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oss  of  the  medial  rectus  muscle  is  extremely  rare.  It  is  asso-
iated  with  complex  pathology.  Retrieval  of  the  transected
uscle,  which  is  the  preferred  treatment,  is  quite  difficult

ince  the  proximal  muscle  fragment  is  retracted  posterior
o  the  Tenon  capsule.  Several  researchers  have  reported  the
esults  of  retrieval  and  alternative  procedures  such  as  trans-
lant,  resection  of  the  antagonist  muscle,  and  Botulinum
oxin  injection  for  decades.1---6 Plager  and  Parks  reported
hat  retrieval  through  the  conventional  sub-Tenon  approach
as  possible  in  only  one  of  ten  cases,  which  is  similar  to

he  rate  with  strabismus  surgery.1 Therefore,  modified  pro-
edures  such  as  the  endoscopic  transnasal  approach2,7 and
he  anterior  orbital  approach3---5 have  been  suggested,  with
etter  surgical  results.
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We  can  obtain  excellent  views  with  endoscopy  and  an
xtensive  surgical  field  via  the  nasal  sinuses.  However,  even
ith  the  endoscopic  approach,  there  are  cases  where  it  is

nevitably  a  blind  operation  with  a  0-degree  telescope.2

This  is  the  first  report  that  combined  three  techniques
endoscopic  transnasal  approach,  transcutaneous  medial
rbitotomy,  and  sub-Tenon  approach)  to  retrieve  the  lost
edial  rectus  muscle  of  the  orbit.  We  used  the  endoscopic

ransnasal  approach  supported  by  transcutaneous  medial
rbitotomy  through  a  modified  Lynch  incision  to  obtain
xcellent  visualization  and  improved  safety  during  surgery.

ase report

 50-year-old  woman  presented  emergently  to  the  ophthal-
ology  department  with  diplopia,  laceration  of  the  inner

anthus,  and  hemorrhage  in  her  right  orbit  due  to  a  dog
ite.  On  ophthalmological  examination,  she  had  exotropia,

 laceration  of  the  conjunctiva  over  the  caruncle,  no  volun-

ary  adduction  of  the  globe,  and  transection  of  the  superior
acrimal  canaliculus  in  her  right  orbit.  Due  to  the  emergent
resentation,  the  angle  of  ocular  alignment  was  measured
reoperatively  with  only  the  Hirschberg  test,  which  showed
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Figure  1  A,  Preoperative  axial  Computed  Tomography  (CT)  of  the  orbit  showing  transection  of  the  medial  rectus  muscle.  Arrow-
h l  CT  
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eads indicate  the  site  of  transection.  B,  Postoperative  axia
rrowheads indicate  the  reconstructed  medial  rectus  muscle.  A

pproximately  20  degrees  exotropia.  There  were  no  abnor-
alities  in  her  visual  acuity.  Computed  tomography  (CT)

evealed  transection  of  the  medial  rectus  muscle  (Fig.  1A).
uring  the  first  emergent  surgery,  the  medial  rectus  mus-
le  appeared  transected  at  approximately  1  cm  from  the
ttachment  to  the  globe,  so  that  the  proximal  fragment  was
hifted  posterior  to  the  Tenon  capsule.  Ophthalmologists
econstructed  the  superior  lacrimal  canaliculus  successfully,
ut  they  were  not  able  to  retrieve  the  medial  rectus  muscle
sing  the  conventional  sub-Tenon  approach.  The  main  rea-
on  for  unsuccessful  retrieval  was  a  narrow  surgical  field
nd  blind  manipulation  via  the  conventional  transorbital
pproach.

