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[Abstract] A portion of patients undergoing implant restoration require bone augmentation procedures to ensure that
there is sufficient bone volume around the implant. For the patients with horizontal bone ridge defects at edentulous
sites, with or without mild to moderate vertical bone defects, the shell technique serves as a reliable and minimally inva-
sive bone augmentation method with effective space maintenance. The shell technique involves fixating 1 mm cortical
bone blocks to the recipient site, using retention screws and filling the gap between the bone block and recipient bed
with particulate bone substitute materials, and covering the barrier membrane to achieve bone augmentation. The overly-
ing tension-free soft tissue closure seals the surgical site while local peripheral blood releases osteoclasts and cytokines
that gradually degrade the bone block. The rigid fixation of the bone block ensures a stable internal environment for os-
teogenesis and a new bone regeneration cycle. Although this technique demonstrates favorable bone augmentation out-
comes, it is highly technique-sensitive. There are certain differences in the application scenarios and osteogenic pro-

cesses for autologous and allogeneic bone shells. The selection of bone blocks and particulate bone substitute materials
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significantly influences the osteogenic biological process and the predictability of bone augmentation results. Complica-
tions associated with the shell technique possess distinct characteristics, such as the immunogenicity of allogeneic bone
fragments, soft tissue cracking, and bone fragment loosening. Their prevention and subsequent management substan-
tially impact the success rate of osteogenesis. This article delves into the biological mechanisms of osteogenesis in the
bone block technique, summarizing the indications, clinical outcomes, classification of bone blocks, and surgical work-

flow management, as well as complication prevention and management, aiming to provide a reference for the future ap-

plication and development of the bone shell technique.
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Alveolar ridge defects are classified as Type I to IV in the Terheyden
classification by the International Team for Implantology (ITI) guide-
lines . Type I : favorable dehiscence-type defect; Type II : horizon-
tally unfavorable bone defects requiring bone augmentation on the lat-
eral side of the existing bone wall; Type Il : horizontally and vertically

unfavorable bone defects; Type IV : complete ddefect

Figure I Terheyden classification'* of alveolar ridge defects

1 AU 5 Terheyden 4325

FARE R BOR K B AR B BN 2, LR AR Y
J 3 5 [ ol S5 A e A B A RS LA
FEOCHR 22 5 o AR B R A2, 5 DL L SOk
FHEE i R b WL 38 by T ] o 5 A £ B 41 41
PR, AR T ARE R, JcE RE s 2%
T AARE A A R ik 75 2 50 3 R
Y BB (R 1) .

FU AR VRSB HH A 1 R P o

Table 1  Clinical application comparison of autogenous and allogeneic bone shell techniques
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Autogenous bone shells

Allogeneic bone shells

Donor-site morbidity Requires a second surgical site
Operative time Longer

Bone gain

Remodeling time

Short-term implant success rate 99%-100%
Complication rate

Preferable scenarios

Horizontal and mild-to-moderate vertical; up to 5 mm

Remodeling completed in 4-6 months

10%-20%; common: wound dehiscence and plate loosening

High biological activity; cost-effective

No donor-site morbidity

Shorter

Comparable or inferior to autogenous bone
Remodeling completed in 4-6 months
99%-100%

Similar to autogenous bone shell

Not limited by donor bone availability
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Figure 2 Unilateral bone shell technique (a) vs. bilateral bone shell technique (b)
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Figure 3 Schematic diagram of the biological mechanism of split bone osteogenesis
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a: preoperative examination revealed an inadequate bone width at the edentulous site; b: intraoperative view of the allogeneic cortical grafting; c:

three months postoperatively, bone shell exposure was observed, and a flap was incised and elevated following the yellow solid line on the mucosa

along the exposure site; d: three months after debridement, the bone volume at the implant site appeared adequate

Figure 4  Soft tissue perforations and subsequent processing after applying the shell technique
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