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Abstract The aim of the study was to compare the kine-
matics and the timing and amount of electromyographic
(EMG) activity during the lat-pull down exercise per-
formed on machines that aVorded one, two, or three degrees
of freedom for the movement. Seven healthy men (age
29.4 § 5.6 years) participated in the study. The exercise
was performed with a 30% 1-RM load. Three types of
machines with varying degrees of freedom were used: Type
1, the conventional device that restricted the movement to a
frontal plane; Type 2, the addition of forearm supination–
pronation; Type 3, the addition of forearm supination–pro-
nation and horizontal extension–Xexion about the shoulder.
All exercises involved a technique known as beginning
movement load (BML) training in which light loads are
lifted with a relaxation-lengthening-shortening sequence of
muscle activation. The Type-3 machine showed: (1) the
greatest vertical displacement of the wrist (p < 0.05); (2)
the greatest abduction–adduction displacement about the
shoulder (p < 0.01); (3) the least Xexion–extension dis-
placement about the elbow joint (p < 0.01); (4) a peak verti-
cal velocity for the shoulder that preceded (p < 0.01) those
for the elbow and then wrist during the pull-down phase;

(5) a progressive proximal-to-distal sequence of EMG acti-
vation involving the serratus anterior, posterior deltoid,
latissimus dorsi, and triceps brachii muscles; (6) a reversal
of the roles for biceps and triceps brachii during the pull-
down phase. These results suggest that BML exercises with
greater degrees of freedom can enhance the association
between training actions and functional activities.

Keywords EMG activity · Kinematics · Beginning 
movement load training · Dodge movement

Introduction

Although the human neuromuscular system can be changed
by the amount and type of daily physical activity (Enoka
1997), the adaptations, including strength gains, are speciWc
to the conditions that were used during training (Aagaard
et al. 1994; Behm and Sale 1993; Duchateau and Hainaut
1984; Hortobágyi et al. 1996; Wilson et al. 1996). The fac-
tors that can inXuence the speciWcity of training include the
muscle group exercised, the type of muscle contraction, the
speed of the contraction, the range of motion for the exer-
cise, and the posture used during training (Barry et al.
2005a, b; Bruhn et al. 2004; Higbie et al. 1996; Jones et al.
1989; Kanehisa and Miyashita 1983). One consequence of
this speciWcity is that the increase in strength achieved by a
group of muscles with a particular exercise may not transfer
to a functional task in which the same muscles participate
(Aagaard et al. 1996; Earles et al. 2001; Hunter et al. 2001;
Skelton et al. 1995; Tracy and Enoka 2006).

Motivated by the concept of training speciWcity and the
poor correspondence between standard weightlifting exer-
cises and natural movements, Yasushi Koyama has
designed a unique training program and set of exercise
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equipment that is the focus of this study. The training tech-
nique is known as beginning movement load (BML) train-
ing (Koyama 1994, 1999). It involves exercises with
relatively light loads and muscle contractions that comprise
a relaxation-lengthening-shortening sequence of actions.
The exercise equipment has two unique features: (1) a gear
system that varies the load throughout the range of motion
so that the load is maximal when the relaxed muscle begins
a shortening contraction, and (2) multiple degrees of free-
dom to facilitate non-planar motion. He has developed 20
machines that use this characteristic, and BML training has
been able to increase the competitive ability of athletes and
to improve the quality of life for other people (Koyama
1999, 2004; Koyama et al. 2005).

BML exercises include a “dodge movement”, which
comprises a longitudinal rotation about the twist axis of the
involved body segment. The dodge movement requires
rotations about multiple axes, an activation sequence that
progresses from proximal to distal muscles, stretch of the
relaxed principal muscles involved in the action before they
perform a shortening contraction, and minimal amounts of
coactivation. The dodge movement facilitates non-planar
motion that enhances the range of motion achieved during
the exercise (Koyama 1999). Chief among the movements
targeted by BML training with dodge movements are activ-
ities such as throwing and striking actions that require the
control of multiple segments in each limb with proximal-to-
distal sequences of muscle activity (Hirashima et al. 2002;
Kibler et al. 2007).

Koyama (1999) asserts that an action with a dodge
movement involves a pattern of muscle activity more simi-
lar to unconstrained throwing-striking actions than occurs
when the exercise is performed on a conventional training
machine. The current study compared the EMG activity and
kinematics of the lat pull-down exercise when it was per-
formed on machines that aVorded one, two, or three degrees
of freedom about which the major joints in the shoulder and
arm could rotate during the movement.

