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Abstract

L

NFL players have a traumatic injury rate approaching 100% chronic pain with decreased concentration occur
commonly. This study examined the role of a novel focused muscle contraction therapy for the treatment of chronic pain
and identified its impact on brain activity. Chronic pain was assessed by numerical score, neuropathic component, and
impacton daily activities in 8 retired players. Brain activity was characterized by QEEG with low-resolution electromagnetic
tomography analysis and functional measures of visual and auditory attention. Focused muscle contraction muscle
therapy administered twice weekly for 6 months was tapered to twice monthly by 12 months. Brodmann Areas (BA) 4
and 9, known to associate with chronic pain, showed values outside the clinically normal range; mean pain duration
was 16.5 £ 12.9 years. At 6 months, 5/8 subjects reported pain scores of 0. High beta wave activity was seen in BA 19,
21, 29, 30, and 39, affecting auditory, visual, and body perceptions. Clinically relevant improvements were observed
in auditory attention and visual stamina. Pain relief was sustained through 18 months of follow-up. Focused muscle
contraction therapy appears to redirect brain activity to new areas of activity which are associated with long-lasting
relief of chronic pain and its detriments. This study was registered with clinicaltrial.gov #NCT04822311 on 29/03/2021.

J

Introduction

For National Football League (NFL) players, the injury rate is
nearly 100% and is associated with long-term physical and cognitive
disabilities. Patients who suffer from injury-related chronic pain can
experience pain in multiple locations for several years after injury
leading to difficulties with sleeping, fatigue, depression, and low
quality of life, the lowest of any medical condition [1-5]. Treatment
strategies for chronic pain include anti-depressants, anti-convulsant,
topical agents, injection therapies, physical therapy, and psychological
approaches, but none provide more than a 30% reduction in pain [6-8].

Exercise has been recommended for and used in the treatment
of chronic pain [9,10]. This recommendation can be at odds with the
patient in pain who may be fearful to undertake any movement that
may aggravate their pain; fear of pain and subsequent reduced activity/
disuse plays a role in the transition from acute to chronic pain [11,12].
Ideally, the choice of physical activity must be tolerable, encourage
continued engagement, and evoke positive feelings.

Chronic pain changes the structure of the brain leading to
decreased cortical gray matter in the bilateral dorsolateral prefrontal
cortex (Brodmann areas 46 and 9), thalamus, brainstem, the primary
somatosensory cortex (Brodmann areas 1,2,3), and posterior parietal
cortex (Brodmann area 5) [13-16]. The duration of pain and its
intensity can predict regional atrophy in the dorsolateral prefrontal
cortex [13]. Eliminating chronic pain is associated with restoration of
brain anatomy and function [17].

The areas of the brain which are diminished in form and function in
the presence of chronic pain are also involved in the successful learning
of new motor tasks [18]. The dorsolateral prefrontal cortex is also highly
engaged with learning new motor tasks. Engagement decreases when a
motor task becomes more “automatic”; it is believed that transition to
automatic function is delegated to lower brain structures [19,20]. Most
exercise regimens become routine and automated; automatic activities
[21-23] have not been effective in treating chronic pain or restoring
anatomic form and function [24]. These lower brain structures are

not involved in chronic pain. Eliciting a deliberate contraction of a
specific muscle requires intensive concentration and is most effective
if accompanied by verbal instruction [25]. Such concentration implies
the need for higher-order brain function, such as the dorsolateral
prefrontal cortex. Active stimulation in a focused motor task may
stimulate areas of the brain affected by chronic pain, restoring brain
anatomy and function and, consequently, extinguish the perception of
chronic pain.

In our previous randomized clinical trial of focused muscle
contraction therapy, 80 seriously ill kidney transplant recipients
demonstrated improved measures of global physical health (P=0.0034),
global mental health (P=0.0064), and elimination of chronic pain [26].
The purpose of this study was to examine the role of focused muscle
contraction as a treatment for chronic pain and to identify the role of
focused muscle contraction on brain activity associated with chronic
pain.

Methods

Study Design: The study was submitted to ClinicalTrials.gov and
was registered as trial # NCT04822311. In consideration of clinical
trial design recommendations set forth by IMMPACT, (Initiative
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on Methods, Measurement, and Pain Assessment in Clinical Trials)
this study was conducted as a longitudinal pilot in which duration of
treatment was 18 months; 6 months of twice-weekly 60-minute sessions,
followed by 6 months of weekly 60-minute sessions, and maintenance
therapy thereafter with twice-monthly 60-minute sessions.

Study participants: Sample Size, Inclusion, and Exclusion Criteria:
A sample size calculation of 20 was expected to reduce the analog pain
score 3 increments, assuming a two-tailed test using an alpha of 0.05
and a power of 0.8. Eight retired football players were enrolled with
such dramatic results, that it was decided to provide a report on the
findings before completion of enrollment. Focused muscle contraction
therapy was initiated with ultra-low weights (see Supplementary Table
1). Participants were excluded if they had any presence of tumor, acute
fracture, history of surgery in the past 2 months, inability to travel to
undertake therapy, or inability to give consent. Subjects were eligible
if they

»  Played professional football in the NFL and

»  Suffered from chronic pain lasting a minimum of 6 months
with a minimum severity of 5 out of 10 points on the Numeric Pain
Rating Scale and had failed standard treatment.

All subjects signed informed consent and the study was approved
by the UIC IRB and all methods were performed in accordance with
the relevant guidelines and regulations. Informed consent was obtained
from all participants. This research was also performed in accordance
with the Declaration of Helsinki.

