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 Abstract: 

 Background: 

 Chondrocytes  are  essential  for  the 
 smooth  functioning  of  the  knee 
 joint.  However,  derangements  of 
 various  metabolic  processes  leads 
 to  a  high  prevalence  of  insidious 
 chondral  defects  which  may 
 predispose  patients  to 
 osteoarthritis.  This  may  lead  to 
 deterioration  of  the  quality  of  life  in 
 physical,  psychological  and  social 

 domains.  Though,  autologous 
 chondrocyte  implantation  (ACI) 
 yields  superior  results  in  chondral 
 defects  as  compared  to 
 microfractures,  there  has  been  no 
 meta-analysis  till  date  to  quantify 
 the  clinical  efficacy  of  various 
 chondrocyte  implantation 
 techniques  as  compared  to  each 
 other.  Our  review  will  synthesize 
 current  evidence  on 
 matrix-associated  chondrocyte 
 implantation  versus  autologous 
 chondrocyte  implantation  to 
 establish  the  superior  technique  for 
 chondral  knee  defects  in  terms  of 
 clinical  outcomes  and 
 post-operative quality of life. 

 Methods: 

 An  exhaustive  search  will  be 
 undertaken  on  PubMed,  Cochrane, 
 Embase,  International  Clinical  Trials 
 Registry  Platform  (ICTRP),  Trip 
 Medical  Database  and  Cumulative 
 Index  to  Nursing  and  Allied  Health 
 Literature  (CINAHL)  databases  to 
 identify  relevant  studies.  Primary 
 human  studies  comparing 
 matrix-associated  chondrocyte 
 implantation  and  autologous 
 chondrocyte  implantation  in  the 
 context  of  knee  chondral  defects 
 would  be  included.  The  primary 
 outcome  will  be  postoperative 
 improvement  in  knee  functions 
 assessed  clinically  or  via  activity 
 scores  like  International  Knee 
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 Documentation  Committee  (IKDC) 
 subjective  score,  Lysholm-Gillquist 
 score  and  Tegner  Activity  Score.  The 
 secondary  outcomes  will  be 
 radiological  scores  for  monitoring 
 structural  improvement  like 
 Magnetic  Resonance  Observation 
 of  Cartilage  Repair  Tissue  score  and 
 health-related quality of life scores. 

 Discussion: 

 This  will  be  the  first  systematic 
 review  and  meta-analysis  in 
 available  literature  comparing  the 
 clinical  outcomes  and 
 post-operative  quality  of  life  in 
 matrix-associated  chondrocyte 
 implantation  versus  autologous 
 chondrocyte  implantation  for 
 chondral  knee  defects.  This  review 
 can  be  expected  to  guide  clinical 
 practice  as  well  as  research  in  the 
 treatment  of  chondral  defects  of 
 the knee. 

 Keywords: 

 Autologous  chondrocyte 
 implantation;  Chondral  defects, 
 MACI,  clinical  efficacy,  postoperative 
 improvement, treatment outcome 
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 Introduction 

 The  knee  joint  has  a  very  important 
 role  in  the  maintenance  of  postural 
 stability  and  is  subjected  to  severe 
 stress  frequently.  [1]  The  range  of 
 movement  coupled  with  the 
 unique  screw-home  mechanism 
 makes  knee  anatomy  very  complex. 
 [2]  The  synovial  fluid,  the  joint 
 capsule,  ligaments,  tendons, 
 muscles  and  cartilage  play  key  roles 
 in  ensuring  the  maintenance  of  the 
 knee joint. 

