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The radiology of strabismus is 25+ years old.  
Where are we heading? 

• It has increased our understanding of the 
pathophysiology of many strabismus conditions 

• We have introduced new treatment paradigms 
• Some ‘abnormal’ radiological findings may have 

no clinical significance 
• Alphabet patterns: confusing data  
• We need to educate & enthuse ophthalmologists 

and radiologists 



Today’s talk 

• Sup oblique palsy  ** 
• Inf Obl overaction  * 
• ABduction deficits  *** 
• Alphabet patterns * 
• Strabismus in high myopia *** 
 
Number of * indicate how useful radiology is   



When it changed how I defined & evaluated apparent sup obl palsy   

On Downgaze, RSO is much thicker than on Upgaze 



Different types of Superior 
Oblique Palsy/Paresis 

 

= A 

= B 

= C, D  

Medial compartment of SO [=SOm] controls torsion 
Lateral ….[=SOl] controls vertical movement   
B,C,D: 20% develop floppy tendons requiring tendon tightening surgery 

UCLA 2016 



Real /apparent / pseudo SOP 
SOP = Superior Oblique Palsy 

• ’SOP’ often used as a synonym for ‘a condition 
that resembles SOP’  

• When ‘SOP’ is diagnosed by strabismus Drs, it 
is wrong ~50% of the time [Demer, Simonsz, Herzau] 

• The most accessible technique to reliably 
diagnose SOP is to demonstrate atrophy on 
coronal scans 



Q: Is it important to segregate ‘real’ 
from ‘pseudo’ SOP?  

• ..is it important to know the most accurate 
diagnosis …. most of the time we are going to 
do Inf Obl weakening irrespective of the 
precise cause? 

• Some pseudo- SOP causes need different Sx eg 
LR sup myopexy 

• True SOP has other implications: 
- some are rarely due to tumour 
- natural history is probably to get worse 

 
 
 



 
Imaging in Congenital Superior Oblique Palsy: Is it important?  

Lionel Kowal, Melbourne, Australia  Logan Mitchell, Dunedin, New Zealand 

INTRODUCTION: There are many diagnostic criteria for superior oblique palsy (SOP). 
Demer and others [1,2] have suggested that radiological atrophy is a necessary 
condition for a  definitive diagnosis of SOP [Fig 1].  

 

 
 
 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
• 3 of the SOT operations were combined with ipsilateral IO weakening surgery. One 

patient required subsequent SO scar excision and ipsilateral IO weakening after 
SOT alone produced an inadequate result. 

• 14 patients underwent primary ipsilateral inferior oblique weakening, none of 
whom required further cyclovertical strabismus surgery. 

• 2 patients had vertical rectus surgery, one of whom required further cyclovertical 
surgery. 

• 16 of the 20 surgical cases have complete pre- and post-op measurements, with 
the mean vertical deviation in primary decreasing from 16.25 Δ (range 0-45) to 3.6 
(range 0-18) Δ at a mean follow-up of 60.2 months (range 6-184).  

• No floppy SO tendons were encountered among patients with radiologically 
normal SO muscles. 

DISCUSSION: Knapp famously recognised decades ago that some types of SOP are probably 
treated better by a SOT procedure.  

• Four of 20 patients with radiologically proven SOP had a floppy SO tendon on 
traction testing in this series, quite different from the Sato results of 9/15 
[p=0.015]. 

• In Sato, 5/15 tendons were absent or inserted into Tenons , c.f. 0/20 in our series  
(p=0.02) 

CONCLUSION: Imaging of the SO tendon is recommended as part of the evaluation of 
patients with (probable) SOP to segregate those with atrophy. 20% of the group 
with radiological atrophy are likely  to have floppy tendons and possibly require 
SOT, a more difficult and higher morbidity procedure than the more commonly 
performed inferior oblique surgeries for SOP. 