Methods

The participants were seven men (29.4 § 5.6 years,
1.73 § 0.08 m, 66.9 § 6.2 kg; mean § SD). All subjects
were healthy and physically active and were familiar with
the BML exercise and all three machines prior to participat-
ing in the experiment. The human ethics committee at
Waseda University approved the study.

Exercise on three machines

Figure 1a shows images of one subject at Wve instances dur-
ing the exercise on the three machines (Type-1, -2, and -3).

The images show the individual lowering (1–3) and then
raising (3–5) the load on the weight stack. The three BML
machines diVered in the range of motion: Type-1, a
machine similar to the conventional machine in which the
displacement of the arms is conWned to a frontal plane;
Type-2, a machine with one additional degree of freedom
(forearm supination–pronation); Type-3, a machine with
two additional degrees of freedom (forearm supination–
pronation and horizontal Xexion–extension about the shoul-
der joint) that enabled a dodge movement to be included in
the exercise (Fig. 1b).

The exercise required the subject to lower the weight
stack by extending the arms (position 1–3) and then to raise
the weight stack by Xexing the elbow joint and adducting
the upper arm (position 3–5). Subjects were instructed to
use the BML technique, which involved relaxing the mus-
cles as the weight stack extended the arms and then activat-
ing the muscles as they were lengthened and then shortened
to raise the weight stack with a smooth rhythmic move-
ment. A central feature of the BML technique is the relaxa-
tion phase that occurs in each repetition of the exercise.
This is evident, for example, as the force applied to the bar
during the lat pull-down exercise being close to zero for
much of each cycle during the BML exercise, which con-
trasts with the sustained force during the conventional exer-
cise (third row of traces from the top in Fig. 2b). Due to the
focus on the relaxation-lengthening-shortening sequence of
muscle activations, the average duration of the repetitions
increased with the number of degrees of freedom available
on the machine.

The Type-2 and -3 machines augmented the conven-
tional displacements for the lat pull-down exercise of
extension–Xexion about the elbow joint and abduction–
adduction about the shoulder joint with the addition of rota-
tion about the longitudinal axis of the forearm. When the
exercise was performed on these two machines, the fore-
arms rotated from a pronated position at the start of the
exercise (position 1) to a neutral position at the peak of
the upward displacement (position 3) and then back to a
pronated position at the end of the exercise (position 5).
The movement was further enhanced on the Type-3
machine with the addition of rotation of the upper arm in a
horizontal plane about the shoulder joint that began in an
extended position (position 1), rotated to a Xexed position
(position 3), and then rotated back to an extended position
(position 5).

Subjects performed 15 repetitions with a load
(20.7 § 1.9 kg) that was 30% of the one-repetition maxi-
mum (1-RM) as determined on each machine. The load
used by each subject was similar on all three machines.
Subjects rested at least 1 min between each machine and
the order in which the exercises were performed on the
three machines was varied across subjects.
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Experimental measurements

The kinematics and the EMG activity of arm and trunk
muscles during the lat pull-down exercise were compared
across the three machines.

Kinematics

Two digital video cameras (SONY HDR-HC3) that oper-
ated at 60 Hz were used to record the kinematics of each

performance. The cameras were placed diagonally in front
of the subject and were located 0.6 m above the Xoor to
capture the motion of the upper trunk and right arm. The
recording area was 0.9, 0.6, and 1.5 m in the side-to-side
(x), forward–backward (y), and vertical (z) directions,
respectively. The calibration pole for the vertical direction
contained six reXection spheres (15 mm in diameter) that
were located at 0 (0.6 m above the Xoor), 0.3, 0.6, 0.9, 1.2,
and 1.5 m from the base of pole. The pole was videotaped
in 16 locations: each 0.3 m in the side-to-side direction and

Fig. 1 a Video images of Wve 
positions throughout the range 
of motion for the lat pull-down 
exercise performed by one sub-
ject on the three machines. 
Type-1 machine: the conven-
tional machine with movement 
conWned to a frontal plane. 
Type-2 machine: one additional 
degree of freedom about a verti-
cal axis. Type-3 machine: two 
additional degrees of freedom 
about vertical axes (b). b The 
degrees of freedom of the Type-3 
machine. The box arm with the 
handle, which connects the per-
former to the weight stack, can 
translate up and down and rotate 
around the A axis. The transla-
tion along the A axis enables 
shoulder abduction–adduction 
and elbow extension–Xexion. 
The rotation around the A axis 
permits horizontal Xexion–
extension about the shoulder. 
The handle can rotate around the 
B axis, which allows forearm 
supination–pronation. Concur-
rent displacements of the box 
arm and handle produce exter-
nal–internal rotation about a lon-
gitudinal axis through the 
shoulder, which is referred to as 
a “dodge movement” in BML 
training. The action during the 
lat pull-down exercise involves 
movement from forearm supina-
tion to external shoulder rotation 
and from forearm pronation to 
internal shoulder rotation
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each 0.2 m in the forward–backward direction. A total of
96 control measurements were obtained.

