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ABSTRACT

Purpose: The aim of this study was to evaluate the effect of connective tissue grafts (CTG) and pediculated
connective tissue grafts (P-CTG) for extraction socket closure on soft tissue landmarks and ridge dimensions.
Methods. 45 subjects were randomized into two groups, where the soft tissue closure of extraction sockets was
done by pediculated connective tissue grafts (P-CTG group) and connective tissue grafts (CTG group). On
photographs taken at different time-points, four markers corresponding to marginal gingiva (MG), mucogingival
junction (MGJ), mesial papilla (MP) and digta papilla (DP) were placed. After image alignment and stacking,
the markers were tracked through five photographs taken during the course of the therapy. The displacement,
total displacement (TD), divergence and angle of maximum divergence (AMD) for each marker were recorded.
Buccolingual and mesiodistal dimensions of edentulous sites were measured, and the difference from the
baseline to 6-months in both the dimensions was calculated and was described as buccolingual gain (BL gain)
and mesiodistal gain (ML gain) respectively.

Results: Intergroup comparison of displacement and divergence of markers across both the groups showed
varying levels of significance. P-CTG resulted in higher buccolingual dimensions at 3 months (P=0.001) and 6
months (P=0.002) when compared to the CTG group. From baseline to 6-months, the BL and MD gains were
2.82+1.29mm & 1.68+1.12mm and 1.27+0.65mm & 1.48+0.67mm in P-CTG and CTG group respectively. In
the P-CTG group, TD (r=0.4; P=0.001) & AMD (r=0.5; P=0.05) of MG and TD (r=0.2; P=0.005) of MGJ
resulted in BL gains. In the CTG group, TD (r=0.7; P=0.004) and AMD (r=0.3; P=0.004) of MP and AMD of
MGJwas associated with a significant BL gain.

Conclusions: P-CTG and CTG had significant effects on displacement and divergence of soft tissue landmarks
respectively. The relocation of these landmarks, seem to result in an improvement in the buccolingual
dimensions of the post-extraction ridge.
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INTRODUCTION

The sequelae of socket collapse and the subsequent hard and soft-tissue remodelling has a sgnificant
impact on its aesthetics and function [1-3]. With an expected loss of anywhere between 40 to 60% of the
original height and width [3], several socket preservation techniques have been documented to mitigate the

effects of inadequate ridge volume and dimensions following tooth extraction [1,3,4].

The dynamic nature of a healing extraction socket frequently leads to change in soft tissue landmarks on
the ridge [5,6]. The buccal aspect of the ridge is often the most affected site, [1-3,5,6] resulting in the relocation
of the ridge to a more palatal/lingual position [6,7]. Achieving primary closure by advancing the flap over an
extraction socket was thought to be necessary [3,4,6,7], however, it may lead to alterations in ridge contours [6],
iatrogenic distortion of soft-tissue landmarks such as the muco-gingival junction (MGJ) [8,9] and interdental
papilla [6,7] and buccal vestibule [9]. The iatrogenic distortion of soft tissue landmarks can lead to ridge
contraction [3,6,7] and loss of attached gingiva, [3] which can impact the aesthetics and function of the site

[8,9].

Thereisnow an onus on procedures that limit or reverse this inadvertent damage cause to the ridge; the
use of “flapless approach”[2], ‘‘socket-plug’’ techniques [6] and soft tissue grafts [7,8] were advocated
primarily to prevent and limit alterations in ridge dimensions and anatomy due to flap advancement alone
[3,4,8,9]. Palatal connective tissue grafts (CTG) [10] have been frequently used for correcting ridge deficiencies
by virtue of their excellent tissue integration and volume stability [10,11], leading to reduced soft tissue
shrinkage and preservation of the gingival architecture. An immediate post-surgical gain of 2 mm is possible
[2,4,9,11,12], but because it isa “free” graft, its effectivenessis greatly dependent on its ability to derive blood
supply from the recipient bed and the mucoperiosteal flap [7,11,12]. Complete coverage and stability of the graft
are crucial and this may necessitate elevation of the flap potentially compromising blood supply to it [7,11,12].
To offset these disadvantages, a pediculated CTG (P-CTG), which maintains its own blood supply has been
advocated [13]. A modified technique by El Chaar et al. [14] improves on the conventional technique by using
thick donor tissue and by creating a large graft base and a periosteal bed near the extraction socket to promote
vascularization. Most importantly, there is minimal elevation of the buccal flap asthe graft is only tucked into it
and stabilized with sutures, minimizing the displacement and distortion of interdental papillae and the MGJ
[13,14] in light of these approaches, the primary hypothesis behind this study was that the P-CTG procedure

would result in minimal displacement of gingival landmarks when used for socket grafting.
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While the measurement of distances between key anatomical landmarks such as the gingival margin
[15], mucogingival junction [11], depth of vestibule [9] and/or peaks of interdental papillae [16] has always
been the norm in assessing outcomes, data however is lacking on the dimensiona stability of these visible
landmarks on the soft tissues after procedures such as soft tissue augmentation for socket closure [11,12].
Existing methods of measurement for soft tissue grafts do not detect the variability of these landmarks during
the healing phase nor attempt to interpret the final results in the context of moving landmarks [2,5-7,11,16];
failure to do so might impact the overall and final results. Investigators are also limited by the solutions and
tools available at this time [11,17]. However, identifying displacement, at least in two dimensions may provide

an insight on their impact on healing and the final result of a procedure.

