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Abstract:   
The curren t  t rend in  or thodontics i s  incorporat ion of  methods to  expedite  the t reatment  

whi le  achieving a sa ti sfactory ou tcome by increasing the ra te o f  orthodontic  too th 

movement as wel l  as increasing treatment e f f ic iency .  Insp ired by the reg ional acce leratory  

phenomenon,  researchers have made numerous ef forts  to  u t i l i ze  th is phenomenon to  

delibera te ly  increase the rate of  orthodontic  tooth movement and shorten the treatment  

durat ion.  Stud ies have evaluated various surg ical  and non-surgical  in terven tions t o  induce  

inf lammation to  increase the ra te of  orthodontic  tooth movement.  Micro-osteoperfora tion  

(MOP) i s  a  newly in troduced technique that  can easi ly  be per formed in  an off ice se t t ing  

wi th  min imal pa tien t  d iscomfort  to  increase the rate o f  orthodontic  too th movement. [ 1 0 ]  The  

primary ob jec tive o f  th is  ar t icle  i s  to  eluc ida te the mechanism,  advantages of  MOP,  

applica tion techniques o f  MOP,  Areas of  MOP in  detai l  to  ach ieve desired outcome  
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I.  Introduction 
One of  the main chal lenges in  or thodontics today is  the des ire  to  decrease treatment  

t ime without compromising trea tment ou tcome.  To ach ieve this,  we  need to  understand the  

three var iables that  can  control  the durat ion of  trea tment.  Fir s t ,  there  are pract i t ioner -

dependent  factors,  such as proper  diagnosis and treatment  planning ,  mechanotherapy,  

se lec t ion  of  appl iances ,  and del ivery  of  treatment in  a  t imely  fashion .  Second,  we have 

patient-dependent fac tors,  such as maintain ing appointments,  good ora l  hygiene,  in tegri ty  

of  the appl iances ,  and fo llowing the pract i t ioner’s ins truc tions.  The third  factor  i s  regu la ted  

by the indiv idual ’s b iology and to  a  cer ta in  degree under  the contro l  of  the pract i t ioner . [ 1 ]  

Hence ,  the  current  t rend  in  or thodontics  is  incorporation  of  methods to  expedite  the 

trea tment whi le  achiev ing a sat i sfac tory outcome by increas ing the ra te  of  or thodont ic  too th 

movement as wel l  as increasing treatment e ff ic iency.  In  an at tempt to  accelera te  the rate  of  

or thodont ic  too th movement,  many s tudies have invest iga ted the biologica l  mechanism of  

or thodont ic  tooth movement and  how to manipu late  the physio logy.  

Micro  osteoperfora t ions  in  or thodont ics i s  a  p rocedure  in  which small  p inhole 

perforat ions are created in  the  bone  around  the tee th  to  accelera te  the  ra te  of  tooth  

movement dur ing or thodontic  trea tment.  Th is novel  method of  accelerate  tooth movement  

is  based on the natura l  inf lammatory response of  the body to  physical  t rauma. [ 1 3 ]  
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This technique was  f ir st  perfomed by  teixer ia  in  h is animal  model by creat ing  

sha llow perforat ions ,  the term Micro osteoperforat ions was  f ir st  p roposed by Mani 

Alikhani [ 9 , 1 0 ]  

That  con trol led micro - t rauma in  the form of  micro -osteoperforat ions (MOPs; which 

maintain  the integri ty  and architec ture of  hard and sof t  t i ssue)  wil l  amplify  the expression  

of  inf lammatory  markers  tha t  a re normal ly  expressed dur ing or thodont ic  trea tment a nd  that  

th is  amplif ied response wil l  acce lerate  both bone resorpt ion and tooth  movement. [ 1 3 ]  

 

 
 

Micro-osteoper forat ion  i s  an  up-to-date  procedure which is  promoted as an auxi l iary  

dentoa lveolar  procedure which  can  acce lera te  tooth  movement  via  minimum surgical  

in tervent ions .  

