DYNAMIC DIVISORS – A METHOD TO USE AC RATIOS EARLIER
Ben Hansen, Motus Global, Rockville Centre, NY
OVERVIEW:
One of the biggest hurdles with integrating a standard acute:chronic ratio into daily decision processes,
is that typically the ac ratio is stabilizing over the first 28 days of use. During this stabilization period, ac
ratios are skewed abnormally high for the first 7 days (ac = 4.0) and frankly unusable for the following 7
days. During a pitcher’s rehab or return-to-throw program, the first four weeks of training are critical for
arm health and neuromuscular development. It is imperative that useful workload measures are
provided in these early development periods.
This report outlines an investigation in the use of dynamic divisors, to allow extraction of meaningful ac
ratios within the first two weeks of workload monitoring. It was found that an acute divisor starting at 3
days, and a chronic divisor starting at 5 days lead to the most reasonable and actionable results within
the first two weeks of monitoring.
WORKLOAD MODEL
For the purpose of this investigation, an impulse of workload was modeled, assuming a throwing
program of 6.8 workload units every other day, for 70 days. AC Ratios were computed using a variety of
methods, and are detailed in this analysis.
Furthermore, simulated workload data from a sample rehabilitation program was analyzed for further
context and verification.
COMPUTING A STANDARD AC RATIO
The standard AC Ratio calculation requires calculating an acute and chronic workload. An acute
workload is calculated by taking a 7 day rolling average of daily load and a chronic workload is calculated
by taking a 28 day rolling average of daily load. The AC Ratio is equal to the acute workload divided by
the chronic workload. However, in day 1 of activity, there is no workload in the last 7 or 28 days, so the
acute workload is really low, and the chronic workload is much lower.
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During the first 7 days of activity, the sum of workload used in both the acute and chronic workloads are
equal, but the divisors used for averaging have a difference in magnitude of 4 (the acute divisor is 7, and
the chronic divisor is 28). This leads to the AC Ratio in the first 7 days always being 4.0. Seen in Figure 2,
below, the AC Ratio begins to stabilize over the next 21 days. It is this impulse response that renders
workload data useless in the first weeks of activity.
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Standard AC Ratio Example
Day 1
000000 6.8
000000000000000000000000000 6.8

Acute = 1/7 x 6.8 = 0.97
Chronic = 1/28 x 6.8 = 0.24

AC Ratio = 4.0

Day 7
0 6.8 0 6.8 0 6.8
000000 ... 000000 6.8 0 6.8 0 6.8

Acute = 1/7 x 20.4 = 2.91
Chronic = 1/28 x 20.4 = 0.72

AC Ratio = 4.0

Day 14
0 6.8 0 6.8 0 6.8
000 ... 0 6.8 0 6.8 0 6.8 0 6.8 0 6.8 0 6.8

Acute = 1/7 x 20.4 = 2.91
Chronic = 1/28 x 40.8 = 1.54

AC Ratio = 1.24

Figure 1 Standard AC Ratio Calculation

Figure 2 Standard AC Ratio Impulse Response.

COMPUTING AC RATIO WITH DYNAMIC DIVISORS & OFFSETS
A method to combat the debilitating impulse response of the standard AC Ratio calculation is to use a
dynamic divisor in both the acute and chronic workload algorithms. The method works by initializing the
divisors to an offset. Below in Figure 3, is an example of using an initial offset of 3 for the acute workload
and 5 for the chronic. These offsets can be thought of like padded zeros in the array of each workload
sum.
For example, on day one, the acute divisor is 3, and on day two, the divisor increments to 4. Further, on
day seven, the divisor reaches its maximum of 7. Conversely, the chronic divisor in this example starts at
5 and increments each day, such that on day seven, it’s value is 9. The chronic divisor continues to
increment dynamically until it reaches a maximum of 28.
It can be seen in Figure 4, that the use of a 3/5 offset dramatically lowers the ac ratio that is typically
severely high and un-usable.
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Dynamic Divisor Example
Day 1
00 6.8
0000 6.8

