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Effect of forearm length applied on empirical models of

maximum endurance time during isometric elbow flexion
Sang-Sik Lee, Kiyoung Lee*
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Abstract During isometric elbow flexion, forearm length should be an important factor to
determine not only joint torque but also maximum endurance time (MET), when the forearm is
perpendicular to the direction of the force. The purpose of this paper is to examine the effect
of forearm length as an additional factor on empirical models of MET such as an exponential
model and a power model during isometric elbow flexion. Thirty volunteers participated in our
experiment to measure factor variables such as circumferences and lengths of their upper and
lower arms. Their METs were measured according to the percent of maximum voluntary
contraction intensity (%MVC). For the multiple linear regression model of In(MET) using these
measurements, significant variables could be observed in %MVC and forearm lengths (P<0.05).
The empirical models were assessed by these models using forearm length as the additional
factor. Mean absolute deviations (MAD) between the measured METs amd the two empirical
models were about 19.4 [s], but MAD using models applied forearm lengths were reduced to
about 16.2 [s]. The correlation coefficients and intraclass correlation coefficients were about
0.87, but those applied forearm lengths were increased to about 0.91. These results
demonstrated that forearm length was a significant additional factor to the empirical model.
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Table 1. Participant’ demographic and anthropometric data

Anthropometric data

Demographic data cm)

Alyr)  H(em) Wikg) |dB=BC-BE FC  FL
mean| 22.0 169.3  70.1 3.15 256 255
SD 1.7 9.2 135 1.61 24 25
min | 19.0 1500 459 0.50 20.4 199
max | 26.0 187.0 1104 6.10 305 315

A: age, H: body height, W: body weight

BE: brachial circumference when forearm extension
without strength,

BC: brachial circumference when forearm contraction
with maximal strength,

dB: difference between BC and BE,

FC: forearm circumference, FL: forearm length
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Fig. 1. Forearm isometric contraction and

anthropometric measurements
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- Linear regression model:
In(MET) = oy + oy + any + azy + ayzy
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- Exponential model (EXP): MET = Ae™
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- Dynamic muscle fatigue model (DYN):
In (2/100)

MET=— 60 [/T00) - )
- Exponential model with FL (EXP+FL):

MET= A" T2 e 5)
- Power model with FL (POWH+FL):
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Fig. 2. In(MET) according to the intensities of MVC
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Table 2. The linear regression models with additional
factors

Factor| ariables in Significant
model of | R2 | MSE |F ratio| PF |>'9"

added variable
In(MET)

- None [0.013] 0.543 | 2.366 |0.126 -
dB daB 0.015] 0.543 | 2.679 |0.103 -
FC | dB, FC |0.015] 0.545 | 1.372 | 0.256 -
FL [dB, FC, FL{0.045] 0.532 | 2.739 | 0.045 FL

%MV | dB, FC, 1.3E(+
c LM 0.823 | 0.099 R03.171 56)

—Variables in model of In(MET):

dB, Difference of two brachial circumferences i.e.
dB=|BC-BE| in Table 1; FC, forearm circumference;
FL, forearm length; M, %MVC.

—R2: Coefficient of determination. -MSE: Mean
square error in In(MET) model.

—F ratio: F statistics of model. —PF: P-value of F
statistics.

—Significant variable: Variable when P < 0.05. —E(-n):
10 to the (-n)th power.
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Table 3. The linear regression models of logarithmic
exponential model and power model
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Fig. 3. Measured MET and models
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Table 4. MAD by two sections of MVC intensities

MVC ExP+ | POW

n | DYN | ExP | POW | " L
30-50 | 440 | 273 | 265 | 282 | 217
60-80 | 116 | 115 | 121 99 | 104
Mean | 278 | 194 | 193 | 165 | 160

Variables in
model of R2 MSE
IN(MET)

Model F ratio PF

In(EXP) M 0.778 | 0.122 |624.5734.2E(-60

In(EXP+FL)| M, FL | 0.823 | 0.098 |410.432[3.4E

In(POW) In(M) 0.769 | 0.127 |593.087|1.5E

IN(POW+FL)In(M), In(FL)[ 0.815 | 0.102 {390.753|1.2E(-65

—EXP: Exponential model. —EXP+FL: Exponential
model with FL.

—POW: Power model. -POW+FL: Power model with FL.
—-E(-n): 10 to the (-n)th power.
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