














common situations and offers hope of surgical solu­
tions to clinical disorders that might earlier have been 
believed to have neural origins. Oblique extraocular 
muscle function is not critical for Listing's law,79 al­
though oblique extraocular muscle tone might set ini­
tial orientation ofListing's plane. This is supported by 
the finding in chronic superior oblique paralysis that 
Listing's law is observed, albeit with temporal tilting 
of Listing's plane,80•81 and that this temporally tilted 
Listing's plane is not changed by vergence. 82 

PHILOSOPHY OF SCIENCE 

The foregoing contemporary issues in the neu­
roscience of eye movements critically involve an 
understanding of the pulleys and other mechanical 
determinants of eye movements. The field of ocular 
motility cannot be integrated with contemporary 
neuroscience if strabismologists ignore the most fun­
damental anatomical basis of ocular motility, such as 
the pulleys. Jam pel and Shi would have us retreat from 
modern anatomy in this manner. It therefore may be 
perplexing to readers that some persist in denying this 
powerful and eminently useful new concept, even as 
the alternative traditional hypothesis apparently has 
become untenable. To understand this situation, one 
must appreciate that the active pulley hypothesis is a 
"revolution" in the scientific sense.20•83 

The work ofThomas Kuhn on the philosophy of 
science provides good insight into the current situa­
tion. 84 Kuhn has examined in detail the circumstanc­
es of "scientific revolutions," which are fundamental 
shifts in the paradigms used to conduct science. Ex­
amples of such paradigm shifts include the revolution 
in astronomy when the notion of a heliocentric solar 
system supplanted the ancient idea that all celestial 
bodies rotate about a Hat earth. Other such revolu­
tions are the atomic theory and the neuron theory. 

In each case, practitioners of the older paradigm 
found it impossible to accept new paradigms and 
the observations underlying them. Entrenched prac­
titioners of older paradigms found it difficult even to 
communicate scientifically with followers of the new 
paradigm because, among other reasons, even the 
nosology of the older paradigms carried mechanistic 
implications. I have emphasized elsewhere how tra­
ditional terminology in ocular motility can strongly 
bias our thinking in ocular motility. 85 For these and 
other reasons, adherents to older paradigms typical­
ly have been unwilling to consider new observations 
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as valid scientific evidence at all. I contend that the 
same phenomenon underlies the denial by Jampel 
and Shi that any evidence supports the active pul­
ley hypothesis. They simply cannot accept that our 
abundant data constitute "evidence." 

The historical studies of Thomas Kuhn dem­
onstrate that competing scientific paradigms cannot 
coexist in harmony and that new scientific para­
digms supplant old ones for various reasons. 84 Kuhn 
considers this process of change a "scientific revolu­
tion." Historically, the most common reason for the 
ascendance of a new scientific paradigm is that it 
better predicts new phenomena than the old para­
digm does. I predict this as the reason for ultimate 
widespread acceptance of the active pulley hypoth­
esis because it quantitatively explains numerous fun­
damental and clinical phenomena in ocular motility 
chat are inexplicable under the traditional paradigm. 
For example, the active pulley hypothesis correctly 
predicted phenomena such as those as recently con­
firmed by Klier et al.39 and Ghasia and Angelaki,40 
which are impossible with the traditional paradigm. 

Kuhn believed nothing was "more practical 
than a good theory."84 The theory regarding con­
nective tissue pulleys in ocular motility permits 
previously unexplained causes of strabismus to be 
diagnosed53•55·57 and effective surgeries to be per­
formed. 59 The active pulley hypothesis offers prac­
tical value through emerging surgical treatments of 
disorders of pulleys; such treatments could not even 
have been contemplated under the traditional para­
digm, which does not subscribe to the belief that 
such structures exist. 

THE PLATYGEAN VIEW 

The analogy of the Rat ("platygean") earth para­
digm is instructive. As noted in my earlier rebuttal 
letter4: 

The distinction between flat and spherical earrh para­
digms is of no practical importance for navigating the 
streets within a ciry, so members of the Flat Earth So­
ciety do not become lost as a result of that paradigm. 
Flat earth navigational theory results in appreciable er­
rors for aircraft flying from state to state, but flat earth 
theory is of no navigational value at all for space travel. 
Consequently, while the Flat Earth Sociery lists a wide 
range of evidence for their minoriry view, most travelers 
have abandoned the flat earth paradigm. Like navigat­
ing within a ciry using a flat earth paradigm, traditional 
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views of extraocular muscle action give praccically ac­
ceptable results for a limited range of clinical siruarions. 

The paradigm held by Jampd and Shi simply 
cannot account for many contemporary scientific 
findings. The existence of the orbital connective c is­
sue pulleys is well documented and alone can account 
for so many crucial phenomena in ocular motility. We 
must embrace a modern paradigm or risk becoming 
hopelessly lost plarygeans on the spherical globe. 
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