Acute = 1/3 x 6.8 = 2.26
Chronic = 1/5 x 6.8 = 1.36

AC Ratio = 1.66

Day 7
0 6.8 0 6.8 0 6.8
0 0 0 6.8 0 6.8 0 6.8

Acute = 1/7 x 20.4 = 2.91
Chronic = 1/9 x 20.4 = 2.26

AC Ratio = 1.28

Day 14
0 6.8 0 6.8 0 6.8
0 0 6.8 0 6.8 0 6.8 0 6.8 0 6.8 0 6.8

Acute = 1/7 x 20.4 = 2.91
Chronic = 1/16 x 40.8 = 2.55

AC Ratio = 1.14

Figure 3 Dynamic Divisor AC Ratio Calculation

Figure 4 Impulse Response of two dynamic divisor offsets compared to standard method

DETERMINING THE OPTIMAL OFFSETS FOR DYNAMIC DIVISORS
To determine which set of offsets are optimal, vectors of AC Ratios were computed over a varied set of
offsets. The calculations were done over varied chronic offsets from 1-20, and varied acute offsets from
1-7. The results are seen below in Figure 5.
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Figure 5 AC Ratios across various acute and chronic offsets in dynamic divisor calculation.

For any set of acute offsets, when chronic offsets are low, there tends to be lowest AC Ratios in the first
week of activity (<1.3). This is concerning, since weekly loads are indeed higher than monthly loads. To
give the most actionable and realistic data, chronic offset models that produce moderately high AC
Ratios should be chosen. Visually, a chronic offset of 5 seems to produce moderately high AC ratios in
the first week of activity, and produces reasonable AC ratios in the second week of activity.
For any set of chronic workloads , when the acute offsets are highest, there tends to be the highest AC
Ratios in the first and second weeks of activity. In order to make data more actionable sooner, a smaller
acute offset should be chosen. Visually, an acute offset of 3 seems to produce reasonable ac ratios
within the first two weeks of activity.
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REHAB PROGRAM ANALYSIS
Data from a standard rehab program were analyzed with two varied offset methods. Motus currently
deploys a 6/7 offset method (6-day acute offset and 7 day chronic offset) on their servers. (FYI- Motus
will be updating to the 3/5 offset method given these results).
It should be first noted, that even in the standard ac ratio method, the ac ratio is rightfully elevated. The
major problem is that is skewed so high above a standard distribution of “in-season” data, that it is very
difficult to gain any useful insight from.
Therefore, the goal of the dynamic divisor is to still capture an elevated ac ratio early in activity, but to
also capture variation and spikes to give context to the user and highlight overuse more effectively.
In the example of analysis of a standard rehab program below in Figure 6, both the 6/7 and 3/5 offset
methods flag the second week of rehab with a severe ac ratio spike. However, the 6/7 method flags the
first week with a severe spike as well.
Given the Results from Figure 5, we know that acute offsets of 6 days may lead to higher ac ratios in the
first week for an impulse response. This result suggests that we ought to favor the acute offset of 3 days
in lieu of the 6 day offset.
Furthermore, users should be confident that the dynamic divisor method of 3/5 appropriately flags
spikes in ac ratio within the first two weeks of use; however, caution should be used when utilizing data
within the first seven days of activity.

Figure 6 – Dynamic Divisor analysis of a standard rehab program.
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RECOMMENDATIONS:
Data from a standard acute:chronic ratio method should not be analyzed or used for decision making
within the first 28 days of activity, as it is mathematically stabilizing.
Utilizing dynamic divisors in the calculation of acute:chronic ratios is imperative and lowers the time
needed for stabilization.
Using an acute offset of 3 days and a chronic offset of 5 days in the dynamic divisors is recommended to
produce optimal response times for reasonable acute:chronic ratios.
Caution should be used when using acute:chronic ratios within the first week of activity.
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