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Abstract

Thoracolumbar pain has been identified in both human and equine patients. Rehabilitation and
conditioning programs have focused specifically on improving trunk and abdominal muscle function
[1-5]. Equine exercise programs routinely incorporate ground poles and training devices for the
similar goals of increasing spinal and core stability and strength [6-8]. The multifidus muscle has
been an area of focus due to atrophy associated with disease [9]. To date, there have been no reports
on the activity of the multifidus muscle in horses in relation to therapeutic exercises.

Our objectives were to use electromyography to determine the average work performed and peak
muscle activity of the multifidus in horses trotting, trotting over ground poles, trotting while wearing
a resistance band-based training device and trotting while wearing the training device over ground
poles. We hypothesized that ground poles and the training device would each increase average work
performed and peak multifidus muscle activity.

Right and left cranial thoracic locations showed significant increased muscle work and peak
activation when horses were trotted over ground poles versus without. The peak activation was
significantly greater in horses trotting over poles in both lumbar regions, but there was no significant
change in peak activation in either location due to the training device. When the influence of the
training device was investigated without ground poles, left caudal thoracic muscle work and peak
activity, and right lumbar muscle work were significantly lower when using the training device, as
compared to without. When the training device was combined with trotting over ground poles, both
left and right caudal thoracic regions showed significantly lower muscle work and peak activity when
the device was used. There was no significant difference between with and without the device in
either left or right lumbar muscle work.
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In conclusion, implementing ground poles can be an effective strategy to increase the activation of
the multifidus muscle, however, caution should be taken when incorporating the use of a resistance
band training device as muscle work and peak activation were significantly reduced in most
locations. Further study should be performed in regards to the training device to determine its effects
on epaxial musculature.

1 Introduction

In humans, paraspinal musculature has been shown to contribute a substantial portion of overall
spinal stability [10, 11]. The multifidus muscle has been specifically identified as a major contributor
to spinal stabilization in humans [12]. Spinal instability has been correlated to injury, even under low
stress movements of daily living [13]. Additionally, it has been hypothesized that a build-up of
microtrauma could induce changes in neuromuscular control, thus predisposing spinal components to
further injury [14].

Lower back pain (LBP) is defined as the pain of the posterior trunk between the 12" rib and the
lower gluteal folds. [15]. A myriad of underlying conditions can cause LBP including but not limited
to intervertebral disc herniation, spinal stenosis, degenerative scoliosis, osteoarthritis of the facet
joints, and idiopathic causes [16, 17]. While horses can have similar symptoms of LBP as seen in
humans, the underlying cause is not always as clear. Veterinary clinicians are limited in their ability
to diagnose specific spinal lesions in horses due to their size and the difficulty to perform advanced
diagnostic imaging. Regardless of the cause of LBP in humans, treatment relies heavily on physical
therapy to improve trunk and abdominal muscle function [1-5], as well as proprioception and balance
[1, 3, 18]. Similar principles have been implemented into equine therapeutic exercise programs with
the use of ground poles and other training devices.

Ground poles are routinely used in equine exercise programs to improve proprioception, increase
stride length, promote symmetry, and induce joint flexion [6, 7]. Brown et al has shown horses
trotting over ground poles successfully clear the obstacle by lifting their limbs higher and increasing
joint flexion across all joints [19]. There was significantly more joint flexion when trotting over poles
as compared to flat ground [19]. It was concluded that trotting over poles would be effective to
increase activation and strength of flexor muscles. During the stance phase, horses did not show
significant increases in vertical ground reaction force or extension of the metacarpophalangeal and
metatarsophalangeal joints [20]. Thus, the load placed upon each limb was like that traveling across
flat ground [20]. To date, muscle activity has not been directly reported in horses trotting over
ground poles.

Several types of training devices have been developed and used in equine exercise programs.
Overall, the intention of these devices is to promote abdominal lifting, engagement of the hind limbs,
and spinal stability while strengthening the epaxial musculature [21]. One resistance band training
device was determined to reduce mediolateral and rotational motion of the thoracolumbar spine [8].
The authors concluded that this decrease in thoracolumbar motion was due to increased dynamic
stability [8]. If human modeling data is extrapolated, this would likely be due to increased muscle
activity, since muscles contribute a large part to spinal stability [10, 11]. Muscle activity was not
assessed in the aforementioned resistance band-based device [8]. Cottrail et al. described the activity
of the longissimus dorsi muscle while using a different training device [21]. The longissimus dorsi
muscle is a large epaxial muscle in horses thought to contribute to dynamic spinal stability [22].
Cottrall et al did not find any significant increase in longissimus dorsi activation with the use of the
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training device [21]. Therefore, if either of these training aids improve dynamic spinal stability,
another mechanism or muscle is likely to be involved.

