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 Resumo 
 Objective:  This  study  aimed  to  review  in  vivo  studies  on  the  use  of  stem  cells  derived  from  exfoliated 

 deciduous  teeth  (SHED)  for  bone  regeneration,  particularly  in  the  treatment  of  cleft  lip  and/or  palate 
 (CL/P).  Methodology:  The  review  followed  PRISMA  guidelines  and  included  studies  from  PubMed,  Scopus,  and 
 Google  Scholar  databases,  published  in  the  last  10  years  in  English,  Spanish,  or  Portuguese.  Strict  inclusion  and 
 exclusion  criteria  were  applied,  focusing  on  in  vivo  studies  using  SHED  for  CL/P  treatment.  Keywords  such  as 
 “Bone  Regeneration,”  “T issue  Engineering,”  and  “SHED”  were  used  for  the  search.  After  screening  1,045  records 
 and  excluding  duplicates,  7  studies  were  selected  for  full  review.  Results:  The  review  identified  7  relevant 
 studies,  6  of  which  were  in  vivo  animal  studies,  and  1  was  a  clinical  case  report.  These  studies  demonstrated 
 that  SHEDs  effectively  promoted  bone  regeneration,  presenting  a  less  invasive  and  promising  alternative  to 
 traditional  bone  grafting  techniques.  Conclusion:  SHEDs  show  significant  potential  in  bone  regeneration, 
 offering  a  less  invasive  treatment  option  with  fewer  complications  compared  to  autogenous  bone  grafts.  However, 
 more  research  is  needed  to  address  long-term  safety,  tumorigenesis,  and  optimal  clinical  applications  before 
 widespread clinical adoption. 
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 Introduction 
 Cleft  lip,  with  or  without  cleft  palate  (CL/P),  is  widely  recognized  as  the  most  common 

 congenital  craniofacial  defect,  resulting  from  the  incomplete  development  of  facial  and  oral 

 tissues  during  the  embryonic  phase  1  .  Individuals  affected  by  CL/P  often  experience  speech 

 difficulties,  dental  anomalies,  hearing  problems,  facial  deformities,  and  chronic  ear  infections  2  .  In 

 addition  to  physical  complications  that  compromise  quality  of  life  over  time,  CL/P  is  also 

 associated with psychosocial challenges, such as low self-esteem  3  . 

 Conventional  treatment  for  CL/P  generally  involves  secondary  bone  grafting  using 

 autogenous  bone  harvested  from  the  iliac  crest,  aiming  to  form  a  bone  bridge  for  the  creation  of 

 the  alveolar  ridge  and  closure  of  the  oronasal  fistula  4,5  .  However,  this  approach  presents  several 

 limitations,  including  complications  such  as  bleeding,  nerve  injuries,  aesthetic  problems,  pain, 

 infection, and functional tissue loss  6-8 

 Although  autogenous  grafts  are  effective,  they  often  result  in  donor  site  morbidity  and 

 prolonged  recovery  times,  which  can  negatively  impact  patients’  quality  of  life  9  .  Furthermore,  bone 

 grafts  using  autologous  cancellous  bone  may  face  difficulties  in  fully  integrating  with  the  recipient 

 bone  and  are  subject  to  resorption  10  .  Due  to  these  limitations,  less  invasive  methods  that  could 

 replace bone grafting and promote tissue regeneration have been extensively investigated. 

