
156
157
158
159

160

161
162
163
164
165

166
167
168
169
170

171
172
173
174

175
176
177
178

179
180
181
182

183
184

ISSN: 2320-5407 Int. J. Adv. Res. 7(6), XX-XX

Collagen membrane was sutured with the flap using 5.0 polypropylene suture (GMS- Ghatwary Medical GMS-
Borg El Arab City-Alexandria-Egypt).

Postoperative measures:

Ibuprofen 400 mg was prescribed three times per day, along with chlorhexidine digluconate rinses (0.12%) twice
daily for 2 weeks with no brushing at the surgical site. Moreover, after 14 days patients were recalled for removal of
the sutures and given the instructions to maintain good oral hygiene measures and brush the surgical site with a soft
toothbrush.

Statistical Analysis

Data were analysed using SPSS (statistical package for social sciences) version 22. Qualitative data will be
presented as number and percentage; Quantitative data will be tested for normality by Kolmogrov-Smironv test then
described as mean and standard deviation for normally distributed data. The appropriate statistical test was applied
according to data type with the following suggested tests: Chi-Square for categorical variable, Student t test and
Mann Whitney U test for continuous variables.

Results

A total of twenty subjects were included in this study with an age ranged from 20 to 40 years and were complaining
from Cairo’s type 1 gingival recession (RT1). They were divided into two main groups; Group I in which 10
patients were enrolled and treated with vestibular incision subperiosteal tunnel access (VISTA) technique in
conjunction with collagen membrane, whereas Group Il included 10 patients treated with pinhole surgical technique
(PST) in conjunction with collagen membrane.

Table 1 illustrates the comparison between VISTA and PST groups as regard to probing depth (PD) at baseline, 3
months, and 6 months. A non-statistically significant difference of PD values was detected at baseline between the
two studied groups. Furthermore, a significant decrease in the mean values of PD was noted at 3 and 6 months in
both groups. However, a non-statistically significant variation in PD was noticed between VISTA and PST groups
after 3 and 6 months.

Table 2 shows comparison between VISTA and PST groups regarding clinical attachment loss at baseline, 3 and 6
months. A non-statistically significant difference was detected at baseline among the two groups. While for both
groups a significant decrease in mean CAL was found at 3 and 6 months, a non-statistically significant distinction
was recorded between the two groups after 3 and 6 months.

Table 3 exhibits comparison between VISTA and PST group as regard recession depth at baseline, 3 and 6 months.
A non -statistically significant gap was detected at baseline between the study groups. For both VISTA and PST
groups there was a statistically significant decrease in mean recession depth at 3 and 6 months. Nevertheless, a non-
statistically significant difference was detected between groups after 3 and 6 months.

Table 4 demonstrates comparison between VISTA and PST group as regard Kkeratinized tissue width at baseline, 3
and 6 months. At those time intervals, there was a non-statistically significant difference between both groups.
Moreover, VISTA and PST groups showed a non-significant change in the value of mean keratinized tissue at 3 and
6 months.

Table 5 illustrates comparison between VISTA and PST group regarding gingival thickness at baseline, 3 and 6
months. Among both groups, there were a non-statistically significant variance at baseline, 3 and 6 months.
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Additionally, there was a non-significant increase in mean gingival thickness in VISTA and PST groups at 3 and 6
months.

Table 6 shows comparison between VISTA and PST group as regard VAS score at 24h, 72h, 1 and 2 weeks. A
statistically significant distinction was detected between 24h and after 72h in both VISTA and PST groups. In
addition, A statistically significant difference was detected after 24h between the two study groups. However, a non-
statistically significant difference was recorded after 72h as well as after 1 and 2 weeks.

Discussion:

Gingival recession is a significant aesthetic concern for many patients and may also have functional implications. A
variety of therapeutic options are available for addressing isolated or multiple gingival recessions. Selection of the
most appropriate treatment modality is influenced by several factors, including the level of the marginal gingiva,
width of keratinized gingiva, condition of the alveolar bone and interdental papillae, phenotype of gingival tissue,
and the patient’s specific aesthetic expectations. Keeping these considerations in mind of the surgeon will ensure a
tailored treatment option to achieve optimal functional and cosmetic outcomes ©°.

Significant progress has been achieved in surgical methods for managing gingival recession over the past decades,
with various adjunctive treatments frequently integrated into coverage procedures. The combination of the coronally
advanced flap (CAF) and connective tissue graft (CTG) is widely regarded as the gold standard, delivering root
coverage rates of 65% to 98%. However, the technique is not without limitations. Challenges such as discomfort,
pain, and delayed healing associated with a secondary surgical site, along with the necessity for highly skilled
practitioners, present barriers to its broader application ¢+,

In this regard, new techniques have been suggested to minimize the surgical trauma and increase the vascularization
in the recipient site, thereby obtaining better clinical results.?¥ One of these procedures would be tunnelling
techniques.

