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ABSTRACT 
 
INTRODUCTION: Horizontal ridge defects are a common consequence of tooth loss. They present an esthetic problem, especially if the 
edentulous site is in the maxillary esthetic zone and indicated for implant placement. 
A novel system using ultrasonic waves to activate pins and meshes made of completely resorbable poly-D-L-lactic acid has been recently 
introduced. It is commonly used in the augmentation of alveolar ridge defects, but has not been tried for guided soft tissue augmentation. 
OBJECTIVES: clinical evaluation of the efficacy of ultrasonic activated poly-D-L-lactic acid pins and meshes for guided soft tissue 
augmentation of horizontal defects present around dental implants. 
MATERIALS AND METHODS: study comprised of eight patients having localized horizontal soft tissue defects around dental implants. 
‘Guided soft tissue augmentation’ technique was applied to manage these defects using ultrasonic activated poly-D-L-lactic acid pins and 
meshes. Patients recorded visual analogue scores for the first two weeks post-operatively. The augmented defects were evaluated for soft tissue 
thickness and pink esthetic score at one and three months post-operatively. 
RESULTS: there was a statistically significant increase in soft tissue thickness and fill in all treated defects together with an improvement of 
the pink esthetic score when compared to the baseline values. Patients had a mean visual analogue score of (0.0 ± 0.0) as of the fifth post-
operative day. 
CONCLUSIONS: augmentation of horizontal soft tissue defects using ultrasonic activated poly-D-L-lactic acid pins and meshes is a less 
invasive and effective clinical procedure to increase soft tissue thickness around dental implants together with the reconstruction of gingival 
contours to match those of adjacent natural teeth. 
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INTRODUCTION 

Tooth loss is followed by a series of inevitable biologic 
processes that result in bone resorption. The pattern of bone 
resorption can be horizontal, vertical or a combination of 
both (1). The horizontal pattern is the second most common 
pattern of post-extraction ridge defects (2). Soft tissue 
contours usually follow the architecture of underlying bone 
resulting in additional deficiency of soft tissue (1). When 
the edentulous ridge is localized, it appears as a concave 
area between the root prominences of adjacent teeth (3). 

Resorption of residual alveolar ridges may result in the 
placement of dental implants in sites with less than ideal 
hard and/or soft tissue volumes (4). With the shift of focus 
on the importance of esthetics as a determinant factor for 
implant success, it became of outmost importance to 
manage these defects (5). 

Management of horizontal ridge defects around 
implants can be done using hard or soft tissue augmentation 
procedures. Decision making depends on the size of defect 
and amount of residual bone around the implant (6, 7). An 
implant should be surrounded by at least 1.8-2 mm of bone 
thickness in order to consider managing the surrounding 
defect with soft tissue augmentation procedures (8). 

Clinicians managed horizontal soft tissue defects either 
using the same techniques for pontic site development or 
modified them to accommodate the different nature of peri-
implant tissues (9). 

Autogenous grafts have been widely used for soft tissue 
augmentation purposes, for pontic site development or 
around implants (10, 11). Subepithelial connective tissue 
graft (SCTG) was especially used for the volumetric 

increase of soft tissues and is considered the gold standard 
for the management of such defects (12). However, several 
limitations were encountered with SCTG such as the need 
for a second donor surgical site, anatomical limitations, 
inadequate quantity of graft material and post-operative 
pain and numbness (13). 

Therefore, alternative materials were proposed such as 
grafts from allogenic or xenogenic origins and tissue 
engineering based materials (14-16). 

Salama et al (17) in 1995 introduced a new process for 
soft tissue augmentation around implants in the esthetic 
zone and called it ‘guided soft tissue augmentation’. Their 
technique depended on tenting a mucoperiosteal flap using 
submerged healing abutments creating a dead space that 
will fill with a blood clot. Later, this blood clot reorganized 
into soft tissue. The same technique was later used by Marx 
et al (18) for the augmentation of large vertical bone defects. 
Its concept depended on the tenting of mucoperiosteal flaps 
using screws to expand the soft tissue and therefore 
eliminate the pressure exerted on the underlying graft 
material. 

Recently, a novel poly-D-L-lactic acid (PDLLA) system 
,with components that are activated using ultrasonic waves 
, was introduced. Once activated, the pins melt and flow in 
between bone trabeculae. They are then welded to PDLLA 
meshes. This process creates a three-dimensional firmly 
anchored tenting system. Furthermore, PDLLA can 
completely disintegrate into water and carbon dioxide 
leaving no by-products after 8-12 weeks (19).  
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This system has never been tested for soft tissue 
augmentation around dental implants. Its effects on these 
tissues remain unknown. 
 