Four reXective markers were placed on the right side of
the subject: the ulnar side of the wrist joint, the olecranon
process of the elbow, the acromion process of the shoulder,
and the iliac crest. Supination and pronation of the forearm

were detected by two markers that were placed on both
ends of the right handle of the two BML machines. The
markers were placed on the edge and grip of the bar on the
Type-1 machine. The three-dimensional kinematics of the
movement was obtained with direct linear transformation
procedures.

Fig. 2 A comparison of the BML technique with a conventional per-
formance of the lat pull-down exercise on a Type-1 machine. a Rear
and side views of the seated performer showing the locations of the
transducers to measure bar position and the force applied to the bar by
the performer. b Kinematics, force, and power for the bar during four
repetitions of the exercise with the BML technique (left) and three rep-
etitions with the conventional method. A zero position indicates the
minimum position of the bar (maximal position of the weight stack)

and a negative velocity denotes a downward displacement. A negative
force indicates the performer pulling down on the weight stack. Posi-
tive and negative powers correspond to production and absorption,
respectively. A key diVerence between the two techniques is that the
force is close to zero for much of each repetition with the BML tech-
nique but not during with the conventional method. As a consequence
of this diVerence, the performer experiences signiWcant power absorp-
tion with the BML technique only. Data are from Suzuki et al. (2005)
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EMG recordings

The EMG activity of Wve muscles on the right side of the
subject’s body was recorded: short head of biceps brachii,
lateral head of triceps brachii, posterior deltoid, latissimus
dorsi, and serratus anterior. The EMG signals were recorded
with active surface electrodes (2-mm width; 10-mm length;
10 mm between electrodes, NIHON-KOHDEN, SS-2096).
The skin was abraded and cleaned with alcohol-soaked cot-
ton to reduce skin impedance. The electrodes for the short
head of biceps brachii, lateral head of triceps brachii, and
posterior deltoid were placed over the belly of the muscle.
The electrodes for latissimus dorsi were three Wnger-widths
distal to and along the posterior axillary fold and 3.5 cm
lateral to the inferior angle of the scapula (Hintermeister
et al. 1998; Potten et al. 1999). The electrodes for serratus
anterior were located over the attachment of the muscle to
the seventh rib. Care was taken to attach the electrodes in a
position that could record the EMG activity throughout the
entire dynamic action.

The bipolar recordings were transmitted (ZB-581G) to a
receiver (ZR-550H) and then ampliWed and band-pass
Wltered (15–500 Hz) (NIHON-KOHDEN, WEB-5500)
before being digitized at 2 k samples/s. The amplitudes of
the EMG signals were normalized to the values recorded
during maximal voluntary contractions (MVC). The subject
was seated on the exercise bench for all MVCs performed
in the following positions: short head of biceps brachii—
Xexion of the elbow joint with the shoulder joint neutral
and the elbow joint at 1.57 rad; lateral head of triceps
brachii—extension of the shoulder and elbow joints with
the shoulder joint neutral and the elbow joint at 2.36 rad;
posterior deltoid—horizontal extension of the shoulder
joint with the shoulder joint abducted to 1.57 rad and the
elbow joint at 1.57 rad; latissimus dorsi—shoulder joint
adduction and extension with the shoulder joint abducted
by 0.79 rad and the elbow joint at 1.57 rad; serratus ante-
rior—push forward with the shoulder joint at 1.57 rad of
horizontal Xexion and elbow joint at 3.14 rad.

Data analysis

The video images were digitized with motion-analysis soft-
ware (FLAME-Dias V3, DKH). The standard error of the
calibration markers was 8, 9, and 4 mm in the x, y, and z
directions, respectively. The cut-oV frequency for the digi-
tized signals was 6 Hz. The data captured from the markers
were used to measure the vertical and lateral displacement
of the wrist, Xexion and extension about the elbow joint,
abduction and adduction about the shoulder joint, supina-
tion and pronation about the forearm, the vertical velocity
about the wrist, elbow, and shoulder, and the angular accel-
eration about the elbow and shoulder joints. The forearm

rotation angle was deWned as the angle in the transverse
plane between the line that linked the axis of the right han-
dle (thumb to little Wnger) and the y axis of the standard
coordinates. A neutral position of forearm corresponded to
a pronation–supination angle of 0 rad.