 Stem  cells  stand  out  due  to  their  unique  properties  11  ,  particularly  their  ability  to  remain 

 undifferentiated,  combined  with  their  capacity  for  proliferation  and  self-renewal  12  .  Mesenchymal 

 stem  cells  (MSCs)  can  be  extracted  from  various  sources,  such  as  adipose  tissue,  bone  marrow, 

 and  dental  pulp  13  .  Stem  cells  derived  from  human  exfoliated  deciduous  teeth  (SHED)  represent  a 

 population  of  stem  cells  with  postnatal  characteristics  that  allow  for  extensive  proliferation  and 

 multipotential  differentiation  14  .  Moreover,  these  cells  present  a  low  risk  of  oncogenesis  and  have  a 

 high  proliferative  capacity,  being  able  to  differentiate  into  various  cell  types  such  as  neurons, 

 adipocytes,  and  odontoblasts  14,  .  In  vivo  studies  have  demonstrated  that  SHEDs  are  effective  in 

 inducing  bone  formation,  dentin  production,  and  the  expression  of  neuronal  markers  15  .  In  addition 

 to  being  derived  from  a  highly  accessible  tissue,  these  cells  can  provide  sufficient  quantities  for 

 clinical applications, cell transplantation, and tissue engineering  14  . 
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 For  these  reasons,  deciduous  teeth  have  emerged  as  an  ideal  source  of  stem  cells  for  the 

 repair  of  damaged  dental  structures,  induction  of  bone  regeneration,  and  potential  treatment  of 

 neural tissue injuries or degenerative diseases, due to their greater accessibility  14,15  . 

 In  this  context,  one  of  the  conditions  that  could  benefit  from  the  use  of  SHEDs  in  tissue 

 engineering  is  cleft  lip  and  palate.  Therefore,  the  objective  of  this  study  is  to  present  a  review  of 

 in  vivo  studies  that  used  SHED  for  bone  regeneration,  focusing  on  the  treatment  of  patients  with 

 cleft lip and palate. 

 Materials and methods 
 The  study  was  conducted  in  accordance  with  the  PRISMA  flowchart  guidelines  (Preferred 

 Reporting  Items  for  Systematic  Reviews  and  Meta-Analyses).  One  researcher  conducted  the  data 

 collection  and  analysis  on  the  therapeutic  potential  of  stem  cells  derived  from  exfoliated 

 deciduous  teeth  (SHED)  in  regenerative  medicine  for  patients  with  cleft  lip  and  palate.  Following 

 strict  inclusion  and  exclusion  criteria,  various  online  databases  such  as  PubMed,  Scopus,  and 

 Google  Scholar  were  consulted.  Relevant  studies  were  identified  through  a  search  using  various 

 combinations  of  keywords,  such  as  “Bone  Regeneration,”  “Tissue  Engineering,”  “Mesenchymal 

 Stem  Cell  Transplantation,”  “SHED,”  “Human  Exfoliated  Deciduous  Teeth  Stem  Cells,” 

 “Mesenchymal  Stem  Cells,”  “Deciduous  Teeth,”  “Dental  Stem  Cells,”  “Progenitor  Cells,”  “Cleft  Lip,” 

 “Cleft  Palate,”  “Alveolar  Cleft,”  “Rats,”  “Animal  Model,”  “Wistar,”  “Mice,”  and  “Clinical  Trials.”  For 

 the screening and selection of records, the Rayyan application was used. 

 Predefined  inclusion  criteria  encompassed  full-text  studies,  either  open  access  or 

 subscription-based,  published  within  the  last  10  years  in  English,  Spanish,  or  Portuguese,  which 

 investigated  the  use  of  SHED  in  research  related  to  regenerative  medicine  in  patients  with  cleft  lip 

 and palate, focusing on  in vivo  studies. 

 Exclusion  criteria  included  posters,  preprints,  reviews,  studies  that  used  other  types  of  stem 

 cells,  in  vitro  research,  studies  that  did  not  address  the  therapeutic  potential  of  SHED  in  cleft  lip 

 and  palate,  research  involving  SHED  in  other  pathologies  or  anomalies,  editorial  or  opinion 

 articles,  inadequately  documented  treatments,  or  studies  that  presented  a  risk  of  bias  according 

 to established criteria, as well as duplicate studies. 
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 The  researcher  followed  a  sequence  of  steps  for  data  extraction  as  suggested  by  Souza, 

 Silva,  and  Carvalho,  2010  16  ,  which  included:  1)  formulating  the  guiding  question;  2)  conducting 

 the  literature  search;  3)  selecting  relevant  studies;  4)  critically  analyzing  the  selected  studies;  5) 

 discussing the findings; and 6) presenting the integrative review. 