 Chondrocytes  synthesize  several 
 cytokines  and  growth  factors  which 
 regulate  metabolic  processes.  [3] 
 Derangement  of  these  processes 
 can  lead  to  functional  loss  and 
 structural  damage,  manifesting  as 
 a  myriad  of  symptoms  in  patients. 
 Patients  may  present  with  pain, 
 joint  oedema,  impaired  range  of 
 motion  and  are  at  a  higher  risk  of 
 developing  osteoarthritis.  [4] 
 Self-repair  is  also  restricted  due  to 
 low  cellularity  and  lack  of  vascular 
 supply. [5] 

 Data  from  knee  arthroscopies 
 suggests  that  there  may  be  a 
 34-62%  prevalence  of  chondral 
 defects  with  full  thickness  lesions 
 being  seen  in  4.2-6.2%  cases  below 
 the  age  of  40.  [6,  7]  This  high 
 prevalence  is  concerning  since 
 untreated  chondral  defects  may 
 lead  to  the  development  of 

 osteoarthritis  which  adversely 
 affects  a  patient’s  quality  of  life, 
 economically  burdening  patients  to 
 the  tune  of  thousands  of  dollars.  [8] 
 Advanced  imaging  techniques 
 have  resulted  in  enhanced 
 detection  of  these  chondral  defects. 
 [7] 

 However,  this  increased  detection 
 has  not  necessarily  translated  to 
 rapidly  improved  patient  outcomes 
 as  joint  replacement  with  an 
 artificial  prosthesis  has  remained 
 the  go-to  option  to  restore  the 
 patient’s  quality  of  life  in 
 osteoarthritis.  Though  there  are 
 established  non-pharmacological, 
 clinical  and  surgical  guidelines, 
 there  is  no  conclusive  mention  yet 
 on  the  utility  of  advanced 
 bioengineering  procedures  like 
 autologous  chondrocyte 
 implantation  in  the  therapy.  [9] 
 These  modern  procedures  may 
 offer  patients  a  viable  long-term 
 treatment  option  but  more 
 research is needed in this field. 

 Therapy  by  microfracture  of  the 
 chondral  defect  was  very  common 
 initially  but  the  incidence  of 
 long-term  complications  leaves  a 
 lot  to  be  desired.  [10]  Microfracture 
 is  based  on  the  principle  of 
 migration  of  mesenchymal  stem 
 cells  to  stimulate  growth  of 
 hyaline-like  fibrocartilage.  [11]  It  has 
 been  argued  that  supplementing 
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 microfracture  with  intra-articular 
 injections  may  enhance  efficacy  of 
 the  procedure.  [12-14]  However, 
 randomized  clinical  trials  have 
 shown  that  autologous 
 chondrocyte  implantation  (ACI) 
 yields  superior  results  in  the 
 treatment  chondral  defects  as 
 compared to microfracture. [15-16] 

 Autologous  chondrocyte 
 implantation  was  a  novel  procedure 
 that  was  developed  in  1994  by 
 Brittberg  et  al.  [17]  A  periosteal  tibial 
 flap  was  used  to  cover  the  defect 
 using  a  fibrin  glue.  However,  this 
 commonly  caused  hypertrophy. 
 Subsequently,  porcine  collagen  was 
 used  which  eliminated  the  need  for 
 a  procedure  at  tibia  and  reduced 
 the  incidence  of  post-op 
 complications.  [17,  18]  With  the 
 advent  of  latest  bio-technological 
 advancements,  matrix-associated 
 chondrocyte  implantation  (mACI) 
 has  been  developed.  [19] 
 Autologous  osteochondral 
 transplantation,  autologous 
 matrix-induced  chondrogenesis 
 and  osteochondral  allograft 
 transplantation  are  some  other 
 procedures  which  have  been 
 implemented  in  the  treatment  of 
 chondral defects. [5] 