Full-wave rectiWed EMG signals were integrated
(iEMG) over 25-ms intervals during the lat pull-down exer-
cise performed on each machine and normalized to the peak
MVC values after the signal was also integrated over 25-ms
intervals. The iEMG values were smoothed with a three-
point moving average to detect the time-to-peak from the
onset of the reversal point in the movement. The iEMG val-
ues for 400-ms intervals from the reversal point were nor-
malized to the MVC values to compare the amount of EMG
activity across conditions. All kinematics and EMG data
were averaged across Wve repetitions, excluding the Wrst
two and last eight repetitions, to ensure that the perfor-
mance comprised the essential rhythm of BML training.

Statistical analysis

Data are reported as mean § SE. A single-factor analysis of
variance (ANOVA) with repeated-measures was used to
compare displacements (wrist, elbow, forearm, and shoul-
der), iEMG (biceps brachii, triceps brachii, latissimus dorsi,
posterior deltoid, and serratus anterior), and time-to-peak
values (EMG activity and peak velocity for the wrist,
elbow, and shoulder displacement). Bonferroni post-hoc
test was used for multiple comparisons and a paired t test
was employed to compare the maximal angular accelera-
tions about the elbow and shoulder joints and the iEMG
biceps and triceps brachii on each machine. The 95% level
of conWdence was chosen to indicate overall statistical
diVerence (SPSS for windows ver.11.0).

Results

Due to diVerences in the design of the three machines, both
the range of motion and the EMG activity of trunk and arm
muscles diVered when the lat pull-down exercise was per-
formed on each machine. Each repetition of the exercise
took longer on the Type-3 machine (1.89 § 0.06 s) com-
pared with the Type-2 (1.48 § 0.07 s), and Type-1
machines (1.26 § 0.05 s).

Kinematics

The kinematics of the shoulder and upper limb during a
representative repetition of the lat pull-down exercise per-
formed by one subject on the three machines are shown in
Fig. 3. The data indicate signiWcant diVerences in the dis-
placements on the three machines. For example, wrist dis-
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placement on the Type-3 machine was signiWcantly larger
in both the horizontal (0.367 § 0.012 m, p < 0.01) and vertical
(0.634 § 0.028 m, p < 0.01) directions than on the Type-2
(horizontal = 0.061 § 0.011 m, vertical = 0.483 § 0.028 m)
and Type-1 machines (horizontal = 0.034 § 0.004 m,

vertical = 0.476 § 0.027 m) (Figs. 3b, 4a). The forearm
supination–pronation was not signiWcantly diVerent on the
Type-2 and -3 machines (p = 0.051), and the forearm did not
supinate beyond the neutral position (0 rad) on either machine
(Fig. 3b), which maximizes the dodge movement.

Fig. 3 Kinematics of the shoulder and upper limb during a represen-
tative performance of the lat pull-down exercise performed by one sub-
ject on the three machines. a Stick Wgures of upper limb position,
denoting the locations of the right shoulder, elbow, and wrist. Numbers
from 1 to 5 correspond to the numbers in Fig. 1a. Red lines indicate the
up phase, and the blue lines represent the down phase of the lat pull-
down exercise. b Wrist position (medial–lateral and up–down), fore-

arm angle (supination–pronation), shoulder angle (abduction–adduc-
tion), and elbow angle (extension–Xexion). The angles are deWned on
the stick Wgure to the right. c Angle–angle diagrams of the relations
among forearm, elbow angle, and shoulder angle during a repetition of
the lat-pull down exercises on the three machines. Each dotted line on
3D axes indicates 1.57 rad (90°)
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In contrast, elbow extension–Xexion was least on the
Type-3 machine (0.86 § 0.09 rad) compared with the other
two machines (Type-1 = 1.47 § 0.05 rad, p < 0.01; Type-
2 = 1.45 § 0.02 rad, p < 0.05) (Fig. 4b) to achieve the same
vertical displacement of the load; therefore, shoulder
abduction–adduction was greatest on the Type-3 machine

(1.86 § 0.11 rad) compared with the other two machines
(Type-1 = 1.32 § 0.08 rad, p < 0.01; Type-2 = 1.37 § 0.08
rad, p < 0.01) (Fig. 4b).