MATERIALS AND METHODS 
A) Materials: 
Study Subjects: 
Study included eight patients, 5 females and 3 males, with 
ages ranging between 20 to 40 years, having horizontal soft 
tissue defects around dental implants in the maxillary 
anterior esthetic zone. All patients had well osseointegrated 
implants with healthy surrounding tissues showing no signs 
of peri-implantitis. The surgical procedure was performed 
during the second stage surgery. All patients were required 
to maintain a modified O’Leary index of ≤10% (20). 
Smokers, alcoholics, pregnant or lactating females and 
medically compromised patients were all excluded from the 
study. 
1) Ultrasonic activated PDLLA pins (SonicX® pins, KLS 

Martin, Mühlheim, Germany). Biodegradable pins 
made of 100% PDLLA, 5 mm in length and 2.1 mm in 
diameter, supplied in sterile packages containing 5 
pins each. They were used to tent mucoperiosteal flaps. 

2) Ultrasonic activated PDLLA meshes (ResorbX® 
meshes, KLS Martin, Mühlheim, Germany). 
Biodegradable perforated membranes with dimensions 
of 25 mm in width, 25 mm in length and 0.1 mm in 
thickness, also made of 100% PDLLA and supplied in 
sterile packages. They were used to support the tented 
mucoperiosteal flaps. 

B) Methods 
1) Pre-surgical phase 
• The nature and objectives of the study were carefully 

explained to each participant and all subjects gave their 
informed consent of the study. The study was approved 
by the institutional ethical committee on clinical trials 
involving humans (Faculty of Dentistry, Alexandria 
University) (IRB NO: 00010556 – IORG: 0008839) and  
conducted in accordance with the guidelines of  the 
World Medical Association Declaration of Helsinki 
(ethical principles for medical research involving human 
subjects) (21). 

• Phase I therapy was performed for each patient. 
• Acrylic stents were constructed to standardize the three 

sites of measurement (mesial, distal and mid-surface of 
the defect) at baseline, one and 3 months respectively. 

• One day before the surgery, patients were instructed to 
take 1 gm amoxicillin clavulanate (Augmentin, 
GlaxoSmithKline, Cairo, A.R.E) one hour before the 
procedure and instructed to continue this medication 
every 12 hours for 5 days post-operatively. 

• Just before the surgery, patients were instructed to rinse 
for 30 seconds with 0.12% chlorhexidne gluconate 
mouthwash (Hexitol, Arab Drug Company (ADCO), 
Cairo, A.R.E). 

2) Surgical phase 
• The surgical site was disinfected using providone 

iodine (Betadine, Nile Pharma, Cairo, A.R.E). 
• Local buccal and palatal infiltration anesthesia was 

given to all patients (articaine hypochloride 4% and 
levonordefrin) (Septocaine®, Septodont, Saint-Maur-
des-Fossés, France) (Figure 1-2).  
 

Figure 1: Photograph showing the size of the horizontal ridge 
defect pre-operatively. 

Figure 2: Photograph showing pre-operative measurement of 
STT through transgingival probing at 3 different points. 

 
• Paracrestal incisions were done using Bard Parker 

blade number 15 (KLS Martin, Mühlheim, Germany). 
• Fully reflected mucoperiosteal flaps were elevated 

using periosteal elevators. 
• Pilot holes were drilled in the bone mesial and distal to 

the defect, at least 3 mm in depth using 2.1 mm 
diameter drills. 

• PDLLA pins were inserted into the pilot holes leaving 
the rest of the length of the pins and their heads required 
for tenting above the bone level by mounting them on 
sonotrodes that send ultrasonic vibrations that liquefy 
the pins and integrate them with the bone (Figure 3). 
 

Figure 3: Photograph showing PDLLA pins insertion in pre-
drilled pilot holes by activation with ultrasonic waves. 
 

• PDLLA mesh was cut to the desired shape (according 
to the size of the defect). 

• PDLLA mesh was placed over the pins and both were 
welded together using the SonicWeld® unit (Figure 4). 

• Any rough edges were smoothened using scissors. 
• Periosteal releasing incisions were done to ensure 

tension free flaps. 
• Flaps were sutured using 4/0 non-resorbable sutures 

(Ethicon, New Jersey, USA). 
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Figure 4: Photograph showing PDLLA pins in place with the 
corresponding welded mesh. 
 