Focused Muscle Contraction: The intervention incorporated a
specially designed, low intensity, resistance-based exercise regime
(GH Method) as previously reported [27]. Exercise prescribed were
biceps curl, chest press, shoulder press, triceps extension/pushdown,
lat pull-downs, front row, sit-ups, leg extension, leg curl, leg press, leg
abduction, leg adduction. In the first 4-8 sessions, the intensity was low
to avoid fatigue and pain. Therapy was initiated with one 30 second
set of exercises using 2-second concentric and 3-second eccentric
contraction for each exercise. Verbal instruction was coupled with
tactile identification of the muscle group to ensure focused contraction
was being accomplished for the specific muscle/muscle group. Verbal
encouragement was given with correctly performed contractions
while tactile reminders, administered by gently tapping on the muscle
to be contracted, were given if the contraction was not adequately
executed. Exercise intensity was prescribed at a Fatigue score of 3
or below (indicating mild fatigue) using the 10-point Fatigue Scale.
In the second phase, the emphasis was on progressively developing
muscle strength and function of the major muscle groups. The first
included 15-20 repetitions at a perceived exertion of 3 or less using
the 10-point Borg Scale of Perceived Exertion. The Borg scale has been
validated for use during resistance exercise training [28]. For twice-
weekly therapy, day one included 10-12 repetitions at a perceived
exertion of 3-4 on the Borg Scale and 6-8 repetitions on day 2 of each
week, at a perceived exertion of 4-5. Patient fatigue and pain levels
were monitored throughout the exercise session using the 10-point
fatigue scale, without reaching above a 4 rating. This phase lasted 8-10
weeks depending on the patient progression and capability. In the
third phase, the emphasis was on the further development of muscle
strength, function, and endurance utilizing both major and smaller
muscle groups. The intensity was progressively increased based on the
individual response of each patient. All exercises were done without
going above 4 on the Fatigue Scale. Phase 3 continued for the remainder
of the study. Before each session, a 5- to 10-minute light warmup plus

stretching was incorporated and pain scores were obtained. These
sessions were supervised by trained personnel.

Pain intensity: The Numeric Rating Scale for Pain, in which
the subject selected the number from 1-10 with 10 being the worst
pain experienced, was used to measure the intensity of pain before
treatment, and then before every treatment session thereafter. The
DETECT questionnaire for the detection of neuropathic pain was
measured pre-treatment and at 6 months.

Impact of pain: The impact of pain was characterized by the
number of years of persistence, the number, and type of failed therapies,
and the effect on sleep, eating habits, and mood.

Measures of Cognitive Function: Cognition was measured using
the Integrated Visual and Auditory Scale (IVA-2). This measures
visual and auditory attention and response control functioning [29].
Outcomes measured included vigilance, focus, speed, prudence,
consistency, stamina, comprehension, persistence, and sensory/motor
responses.

QEEG: The Quantitative Electroencephalogram (QEEG) provides
a highly significant predictive relationship of self-reported pain scores
[30]. The QEEG was used to localize and quantify the functional systems
the brain was using compared to age-matched normative ranges before
and 6 months after intervention. The content validity of the qEEG has
been established by correlation with MRI, PET, SPECT, the Glasgow
Coma Score, and others [31]. A dry electrode cap with premeasured
sites with the international 10/20 system of electrode placement was
fitted to each subject and consisted of 19 electrodes placed in the
following positions: FP1. F3, C3, P3, O1, F7, T3, T5, FP2, F4, C4, P4,
02, F8, T4, T6, Fz, Cz and Pz. The EEG was digitally recorded using the
WiInEEG (Mitsar, St Petersburg, Russia) acquisition software utilizing
19 electrodes referenced to Al and A2 (linked ear montage). The input
signals were amplified (bandpass 0.3-70 Hz) and sampled at the rate
of 250 Hz. The EEG was recorded continuously in the awake state
with eyes closed and, in the waking, relaxed state eyes-open condition;
the participants were sitting in an upright relaxed position and given
instructions to remain still, inhibit eye movements, blinks, and muscle
activity from the forehead neck and jaws. A trained neuropsychology
technician monitored each subject during the recording and ensured
the subject was awake. EEG data were collected in accordance with
accepted standards of QEEG acquisition methods to ensure quality
recordings. The absolute power, relative power, amplitude asymmetry,
coherence, and phase lag for surface potentials were digitally filtered
and analyzed for eight frequency bands: delta (1-4 Hz), theta (4-8 Hz),
alpha (8-12 Hz), betal (12-15 Hz), beta2 (15-18 Hz), beta3 (18-25
Hz), and high beta (25-30 Hz). Using QEEG, the functional systems
that the brain is using compared to age-matched normative ranges
before and after the intervention was localized and quantified.

LORETA: QEEG findings were used to identify active areas of the
brain using low-resolution electromagnetic tomography (LORETA)
[32,33]. LORETA is an inverse solution technique that estimates the
distribution of electrical neuronal activity in a 3-dimensional space.
It has been extensively used in electrophysiological research [34] and
evaluated independently in several laboratories [35-37]. LORETA is a
useful tool to investigate the location of specific oscillation frequencies
of brain activity known as Brodmann Areas. Previous studies that
compared LORETA with fMRI results, showed that LORETA was
equally capable of localizing single and multiple active brain activities
and was in congruence with fMRI measures [38].

Data collection and management: All study personnel underwent
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training on data safety monitoring and subject confidentiality issues.
Each subject was assigned a Study Identification Number and the
data were collected by study number and then entered a password-
protected database for analysis. All data was collected pre-treatment
and at 6 months with numerical pain scores collected before every
therapy session through 18 months. The research team was responsible
for all data analyses.

