
CHAPTER II
REVIEW OF RELATED LITERATURES

A p p ro ach es to  the  o rb it hav e  trad itio n ally  b een  s tand ard ized  b ased  on the 

bon y  lan d m ark s loca ted  a round  the  orb ita l rim . T he p rec ise  kno w ledg e  o f  
ana tom y  is the  k ey  to  avo id  in ju ry  to  the  in trao rb ita l con ten ts  especially  

n eu ro v ascu la r b u n d les  p assin g  th rou gh  the  o rb ita l apertu res. T here  are som e 

re la ted  stud ies ab o u t the  su rg ica l ana tom y  o f  apertu res in  the  orbit.

In  1961, K irch n er and  cow orkers [11] d escrib ed  the  ana tom y  o f  the 

e th m o ida l fo ram in a  and  the  struc tu res tha t p assed  th ro u g h  each  in  hum an  dried  

sku lls ( the  o rig in  w as n o t g iven  ). T hey  m easu red  the  d is tan ces  from  the  m axillo - 

n asa l-lacrim al ju n c tio n  as a constan t lan d m ark  to  an te rio r e th m o ida l foram en, 

p o sta rio r e th m o id a l fo ram en  and  optic  canal. T hey  rep o rted  th a t app rox im ate ly  

33%  o f  the  an te rio r e thm oidal fo ram ina  lie  above the  fron to e th m o id  su ture line 

and  the  averag e  d istan ce  w as 1 - 4  m m . T he d istance  b e tw een  an te rio r ethm oidal 

fo ram en  to  p o s te rio r e thm oidal fo ram en  w as 11 ( 3  - 1 7 )  m m  and  b etw een  

p oste rio r e th m o ida l fo ram en  to  optic  canal w as 5 .75 ( 2  - 1 6 )  m m . T here  w as 

o ften  m o re  than  one p o ste rio r e thm oidal foram ina. T he d ata  d id  n o t g ive standard  

deviation .

In  1979, R on ta l and  cow orkers [12] w ere  the  early  g roup  w h ich  stud ied  

the  su rg ica l an a to m y  o f  the  orbit. T hey  u sed  24  h u m an  d ried  sku lls from  India, 

d e te rm in ed  b y  d en titio n  to  be adu lt and g en d er w ere  sep ara ted  by  the  p rom inence  

o f  the  o cc ip ita l p ro tu beran ce  ( bu t no  d ata  o f  n u m b er o f  each  g en d er ). Sam ple 

m eans and  ran g es w ere  reported . T he con stan t lan d m ark s o n  the  o rb ita l rim  w ere 

easily  iden tified  and  read ily  accessib le . T he d is tan ces  from  these  p o in ts to
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d ifferen t ap ertu res o f  w alls  o f  the  o rb it w ere  m easu red . A fte r that, the  safe 

d istance  fo r each  w all w as proposed.
T he co n stan t lan d m ark  o f  the  m ed ia l w all w as the  an te rio r lacrim al crest. 

25%  o f  the  sp ecim en s h ad  m ore than  one p o ste rio r e th m o id a l foram en. The 

d istance  b e tw een  the  farth est p o ste rio r e thm oidal fo ram en  to  op tic  canal w as 7 ( 3  

- 12 ) m m . T h is d is tan ce  is v ariab le  b u t no t less than  3 m m . T h erefo re , d issec tion  

b ey o nd  th is p o in t m u st b e  done w ith  g reat caution . T h ey  su gg ested  th a t 30 m m  

w as the  safe  d is tan ce  fo r th is  w all.

F o r su p erio r w all, the  d istan ces from  the  supraorb ita l n o tch  or fo ram en  to 

the su p erio r o rb ita l fissu re , lacrim al fo ram en  and  su perio r a sp ec t o f  optic  canal 

w ere  m easu red . T he d istance  b e tw een  the supraorb ita l fo ram en  to  the  superio r 

o rb ita l fissu re  w as 4 0  ( 35 - 45 ) m m . T he d issec tio n  a llo w ed  a 5 m m  to lerance  to 

the  m o st an te rio r aspect o f  the  c lo sest su perio r o rb ita l fissu re . T h ey  suggested  

tha t 30 m m  w as the  safe  d istance  fo r th is w all.