 

Mechanism Of  Mop 

MOP signi f icant ly  s t imulated the expression of  inf lammatory markers  [cytokines 

and chemokines]  and s ignif ican tly  increased the number of  os teoclas t  and cause bone 

resorp tion and with  the  increase in  bone remodell ing was no t  l imited to  that  area of  the  

moving too th,  bu t  ex tended to  the t i ssues surrounding the  adjacen t  tee th .  

 

 
 

Ria  Kinjo  et  al  in  2022  suggests tha t  MOPs increases or thodont ic  too th  movement  

dis tance and TNF –  a lpha express ion.  The  responsiveness  of  stromal  cel l s  to  TNF – alpha 

is  a  cruc ial  fac tor  fo r  osteoclas t  fo rmat ion,  and  MOPs ampl ify  this response,  leading  to  

increased movement d istance dur ing or thodontic  tooth movement. [ 5 3 ]  
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Advantages Of  Mop  

Advantages of  Micro -osteoperforat ions  

When compared  to  other  surg ical  approaches to  accelera te  tooth  movement,  i t  is  

obvious  tha t  MOPs offer  a  number of  advantages .  This procedure i s  min imally  invasive  and 

f lapless and can safe ly  be performed by the or thodontist .  

 

Cor t ico tomy or  p iezo incision  procedures,  on  the other  hand,  requi re  ei ther  the 

ref lect ion of  a  ful l th ickness f lap to  expose the  bucca l  and l ingual  alveolar  bone or  sof t  

t i ssue incis ions ,  fo l lowed by in terdenta l  cuts  through the cort ica l  bone.  Recent ly ,  a  

modif icat ion of  this  technique has been int roduced where,  af ter  se lec t ive decort ica t ion  in  

the form of  l ines and po ints,  a  resorbable bone graf t  i s  p laced over  the surgical  s i te .  The  

effec t  of  th is  technique  has  been  incorrect ly  a t t r ibuted  to  the shape of  t he cu ts  made into  

the bone (b lock concept )  and to  the bone graf ts .  The ra te  of  tooth movement is  contro lled 

by osteoc last  recru itment and act iva tion.  Therefore,  regardless of  the shape or  the ex ten t  

of  the cut ,  bone resorp tion wil l  not  occur  un less osteocl as ts  are act ivated .  This means tha t ,  

s imilar  to  micro -osteoperforat ions,  the  effect iveness  of  cor t ico tomy or  piezoincision  can  

be rela ted to  the act iva tion of  cytokines tha t  are released in  response to  the trauma induced  

during the cu ts.  The release of  cyt okines i s  expected to  be s igni f ican tly  higher  in  

cor t icotomy and p iezo incision in  compar ison  with  micro -osteoper forat ions due  to  the  more  

invasive nature of  these  procedures and the extensive trauma to  the bone.  Unfortunately ,  

similar  to  micro -osteoperfora t ions,  the increased level  of  cy tokines wil l  not  be sustained  

for  a  long per iod of  t ime wi th  these procedures  and wi l l  even tua lly  return to  normal levels.  

Therefore ,  repea ting  these  procedures to  main tain  the  desired leve l  of  cytok ine  ac t iv i ty  

requires sign if icant  cos t  and t ime commitment  for  the pat ien t  due to  the need for  the  

serv ices of  another  spec ial i st ,  per iodontis t ,  or  o ral  surgeon. [ 1 0 ]  

 

Mop Appl icat ion Techniques  

Mop Armamentarium And Setup  

All  too ls should be ava ilab le and accessib le  before the procedure i s  in i t ia ted.  To  

perform MOPs,  the  fol lowing ins truments and mater ia ls  are recommended:  

 MOPs too l ,  

 Chlorhexid ine oral  r inse  solu tion ,  

 Gauze/co tton rol ls ,  

 Cheek re trac tor ,  

 Topica l  and  local  anesthes ia ,  

 Carpule syr inge and needle gauge ,  

 Col lege pl ier  and mouth  mirror ,  

 Per iodonta l  probe ,  

 Suction and  water  syr inge. [ 1 3 ]  
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Mop Procedure  

The fol lowing pro tocol  i s  used to  perform the MOPs procedure :  

Ask the pat ien t  to  r inse his /her  mouth wi th  15 ml of  ch lorhex idine  ora l  solution  for  30 s.  