Statistical analysis: The statistical method for determining
significant changes in QEEG measures following treatment was based
on the method developed by Wigton and Krigbaum, 2015 [39]. Z-score
values were provided by the QEEG software for each of the 19 channels
per brain wave per subject by Absolute Power and by Relative Power.
Each of the 64 paired channels per brain wave per subject was used
to report asymmetry and coherence. An absolute value transformed
z-score threshold of 1.5 was considered a clinically relevant site of
interest (SOI) [40], which means that baseline z-scores for each of these
channels were defined as SOIs if they were farther than +1.5 or -1.5
standard deviations from the normative mean. For each channel, the
SOIs were averaged for each individual pre-treatment and compared
to the average post-treatment z-score values for corresponding SOIs
that were used in the pre-treatment calculation. In this analysis, each
individual had up to 19 average z-score values for pre-treatment
SOIs in measurements of absolute and relative powers and had up
to 64 average z-score values for pre-treatment SOIs for measures of
coherence and asymmetry. Paired t-tests performed between the pre-
and post- treatments average z-scores were used to evaluate mean
changes in SOIs for each parameter and were considered statistically
significant if the p-value<0.05. Changes in Z-scores which exceeded 1.5
from the mean as an SOI but then became less than 1.5 from the mean
post-treatment indicated normalization and were no longer considered
clinically significant.

Results

Characteristics of Chronic Pain

Of the 8 retired male NFL football players enrolled, the mean age
was 59.0 + 13.8 years old and the mean a number of years in pain was
16.5 + 12.9 years (Table 1). presents initial characteristics reported
at baseline. Participants were male, 62.5% were Black or African
American and 37.5% were white. Half were married or in a domestic
partnership. The pain was unrelenting and persisted for a minimum
of five years with 75% experiencing chronic pain for 5-20 years. All
participants reported failure of standard therapies with all subjects
undergoing treatment with an average number of 7.8 + 6.1 treatments.
Some subjects (n=4) undertook as many as 8 different therapies. All
subjects reported at least one type of sleep disturbance, 72.5% reported
an effect on appetite, and 62.5% reported an effect on mood.

The neuropathic component of pain was measured by the DETECT
questionnaire, (Table 2). Subjects graded their pain on a scale from
0 (hardly noticed) to 5 (very strong pain). Every subject reported a
component of neuropathic pain. The two most common complaints
were a tingling sensation with a mean grade of 1.75 + 1.4 and the
sensation of numbness with a mean grade of 1.6 + 1.4; both had an
incidence of 6/8 subjects. The next most frequent characteristic was a
burning sensation with an average score of 2.1 + 2.1. The least frequent
pain characteristic was the ability of light touch to elicit pain, and this
was reported by only one subject. At 6 months, the same pattern of
resolution of pain reflected in the numerical pain scores by site (Table
3), was also reflected in the neuropathic pain for every subject with 5/8
subjects indicating the absence of chronic pain.
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Table 1: Demographics.
Categories Incidence
Ethnicity
Black or African American 62.50%
White 37.50%
Marital status
Married or domestic partnership 50%
Single, never married 25%
Divorced 12.50%
Widowed 12.50%
Length of pain
5-10 years 37.50%
11-20 years 37.50%
21-45 years 25%
Surgery
Yes 75%
No 25%
Pain effect on appetite
Decreased appetite 25%
Increased appetite 12.50%
Not effect on appetite 37.50%

Gained weight 25%
Pain effect on sleep

Sometimes disturbs sleep 50%
Trouble falling asleep/Pain wakes me up 50%
Less than 7 hours sleep due to pain 50%
Pain effect on mood

Stressed 50%
Nervous 25%
Less interest in activities 62.50%
Sad or blue 12.50%
Drugs or treatments

NSAIDs 62.50%
TENS 25%
Acupuncture 37.50%
Chiropractic Therapy 75%
Occupational Therapy 25%
Ultrasound Therapy 50%
Massage Therapy 87.50%
Physical Therapy 75%

Table 2: Neuropathic Characteristics of pain (0: never; 1: Hardly noticed; 2: slightly;
3: moderately; 4: strongly; 5: very strongly).

Gradation of pain S1 S2 S3 S4 S5 S6 S7 S8

Burning sensation 4 4 1 0 0 0 3 5
Tingling or prickling 1 4 2 2 0 0 3 2
sensation

Painful light touching| 0 0 0 0 0 0 2 0
Sudden pain attacks | 0 0 1 0 0 3 2 5
Painful cold or heat 0 0 0 0 2 0 2 2
Sensation of 0 0 2 2 1 4 1 3
numbness

Slight pressure 0 0 2 0 4 2 0 1

Every subject demonstrated pain in more than one location, with
an average of 5 +/- 2 locations affected in each player, (Table 3). The
pain was reported in the following locations: head, neck, shoulders,
wrists, back, knees, ankles, and feet. Before treatment, the mean pain
score of the subjects was 6.0 + 0.9 on a scale of 10, with 0 indicating the
absence of pain and 10 indicating the worst pain imaginable.

After six months of muscle-contraction therapy, 5/8 subjects
reported pain scores of 0 in all sites previously identified as painful.
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Subject 2, who reported substantive chronic pain in 8 different locations
had a resolution of 6 sites to 0 with significant pain reduction from 5 to
2 of the right knees and 6 to 1 of the left hip. Subject 3 achieved scores
of 0 in 4 of 5 locations with a reduction from 8 to 3 in chronic left hip
pain. Subject 5 achieved a score of 0 in 3 of 4 sites with a reduction from
5 to 2 in chronic neck pain. The aggregate 6 months mean pain score
was 0.2 + 0.6 (p<.001 vs pre-treatment). The difference in pain relief
between was also statistically significant for the average pain score for
every subject individually. When all the pain scores the subject had in
different body parts was averaged pre-therapy and compared to the
average score in all body parts at 6 months post-treatment, all were
significantly reduced or abolished, with p-values<0.05, (Table 3). Pain
cessation by the numerical score in most subjects was observed by 3
months of treatment. This effect remained stable through 18 months.

