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| Abstract |

Purpose: Although multi-directional reaching exercises are commonly used clinically, the effects of specific movement
directions on the muscle systems of the lower extremities have not been explored. We therefore investigated lower extremity
muscle activity during reaching exercises with different sagittal and horizontal plane movements.

Methods: The surface electromyography responses of the bilateral rectus femoris, tibialis anterior, peroneus longus, and
gastrocnemius muscles were measured during reaching exercises in three directions in the horizontal plane (neutral, 45°horizontal
shoulder adduction, and 45°abduction) and three directions in the sagittal plane (neutral, 120° flexion, and 60° flexion). A total
of 20 healthy, physically active participants completed six sets of reaching exercises. Two-way repeated ANOVA was performed:
body side (ipsilateral and contralateral) was set as the intra-subject factor and direction of reach as the inter-subject factor.
Results: Reaching at 45° horizontal shoulder adduction significantly increased the activity of the contralateral rectus femoris
and gastrocnemius muscles, while 45° horizontal shoulder abduction activated the ipsilateral rectus femoris and gastrocnemius
muscles. The rectus femoris activity was significantly higher with reaching at a 120° shoulder flexion compared to the other
conditions. The gastrocnemius activity decreased significantly as the shoulder elevation angle increased from 60° to 120°.
Conclusion: Our results suggest that multi-directional reaching stimulates the lower extremity muscles depending on the
movement direction. The muscles acting on two different joints responded to the changes in reaching direction, whereas the

muscles acting on one joint were not activated with changes in reaching direction.
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I. Introduction

Sitting balance is the ability to maintain a sitting
position with minimal sway during static or dynamic
activities (Cabanas-Valdés et al., 2013; Dean et al., 2007).
This capacity can be assessed in a quiet state of sitting
or during specific functional activities such as reaching
for an object or putting on clothing (Crosbie et al., 1995;
Dean et al., 1999). Maintaining a balanced sitting position
is a fundamental component of daily movement
(Cabanas-Valdés et al., 2013), especially in patients who
have experienced a cerebrovascular accident. Moreover,
regaining sitting balance is considered a major factor
affecting functional outcomes after cerebrovascular
accidents (Dean et al., 2007). The ability to maintain
balance is determined by one’s ability to integrate the
somatosensory, visual, and vestibular systems. Previous
studies have suggested that several exercises, including
multi-directional reaching, sitting on an unstable surface,
and raising one leg while in a sitting position, can enhance
balance ability (Cabanas-Valdés et al., 2013). However,
further studies are necessary for identifying specific
exercises that improve specific components of balance
abilities (Abuin-Porras et al., 2018; Bank et al., 2016).

The act of reaching is a basic human upper extremity
skill that requires coordination of the lower and upper
extremities (Dean et al., 1999). Due to this characteristic,
reaching tasks have been used to evaluate upper extremity
function and individual balance capacity (Katz-Leurer et
al., 2009). Multi-directional reaching is a form of training
that emphasizes balance-training effects (Crosbie et al.,
1995). Although this exercise is commonly used clinically,
few reports have explored the effect of adjusting the
reaching direction on muscular systems of the lower
extremities (Crosbie et al., 1995; Dean et al., 1999). Dean
et al. (1999) suggested that reaching more than 140%

of the arm’s length activates lower extremity muscles,

but the specific effect of varying the reaching direction
has not been explored. With reference to the horizontal
plane of the human body, reaching to the contralateral
side may activate contralateral limb muscles, and reaching
to the ipsilateral side may activate ipsilateral limb muscles.
In the sagittal plane, reaching to a relatively higher
position may activate the knee extensor muscles, and
reaching to a relatively lower position may activate
para-ankle muscles. However, this hypothesis has not yet
been confirmed.

In this report, we investigated activities of the lower
extremity muscles during various reaching exercises,
which were divided into three conditions defined by the
sagittal and horizontal planes. By comparing reaching
conditions, we explored whether various directions of

reaching activated specific lower extremity muscles.