 The  selection  process  began  with  the  removal  of  duplicate  records,  followed  by  reading  titles 

 and  abstracts,  and  subsequently  the  full-text  reading  and  evaluation  of  the  eligibility  of  articles 

 according  to  the  proposed  research  theme,  aiming  to  answer  the  guiding  question  in  line  with  the 

 previously established inclusion and exclusion criteria. 

 Results 
 To  conduct  a  review  of  in  vivo  studies  that  used  SHED  for  bone  regeneration,  with  an 

 emphasis  on  the  treatment  of  patients  with  cleft  lip  and  palate  over  the  past  10  years,  this 

 research  identified  1,063  records,  with  287  from  the  PubMed/Medline  database,  153  from 

 Scopus,  and  623  from  Google  Scholar.  After  removing  18  duplicate  articles,  1,045  records 

 remained  for  title  and  abstract  screening.  At  this  stage,  998  studies  were  excluded  for  addressing 

 other  types  of  stem  cells  or  not  exploring  the  therapeutic  potential  of  SHED  in  patients  with  cleft  lip 

 and  palate,  resulting  in  47  articles  for  full-text  review.  Of  these,  40  were  eliminated  for  not 

 corresponding  to  in  vivo  research.  Finally,  7  articles  were  selected  for  review  and  classified 

 according  to  the  theme  addressed:  in  vivo  animal  research  (6  records)  and  a  clinical  case  report 

 (1) (Figure 1). 
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 Figure 1 - Flowchart of sample constitution 

 Discussion 
 Patients  who  do  not  receive  adequate  treatment  for  cleft  lip  and/or  palate  (CL/P)  face  a  range 

 of  significant  complications,  such  as  otitis  media  with  effusion  17,18  ,  speech  difficulties  18  ,  and 

 malocclusion  resulting  from  the  loss  of  labial  pressure  19  .  The  absence  of  therapeutic  intervention 

 for  CL/P  can  profoundly  impact  the  quality  of  life  of  affected  individuals,  affecting  not  only  physical 

 aspects but also psychological and social dimensions  20  . 

 Before  advances  in  regenerative  medicine,  the  primary  technique  for  CL/P  reconstruction  was 

 bone  grafting  from  the  iliac  crest,  which  is  still  considered  the  gold  standard  20  .  However,  other 

 sources  of  autografts,  such  as  ribs,  cranial  vault,  and  tibia,  have  also  been  employed  22,23  . 

 Although  autografts  present  relevant  clinical  advantages,  such  as  greater  stability  and  bone 

 integration,  they  also  come  with  significant  disadvantages  that  drive  the  search  for  less  invasive 

 and  more  conservative  methods  for  palatal  reconstruction  24  .  For  instance,  oronasal  fistulas  are 
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 common  postoperative  complications  in  cleft  palate  surgeries,  closely  related  to  the  surgical 

 technique  and  tissue  management  25  .  Additional  complications,  including  paresthesia,  pain, 

 functional  impairment  at  the  donor  site,  bone  resorption,  the  need  for  multiple  interventions,  and 

 prolonged  surgical  time,  further  reinforce  the  need  to  explore  new  therapeutic  approaches  26-28  .  In 

 this  context,  regenerative  methods  have  gained  prominence  as  they  are  less  dependent  on 

 surgical technique and applicable to a wide range of orofacial conditions  29,30  . 

