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[Abstract] Objective To propose a digitally modified and guided bone regeneration technique supported by a non-
absorbable titanium plate and explore its effect on vertical bone regeneration. Methods A total of 8 patients with se-
vere vertical bone defects in the edentulous area who wanted to be treated with implants were included in this study. A
digitally modified and guided bone regeneration technique supported by a nonabsorbable titanium plate (fence tech-
nique) was used for bone augmentation. The patient’s jaw, dentition, and soft tissue data were obtained for prosthetically
guided implantation and bone regeneration. After virtual bone augmentation, a model of the jaw was obtained through
3D printing technology, and the titanium plate was bent accordingly. The virtual design was transformed through the
template (including the base template and the attachment of a periosteal screw and bone block), so the actual osteogene-
sis space consistent with the design could be realized in the operation. Guided bone regeneration was performed accord-
ing to the improved procedure and technical process. After 6 ~ 8 months of bone augmentation, cone beam CT was tak-
en to evaluate the effect of bone augmentation. The implant was implanted according to the initial implant design, and
bone tissue was obtained for HE and Masson staining. Results After 6 ~ 8 months of bone augmentation, the vertical

linear bone increment reached (5.44 + 1.73) mm. The implant was implanted according to the initial implant design,
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and the bone tissue was obtained for histological examination to show the formation of new bone. Conclusion Digital

improved fence technique can simplify the preoperative and surgical procedures, and obtain good vertical bone augmen-

tation results. In short, it is a kind of vertical bone augmentation technique worth popularizing and applying.

[Key words] vertical bone augmentation; guided bone regeneration; ~fence technique; prosthetically guided im-

plant; prosthetically guided regeneration; titanium plate;
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a: design the ideal prosthesis, showing the vertical bone volume was insufficient; b: follow the principle of prosthetically driven implant place-

ment to design the implant, and design the bone augmentation contour based on criteria that at least 2 mm bone is needed around the implant,

and enlarge 1 mm; c: design the position and axial direction of buccal periosteal screw to ensure there ’ s enough distance from important struc-

tures such as the nerve and adjacent tooth; d: design the position and axial direction of palatal periosteal screw; e: design the periosteal screw im-

plantation attachment, using the thickness to limit the direction; f: design the bone augmentation block attachment to indicate the bone recon-

struction area; g: bend the titanium plate on the model after virtual bone augmentation; h: check the titanium plate with seating on the bone aug-

mentation block template

Figure 1  Preoperative design of digital modified fence technique in vertical bone reconstruction
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a-c: stabilize the titanium plate intraoral with the assistance of template; a: seat the periosteal screw template in position, and prepare the

hole for screw; b: seat the bone augmentation block template; c: fix the titanium plate; d & e: bone augmentation; d: fill the bone substitute

into the osteogenic space; e: cover the bone reconstruction area with collagen membrane, and use the absorbable suture to fix it; f: close the

wound without tension

Figure 2 Surgical procedure of digital improved fence technology in vertical bone reconstruction
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a: the CBCT image before bone augmentation surgery,
showed the vertical bone height is 11.25 mm; b: the CBCT
image after the bone augmentation surgery, showed the verti-
cal bone height increased to 18.31 mm; the green line shows
the bone contour before bone augmentation surgery, and the

red line shows the bone contour 6 months after the surgery

Figure 3  Effect of bone increment 6 months after the bone augmentation surgery observed by CBCT
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a: the micro-CT scan result of bone sample, showing the new bone is compact and the connection between new bone and original bone is tight;

b: masson staining (bar=100 wm); c: HE staining (bar=100 pwm), bio-oss (b) represents the bone substitute, native bone (NB) represents the origi-

nal bone, regenerated bone (RB) represents the new bone, which shows the formation of new bone and the residual bone substitute particles

Figure 4 Bone tissue analysis after 6 months of digital improved fence technology in vertical bone reconstruction
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