II. Materials and Method

1, Participants

Twenty asymptomatic males were recruited from a
local university using convenience sampling. The subjects
had a mean+SD age of 21.94+2.24 (range 20-28) years.
Subjects had no history of musculoskeletal disease and
neurological problem, or pain in the past 3 months. For
preventing potential influence of fatty tissue on measuring
surface electromyography (SEMQG) activity, participants
with a body mass index (BMI) of 25 or higher were
excluded. The height and weight of the final sample
populations were 175.07£5.26cm and 66.60+8.39kg,
respectively. The average BMI was 21.69+2.23. All
participants were right hand dominant, and the reaching

exercise was also performed with right hand.
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2. Design

The study employed a 3x2 factorial design with
repeated measures on each factor. The first factor: sagittal
elevation angle; had three levels: 60, 90, and 120°of
glenohumeral flexion; horizontal abduction angle, had
three levels: 45° adduction, neutral, 45° abduction. The
second factor was set as intra subject factor as
ipsilateral-contralateral lower extremity muscles. Subjects
were tested on three conditions of reaching in each sagittal

and horizontal plane, and the order was randomized.

3. Instrumentation

Electromyography (EMG) signals were acquired from
the lower extremity muscles: rectus femoris (RF), tibialis
anterior (TA), peroneus longus (PL), gastrocnemius
(GCM). The muscular activities were collected by using
surface EMG system (Myosystem TM DTS, Noraxon Inc.,
USA). The EMG signal was recorded by a computer and
sampled at 1024 Hz, adjusted bandpass filter from 20Hz
to 500Hz, and analyzed through the product provided
software(MyoResearch XP master edition 1.06, Noraxon
Inc., USA).

Surface electromyography (EMG) electrodes were
placed over four muscles on the right and left side of
the body. The electrodes were placed in a bipolar
arrangement over the muscles in the recommended
locations (Cram et al., 1998). The reference electrode was
placed over the medial malleorus. For preparing electrode
placement, the skin was shaved, lightly abraded with

sandpaper and cleaned with ethyl alcohol.

4. Procedures

After 5 minutes of practice and rest time for acclimation

to the reaching exercise variations, each subject performed

three different reaching exercise in horizontal plane and
three different reaching exercise in sagittal plane. The
reaching distance was set as maximal distance that each
subject could reach. Commonly, subject’s lower body is
fixed to bench with strap, not to take off the gluteal area
from bench.

Subjects sat on a height-adjustable bench with erect
lumbar posture. Subjects were asked to sat upright on
a height-adjustable bench, looking straight ahead and the
investigator corrected the position such that the alignment
of spinal line was in a neutral position. The neutral
reaching exercise, subjects asked to flex their dominant
right arm to 90° with elbow extension. After fixing the
laser pointer to dorsal middle finger of a subject, one
researcher stood one meter from a subject and hold a
white paper which was drawn a circle reflecting light
from the laser pointer. Subject asked to reach their arm,
not to lift off the buttock, without light’getting out of the
circle. For the variation of reaching in sagittal plane, 120°
and 60° of shoulder flexion was determined and the same
procedure was repeated. For the variation of reaching
exercise condition on horizontal plane, 45° horizontal
adduction from neutral condition and 45° horizontal
abduction from neutral condition was determined and same
procedure was repeated. For normalizing the sSEMG data
during reaching variations, Muscle activities collecting
from the neutral reaching was set as reference voluntary
contraction (RVC). The normalized values of left and right
RF, TA, PL, and GCM are presented as %RVC. The
averaged two values from each condition including

normalized EMG were used for statistical analysis.
5. Statistical analy ysis
The root mean square of SEMG data during the test

was obtained with a widow length of 0.125s and averaged.
The data are expressed as the %MVIC relative to
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normalized data. PASW Statistics (version 18.0; SPSS,
Chicago, IL, USA) was used to determine the significance
of differences in %RVC values between test conditions.
The two way repeated measure of analysis was performed
to determine the effects of reaching directions on the EMG
data. For identifying the disparity between left and right
side of muscle, ipsilateral and contralateral side was set
as an intra-subject factor. When significant correlation
was observed, subsequent analysis of the one-way
repeated ANOVA was performed on each side of
ipsilateral and contralateral muscle. In all analyses, p<0.05

was taken to indicate statistical significance.