3) Post-surgical phase 
• Postoperative instructions were given to the patients 

including oral hygiene instructions and 0.12% 
chlorhexidine gluconate mouthwash (Hexitol, Arab 
Drug Company (ADCO), Cairo, A.R.E.) 3 times daily 
as of the second day of the surgery and maintained for 2 
weeks. 

• Non-steroidal anti-inflammatory drugs were prescribed; 
ibuprofen 400 mg (Brufen, Abbott, Cairo, A.R.E); 1 
tablet 3 times daily after meals for 4 days. 

• Patients were seen 7 days after the surgery and sutures 
were removed after 14 days. 

4) Clinical evaluation 
• Subjective pain assessment was performed by all 

patients using visual analogue score (VAS). Pain 
severity was recorded by each patient starting on the day 
of the surgery and continued every 2 days until day 15 
(22). 

• Transgingival probing was made to measure soft tissue 
thickness (STT) at baseline then again at 1 and 3 months 
post-operatively (Figure 5 and Figure 6). After local 
anesthesia administration, a periodontal probe was used 
to pierce the soft tissue at 3 different points (at the mid-
surface of the defect and 2 mm mesially and distally). 
Those points were pre-determined through acrylic stents 
fabricated pre-operatively for standardization purposes 
throughout the study period. When the periodontal 
probe reached cortical bone, the measured length was 
recorded and rounded to the nearest half mm (23) 

Figure 5: Photograph showing volumetric soft tissue 
augmentation of the horizontal ridge defect post-operatively 

 
 
 

 

Figure 6: Photograph showing post-operative measurement of 
STT through transgingival probing at 3 different points. 

 
• Peri-implant soft tissue changes were recorded using the 

pink esthetic score (PES) at baseline and after 3 months. 
In brief, seven variables were evaluated: mesial papilla, 
distal papilla, soft tissue level, soft tissue contour, 
alveolar process deficiencies, soft tissue color and 
texture. A ‘0-1-2 scoring system’ was used, 0 being the 
lowest and 2 being the highest value. Then value of all 
the variables are added together to obtain a total score, 
with a maximum achievable score of 14 (24). 

Statistical analysis 
Data were fed to the computer and analyzed using IBM 
SPSS software package version 20.0. (Armonk, NY: IBM 
Corp) (25) Qualitative data were described using number 
and percent. The Kolmogorov-Smirnov test was used to 
verify the normality of distribution. Quantitative data were 
described using range (minimum and maximum), mean, 
standard deviation and median. Significance of the obtained 
results was judged at the 5% level. 

Differences in average and mid-surface STT differences 
were compared at different times of the study using 
Friedman test. Differences in PES values were compared 
between baseline and 3 months using paired t-test. 
 
RESULTS 
Clinical Observations 
All patients tolerated the surgical procedures well. 
Following the operation, healing was uneventful and no 
adverse reactions such as postoperative infection or 
allergies were recorded in the treated sites. 
Clinical Results 
VAS had a mean value of (2.38±2.20) at first day post-
operatively. This mean value decreased significantly to 
(0.50±0.53) at third day, then decreased to (0.13±0.35) at 
fifth day. Patients reported no pain after the fifth post-
operative day (VAS = 0.0). 

Data collected through transgingival probing was 
compared at different times of the study period, as an 
average value of the 3 sites of measurement (Table 1). Mean 
STT values at the mid-surface of the defect were also 
compared at different times of the study (Table 2). 

With regards to the average STT values, there was a 
statistically significant increase in mean STT values at 1 and 
3 months (4.62±0.55) mm when compared to baseline 
values of (3.21±0.89) mm (p=0.003*). However, comparing 
mean STT values at 1 month and at 3 months, no 
statistically significant difference was found (p=1.000). A 
mean percentage of change of (51.15±33.29) % was 
obtained at 1 and maintained until 3 months post-
operatively. 

As when comparing mean STT values at the mid-surface 
of the defect, there was a statistically significant increase at 
1 and 3 months (6.25±0.89) mm when compared to baseline 
values of (3.25±0.71) mm (p=0.003*). However, comparing 
mean STT values at 1 month and at 3 months, no 
statistically significant difference was found (p=1.000).  
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A mean percentage of change of (96.87±30.52) % was 
obtained at 1 month and maintained until 3 months post-
operatively. 