Electromyography (EMG) is the study of muscle activity by assessing the action potentials created by
the motor unit [23]. The activity of deep musculature can be recorded using in-dwelling fine wire
electrodes without the potential for cross-talk from other muscles [23]. The multifidus muscle can be
imaged with routine ultrasonography [9, 24] in order to direct accurate and precise electrode
placement.

Our objectives were to use electromyography to determine the average activation performed and peak
muscle activity of the multifidus in horses trotting over ground poles and while wearing a resistance
band-based training device. We hypothesized that ground poles and the training device would each
increase average activation performed and peak multifidus muscle activity.

2 Materials and Methods

2.1 Horses

Four horses from the University of Tennessee Veterinary Research and Teaching herd were included.
Any horse with greater than a grade 2 lameness based on the American Association of Equine
Practitioners lameness scale were excluded. Gaited horses and gaited breeds were excluded unless
they maintained a consistent diagonal two beat trot gait. This study was performed in accordance of
the Assessment and Accreditation of Laboratory Animal Care and United States Department of
Agriculture guidelines with approval from the University of Tennessee Institutional Animal Care and
Use Committee.

2.2 Gait Cycle Validation

The gait cycle was linked to the activity of the longissimus dorsi muscle. Self-adhesive surface
electrodes with an inter-electrode distance of 2 cm were adhered to clipped, shaved, and cleaned skin
overlying the longissimus dorsi muscle at the level of the dorsal spinous process of the 16™ vertebrae
as previously described [22].

In addition to having surface EMG sensors in place, 9 mm spherical reflective markers were placed
on the lateral aspect of each hoof at the level of the coronary band. Using motion analysis (Nexus,
Vicon Motion Systems, Oxford, England) integrated and synchronized with the electromyographic
signal from a telemetric system (Myomotion; Noraxon USA, Scottsdale, USA), the timing of the
longissimus dorsi muscle activity in relation to the gait cycle was determined.

Kinematic data from both motion capture cameras and electromyography were collected using Nexus
software and imported into Visual3D (C-Motion Inc., Germantown MD, USA) for further
processing. Kinematic data were interpolated and low-pass filtered with a frequency cut off of 8 Hz.
Gait cycle events of heel strike and toe off of each hoof were labeled based on when makers reached
a zero position in the vertical z-plane.

2.3 Fine-wire Electromyography

Muscle potentials from the multifidus muscle were collected using a telemetric unit (Myomotion;
Noraxon USA, Scottsdale, AZ) with a sampling frequency of 1500 Hz. The skin was clipped,
shaved, and cleaned using chlorhexidine and isopropyl alcohol. Ultrasound was used to locate and
identify each dorsal spinous process. The skin was desensitized with 1 ml mepivacaine per site taking
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care to remain superficial to the thoracolumbar fascia to prevent alterations in thoracolumbar muscle
function as previously reported [18]. Briefly, 23 gauge 75 mm length needles with pre-loaded paired
electrodes (Chalgren Enterprises, Gilroy, CA) were aseptically inserted through the skin and
visualized with ultrasound guidance to into the multifidus at the junction of the middle and deep third
(Figure 1). The needles were removed, and the hook ended electrodes remained embedded in the
muscle. No redirection of the needles was allowed given the potential for damaging the electrode
ends. If the intended location was not achieved with the first insertion, the needle was removed and a
new pre-loaded needle was used. Electrodes were placed at the level of the dorsal spinous process of
the twelfth (T12) and eighteenth thoracic (T18) and fifth lumbar (L5) vertebrae bilaterally. Wires
were connected to the EMG sensors using a screw post and nut device (DTS Fine wire lead
connector, Noraxon USA, Scottsdale, AZ).