 
 

Selec t  the area of  MOPs applica t ion.  Use a  l ip /cheek re trac tor  for  clear  access.  

 
 

To el iminate excess sal iva and dry the loca tion ,  wipe the area with  a  wet gauze or  

cotton rol l .  

Apply topical  anes thesia  on the area p lanned  for  anesthe tic  in ject ion and  leave  for  1 –2  min .  
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Star t  loca l  inf i l t ra t ion  with  f ine need le t ip .  The amount  of  anes thesia  for  one  

loca tion i s  about one  fourth  carpule  or  less .  Wait  a  few minutes  af ter  the in jec t ion  and use  

a  probe or  explorer  to  check if  the  area i s  suff ic ient ly  anesthe tized.  

 

 
 

Set  up  s ter i le  MOPs tool  wi th  a  disposab le  t ip  set  to  the  appropria te  length,  and  

gently  per forate  the cort ical  plate  in  the area  of  interes t  wi th  a  l ight  stable rota t ion  

movement .  Remove the  tool  gent ly  by  ro tat ing  in  the  opposi te  direct ion  af ter  perfora t ion  

reaches the se t  dep th.  

 

 

 
 

Sl ight  bleeding  is  normal and  can be s topped  us ing wet  gauze/co tton  pressed  on the 

MOPs s i te .  

Evalua te the area . [ 1 3 ]  

 

 
 

Mops POST OPERATIVE CARE  

In  case of  discomfort  patien t  i s  advised to  take pain medicat ion ,  such as  

acetaminophen.  Ant i - in f lammatory medicat ion  (such as non -stero id  anti - inf lammatory  

drugs)  should not  be  prescr ibed  as such  drugs inhibi t  the  inf lammatory effect  of  MOPs,  
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thereby render ing the procedure ineffect ive.  In  case  of  poor  ora l  hygiene or  in  pa tien ts with  

compromised hea lth ,  ch lorhexid ine r inses are recommended.  Advise the pat ien t  not  to  

change thei r  brushing and f loss ing hab its  in  the area where  MOPs have been app lied . [ 1 3 ]  

 

Mop Appl icat ion Tools  

Various  too ls have  been used  for  employing minimal ly  invasive micro -

osteoperforat ion ,  based on different  types obtained from the l i tera ture they are grouped as  

•  Burs  

•  Commercial ly  avai lable devices  

•  Mini- implants or  Mini - screws  

 

Burs  

In  animal  stud ies burs  are  commonly used to  create  sha llow perforat ions,  the 

commonly used  burs  are  

•  Round bur  wi th  slow speed handpiece –  diameter  0 .25mm and depth 0 .25mm  

•  Straigh t  f i ssure bur  with  slow speed handpiece –  diameter  1 .0mm  

Init ial ly  Teixer ia  uses  burs to  create shal low perforat ions  on exper imental  animal  

models,  fur ther  animal  stud ies  also  used  the  burs  to  create sha llow perforat ions on  the  

animal models that  mimics the MOPs on the human model  [ 1 2 , 4 2 ]  

Teixer ia  used round bur  and handpiece with  d iameter  o f  0 .25mm and  depth of  

0 .25mm, the o ther  an imal s tudy uses ¼ round bur  with  low speed handpiece wi th  diameter  

of  0 .25mm and dep th of  0 .25mm and  s tra ight  f issure  bur  wi th  the d iameter  of  1 .0mm at  

