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Abstract
Reconstruction of an interimplant papilla in the anterior maxilla remains challenging when trauma has destroyed the buccal plate and soft-tissue scaffold.
This clinical report describes staged rehabilitation of traumatic loss of teeth 11 and 12 in a 38-year-old man using implant-supported restorations,
prosthetic contour modification, a tunneled palatal pediculated connective tissue graft for papilla reconstruction, and a second connective tissue graft for
buccal contour augmentation.

Serial intraoral scans were acquired at baseline (T0), before tissue-grafting (T1), and after healing (T2). Scans were processed in CloudCompare using a
registration workflow based on stable posterior and premolar anatomy after exclusion of the treated anterior region. The final buccal region of interest
extended from the distal aspect of tooth 13 to the distal aspect of tooth 22. Surface change was documented with C2M signed distances and directional
2.5D surface-change indicators.

The interimplant papilla between implants 11 and 12 improved from Jemt papilla index score 0 at T1 to score 3 at T2. Buccal ROI analysis showed
cumulative outward surface displacement from TO to T2, with a mean C2M signed distance of +1.281 mm, a median of +0.896 mm, and 96.33% positive
values. The clinically relevant X-projection indicator increased from +23.626 mm3 for TO-T1 to +283.495 mm3 for TO-T2. This report supports serial
I0S documentation as a non-ionising method for visualising peri-implant soft-tissue surface changes, while not replacing direct biological volumetric

J

bone reconstruction, provisional tissue conditioning, and
soft-tissue grafting must be coordinated.

measurement.
WOrds: Anterior Maxilla; Intraoral Scanning; Interimplant Papilla; Connective Tissue Graft; Digital Surface Analysis.

INTRODUCTION

Aesthetic rehabilitation after anterior maxillary trauma

requires restoration of missing teeth, reconstruction of
tissue contours, and creation of a prosthetic emergence
profile that supports the peri-implant mucosa. These
requirements are magnified when avulsion is associated
with buccal plate fracture, because the loss of hard-tissue
support can compromise both the vestibular contour and the
interproximal soft-tissue architecture.

The interimplant papilla is especially difficult to reconstruct
because adjacent implants do not provide the same
periodontal vascular and anatomic support as adjacent
natural teeth. Papillary fill is influenced by the vertical
relationship between the contact point and the bone crest
and by the horizontal distance between adjacent implants
[1,2,8]. These relationships help explain why papilla
reconstruction between two implants is less predictable than
augmentation of buccal soft-tissue thickness alone.

Connective tissue grafting can improve peri-implant
mucosal thickness and aesthetic stability, and soft-tissue
phenotype modification has become a central component of
implant therapy in the aesthetic zone [3,4,13,16]. However,
traumatic defects often require a staged surgical-prosthetic
approach, because prosthetic contours, implant positions,

Digital documentation has also become increasingly
relevant. Serial intraoral scans provide a non-ionising
method for recording external surface morphology, and
scan superimposition can help visualise contour changes
over time [5,18]. Nevertheless, longitudinal comparison is
technique sensitive. If the treated region is used for
registration, the alignment algorithm may partially adapt to
the area that is expected to change and underestimate the
true difference. Therefore, stable non-treated anatomy
should be used preferentially for registration when the
objective is to evaluate tissue change in the anterior maxilla.

Received: September 12, 2026, Revised: September 14, 2026, Accepted:
September 16, 2026

Citation: Reis BV, Vidigal V, Santos Dutra FMD & Devita RL. (2026)
Intraoral Scan-Based Documentation of Interimplant Papilla
Reconstruction with a Tunneled Pediculated Connective Tissue Graft
After Anterior Maxillary Trauma: A Clinical Report. J Oral Health Dent
Res, 5(3): 1-14.

Copyright: ©2026 Reis BV, Vidigal V, Santos Dutra FMD & Devita RL.
This is an open-access article distributed under the terms of the Creative
Commons Attribution License, which permits unrestricted use,
distribution, and reproduction in any medium, provided the original author
and source are credited.