On  the  next  day,  she  was  referred  to  our  department
or  lost  medial  rectus  muscle  retrieval  via  the  transnasal
pproach.  We  decided  to  perform  reconstructive  surgery
rgently  due  to  concerns  about  the  formation  of  adhesions
round  the  distal  fragment  of  the  medial  rectus  muscle
aused  by  the  first  surgery.  Three  surgeons,  two  otorhi-
olaryngologists  and  an  ophthalmologist,  performed  the
econd  surgery,  which  was  a  combined  procedure  consist-

ng  of  the  endoscopic  transnasal  approach,  transcutaneous
edial  orbitotomy,  and  conventional  sub-Tenon  approach

Fig.  2 A  and  B).  Using  the  transnasal  approach,  an  otorhi-
olaryngologist  opened  the  frontal,  ethmoid,  and  maxillary
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of  the  orbit  showing  retrieval  of  the  medial  rectus  muscle.
s  indicate  the  reconstructed  medial  wall  of  the  orbit.

inuses  on  the  affected  side  to  expand  the  surgical  field  and
ocate  the  medial  wall  of  the  orbit  clearly.  The  first  surgeon
arefully  skeletonized  and  removed  the  lamina  papyracea
ithout  injuring  the  periorbita.  At  the  same  time,  the  sec-
nd  surgeon  performed  transcutaneous  medial  orbitotomy
hrough  a  modified  Lynch  incision  (Fig.  2C),  cauterized  and
ut  the  anterior  ethmoidal  artery  (AEA),  and  retracted  the
ontents  of  the  orbit  laterally  to  support  the  first  surgeon.
he  proximal  fragment  of  the  medial  rectus  muscle  was
ecognized  explicitly  through  the  periorbita  from  the  nasal
avity  (Fig.  2D).  Next,  the  first  surgeon  cut  the  periorbita
nd  discovered  the  proximal  fragment  of  the  medial  rectus
uscle  in  the  area  lateral  to  the  basal  lamella  (Fig.  2E  and

).  Of  note,  the  medial  rectus  muscle  was  recognized  clearly
ith  the  endoscope  during  surgery.  The  third  surgeon  used

he  conventional  sub-Tenon  approach  through  an  incision  in
he  ocular  conjunctiva  medial  to  the  pupil  and  located  the
istal  fragment  of  the  medial  rectus  muscle.  The  third  sur-
eon  inserted  forceps  through  the  orbit  into  the  nose  on  the
edial  layer  of  the  medial  rectus  muscle  with  reliance  on

he  light  from  the  telescope  inside  the  nose;  this  layer  was

ssumed  to  not  contain  the  oculomotor  nerve.  At  the  same
ime,  the  first  surgeon  hooked  the  medial  rectus  muscle  with

 suture  (Fig.  3A).  Next,  the  first  surgeon  transferred  the
uture  in  the  nose  to  the  third  surgeon  (Fig.  3B).  The  third

9
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Figure  2  Surgical  schema  and  images.  Arrowheads  show  the  proximal  fragment  of  the  transected  medial  rectus  muscle.  A,  A
combination of  three  different  approaches  is  shown  in  the  axial  view.  The  distal  fragment  of  the  medial  rectus  muscle  (dMRM)  was
recognized with  the  conventional  sub-Tenon  approach.  The  proximal  fragment  of  the  medial  rectus  muscle  was  recognized  through
the endoscopic  transnasal  approach  supported  by  medial  orbitotomy.  B,  The  incision  for  the  conventional  sub-Tenon  approach  and
the modified  Lynch  incision  are  shown  as  red  lines.  The  lacerations  in  the  conjunctiva  are  shown  as  blue  lines.  C,  A  modified  Lynch
incision was  performed.  The  medial  canthal  tendon  (MCT)  was  identified  at  the  caudal  end  of  the  incision.  D,  The  proximal  fragment
of the  transected  medial  rectus  muscle  was  identified  through  the  periosteum  of  the  medial  wall  of  the  orbit  (PMW).  View  from  a
0-degree telescope.  E,  The  proximal  fragment  of  the  transected  medial  rectus  muscle  was  surrounded  by  orbital  fat.  The  contents
of the  orbit  were  retracted  by  the  second  surgeon  with  an  elevator  via  the  medial  orbitotomy.  View  from  a  0-degree  telescope.
F cle  w
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, The  proximal  fragment  of  the  transected  medial  rectus  mus
ngled telescope.  G,  Globe;  LS,  lacrimal  Sac;  MC,  Medial  canth

urgeon  brought  the  proximal  fragment  of  the  medial  rectus
uscle  into  the  peribulbar  space  by  pulling  on  the  suture