The objective of this study was to clinically evaluate the effectiveness of two distinct tunnelling techniques in the
treatment of type 1 single isolated gingival recession defect according to Cairo et al classification: the vestibular
incision subperiosteal tunnel access (VISTA) technique and the pinhole surgical technique (PST).

Comparative studies between non-resorbable and bioabsorbable barrier membranes have reported similar clinical
effectiveness. Nevertheless, a major key limitation of using non-resorbable membranes is the requirement for a
second surgical intervention to remove them, which can negatively impact healing and overall clinical outcomes.
Consequently, bioabsorbable membranes, such as those made of collagen, are generally preferred due to their ability
to integrate into the host tissue without necessitating additional procedures ®.

Collagen membranes were utilized in our study to facilitate soft tissue regeneration by offering suture stability,
immediate support for the blood clot, and an environment conducive to the early colonization of soft tissue cells.
These properties of collagen membranes are integral to enhance healing outcomes, gives some thickness for gingival
tissues and ensuring the success of regenerative procedures ©®.

Regarding the present study at baseline, there was no statistically significant difference in all clinical parameters
(PD, CAL, RD, KTW, GT, and VAS) between the two studied groups to ensure a clear comparison of the treatment
outcomes during the follow up periods.

Comparing the follow up periods revealed no statistically significant difference between the two groups in the
probing depth. While there was a decrease in mean probing depth within each study group between the baseline and
follow up periods.
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In both VISTA and PST group there was a statistically significant difference in mean probing depth between
baseline and after 3 and 6 months. This can be contributed to the fact that this minimally invasive approach
preserves the vascular integrity of the interdental papillae which is a crucial factor in promoting tissue regeneration
and healing. Studies have shown that maintaining the vascularity of the papillae supports the rapid revascularization,
leading to improved clinical outcomes such as enhanced root coverage and aesthetic integration. These results are
consistent with findings reported in previous studies that demonstrated similar reductions in PD and improved
periodontal outcomes using VISTA and PST that emphasized its ability to deliver excellent clinical and aesthetic
results with minimal invasiveness > %30,

Comparison of the two techniques showed significant improvements in CAL and recession depth at 3 months and 6
months follow up with non-statistically significant difference between the two groups. While intragroup comparison
showed significant difference between baseline and both 3 and 6 months.

The root coverage observed in the present study can likely be attributed to the coronal advancement of the gingival
margins beyond the cementoenamel junction (CEJ) and the stabilization of this position through coronal anchorage
with sutures. This technique ensures the gingival margins remain in the desired position during the critical healing
period. The importance of coronal advancement in achieving successful root coverage has been previously
highlighted in the study by Pini Prato et al. ", which emphasized its role in optimizing surgical outcomes for
gingival recession treatment.

In VISTA technique, there was a decrease in median CAL and median recession depth between baseline and 3
months follow up period and after 6 months. This is agreeing with several studies which concluded that the VISTA
technique resulted in stable outcomes with no recurrence of gingival recession during the study period. And
contributed these results to the minimal invasion characteristics that helps preserve the delicate interdental papillae
which ensures better vascularization and reduces the risk of tissue ischemia, leading to more favourable healing
conditions. In the studies, this preservation was associated with a reduced risk of complications like tissue necrosis
and graft failure, resulting in high patient satisfaction and minimal recurrence of recession 5 3%)

While in the pinhole group, there was a decrease in median CAL as well as median recession depth with a
statistically significant difference between baseline and both 3 and 6 months follow up periods. these outcomes were
also supported by Chao® who concluded that PST is capable of increasing the tissue volume and give stable
predictable results if the presented tissue thickness is 0.8—1 mm minimally. This may be contributed to the fact that
in PST, there is no elevation of the flap and hence the wholesome soft-tissue thickness available at the host bed is
completely utilized ®%. This is also in consensus with other researchers who demonstrated that in PST there is an
additional biologic, esthetic, and time advantage where there is no disruption of the lateral vascular supply, no scar
formation, and reduced time % %0%),

There was no statistically significant difference in keratinized tissue width (KTW) between the two groups or within
each group across the follow-up periods. This result can be attributed to the adoption of minimally invasive incision
techniques, which minimize the likelihood of damaging gingival tissue. Furthermore, these approaches help
maintain the integrity and blood supply of the delicate papillae, facilitating a more effective healing process, thus
maintaining the KTW ©¢37),

Additionally, the present study observed no increase in the width of keratinized tissue, which can be attributed to the
absence of keratinized tissue grafts in the treatment protocol. This result is consistent with findings from previous
studies such as Kuis et al ®® that emphasize the critical role of keratinized tissue grafts, such as free gingival grafts
or connective tissue grafts, in augmenting the zone of keratinized tissue.