In this context, the effect of connective tissue grafts (CTG) and pediculated connective tissue grafts (P-
CTG) on soft tissue landmarks and ridge dimensions when used for socket closure was investigated. Apart from
comparing the clinical effects of the procedures, additional analysis was done on the data based on the principles

of image alignment, stacking and tracking.
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MATERIALSAND METHODS

Sample size calculation

As per proportional power calculation, aminimum sample size of 16 per group (32 in total) was needed

to detect aridge-height difference of 1 mm when the power of the test is0.80 at a significance level of 0.05.

Participants and Eligibility Criteria

The initial pool consisted of 122 subjects who reported to our department between January and May,
2019. After scaling and root planing, all subjects underwent a thorough soft-tissue examination including
sounding of the tissues. From this pool, 45 subjects satisfying the following inclusion criteria were included in
this study; 1. subjects within the age group of 20-50years 2. Subjects requiring single tooth extraction in the
anterior area without any signs and symptoms of acute infection or inflammation. 3. Thin periodontium [18]
around the affected site characterized with a residual buccal periodontal pocket>5 mm [19] 4. Subjects with
extraction defects type-2 (based on the extraction defect sounding (EDS) [20] classification) and characterized
by slight compromise of the local tissues with vertical or transverse soft tissue loss of 1-2 mm and with not more
than one compromised socket wall. 5. A presurgical depth of 3 mm in the palatal mucosa of the distal aspect of
canine [10,13,14]. 6. Subjects not consenting for hard tissue augmentation/implants because of financial reasons
and willing to wear a fiber-reinforced, composite-resin (FRC) bonded temporary bridge with a hygienic pontic
for 6-months. 7. Systemically healthy subjects and those who are consenting for single tooth extraction.

Trial Design and I nterventions

A randomized-controlled, single-blind study design was conducted on 45 subjects (Age:
37.87+10.22years, 45 sites;31 males). Double-blinding was not feasible as the nature of surgery and surgical
site precludes blinding of operators and investigators. Randomization software [21] was used to randomly
allocate subjects into either of the two treatment groups; P-CTG group (test group) and CTG groups (control
group) where the soft tissue closure of extraction sockets was done by pediculated connective tissue grafts (P-
CTG) and connective tissue grafts (CTG) respectively. Approval from ingtitution ethical committee
(SVSIDS/PERIO/1/2017) was obtained and informed consent was taken from all the subjects. All surgeries
were performed by two designated operators (RVC & BM) and the readings were recorded by a calibrated set
of two investigators (PS & MB).

P-CTG procedure was performed as follows (Figure 1) [14]; flapless atraumatic extraction of the tooth

was done to preserve the papillae and interproximal bone. Granulation tissue was removed with curettes and the
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socket was irrigated with sterile normal saline. The recommended donor site for harvesting the connective tissue
graft is from the distal side of the canine to mid-palatal sde of the first molar approximately 3-4 mm from the
free gingival margin of the hard palate. The sum of (@) buccolingual dimensions of the extraction site (b) 3-4
mm to account for the gap between the extraction site and base of the pedicle and (c) an additional 2-3 mm to
facilitate tucking the flap underneath the buccal gingiva of the extraction socket was the length of the pedicle
required to close the socket effectively. An epithelial window was raised and the pedicle was elevated. The
medial attachment of the P-CTG was maintained. The isthmus between the base of the pedicle and the
extraction site was de-epithelialized and free end of the P-CTG was flipped and folded passively over the
extraction site and tucked underneath the buccal flap of the extraction socket and secured with 4-0 Prolene
sutures (Trulene®, Sutures India, Bengaluru, India). CTG was performed similarly (Figure 2); the buccal and
lingual flaps were raised 3 mm beyond the level of crestal bone and the tooth was atraumatically extracted. The
classic three-sided “trap door” incision [10] was used to harvest the CTG; The length and breadth of the
trapdoor was determined by the dimensions of the graft required. The graft was sutured to the recipient bed with
4-0 Chromic Catgut (TruGut®, Sutures India, Bengaluru, India). Care was taken to ensure that the flaps rested
passvely on the CTG before suturing. A tension-free approximation of the flap was done with 4-0 Prolene
sutures (Trulene®, Sutures India, Bengaluru, India). The baseline and post-operative outcomes were
recorded by two calibrated investigators (MB and PS); their mean weighted inter-examiner kappa
scores were 0.79, 0.76, 0.89 and 0.76 for image alignment, stacking, bucco-lingual and mesiodistal
dimensions respectively. Reproducibility for placement of pre-determined markers was poor (<0.75),

hence it was marked only after a verbal agreement between all the three primary investigators of this

study (RVC, MB and PS).

Outcomes
Image alignment, stacking and tracking of pre-determined markers

At baseline (before the procedure), immediately after surgery (post-OP) and at 1,3 and 6 months,
photographs of the subjects in frontal view after adequate retraction with the contact point of the upper central
incisors as the center of the image were taken. The protocol of Ricci [22] was adapted to ensure accurate
positioning and orientation at al time-intervals. In each photograph, 4 landmarks or “markers’ were placed
using a photo editing software (Photoshop®, verson 21.1.1, Adobe, Noida, India) (Figure 3). The markers were