QEEG parameters

Brain oscillation activity was reported by frequency as assigned by
-delta, theta, alpha, and beta frequencies for each individual with eyes
closed and with eyes open. Mean SOIs pre-treatment were compared
to values measured 6 months post-treatment using paired t-tests,
(Table 4). The metrics for all frequency bands included absolute power
(energy in a chosen frequency band), relative power (energy in a chosen
frequency band divided by the total energy from all frequency band),
coherence (a mathematical method that can be used to determine if
two or more brain regions have similar neuronal oscillatory activity
with each other) [41], and asymmetry [42]. The number of subjects
who had at least one SOI for the given parameter for the given metric
was represented by n in (Table 4), with P indicating the p-value from
the 2-sided paired t-test on differences between pre and post.

After 6 months, the results for the delta wave (2-3.5 Hz) z-scores,
showed that at least 3/8 subjects demonstrated a statistically significant
decrease in absolute and relative powers towards normative values.
When analyzing the coherence and asymmetry in this frequency band,
all subjects had evidence of statistically significantly decreased absolute
z-scores towards normative range in delta activity at 6 months. Theta
wave (4-7.5 Hz) z-scores, showed a statistically significant decrease
in absolute and relative powers in 3/8 subjects towards normative
range; 7/8 subjects demonstrated decreases in the absolute z-score for
coherence and all subjects demonstrated decreased absolute z-scores
when assessing the asymmetry of this frequency band. Alpha wave
(8-12.5 Hz) results revealed 2/8 subjects had significantly decreased
absolute z-scores for absolute and relative power towards normative
range; all subjects demonstrated evidence of decreased coherence
in this frequency band with 6/8 subjects demonstrating decreased
asymmetry absolute z-scores at 6 months. Low beta wave (13-20 Hz)
activity in 2/8 subjects was significantly lower by absolute power and
in 3/8 subjects by relative power (eyes open). A similar pattern was
observed with high beta wave (20.5-28 Hz) activity.

Activity Changes in Brodmann Areas

QEEG activity was mapped to Brodmann Areas of the brain using
LORETA analysis with Brodman Area activity shown by the location of
chronic pain, (Figure 1). All the z-scores from the different Brodmann
Areas were generated by the LORETA neurofeedback software and can
be found for each arousal state and for each subject in (Supplementary
Tables 2-9). The clinically significant z-scores by channel and Brodmann
Area for each subject individually can be found in (Supplementary
Table 10). Pre-treatment, Brodmann area activity was observed in

Table 3: Pre and 6-months Post-therapy Numerical Pain Scores by Site and Subject Number. (0: No pain; 10: Worst pain imaginable; *Difference between pre and post

was statistically significant defined as p<.05).

Subject
3

PRE POST PRE POST PRE POST PRE
Neck 9 0 5 0 7
Trapezius
R.Shoulder 7 0 8 0
L.Shoulder
R. Elbow 3 0
L. Elbow 3 0
R. Hand
L. Hand
R. Wrist
L. Wrist 7 0
Upper Back
Lower Back
R. Knee 8 0
L. Knee
R. Hip 6 0 3
L. Hip
R. Foot 5
L. Foot 5 0
R. Toes
L. Toes
Calves (both)
Hamstrings
MEAN
(STD)
T-test
P-value

Body part | Subject Subject Subject
1 2 4

g o NS
o N o o

o)
-
oo
w

<.001* <.001* .004* .022*

POST

Subject Subject Subject Subject
5 6 7 8
PRE | POST | PRE A POST | PRE | POST | PRE | POST
0 5 2 5 0 4 0
5 0
2 0
8 0 7 0
3 0
8 1
8 0 4 0
8 0
0 4 0 7 0 6 0 7 0
6 0 5 0 8 0 6 0
8
0
4 0
7 0
3 0
10 0
5 0

7.4 (1.1)0.0 (0.0)| 5.3 (0.9)| 0.4 (0.7) 5.6 (2.5) 0.6 (1.3) 6.3 (3.1) 0.0 (0.0)| 5.2 (1.9)|0.4 (0.9) 6.0 (2.4) 0.1 (0.4) 7.2 (1.3) 0.0 (0.0)|5.3 (1.8) 0.0 (0.0)