 Tissue  engineering,  which  relies  on  biomaterials  to  restore  both  tissue  morphology  and 

 function,  has  brought  significant  advancements  in  bone  regeneration,  particularly  through  the  use 

 of  3D  biomimetic  scaffolds  produced  using  various  materials  and  methods,  offering  new 

 alternatives  for  CL/P  treatment  31  .  These  scaffolds  provide  physical  structures  that  facilitate 

 osteoblast  attachment  and  proliferation—crucial  elements  for  effective  bone  regeneration  32  . 

 Biomaterials  used  in  these  scaffolds  can  be  of  natural  or  synthetic  origin,  with  properties 

 enhancing  osteoinduction  and  osteoconduction  32  .  Specific  biomaterial  compounds,  such  as 

 bioceramics,  demineralized  bone  matrices,  bioactive  glasses,  and  composite  materials  combined 

 with  bioactive  inorganic  substances,  have  shown  particular  promise  for  CL/P  treatment  due  to 

 their  biological  properties,  including  osteoconduction,  biocompatibility,  chemical  similarity  to 

 natural bone, and promotion of osteoblast proliferation and differentiation  33  . 

 Despite  progress,  the  complexity  of  the  tissues  and  structures  involved  in  CL/P,  coupled  with 

 the  need  for  functional  reconstruction  of  highly  vascularized  bones,  such  as  in  the  craniofacial 

 region,  continues  to  pose  significant  challenges  in  tissue  engineering.  The  creation  of  a 

 well-organized  hierarchical  vascular  network  is  essential  for  the  success  of  these  interventions  34,35  . 

 Consequently,  more  research  is  required  to  overcome  these  challenges  and  facilitate  complete, 

 organized, and successful tissue regeneration. 

 The  use  of  stem  cells  in  regenerative  medicine,  especially  for  CL/P  treatment,  is  emerging  as 

 a  promising  alternative  to  traditional  surgical  interventions  36  .  In  particular,  mesenchymal  stem  cells 

 (MSCs),  with  their  potential  to  differentiate  into  various  tissue  types,  are  ideal  for  reconstructive 

 procedures  in  CL/P  cases  37  .  The  co-culture  of  these  cells  with  scaffolds  can  optimize  the 

 regenerative process, offering a dual approach in tissue engineering  38  . 
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 Recent  advancements  in  tissue  engineering  for  replacing  lost  or  damaged  tissues  have  driven 

 the  use  of  human  stem  cells  in  conjunction  with  biomaterial  supports  39  .  Among  these,  stem  cells 

 derived  from  human  exfoliated  deciduous  teeth  (SHED)  have  emerged  as  promising  candidates 

 for  bone  regeneration  due  to  their  ability  to  differentiate  into  osteoblasts  40  .  In  addition  to  their 

 differentiation  capabilities,  SHEDs  promote  bone  healing  through  paracrine  mechanisms, 

 influencing adjacent cells to participate in the regenerative process  40  . 

 Various  methods  have  been  applied  in  both  in  vivo  and  clinical  studies  with  SHEDs.  One  study 

 investigated  the  effect  of  SHED  transplantation  after  inducing  a  bone  defect  in  the  mandible  of 

 dogs  41  .  After  12  weeks,  new  bone  formation  was  observed  in  both  the  lingual  region  and  the  floor 

 of  the  defect,  areas  where  compact  bone  existed  41  .  Another  study  demonstrated  that  SHEDs 

 serve  as  an  effective  cellular  resource  for  repairing  maxillary  alveolar  defects  in  rats,  presenting  a 

 promising  model  for  defect  reconstruction  in  CL/P  patients  42  .  Nakajima  et  al.  (2018)  investigated 

 bone  regeneration  following  SHED  application,  comparing  them  with  human  dental  pulp  stem  cells 

 (hDPSCs)  and  human  bone  marrow  mesenchymal  stem  cells  (hBMSCs)  in  an  in  vivo  experiment 

 conducted  after  creating  a  bone  defect  in  the  calvaria  of  immunodeficient  mice  43  .  The  results 

 indicated  that  the  transplantation  of  SHEDs  and  hDPSCs  induced  bone  formation  in  amounts 

 comparable to those observed after hBMSC transplantation  43  . 