as follows; 1. Marginal Gingiva (MG): The most apical point of the gingival scallop on the marginal gingiva
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was considered as the marker “MG” 2. Mucogingival Junction (MGJ): Asit is a continuous line, the mid-buccal
point on the mucogingival junction was considered as the marker “MGJ" 3. Mesial Papilla (MP): The tip of the
mesial interdental papilla at its most coronal aspect was considered as “MP” and 4. Distal Papilla (DP): The
marker “DP” was the tip of the distal papilla at its most coronal aspect. The marker (29*26 pixels) was placed
on the brightest pixel at the region-of-interest only after the three investigators (RVC, BM & PS) agreed on its
location. After ensuring that all the five pictures (at baseline, post-OP,1 ,3 and 6 months) from a single subject
were similar in size and orientation, except the markers, the rest of the photograph was darkened by adding a
mask of the photograph to itself and then by using the image> cal culations>exclusion commands in the photo
editing software. This reduces the picture “noise” during image stacking, and tracking. A temporal “stack”,
which is the set of 5 images related by time [23] was created in the software ImageJ® (LOCI at the University
of Wisconsin-Madison, USA). A plugin for the above software, TrackMate® [24] was used to track the
movements of these four markers through five photographs. Briefly, this was done as follows [24]: The stack of
photographs with the markers was opened in ImageJ® and TrackMate® was launched. The difference of
Gaussian detector (DoG detector) was used as a detection algorithm for tracking the markers and after initial and
final spot filtering, which help to prevent the software from identifying undesired markers except the ones in
question; a linear assignment problem (LAP) tracker was used to track all four markers in the photographs. The
data obtained had two components (Figure 4): 1. Displacement and Total Displacement (TD): Displacement is
the distance of the marker from one time point to the next subsequent time point and Total displacement (TD) is
the distance from baseline position of the marker to its position at 6 months. 2. Divergence and Angle of
Maximum Divergence [25]: Divergence is the angle between the expected direction and the observed direction
of the marker and angle of maximum divergence is the angle from the source to the final location of the marker.
The tracks are composed of four-line segments which correspond to the movement of the trackers between the
following time-points: baseline to post-OP, post-OP to 1-month, 1-month to 3-months and 3-months to 6-

months (Figure 5).

Bucco-lingual and mesiodistal dimensions of edentulous sites

The distance from the greatest convexity or bulge on the buccal and lingual/palatal soft-tissue
beneath the buccal and lingual mucogingival lines (or the mid-buccal areaimmediately beneath the first  rugae
in the palatal mucosa [11,13,14]) at the center of the mesio-distal space was considered as the bucco-lingual
dimension (Figure 4) [26]. This was measured by using a Vernier calipers at baseline, 3 and 6-months. The

distance from the crests of the mesial to the distal papilla through the center of the ridge was considered as the
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mesio distal dimension [27]. A wet, 1 mm silk cord was adapted onto the ridge and marks were placed on the
chord near the mesial and distal papilla. It was easy to adapt the sk cord on to the alveolar ridge with its
irregularities than measuring it with a device. It was then retrieved and its length was measured with a Vernier
calipers at baseline, 3 and 6-months (Figure 4). The difference from the baseline to 6-months in both the
dimensions was calculated and was described as bucco-lingual gain (BL gain) and mesiodistal gain (ML gain)

respectively.
Statistical analysis

Data was analyzed with Statistical Package for Social Sciences (SPSS® v26.0, IBM Corp, Armonk,
NY, USA). Friedman test and repeated measures ANOVA were used to compare data within the same group at
different time intervals. Independent samples t- test and Mann-Whitney U test were used for comparing data
between two groups. Pearson correlation coefficient was used to analyse linear relationships. Confidence
intervals were set at 95% and P values <0.001 was considered as highly significant, P<0.05 as significant and

P>0.05 as not sgnificant.
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RESULTS
All the participants (n=45; P-CTG, n=23; CTG n=22) completed study-related interventions. 5 participants

(4 from P-CTG group and 1 from CTG group) withdrew after the intervention phase. Hence, statistical analysis
was limited to 40 subjects (P-CTG, n=19; CTG n=21). A few adverse events such as swelling and minor

bleeding episodes were conservatively managed in the post-operative healing phase.

Displacement and total displacement of the four markers

There was a highly significant intragroup difference in displacement of MG in both the groups
(P=0.001) and a significant intragroup difference in digplacement of MGJ (P=0.01) and MP (P=0.02) in the
CTG group between two time-points. No significant displacement of DP was seen in both the groups. (P=0.09
& P=0.06 in P-CTG & CTG groups). Intergroup comparison of the displacement of markers across both the
groups between two time-points showed varying levels of significance (Table 1). However, the total
displacement of MG (7.21 vs 6.11 mm) and MGJ (4.59 vs 3.41 mm) was significantly higher in P-CTG group
when compared to CTG group (P=0.02). A highly significant displacement of MP (P<0.001) was seen in CTG
over the P-CTG group while no significant difference was seen in total displacement of DP in between the

groups (P=0.09).

