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Cleft lip and palate is one of the most common congenital craniofacial anomalies, affecting
approximately one in every 400-500 births in Japan and occurring frequently among Asian populations
In addition to esthetic concerns, patients often suffer from maxillofacial deformities, speech and
feeding dysfunction, impaired tooth eruption, and maxillary growth deficiency. Treatment requires
multidisciplinary care extending from infancy to adulthood, imposing substantial physical,
psychological, and socioeconomic burdens on both patients and their families.

Reconstruction of the alveolar cleft remains a major challenge. Although various bone substitute
materials have been developed, autologous bone grafting remains the gold standard because of its
superior osteogenic potential and ability to support tooth eruption. However, autologous bone 1is
typically harvested from the iliac crest, creating additional surgical trauma in otherwise healthy
tissue. Donor—site morbidity, postoperative pain, prolonged hospitalization, and limited bone volume
are particularly problematic in pediatric patients. Furthermore, rapid resorption of grafted bone
occasionally necessitates secondary surgery.

To address these limitations, we developed a novel treatment strategy that combines autologous
cancellous bone with a bioresorbable phosphopullulan bioadhesive (PP620fcg). This gel-forming material
provides adhesion and cohesiveness, and is gradually replaced by host tissue after implantation. By
hybridizing autologous bone with the bioadhesive, the amount of harvested bone can be substantially
reduced, potentially allowing reconstruction using bone obtained solely from the oral cavity without
iliac bone harvesting. The material also improves handling characteristics during surgery, suppresses
soft—tissue invasion into the graft site, delays bone resorption, and does not interfere with tooth
eruption. Consequently, this approach has the potential to surpass conventional autologous bone
grafting.

The phosphopullulan bioadhesive has been selected for the Sakigake Designation Scheme in Japan,
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where it has been classified as an innovative medical device of Class IV. Since 2023, when the
PP620fcg was developed, we have established a GMP-compliant manufacturing process, product
specifications, quality control methods, and large-scale production technology. Comprehensive non-—
clinical studies, including ISO 10993—-compliant biological safety testing and rabbit alveolar cleft
simulation studies, have been completed without identifying safety concerns. Following consultations
with the Pharmaceuticals and Medical Devices Agency (PMDA), a first—in—human investigator—initiated
clinical trial has been prepared using adult orthognathic surgery patients prior to pediatric
application in alveolar cleft reconstruction.

Phosphopullulan represents a new class of non—animal-derived bioresorbable biomaterials. Unlike
collagen and hyaluronic acid, it eliminates concerns regarding animal—-derived contaminants, while
avoiding the inflammatory responses often associated with polyglycolic acid and polylactic acid. The
material exhibits unique bioadhesive properties, tolerance to gamma-ray sterilization, and a
manufacturing process that simultaneously introduces phosphate groups, controls molecular weight, and
inactivates endotoxins, making it highly suitable for large-scale production. Furthermore,
optimization of its physical properties has enabled the development of a stable absorbable gel that
minimizes the risk of migration to distant organs.

Beyond alveolar cleft reconstruction, phosphopullulan gel has significant potential as a versatile
regenerative medicine platform. By combining it with bone marrow, blood, platelet-rich plasma, stem
cells, spheroids, organoids, or therapeutic agents, the material could support regeneration of bone,
cartilage, skin, nerve, cardiovascular, and other tissues. Recent findings further suggest that the
gel actively promotes a tissue—repairing immune environment rather than functioning merely as a
passive scaffold. Therefore, this technology may contribute not only to dentistry and craniofacial
surgery but also to orthopedic surgery, neurosurgery, cardiovascular medicine, wound healing, drug
delivery systems, and emergency medicine. The successful clinical translation of PP620fcg would
establish the world s first implantable absorbable bioadhesive gel originating from Japan and open a

new frontier in regenerative biomaterials