2.4 Exercises

EMG signals were collected with the horse traveling straight in hand on synthetic arena footing under
four separate conditions: trotting over a series of ground poles 10 cm in diameter, while wearing a
therapeutic band-based training device (Equicore Concepts, East Lansing MI), trotting over the
ground poles while also wearing the training device, and trotting over the same arena surface without
either ground poles or therapeutic band exercise device. Distance between poles was approximately
one meter, dependent upon the height and natural stride length of each individual horse. Horses were
acclimated to the resistance band training device for a minimum of three days before data collection.
Tension of each of the resistance bands was set to 25% (the length of the elastic resistance band was
made to be 75% of the measured distance between the attachment points). The authors find this
degree of tension most clinically effective and is comparable to other studies [8]. The head and neck
were maintained in a neutral position for every exercise. Video recording was synchronized to the
telemetric system (Ninox Video Capture 125), to confirm the quality of each exercise. Horses had to
perform between six and fifteen consecutive and consistent strides for each exercise to be deemed a
quality repetition. A minimum of five quality repetitions of each exercise were recorded. All horses
had complete data for all multifidus locations. However, the T12 electrodes had to be removed
before equipping the training device, resulting in comparisons only at T18 and L5 for the resistance
device.

2.5 Exercise Data Processing

Motion artifact and noise from raw EMG signals was removed with a high-pass filter set at 40 Hz.
Whole signals were then rectified. Lastly, a low pass filter was implemented with a 15 Hz cut off
frequency. Using enveloped data, the onset and offset of muscle electrical activity within each of the
five three-stride sections was labeled using Visual3D. Each of these activations were exported from
Visual3D from the rectified and enveloped signals. The average rectified value and the maximum
enveloped value were normalized to the maximal reference voluntary contraction, represented by the
maximum EMG outcome measure observed across all trot strides for each horse, as previously
described [26, 27]. The average rectified signal (ARV) during the activation was used as an
indication of average "work-done" by the muscle [28, 29]. The peak value (PE) observed from the
enveloped data represented the highest level of activation [28, 29]. (Figure 2)

2.6 Statistical Analysis

Statistical analysis of the data was performed using SPSS Version 27. The statistical analysis of the
EMG measures included all observations across the two factors; with and without the training device
and with and without ground poles. A two-factor univariate analysis of variance was used to test for
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differences between the two factors across all observations. Any interactions between the factors
were further explored with unpaired t-tests.

3 Results

3.1 Horses

One gelding and three mares aged 4 to 14 years of various breeds from the University of Tennessee
Veterinary Research and Teaching herd were utilized. All horses were deemed to be a grade 2 or less
baseline lameness in any limb based on the American Association of Equine Practitioners lameness
scale. All horses received oral phenylbutazone at a dose of 2.2 mg/kg twice daily started at least 24
hours before data collection. All horses were visually sound during data collection as deemed by two
experienced lameness veterinarians.

3.2 Gait Cycle Validation

The left longissimus muscle was determined to have two isolated peaks of activation per single
trotting gait cycle. The first peak was associated with left front toe off, and the second peak was
associated with left hind toe off, consistent with previously reported work [22]. Using the data
collected from the left longissimus muscle, the timing of three complete gait cycles was determined
and extrapolated to the synchronized signal of the sensors implanted within multifidus muscle. Five
three-stride segments were isolated from the data sets previously confirmed to be a quality repetition
based on the video recording.

3.3 Fine-wire Electromyography

Right and left T12 locations showed significant increases in bothARV and PE when horses were
trotted over ground poles versus without (p<0.001) (Table 1).

When considering the multifidus locations tested both with and without the training device and with
and without ground poles, significant interactions were seen between the two in all but the PE for left
and right LS. The PE for both right (p<0.011) and left (P<0.001) L5 was significantly greater in
horses trotting over poles vs no poles, but there was no significant change in PE in either location due
to the training device (Table 1).

For the locations that showed significant interactions between the conditions, post hoc unpaired t-
tests, were used to compare with and without the training device in the with and without ground poles
conditions separately.

When the influence of the training device was investigated without ground poles, left TI8 ARV (p=
0.002) and PE (p<0.001) and right L5 ARV (p<0.001) were significantly lower when using the
training device, as compared to without the training device (Table 2).

When the training device was combined with trotting over ground poles, both left T18 PE (p<0.001)
and ARV (p<0.001) and right T18 PE (p<0.001) and ARV (P,0.009) were significantly lower when
the device was used. There was no significant difference between with and without the device in
either left or right L5 ARV (Table 3).