Diver gence and angle of maximum divergence of the four markers

Intragroup analysis reveded a highly significant difference in divergence of MG in both the groups
(P<0.001) and significant difference in the divergence of MGJ (P-CTG P=0.03, CTG P=0.04), MP (P-CTG
P=0.05, CTG P=0.04) and DP (P-CTG P=0.05, CTG P=0.05) at various time intervals. Varying levels of
significance were seen in the intergroup comparisons of divergence across both the groups between two time-
points (Table 2). The AMD was significantly higher in CTG group for MG (P=0.01) and MGJ (P=0.01) when
compared to P-CTG group. For MP and DP, a highly significant (P<0.001) AMD was seen in CTG and P-CTG
group respectively.
Bucco-lingual and mesiodistal dimensions of edentulous sites

No significant intergroup difference was observed between the P-CTG and CTG groups for
buccolingual dimensions at baseline (P=0.601). There was a datistically higher increase in the buccolingual
dimensions in the P-CTG group at 3 months (P=0.001) and 6 months (P=0.002) when compared to the CTG
group. There was a gain (BL gain) of 2.82+1.29 mm and 1.68+1.12 mm from baseline to 6-months in P-CTG
and CTG group respectively. No significant difference was observed between P-CTG and CTG groups for the

mesiodistal dimensions of the edentulous sites at baseline, 3-months and 6-months (P=0.482, P=0.459 &
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P=0.561). There was a gain (MD gain) of 1.27+0.65 mm and 1.48+0.67 mm from baseline to 6-months in P-
CTG and CTG group respectively.
Corrélation between TD and AMD of the four markersvsMD and BL gain

Correlation analysis of AMD for MG and BL gain revealed a moderate positive correlation MG (r=0.5,
P=0.05) in P-CTG group. In CTG group, strong (r=0.7, P=0.03) and a moderate positive correlation (r=0.3,
P=0.04) between AMD for MGJand AMD for MP with BL gain was seen. A moderate positive correlation was
seen (r=0.4, P=0.001) between TD of MG and BL gainin P-CTG group. A weak negative correlation was seen
(r=-0.2, P=0.005) between TD of DP and MD gain in CTG group. Weak positive correlation (r=0.2, P=0.05)
was seen between TD of MGJ and BL gain in P-CTG group and strong positive correlation was seen between

TD of MP and BL gainin CTG group (r=0.7, P=0.04) (Table 3).
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DISCUSSION

There exist studies that have sought to locate and analyse alterations in specific landmarks before and
after mucogingival procedures [29-31]. Periodontal probing under magnification [30] or with a surgica stent
[31], and techniques such as reproducible photography [22] and radiographic soft tissue determination have
been used previously [15,22]. In this study we have used a software system based on the principles of image
alignment [22], stacking [23] and tracking [24,25] to capture movement of specific landmarks before and after
soft tissue grafting. Though designed initially for multidimensiona microscopy, TrackMate® can track
movements in millimetres (mm)[28], is flexible and various researchers, including periodontists, can quickly
develop an algorithm suited for specific projects.

Both the treatment modalities resulted in a significant displacement and divergence of the markers;
Relative to each other, P-CTG resulted in a significant displacement of the mucogingival junction and marginal
gingiva; whereas CTG resulted in a marked divergence of all the markers except distal papilla. The use of P-
CTG and CTG in general induces arobust inflammatory and healing response that initially resultsin an oedema
and later results in an increased graft density and thickening of the epithelium which may have resulted in the
movement of these markers [12,26,29].

The displacement of marginal gingiva by P-CTG was greater than CTG (7.21 vs 6.11 mm); Two
reasons can be ascribed to this finding; 1. Being a pediculated graft, the quality of healing is much higher and
the chance of formation of a thick biotype is greater resulting in an increased soft tissue fill and subsequent
displacement of landmarks [10,12,14,17,26,29] and 2. There is negligible disturbance of the marginal gingivaas
there wasa minimal elevation of the buccal flap[13,14]. In CTG, elevation of the flap to ensure adaptation to the
recipient site is necessary and the volume of the graft itself may result in the post-operative margin being apical
to the pre-operative levels [7,8,10]. The integrity and level of this postoperative gingival margin is crucial
[14,19] asit seemsto augment coronal migration during the subsequent healing phase [30]. The two reasons may
also explain the greater displacement of MGJ by P-CTG over CTG (4.59 vs 3.41 mm). We also observed a
mean immediate post-surgical MGJ shift of 0.79 mm and 0.92 mm for P-CTG and CTG respectively. These are
lower than values obtained for other procedures. Pini Prato [30] and Saber [31] reported a post[surgical shift of
4.03 mmand 2.11 mm for coronally advanced flap and subepithelial connective tissue graft respectively. In both
these procedures, there was a substantial flap advancement [3,4,8] which may have contributed to greater shift

of MGJ.
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The manipulation of buccal tissues also resulted in a significant deviation of all markers from
their original positions (except DP) in the CTG group. Previous studies [30-32] have demonstrated that MGJ
seems to shift between 0.8 to 2 mm coronally or apically within 6-months. Rather than a linear drop, we
observed a semi-angle to horizontal movement of the MGJ from baseline to the end-of-study period in P-CTG
and CTG groups respectively. A movement of MGJ of 3-4 mm at an angle of 30" to 40" may affect aesthetic or
functional outcomes; Nemcovsky & Artzi [33], Goldstein et al. [34] and Bonta [9] have advocated a palatal
approach to achieve socket closure primarily to prevent alterations in MGJ position. Their observations
correspond with the lesser degree of divergence seen with P-CTG in our study. With either the CEJ [31,32] or
the incisal margin [30] as a reference point, previous studies have stated that the average apical shift of MGJ
reduces to around 1mm from 6-months onwards [30,32]; Probing or measuring a distance between two
landmarks is aong a single axis/direction and may not detect deviations in other planes or
directiong[15,23,24,25]. The plugin used in this study can track a marker in two axes; We were able to observe a
more angulated to horizontal movement of the MGJ in both the groups (Figure 5). Both Saber [31] and Gurgan
et al. [32] in their respective studies on subepithelial connective tissue graft and coronaly repositioned flap
observed that the MGJ reverts to itsoriginal position between 1 to 5 years. Our study duration was shorter and it
isnot possible to compare results with the aforementioned studies.