 Interestingly,  though  many  reviews 
 have  advocated  the  suitability  of 
 chondrocyte  implantation  over 
 microfracture,  there  has  been  no 

 meta-analysis  till  date  to 
 statistically  quantify  the  clinical 
 efficacy  of  these  various 
 chondrocyte  implantation 
 techniques  as  compared  to  each 
 other.  [20]  An  extensive  search  will 
 be  undertaken  in  PubMed, 
 Cochrane,  Embase,  International 
 Clinical  Trials  Registry  Platform 
 (ICTRP),  Trip  Medical  Database  and 
 Cumulative  Index  to  Nursing  and 
 Allied  Health  Literature  (CINAHL) 
 databases  to  identify  studies  on 
 mACI  and  ACI.  Our  review  will 
 overcome  this  lacuna  and  shall 
 provide  robust  evidence  on  the 
 relative  superiority  of  these  various 
 chondrocyte  implantation 
 techniques  and  will  guide  clinical 
 practice  as  well  as  research  in  the 
 treatment of chondral knee defects. 

 Methodology: 

 This  protocol  adheres  to  Preferred 
 Reporting  Items  for  Systematic 
 Review  and  Meta-analysis  Protocols 
 (PRISMA-P)  guidelines  for  new 
 systematic  reviews  which  included 
 searches  of  databases,  registries 
 and  other  sources.  [  1  ]  The  PRISMA 
 checklist  has  been  supplemented 
 in the appendix. 
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 The  studies  identified  in  this  review 
 will  be  subject  to  inclusion  based 
 on the following criterias: 

 Type of Study 

 Only  Randomized  controlled  trials 
 (RCTs)  or  controlled  clinical  trials 
 comparing  the  two  techniques  of 
 matrix-induced  autologous 
 chondrocyte  implantation  (MACI) 
 versus  the  original  periosteum 
 cover  technique  of  autologous 
 chondrocyte  implantation  (ACI)  for 
 treatment  of  symptomatic  chondral 
 or  osteochondral  defects  of  knee 
 shall  qualify  to  be  included  in  the 
 review.  These  eligible  studies  will 
 yield  us  clinical  (functional), 
 radiological  and  health-related 
 quality  of  life  scores  recorded  on 
 postoperative  follow  ups.  We  shall 
 be  excluding  any  trial  which  is 
 non-randomised  and  possesses  a 
 threat  to  the  quality  of  evidence. 
 Literature  from  conference 
 abstracts,  unpublished  RCTs  or 
 clinical  registries  shall  be  included  if 
 the  required  data  needed  for 
 analysis  is  either  available 
 open-access  or  can  be  obtained 
 from authors with due permission. 

 Type of Population 

 Eligible  participants  shall  be  broad 
 to  consider  the  relevancy  of  surgical 
 procedures  in  various  clinical 

 settings.  Patients  aged  equal  or 
 more  than  16  years,  without  gender 
 or  ethnic  distinction  with 
 symptomatic  isolated  full-thickness 
 chondral  or  osteochondral  defects 
 of  knee  irrespective  of  center  of 
 study  &  concomitant  etiology. 
 Exclusion  criteria  will  be  extended 
 cartilage  erosion,  restricted 
 mobility,  extended  meniscal  defect, 
 untreated  cruciate  or  collateral 
 ligament  laxity,  untreated  varus  or 
 valgus  alignment,  inflammation, 
 any  history  of  interventional 
 procedures  in  the  respective  knee 
 less  than  1  year  ago,  hyaluronan 
 injection  less  than  6  months  ago. 
 Incase  of  a  heterogenous  group,  we 
 will  try  to  obtain  separate  data  but 
 will  not  categorically  exclude  the 
 study  if  otherwise  eligible.  An 
 orthopedician  shall  approve  the 
 final  inclusion  decision  at  these 
 instances. 