Fig.  3C).  The  medial  rectus  muscle  was  then  retrieved  suc-
essfully  (Fig.  3D  and  E).  Finally,  the  medial  wall  of  the  orbit
as  patched  with  a  silastic  sheet  to  avoid  prolapse  of  the
rbital  contents  (Fig.  3F).

The  postoperative  CT  scan  showed  successful  reconstruc-
ion  of  the  medial  rectus  muscle  (Fig.  1B).  The  postoperative
ngle  of  ocular  alignment  at  3  months  after  surgery  was
pproximately  orthotropic  based  on  the  Hirschberg  test  and
4  Prism  Diopters  (PD)  based  on  the  Krimsky  test.  At  1  year
fter  surgery,  the  angle  of  ocular  alignment  was  38  PD  and
o  diplopia  was  seen  during  primary  gaze.  The  scar  from
he  modified  Lynch  incision  was  barely  noticeable  (Fig.  4).
herefore,  she  is  not  expected  to  require  any  additional

urgeries  or  botulinum  toxin  injections  for  residual  horizon-
al  strabismus.
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S20
as  easily  recognized  from  the  anterior  view  with  a  70-degree
 Pupil.

iscussion

n  this  case,  we  selected  a  combination  of  three  techniques:
he  endoscopic  transnasal  approach,  transcutaneous  medial
rbitotomy,  and  the  conventional  sub-Tenon  approach.  This
trategy  combines  the  benefits  of  each  technique.  First,  the
ndoscopic  transnasal  approach  provides  excellent  views
nd  an  expanded  surgical  field.2,7 In  addition,  a  70-degree
ngled  telescope  enabled  us  to  maintain  visualization  of
he  medial  rectus  muscle  during  the  operation  because
e  were  able  to  directly  visualize  the  medial  wall  of  the
rbit.  Second,  a  transcutaneous  medial  orbitotomy  through

 modified  Lynch  incision  provided  lateral  traction  of  orbital
ontents,  simplifying  reconstruction  of  the  orbital  wall.2
herefore,  this  combined  approach  was  quite  effective  for
afely  searching  for  the  lost  medial  rectus  muscle  and  accu-
ately  reconstructing  the  medial  wall  of  the  orbit.

0
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Figure  3  Surgical  images.  Arrowheads  show  the  proximal  fragment  of  the  transected  medial  rectus  muscle.  A,  A  suture  was
hooked to  the  proximal  fragment  of  the  transected  medial  rectus  muscle.  View  from  a  0-degree  telescope.  B,  The  suture  hooked  to
the proximal  fragment  of  the  transected  medial  rectus  muscle  was  transferred  to  the  ophthalmologist  using  a  sub-Tenon  approach.
View from  a  0-degree  telescope.  C,  The  proximal  fragment  of  the  transected  medial  rectus  muscle  was  brought  forward  to  the
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eribulbar space.  (D  and  E)  The  medial  rectus  muscle  was  retri
xed with  a  silastic  sheet.  View  from  a  0-degree  telescope.  d
edial wall  of  the  orbit.

However,  this  approach  has  some  drawbacks.  It  is
ecessary  to  assemble  an  interdisciplinary  team  of  otolaryn-
ologists  and  ophthalmologists,  open  a  normal  nasal  cavity,
nd  reconstruct  the  medial  wall  of  the  orbit.  It  also  leaves

 scar  on  the  face.  In  summary,  we  recognize  that  this
pproach  may  provide  great  advantages  despite  some  draw-
acks.