Manuscript Scientific Services
Journal of Oral Health and Dentistry Research (JOHDR)



J Oral Health Dent Res, 5(3): 2026

Reis BV, Vidigal V, Santos Dutra FMD & Devita RL

This clinical report has two objectives. The first is to present
an  alternative  surgical-prosthetic =~ approach  for
reconstructing a deficient interimplant papilla between
adjacent implants after severe anterior maxillary trauma.
The second is to describe a practical intraoral-scan and
CloudCompare workflow for processing the images and
documenting soft-tissue surface changes and directional
2.5D surface-change indicators.

CLINICAL REPORT

A 38-year-and-7-month-old male patient presented after
severe anterior maxillary trauma. Emergency management
before referral included wound cleansing, removal of
debris, facial suturing, and splinting from tooth 13 to tooth
23 [17]. Clinical and radiographic evaluation showed
avulsion of teeth 11 and 12, complicated crown fractures
with pulpal exposure of teeth 21 and 22, and fracture of the
buccal bone plate. Because the sockets and buccal plate
were severely compromised, reimplantation of the avulsed
incisors was not considered feasible. The treatment
objectives were to restore the missing anterior teeth,
maintain the fractured teeth when possible, reconstruct
buccal and papillary soft-tissue volume, ecliminate the
interimplant black triangle, and document the dimensional
changes with serial intraoral scans (Figure 1).

Figure 1. Initial clinical presentation. Preoperative intraoral
aspect after severe anterior maxillary trauma, showing the
compromised anterior maxillary region before definitive
rehabilitation

Root canal treatment of teeth 21 and 22 was performed on
23 April 2024. Both canals were irrigated with sodium
hypochlorite and EDTA, prepared with the ProTaper Gold
system, and obturated with gutta-percha and Sealapex
sealer. Digital prosthetic planning was performed by
exporting an intraoral scan to Exocad software. Pre-trauma
photographic information was used as an aesthetic
reference for anterior tooth morphology, incisal edge
position, smile curvature, and prosthetic planning (Figure
2).

On 2 May 2024, fibre posts were placed in teeth 21 and 22,
followed by tooth preparation and delivery of a fixed
provisional restoration. The provisional restoration was

supported by teeth 21 and 22 and replaced teeth 11 and 12
as cantilever pontics. This prosthesis provided immediate
aesthetic stabilization and functioned as a restorative
reference for implant planning.

Figure 2. Digital planning and buccal contour assessment.
Digital planning views used to evaluate anterior tooth
arrangement, restorative contours, and the loss of buccal
contour in the traumatic defect.

Implant surgery was performed in the regions of teeth 11
and 12 on 22 August 2024. Implant positions were planned
from the restorative design, and a surgical guide was used
to initiate the osteotomy sequence. The residual post-
traumatic bone anatomy prevented complete execution of
the digitally planned trajectories, so the final osteotomies
were adjusted manually during surgery to engage the
remaining native bone and obtain primary stability. Two
tapered implants measuring 3.75 x 13 mm were placed in
positions 11 and 12. Simultaneous guided bone
regeneration was performed with particulate graft material
and a membrane to augment the buccal defect, support
implant coverage, and re-establish a ridge contour
appropriate for soft-tissue conditioning.

After approximately 3 months of healing, the implants were
reopened. On 21 November 2024, implant impressions
were made, the original provisional restoration was
replaced, individual provisional crowns were fabricated for
teeth 21 and 22, and screw-retained provisional crowns
were fabricated for implants 11 and 12. The implant-
supported provisional crowns were used to condition the
peri-implant mucosa and guide the emergence profiles.
Although peri-implant soft-tissue maturation improved, a
visible black triangle persisted between the implant crowns
at positions 11 and 12.