The relations between the angular displacements about
the shoulder, elbow, and forearm are shown in Fig. 3c. Key
diVerences in performance on the three machines include
the up–down trajectories and the relative location of the
displacements in the available workspace. Displacement
during the up phase (lowering the load) of the exercise is
indicated with a red line and the down phase is denoted
with a blue line (Fig. 3c). The two lines overlap when the
exercise was performed on the Type-1 and -2 machines,
which indicates that the two phases were accomplished
with similar displacements. In contrast, the angular dis-
placements diVered during the two phases when the exer-
cise was performed on the Type-3 machine. Furthermore,
the two lines intersected the reference axes (1.57 rad for
each angle) on the Type-1 and -2 machines but not the
Type-3 machine. These results indicate that the muscles
worked in a diVerent region of the workspace when the
exercise was performed on the Type-3 machine compared
with the other two machines.

Another signiWcant diVerence between the three
machines was in the magnitude of the angular accelerations
(Fig. 4c). The maximal angular acceleration about the
elbow was greater for the Type-1 machine (–38.3 §
2.34 rad/s2) compared with the Type-2 machine (–31.2 §
2.30 rad/s2; p < 0.05), but was more variable on the Type-3
machine (–28.5 § 4.20 rad/s2, p = 0.14). In contrast, the
maximal angular acceleration about the shoulder was the
largest on the Type-3 machine (–34.1 § 3.30 rad/s2) com-
pared with the Type-1 (–21.7 § 1.46 rad/s2, p = 0.056) and
in Type-2 machines (–18.0 § 1.67 rad/s2, p < 0.01). The
maximal angular acceleration about the elbow was greater
than that for the shoulder on the Type-1 (p < 0.01) and
Type-2 machines (p < 0.01), whereas there was no signiW-
cant diVerence between the two values on the Type-3
machine (see Fig. 4c). This result indicates that the inXuence
of the proximal (shoulder) muscles was greater on the
Type-3 machine than on the other two machines.

The timing of the net accelerations was examined by
comparing the relative times of the peak vertical velocities
about the wrist, elbow, and shoulder (Fig. 5). The vertical
dotted line indicates the change in the direction of the wrist
displacement from up to down (time 0). Although the peak
vertical velocity for the elbow (–0.399 § 0.07 s) during the
up phase was signiWcantly earlier than that for the wrist
(–0.383 § 0.06 s, p < 0.05), the eVect was only observed on
the Type-1 machine, and the average diVerence in time was
small (Table 1). Peak vertical velocity of the shoulder dur-
ing the up phase on the Type-2 (–0.175 § 0.02 s) and
Type-3 machines (–0.179 § 0.02 s) was signiWcantly closer
to the reversal point (time 0) than that of elbow (Type-2:

Fig. 4 Wrist displacement, range of angular motion, and maximal
angular acceleration. a Horizontal and vertical wrist displacement. b
Range of angular motion about the elbow and shoulder joints. c Maxi-
mal angular acceleration about the elbow and shoulder joints.
*p < 0.05 and **p < 0.01 between Type-1 and -2, Type-1 and -3, and
Type-2 and -3 machines. ‡p < 0.01 between elbow and shoulder
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–0.393 § 0.07 s, p < 0.05; Type-3: –0.310 § 0.02 s, p < 0.01)
and wrist (Type-2: –0.404 § 0.07 s, p < 0.05; Type-3:
–0.340 § 0.02 s, p < 0.01). Conversely, the time-to-peak
vertical velocity of the shoulder during the down phase was
later on Type-1 (0.248 § 0.02 s) than Type-2 (0.193 §
0.01 s, p < 0.05) and Type-3 machines (0.160 § 0.01 s,
p < 0.05). The timing of the peak vertical velocities during
the down phase progressed from the shoulder to the elbow
(0.294 § 0.02 s, p < 0.01) and the wrist (0.386 § 0.02 s,
p < 0.01, and p < 0.01 between elbow and wrist) on the
Type-3 machine, which contrasted with the timing of the
elbow (0.314 § 0.01 s, p < 0.05) and wrist (0.305 § 0.01 s)
peak velocities on the Type-1 machine. The timing of the
peak vertical velocities during the down phase progressed
from the shoulder to the elbow (0.334 § 0.02 s, p < 0.01)
and the wrist (0.370 § 0.02 s, p < 0.01) with no signiWcant
diVerence between the elbow and wrist on the Type-2
machine.