 Type of Intervention 

 Patients  who  underwent  a 
 Matrix-associated  autologous 
 chondrocyte  implantation  (MACI) 
 where  a  bioscaffold  "matrix"  is 
 implanted  with  fibrin  glue  and 
 embedded  with  autologous 
 chondrocytes.  It  is  based  on  ACI's 
 good  long-term  track  record,  but  a 
 clear  cut  clinical  superiority  is  yet  to 
 be  demonstrated.  MACI  therefore  is 
 based  on  a  membrane  that  acts  as 
 a  cell  transporter  to  more  equally 
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 distribute  the  cells  with  a  density  of 
 500,000  to  1,000,000  cells  per  cm2. 
 Patients  on  concomitant 
 non-surgical  treatment  modalities 
 shall  only  be  included  if  provided  to 
 both  the  groups  or  the  contrast 
 between  the  arms  allow  to 
 delineate the net effect. 

 Type of Comparator 

 Patients  who  underwent  an 
 Autologous  Chondrocyte 
 Implantation  With  Periosteal  Flap 
 (ACI-P):  ACI  of  the  First  Generation. 
 Here  a  periosteal  flap  is  excised 
 from  the  tibia  covering  the 
 cartilage  defect  (ACI-P).  Fibrin  glue 
 is  used  to  seal  the  bioactive 
 chamber  after  it  has  been  filled. 
 Eligible  controls  in  multi-arm 
 studies will be included as well. 

 Type of Outcome 

 The  primary  outcome  will  be 
 postoperative  improvement  in 
 clinical  or  knee  function  or  activity 
 scores  like  subjective  International 
 Knee  Documentation  Committee 
 (IKDC)  score,  Lysholm  and  Gillquist 
 score  or  Tegner  Activity  Scores. 
 Secondary  outcomes  will  be 
 radiological  scores  for  monitoring 
 structural  improvement  like 
 Magnetic  Resonance  Observation 
 of  Cartilage  Repair  Tissue  score  or 
 health-related  quality  of  life  scores. 
 The  frequency  of  common 

 follow-ups  will  outlay  the  possibility 
 of  making  multiple  forest  plots  to 
 analyze  short  term  and  long  term 
 improvement  of  these  surgical 
 procedures  or  doing  a  multivariate 
 analysis if found feasible. 

 Search Strategy 

 Electronic  search  shall  be  run  on 
 PubMed,  Cochrane,  Embase,  ICTRP, 
 Trip  Medical  Database,  CINHAL, 
 Scopus  with  the  broad  spectrum 
 keywords  (to  increase  the  possibility 
 of  least  exclusion)  of 
 [(matrix-induced  autologous 
 chondrocyte  implantation)  OR 
 matrix-associated  autologous 
 chondrocyte  implantation)  OR 
 MACI  OR  mACI  OR  m-ACI  OR 
 (matrix  AND  chondrocyte 
 implantation)]  to  identify  studies 
 from  inception  till  31st  January, 
 2022  without  any  publication  or 
 language  restriction.  Manual 
 searches  on  references  of  included 
 articles  and  previous  reviews  as  well 
 as  clinical  trial  registries  shall  be 
 thoroughly  searched.  For  Grey 
 literature:  MedRxiv,  BioRxiv,  AiXiv 
 and  other  preprint  servers  will  be 
 searched. 

 Study Selection 

 Articles  identified  from  the  search 
 results  will  be  imported  to  Endnote 
 X9  and  duplicates  will  be  removed. 
 Eligibility  screening  will  be  done  by 
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 title  and  abstract  of  the  articles  by 
 two  independent  reviewers.  Any 
 disagreement  between  the  two 
 reviewers  shall  be  solved  either  by 
 consensus  or  involving  the  third 
 reviewer  (faculty  expert).  All 
 potential  articles  selected  by 
 screening  will  be  sent  for  full-text 
 review  by  both  the  independent 
 reviewers  and  the  same  strategy 
 will  be  followed  upon 
 disagreement.  Finally,  a  third 
 review  will  also  be  done  by  faculty 
 experts  of  all  included  studies  in 
 consensus  with  the  independent 
 reviewers. 