The clinical importance of muscle activation for each exercise and location were also calculated as a
percentage of change as compared to the baseline condition of trotting over flat ground (Table 4).
Ground poles cause a general increase in both PE and ARV at all locations. The highest magnitude
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of change was seen in both T12 locations with increases of approximately 40-50% in both ARV and
PE. Left L5 exhibited increases in ARV and PE of 51 and 66% respectively. Left and right T18, and
right L5 showed increases of 15-30%. The training device caused decreases in both ARV and PE in
all locations except left L5. Of note were decreases of 21 and 23% in ARV and PE respectively at
left T18. When the training device and ground poles were used in combination, larger decreases in
ARYV and PE were observed at left and right T18 locations. Left and right L5 both showed effects
similar to that was seen with ground poles alone (Table 4).

4 Discussion

The multifidus muscle has garnered much attention in the equine literature due to implied
associations of atrophy with axial spine disease [9] like what is reported in humans [30-35].
Rehabilitation methods have focused on promoting hypertrophy of this structure [24, 36] however,
muscle activity has never been directly measured. The work presented here is the first to document
the overall muscle work and peak activity of the multifidus muscle in relation to specific therapeutic
exercises and training devices.

Other back and hind limb muscles have been successfully investigated in the horse using
electromyography [21-23, 26, 37-40]. The longissimus dorsi muscle is noted to produce two bursts of
activity for each trot stride with the main function of the longissimus dorsi suspected to provide
overall spinal stiffness specifically in the sagittal plane [22, 39]. The multifidus muscle is speculated
to have a similar function, however the fasiculated anatomy indicate it may be more suited to provide
minute and rapid intersegmental stabilization. The activity of the multifidus has yet to be related to
spinal motion in horses. The longissimus dorsi activation pattern has been noted to be increasingly
variable in lame horses [37]. It is unknown if the multifidus is similarly affected by the asymmetric
motion associated with hind limb lameness.

We hypothesized that having horses trot over poles would increase the average muscle activation and
peak activity of the multifidus as compared to trotting over the same surface without poles. This
work supported that hypothesis in that both cranial thoracic regions showed significant increases in
ARV and PE. Additionally, trotting over ground poles induced significantly more PE in left and
right LS. Ground poles increased the ARV by 20-51% in comparison to trotting over the same
surface without poles in all locations. Similarly, the PE increased by 15-66% across all multifidi
locations measured.

We also hypothesized that when horses exercised wearing a resistance band-based training device the
average and peak muscle activity would increase. Our findings did not support this hypothesis and
actually resulted in significantly less ARV and PE in several locations. Other locations showed no
significant change in ARV or PE when the device was used as compared to without it. Interestingly,
the mean of each outcome parameter and muscle location except the ARV of left L5 was lower when
the training device was used as compared to the same conditions without it. With a larger sample
size, more locations may have reached statistical significance.

When the clinical effects were calculated based on a percentage of the baseline condition, each of the
T18 locations showed the largest decrease in muscle activation when ground poles were used in
conjunction with the training device. The L5 locations each had results lower, but more similar to
that of horses trotting over ground poles without the device. Therefore, the use of both ground poles
and the training device promoted further decrease in activity in the caudal thoracic regions, and
maintained a similar muscle output as if the device was not used in the lumbar areas.
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The overall decrease in average and peak muscle activity seen with the use of the training device was
surprising. Clinically, horses do seem to engage their back and hindquarters when the device is used.
Pfau et al. found that horses who were exercised in the training device had decreased roll, pitch, and
mediolateral displacement of the thoracolumbar region [8]. They concluded the resistance band
training device increased dynamic stability. However, our work implies that the decrease in motion
is not due to increased multifidus activity. It is possible that the use of the training device activates
other spinal stabilizers or abdominal or hind limb muscles. Similar studies have investigated the
effects of a training device on the longissimus dorsi muscle, the main contributor of the epaxial
muscle group in horses [21]. They discovered that the training device also significantly decreased
the muscle activity [8]. Similar reductions in longissimus dorsi activity have been seen with the
resistance band training device [26]. The training device may alter the timing of activation and while
the overall muscle work or peak activation were unchanged, the muscle may be active during a
different phase of stride, providing more stability during motion. To more precisely determine the
function of the multifidus muscle during motion, more advanced motion analysis should be
performed in conjunction with multifidus EMG recording. Additionally, the training device may
require a more prolonged training regimen to change muscle activation.