F o r in fe rio r w all, the  d istan ces from  the in frao rb ita l fo ram en  to  the  in ferio r 

o rb ita l fissu re , la tera l m arg in  o f  lacrim al fossa, cov ered  p o rtio n  o f  infraorbital 

nerve, p o s te rio r w all o f  m ax illa  and in ferio r aspect o f  op tic  canal w ere  m easured. 

T he p o ste rio r p o rtio n  o f  m ax illa  w as 26 - 44  m m  from  the  in frao rb ita l foram en, 

and  th ey  su g g ested  25 m m , w h ich  w as 1 m m  sh orte r th an  the  low est valu e , as the 

safe d istance.

F o r la te ra l w all, the  d istan ces from  the  fron to zy g o m atic  su tu re  to  the 

superio r and  in ferio r o rb ita l fissures, lacrim al fo ram en  and  latera l a sp ec t o f  optic 

canal w ere  m easu red . T he d istance  b etw een  the  su perio r o rb ita l fissu re  and  the 
fro n tozy go m atic  su tu re  w as 28 - 38 m m . T hey  su gg ested  25 m m , w h ich  w as 3 

m m  shorter th an  the  low est value, as the safe d istance.

ห อ ?(บ ุต ก ล 'น  ส ํ')น ัก ง า ห ว ิพ ท ร ัแ ฒ า ก ร  
จ ุพ าล !ก ร ณ ์น ห าว ิห ย าล ัร
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R o n ta l’s s tud y  also  rep o rted  tha t there  w as no d iffe rence  b e tw een  rig h t and 

left o r m ale  and  fem ale  o rb its  w ith  g reater th an  95 %  confidence. B u t the 

standard  d ev ia tio n s w ere  n o t availab le, so o th er stud ies co u ld  n o t s ta tistica lly  

com pare  the  rac ia l d ifferences.
L a te r in  1995, M cQ u een  and co lleagues [13] rep o rted  the  surg ical 

ana tom y  o f  the  o rb it like  R on ta l, et al., b u t th is รณdy u sed  54 cadaveric  orb its in 

the  U n ited  S tates. T he o n ly  one o rb it from  each  cadav er w as ana lyzed  because  

ano ther side  w as also  b e in g  stud ied  by  m ed ical and  den tal s tuden ts. T hese  orb its 

w ere  com p o sed  o f  27  fem ales and  27 m ales, 6 b lack  and  48 w h ite  race, and  34 

left-side  and  20  rig h t-sid e  orbits. S am ple m eans, stand ard  d ev ia tio n s and  ranges 

w ere  reported .

C om parin g  the  d a ta  w ith  tha t o f  K irchner, et a l ,  M cQ u een , et al. show ed 

tha t o n ly  4  %  o f  the  an te rio r e thm oidal fo ram en  abo v e  the  fro n toe thm oid  รนณre 

line ( average  d istan ce  =  2 .4  m m  ) and o ther m easu rem en ts  w ere  lo n g er than  

those  o f  K irch n er, et al.
M cQ u een , et al. found  th a t 72 %  o f  the  in frao rb ita l g rooves w ere  covered  

b ack  to  the  in fe rio r o rb ita l fissure. T he n um ber o f  lac rim al fo ram in a  w h ich  w as 

n o t m en tio n  in  R on ta l, et al. w as found  44 %. M u ltip le  fo ram in a  p o ste rio r to the 

an te rio r e th m o ida l fo ram en  w ere  also found  in th is  s tud y  w h ich  w as sim ilar to 

p rev ious stud ies.