Mixed results were seen across the two groups with regard to the movement of the papillary markers
MP and DP. CTG resulted in a significant movement of MP & DP and divergence of the marker MP over P-
CTG. The P-CTG surgical protocol involves placing the pedicle passively over the extraction site with minimal
manipulation of the papilla and vice versa [10,13,14]. CTG resultsin an increase in soft tissue volume in the
papillary region [7,10,11] resulting in the displacement and deviation of these markers. Interestingly, correlation
analysisrevealed that the insignificant displacement of the marker DP resulted in an increased soft tissue gain in
the mesiodistal dimension. Elevation of the flap for CTG placement results in a lower papilla height [16,35]; in
one study however, lower height of papillae was actually associated with better clinical outcomes [36].

In the P-CTG group, correlation analysis revealed that the TD and maximum divergence (AMD) of
MG resulted in a significant gain of soft tissue in the buccolingual dimension (moderately strong correlation
between TD & AMD of MG and BL gain). Though the correlation was weak, total displacement and maximum
divergence of MGJ resulted in BL gain as well. P-CTG also resulted in higher buccolingual dimensions at 3
months (P=0.001) and 6 months when compared to the CTG group. The surgical protocol itself [13,14], thicker

pedicle and epithelial keratinization [12,26,29], formation of a thick biotype [10,12,14,17], the pre-operative
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integrity of the gingival margin [14,19] and substantial flap advancement [3,4,8] are probably the factors
contributing to this gain in soft tissue. In the CTG group, total displacement and maximum deviation of MP and
maximum deviation of MGJ resulted in a significant gain of soft tissue in the buccolinguad dimension. Increase
in soft tissue volume in the papillary region [7,8] a lower but stable papilla height [16,35], horizontal rather than
apico-coronal movement of the MGJ which leads to an increase in width of keratinised tissue [29-31], flap
advancement [3,4] and its general predictability of volume gain [2] can be the reasons for this positive effect.

No significant difference was observed between P-CTG and CTG groups for mesiodistal dimensions at
baseline, 3-months and 6-months. While there was a mesiodistal gain (MD gain) of 1.27 and 1.48 mm from
baseline to 6-months in the P-CTG and CTG group respectively, the displacement and divergence of the
markers seem to have no effect on this outcome. The mesio-distal dimensions are determined by the papillary
heights, which in turn are dependent on the integrity of the creds of the bone in this region [16,27]. In their
studies on hard-tissue augmentation in extraction sockets, Barone et al [37] and Aimetti et al [38], noted a slight
reduction in mesiodistal dimensions by 0.4-0.5 mm at 3 to 7 months despite grafting the sockets with bone-
grafts. Considering that no hard-tissue grafting has been done in the participants, a similar effect can be
expected in this study as well [5,7].

This study has some limitations worth noting. While a combined hard and soft-tissue grafting would
have yielded better outcomes [3,9,17,26], hard-tissue grafting was not done in the patient’s best interest. This
was a 5o the reason why we did not evaluate radiographic landmarks in this study. The authors are not aware of
any clinical trials in dentistry which have used the TrackMate® plugin; hence a new protocol and algorithm for
tracking markers was developed by the authors themselves. The terms ‘divergence’ and ‘angle of maximum
divergence' are not specific terms or definitions; rather they are generic adaptations of terms from key articles
[23-25,28] developed for better understanding of the outcomes.

To conclude, this study evaluated the effect of connective tissue grafts (CTG) and pediculated
connective tissue grafts (P-CTG) for socket closure on soft tissue landmarks and ridge dimensions. P-CTG and
CTG had significant effects on displacement and divergence of soft tissue landmarks respectively. The
relocation of these landmarks seems to result in an improvement in the buccolingual dimensions of the post-

extraction ridge.

12


https://doi.org/10.1101/2022.04.22.22273002

medRxiv preprint doi: https://doi.org/10.1101/2022.04.22.22273002; this version posted April 27, 2022. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
All rights reserved. No reuse allowed without permission.

CONFLICT OF INTEREST
The authors declare that there is no conflict of interest regarding the publication of this article.
ACKNOWLEDGEMENTS

The study was wholly supported by the author’ s institutions and received no external support.

13


https://doi.org/10.1101/2022.04.22.22273002

medRxiv preprint doi: https://doi.org/10.1101/2022.04.22.22273002; this version posted April 27, 2022. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
All rights reserved. No reuse allowed without permission.

REFERENCES

1. Irinakis T. Rationale for socket preservation after extraction of a single-rooted tooth when planning for future

implant placement. J Can Dent Assoc 2006; 72:917-922.

2. Cardaropoli D, Cardaropoli G. Preservation of the postextraction alveolar ridge: a clinical and histologic

study. Int J Periodontics Restorative Dent 2008; 28:469-77.

3. Fickl S, Zuhr O, Wachtel H, Stappert CF, Stein JM, Hirzeler MB. Dimensional changes of the alveolar ridge

contour after different socket preservation techniques. J Clin Periodontol 2008; 35:906-13.

4. McCrea SJ. “Sliding Full-Thickness Pedicle Flap” for Primary Wound Closure of the Socket Preservation

Site. J Oral Implantol 2015; 41:372-6.

5. Van der Weijden F, Dell’AcquaF, Slot DE. Alveolar bone dimensiona changes of postlextraction sockets in

humans: a systematic review. J Clin Periodontol 2009; 36:1048-58.

