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Objective: Trauma to the immature permanent tooth is relatively common in school-aged children and can result in loss of vital pulp, loss of blood and neural supplies,
and impaired root development. Although apexification is the current standard clinical treatment for traumatic immature permanent teeth, it fails to restore lost pulp tissue
and maintain normal root development. In this study, we use traumatic young permanent teeth as a model to assess whether implantation of autologous hSHED can
regenerate lost three dimensional pulp tissue to restore pulp function and promote root development.
Method: At the base of the animal experiment, We recruited 40 patients with traumatic pulp necrosis in 40 incisors and randomly allocated the traumatic teeth in a 3:1
ratio to the stem cell implantation experimental group or the control apexification treatment group. RVG was used to assess the root elongation and the closure of the
apical foramina. Laser doppler flowmetry and electric pulp tests were used to assess the vascularization and sensation of the treated teeth. CBCT was performed to
measure the length of the root and the width of the apical foramina. 1 patient (1 tooth) was excluded due to re-experiencing dental trauma at 12 months post- hSHED
implantation. The newly formed pulp-like tissue in this tooth was removed via pulpectomy and examined histologically.
Results: In the experiments of immunocompromised mice and miniature pig, regenerated pulp tissue containing odontoblastic layers and blood vessels were observed. In
the clinical trail, the length of root was increased and the apical foramen was closed at 12 months after surgery in the hSHED implantation group. Such changes were not
observed in the apexification group which indicated that the hDPSC-treated teeth maintained root development. Electric pulp tests showed a mean decrease in sensation at
6 months and at 12 months post-treatment for the hDPSC implantation group and a mean decrease in sensation for the control group at 6 and 12 months. These results
indicate that the regenerated pulp partially restores the sensation in the hDPSC-treated teeth. At 12 months post-treatment, laser doppler flowmetry showed a mean increase
in vascular formation for the hDPSC implantation group and a mean decrease in vascular formation for the control group. We harvested hSHED -regenerated pulp tissue
from one tooth at 12 months post-implantation due to re-trauma of the treated tooth. The histology staining showed that hSHED implantation regenerated threedimensional pulp tissue, similar to normal dental pulp, including odontoblast layers, connective tissue and blood vessels. No complications were identified during or within
the 24 h of pulp harvesting and cell implantation.
Conclusion: Although stem cell-based clinical trials provide numerous examples of tissue regeneration, functional human organ regeneration is largely challenged. Our
study provides initial experimental evidence that stem cells can be utilized to regenerate lost tissue without any scaffold and promote the organ development in human
beings. hSHED were capable of revitalizing the damaged teeth, specifically to regenerate three-dimensional pulp tissue similar to normal dental pulp, including
odontoblast layers, connective tissue, and necessary blood and nerve supplies. The regenerated living pulp in the hSHED group showed functional responses to
environmental stimulation of different types.
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Fig. 1. hSHED regenerate dental pulp in immunocompromised mice. (A)Histology of hSHED/human tooth root implants in
immunocompromised mice. H&E and IHC staining showed that hhSHED aggregates regenerated pulp tissue after being
inserted into empty root canals of human teeth (Dentin) and implanted into immunocompromised mice (n=12)
subcutaneously for 8 weeks. (B) Representative calcein-labeling images exhibiting dentin formation.

Figure 3: Implantation of cell aggregate in patients. (A): root canal disinfection. (B): The periapical
tissue is provoked bleeding to the cervical portion of the root canal. (C): Two hDPSC
aggregates are implanted into the root canal and packed into the apical end of the root.
(D): A MTA plug is used to seal the root canal, and the access cavities are temporarily
sealed with a resin modified glass ionomer cement.

Fig. 5. Histology of hSHED-regenerated pulp. (A) hSHED-regenerated pulp
tissue were harvested from one tooth at 12 months post-implantation
due to re-trauma of the treated tooth.(B) hSHED implantation
regenerated pulp tissue showing similar tissue structure to that
observed in normal pulp. Odontoblasts were observed at the pulp
tissue.

Fig. 2. Histology of DPSC implants in miniature pigs. Porcine SHED (pSHED) were implanted into young permanent incisors
after pulpectomy in miniature pigs (n=3). H&E and IHC staining showed that pulp tissue was regenerated by pDPSC
implantation after 3 months which is the same with normal teeth.

Fig. 4 hSHED-mediated pulp regeneration in patients. (A) Representative CBCT images of hDPSC-implanted teeth at 6 and 12 months post-treatment. The
length of the root (red line) was increased at 6 and 12 months after hDPSC implantation. The apical foramen (red line) was closed at 12 months after
hDPSC implantation. In the control group, the length of the root was not increased and apical foramen was not closed at 12 months after apexification
treatment. (B) 3D images of traumatic immature permanent tooth before and after implantation of hDPSCs. Frontal images (upper) and lateral images
(lower) were constructed by Materialise's interactive medical image control system (Mimics). Roots were elongated at 6 and 12 months after implantation
of hDPSCs compared to the pretreatment group (white circles). In addition, the amount of dentin was markedly increased at 6 and 12 months post
treatment in the hDPSC group. (C) hSHED implantation significantly improved root length and apical foramen width at 6 and 12 months post-implantation.

Fig. 6 (A)hSHED implantation significantly improved response to the electric pulp test . (B) CGRP, TRPV1,
TPRM8 positive cells could be found as sensory makers in regeneration pulp. (C) The nerve fiber
markers S100 and neurofilament(NF) are positive in regeneration pulp

Fig. 7 hSHED implantation significantly improved vascular
formation (A), H&E, MASSON and ICC staining
showed that blood vessels were observed in the
regenerated pulp tissue(B)(C)(D).

Fig. 8. RVG images of 20 patients after 12 and 24 months hDPSC implantation. After 12 and 24 months treatment, RVG images showed that the length of roots was increased and the apical foramens were closed.