F o r com p arin g  the  d ata  in M cQ ueen , et al. w ith  th a t o f  R on ta l, et a l ,  m ost 

o f  these  m easu rem en ts  w ere  o f  g reater d istances. T h ey  su gg ested  tha t the  bony  

o rb it o f  In d ian  sku lls w as sligh tly  sm aller than  th a t o f  tho se  in  U n ited  S tates. B ut 

R on ta l, et al. d id  n o t rep o rt the  standard  d ev ia tion s, th e re fo re  no sta tistica l 

co m pariso n  co u ld  be m ade b e tw een  the studies.
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F o r gender, rac ia l and  side d ifferences, there  w ere  no sta tistically  

sign ifican t ex cep t the  p o ste rio r e thm oidal fo ram en  in  fem ales w as c lo ser to the 

optic  canal th an  th a t in  m ales.
M cQ u een , et al. a lso  su ggested  tha t the safe d is tan ces  shou ld  be  5 m m  

sub trac ted  from  the  sh o rtest d istances from  the  o rb ita l rim  to  the  op tic  canal. 

T hese d is tan ces  w ere  29, 39, 38, 36 m m  for m ed ia l, in ferio r, su perio r and  lateral 

w alls, resp ective ly .

In  1998, D anko  and  cow orkers [14] rep orted  the  inv estig a tio n  o f  the  safe 

d istance  fo r in ternal o rb ita l d issec tion  b y  u sin g  the  m eth o d  w h ich  d iffered  from  

p rev ious stud ies. T he e igh t m ale  hum an  cadavers w ere  d issec ted  to the  orbital 

rim  and  in te rn al o rbit. A n  im ag inary  h orizon ta l line  w as th en  estab lished  through  

the a ttachm en ts o f  the  m ed ia l and  lateral can thal lig am en ts, and  then  ano ther line 

w as m ade p erp en d icu la r to  the  first line th rou gh  the in frao rb ita l foram en. Tw o 

add itional lines w ere  crea ted  at 45 degree to the firs t line. A  stra igh t p robe  w as 

then  u sed  to  m easu re  the  d istance  from  the re trac ted  o rb ita l apex  so ft tissue  to  the 

p o in t w h ere  each  end  o f  the  fou r reference  lines crossed  the  o rb ita l rim , creating  

eigh t re fe ren ce  poin ts . T h ey  rep orted  th a t these  d istan ces w ere  a ran ge  from  31.0 

-5 1 .1  m m . T h ey  su gg ested  tha t these  m easu rem en ts w ere  v a lu ab le  in  the  surgical 

setting.

In  1999, H w an g  and  co lleagues [15] s tud ied  sim ila r to  R on ta l, et al. T hey  

exam in ed  82 o rb its  from  41 adu lt K orean  sku lls ( the  n um bers o f  each  g ender 

w as not show n). T he m eans and  standard  d ev ia tion s o f  the  d istan ces from  the 

p erio rb ita l b o n y  lan d m ark s to  v ita l o rb ita l s truc tu res w ere  m easu red . T hey  could  

not s ta tis tica lly  com pare  the  rac ia l d ifferences w ith  R on ta l's  d a ta  b ecau se  the 

standard  d ev ia tio n s w ere  n o t availab le  in  R on ta l's  study . T h ey  p ro po sed  the  safe
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d istan ces fo r d issec tion . F o r g ender and  side, they  fo u nd  sta tis tica lly  d ifferen t in 

som e d istances.
K arakas and  cow orkers [16] rep orted  m orp ho m etric  m easu rem en ts from  

various re fe ren ce  p o in ts  in  2002. T h is study  w as sim ila r to  R on ta l's  and  H w ang 's 

รณdies. T h ey  u sed  62 o rb its  from  31 m ale  adu lt C aucasian  sku lls ( aged  30 - 50 

years ). T h e  resu lts  o f  th is  study  w ere com pared  w ith  p rev io us reports. O n 

average th e re  w as a s im ilarity  o f  the  m ed ia l and  lateral w all m easurem ents. 

H ow ever, there  w ere  som e d ifferences in the  resu lts  on  the  in fe rio r and  superio r 

w alls. T h ey  co n sid e red  th a t the  d iversity  cou ld  be a re su lt o f  som e fac to rs such  as 

age, gender, race  and  d ifferences in the reference  poin ts.

In  2004 , A kd em i and  cow orkers [17] d escrib ed  the  ana tom ica l landm arks 

for tran se th m o id a l app ro ach  to  the  opic  canal fo r op tic  n erv e  decom pression . 