The definitive ceramic crowns were delivered on 4 March
2025. The cervical and transmucosal regions of the implant-
supported crowns were intentionally narrowed to reduce
mucosal compression and create space for soft-tissue
augmentation. This restorative decision was part of the
reconstructive strategy, because the prosthesis was used to
provide a protected volume into which grafted connective
tissue could mature. Before soft-tissue reconstruction, the
interimplant papilla between implants 11 and 12 was
classified as Jemt score 0, indicating absence of papillary
fill and a visible interimplant black triangle (Figure 3, 4).
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Figure 3. Definitive crowns before soft-tissue
reconstruction, frontal view. A visible interimplant black
triangle persisted between implant-supported crowns 11
and 12 before soft-tissue grafting. The interimplant papilla
was scored as Jemt O at this stage.

before  soft-tissue

Definitive
reconstruction, lateral view. The image demonstrates the
prosthetic emergence profile and the residual buccal soft-
tissue contour deficiency before grafting.

Figure 4. crowns

Soft-tissue reconstruction was performed on 13 May 2025.
The main objective was to reconstruct the papilla between
implants 11 and 12 while improving the broader buccal
soft-tissue contour. A palatal donor area was prepared from
approximately the mesial region of tooth 16 to the mesial
region of tooth 13. A continuous connective tissue segment
approximately 1.5 mm wide was de-epithelialized and
sectioned while preserving its mesial attachment. This
design maintained a pediculated vascular supply. A
recipient tunnel was prepared internally through the peri-
implant soft tissue from the vestibular aspect toward the
palatal donor region. External vertical releasing incisions
were avoided, and the external papillary envelope was
preserved [14]. The pediculated connective tissue was
rotated through the tunnel and positioned toward the
vestibular interimplant papilla region to increase the three-
dimensional connective tissue volume between implants 11
and 12 (Figure 5).

Figure 5. Soft-tissue grafting procedure. Occlusal view
showing preparation and positioning of the palatal
pediculated connective tissue graft used for interimplant
papilla reconstruction.

A second free connective tissue graft was harvested from
the contralateral palate, extending approximately from
tooth 23 to the mesial region of tooth 26. This graft was de-
epithelialized and positioned to augment the buccal contour
across the anterior maxilla, particularly around implants 11
and 12. The two grafting components therefore addressed
two related but different deficiencies: the interimplant
papillary volume and the vestibular collapse caused by the
original trauma. The tissues were stabilized with
suspensory sutures to reduce tension and maintain graft
position (Figure 6).

Figure 6. Soft-tissue grafting procedure. Frontal view
showing buccal graft positioning and stabilization with
suspensory/tension-reducing sutures to support the
reconstructed papillary and buccal volume.

The patient was followed until 26 March 2026. At the latest
documented follow-up, the implant-supported and tooth-
supported crowns showed stable aesthetic integration. The
peri-implant tissues appeared healthy, the buccal contour
was maintained, and the interimplant papilla between
implants 11 and 12 showed complete fill of the embrasure.
The Jemt papilla index improved from score 0 at T1 to score
3 at T2, corresponding to eclimination of the visible
interimplant black triangle. No clinical evidence of graft
necrosis, graft exposure, peri-implant inflammation,

Manuscript Scientific Services
Journal of Oral Health and Dentistry Research (JOHDR)




J Oral Health Dent Res, 5(3): 2026

Reis BV, Vidigal V, Santos Dutra FMD & Devita RL

prosthetic instability, or loss of the reconstructed papillary
volume was documented (Figure 7, 8).

Figure 7. Healing and final clinical outcome, frontal view.
The final result shows improved buccal contour, stable
aesthetic integration, and complete interimplant papilla fill
between implants 11 and 12, corresponding to Jemt score 2.

Figure 8. Healing and final clinical outcome, lateral view.
The final lateral aspect demonstrates maturation of the
buccal soft-tissue contour and integration of the definitive
restorations with the peri-implant mucosa, now
corresponding to Jemt score 3.

Jemt Papilla Index Assessment

The interimplant papilla between implants 11 and 12 was
assessed clinically from standardized frontal intraoral
photographs using the Jemt papilla index [9,15]. A score of
0 indicates absence of papilla, 1 indicates less than half
papillary fill, 2 indicates at least half papillary fill but
incomplete closure of the embrasure, 3 indicates complete
papillary fill, and 4 indicates hyperplastic or excessive
papillary tissue. In this case, the papilla improved from Jemt
score 0 at T1 to Jemt score 3 at T2.