600rpm to crea te mult ip le  horizonta l  micro -osteoperforat ions and uses s traigh t  f i ssure bur  

with  the diameter  of  1 .4mm at  600 rpm to create s ingle  ver t ical  micro -osteoperforat ions  

using ¼ round  bur  with  a  low -speed handpiece for  crea ting sha llow osteoperforat ions. [ 1 2 , 4 2 ]  
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Commercially  Available Devices  

Propel Device  

Propel  was in troduced by Propel  Orthodontics,  Ossining,  New York.  This dev ice is  

a  sing le  use,  s ter i le ,  d isposab le manual  perfora tor  s imilar  in  size  to  a  small  handheld  screw 

driver .  The dev ice  has a  pointed surgical  s ta in less s tee l  t ip  of  1 .6  mm in diamet er  a t  i t s  

widest  aspec t  and wi th  a  usab le length up to 7 .0  mm. The dev ice has pro tec tive s leeve tha t  

al lows pre-se t t ing depths a t  1 .0 ,  3 .0 ,  5 .0  and 7 .0mm respec tively,  the  single use perfora t ion  

screws are ind ividual ly  packed and  s ter i l ized  wi th  gamma rad ia t ion.  I t  has a  l ight  s ignal ,  

that  turns on when the des ired perfora t ion depth  is  reached. [ 1 0 ]  

 

 
 

Mani Al ikhani  was  the  f irs t  to  use the propel  device  for  micro -osteoper forat ion ,  fol lowed  

by him other  authors used propel  device for  Micro -osteoperforat ion and  proves MOP as an  

effec tive  procedure in  accelera t ing tooth  movement.  [ 1 6 - 1 8 , 2 6 , 2 8 , 3 3 , 3 7 , 3 8 , 4 4 ]  

Alikhani and a group of  researchers had pa tented the propel  dev ice for  MOP 

procedure and l icenced the same for  commercial  production  

 

Mini- Implants Or Mini -Screws 

Thus Mini- implants a re a  convenien t  tool  that  i s  a lready commonly used by 

or thodont is t ,  

The mini - implant  was marked to  ensure a  consis tent  MOP depth of  1mm after  

reach ing the depth,  the mini - implant  was  removed using  reverse function of  the s low speed  

dr iver  eng ine,  thus successful ly  creat ing a shal low, consistent  perforat ion in  the alveolar  

bone 

This min i- implan ts can be automated machine dr iven or  hand dr iven  MOPs us ing  

handpiece and commercial ly  ava ilab le device specif ica l ly  designed for  MOP creat ion have 

been developed for  minimal ly  invasive acce lerated tooth movement t reatment op tions,  

e l iminating the need for  concomitan t  per iodonta l  surgery.  By th is min i - implant  the a lveo lar  

perforat ions are  created by inser t ing  and  removing.  This  ut l i l izat ion of  conventional  

or thodont ic  mini - implan ts  for  MOP crea tion  offers great  potent ial  because they  are readi ly  

avai lable in  or thot ic  off ices and most  or thodont is t  are  alre ady tra ined in  the use of  mini -

implan ts.  The universal  acceptance and wide usage  of  or thodont ic  min i - implan ts  should  

also he lp pat ien t  accep tance because many or thodontic  pa tien ts are already fami liar  and  

comfortab le  with  mini - implan ts.  Fur thermore,  th is  m ethod  potent ia l ly  al lows for  more  

consis ten t  and uniform defec ts to  be created compared with  prev iously used MOP methods  

such as  round burs.  