The lack of KTW gain suggests that while techniques like VISTA and PST are effective in achieving root coverage
and improving gingival thickness, they are not specifically designed to address the augmentation of keratinized
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tissue. These minimally invasive procedures focus on repositioning existing soft tissue to cover exposed roots, rather
than introducing new keratinized tissue.

These findings underscore the importance of tailoring surgical approaches to the specific clinical objectives of each
case. If increasing the width of keratinized tissue is a priority, incorporating grafting techniques may be necessary.
Conversely, for cases focused on esthetic root coverage and soft tissue enhancement, minimally invasive procedures
like VISTA and PST remain highly effective options.

This finding contradicts the study conducted by Reddy ©®, which reported an increase in the width of keratinized
tissue. According to that study, this increase could be attributed to the contribution of the periodontal ligament
through granulation tissue formation and the eventual re-establishment of the mucogingival junction at its
genetically predetermined position. The process of MGJ resettlement appears to play a critical role in the observed
increase in KTW. However, the exact duration required for the MGJ to fully resettle in its original position and
contribute to the increase in KTW remains uncertain and warrants further investigation 9 .

Regarding gingival thickness (GT), no significant difference was observed between the study groups. However,
there was an increase in the mean gingival thickness from baseline to follow-up periods in both groups. This can be
attributed to the use of collagen membranes, which have an excellent capacity for soft tissue induction. The porosity
of the collagen matrix creates a thick, porous layer that facilitates the growth of soft tissue into it, promoting tissue
thickening over time “9.

This result aligns with the findings of other studies, where the use of a collagen matrix in combination with a
coronally advanced flap led to a 1 mm increase in gingival thickness. This is consistent with our study, as both
VISTA and PST are variations of coronally advanced techniques. Additionally, the study which utilized a collagen
matrix for treating gingival recession, yielded similar results, further supporting the effectiveness of collagen
matrices in promoting gingival thickening “* 2.

A comparison of the two groups regarding the VAS scores showed a significant reduction in mean scores after 24
hours in both groups, with no statistically significant difference observed after 72 hours as well as after 1 and 2
weeks. Intraoperative discomfort was minimal, and postoperative symptoms, including bleeding, swelling, and pain,
were mild and short-lived. Additionally, aesthetic outcomes, such as colour match and tissue blending, were
favourable. These outcomes can be attributed to the minimally invasive nature of the techniques, limited use of
sutures, and the immediate aesthetic improvements that are noticeable to patients. Furthermore, these approaches
avoid compromising vascular supply by eliminating vertical releasing incisions, prevent scar formation, and reduce
overall surgical time ©°.

It was revealed that the VISTA technique has been associated with fewer postoperative complications, including
swelling, pain, and bleeding. Because the procedure is minimally invasive and involves less manipulation of the
gingival tissues, there is less disruption to the tissue and a reduced risk of infection or graft failure. The use of a
single incision and subperiosteal tunnelling also minimizes the chances of flap dehiscence, a common complication
in traditional techniques ©®*2).

Moreover, in accordance with our results regarding PST, A retrospective study demonstrated effectiveness of the
Pinhole Surgical Technique (PST) in treating Miller's Class | and Il gingival recession reported a comparable results
where postoperative complications were minimal with cases experiencing mild pain, slight bleeding, and
postoperative swelling, all of which subsided within the first two days. Additionally, the study highlighted
significant patient satisfaction, particularly in terms of aesthetic outcomes, with 95% of patients expressing high
levels of satisfaction ).

Conclusion:
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It can be concluded that VISTA and PST when combined with collagen membrane were successful in management
of Cairo’s type 1 single isolated gingival recession defects. Both groups recorded statistically significant
improvements from baseline in decreased recession depth, gain in clinical attachment levels and increase in gingival
thickness. In addition, collagen membrane can be used as a graft material with the clinical advantage of increasing

gingival thickness, avoiding a donor site and a major decrease in patients’ discomfort after operation.