Intraoral Scan and CloudCompare Workflow

Serial full-arch maxillary STL files corresponding to TO,
T1, and T2 were imported into CloudCompare v2.14 beta.
The datasets were renamed to facilitate identification and
manipulation, and different colours were assigned to the

three timepoints to improve visual differentiation during
superimposition.

Before registration, the datasets were oriented in a patient-
based coordinate system. The X axis was standardised to
correspond to the sagittal direction of the anterior maxilla,
the Z axis to the coronal direction, and the Y axis to the
vertical apicocoronal direction. The original datasets were
preserved unchanged, and duplicate copies were created for
all subsequent manipulations.

An initial manual pre-alignment of TO with T1 and of TO
with T2 was first performed to bring the full-arch scans into
an approximate common position. This preliminary
alignment allowed the same anterior region to be segmented
consistently across TO, T1, and T2 before final registration.

For registration, the treated anterior segment was excluded
from duplicate datasets to prevent the reconstructed area
from influencing alignment. The remaining reference
datasets therefore included only the stable, non-treated
posterior and premolar anatomy. The region from the
mesial aspect of tooth 13 to the mesial aspect of tooth 23
was removed, creating trimmed datasets for registration.

Manual point-pair registration was then performed using
four homologous landmarks on stable posterior/premolar
teeth: the mesiobuccal cusp tip of tooth 17, a reproducible
point on the palatal incline of the buccal cusp of tooth 14, a
reproducible point on the palatal incline of the buccal cusp
of tooth 24, and the mesiobuccal cusp tip of tooth 27. The
same TO dataset was used as the reference for both T0O-T1
and TO-T2 registration (Figure 9).

Figure 9. TO-T1 manual point-pair registration after
segmentation. CloudCompare view showing the trimmed
datasets used for registration after exclusion of the treated
anterior region. Four homologous reference points were
selected on stable posterior and premolar anatomy to
perform the initial landmark-based alignment between TO
and T1. The achievable manual registration RMS was
0.198486 mm.

After manual registration, fine registration was refined with
the iterative closest point (ICP) algorithm using the
trimmed stable-reference datasets. The final overlap
parameter was set at 90%, scale was fixed at 1.0, normals
were ignored, and multithread processing was used. The
resulting transformation matrices represented alignment
based only on stable anatomy and were not influenced by
the surgically or prosthetically modified anterior region.
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The transformation matrix obtained from the aligned T1  original T1 and T2 scans were brought into the same
remaining dataset was copied and applied to the coordinate system as TO while preserving the anterior
corresponding original unsegmented T1 dataset. The same  anatomy for subsequent analysis (Figure 10).

procedure was repeated for T2. In this way, the complete

Figure 10. Transformation matrix applied to the original unsegmented dataset. CloudCompare view showing the complete
full-arch scan after copy-and-paste application of the alignment matrix obtained from the segmented stable-reference
registration. The image demonstrates close overlap of the registered files while preserving the treated anterior region for
subsequent surface-distance and 2.5-dimensional surface-change analyses.

After matrix application to the original full-arch datasets, reconstructed buccal soft-tissue envelope, including the
the buccal region of interest (ROI) was segmented for interimplant embrasure region as part of the broader buccal
analysis. The buccal ROI extended from the distal aspect of  surface (Figure 11).

tooth 13 to the distal aspect of tooth 22 and included the

Figure 11. Superimposed segmented buccal regions of interest, frontal view. CloudCompare view showing the T0, T1,
and T2 datasets overlapped after registration, with the same buccal ROI segmentation applied to all three timepoints. The
ROI extended from the distal aspect of tooth 13 to the distal aspect of tooth 22, allowing subsequent surface-distance and
2.5-dimensional surface-change analyses to compare equivalent anatomical regions across the serial scans.

For directional 2.5-dimensional surface-change analysis,
the segmented reference and comparison datasets were
converted into point clouds. The earlier timepoint was

assigned as the ground/before dataset, and the later
registered timepoint was assigned as the ceiling/after
dataset. A grid step of 0.100 mm and average cell height
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were used. Directional 2.5D surface-change indicators were
calculated using X, Y, and Z projection directions. The X
projection was considered the most clinically relevant as the
X axis was aligned with the patient’s sagittal dimension.
Therefore, changes detected along this projection primarily
reflected labial-palatal displacement of the buccal contour
in the operated anterior maxillary region, corresponding to
the frontal clinical assessment of the reconstructed soft-
tissue profile (Figures 16-18, 21).