<.001* <.001* <.001* <.001*
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Table 4: Mean changes in positive and negative z-scores QEEG parameters for averaged sites of interest (SOls) pre-treatment to post-treatment.
EYES EYES
CLOSED OPEN
Mean Mean Mean Mean
Positive Negative Positive Negative
z-scores z-scores z-scores z-scores
Metric Parameter n Pre (SD) Post(SD) P n Pre (SD) | Post(SD) P n Pre (SD) | Post(SD)| P n Pre (SD)|  Post P
(SD)
Absolute Delta 3 20(0.3) 0.9(1.1) | .003* 2 -1.9(0.3)| -1.3(0.9) | .021* 3 3.5(1.8) | 0.1(1.1) <.001* 3 -2.2(04) -1.3(1.0) <.001*
Power
Theta 2 1.8(0.3)| 0.9(0.6) <001* 1 -16(0.1) -1.6 (0.7) | 0.903 3 2.3(0.9) | 05(0.8) | <.001* 3 -22(05) -1.1(1.0) <.001*
Alpha 2 17(0.2) 1.4(05) 0.368 2 -15(00) 04(1.1)  01* 2 18(0.3) | 06(0.9) <001* 2 |-1.9(0.2) -0.6(0.6) <.001*
Beta - - - - 1 -1.7(0.3)| -1.0(04) | 0.079 2 2.8(1.5) -0.1(1.6) 0.201 2 -2.5(0.3) -0.8 (0.6) <.001*
High Beta 1 1.7(0.1) 35(1.2) 0.162 - - - - 3 2.2(0.6)  0.9(0.6) <.001* 2 -1.7(0.1) -1.1(0.2) <.001*
Beta 1 - - - - - - - - 1 23(14) 07(0.1) 0.2 2 -19(0.2) -1.0(0.2) <.001*
Beta 2 - - - - - - - - 1 24(1.1) | 04(05)  .041* 2 -19(0.2) -1.1(0.2) <.001*
Beta 3 - - - - - - - - 2 19(06) 0.9(0.6) .005* 3 -2.1(0.3) -1.1(0.2) <.001*
Relative Delta 2 1.7(0.2)| 0.6(1.0) 0.079 1 -1.7(0.1)| -0.2 (0.6) <.001* 2 1.7(0.3) | -0.2(1.0) <.001* 3 -1.9(04) 0.7 (1.2) <.001*
Power
Theta 3 16(0.1)] 05(0.7)  <.001* - - - - 2 1.9(0.2) | 0.3(0.8) | <.001* 1 |-1.7(02) -06(0.7) 0.173
Alpha - 2 -1.8(0.2)| 0.2(0.9) <.001* 2 1.6(0.1) 0.5(0.8) <.001* 1 -1.8(0.2) -0.2(0.8) <.001*
Beta 2 7(0.3) -0.3(1.1) | 0.132 2 -20(04)| 0.5(0.8) <.001* 2 19(0.2) | 0.9(2.0) 0327 2 -2.2(05) 0.5(0.9) <.001*
High Beta 2 9(0.2) 1.7(1.7) | 0.775 2 -1.8(0.2)| -0.9(0.3) <.001* 2 19(04)  0.8(0.7) <.001* 1 -2.0(0.3) -0.5(0.4) <.001*
Beta 1 1 2.3(0.6) -0.6(0.6) <.001* 2 -1.8(0.3)| -1.0(0.2) <.001* 3 1.9(04) -05(0.9) <.001* 2 -1.8(0.2) -0.1(0.7) <.001*
Beta 2 1 6(0.1) -09(0.1) .003* 2 -1.7(0.1) 0.7 (0.2) .001* 2 2.0(04) 0.1(0.3) .004* 2 -2.1(0.7) -0.0 (0.6) <.001*
Beta 3 2 7(0.2) 20(1.3) | 0.655 2 -1.9(0.3)| -0.9(0.3) <.001* 2 1.8(0.2) | 0.6(0.8) <.001* 2 -2.2(0.3) -0.6 (0.4) <.001*
Coherence  Delta - - - - 8 | 26(1.1) -23(1 5)  .029* 3 23(06)  -02(1.1) <001* 7 -28(12) -23(1 5) <.001*
Theta 5 20(05) -0.7(1.0) <001* 7  -32(16) -2.8(1.5) .041* 4 23(0.7) | 0.2(1.0) | <.001* 7 -31(16) -2.1(1.5) <.001*
Alpha 5 1.9(0.3) -0.9(1.2) <.001* 8 -24(09)| -24(1.7)  0.822 7 1.8(0.3) | -0.3(1.1) <.001* 7 -3.0(1.8) -2.4(1.7) | 0.052
Beta 6 23(0.7) -0.3(1.1) <.001* 7 -2.1(0.5)| 2.4 (1.8) | 0.359 5 2.1(0.5) -0.2(1.2) <.001* 7 -24(12) -2.6(1.6) 042
Asymmetry  Delta 8 25(09)| 04(2.1)  <001* 8  -24(09) -14(1.8) <001* 8 2.8(1.1)  04(2.1)  <001* 7 |-28(15) -0.6(1.3) <001*
Theta 6 23(1.0)| 04(21) <001* 8 -23(08) -15(1.6) <001* 7 28(15) | 0.1(1.8) <001* 8 -26(1.6) -0.5(1.6) <.001*
Alpha 3 23(1.0)| 0.3(1.3) 0.096 5 -20(05)|-1.3(1.7) | .025* 4 3.3(1.6) -05(22) <.001* 6 -2.3(14) -0.2(1.2) <.001*
Beta 5 17(0.2) -1.2(1.3) <.001* 8 20(053) -0.8(1.6) <.001* 5 25(1.2)  -0.5(2.0) <.001* 7 -2.3(0.9) -0.7 (1.8) <.001*
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Figure 1: Brodmann Areas by Pain Location Pre and Post-Muscle Therapy. The frequency of Brodmann Area involvement by number of subjects is presented on the y-axis
and plotted by location of pain on the x-axis for pre-therapy baseline with eyes closed (A) or open (C) and at 6 months following initiation of therapy with eyes open (B) or
eyes closed (D). Locations abbreviations include Head, N-neck, LS- left shoulder, RS-right shoulder, LE-left elbow, RE-right elbow, LW-left wrist, RW-right wrist, Back, LH-
left hip, RH-right hip, LK-left knee, RK-right knee.

the prefrontal cortex of the frontal lobe in Brodmann Areas 4 and 9 (BA) 21 (p=0.01, superolateral cortex of the temporal lobe), BA 29 and
regardless of the location of pain, (Figure 1). At 6 months, clinically 30 (both retro splenial cortex of the limbic lobe p=0.04 and p=0.048,
significant activity in BAs 4 and 9 disappeared; statistically significant ~ respectively), as shown in (Table 5). In addition, increased clinically
enhanced high beta wave activity was observed in Brodmann areas  significant activity in the high beta waves in BA 19 (lateral occipital
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Table 5: Changes in Brodmann Areas following focused muscle therapy evaluated with Eyes Closed and Eyes Open.
EYES EYES OPEN
CLOSED
Freq. | Channels Brodmann | Significance PRE | Significance POST P-value Brodmann | Significance PRE Significance POST P-value
Area (incidence) (incidence) Area (incidence) (incidence)
(incidence) (incidence)
Delta 1 6 23+09 - 0.06 - - - -
(N=3) (N=0)
Theta 5 40 - 42+0.2 0.06 - - - -
(N=0) (N=3)
7 - - - - 4 28+0.2 - 0.06
(N=3) (N=0)
Alpha 1 - - - - 9 26+1.0 - 0.02*
(N=4) (N=0)
Beta 15 9 26+05 - 0.06 - - - -
(N=3) (N=0)
High 19 8 21+06 - 0.06 19 - 2107 0.06
Beta
(N=3) (N=0) (N=0) (N=3)
21 40 - 1.8+0.9 <.01* 39 - 2.0+0.9 0.06
(N=0) (N=5) (N=0) (N=3)
22 7 - 19+14 0.06 - - - -
(N=0) (N=3)
23 8 1.6+0.3 0 0.06 - - - -
(N=3) (N=0)
24 8 1.6+0.3 - 0.06 - - - -
(N=3) (N=0)
29 7 - 2.0+0.8 0.04* - - - -
(N=0) (N=5)
30 7 21+£0.2 22+09 0.05* - - - -
(N=2) (N=6)