With respect to the PES, a statistically significant 
increase was noted when comparing mean values of 
baseline (10.13±1.25) and 3 months (12.38±1.30) 
(p<0.001*), with a mean percentage of change of 
(22.5±5.17) % (Table 3). 

Table (1): Descriptive analysis of the studied cases 
according to STT (Average). 

Soft Tissue 
Thickness (mms) 

(average) 
Baseline One month  Three 

months 
Frχ2 p 

Min. – Max. 2.0 – 4.67 4.0 – 5.67 4.0 – 5.67 

16.0* <0.001
* Mean ± SD. 3.21 ± 0.89 4.62 ± 0.55 4.62 ± 0.55 

Median  3.17 4.33 4.33 

Sig. bet. periods p1=0.003*,p2=0.003*,p3=1.000   

% change from 
baseline  51.15±33.29 51.15±33.29   

 

Table (2): Descriptive analysis of the studied cases 
according to STT (Mid-surface). 

Soft Tissue 
Thickness (mms) 

(Mid-surface) 
Baseline One month  Three 

months 
Frχ2 p 

Min. – Max. 2.0 – 4.0 5.0 – 7.0 5.0 – 7.0 

16.0* <0.001
* Mean ± SD. 3.25 ± 0.71 6.25 ± 0.89 6.25 ± 0.89 

Median  3.0 6.50 6.50 

Sig. bet. periods p1=0.003*,p2=0.003*,p3=1.000   

% change from 
baseline  96.87±30.52 96.87±30.5

2   

 

Table (3): Descriptive analysis of the studied cases 
according to PES. 

Pink Esthetic Score Baseline Three 
months t p 

Min. – Max. 9.0 – 12.0 11.0 – 14.0 
13.748

* 
<0.001

* Mean ± SD. 10.13 ± 1.25 12.38 ± 1.30 

Median  10.0 12.50 

% change 22.5 ± 5.17   

 
DISCUSSION 

The management of horizontal ridge defects represents 
one of the clinical challenges faced in every day practice. 
When these defects are present in a site where dental 
implants are placed, the clinical condition becomes more 
complicated because of the high esthetic expectations of 
patients. Consequently, these defects must be augmented 
using hard or soft tissue augmentation procedures with the 
ultimate goal of reconstruction of normal gingival 
architecture that mimics that of adjacent natural teeth (3,26). 

There is almost a generalized agreement about the lack 
of sufficient clinical data discussing the development of 

optimum peri-implant hard and soft tissues. Despite that, 
autogenous soft tissue grafts are the most commonly used 
materials for soft tissue augmentation (12). 

There is also no general consensus about the ideal soft 
tissue volume needed around dental implants for functional 
stability (27). However, this soft tissue volume is deemed 
of paramount importance for esthetic purposes and 
sometimes can even be used to compensate hard tissue 
discrepancies. In a two-dimensional buccolingual manner, 
soft tissue volume should be no less than 2 mm (28,29). 
However, it has not been evaluated in a three-dimensional 
manner as a single parameter and in long term studies. 

The ‘screw tent pole’ technique was introduced in the 
literature early in the 21st century and was used with 
success for the purpose of guided bone regeneration of 
horizontal or vertical ridge defects (30,31). 

To the best of our knowledge, this is the first attempt to 
use this technique for soft tissue augmentation, rather than 
bone, using ultrasonic activated PDLLA pins and meshes. 
This clinical study evaluated the potential of this technique 
in the reconstruction of horizontal soft tissue defects and 
increasing soft tissue thickness around dental implants. 

The present study revealed a significant increase of STT 
values (average of three points of measurement and at mid-
surface alone) at three months when compared to baseline. 
Also there was a significant increase in STT values at one 
month when compared to baseline. However, there was no 
significant difference between 1 and 3 months. This may be 
attributed to the support provided by the PDLLA mesh 
when welded to the heads of PDLLA pins. The mesh causes 
expansion of soft tissue to eliminate any pressure exerted by 
the tissues on the defect. This may have allowed the 
undisturbed reorganization of the formed blood clot that 
filled the intentionally created dead space without any 
interference. 