I, Results
1. Muscle activities of the lower extremity
during the reaching exercise with horizontal
shoulder adduction—abduction variation

The RF and GCM activity showed significant
differences in factor of reaching direction conditions,
which was different to ipsilateral and contralateral side
of muscle (p<0.05) (Table 1). Subsequent analysis revealed

that reaching with 45° horizontal shoulder adduction
condition of reaching activated contralateral side of the
RF activity, compared to the neutral and 45° horizontal
shoulder abduction conditions of reaching. In a ipsilateral
side of RF, the reaching with the 45° horizontal abduction
condition of reaching showed higher right side of RF
activity, compared with the neutral and 45° horizontal
adduction conditions of reaching (Fig. 1). The contralateral
side of the GCM activity was significantly lower with
the reaching with the 45° horizontal shoulder abduction
condition of reaching, compared with other conditions
(p<0.05). On the other hand, the ipsilateral side of the
GCM activity was significantly lower with the 45°
horizontal shoulder adduction condition, compared with
other conditions (p<0.05) (Fig. 1). There were no
significant differences in TA and PL activities (p>0.05).

2. Muscle activities of the lower extremity
during the reaching exercise with sagittal

shoulder flexion variation

There were significant differences in RF and GCM
activity with a factor of reaching direction conditions,

but not with a factor of the ipsilateral and contralateral

Table 1. Comparison in %RVC values of the lower extremity muscles which depends on directions of the forward

reaching movement in horizontal plane

(n=20, unit: %RVC)

Left Right p-value
45° 45° 45° 45° .
Muscle Neutral Horizontal ~ Horizontal Neutral Horizontal ~ Horizontal Ipsilateral-Contr Direction
. . . . alateral
adduction  abduction adduction  abduction
100 137.08 118.51 100 109.21 137.64
RF 0) (33.83) (29.26) (0) (39.02) (28.61) 062 0.0
100 117.93 113.57 100 108.68 116.50
™ 0) (36.60) (49.22) (0) (29.55) (38.55) 069 010
100 106.31 113.04 100 119.33 113.03
PL (0) (38.62) (37.84) (0) (43.30) (52.93) 0.56 0.10
100 98.24 68.74 100 64.77 99.49
GEM 0) (27.15) (23.85) (0) (33.76) (26.99) 082 0.007

NOTE. Each value represents the mean (SD, Standard deviation).

The values with different superscripts (1) in the column are significantly different in a factor of frontal plane movement

(p<0.05) by Bonferroni’s measure.
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Table 2. Comparison in %RVC values of the lower extremity muscles which depends on directions of the forward

reaching movement in sagittal plane (n=20, unit: %RVC)
Left Right p-value
0 0 .
Muscle Neutral 12(.) 60° flexion  Neutral 12(.) 60° flexion Ipsilateral-Co Direction
flexion flexion ntralateral
100 124.42 98.56 100 108.93 93.46
RE (0) (36.86) (27.71) 0) (24.69) (27.33) 0.30 0.00f
100 112.64 100.40 100 113.09 101.26
TA (0) (33.67) (28.89) 0) (64.18) (43.29) 0.99 0.08
100 99.37 117.69 100 98.38 105.77
PL (0) (27.43) (40.83) (0) (31.64) (29.02) 0.56 0.08
100 91.06 116.71 100 87.46 124.31
GEM (0) (28.58) (34.16) (0) (36.77) (32.24) 0.37 0.00f

NOTE. Each value represents the mean(SD, Standard deviation).
The values with different superscripts (f) in the column are significantly different in a factor of sagiital plane movement
(p<0.05) by Bonferroni’s measure.