 
References: 
1. Demer et al. MRI of the functional anatomy of the superior  oblique muscle.   IOVS 1995 & 1994 AAPOS / ISA 

joint meeting proceedings. 
2. Siepmann, K  et al. Is congenital  superior oblique strabismus a paretic disorder? Klin Monatsbl Augenheilkd.  

2005; 222(5): 413-8.  
3. Sato M. Magnetic resonance imaging and tendon anomaly associated with congenital superior oblique palsy.        

Am J Ophthalmol. 1999 

 
  

 

Fig 1.   RSO atrophy  

 
Many believe that if the Superior Oblique (SO) in cases of SOP has a clearly floppy tendon 
then superior oblique tightening (SOT) is the preferred procedure. Our experience is that 
floppy  SO  cannot  be  predicted from pre-operative  characteristics [Fig 3, Table 1] 
SOT is more difficult and has greater morbidity than the inferior oblique surgeries that are 
more commonly performed for SOP. It would be good to predict which patients are likely to 
require SOT so that those who are not expert in performing SOT can avoid those cases, and 
so that the increased morbidity of SOT can be part of the informed consent process in 
appropriate  patients. 
Sato (3 & Fig 2) demonstrated a higher prevalence of floppy SO tendon in patients with 
radiological atrophy of the SO and no floppy tendons in patients with normal radiology. LK 
subsequently imaged most patients with presumed SOP for whom surgery is being 
considered in the expectation of segregating those more likely to require SOT from those 
unlikely to require  SOT,  and see  if  Sato's findings  apply  to  an  Australian population. 
 
METHODS: Retrospective  file  review of patients with SOP where this was confirmed 
radiologically  by  demonstrating  atrophy  on coronal scans.  
 
RESULTS: Of 35 patients with radiologically proven SOP without history of head trauma, 20 
had undergone their first strabismus surgery with LK between July 1990 and July 2010. 
SOT was performed if SO traction testing  indicated an unequivocally floppy SO tendon, and 
this was seen in only four patients. 
 

Table 1:   3 of the  4 cases of floppy superior  oblique    

Fig 3.       Floppy R SO,  not 
suspected on rotations 

Fig 2. Sato’s results 

The authors have no financial interest 

20% of pts with atrophic Sup Obl on scans have  
unequivocally floppy tendons @ surgery,  
probably requiring  Sup Obl tightening. 
0% floppy tendons if Sup Obl normal on MRI 



 Inferior Oblique Overaction    
IO OA  may be due to Sup Obl Palsy, but there are 
many other causes  & the best treatment may not 
always be Inf Obl weakening 

Kushner BJ Arch Ophthal 2006  
& Graves’ 



Case 1 

#1: A IO OA 2ary to bifid LR 

   Bifid LR : separation increased on up- left gaze 



Case 2 

Mr AZ 

Acq Inferior Oblique Overaction 
 
 

     21 yo PhD student: 
 Recent  vertical diplopia with prolonged reading 



MRI Orbits 

Acquired Inferior Oblique Overaction 
1.Extorsion of both orbital contents.  
2.SR more lateral than IR which is normally only slightly nasal  
3.LR also appear slightly sagging / heterotopic 

Coronal T2 



Case 2 

Origins of inferior obliques not symmetric  

Axial T2 

Acquired Inferior Oblique Overaction 



Case 2 

Origins of inferior obliques not symmetric  

Axial T2 

Acquired Inferior Oblique Overaction 

R L 



Discussion 

Significant asymmetry occurs in 20% of cadaveric casesSignificant 
asymmetry occurs in 20% of cadaveric cases 

 

Acquired Inferior Oblique Overaction 
Fink  1954 ! 