 In  2019,  two  additional  studies  were  reported.  One  produced  and  evaluated  cell  sheets  (CSs) 

 for  cleft  palate  bone  repair  derived  from  human  mesenchymal  stem  cells  (hMSCs)  and  SHEDs, 

 both  sources  of  osteogenic  cells  44  .  The  authors  observed  that  these  CSs  promoted  in  vitro 

 calcification,  demonstrating  the  osteogenic  potential  of  the  cells,  in  addition  to  expressing  specific 

 osteogenic  markers  such  as  Osterix  (OSX),  Osteocalcin  (OCN),  and  Osteopontin  (OPN)  after 

 insertion  into  ex  vivo  and  in  vivo  cultured  embryonic  palatal  shelves  44  .  Another  study  by  Prahasanti 

 et  al.  analyzed  the  expression  of  the  biomarkers  Osteoprotegerin  (OPG)  and  receptor  activator  of 

 NF-κB  ligand  (RANKL)  after  the  application  of  a  hydroxyapatite  scaffold  combined  with  SHEDs  to 

 correct  alveolar  bone  defects  39  .  The  in  vivo  analysis  indicated  that  the  hydroxyapatite  scaffold 

 combined  with  SHEDs  promoted  an  increase  in  OPG  and  a  reduction  in  RANKL  expression, 

 demonstrating  the  great  potential  of  this  biomaterial  in  alveolar  bone  defect  regeneration  39  .  OPG 
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 plays  a  crucial  role  in  protecting  the  skeleton  against  excessive  bone  resorption  by  binding  to 

 RANKL and preventing its interaction with the RANK receptor  39  . 

 In  2020,  another  study  evaluated  the  bone  regenerative  effects  of  SHEDs  and  conditioned 

 medium  (CM)—paracrine  factors  secreted  by  MSCs  during  cell  culture  with  wound-healing 

 potential  45  .In  this  study,  bone  defects  were  created  in  the  calvaria  of  immunodeficient  mice,  and 

 stem  cells  or  SHED-CM  were  implanted  45  .  Bone  regeneration  was  more  pronounced  in  defects 

 treated  with  stem  cells  and  CM  compared  to  controls.  Therefore,  SHED-CM  proved  to  be  more 

 effective  for  alveolar  cleft  reconstruction  in  patients,  promoting  bone  regeneration  in  a  less 

 invasive manner  45  . 

 An  important  milestone  in  the  clinical  application  of  tissue  engineering  with  stem  cells  occurred 

 in  2020,  when  Tanikawa  et  al.  conducted  the  first  clinical  report  using  deciduous  dental  pulp  stem 

 cells  (DDPSC)  in  children  for  alveolar  bone  defect  regeneration  46  .  In  this  study,  DDPSCs  were 

 combined  with  a  hydroxyapatite-collagen  sponge  (Bio-Oss  Collagen®   250  mg,  Geistlich)  to  repair 

 defects  during  tooth  eruption  46  .  The  cells  were  individually  isolated  from  each  patient  and 

 combined  with  the  biomaterial,  then  used  to  fill  the  alveolar  defect  46  .  The  results  were  evaluated 

 by  cone-beam  computed  tomography  at  six  and  twelve  months  post-procedure  46  .  The  researchers 

 observed  progressive  alveolar  bone  union  in  all  patients,  highlighting  that  DDPSC  therapy 

 resulted  in  adequate  healing  of  alveolar  defects,  with  excellent  viability  and  safety  46  .  Additionally, 

 studies  indicate  that  using  DDPSCs  combined  with  biomaterials  can  effectively  close  alveolar 

 defects,  achieving  75.6%  bone  fill  six  months  postoperatively  46  .  The  application  of  DDPSCs 

 proved  advantageous  compared  to  traditional  iliac  crest  grafting,  presenting  fewer  complications 

 and no reports of significant donor site pain  46  . 