Characteristics of EMG activity

There was minimal EMG activity in the arm and trunk mus-
cles during the up phase (lowering the load) of the exercise
(Fig. 6), as expected with the BML technique. There was a
signiWcant increase in EMG activity at about the time the
displacement of the wrist changed direction (lengthening-
to-shortening contraction). The normalized EMG amplitude
was greatest for latissimus dorsi and posterior deltoid on all
three machines (Fig. 6). The amount of iEMG for latissi-
mus dorsi did not diVer signiWcantly across machines
(51.7 § 4.41, 66.2 § 5.65, and 63.6 § 4.83% for the Type-
1, -2, and -3 machines, respectively; Fig. 7b), but the rela-
tive duration of the latissimus dorsi EMG activity was less
on the Type-3 machine than the other two machines
(Table 2). In contrast, iEMG for posterior deltoid increased
signiWcantly between the Type-1 (55.1 § 8.15%) and
Type-3 machines (72.1 § 10.25%, p < 0.05), and the

Fig. 5 Averaged vertical veloc-
ity about the shoulder, elbow, 
and wrist joints of the right arm 
for Wve repetitions of the lat pull-
down exercise performed by one 
subject on the three machines. 
The vertical dotted line indicates 
the reversal point of wrist dis-
placement (position 3 in Fig. 1a)

Table 1 Time of peak vertical velocity before (up phase) and after (down phase) the reversal of wrist displacement

Values indicate mean (SE)

* p < 0.05, ** p < 0.01 between shoulder to the elbow and wrist
# p < 0.05 for the Type-1 machine and the other two machines
9 p < 0.05 between the wrist and elbow for the Type-1 machine
‡ p < 0.01 between the wrist and elbow for the Type-3 machine

Up phase Down phase

Type-1 Type-2 Type-3 Type-1 Type-2 Type-3

Wrist (s) –0.3839 (0.06) –0.404* (0.07) –0.340** (0.02) 0.305 (0.01) 0.370** (0.02) 0.386**,‡ (0.02)

Elbow (s) –0.399 (0.07) –0.393* (0.07) –0.310** (0.02) 0.314* (0.01) 0.334** (0.02) 0.294** (0.02)

Shoulder (s) –0.280 (0.06) –0.175 (0.02) –0.179 (0.02) 0.248# (0.02) 0.193 (0.01) 0.160 (0.01)
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relative duration was not signiWcantly diVerent across the
three machines (Fig. 7b; Table 2).

Peak EMG activity occurred in a proximal-to-distal
sequence from serratus anterior to triceps brachii on the
Type-3 machine but not on the other two machines
(Fig. 7a). There were signiWcant diVerences (p < 0.01) in
the timing of the peak EMG activity for serratus anterior
(52.9 § 39.2 ms) and latissimus dorsi (205.7 § 20.6 ms)
and between that of latissimus dorsi and triceps brachii
(314.3 § 11.5 ms) on the Type-3 machine.

Biceps brachii exhibited two bursts of activity, once dur-
ing the up phase and once during the down phase on the
Type-1 and -2 machines (Fig. 6). The amount of biceps
brachii EMG decreased from the Type-1 to the Type-3
machine with signiWcant diVerences in iEMG between
Type-1 and -2 (p < 0.01), and Type-1 and -3 machines
(p < 0.01) (Fig. 7b). Furthermore, the relative duration of
the biceps brachii EMG after the reversal of wrist displace-
ment was least on the Type-3 machine (Table 2). In con-

trast, the amount of triceps brachii EMG increased across
machines with signiWcantly less iEMG on the Type-1
machine than on the Type-3 machine (p < 0.05; Fig. 7b).
Moreover, the amount of iEMG for triceps brachii was sig-
niWcantly greater than that of biceps brachii on the Type-2
and -3 machines (p < 0.05; Fig. 7b) but not on the Type-1
machine.

Discussion

The present study compared the kinematics and the timing
and amount of EMG activity during the lat-pull down exer-
cise when it was performed on three machines that diVered
in the degrees of freedom available for arm movement dur-
ing the exercise. The Type-1 machine corresponded to the
conventional device on which the movement was conWned
to a frontal plane. The Type-2 machine included one addi-
tional degree of freedom for forearm supination–pronation.