 Data Extraction 

 Data  shall  be  extracted  to  an  excel 
 sheet  by  a  reviewer  whereas  the 
 other  reviewer  will  cross-check  the 
 entry  from  the  original  manuscript. 
 Any  disagreement  between  the 
 two  reviewers  shall  be  solved  either 
 by  consensus  or  involving  the  third 
 reviewer  (faculty  expert). 
 Corresponding  authors  shall  be 
 contacted  upon  lack  of  adequate 
 data  or  in  need  of  additional 
 information. 

 We  shall  be  extracting  the  following 
 data: 

 1.  Study  Information:  first 
 author,  year  of  publication, 
 study  location  and 
 corresponding  author  with 
 details. 

 2.  Population:  Size  with  Mean 
 age  &  sex  distribution,  type  of 
 defect  and  any  concomitant 
 disease/treatment. 

 3.  Intervention  and  Comparator: 
 m-ACI  and  ACI  with  any 
 significant  surgical  notes  if 
 present 

 4.  Outcome:  Baseline  and 
 postoperative 
 clinical/functional, 
 radiological  and  quality  of  life 
 scores. 

 Data  will  be  obtained  as  Mean  and 
 standard  deviation  at  each  time 
 point.  If  not  available,  we  will  try  to 
 reliably  calculate  the  data  if 
 sufficient  information  is  available  or 
 otherwise  contact  the 
 corresponding  author.  The 
 following  data  will  be  extracted  via 
 an  objective  data  extraction  form 
 customized  from  Cochrane 
 Development,  Psychosocial  and 
 Learning  Problems  Review  Group 
 and  therefore  complies  with 
 Methodological  Expectations  of 
 Cochrane Intervention Reviews. [20] 

 Risk of Bias Assessment 

 The  revised  Cochrane  Risk  of  Bias 
 instrument  (RoB  2)  will  be  used  to 
 assess  the  risk  of  bias  in  individual 
 RCTs.  For  each  of  the  domains  of 
 RoB  2,  a  low,  high,  or  some 
 concerns  risk  of  bias  will  be 
 determined  by  two  independent 
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 reviewers  and  a  third  faculty  expert 
 will be involved in disagreement. 

 Data synthesis 

 RevMan  5.4  will  be  used  where  the 
 heterogeneity  assessed  by  I  2 

 statistics  will  lead  the  way  for  a 
 random  or  fixed  effect  analysis 
 model.  Inverse  variance  analysis  will 
 be  done  for  each  outcome  using 
 Mean  and  Standard  Deviation  with 
 95%  confidence  interval.  Based  on 
 the  possibility  of  sufficient  power  of 
 heterogeneity,  additional  meta 
 regression  models  might  be 
 implied. 

 Confidence in evidence 

 The  strength  of  the  evidence  is 
 assessed  and  qualitatively 
 summarized  based  on  the 
 individual risk of bias assessment. 

 Discussion 

 Due  to  the  immense 
 epidemiological  burden  of  the 
 condition,  it  is  important  for 
 orthopedics  to  be  fully  aware  of  the 
 utility  of  various  therapeutic 
 procedures.  The  gap  in  literature 
 necessitates  the  need  for  our 
 review  which  will  provide  an  insight 
 into  the  efficacy  of  various  ACI 
 procedures.  [21]  This  will  in  turn 

 serve  to  improve  patient  prognosis 
 as well. 

 We  expect  the  sensitivity  of  our 
 search  to  be  limited  by  the  lack  of 
 MeSH  terms.  To  overcome  this,  we 
 have  used  a  wide  range  of  word 
 combinations.  Also,  medical 
 databases  in  languages  other  than 
 English  would  not  be  covered,  so  a 
 language  bias  may  exist  in  our 
 findings.  Nevertheless,  to  our 
 knowledge,  this  systematic  review 
 and  meta-analysis  would  be  the 
 first  to  assess  the  efficacy  of  mACI 
 as  compared  to  ACI.  The  study 
 would  also  help  to  identify  areas  for 
 future  research,  thus  guiding 
 clinical researchers. 
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