Limitations and recommendations:

Due to the short-term follow-up period (3 and 6 months), the focus has primarily been on single isolated gingival
recession defects, and a limited number of randomized clinical trials evaluating the use of VISTA and PST along
with collagen membrane in treatment of gingival recession, as most reported studies in the literature were case
reports and case series. Therefore, we recommend conducting further multicentre randomized clinical trials that
consider both localized and multiple gingival recession defects with longer follow-up periods and larger sample
sizes to assess the clinical outcomes of VISTA and PST more thoroughly in the treatment of gingival recession.
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423  Table 1: Probing depth (PD; mean +SD) between groups at different time intervals:

Probing depth

(mm)

1.35+0.16 1.47+0.21
1.16+0.14 1.25+0.18 NS
1.14+0.12 1.22+0.15 NS

Comparison p1<0.001*, p2<0.001* p1<0.001*, p2<0.001*
p3>0.05 p3>0.05

424 Student t test and Paired t test were used for analysis.

425  pl: difference between baseline and after 3 months, p2: difference between baseline and after 6 months
426 p3: difference between 3 and 6 months, *Statistically significant, NS=non-significant (p>0.05).

427

428

429  Table 2: Clinical attachment loss (CAL; mean £SD) between groups at different time intervals:

Clinical attachment loss

(mm)

4.25+0.45 3.82+0.34
0.75+0.64 0.560.32 NS
0.90+0.83 0.85+0.63 NS

Comparison p1<0.01*, p2<0.01* p1<0.01*, p2<0.01*
p3>0.05 p3>0.05

430  Mann Whitney U test and Wilcoxon signed rank test were used for analysis.

431 pl: difference between baseline and after 3 months, p2: difference between baseline and after 6 months,

432 p3: difference between 3 and 6 months, *Statistically significant, NS=non-significant (p>0.05).
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433  Table 3: Recession depth (RD; mean +SD) between groups at different time intervals:

Recession Depth

(mm)

Baseline (T0) 2.7520.27
3 months (T1) 0.25:0.36 0.34+0.56 NS
6 months (T2) 0.32+0.49 0.2740.35 NS

Comparison p1<0.01%*, p2<0.01* p1<0.01*, p2<0.01*
p3>0.05 p3>0.05

434 Mann Whitney U test and Wilcoxon signed rank test were used for analysis.

2.53+0.32

435  pl: difference between baseline and after 3 months, p2: difference between baseline and after 6 months
436  p3: difference between 3 and 6 months, *Statistically significant, NS=non-significant (p >0.05).

437  Table 4: Keratinized tissue width (KTW; mean £SD) between groups at different timepoints:

Keratinized tissue width PST

(mm) n=10

Baseline (T0) 5.16+2.38 5.99+2.75
3 months (T1) 5.16:2.36 5.99+2.54 NS
6 months (T2) 5.16+2.34 5.99+2.43 NS

Comparison p1=NS, p2=NS p1=NS, p2=NS
p3=NS p3=NS

438  Mann Whitney U test and Wilcoxon signed rank test were used for analysis.

439  pl: difference between baseline and after 3 months, p2: difference between baseline and after 6 months
440  p3: difference between 3 and 6 months, NS=non-significant (p >0.05).

441  Table 5: Gingival thickness (GT; mean +SD) between groups at different timepoints:

Gingival thickness
(mm)

Baseline (TO) 1.81+0.42 1.83+0.46
3 months (T1) 1.90+0.65 1.95+0.55 NS
6 months (T2) 1.88+0.57 1.91+0.58 NS

Comparison p1=NS, P2=NS p1=NS, p2=NS
p3=NS p3=NS

442 Student t test and Paired t test were used for analysis.
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443  pl: difference between baseline and after 3 months, p2: difference between baseline and after 6 months
444 p3: difference between 3 and 6 months, NS=non-significant (p >0.05).

445  Table 6: Visual analogue scale score (VAS; mean £SD) between groups at different timepoints:

VAS score

4.90+1.19

3.70+1.25

2.70+0.94 2.90+0.57 p=NS
0 0
0 0
p<0.001* p<0.05*
446  Student t test and repeated measures ANOVA test were used in the analysis.

447  *Statistically significant.
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Fig.1 VISTA case showing a) baseline, b) VISTA incision, c¢) tunnel preparation, d) gingival margin repositioning,

e) membrane insertion, f) incision suturing g) 3-month follow-up, h) 6-month follow-up.

-

Fig.2 PST case showing a) baseline, b) PST incision, c) tunnel preparation, d) gingival margin repositioning, €)

membrane insertion, f) incision suturing g) 3-month follow-up, h) 6-month follow-up.
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