T hey  m easu red  25 adu lt h u m an  skulls in T urkey  by  m eth o d  w h ich  w as sim ilar to 

K irchner, e t al. T h ey  u sed  these  d istances fo r fu rth er in v estig a tio n  on  the ir 

cadaveric  d issec tio n  and  rad io log ic  studies.

O th e r in te rested  stud ies abou t v aria tions in  size  and  in sym m etry  o f  

fo ram ina  o f  the  h u m an  skull, such as in 2001 , B erge  and  co lleag ues [18] รณdied  

100 d ried  sku lls in  U n ited  S tate. T hey  found  tha t no  side  d iffe rences on the 

average  size  o f  m o st foram ina. O n  the o th er hand , T h ey  also  reported  the 

sym m etry  o f  p a ired  fo ram ina, for exam ple  the  an te rio r e th m o ida l fo ram en  w as 

found  u n ila te ra l on ly  1 %  and  n o t p resen ted  absen t b ila te ra lly . T he lacrim al 

fo ram en  w as h ig h ly  variab le  in size  and  sym m etry . T he p resen ted  b ila teral 

o pen ings w ere  fo u nd  o n ly  44 %.

In 2005 , A g th o n g  and  CO w orkers [19] ex am in ed  the  d iffe ren t anatom ical 

v aria tio n s o f  the  supraorb ita l, in fraorb ital and m en ta l fo ram in a  re la ted  to  gender
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and  side in 110 adu lt A sian  skulls. T hey  found  sim ila r freq u en c ies o f  supraorb ita l 

fo ram en  an d  n o tch  b ila te ra lly . T he frequency  o f  th is absence  w as 5.5 %  on  the 

rig h t and  10.0 %  o n  the  left. T he in fraorb ita l fo ram en  w as fo u nd  th a t single 

fo ram en  w as the  m o st frequen t pattern . T here  w ere  g en d er an d  side  d ifferences in 

any  m easu rem en ts  o f  the  d istan ces from  the supraorb ita l and  infraorbital 

fo ram ina  to  re fe ren ce  poin ts.

C om pariso n  o f  som e d istances from  the constan t lan d m ark s on  the  orbital 

r im  to  th e  o rb ita l  a p e r tu re s  in  th e  p re v io u s  s tu d ie s  a re  sh o w n  in  T a b le  1.



T able  1 : C o m p ariso n  o f  som e d istances from  the  con stan t landm arks on the 

o rb ita l rim  to  the  orb ita l apertu res in the  p rev io us stud ies

10

Walls 
of orbit

From To Rontal et al 
(1979) 

(48 orbits)

McQueen et al 
(1995)

(54 orbits)

Hwang et al 
(1999) 

(82 orbits)

Karakas et al 
(2002) 

(62 orbits)
mean(mm) mean±SD(mm) meaniSD(mm) meanlSD(mm)

Medial ALC OC 42 43.29±4.19 40.513.0 41.713.1
AEF 24 21.96±3.13 21.0+3.3 23.9+3.3
PEF 36 33.36+2.94 31.7+3.0 35.612.3

Roof SN/F OC 45 48.6513.21 44.9+2.0 45.3+3.2
SOF 40 44.3413.97 40.012.5
LF 32 38.9914.55

Floor IF OC 48 49.7312.71 45.512.5
IOF 24 37.4314.13 21.6+1.8
PM 14 17.08+3.64

Lateral FZ OC 43 47.10+2.88 47.413.0 44.912.5
SOF 35 36.59+4.30 34.3+2.7
IOF 25 40.92+3.62 24.812.3
LF 25 31.4115.78

ALC = anterior lacrimal crest 
PEF = posterior ethmoidal foramen 
SN/F = supraorbital notch or foramen 
IOF = inferior orbital fissure 
LF = lacrimal foramen

AEF = anterior ethmoidal foramen 
o c  = optic canal

SOF = superior orbital fissure 
FZ = frontozygomatic suture

PM = posterior margin covering of infraorbital nerve
IF = orbital rim above infraorbital foramen ( in Rontal et al. = infraorbital foramen )
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