For surface-distance analysis, cloud-to-mesh (C2M)
signed-distance calculations were performed for TO-T1, TO-

T2, and T1-T2 comparisons using the buccal ROI. C2M
signed distances were used to describe the direction of local
surface displacement, while C2C absolute distances were
used to describe the magnitude of local surface differences.
Positive C2M signed distances were defined as outward
displacement of the later scan relative to the earlier
reference surface, whereas negative values indicated inward
displacement. The analysed point-cloud exports were saved
as TXT files containing X, Y, and Z coordinates, RGB
values, scalar-field distance values, and normal vectors
(Figures 12-15).

Figure 12. TO-T1 C2M signed-distance map of the segmented buccal ROI, frontal view. CloudCompare blue-white-red
heat map showing surface displacement between the baseline scan (T0) and the intermediate scan (T1) within the buccal
region of interest. Red areas indicate positive outward displacement of the later scan relative to the earlier reference surface,

whereas blue areas indicate negative inward displacement.
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Figure 13. T1-T2 C2M signed-distance map of the segmented buccal ROI, frontal view. CloudCompare blue-white-red
heat map showing surface displacement between the intermediate scan (T1) and the final scan (T2) within the buccal region
of interest. The predominantly positive displacement pattern indicates post-reconstructive outward surface change of the

anterior buccal soft-tissue contour after graft maturation.
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Figure 14. TO-T2 C2M signed-distance map of the segmented buccal ROI, frontal view. CloudCompare blue-white-red
heat map showing cumulative surface displacement between the baseline scan (T0) and the final scan (T2) within the buccal
region of interest. The predominantly red pattern in the anterior reconstructed area indicates positive outward displacement
of the final surface relative to baseline, consistent with cumulative buccal contour gain.
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Figure 15. TO-T2 classified C2M signed-distance map of the segmented buccal ROI, frontal view. CloudCompare heat
map showing cumulative surface displacement between TO and T2 using a classified colour scale with 0.5-mm intervals,
ranging from -2.0 mm to +5.0 mm. This visualization was used to identify the location and magnitude of buccal surface-

contour changes across the reconstructed anterior region.
Registration Results
Directional 2.5D Surface-Change Indicator Results

The 0.100-mm grid step values demonstrated projection-
dependent dimensional change. Because the scans were
oriented into a patient-based coordinate system before

measurement, the X projection was interpreted as the
primary buccopalatal indicator of external anterior contour
change. The Y and Z projections were retained as
directional sensitivity outputs rather than as isolated
measures of graft volume.
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Table 1. Registration Results (TO: Baseline, T1: Intermediate, T2: Final).

Comparison Manual point-pair Final ICP RMS ICP points used Interpretation
RMS (mm) (mm)
TO0-T1 0.198486 0.125312 45,033 Acceptable
alignment after
registration on stable
non-treated anatomy.
T0-T2 0.202457 0.167108 45,201 Acceptable
alignment after
registration on stable
non-treated anatomy.
T1-T2 Not independently Derived from T1 and Not applicable Comparison
registered T2 transformations to performed after both

TO

datasets were
transformed into the
TO coordinate
system.

Table 2. Directional 2.5D surface-change indicator results for the segmented buccal ROI.

Comparison X projection net Y projection net Z projection net Interpretation
indicator (mm3) indicator (mm3) indicator (mm3)

TO0-T1 +23.626 -8.476 +88.597 Mixed early contour
redistribution with
limited X-direction

gain.

TO0-T2 +283.495 +0.587 +214.543 Cumulative positive

buccal contour
change, greatest in
the X projection.