Tracy Cheung  was the f ir st  to  use of  mini - implan t  as a  tool  for  micro -

osteoperforat ion  in  h is animal study wi th  1 .2  mm in d iameter ,  1 .0  mm depth us ing an  

automated pre -programmed s low -speed implant  dr iver  at  a  constant  torque of  30 rpm.  
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Commonly used commercia l ly  avai lab le min i - implants or  min i  screws for  crea ting  

micro-osteoperforat ions  are  

•  Pio let  dr i l l  [Bio Mater ia ls  Korea]  with  the  diameter  of  1 .2mm,  

•  Aarhus min i - implan t  system [American Or thodontics]  of  1 .5mm diameter  and 6mm 

length,  Dual  top mini - implant  [ Jei l  Medica l  Corp,  Seoul,  Korea]   with  1 .2mm diameter  

and 6mm length ,  

•  Screw dr iver  device with  1 .6mm diameter  and 3 .0mm length ,  

•  A mini-screw [MTN-2,  Design Med,  I stanbul,  Turkey]  wi th  a  diameter  of  1 .6mm and a  

length of  8mm,  

•  Orlus ext ra  thread min i - implan t  [Or tholu tion .com] with  the width of  1 .6mm and length  

of  6mm,  

•  Dentarum mini - implant  1 .6mm width and 8mm length,  

•  TAD [Unitek]  1 .8mm in diameter  and 8 mm in length ,  

•  Favanchor  mini - implant  with  diameter  of  1 .6mm and leng th of  8mm to perform MOP .  

 

Based  on the resul ts  of  the studies,  which  demonstrate  that  min i - implan t–  fac i l i ta ted  

MOPs successfu lly  acce lera te  too th movement,  mini - implants are an a t t ract ive method for  
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MOP placement with  p romising c l in ica l  accep tance f rom both or thodontic  pat ients and  

or thodont is t s . [ 1 4 , 1 5 , 2 0 , 2 1 , 2 2 , 2 3 , 2 5 , 2 9 , 3 6 , 4 5 ]  

 

Areas Of  Mop Applicat ion  

Area of  appl icat ion  

The maximum effec t  can be obtained when MOPs are app lied close to  the targe t  

tee th  and  far  f rom the anchor  teeth .  MOPs are  done usual ly  in  the bucca l  surface be tween 

the roots,  on the alveolar  r idge ( in  case of  ex traction)  or ,  i f  needed,  in  the l ingual  sur face 

between  the  roots.  I f  the  mechanical  design  prov ides precise  force appl icat ion  in  a  cer ta in  

direc t ion,  MOPs should be appl ied around the target  too th to  encourage more bone 

remodel l ing .  I t  i s  possib le  to  encourage  movement in  the  desi red d irec t ion by focusing  the  

MOPs applicat ion in  one direct ion,  compensa ting for  mechanica l  shor tcomings in  gu iding  

precise movement.  

 

Height  

The superio r  and infer ior  l imits o f  MOPs can  be de termined in  re la t ion to  the  

mucogingival  junc tion  (MGJ).  MOPs should  be placed  with in the at tached ging iva to  1  mm 

apica l  to  the MGJ.  When a resis tance toward root  movement i s  observed,  MOPs are placed  

more ap ica lly . [ 1 3 ]  

 

Mesiodistal  posit ion  

Root  locat ion and angulat ion should be considered while  performing MOPs.  MOPs 

should be app lied mesia l  and d is ta l  to  the  root  o f  the tooth to  be  moved. [ 1 3 ]  

 

Buccal/ l ingual placement  

Micro-osteoper forat ions  can be appl ied in  bo th buccal  and  l ingual  cor t ical  pla tes.  