Significant 
asymmetry 

occurs in 
20% of 

cadaveric 
cases 

Fink, W. “The role of developmental abnormalities in vertical muscle 
defects”. Trans Am Ophth Soc 1954  



Posteroplaced Trochlea 

Apparent oblique dysfunction [inc cases that look like 
SOP] is often due to orbital abnormalities 

“Plagiocephaly causing superior oblique deficiency and ocular torticollis.  
A new clinical entity.”                                Bagolini et al. Arch Ophth 1982 

         Key: 
‘Possible  SOP’ needs imaging if you need an accurate diagnosis or if you plan to operate 



ABduction deficits 
• 6th n paresis  
• 6th n palsy 
• Sup compartment LR palsy 
• Acquired LR sag 
• Occult Graves’  
• Post surgical  [over-recessed, stretched scar, lost muscle] 

• In moderate & high myopes 
…can all look the same, but have different causes, natural 
history and surgical treatments, and need imaging 

 



1.  Is it a paresis or is it a palsy? 
Paresis: horizontal surgery 

Palsy: will need transposition 

Shoe lace RLR 
This is a PALSY 

Diplopia 10+ yrs 
R 6th.  No definite cause 
R gaze 45Δ ET,  
Primary 30Δ [R fixation 45Δ] .  
L gaze 10Δ 
 

R Abduction deficit (only) 2.5mm 
Very slow RLR saccade 
Force Generation test: Dead RLR 



2  

Clark, R. A., & Demer, J. L. (2014). Lateral rectus superior compartment palsy. American 
Journal of Ophthalmology, 157(2) 

Total RLR atrophy = palsy Sup compartment RLR palsy 

Clinical picture: more LR function than complete palsy. Treatment implications uncertain 

 



2. Sup compartment LLR paresis  63019 

71 yrs old 
Diplopia onset >1 yr ago.  
ET 16Δ, ET’ 4Δ 
LLR UA 

LLR has a triangular appearance 



Spectrum of Lateral Rectus Heterotopy 
• Abnormally positioned or directed lateral recti (demonstrated 

radiologically or intra-operatively) can cause or contribute to 
strabismus, including alphabet pattern strabismus.1  

 
 

1 Demer JL, Clark RA, Kono R, Wright W, Velez F, Rosenbaum AL. A 12-year, prospective study of extraocular muscle imaging in complex strabismus. J AAPOS 2002; 6(6): 337–347. 
 
2 Tan KP, Sargent MA, Poskitt KJ, Lyons CJ. Ocular overelevation in adduction in craniosynostosis: is it the result of excyclorotation of the extraocular muscles? J AAPOS 2005; 9(6): 550–557. 
  
3 Chaudhuri Z, Demer JL. Sagging eye syndrome: Connective tissue involution as a cause of horizontal and vertical strabismus in older patients. JAMA Ophthalmology 2013;131(5): 619–625. 
 
4 Tan RJ, Demer, JL. Heavy eye syndrome versus sagging eye syndrome in high myopia. J AAPOS 2015; 19(6): 500–506  

Congenital LR Heterotopy Acquired LR Heterotopy 

• Isolated LR Heterotopy: 
• Normal orbits 
• No other extraocular muscle 

heterotopy 
• Not syndromic/No Craniosynostosis 

• Heavy Eye syndrome: 
• High Myopia 

• LR heterotopy with rotated orbits 
• +/- Heterotopy of other Extraocular 

muscles 
• Not Syndromic/No Craniosynostosis 

• Sagging Eye Syndrome 
• Disruption of LR-SR Band 

[Heavy Eye and Sagging Eye can both be seen 
in myopia] 

• LR Heterotopy as a feature of Syndromic 
features/Craniosynostosis/Plagiocephaly 
(or from it’s corrective surgery eg: Frontal 
Orbital Advancement)  

• Iatrogenic with augmented inferior or 
superior transposition of lateral rectus 
during strabismus surgery 



Acquired pulley disorders 
Common(?est) cause of small angle ET +/- vertical in the 

healthy elderly 



Case #3.      82 y o  
 Intermittent Horizontal diplopia, 

…..mainly on left gaze, started 8 y ago 
• Horizontal Deviation: 
    0 
 0  6ET    12ET 
   6ET 
 
• Prescribed glasses: 

8Δ BO, 2Δ BU LE  (single vision). 
 