T1-T2 +249.337 -3.423 +126.435 Main post-

ROI-Based Buccal C2M Signed-Distance and C2C
Absolute-Distance Results

The segmented buccal ROI exports were assessed using
C2M signed-distance and C2C absolute-distance scalar
fields. C2M signed distance described the direction of

Table 3. Descriptive C2M signed-distance

Comparison n points Mean Median SD (mm)
signed signed
(mm) (mm)
TO-T1 49,946 -0.168 -0.080 1.323
TO0-T2 49,994 +1.281 +0.896 1.153
T1-T2 49,974 +0.896 +0.837 0.536

reconstructive buccal
gain occurred
between T1 and T2.

surface displacement after registration, whereas C2C
absolute distance described the magnitude of local surface
difference. The final quantitative analysis was based on the
buccal ROI only; no separate papilla ROI file was included
in the final results.

statistics for the segmented buccal ROI.

Min-Max P5-P95 % >+1.0 >+2.0
(mm) (mm) positive mm mm
-4917 to -3.030 to 42.22% 18.15% 1.89%
+2.243 +1.801

-2.795 to  +0.026 to = 96.33% 47.59% 29.23%
+3.884 +3.360

-1.460 to +0.147 to = 99.95% 38.82% 0.74%
+2.444 +1.804
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The cumulative TO-T2 comparison showed predominantly
positive buccal surface displacement, with a mean signed
distance of +1.281 mm, a median of +0.896 mm, and
96.33% of sampled points showing positive values. The T1-
T2 comparison was also predominantly positive, with a
mean signed distance of +0.896 mm and 99.95% positive
values, indicating that most of the measurable buccal
contour gain occurred after the soft-tissue reconstruction
phase. The TO-T1 comparison showed mixed displacement,
with a slightly negative mean signed distance (-0.168 mm)
and 42.22% positive values, consistent with early contour
redistribution before the definitive post-grafting maturation
interval.

RESULTS

Clinically, the staged surgical-prosthetic protocol restored
anterior dental continuity and improved the peri-implant
tissue architecture after traumatic loss of teeth 11 and 12
and associated buccal plate damage. The most clinically
relevant aesthetic change was the conversion of the
interimplant papilla between implants 11 and 12 from Jemt

score 0 at T1 to Jemt score 3 at T2, with elimination of the
visible black triangle.

The revised 10S registration workflow achieved final ICP
RMS values of 0.125312 mm for TO-T1 and 0.167108 mm
for TO-T2 after exclusion of the treated anterior region from
the registration dataset. The T1-T2 comparison was not
independently registered; it was derived after T1 and T2
were independently transformed into the TO coordinate
system using their respective stable-reference registrations
(Figures 9, 10).

The directional 2.5D analysis confirmed that the measured
surface-change indicators depended on projection direction.
In the clinically relevant X projection, the segmented buccal
ROI showed net positive indicators of +23.626 mm3 for TO-
T1, +283.495 mm3 for TO-T2, and +249.337 mm3 for T1-
T2. These values indicate that the main measurable
buccopalatal contour gain occurred between T1 and T2,
after soft-tissue reconstruction (Figures 16-18, 21).

-0.645

1291

1938

a7

-3872

4518

-5.163

Figure 16. TO-T1 directional 2.5D surface-change assessment in the X projection. CloudCompare volume-calculation
window showing the comparison between the segmented buccal ROI at TO and T1 using the X-axis projection, a 0.100-
mm grid step, and average cell height. The net X-projection surface-change indicator was +23.626 mm3, representing
limited early buccopalatal contour change before the soft-tissue reconstruction phase.

Manuscript Scientific Services
Journal of Oral Health and Dentistry Research (JOHDR)




J Oral Health Dent Res, 5(3): 2026 Reis BV, Vidigal V, Santos Dutra FMD & Devita RL