gyrus of the occipital lobe) and 39 (angular gyrus of the superolateral
parietal lobe) approached significance (p=0.06).

Analyses of auditory and visual attention

The IVA-2 Standard Full-Scale analysis was used to measure visual
and auditory attentiveness. At 6 months post-treatment, there were
clinically relevant improvements in attention, mean auditory attention
increased from slightly impaired (IVA score 87.5 + 28.8) to average
(IVA score 99.6 = 22.1) (Table 6). Additional clinically relevant
improvement was noted in visual stamina which improved from mildly
impaired, 83.5 + 15.5 to average 90.4 + 17.0.

Discussion

Retired NFL players demonstrated multiple sites of chronic pain;
the pain was present for a minimum of 5 years and persisted despite
multiple therapies. Based on our previous report on renal transplant
recipients [43] in which subjects reported significant pain relief with
therapy, we hypothesized that similar pain relief could be achieved in
retired NFL players, who are known to have chronic pain following
multiple traumatic injuries on the field. Our results indicated that
focused muscle contraction therapy led to the cessation or decrease of
chronic pain and the cessation or decrease of pain was associated with
significant changes in brain wave activity.

In patients with chronic pain, brain wave activity has most increased
in the theta bandwidth [44-46]. It is believed that increased theta wave
activity is associated with thalamocortical dysrhythmia, creating
thalamocortical loops which may lead to abnormal gamma wave
activity and the symptoms of chronic pain [47,48]. It is also believed
that increased theta wave activity in the awake patient with pain, is

associated with slowing of EEG activity and in some cases, sleepiness,
or decreased attentiveness, since theta waves are primarily observed in
dream-like states [17]. Chronic pain has also been reported to associate
with increased activity in alpha and beta waves, particularly in the
primary somatosensory and medial prefrontal cortex with beta waves
likely to be observed in the frontal brain areas [49]. The results shown
in this study are consistent with reports of others; we observed Z-scores
outside normative ranges in delta, theta, and beta wave activities pre-
therapy in all subjects with subsequent return to normative ranges at 6
months post-therapy. Importantly, these changes were associated with
the cessation of chronic pain.

The location of brain wave activity was observed in the prefrontal
cortex of the frontal lobe in Brodman Areas 4 and 9; these findings are
consistent with prior reports of brain areas associated with chronic pain
[50,51]. Interestingly, these two areas showed activity regardless of the
location of the pain. At 6 months post-treatment, none of the subjects
showed clinically significant activity in BA 4 and 9. Instead, statistically
significant activity was observed in BA 21, 29, and 30. BA 21 is located
in the temporal cortex and is responsible for auditory processing and
language [52]. BA 29 and 30 are located in the retro splenial regions of
the cerebral cortex (RSC) [53]. RSC activation occurs during spatial
awareness for activities such as route planning, trajectory changes,
thoughts of location, and orientation. Overall fMRI studies point to its
role in both encoding and retrieval of spatial information.

An increased activity in the high beta waves of BA 39 (angular gyrus
of the superolateral parietal lobe) which has played a role in the patient’s
own-body perceptions [54], approached statistical significance. Body
perceptions are known to influence the perception of chronic pain [55].
The increased activity in the high beta waves of BA 19 (lateral occipital
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Table 6: IVA-2 Standard Scale Analysis.
Parameter PRE POST PRE POST PRE POST
Mean Range of Mean Range of Mean Range of Mean Range of Mean Range of Mean Range of
(SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean
Attention Quotient 94.0 Average 95.8 Average 91.0 Average 98.6 Average 98.5 Average 94.4 Average
(18.4) (18.2) (19.6) (16.6) (16.7) (21.5)
Sustained 87.5 Slightly 99.6 Average* 97.6 Average 94.8 Average
Attention (28.8) impaired (22.1) (21.5) (22.8)
Vigilance 85.5 Slightly 95.9 Average 102.6 Average 95.9 Average
(32.7) impaired (15.9) (10.2) (18.1)
Focus 91.0 Average 96.4 Average 98.5 Average 98.5 Average
(12.0) (13.8) (17.9) (18.3)
Speed 103.7 Average 104.3 Average | 95.5(9.4) Average 93.9 Average
(5.4) (11.4) (14.2)
Response Control 89.6 Slightly 99.8 Average 94.9 Average 99.8 Average 921 Average 99.9 Average
Quotient (16.0) impaired (19.6) (14.4) (16.7) (16.0) (16.5)
Prudence 105.4 Average 107.1 Average 99.6 Average 108.3 Average
(17.9) (10.5) (14.6) (8.9)
Consistency 88.6 Slightly 99.8 Average 98.9 Average 102.0 Average
(14.3) impaired (15.5) (18.1) (12.3)
Stamina 91.5 Average 92.9 Average 83.5 Mildly 90.4 Average*
(17.3) (13.3) (15.5) impaired (17.0)
Comprehension 97.0 Average 102.9 Average 93.9 Average 101.0 Average
(19.3) (10.0) (20.0) (9.5)
Persistence 94.6 Average 82.8 (9.4) Mildly 104.4 Average 93.5(11.2) Average
(17.3) impaired (25.2)
Sensory/Motor 112.6 (4.5) Above 110.5(9.3) Above 95.8 Average 104.8 Average
average average (17.6) (8.5)