The buccal  cor t ical  plate  i s  the  most  favourab le place  for  p lacement o f  MOPs.  However ,  

when the l ingual  cor t ica l  pla te  affects the movement of  the tooth,  MOPs can be appl ied in  

the l ingual  plate .  In  th is regard,  contra -angle  appliances are used to  faci l i ta te  MOPs 

applicat ion in  the l ingual  pla te .  In  cases where bone resorpt ion s ignif icantly  decreased the  

wid th and heigh t  of  alveolar  bone,  thereby decreasing buccal  and l ingual  cor t ical  bone,  

MOPs can be app lied on  top of  the r idge. [ 1 3 ]  

 

 
 

Mani  Alikhani  was  the  f irs t  to  performed MOP d is ta l  to  the  can ines  in  the ex trac ted  

1 s t  premolar  reg ion and i t  should be a t  an equ idis tance f rom the canine and  second premolar ,  

o ther  au thors a lso suggested the same area of  applicat ion.  [ 1 8 , 2 5 , 2 6 , 2 9 , 3 3 , 3 4 ]  

In  another  study  they performed MOP on both mesia l  and d is ta l  aspects of  the  

se lec ted f irs t  premolar  in  the buccal  alveo lar  region before extract ion,  these perforat ions 

are p lace in  the mid -roo t  region  approximately  a t  5  to  8mm below the  gingival  cres t . [ 1 7 ] and 

other  s tudy Performed MOP wi th the d istance  of  3  mm dis tal  to  the canine and 6mm from 

the free ging iva l  margin [ 1 4 , 3 2 ]  

MOP placement d is ta l ly  to  can ines as c lose to  the apical  as possib le and equidis tant  

between the an ter ior  tee th  reg ion i s  to  ach ieve more bodi ly  movement .  [ 2 4 , 2 1 , 3 7 , 3 5 ]  

In  another  s tudy they  performed MOP direct ly  through the alveolar  mucosa  in  the 

middle of  the distance between the dis ta l  surface of  canine and the mesial  surface of  2 n d  

premolar  a t  the extrac tion s i te  in  the bucca l  a rea  for  group 1  and in  bo th buccal  and  pa latal  

area for  group 2 .  [ 3 6 ]  
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The other  author  p laced MOP buccally  and pala tal ly  in  be tween the  canine and  

latera l  incisor  roo t  and in  between the canine and the socket  of  extrac ted  1 s t  premolar .  [ 3 9 ]  

Based on the overal l  rev iew of  l i tera ture the maximum effect  can be obtained when 

MOPs are placed at  an equidis tance in  the extract ion space or  in  between the targe t  area  

ei ther  on buccal  o r  pa latal / l ingual  cor tex  approximate ly 5  to  8  mm below the ging iva l  cres t  

by plac ing the MOP in the extract ion space at  an equidis tance the acc identa l  in jury to  the 

root  can  be avo ided and  can be easi ly  per formed in  the wide extract ion  space wi thout any 

interferences and  The maximum effect  can  be  ob tained when  MOPs are  ap plied  c lose to  the  

targe t  tee th  and  far  f rom the  anchor  teeth .  MOPs should  be  appl ied  around the  targe t  tooth  

to  encourage more bone remodel l ing .  

 

II.  Conclusion 
Various  surgical  techniques  have  shown promising resul ts  with  regards to  the  

acce lerat ion of  tooth movement.  MOPs,  however ,  are proving to  be a  minimal ly  invasive,  

repea table,  re la t ively easi ly  adminis tered  minor  surgical  procedure which can be  done using  

normal ly  ava ilable  or thodontic  appl iances.  

Pat ien ts have repor ted  very mild and insign if icant  discomfort  and  pain af ter  

rece iving MOPs as  compared wi th  those  who undergo conventional  or thodontic  treatment  

procedures indicat ing that  pa tient  compl iance i s  high with  this procedure .  

A way forward  to  fur ther  assess  the  effect iveness of  MOPs and whether  they ac tua lly  

acce lerate  the overa l l  t reatment t ime of  or thodontic  therapy includes conducting c l in ica l  

t r ia l s  for  longer  dura t ions  of  t ime,  preferab ly t i l l  the end  of  the  treatment  per i od 

comple te ly .  Also,  the  recru itment and fo llow -up of  larger  sample sizes is  high ly  

recommended .  