Rclative height
B.267

T2t

i s

o000 Av Edgd
2030

..... 112 5 426 (47,712 colh

proection dit, X

enll husight aveinge haght dia

Rty ot

8212

-1.240

R MR At

Figure 17. T1-T2 directional 2.5D surface-change assessment in the X projection. CloudCompare volume-calculation
window showing the comparison between the segmented buccal ROI at T1 and T2 using the X-axis projection, a 0.100-
mm grid step, and average cell height. The net X-projection surface-change indicator was +249.337 mm3, demonstrating
that the main post-reconstructive buccopalatal contour gain occurred between the intermediate and final scans.
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Figure 18. TO-T2 directional 2.5D surface-change assessment in the X projection. CloudCompare volume-calculation
window showing the comparison between the segmented buccal ROI at TO and T2 using the X-axis projection, a 0.100-
mm grid step, and average cell height. The net X-projection surface-change indicator was +283.495 mm3, representing the
cumulative buccopalatal contour gain from baseline to the final follow-up scan.
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Figure 19. Superimposed T1 and T2 meshes of the segmented buccal ROI, palatal-internal oblique view. CloudCompare
view showing the registered superimposed meshes from the intermediate (T1) and final (T2) scans, viewed from the
internal/palatal aspect of the segmented region. A linear measurement at the interimplant papilla between implants 11 and
12 demonstrated an approximately 2.48-mm vertical difference, illustrating the marked papillary height gain that occurred

during the post-reconstructive interval.

£2M signed distances{<5]
3888260

Figure 20. Superimposed TO and T2 meshes showing buccal contour change in the interimplant region. CloudCompare
view of the registered segmented buccal ROI comparing the baseline (T0) and final (T2) scans from the buccal aspect. A
linear measurement in the buccal soft-tissue region between implants 11 and 12 demonstrated an approximately 3.66-mm
surface difference, illustrating the cumulative buccal contour gain in this area rather than vertical papillary height change.

C2M signed-distance analysis of the buccal ROI supported
the 2.5D findings. The TO-T2 comparison showed a mean
signed distance of +1.281 mm and a median of +0.896 mm,
with 96.33% of sampled points showing positive
displacement. The TI1-T2 comparison showed a mean
signed distance of +0.896 mm and a median of +0.837 mm,
with 99.95% positive values. By contrast, the TO-T1
interval showed mixed redistribution, with a mean signed
distance of -0.168 mm and 42.22% positive values (Figures
12-15).

The signed-distance maps demonstrated that the most
evident positive displacement was concentrated in the
reconstructed anterior buccal region, including the
interimplant embrasure as part of the broader buccal ROI
(Figures 12-15). The superimposed mesh views also
illustrated local papillary and buccal contour differences
(Figures 19, 20). These digital findings should be
interpreted as external surface-contour documentation
rather than as direct biological measurement of graft
volume.
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Directional 2.5D surface-change indicators for segmented buccal ROI
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Figure 21. Directional 2.5-dimensional surface-change indicators. Summary chart of X, Y, and Z projection values for T0-
T1, TO-T2, and T1-T2 comparisons at a 0.10-mm grid step, demonstrating projection-dependent surface change of the

segmented buccal ROI.
DISCUSSION

This report presents a staged surgical-prosthetic alternative
for managing a difficult interimplant papilla deficiency
after severe anterior maxillary trauma. The clinical
relevance of the case lies in the combination of adjacent
implants, traumatic buccal plate loss, soft-tissue collapse,
and a persistent black triangle after provisional conditioning
and definitive crown delivery. In this situation, papilla
reconstruction depended on coordinated prosthetic and
surgical decisions rather than on grafting alone.

The narrowed definitive crown contours were important
because they created space for graft placement and reduced
compression of the peri-implant mucosa. Prosthetic
emergence profile management is an established
component of aesthetic-zone implant rehabilitation, and
provisional or definitive contours can influence soft-tissue
architecture.[6,7] In the present case, the definitive
restorations were intentionally modified before soft-tissue
reconstruction so that the pediculated graft could occupy a
protected interimplant space.

The improvement from Jemt score 0 to Jemt score 3 is
clinically significant. It indicates that the interimplant
papilla changed from complete absence of papillary fill
with a visible black triangle to complete fill of the
interimplant embrasure. In a region where papilla
reconstruction between adjacent implants is considered
difficult, this outcome supports the clinical value of the
combined prosthetic-space creation, tunneled pediculated
connective tissue graft, and buccal connective tissue
augmentation.