The  anterior  orbital  approach,  a  major  approach  for
etrieval  of  a  lost  medial  rectus  muscle,  has  several  advan-
ages  over  the  conventional  sub-Tenon  approach.  Surgeons
re  able  to  achieve  an  expanded  view  with  the  transconjunc-
ival  and  transcaruncular  approaches  and  search  for  the  lost
edial  rectus  muscle  under  the  periosteum  without  inter-

erence  from  orbital  fat.3---5 In  addition,  the  anterior  orbital
pproach  does  not  require  reconstruction  of  the  orbital  wall,
urgery  on  a  normal  nasal  cavity,  or  an  interdisciplinary
eam.2 However,  due  to  the  conical  shape  of  the  orbit,  ante-
ior  orbitotomy  alone  may  increase  the  risk  of  optic  nerve
njury  relative  to  the  orbital  approach  combined  with  the
ndoscopic  transnasal  approach.8 Therefore,  our  approach
s  safer  than  the  anterior  orbital  approach.  Additionally,  in
he  current  case,  we  were  concerned  about  surgical  manip-
lation  through  a  trascaruncular  approach  causing  damage

o  the  conjunctiva,  since  lacerations  of  the  conjunctiva  by
he  dog  bite  were  close  to  where  incision  would  be  needed
or  the  transcaruncular  approach.  Hence,  we  selected  the
ndoscopic  transnasal  approach  supported  by  transcuta-
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S20
 completely  using  a  suture.  F,  The  medial  wall  of  the  orbit  was
 Distal  fragment  of  the  medial  rectus  muscle;  G,  Globe;  MW,

eous  medial  orbitotomy  through  a  modified  Lynch  incision
Fig.  2B).

In  general,  retrieval  of  a  medial  rectus  muscle  is  more
hallenging  than  retrieval  of  the  other  extraocular  muscles
ecause  the  medial  rectus  muscle  is  the  only  free  muscle
hat  does  not  have  any  adjacent  oblique  muscles.  Therefore,
nce  the  medial  rectus  muscle  is  transected,  it  is  drawn  into
he  sub-Tenon  space.1,2,5,6 Even  in  this  situation,  we  were
ble  to  identify  the  lost  medial  rectus  muscle  without  any
ifficulty  with  an  endoscope  from  the  nasal  cavity.

The  frequency  of  extraocular  muscle  lacerations  associ-
ted  with  orbital  trauma,  eyelid  laceration,  or  strabismus
urgery  is  highest  for  the  medial  rectus  muscle.4,9 One  rea-
on  is  that  the  attachment  of  the  medial  rectus  muscle  to
he  globe  is  anterior  to  the  attachment  of  the  other  rec-
us  muscles.  Another  reason  is  Bell’s  phenomenon,  which  is

 defensive  mechanism  where  the  eyes  move  upward  and
utward  when  they  are  closed  with  fear.10 In  this  case,  the
ocation  of  the  dog  bite  might  have  been  the  main  cause;
ell’s  phenomenon  might  have  affected  the  transection  of
he  medial  rectus  muscle.

In  the  current  case,  we  recognized  the  advantages  of
ombining  these  three  types  of  approaches.  We  have  gained

enefits  with  a  combined  approach.  The  scar  from  the  mod-
fied  Lynch  incision  was  barely  noticeable.  We  hope  that  this
pproach  will  be  a  useful  option  for  surgeons  who  need  to
etrieve  a  transected  medial  rectus  muscle  of  the  orbit.

1
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R bismus after rupture of the inferior rectus muscle. J AAPOS.
igure  4  Image  of  the  face  and  eye  movements  at  1  year  afte
uring primary  gaze.  The  scar  from  the  modified  Lynch  incision

onclusion

e  successfully  retrieved  a  transected  medial  rectus  mus-
le,  which  is  an  extremely  rare  and  challenging  case  caused
y  a  dog  bite.  The  endoscopic  transnasal  approach  supported
y  transcutaneous  medial  orbitotomy  provided  an  excellent
iew  and  a  safer  operation.
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