Rectus Femoris Gastrocnemius

2001 * *

160+ |
© 120
=
x
2 80+
40
o
Ipsilateral side Contralateral side Ipsilateral side Contralateral side
—1 Neutral EE 45° adduction E=345° albduction
Rectus Femoris Gastrocnemius
200+
160
© 1204
=
S
= 80
40
(0]
Ipsilateral side Contralateral side Ipsilateral side Contralateral side
1 Neutral Em 120° fleion E=360° flexion

Fig. 1. Comparison of muscle activities of the rectus femoris and gastrocnemius following factors of reaching direction
and that ipsilateral-contralateral side.

* significant difference between conditions.
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side of muslce(p<0.05) (Table 2). The reaching with 120°
shoulder flexion condition of reaching significantly
elevated the both sides of the RF activity, compared to
the neutral and 60° sagittal shoulder flexion conditions
of reaching (p<0.05) (Fig. 1). Both sides of the GCM
activities were significalty higher with the reaching with
the 60° sagittal shoulder flexion condition of reaching,
compared with other conditions (p<0.05) (Fig. 1).

IV. Discussion

In this study, we investigated muscular activities of
the lower extremity during reaching exercises performed
in different directions in the sagittal and horizontal planes.
Clinical literature and previous studies have suggested
that multi-directional reaching exercises are effective for
transferring body weight (Barton JE., 2016; Kusoffsky
et al., 2001). Moreover, reaching distance is a predictor
of balance ability in standing and sitting positions
(Katz-Leurer et al., 2009). Although a reaching exercise
program is commonly prescribed and used for patients
with ankle instability, the relationship of muscular
activities of the lower extremities and reaching direction
has not been evaluated. Similar to previous studies that
proposed exercise variations (Dean et al., 1999), our study
provides an approach to selectively activate lower
extremity muscles through reaching exercises.

We showed that reaching direction had different effects
on two-joint muscles such as the rectus femoris and
gastrocnemius than did single-joint muscles such as the
tibialis anterior and peroneus longus muscles. The
reaching movement is one of many functional movements
that require multi-joint cooperation (De Ridder et al.,
2013)._Although seated reaching requires least amount
of upper body movement, muscle responses induced by
weight transfer resulting from reaching are thought to

involve only multi-joint linked muscles.

Regarding activity of the rectus femoris against
reaching variations in the horizontal plane, the 45°
adducted condition primarily increased activity in the
contralateral rectus femoris, and the 45° abducted
condition primarily activated the ipsilateral rectus femoris.
This result reflects rectus femoris activation in the
direction of weight transfer. A previous finding also
reported that ipsilateral horizontal reaching with adduction
or abduction could indirectly activate the rectus femoris
(Dean et al., 1999).

In the sagittal plane, 120° reaching activated the
bilateral rectus femoris to a greater degree than did the
other sagittal reaching conditions. Similarly, during the
pre-liftoff phase of the sit-to-stand movement, an effort
to maintain the light of a laser-pointer within a circle
requires eccentric control of the trunk extensors during
120° reaching conditions (Doorenbosch et al., 1994). As
strengthening the rectus femoris is essential to performing
the sit-to-stand movement (Yoshiko et al., 2017), upward
reaching could be used in training for this movement.

On the other hand, the gastrocnemius was strongly
activated with downward reaching, such as in the 60°
sagittal direction. Although we did not collect data on
the center of pressure under the buttocks, this activation
be caused by excessive anterior transfer of the center of
mass under the reaching condition. Among ankle
strategies, plantar flexion could be used against the
external perturbation in the anterior direction (Hwang et
al., 2009).

This study has several limitations. The first was the
lack of EMG information for other lower extremity
muscles, such as the hamstring, which was not measured
because we could not eliminate contact between the bench
and electrode. Second, further studies exploring the
diagonal direction of reaching may be required because
the present study includes only sagittal and horizontal

reaching.
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V. Conclusion

Our results suggest that multi-directional reaching
stimulates lower extremity muscles depending on the
direction of movement. Muscles acting on two different
joints responded to changes in the direction of reach; the
rectus femoris was activated in the direction of weight

transfer, and the gastrocnemius with downward reaching.
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