6. Kotsakis G, Chrepa V, Marcou N, Prasad H, Hinrichs J. Flapless alveolar ridge preservation utilizing the

"socket-plug” technique: clinical technique and review of the literature. J Oral Implantol 2014; 40:690-8.

7. Kim SY, Kim YK, Kim HS, Yun PY, Kim SG, Choi YH. Extraction socket sealing using palatal gingival

grafts and resorbable collagen membranes. Maxillofac Plast Reconstr Surg 2017; 39:39.

8. Kim KW, Lee JK, Um HS, Chang BS. Soft-tissue management for primary closure in immediate implant

placement. J Korean Acad Periodontol 2008; 38:253-62.

9. Bonta H, Carranza N, Caride F, Rojas M, Galli F. Laterally Sliding Flap Surgical Approach for Soft Tissue
Closure in Post-Extraction Alveolar Ridges. Technique and Clinical Results Presented in a Case Series. J

Implant Adv Clin Dent 2015;7: 11-20.

10. Edel A. Clinical evaluation of free connective tissue grafts used to increase the width of keratinised gingiva.

J Clin Periodontol 1974; 1:185-96.

11. Zuhr O, Baumer D, Hirzeler M. The addition of soft tissue replacement grafts in plastic periodontal and

implant surgery: critical elementsin design and execution. J Clin Periodontol 2014;41 Suppl 15: S123-42.

14


https://doi.org/10.1101/2022.04.22.22273002

medRxiv preprint doi: https://doi.org/10.1101/2022.04.22.22273002; this version posted April 27, 2022. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
All rights reserved. No reuse allowed without permission.

12. Studer SP, Allen EP, Rees TC, Kouba A. The thickness of masticatory mucosain the human hard palate and

tuberosity as potential donor sites for ridge augmentation procedures. J Periodontol 1997; 68:145-51.

13. Matthews DP. The pediculated connective tissue graft: a novel approach for the "blown-out” site in the

esthetic zone. Compend Contin Educ Dent 2008; 29:350-2, 354, 356-7.

14. El Chaar E, Oshman S, Cicero G, Castano A, Dinoi C, Soltani L, Lee YN. Soft tissue closure of grafted
extraction sockets in the anterior maxilla: a modified palatal pedicle connective tissue flap technique. Int J

Periodontics Restorative Dent 2017;37(1):99-107.

15. Ronay V, Sahrmann P, Bindl A, Attin T, Schmidlin PR. Current status and perspectives of mucogingival

soft tissue measurement methods. J Esthet Restor Dent 201; 23:146-56.

16. Castelnuovo J, Sonmez AB, Kois JC. Titanium-reinforced interdental peaks as a smple method for papilla

preservation. Compend Contin Educ Dent 2014; 35:566-77.

17. Schneider D, Grunder U, Ender A, Hammerle CH, Jung RE. Volume gain and stability of peri-implant tissue
following bone and soft tissue augmentation: 1-year results from a prospective cohort study. Clin Oral Implants

Res 2011; 22:28-37.

18. Zweers J, Thomas RZ, Slot DE, Weisgold AS, Van der Weijden FG. Characteristics of periodontal biotype,

its dimensons, associations and prevalence: A systematic review. J Clin Periodontol 2014; 41:958-71.

19. Graziani F, Karapetsa D, Mardas N, Leow N, Donos N. Surgical treatment of the residual periodontal

pocket. Periodontol 2000; 76:150-163.

20. Caplanis N, Lozada JL, Kan JY. Extraction defect assessment, classification, and management. J Calif Dent

Assoc 2005; 33:853-863.

21. Saghaei M. Random allocation software for parallel group randomized trials. BMC Med Res Methodol

2004; 4:26.

22. Ricci A. An objective method to measure soft tissue behavior around single-tooth implants. Part 1: vertical

measurements. Eur J Esthet Dent 2007; 2:434-46.

23. Dello SA, van Dam RM, Slangen JJ, van de Poll MC, Bemelmans MH, Greve JW, et al. Liver volumetry

plug and play: do it yourself with ImageJ. World J Surg 2007; 31:2215-21.

15


https://doi.org/10.1101/2022.04.22.22273002

medRxiv preprint doi: https://doi.org/10.1101/2022.04.22.22273002; this version posted April 27, 2022. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
All rights reserved. No reuse allowed without permission.

24, Tinevez JY, Perry N, Schindelin J, Hoopes GM, Reynolds GD, Laplantine E, et al. TrackMate: An open and

extensible platform for single-particle tracking. Methods 2017; 115:80-90.

25. Jafarpour A, Lorenz H. Cellulyzer - Automated analysis and interactive visualization/simulation of select

cellular processes. arXiv:1703.02611.

26. Hélio M, Daiane P, Elizabeth M, Marcelo M, Ana B, Julio J. Peri-implant soft tissue augmentation with
palate subepithelial connective tissue graft compared to porcine collagen matrix: A randomized controlled

clinical study and histomorphometric analysis. Int J Appl Dent Sci 2019;5: 319-325.

27. Cardaropoli D, Re S, Corrente G. The Papilla Presence Index (PPI): a new system to assess interproximal

papillary levels. Int J Periodontics Restorative Dent 2004; 24:488-92.

28. De la Fuente IM, Bringas C, Malaina |, Regner B, Pérez-Samartin A, et a. The nucleus does not
significantly affect the migratory trajectories of amoeba in two-dimensional environments. Sci Rep 2019;

9:16369.

29. Becker BE, Becker W. Use of connective tissue autografts for treatment of mucogingival problems. Int J

Periodontics Restorative Dent 1986; 6:88-94.

