


Case report 
Integrating Guided Bone Regeneration with Digital Implant Surgery and Delayed Loading for Anterior Maxillary Tooth Replacement: A Case Report
[bookmark: _GoBack]

ABSTRACT
Guided bone regeneration (GBR) is a well-established technique for managing alveolar ridge deficiencies, particularly in the esthetic anterior maxilla¹,². Various graft materials, such as deproteinized bovine bone mineral (Bio-Oss®), provide an osteoconductive scaffold that preserves ridge volume and supports implant stability⁴,⁵.
This report describes a 23-year-old male patient with missing maxillary incisors (12, 11, and 21) who underwent guided implant surgery followed by simultaneous GBR using Bio-Oss® and a resorbable collagen membrane (T-Gen membrane)³,⁴. Delayed loading protocols were employed to enhance osseointegration and long-term functional outcomes⁵,⁶. Digital planning and surgical guides ensured precise implant placement². Clinical and radiographic evaluation demonstrated successful ridge augmentation, stable peri-implant bone levels, and favorable esthetic outcomes³,⁷. This case highlights the predictability of GBR combined with guided implant surgery and delayed loading in restoring both function and esthetics in the anterior maxilla.

INTRODUCTION
Rehabilitation of the anterior maxilla is challenging due to post-extraction alveolar resorption and high esthetic demands¹,². Guided bone regeneration (GBR) is a predictable technique for restoring deficient ridges by promoting bone growth within the defect while preventing soft tissue invasion³,⁴.
Deproteinized bovine bone mineral (Bio-Oss®) combined with resorbable collagen membranes serves as an osteoconductive scaffold and preserves ridge dimensions⁵,⁶. Digital workflows and guided implant surgery enhance placement accuracy and prosthetic outcomes²,⁷. Delayed loading protocols further support osseointegration and long-term implant stability⁸,⁹.
Ridge morphology and defect type are critical determinants of regenerative success¹⁰,¹¹. Clinical evidence suggests that delayed implant placement protocols improve functional and esthetic outcomes in grafted anterior sites¹⁴,¹⁵. This case illustrates the integration of guided implant surgery, GBR, and delayed loading in the rehabilitation of a young adult with anterior maxillary tooth loss⁶,¹¹.

CASE DESCRIPTION
A 23-year-old male presented with missing maxillary anterior teeth (12, 11, and 21)¹. The patient reported compromised esthetics². CBCT revealed horizontal ridge deficiency, indicating the need for guided implant placement and bone augmentation³,⁴.
Figure 1. Pre-operative Assessment
FIGURE 1- PRE OPERATIVE PHOTOGRAPHS AND OPG - 12, 21





Figure 1 illustrates the pre-operative clinical and radiographic assessment, where (Figure 1A) shows the intraoral view of missing maxillary anterior teeth (12 and 21), and (Figure 1B) depicts the orthopantomogram (OPG) confirming edentulous spaces with associated horizontal alveolar ridge deficiency in the anterior maxilla.
Figure 2. Guided Implant Surgery
FIG 2A IMPLANT PILOT GUIDE IN 12 AND 21
FIG 2B SEQUENTIAL DRILLING AND OSTEOTOMY SITE PREPARED
FIGURE 2-GUIDED IMPLANT SURGERY
FIG 2C NORIS IMPLANT 4.2× 13MM IN 12 PRIMARY STABILITY > 40 NCM



FIG 2D NORIS IMPLANT 4.2× 13MM IN 21 PRIMARY STABILITY > 45 NCM



FIG 2E IMPLANT PLACED IN 12 AND 21










Figure 2 demonstrates the guided implant surgical protocol, where (Figure 2A) shows the implant pilot guide positioned in sites 12 and 21, (Figure 2B) illustrates sequential drilling and osteotomy site preparation using the surgical guide, (Figure 2C) shows placement of a NORIS implant (4.2 × 13 mm) in site 12 achieving primary stability greater than 40 Ncm, (Figure 2D) shows placement of a NORIS implant (4.2 × 13 mm) in site 21 achieving primary stability greater than 45 Ncm, and (Figure 2E) confirms final implant positioning in both sites following guided implant placement.




