S1: Metabolic Energy Models
S1.1: Model BHARO04

Model BHARO4 calculates the metabolic rate in W as a sum of the activation heat rate, h 4, the
maintenance heat rate, hy, the shortening/lengthening heat rate, hgy, and the work, w [1].
E:hA+I:L]V[+]:LSL+w (1)
The activation heat rate is determined as follows:
hA = ¢mmus(AfuffFT + AsusfST) (2)

where ¢ is a decay function, My, is the muscle mass, Ay = 133 W/kg and A, = 40 W/kg are
activation heat rate constant for fast twitch and slow twitch muscles, respectively, u¢ and u, are the
stimulation levels of the fast twitch and slow twitch muscles, and fpr and fsp are the percentages
of fast twitch and slow twitch muscles [1].

¢ is determined as follows:

¢ = 0.06 + exp (_t“”“> (3)

Te
where tsip, is the time the muscle is activated above 0.1, u(t) is the muscle stimulation, and 7, is
the decay time constant [1].
The stimulation of the slow twitch and fast twitch muscles are determined as follows:

uy =1—cos (gu(t)) (4)
ug = sin (gu(t)) (5)
The maintenance heat rate is determined as follows:

iLM = leWL’LLS(MfuffFT+MSquST) (6)

where {5 is the length dependence of the maintenance heat rate (see Fig. 2 in [1]), and M; = 111
W/kg and M, = 74 W/kg are maintenance heat rate constants [1].
The shortening-lengthening heat rate is determined as follows:

iLSL = —QUCE (7)

where vop is the contractile element velocity, negative for shortening, and « is a constant that is
different for shortening and lengthening:

a = 0.16a(t) Frae f(lcp(t)) + 0.18Fcp(t)  ver <0 (8)
a=0.157Fcp veg >0 (9)

where a(t) is the muscle activation, F,,, is the maximum isometric force, f(lcg(t)) is the
force-length relationship, and Feg(t) the current force in the muscle [1].
Finally, the work rate is determined as follows:

w = _UCEFC'E (10)

S1.2: Model HOUDO6

Model HOUDOG6 [2] calculates the metabolic rate in W as a sum of the activation heat rate, ha, the
maintenance heat rate, hy, the shortening/lengthening heat rate, hgr, and the work, w.

E:iLA—Ff.LM-l-iLsL—Fw (11)



Table S1.1. Constants for short twitch and fast twitch fibers.

Variable | Fast twitch  Short twitch
ha 52.5 W/kg 10.98 W/kg
o 97.5 W/kg  13.42 W/kg
k1 12 6

ko 14 8

hsr 0.28 Frras 0.16 Foaz

The activation heat rate is determined as follows:

i : 1 —exp(—0.25 — 22-) "
A = MmysNAV 1 exp(—0.25 — &) ( )

Vmax

where h4 is the activation heat rate constant, v = a(t)? is the relative stimulation frequency, and
Vmaz = k1 + k2a(t) is the maximum stimulation frequency. These constants are defined for short
twitch and fast twitch fibers and calculated for each muscles by taking the product of the constant
for short twitch fibers and the percentage of short twitch fibers, and adding to this the product of
the constant for fast twitch fibers and the percentage of fast twitch fibers. These values are given in
table S1.1 |2].

The maintenance heat rate is determined as follows:

iat = M (a + Bar)a(t) (f loslt) = m}rhM) "

where hys is the maintenance heat rate constant, different for short twitch and fast twitch fibers, as
given in table S1.1 [2].
The shortening-lengthening heat rate is calculated as follows:

hSL = iLSLa(t)f(lCE(t)) — VCOE where: vog <0 (14)

where hgy, is given in table S1.1 for short twitch and fast twitch fibers [2].

S1.3: Model UMBEO03
Model UMBEO3 determines the metabolic rate per muscle in W as follows:

iflce <lceoorr)
E = mus(harAanS + hspS) — w (15)
iflce > lceoorr)
E = Mnus ((0.4hang + 0.6hans f(leg))AaneS + hspSf(leg)) —w

where h 4, is the activation-maintenance heat rate, Aapr = A%6, and S is a scaling factor, equal to
1.5 in aerobic conditions. When the fiber length is longer than optimal, hoan is split up into two
parts, 40% represents the activation heat rate, while 60% represents the activation heat rate, which
is dependent on the location on the force-length relationship [3].

The following equation is used to find the activation-maintenance heat rate [3]:

han = 128 fpp + 25 (16)

The shortening-lengthening heat rate, hsr, is different for shortening and lengthening velocity
and is determined as follows:

o f(~assryvce(l = frr) — aspryicefrr) As  if bop <0
hst = { OAL@CEA if 9¢g >0 (17)



where the first term, ag(sm9ce(1 — frr), cannot exceed 100 W /kg [3].

tcr = veEe/lceopr) is the muscle fiber velocity in 57! normalized to the optimal fiber length,
ZCE(OPT)- Qg(sT) = loo/ﬁCE(MAXfST) and QS(FT) = 153/7~JCE(MAX7FT) are the shortening heat
coefficients for slow twitch (ST) and FT fibers, respectively, in J/kg. They are dependent on the
maximum fiber velocity of ST and F'T fibers. oy = 4ags7) is the lengthening heat coefficient,
which is based on experimental data [3].

A and Ag are scaling factors that depend on the stimulation and activation:

u when u > a
4 {(U+a)/2 when u < a (18)
A% ifdep <0
As = { A ifdep >0 (19)

S1.4: Model LICHO05

Shortening velocity is positive in model LICH05 [4]. This model calculates the metabolic rate as a
sum of the heat rate, h, normalized to optimal fiber length and maximum isometric force, and the
work: ) )

E= thE(OPT)Fmar +w (20)

The heat rate is a sum of the shortening-lengthening heat rate and the maintenance heat rate:
h = (0.3ahas +0.7af (lop(t)har + af(lop(t)hst (21)

where 30% of the maintenance heat rate represents activation, which is only scaled by the
activation [4].
The maintenance heat rate is determined as follows:
’yiﬁcEC(;;M) if: VCE (t) >0

]'7/ - h I 22
M {o.mww.w%’;mexp(7aCE<m><g<v0E<t>>1)) it ves( <0 )

where 7 is a heat rate value that decays with the stimulation time, G = 4 is the curvature of the
force-velocity curve, and g(vog) is the location on the force-velocity relationship [4].
~ is determined as follows [4]:

v = 0.8exp(—0.72t sim) + 0.175 exp(—0.022t 4151 ) (23)

The shortening-lengthening heat rate is determined as follows [4]:

i { L if:  wer(t) >0
SL —0.59(vep(®)ver(t) if:  ver(t) <0
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