    
 
 



 

BE elevate 
incompletely.  
 

R gaze – L 
elevation 
reduced 

L gaze – L 
depression 
reduced. 
 

Tiny aBduction deficit 
No LT gaze paresis 



Inter-muscular 
septum (LLR-LSR 
Band)  

Lower & tilted 
position of LLR 



Lower & tilted 
position of LLR 

Atrophy of Inter-
muscular septum 
(LLR-LSR Band)  



Lower & tilted 
position of LLR 



LR-SR band 

• By MRI, LR-SR band thinning, discontinuity, or 
displacement, was seen in: 
– 100% of strabismic elderly orbits,  
– 67% of strabismic myopic orbits,  
– and 12.5% of control (ortho) elderly.  

“Heavy Eye” Syndrome in the Absence of High Myopia: A Connective Tissue 
Degeneration in Elderly Strabismic Patients. J AAPOS. 2009 February; 13(1): 36–44.  

http://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=18930668


Case #4.           47 yo, myope, 
sudden horizontal diplopia 

• Intermittent for 6 weeks, then 6 weeks of 
constant horizontal diplopia.  

• Glasses from age 10 
• R -9 [29mm], 6/6 
• L -6 [28.5mm], 6/12.  
• Left esotropia 40△ for distance, 35△ for near. 

 



 



Inferior path of sagging  LLR  (surgeon’s view) 

LRM 

Inferior 

Nasal Temporal * 



• Abnormal location of the pulleys could explain many 
cases of incomitant  strabismus, conventionally [& 
without scientific justification] attributed  to ‘oblique 
muscle dysfunction’  

“V” pattern ET 
Inf displacement of LR (R>L) 
As if orbital contents EXtorted 
  

“A”pattern ET 
LR displaced sup to MR and  
SR displaced nasal to IR 
As if orbital contents INtorted 

J AAPOS  

Demer,  Clark,  Miller:      Advances in Strabismology 
 



Saunders showed: 
1. Normal arrangement of orbital 

pulleys in some pts  with V 
patterns 

2.  Very abnormal pulley 
arrangement in some pts with 
NO strabismus  

1 2 



12 yo 
previous LR & IO 
weakening for V -

XT 

Recurrent /  
Residual 
V- XT [UG 30, DG 10] 
Minimal IO OA 
No fundus torsion 

Childhood pulley disorders 



Pulleys & Alphabet patterns: 
A work in progress 

 Coronal MRI T1: inf positioning of LR (L>R), and nasal shift of IR 
 



Postoperative (52 days after surgery) 

Preoperative 

Extreme Esotropia of High Myopia 
[aka Heavy Eye] 

Dr Yokoyama’s case 



Extreme myopia:  

LR displaced down, SR nasal 

Preoperative 

181.1 deg. 

LR 

SR 

Postoperative 

103.6 deg. 

LR 

SR 

From Tsuranu Yokoyama 



Strabismus of high myopia 



Strabismus of high myopia 



  
Exotropia & MR compartment hemi-atrophy  

• Diplopia onset 66 yo 
• 68yo: increased prism to 10Δ 
• 69yo: …to 24Δ 
• 70yo: D:50Δ, N: 60Δ 

 
• MR -2mm OU 



Bilateral asymmetric 
atrophy of the 
superior half of 
medical rectus 
compared to inferior  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Surgery and Course. 
MR plicate/resect OU. LR recess x1. Adjustables.  
10 w followup: single vision, small phorias 
 

Asymmetry can be expected to  
produce a small vertical. 
 
Effective lowering of the MR vector  
might cause an ‘A’ pattern   

 



The radiology of strabismus is 25+ years old.  
Where are we heading? 

• It has increased our understanding of the 
pathophysiology of many strabismus conditions 

• We have introduced new treatment paradigms 
• Abnormal radiological findings may have no 

clinical significance 
• Alphabet patterns: confusing data  
• We need to educate & enthuse ophthalmologists 

and radiologists 
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