These findings are in agreement with another study 
conducted by Wiesner et al (32) in 2010 that aimed at 
augmenting soft tissue thickness around dental implants 
placed in the posterior part of the mandible using SCTG. 
Both studies succeeded in increasing STT at the mid-surface 
of the defect. However, when comparing the values of STT, 
SCTG gave a mean increase of (1.20±0.63) mm after one 
year of loading, whereas the current study resulted in an 
increase of about 3 mm at the end of the 3 months follow up 
period. Although the difference is significantly in favor of 
our study, the results may not be comparable because of 
different periods of data collection and the documented 
shrinkage of SCTG over time. 

The results of the current study are in contrast with a 
study by Migliorati et al (33) in 2015, where a SCTG of 1 
to 2 mm thickness was used to augment STT around 
implants in anterior maxilla. Mean STT at baseline was 
(1.1±0.7) mm. It increased to (3.5±0.7) mm immediately 
after augmentation procedure then decreased to (2.3±0.8), 
(1.8±0.8) mm at three and twelve months post-operatively 
respectively. From these results it can be concluded that the 
STT increase obtained through SCTG is at its peak 
immediately after the surgical application and continues to 
decrease over time. This means that even at the peak of its 
effect, SCTG still results in less STT increase than that 
obtained through the technique employed in the current 
study. 

 A systematic review by Poskevicius et al (34) in 2017 
studying soft tissue changes after soft tissue grafting 
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procedures concluded that the maximum shrinkage of the 
SCTG occurs in the first 3 months post-operatively. This is 
unlike the present study, where augmented soft tissue 
thickness was maintained throughout the entire 3 months 
follow up period. This may be attributed to the fact that 
components used for space maintenance start their 
disintegration process after 8 to 12 weeks and can last up to 
two years, providing the necessary time for the blood clot to 
reorganize into soft tissue. On the other hand, SCTG starts 
and continues to shrink during the entire first year after its 
application. 

The increase in STT described in the present study may 
also be the cause of improvement of peri-implant soft tissue 
biotype. Although there is a lack of consensus about the 
classification of peri-implant soft tissue biotype, however 
thicker tissues have more blood supply and are less 
susceptible to recession and exposure of the underlying 
metallic color (35).  

The results of this study are found to be consistent with 
the conclusions drawn from the previous clinical studies of 
Chen et al (36), Kan et al (37) and Nisapakultron et al (38) 
where they emphasized the importance of the presence of 
thick peri-implant tissues for a better soft tissue marginal 
stability and overall prognosis. To the best of our 
knowledge, there are no opposite opinions to the importance 
of the presence of thick peri-implant tissue biotype and its 
effect on the success and longevity of implants. 

As for the PES, there was a significant increase from 
(10.13±1.25) at baseline to (12.38±1.30) at 3 months post-
operatively. This finding reflects better esthetic outcomes 
and it might be explained by the fact that out of the seven 
variables that comprise the PES, only the value of the soft 
tissue contour was affected by the ‘guided soft tissue 
augmentation’ procedure performed in this study. This 
reflects a possible correlation between STT and PES. This 
conclusion is in agreement with results drawn from studies 
conducted by Wiesner et al (32) and Migliorati et al (33), 
where a significant increase in PES values to (11.32±1.63) 
and (7.15±1.75) respectively resulted after augmentation of 
STT with SCTG. Those values although reflecting an 
improvement of peri-implant soft tissue esthetics, are still 
lower than those in the current study. 

A remarkable finding in this study is that the VAS 
values reached (0.0±0.0) after a maximum of 5 post-
operative days. This finding is in complete disagreement 
with conclusions drawn by other clinicians who used SCTG 
and reported severe post-operative pain. This is considered 
one of the most serious limitations of SCTG that drove 
researchers to find alternative techniques. The post-
operative pain is expected due to the presence of two 
separate surgical sites, including recipient site and donor 
site in the palate and the longer chair time of the procedure. 
This was reported by Zucchelli et al (39) in their study 
conducted in 2010 to compare between de-epithelialized 
free gingival graft and SCTG for root coverage. In that 
study, patients were asked to record VAS during the first 
post-operative week. Mean VAS values were (3.1±1.99) for 
the group managed with de-epithelialized free gingival graft 
and (2.65±2.18) for the group managed with SCTG. The 
values of both groups were significantly higher than the 
values recorded in the current study, making ‘guided soft 
tissue augmentation’ a superior technique to autogenous 
grafts harvested from the palate in terms of patient 
morbidity. 

 
CONCLUSION 
From the results of the current study it can be concluded that 
horizontal soft tissue augmentation using ultrasonic 
activated PDLLA pins and meshes is a safe and easy method 
for peri-implant soft tissue management. 
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