*Change in Parameter from Pre to Post was clinically significant.
Ranges legend: X< 60 (Extremely impaired); [61-67] (Severely impaired); [68—71] (Moderately — Severely impaired); [72-75] (Moderately impaired); [76—79] (Mildly —
Moderately impaired); [80—84] (Mildly impaired); [85—89] (Slightly impaired); [90—109] (Average); [110—119] (Above Average); [120 — 129] (Superior); X = 130 (Exceptional).

gyrus of the occipital lobe) was also observed to approach statistical
significance. BA 19 has been identified as part of the visual cortex and
participates in the representation and perception of objects [56]. This
area is strongly activated when objects are touched and plays a role in
behavioral performance in different recognition tasks and response to
a variety of types of stimuli.

Improvements in auditory attention and visual stamina may be due
to the significantly increased brain activity in high beta waves observed
in BA 21 and BA 39, respectively. High beta waves are the highest form
of mental alertness. The specific task of focusing on isolated contraction of
singular muscle groups during therapy may involve the temporal-parietal-
occipital (TPO) junction, a complex area of the brain which participates
in several high-level neurological functions, such as language, visuospatial
recognition, self-processing- and working memory. This area includes Bas
19, 37, 39, and 40; we observed increased activity in two of these, BA 19 and
39. Focused muscle contraction relies on auditory coaching during therapy
which could account for activation of language function. Visuospatial
recognition is used in visualizing muscle contraction during repetitions.
Self-processing is applied in response to feedback by the therapist to guide
the patient on the accuracy of focused muscle contraction. Working
memory is used to recall appropriate techniques used for precise isolation
of the muscle group. In summary, focused muscle contraction through its
execution, engaged a variety of tasks requiring concentration and focused
mental activity.

This study had limitations. The selection of retired NFL players,
who by nature have the highest rate of injury and as a consequence,
a high number of locations manifesting chronic pain, did inherently
limit the number of subjects enrolled at this single-site study. A
randomized clinical trial is theoretically needed to confirm the validity
of this pilot study. Because of the great chronicity of the pain (>5 years)

and the numerous unsuccessful treatment therapies during that period,
randomizing a treatment arm to no therapy would likely prolong the
chronic pain condition and may not be considered compassionate care.
Further, this is the second study in an entirely different population,
retired NFL players, which has led to consistent relief of pain; the
first study, a randomized control trial, was undertaken in 80 renal
transplant recipients with similar results using the analog scale of
pain. We believe this non-medication-based therapy engendered a
high motivation to continue therapy to 18 months and beyond due
to substantive reduction or elimination of chronic pain. This program
demonstrates feasibility as an effective and long-lasting treatment for
patients suffering from chronic pain and its detriments.

Competing Interest

This study was supported by a grant from the Department of
Surgery and the University of Illinois Foundation. GH, MH, DZ are
employed by GH Fitlab but performed muscle therapy in collaboration
with the College of Kinesiology at the University of Illinois. NC and
MO are employed by Holistic Neuropsychology but performed all
neuropsychology assessments at the University of Illinois. No other
conflict of interests is acknowledged.

Data Availability

The datasets generated during and/or analyzed during the current
study are not publicly available due to individual privacy. A deidentified
data set can be made available from the author JRR (jrubio7@uic.edu)
on reasonable request..

References

1. Breivik H, Collett B, Ventafridda V, Cohen R, Gallacher D (2006) Survey of
chronic pain in Europe: prevalence, impact on daily life, and treatment. Eur J
Pain 10: 287-333.

J Nov Physiother, an open access journal

Volume 12 « Issue 12 « 1000555


https://www.sciencedirect.com/science/article/abs/pii/S1090380105000868
https://www.sciencedirect.com/science/article/abs/pii/S1090380105000868

Citation: Cohen N, Hachaj G, Rubio J, Kastelz A, Hachaj M, et al. (2022) The Effect of Focused Muscle Contraction Therapy on Chronic Pain and
Brodmann Area Activity in Former National Football League Players. J Nov Physiother 12: 555.

Page 8 of 9

20.

21.

22.

23.

24.

25

Castillo RC, MacKenzie EJ, Wegener ST, Bosse MJ, Group LS (2006)
Prevalence of chronic pain seven years following limb threatening lower
extremity trauma. Pain 124: 321-329.

Lame IE, Peters ML, Vlaeyen JW, Kleef M, Patijn J (2005) Quality of life in
chronic pain is more associated with beliefs about pain, than with pain intensity.
Eur J Pain 9: 15-24.

Mkandawire NC, Boot DA, Braith waite 1J, Patterson M (2002) musculoskeletal
recovery 5 years after severe injury: long term problems are common. Injury
33: 111-115.

Rivara FP, Mackenzie EJ, Jurkovich GJ, Nathens AB, Wang J, et al. (2008)
Prevalence of pain in patients 1 year after major trauma. Arch Surg 143: 282-
287.

Geneen LJ, Moore RA, Clarke C, Martin D, Colvin LA, et al. (2017) Physical
activity and exercise for chronic pain in adults: an overview of Cochrane
Reviews. Cochrane Database of Systematic Reviews.

Knotkova H, Soto E, Leuschner Z, Greenberg A, Stock V, et al. (2013) Trans
cranial direct current stimulation (tDCS) for the treatment of chronic pain. The
Journal of Pain 14: S64.