Figure 3. Guided Bone Regeneration
FIG 3A FULL THICKNESS MUCOPERIOSTEAL FLAP ELEVATED BIO OSS BONE GRAFT PLACED IN DEFECT AREA AND T GEN MEMBRANE PLACED AND STABILISED WITH PALATAL SUTURE



FIG 3B FLAP APPROXIMATED WITH 4.0 VICRYL SUTURE



FIG 3C IMMEDIATE POST OP RVG



FIG 3D IMMEDIATE 


TEMPORIZATION



FIG 3E HEALING ABUTMENT PLACED AFTER 5 MONTHS



FIG 3F EMERGENCE PROFILE






FIGURE 3- GUIDED BONE REGENERATION












Figure 3 depicts the guided bone regeneration procedure and healing sequence, which (Figure 3A) shows elevation of a full-thickness mucoperiosteal flap with placement of Bio-Oss® bone graft in the buccal defect area and coverage with a T-Gen resorbable collagen membrane stabilized using palatal sutures, (Figure 3B) illustrates flap approximation achieved with 4-0 Vicryl sutures, (Figure 3C) shows the immediate post-operative radiovisiograph, (Figure 3D) depicts immediate temporization, (Figure 3E) shows placement of the healing abutment after 5 months of healing, and (Figure 3F) demonstrates a well-developed emergence profile following soft tissue maturation.











FIG 5A PRE OP



FIG 4A OPEN TRAY COPING IMPRESSION AND JIG TRIAL DONE 



FIG 4B SCREW RETAINED PFM CROWN PLACED AND POST OP RVG 



FIG 5B POST OP



FIGURE 4- PROSTHETIC PHASE DELAYED LOADING
FIGURE 5












Figure 4. Prosthetic Phase – Delayed Loading
Figure 5. Pre- and Post-operative Comparison










Figure 4 illustrates the prosthetic phase with delayed loading, where (Figure 4A) shows the open-tray impression coping with jig trial, and (Figure 4B) depicts placement of the screw-retained porcelain-fused-to-metal crown with post-operative radiovisiograph confirming prosthetic fit and peri-implant bone stability.
Figure 5 presents the comparative clinical outcomes, where (Figure 5A) shows the pre-operative intraoral view of missing maxillary anterior teeth, and (Figure 5B) demonstrates the post-operative intraoral view highlighting restoration of esthetics and function following guided implant surgery, guided bone regeneration, and delayed prosthetic rehabilitation.
DISCUSSION
This case demonstrates that the combination of guided implant surgery and GBR can achieve predictable functional and esthetic outcomes in the anterior maxilla¹,³. GBR restores ridge volume by guiding osteogenic cells into the defect and preventing soft tissue interference³,⁴.
Bio-Oss® provides a stable osteoconductive scaffold that maintains ridge dimensions and supports long-term bone preservation⁴,⁵. Collagen membranes, such as T-Gen, enhance regenerative outcomes by stabilizing the graft and controlling soft tissue ingress⁵,¹¹. Experimental and clinical studies confirm that this combination promotes bone formation and maintains ridge contours in esthetically critical regions⁴,⁵.
Precise implant positioning is critical for both esthetic and functional success²,⁶. Digital planning and guided surgical templates facilitate accurate three-dimensional implant placement, reduce surgical errors, and ensure prosthetic-driven positioning²,⁶.
Delayed loading was employed to improve implant stability and osseointegration⁷,⁸. Clinical studies show that delayed loading in grafted sites reduces marginal bone loss and enhances soft tissue outcomes⁹,¹⁴. Preoperative evaluation of ridge width and defect morphology allows proper graft adaptation, which is essential for successful horizontal augmentation⁹,¹⁰.
Long-term follow-up in this case demonstrated stable peri-implant bone levels, healthy soft tissue contours, and favorable esthetics³,⁶,¹⁵. The results align with existing literature showing predictable outcomes when GBR is combined with guided implant surgery and delayed loading²,³,⁷.
Overall, this case highlights that careful planning, appropriate material selection, and adherence to GBR principles enable predictable anterior maxillary rehabilitation with excellent functional and esthetic results.
CONCLUSION
Guided implant surgery followed by GBR with Bio-Oss® and T-Gen collagen membrane offers a predictable approach¹,². Delayed loading ensures stable osseointegration⁵,⁶. Proper case selection and surgical technique resulted in favorable long-term functional and esthetic outcomes³,⁷.
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