Specific limitations of this work include the inability to make conclusions based on the timing of the
multifidus muscle activation in reference to each phase of the stride. This was not a primary
objective of this study, as we were interested in the overall muscle activity due to therapeutic
interventions, not classifying the timing of contractions. As stated previously, the multifidus muscle
has several fascicles of varying lengths [41, 42]. We took exceptional care to implant each sensor at a
similar location and depth. However, the fascicles are not distinguishable on ultrasound, and
therefore, some electrodes may be in different fascicles than others. While the anatomy is well
documented [41, 42], the function of each fascicle has not yet been determined. Hyytiainen et al has
shown variation of muscle fiber types between fascicles in horses as well as breeds [43]. Muscles
have been documented to alter in fiber type, based on the forces and functions required [44]. Thus,
there could be variation in EMG activity between fascicles. This work incorporates the use of four
horses. Given the strongly significant results in some locations, we felt a sample size of four was
adequate to explore the immediate effects of the conditions tested. Additionally, using all
observations resulted in a calculated power of 1 at each muscle location and outcome measure.
However, more changes could become evident with more horses. Lastly, velocity could not be
standardized between trials, however, horses were kept at their own natural pace for each exercise
repetition and care was taken to prevent fatigue. This is similar to other methods used [40, 26, 27].
Additionally, each horse was maneuvered by the same handler throughout the study period, thus
limiting the effect of variation from different handlers.

In conclusion, ground poles should be incorporated into every reconditioning and exercise plan
focused on activating the multifidus muscle. However, caution should be used in regards to the
resistance band training device tested, as both average and peak muscle activation were significantly
lower in several locations. Further work should be performed to investigate the effects of the training
device on other spinal stabilizing epaxial musculature and in conjunction with motion analysis.
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Multifidus EMG during therapeutic exercise

Table 1: Means (standard deviation) and comparisons of normalized EMG outcome measures
for all conditions * denotes a significant interaction, conclusions were based on further post-hoc
testing, T denotes significance (p<0.05)

Mean (sd) Poles vs Training
No Poles device vs
No
Training
device
Muscle Outcome No Poles, No Poles, No Training Training Mean p value Mean p value Interaction
Measure Training device Training device, No device, difference difference
device Poles Poles (+/-95% (+/-95%
(@) CI
Left T12 Average 0.4434 0.6179 n/a n/a 0.175 <0.001 ¥ -
rectified (0.23556) (0.26349)
Peak 0.5057 0.7236 n/a n/a 0.218 <0.001 F
Envelope (0.26889) (.26351)
Left T18 Average 0.4391 0.5281 0.3472 0.2728 0.007 0.756 -0.174 <0.001 <0.001*
Rectified (0.28076) (0.30866) (0.17994) (0.16772)
Peak 0.5224 0.6031 0.4016 0.3521 0.016 0.556 -0.186 <0.001 0.014*
Envelope (0.32428) (0.33821) (0.20246) (0.18241)
Left L5 Average 0.2715 0.4090 0.3710 0.4334 0.1 <0.001 0.062 <0.001 0.005*
Rectified (0.26597) (0.27310) (0.22303) (0.25320)
Peak 0.2308 0.3821 0.2897 0.3657 0.114 <0.001 ¥ 0.021 0.373 0.114
Envelope (0.26436) (0.32181) (0.15635) (0.23664)
Right T12 Average 0.5869 0.8426 n/a n/a 0.256 <0.001 ¥
rectified (0.40726) (0.28228)
Peak 0.6567 0.9611 n/a n/a 0.304 <0.001 ¥
Envelope (0.43235) (0.35881)
Right T18 Average 0.3049 0.3866 0.2687 0.2618 0.037 0.09 -0.081 <0.001 0.045*
Rectified (0.23703) (0.32605) (0.19079) (0.15112)
Peak 0.3775 0.4403 0.3421 0.3344 0.028 0.264 -0.071 0.004 0.004*
Envelope (0.26039) (0.35443) (0.22136) (0.19004)
Right L5 Average 0.1833 0.2347 0.1670 0.2006 0.042 0.004 -0.025 0.087 0.001*
Rectified (0.15608) (0.19312) (0.11342) (0.15582)
Peak 0.1489 0.1801 0.1441 0.1789 0.033 0.011 F -0.003 0.817 0.887
Envelope (0.12945) (0.14016) (0.09891) (0.18250)
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Table 2: Post hoc evaluation of training device without ground poles T denotes significance (p<0.05)