30. Pini Prato GP, Baldi C, Nieri M, Franseschi D, Cortellini P, Clauser C, et a. Coronally advanced flap: The
postlisurgical position of the gingival margin is an important factor for achieving complete root coverage. J

Periodontol 2005; 76:713-22.

31. Saber FS. Evaluation of alteration in mucogingival line location following use of subepithelial connective

tissue graft. Indian J Dent Res 2010 1; 21:174.

32. Gurgan CA, Oru¢c AM, Akkaya M. Alterations in location of the mucogingival junction 5 years after

coronally repositioned flap surgery. J Periodontol 2004; 75:893-901.

33. Nemcovsky CE, Artzi Z. Split palatal flap (1): A surgical approach for primary soft tissue healing in ridge

augmentation procedures. Technique and clinical results. Int J Period and Rest

Dent1999; 19: 175-81.

34. Goldstein M, Boyan BD, Schwartz Z. The palatal advanced flap: a pedicle flap for primary

coverage of immediately placed implants. Clin Oral Impl Res 2002; 13: 644-50.

16


https://doi.org/10.1101/2022.04.22.22273002

medRxiv preprint doi: https://doi.org/10.1101/2022.04.22.22273002; this version posted April 27, 2022. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
All rights reserved. No reuse allowed without permission.

35. Hurzeler MB, von Mohrenschildt S, Zuhr O. Stage-two implant surgery in the esthetic zone: a new

technique. Int J Periodontics Restorative Dent 2010;30(2):187—193.

36. Saletta D, Prato GP, Pagliaro U, Baldi C, Mauri M, Nieri M. Coronally advanced flap procedure: Is the

interdental papillaa prognostic factor for root coverage? J Periodontol 2001; 72:760-6.

37. Barone A, Aldini NN, Fini M, Giardino R, Guirado J, Covani U. Xenograft versus extraction alone for
ridge preservation after tooth removal: a clinical and histomorphometric study. J Periodontol 2008; 79:1370-

1377.

38. Aimetti M, Romano F, Griga FB, Godio L. Clinical and histologic healing of human extraction sockets filled

with calcium sulfate. Int J Oral Maxillofac Implants 2009; 24:902-909.

17


https://doi.org/10.1101/2022.04.22.22273002

medRxiv preprint doi: https://doi.org/10.1101/2022.04.22.22273002; this version posted April 27, 2022. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
All rights reserved. No reuse allowed without permission.

Table 1: Comparison of the displacement (in mm) of the four markers, marginal gingiva (MG), mucogingival
junction (MGJ), mesial papilla(MP) and distal papilla (DP), between two time-intervals across both the groups

(P-CTGand CTG)
Displacement Total Intragroup
(in mm) Baseline Post OP- 1 month- 3 months- Displacement Significance
-Post OP 1 month 3 months 6 months (TD) (mm) (F, P-value)
MG P-CTG 301+1.10  2.39+1.80  0.90+0.32  0.91+0.34 7214201 36 0-001:’)
CTG 0924043  1.10+039  211+1.25  1.97+0.67 6.11+2.99 71,0001
I ntergroup Significance 0.32, 0.29 0.54, 0.23, 0.32,
(t, p-value) 0.001°? 0.001° 0.001° 0.001? 0.02”
MGJ P-CTG 0794013  1.99+0.76  0.92+0.44  0.89+0.66 4.59+1.70 165, 0.19
CTG 0.92+0.28  1.80+040  0.47+0.29  0.22+0.05 3.41+1.83 54, 0.01”
0.96, 0.89, 0.81,
I ntergroup Significance 0.2% 0.09% 0.92, 0.89, 0.02"
(t, p-value) 0.02” 0.001?
MP  P-CTG 0.33+0.19 0.29+0.14 0.15+0.08 0.14+0.04 0.91+0.32 243, 0-9?
CTG 1.05:020  056:0.30 049031  0.15+0.06 2.25+1.28 92, 0.02"
0.97, 0.66,
I ntergroup Significance 0.76, 0.01” 0.54, 0.2, 0.001?
(t,p-value)  0.001% 0.001? 0.9°
DP  P-CTG 0464031  055+t029  059+0.22  0.36+0.21 1.96+0.91 146, 0.09°
CTG 0.22+007  054+020 0424016  0.52+0.23 2.46+1.73 29,0.069
I ntergroup Significance 0.27, 0.92, 0.45, 0.68, 0.76,
(t, p-value) 0.01” 0.9% 0.1% 0.01” 0.09%

9 Highly significant P Significant ® Non-significant CTG: Connective tissue graft group, P-CTG: Pediculated
connective tissue graft group, MG: Margina gingiva, MGJ: Mucogingival junction, MP: Mesial papilla, DP:
Digtal papilla, TD: Total displacement.
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Table 2: Comparison of divergence and angle of maximum divergence (in degreese) of the four markers,
margina gingiva (MG), mucogingival junction (MGJ), mesal papilla(MP) and distal papilla (DP), between two
time-intervals across both the groups (P-CTG and CTG)

