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[Abstract] Guided bone regeneration technology applied in alveolar bone defect regeneration is based on the barrier
function and space maintenance of the barrier membrane. Therefore, traditional development strategies for barrier mem-
branes focus on their physical barrier function, degradation characteristics and biocompatibility to avoid immunogenici-
ty. However, not only does the barrier membrane passively block connective tissue, it is recognized as a “foreign body”
that triggers a persistent host immune response, known as a foreign body reaction. The theories of osteoimmunology re-
veal a close relationship between the immune system and bone system and emphasize the role of immune cells in bone
tissue-related pathophysiological processes. Based on these findings, we propose a novel development strategy for barri-
er membranes based on immune microenvironment regulation: by manipulating mechanical properties, surface proper-
ties and physiochemical properties, barrier membranes are endowed with an improved immunomodulation ability, which
helps to regulate immune cell reactions to induce a favorable local immune microenvironment, thus coordinating osteo-
genesis and osteoclastogenesis as well as barrier membrane degradation to increase the efficiency of barrier membranes
in GBR applications. In this paper, we review the development of barrier membranes and their close relationship to the
immune microenvironment concerning bone regeneration and membrane degradation. Additionally, the outcomes of re-
search on barrier membranes based on the regulation of the immune microenvironment have been summarized to im-
prove the osteogenesis efficiency of barrier membranes and solve the problem of the regeneration and repair of bone de-
fects, especially alveolar bone defects.
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Mechanical property ~ Physicochemical property

Based on an osteoimmunomodulation strategy, the development
concept of barrier membranes emphasizes the manipulation of
both physiochemical characteristics, including mechanical
characteristics, and surface properties. Additionally, it intro-
duces bioactive agents, such as metal ions, cytokines and anti-
biotics, to regulate the activation state and polarization of mac-
rophages, thereby creating a favorable osteoimmunological mi-
croenvironment facilitating the osteogenic differentiation of
MSCs and improving the osteogenic efficiency of barrier mem-
branes. BMP-2: bone morphogenetic protein-2; TGF - : trans-
forming growth factor-B; VEGF: vascular endothelial growth fac-
tor; M-CSF: macrophage colony-stimulating factor; RANKL: re-
ceptor activator of NF-kB ligand; OPG: osteoprotegerin

Figure 1  Barrier membrane based on osteoimmuno-

modulation
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The development concept of an “immunodegradation”
strategy emphasizes the modulation of cell-mediated deg-
radation to regulate the degradation characteristics of bar-
rier membranes. Manipulation of key cells and cytokines
participating in membrane degradation could regulate the
function of T cells and the phagocytosis of both macro-
phages and FBGCs, achieving efficient regulation of the
degradation characteristics and osteogenic improvements
of membranes. CXCL8: CXC chemokine ligand 8; CCL: C-
C motif chemokine ligand; IL: interleukin

Figure 2 Barrier membrane based on the “immu-

nodegradation” strategy
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