Muscle Outcome Measure No Training device | Training device p for equality Mean 95% CI 95% CI
Mean (sd) Mean (sd) of means (2- difference (lower) (upper)
tailed)

Left TI8 | Average Rectified 0.4647 (0.31870) 0.3472 (0.17994) | 0.002 F 0.11745 0.04516 0.18975

Peak Envelope 0.5717 (0.38510) 0.4016 (0.20246) | <0.001 T 0.1701 0.08413 0.25607

Left L5 Average Rectified 0.3608 (0.28953) 0.3710(0.22303) | 0.78 -0.0102 -0.08227 0.06187

Right Average Rectified 0.2940 (0.26092) 0.2687 (0.19079) | 0.435 0.02528 -0.0385 0.08906
T18

Peak Envelope 0.3887 (0.29459) 0.3421 (0.22136) | 0.208 0.04658 -0.02612 0.11929

Right L5 | Average Rectified 0.2435 (0.15558) 0.1670 (0.11342) | <0.001 ¥ 0.07647 0.03848 0.11446

Table 3: Post hoc evaluation of training device with ground poles T denotes significance (p<0.05)

Muscle Outcome Measure No Training device Training device Mean | p for equality of Mean 95% CI 95% CI
Mean (sd) (sd) means (2-tailed) difference (lower) (upper)
Left T18 Average Rectified 0.5281 (0.30866) 0.2728 (0.16772) <0.001 T 0.25529 0.18589 0.32469
Peak Envelope 0.6031 (0.33821) 0.3521 (0.18241) <0.001 F 0.25098 0.17506 0.32689

Left L5 Average Rectified 0.4090 (0.27310) 0.4334 (0.25320) 0.514 -0.02434 -0.09778 0.0491
Right T18 | Average Rectified 0.3866 (0.32605) 0.2618 (0.15112) <0.001 F 0.1248 0.05375 0.19585
Peak Envelope 0.4403 (0.35443) 0.3344 (0.19004) 0.009 ¥ 0.10588 0.02642 0.18533
Right L5 Average Rectified 0.2347 (0.19312) 0.2006 (0.15582) 0.171 0.03408 -0.01487 0.08302
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Table 4: Percent change in outcome measure means for each exercise condition in comparison to
baseline

Muscle | Outcome No Poles, | Polesno | % No % Poles %
Measure No Training | change | Poles change | and change
Training | device T Training | T Training | F
device Mean device device
Mean Mean Mean
(baseline)
Left Average 0.4434 0.6179 39%

T12 rectified

Peak 0.5057 0.7236 | 43%
Envelope
Left Average 0.4391 0.5281 20% 03472 | -21% | 0.2728 | -38%

T18 Rectified

Peak 0.5224 0.6031 15% 0.4016 | -23% | 0.3521 -33%
Envelope
Left Average 0.2715 0.409 51% 0.371 37% 0.4334 | 60%
L5 Rectified
Peak 0.2308 0.3821 66% 0.2897 | 26% 0.3657 58%
Envelope
Right | Average 0.5869 0.8426 | 44%

T12 rectified

Peak 0.6567 0.9611 46%
Envelope
Right | Average 0.3049 0.3866 | 27% 0.2687 | -12% | 0.2618 -14%

T18 Rectified

Peak 0.3775 0.4403 17% 0.3421 -9% 0.3344 | -11%
Envelope
Right | Average 0.1833 0.2347 | 28% 0.167 -9% 0.2006 | 9%
L5 Rectified
Peak 0.1489 0.1801 21% 0.1441 -3% 0.1789 | 20%
Envelope

F- positive value indicates an increase in mean muscle activity of that condition as compared to the
baseline condition of trotting without either the ground poles or training device. A negative value
indicates a decrease in mean muscle activity.
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Figure Legends

Figure 1: Panels A and B show the same diagnostic ultrasound image. Panel B shows the outline of
the multifidus muscle (white border) the 23 gauge needle carrying the fine wire electrodes (red line)
with the electrode ends embedded at the junction of the middle and deep thirds of the muscle belly
(blue lines).

Figure 2: Example of EMG signal changes through processing process. Top row is the raw signal as
collected. Second row contains the signal after a high pass filter of 40 Hz was applied. The third row
represents rectification. The bottom row is the final enveloped signal after the 15 Hz low pass filter.
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