Fig. 6 Interference EMG and 
rectiWed and smoothed EMG for 
the trunk and upper arm muscles 
of a subject during the lat-pull 
down exercise. EMG activities 
are shown relative to the position 
of the arm (stick diagram with 
arrows; the left circle on each 
diagram denotes the shoulder 
joint). Numbers from 1 to 5 are 
the same as those shown in 
Fig. 1a. Smoothed EMG was 
normalized, and calibration bars 
indicate 20% MVC value. The 
muscles were biceps brachii 
(BB), triceps brachii (TB), 
latissimus dorsi (LD), posterior 
deltoid (DP), and serratus ante-
rior (SA). The vertical dotted 
line indicates the reversal point 
of wrist displacement (time 0)
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The Type-3 machine permitted horizontal Xexion–exten-
sion of the upper arm about the shoulder joint in addition to
forearm supination–pronation. The subjects performed the
exercise with a relatively light load (30% of maximum) as
BML training emphasizes the form (relaxation-lengthen-
ing-shortening sequence of activation) used to perform an
exercise rather than the amount of load that is lifted
(Fig. 2).

The inXuence of forearm pronation on the lat pull-down 
performance

In general, the lat pull-down exercise conventionally
involves abduction–adduction of the shoulder joint and
extension–Xexion of the elbow joint to lift and lower a load.
The addition of a degree of freedom that permitted forearm
supination–pronation (Type-2 and -3 machines) reduced
biceps brachii EMG during the down phase when the fore-
arm was being pronated, whereas the activity of the triceps
brachii EMG increased (Fig. 7b). The decrease in biceps
brachii EMG occurred even though the elbow joint was
being Xexed during down phase (Fig. 3b).

Due to its proximal attachments on the coracoid process
and supraglenoidal tubercle of the scapula and distal attach-
ments on the tuberosity of the radius and aponeurosis
(Naito 2004), biceps brachii can contribute to both elbow
Xexion and forearm supination. Accordingly, the amplitude
of biceps brachii is modulated during forearm pronation
and supination (Barry et al. 2008; Basmajian and Latif
1957; Murray et al. 1995; Naito et al. 1996; Naito 2004).

Fig. 7 Timing and amplitude of 
EMG activity. a Peak timing of 
rectiWed and smoothed EMG rel-
ative to the reversal point of the 
wrist displacement (time = 0) 
for biceps brachii (BB), triceps 
brachii (TB), latissimus dorsi 
(LD), posterior deltoid (DP), and 
serratus anterior (SA). b Amount 
of iEMG (%MVC) from the 
reversal point of the wrist dis-
placement to 400 ms. **p < 0.01 
between SA and LD, and be-
tween LD and TB and between 
Type-1 and -2, and Type-1 
and -3 machines. *p < 0.05 
between Type-1 and -3 
machines. 9p < 0.05 
between BB and TB

Table 2 Duration (% repetition duration) of EMG activity for the Wve
muscles

Values indicate mean (SE)

* p < 0.05 with the other two machines

Type-1 Type-2 Type-3

Biceps brachii 35.2 (2.93) 30.5 (8.90) 12.4* (3.34)

Triceps brachii 36.2 (4.50) 55.8 (3.87) 32.0 (3.89)

Latissimus dorsi 40.0 (4.72) 45.0 (2.48) 25.3* (1.60)

Posterior deltoid 57.9 (5.46) 54.6 (38.6) 38.6 (4.58)

Serratus anterior 42.6 (6.39) 42.5 (5.18) 27.8 (2.92)
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Some of this modulation is attributable to interactions
among the involved muscles. For example, Barry et al.
(2008) found that aVerent feedback from the brachioradialis
muscle can inhibit the discharge of motor units in biceps
brachii even though the two muscles are synergists, and the
eVect is greater when the forearm is pronated compared
with supinated. Furthermore, biceps brachii motor neurons
receive oligosynaptic inhibition from pronator teres (Naito
et al. 1998). Moreover, Gerachshenko and Stinear (2007)
found that the amplitude of motor evoked potentials
(MEPs) in biceps brachii was suppressed prior to a prona-
tion action and facilitated prior to biceps brachii contribut-
ing to supination.

In contrast to the decrease in biceps brachii EMG as the
forearm was being pronated during the down phase of the
exercise on both Type-2 and -3 machines, the increase in
triceps brachii EMG was greater on the Type-3 machine
than on the Type-2 machine (Fig. 7b). The modulation of
triceps brachii EMG during the down phase seems to have
been inXuenced, therefore, by both the forearm pronation
and the horizontal extension of the upper arm about the
shoulder joint. Although it is tempting to speculate that
the decrease in biceps brachii EMG may have reduced the
reciprocal Ia inhibition that exists between biceps and tri-
ceps brachii (Katz et al. 1991), the triceps brachii EMG on
the Type-2 and -3 machines tended to occur after or at the
end of the burst of biceps brachii EMG (Fig. 6). Nonethe-
less, the EMG results must be interpreted with caution due
the diVerence in the range of motion achieved on the three
machines, which meant that the displacement of the surface
electrodes relative to the underlying muscle Wbers diVered
for the three conditions (Farina, 2006).

