
Appendix I: Continuous Correction Myopia Ramp


This Appendix derives the observed “linear myopia ramp”, frequently reported in the experimental and clinical literature [12,13,42].
The proof that “continuous” or “continual” correction of myopia produces a linear drift of refraction, equivalent to “open-loop” drift, is proven as follows.
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Figure A-1

Ordinarily, the 1st order closed-loop system response to a negative step 
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 is an exponential function with time constant 
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. . .

Eq. A-1
 

[image: image4.wmf]R(t) = Ro + (Ro - <E>) exp (-t/

τ)


(Closed-loop exponential response)

This is shown in Figure A-1 labelled as “R(t) closed-loop response”. However, when the system demand function <E> is continually increased in strength by each subsequent refraction R(t), moved lower and lower, as shown in Figure A-1, the applied load continually changes to <E> + R(t). The basic differential equation governing these responses is . . .

Eq. A-2a
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τ)[R(t) -
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  (Closed-loop differential equation)
(A-2b)
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dR(t)/dt= (1/

τ) [R(t) - (<E> + R(t))]








(Open-loop differential equation)
Note that the current refraction R(t) cancels out in (A-2b), and thus there is no feedback, basically an open-loop system.

These equations are integrated, with Eq. (A-2a) resulting as Eq. (A-1) above and Eq. (A-2b) resulting in the observed linear ramp function 

(A-3) 

[image: image7.wmf]R(t) = Ro - k <E> × t = Ro - <E> (t/

τ)







(Open-loop linear response)

Where Ro is the initial refraction at time to, <E> is the average environmental near-point demand, t is time, and τ is the system time constant.

Perhaps the most interesting feature of these results is that the system time constant τ (typically τ = 

0.25 to 1.0 years) appears in both the closed-loop exponential and open-loop linear equations A-1 and A-3 above. In other words, the progressive myopia ramp-rate, Eq. A-3, is given by
[image: image8.wmf]R' = - <E>/

τ

, with units of [diopters/year], is exactly the same as the slope of the initial exponential emmetropization response, in diopters per year, given by Eq. A-1, as 
[image: image9.wmf]R' = dR/dt = - <E>/

τ

(typically R’ = -0.5 to -1.0 diopters/year).

Conclusion: These results predict that those individuals with rapid emmetropization time constant τ could also demonstrate rapid myopia rates <E> / τ when continually corrected (Figure A-2).
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Figure A-2
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