 Stem  cell  therapies  for  cleft  lip  and  palate  (CL/P)  have  shown  considerable  potential  to 

 improve  surgical  outcomes  and  open  new  treatment  possibilities.  However,  this  field  is  still 

 emerging,  and  more  research  is  needed  to  optimize  various  parameters,  such  as  identifying  the 

 most  effective  stem  cell  types  and  determining  ideal  dosages  for  CL/P  treatment  47  .  Additionally, 

 despite  advancements,  significant  challenges  remain,  including  the  risk  of  tumor  formation  and 

 immune rejection, which are important barriers to the clinical application of these therapies  48  . 
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 Although  the  potential  of  stem  cell  therapies  for  CL/P  is  promising,  the  complexities 

 involved—particularly  regarding  safety,  efficacy,  and  outcome  assessment—underline  the  need 

 for  ongoing  research  and  clinical  trials.  This  effort  is  essential  to  ensure  that  the  application  of 

 these  therapies  is  not  only  effective  but  also  safe  for  patients,  enabling  their  integration  into 

 clinical practice in a responsible and ethical manner. 

 Conclusion 
 Based  on  the  review  of  in  vivo  studies  on  the  use  of  stem  cells  derived  from  exfoliated 

 deciduous  teeth  (SHED)  in  bone  regeneration  for  the  treatment  of  cleft  lip  and  palate,  it  is 

 concluded  that  these  cells  represent  a  promising  alternative  to  traditional  bone  grafting  methods. 

 The  studies  analyzed  demonstrated  that  SHEDs  have  the  ability  to  effectively  promote  bone 

 formation with a lower risk of complications and less invasiveness compared to autogenous grafts. 

 However,  for  this  approach  to  be  safely  and  effectively  integrated  into  clinical  practice,  further 

 research  is  needed  to  address  critical  issues  such  as  long-term  safety,  tumor  formation  potential, 

 optimal  dosages,  and  the  patient’s  immune  response.  Additionally,  transitioning  to  clinical  practice 

 will  require  the  standardization  of  treatment  protocols  and  the  conduction  of  robust  clinical  trials  to 

 validate the efficacy and safety of these therapies on a larger scale. 

 Abstract 
 Objective:  This  study  aimed  to  review  in  vivo  studies  on  the  use  of  stem  cells  derived  from  exfoliated 

 deciduous  teeth  (SHED)  for  bone  regeneration,  particularly  in  the  treatment  of  cleft  lip  and/or  palate 
 (CL/P).  Methodology:  The  review  followed  PRISMA  guidelines  and  included  studies  from  PubMed,  Scopus,  and 
 Google  Scholar  databases,  published  in  the  last  10  years  in  English,  Spanish,  or  Portuguese.  Strict  inclusion  and 
 exclusion  criteria  were  applied,  focusing  on  in  vivo  studies  using  SHED  for  CL/P  treatment.  Keywords  such  as 
 “Bone  Regeneration,”  “Tissue  Engineering,”  and  “SHED”  were  used  for  the  search.  After  screening  1,045  records 
 and  excluding  duplicates,  7  studies  were  selected  for  full  review.  Results:  The  review  identified  7  relevant  studies, 
 6  of  which  were  in  vivo  animal  studies,  and  1  was  a  clinical  case  report.  These  studies  demonstrated  that  SHEDs 
 effectively  promoted  bone  regeneration,  presenting  a  less  invasive  and  promising  alternative  to  traditional  bone 
 grafting  techniques.  Conclusion:  SHEDs  show  significant  potential  in  bone  regeneration,  offering  a  less  invasive 
 treatment  option  with  fewer  complications  compared  to  autogenous  bone  grafts.  However,  more  research  is 
 needed  to  address  long-term  safety,  tumorigenesis,  and  optimal  clinical  applications  before  widespread  clinical 
 adoption. 
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