The surgical approach attempted to preserve blood supply
and tissue continuity. The tunnel design avoided vertical
releasing incisions in the aesthetic zone and preserved the
papillary envelope. The palatal graft remained attached by
a mesial pedicle, which may have improved early vascular
support compared with a completely free graft. The
additional free connective tissue graft was used because
correction of the papilla alone would not have restored the
buccal convexity. In aesthetic-zone implant therapy, the
visual appearance of the papilla is influenced by the
surrounding buccal contour; therefore, both defects were
treated in the same reconstructive phase.

The second contribution of this report is the digital
workflow. The I0S and CloudCompare protocol provides a
practical way to document changes in external soft-tissue
contour without additional radiation exposure. The most
important methodological point is that the treated anterior
segment was removed before registration; therefore,
alignment was driven by stable posterior and premolar
anatomy rather than by the changing reconstructed region.

The directional 2.5D findings should be interpreted
carefully. The anterior maxilla is not a flat surface, and 2.5-
dimensional calculation is affected by projection direction.
For this reason, X, Y, and Z projection values were reported
separately. After patient-oriented axis standardisation, the
X projection was considered the most clinically relevant
direction for buccopalatal contour change in the anterior
maxilla.

This clinical report has limitations. It describes one patient,
and the IOS method was not validated against another
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volumetric modality. The workflow documents external
surface change and cannot distinguish the biological
contribution of graft tissue, mucosal maturation, prosthetic
contour, inflammation, or scan-related artefacts. Although
the interimplant papilla improved clinically from Jemt score
0 to Jemt score 3, the final quantitative analysis was
intentionally limited to the broader buccal ROI and should
not be interpreted as an isolated papilla-volume
measurement.

SUMMARY AND CONCLUSION

A traumatic anterior maxillary defect involving avulsion of
teeth 11 and 12, crown fractures of teeth 21 and 22, and
buccal plate fracture was rehabilitated with a staged
surgical-prosthetic protocol. The treatment combined
endodontic and restorative management, implant
placement, definitive prosthetic contour modification, a
tunneled palatal pediculated connective tissue graft for
papilla reconstruction, and a second connective tissue graft
for broader buccal contour augmentation.

Serial intraoral scanning and CloudCompare analysis
documented the dimensional changes. Stable non-treated
posterior and premolar anatomy was used for registration
after excluding the treated anterior region, and the resulting
transformation matrices were applied to the corresponding
full-arch datasets before buccal ROI segmentation. The
final quantitative analysis was based on the segmented
buccal ROI from the distal aspect of tooth 13 to the distal
aspect of tooth 22.

At follow-up, the interimplant papilla between implants 11
and 12 improved from Jemt score 0 to Jemt score 3, the
visible black triangle was eliminated, the buccal contour
was improved, and the restorations remained clinically
stable. The IOS analysis documented positive cumulative
buccal surface displacement from TO to T2, supporting
intraoral scanning as a useful non-ionising method for
longitudinal documentation of peri-implant soft-tissue
contour change.

INTERPRETATION OF THE CASE

The most clinically important finding is not only a
measured surface change, but the conversion of an absent
interimplant papilla to complete papillary fill: Jemt score 0
at T1 to Jemt score 3 at T2.

The prosthetic decision to narrow the transmucosal crown
contours appears to have been essential because it created a
protected space into which the pediculated connective
tissue graft could be positioned and mature.

The tunneled pediculated palatal graft addressed the
interimplant papilla deficiency, while the second
connective tissue graft addressed the broader buccal
collapse. This supports the idea that papilla reconstruction
and buccal contour augmentation are related but distinct
objectives.

The 1I0S workflow provides wuseful non-ionising
documentation of external surface changes, but it should be
interpreted as surface contour documentation, not as a direct

measurement of bone gain or isolated biological graft
volume.

The 2.5D analysis demonstrated projection-dependent
dimensional change; therefore, the X, Y, and Z outputs
should be reported transparently, with the X projection
interpreted as the main buccopalatal indicator after patient-
oriented axis standardisation.

The case is best interpreted as a clinical proof-of-concept
for a combined surgical-prosthetic strategy, not as evidence
that the technique is predictably reproducible in all patients.
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