Characteristics of the dodge movement

Although forearm pronation did modulate EMG amplitude
for both biceps and triceps brachii, it was the inclusion of
the horizontal extension of the upper arm about the shoul-
der joint (Type-3 machine) that had the greater inXuence on
the performance of the exercise. The combined actions of
forearm pronation and horizontal extension of the upper
arm comprise the dodge movement. The Type-3 machine
enabled a greater horizontal and vertical displacement of
the wrist (Figs. 3b, 4a), a greater displacement of the shoul-
der in the abduction–adduction plane to increase maximum
adduction angle, a greater maximal angular acceleration
about the shoulder joint (Fig. 4c), and less Xexion of the
elbow joint (Figs. 3b, 4b). Most importantly, the trunk and
arm muscles were activated in a proximal-to-distal
sequence on the Type-3 machine (Fig. 7a).

The functional signiWcance of a proximal-to-distal
sequence of activations has been conWrmed for such actions
as throwing (Feltner 1989; Herring and Chapman 1992;

Hirashima et al. 2002; Putman 1993), serving in tennis
(Buckley and Kerwin 1988; Elliott et al. 1995, 1996; Kibler
et al. 2007; Marshall and Elliott 2000), and kicking (Dörge
et al. 2002; Nunome et al. 2006). Furthermore, Elliott et al.
(1995, 1996) found that internal rotation of the upper arm
during the tennis serve and forehand stroke in squash was
the greatest contributor to linear racquet speed in the for-
ward direction. In addition, Hirashima et al. (2007) reported
that skilled baseball players increased the interaction torque
for shoulder internal rotation, elbow extension, and wrist
Xexion with an increase in ball speed, and that they
increased muscle torque for the trunk and internal rotation
about the shoulder but not the elbow and wrist muscle
torques. Hirashima et al. concluded that skilled baseball
players adopted a hierarchical control strategy in which the
proximal muscle torque created a dynamic foundation for
the entire limb motion and beneWcial interaction torques for
distal joint rotations. These results suggest that the greater
maximal angular acceleration during shoulder adduction on
the Type-3 machine enhanced the proximal-to-distal actions
during the lat pull-down exercise.

The greater shoulder abduction on the Type-3 machine
(Figs. 3b, 4b) would have involved a greater upward rota-
tion of the scapula (Fayad et al. 2006; Freedman and Munro
1966; Mandalidis et al. 1999; Yoshizaki et al. 2009) and
required activation of the serratus anterior to stabilize the
scapula on the thorax (Hirashima et al. 2002; Kibler et al.
2007). Based on this scheme, Hirashima et al. (2002) sug-
gested that the early activation of the serratus anterior dur-
ing such actions represents an anticipatory postural
adjustment for the subsequent distal actions. As the peak
serratus anterior EMG occurred soon after the reversal of
wrist displacement (Fig. 7a), it is possible that the activa-
tion was triggered by the stretch of the muscle as the load
pulled the arms upward, which likely facilitated the subse-
quent augmentation of the angular acceleration of the upper
arm about the shoulder joint.

In contrast, the sequence of peak vertical velocity for the
three joints of the arm (Fig. 5) and the timing of EMG
activity (Fig. 6), the inXuence of the forearm pronation–
supination seems to proceed in a proximal direction. For
example, Hirashima et al. (2007) found that the peak angu-
lar velocity of the forearm about its longitudinal axis during
pitching movement preceded that about the upper arm. This
sequence suggests that the forearm rotation inXuenced the
range of motion about the shoulder joint and contributed to
proximal-to-distal activity during down phase on the Type-
3 machine (Fig. 3c).

Given the profound speciWcity of the adaptations evoked
by weight training, there is considerable interest in tailoring
the exercise prescription to the needs of the participant
(Alexander et al. 2001; de Vreede et al. 2005; Miszko et al.
2003). Since the seminal work of Rutherford and Jones
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(1986), it has become increasingly apparent that the coordi-
nation requirements of an exercise can signiWcantly inXu-
ence the extent to which the gains transfer to other tasks
(Barry et al. 2005a, b; Carroll et al. 2001; de Rugy et al.
2009). The current study demonstrates that augmenting the
degrees of freedom on a weight-training machine can alter
the limb kinematics and EMG activity of the involved mus-
cles to achieve a better match with the patterns observed in
everyday activities such as throwing and striking actions.
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