Baseline Post OP- 1 month- 3 months- Angle of I ntragroup
Divergence (in degrees) -Post OP 1 month 3 months 6 months Maximum Significance
Divergence (F, P-value)
MG P-CTG 10.2+47.8  46.3+167  62.8+129 4424233 20.6+13.7 43, 0-001:’)
CTG 9.6+7.1 41.2458 242 +75 46.7 +27.1 30.1+16.7 52,0.001
8.62, 6.2, 5.9, 6.82,
I ntergroup Significance 0.9° 0.01” 0.001? 128, 0.01?
(t, p-value) 059
451+128  1085:209  70.9+12.7 2509 46,0.03”
MGJ P-CTG 30.6+15.6 19, 0.04"
CTG 5.4+35 3071+#31  871+43  50.0+342 40.8+12.1
126, 20.2, 7.9, 11.9,
Intergroup Significance ~ 0.001? 0.001% 0.001% 0.001? 9.36,
(t, p-value) 0.04”
MP  P-CTG 456+2.8 90.749.0 8.8+2.7 26+19 457+18.1 19, 0.05”
CTG 367+39  457+132 100462 9431 7584174 210047
95, 17.9, 7.98, 13.62,
I ntergroup Significance 0.01” 0.001? 0.1% 462, 0.001?
(t, p-value) 0.08%
DP P-CTG 256+2.8 10274397 118.8+227 3.6+1.9 13584629  22,0.05”
CTG 1034328  24.3t320 205431  4587+452 95.9+29.6 19, 0.05”
4.98, 24.9, 29.4, 10.2, 22.10,
Intergroup Significance ~ 0.001? 0.001% 0.001? 0.001% 0.001?

(t, p-value)
3 Highly significant ” Significant @ Non-significant CTG: Connective tissue graft group, P-CTG: Pediculated
connective tissue graft group, MG: Margina gingiva, MGJ: Mucogingival junction, MP: Mesial papilla, DP:
Digtal papilla, AMD: Angle of maximum divergence.
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Table 3: Correlation between TD and AMD of the four markersvs MD and BL gain across both the groups (P-
CTGand CTG)

Corréations
TD vsBL Gain TD vsMD Gain AMD vsBL Gain AMD vsMD Gain
Pear son correlation r P r P r P r P
MG P-CTG 04 0.001? -0.2 0.21 05 0.05” -0.3 0.18
CTG 0.8 0.06 0.4 0.89 0.1 0.21 0.1 0.98
MGJ P-CTG 0.2 0.057 -0.4 0.12 0.2 0.39 0.61 0.19
CTG 0.1 0.15 0.1 0.13 0.7 0.03” 0.1 0.2
MP P-CTG 0.1 0.45 0.1 0.36 03 0.1 0.4 0.33
CTG 0.7 0.04” 0.2 0.13 0.3 0.04” 0.2 0.11
DP P-CTG 0.1 0.09 0.1 0.18 0.1 0.12 0.1 0.07
CTG 0.1 0.12 -0.2 0.057 0.1 0.06 0.1 0.2

a) Highly significant b) Significant r = Pearson correlation coefficient

CTG: Connective tissue graft group, P-CTG: Pediculated connective tissue graft group, MG: Marginal gingiva,
MGJ: Mucogingival junction, MP: Mesial papilla, DP: Digtal papilla, TD: Total displacement, AMD: Angle of
maximum divergence, BL gain: Buccolingual gain, ML gain: mesiodistal gain.
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FIGURE LEGENDS

Figure 1: P-CTG Procedure; flapless (A) atraumatic extraction of the tooth (B) was done. The dimensions of
the extraction site were measured to determine the length of the pedicle required to close the socket effectively
(C; D). An epithelial window (E) was raised and the pedicle was elevated (F). The medial attachment of the P-
CTG was maintained (G). The isthmus between the base of the pedicle and the extraction site was de-

epithelialized (H) and free end of the P-CTG was tucked underneath the buccal flap of the extraction socket (1).

Figure 2: CTG Procedure; after the tooth (A) was atraumatically extracted (B), buccal and lingual flaps were
raised 3 mm beyond the level of crestal bone. The harvested CTG was sutured to the recipient bed with 4-0

Chromic Catgut (C). A tension-free approximation of the flap was done with 4-0 Prolene sutures (D).

Figure 3: In each photograph, 4 landmarks or “markers’ were marked using a photo editing software (A). The
markers were 1. Marginal Gingiva (MG) 2. Mucogingival Junction (MGJ) 3. Mesial Papilla (MP) and 4. Distal
Papilla (DP). After ensuring that all the five pictures (at Baseline, PostOP,1 ,3 and 6 months) from a single
subject were similar in size and orientation, except the markers, the rest of the photograph was darkened by

adding a mask of the photograph to itself (B to F).

Figure 4. Description of outcomes; Displacement (left panel) is the distance of the marker from one time point
to the next subsequent time point (distance from 1 to 2 for example). Total displacement (TD; left panel) is the
distance from baseline position of the marker to its final position (distance from 0 to 2). Divergence (D’; left
panel) is the angle between the expected direction (arrow) and the observed direction of the marker (white line).
Angle of maximum divergence (AMD; left panel) is the angle from the source (arrow) to the final location of
the marker (red angle). The distance from the greatest convexity or bulge on the buccal and lingual/palatal soft-
tissue beneath the buccal and lingual mucogingival lines or the mid-bucca area immediately beneath the first
rugae in the palatal mucosa (middle panel) at the center of the mesio-distal space was considered as the bucco-
lingual dimension (right panel). The distance from the crests of the mesial to the distal papilla through the

center of the ridge was considered as the mesio distal dimension (middle/right panels).

Figure5: Tracks generated with TrackMate® plugin denoting the displacement of the four markers MG, MGJ,
MP and DP in both the groups. Figure also shows the displacement of the markers before (top-left & right) and

after extraction (bottom-left & right) after treatment with P-CTG and CTG respectively.
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