Turk DC, Wilson HD, Cahana A b (2011) Treatment of chronic non-cancer pain.
The Lancet 377: 2226-2235.

SIGN G Scottish (2009) Intercollegiate Guidelines Network (SIGN).
Management of attention deficit and hyperkinetic disorders in children and
young people: A national clinical guideline 112.

. Sullivan MJ, Martel MO, Trost Z (2013) Pain chronicity, and disability. Handbook

of work disability: Springer 107-124.

. Vlaeyen JW, Morley S (2004) Active despite pain: the putative role of stop-rules

and current mood. Pain 110: 512-516.

. Apkarian AV, Sosa Y, Sonty S, Levy RM, Harden RN, et al. (2004) Chronic

back pain is associated with decreased prefrontal and thalamic gray matter
density. J Neurosci 24: 10410-10415.

. Buckalew N, Haut MW, Morrow L, Weiner D (2008) Chronic pain is associated

with brain volume loss in older adults: preliminary evidence. Pain Med 9: 240-
248.

. May A (2008) Chronic pain may change the structure of the brain. Pain 137:

7-15.

. Schmidt-Wilcke T, Leinisch E, Ganssbauer S, Draganski B, Bogdahn U et

al. (2006) Affective components and intensity of pain correlate with structural
differences in gray matter in chronic back pain patients. Pain 125: 89-97.

. Knyazev GG (2012) EEG delta oscillations as a correlate of basic homeostatic

and motivational processes. Neuroscience Bio behavioral Reviews 36: 677-
695.

.Boudreau SA, Farina D, Falla D (2010) the role of motor learning and

neuroplasticity in designing rehabilitation approaches for musculoskeletal pain
disorders. Manual therapy 15: 410-414

. Eliassen JC, Souza T, Sanes JN (2001) Human brain activation accompanying

explicitly directed movement sequence learning. Experimental brain research
Experimentelle Hirnforschung Experimentation cerebrale 141: 269-280.

. Halsband U, Lange RK (2006) Motor learning in man: a review of functional and

clinical studies. J Physiol Paris 99: 414-424.

Saemi E, Porter J, Wulf G, Ghotbi-Varzaneh A, Bakhtiari S (2013). Adopting an
external focus of attention facilitates motor learning in children with attention
deficit hyperactivity disorder. Kinesiology 45: 179-185.

Wulf G. Attentional focus and motor learning: a review of 15 years (2013) Int
Rev Sport Exerc Psychol 6: 77-104.

Yamada M, Diekfuss JA, Raisbeck LD (2020). Motor behavior literature fails
to translate: a preliminary investigation into coaching and focus of attention in
recreational distance runners. Int J Exerc Sci 13:789-801.

Whitten CE, Evans CM, Cristobal K (2005). Pain management doesn't have
to be a pain: working and communicating effectively with patients who have
chronic pain. Perm J 9: 41-48.

Snyder BJ, Fry WR (2012). Effect of verbal instruction on muscle activity during
the bench press exercise. J Strength Cond Res 26:2394-2400.

.Kastelz A, Fernhall B, Wang E, Tzvetanov |, Spaggiari M ,et al. (2021)

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Personalized physical rehabilitation program and employment in kidney
transplant recipients: a randomized trial. Transpl Int 34:1083-1089.

Tiggemann CL, Korzenowski AL, Brentano MA, Tartaruga MP, Alberton CL ,et
al. (2010) Perceived exertion in different strength exercise loads in sedentary,
active, and trained adults. J Strength Cond Res 24 : 2032-2041.

Row Lazzarini BS, Dropp MW, Lloyd W (2017) Upper-extremity explosive
resistance training with older adults can be regulated using the rating of
perceived exertion. J Strength Cond Res 31: 831-836

Farokhzadi F, Khajevand Khosli A, Mohamadi MR, Akbarfahimi M, Ali Beigi N
(2019) Efficacy of ear acupuncture on attention deficit / hyperactivity disorder in
7-14 years old children. J Gorgan Univ Med Sci 20:44-52.

Prichep LS, Shah J, Merkin H, Hiesiger EM (2018) Exploration of the
pathophysiology of chronic pain using quantitative EEG source localization.
Clin EEG and Neurosci 49: 103-113.

Thatcher RW  (2010) Validity and Reliability of
Electroencephalography. J Neurother 14: 122-152.

Quantitative

Pascual-Marqui RD, Lehmann D, Koenig T, Kochi K, Merlo MCG ET , et al.
(1999) Low resolution brain electromagnetic tomography (LORETA) functional
imaging in acute, neuroleptic-naive, first-episode, productive schizophrenia.
Psychiatry res Neuroimaging 90:169-179.

Pascual-Marqui RD, Michel CM, Lehmann D (1994) Low resolution
electromagnetic tomography: a new method for localizing electrical activity in
the brain Int J Psychophysiol 18: 49-65.

Pascual-Marqui RD, Esslen M, Kochi K, Lehmann D (2002) Functional imaging
with low-resolution brain electromagnetic tomography (LORETA): a review.
Methods Find Exp Clin Pharmacol 24: 91-95.

Fuchs M, Wagner M, Kéhler T, Wischmann H-A (1999) Linear and nonlinear
current density reconstructions. Clin Neurophysiol 16: 267-295.

Winterer G, Mulert C, Mientus S, Gallinat J, Schlattmann P, et al. (2001). P300
and LORETA: comparison of normal subjects and schizophrenic patients. Brain
Topogr 13: 299-313.

Worrell GA, Lagerlund TD, Sharbrough FW, Brinkmann BH, Busacker NE ,et
al.(2000) Localization of the epileptic focus by low-resolution electromagnetic
tomography in patients with a lesion demonstrated by MRI. Brain Topogr 12:
273-282.

Monty602. The NFL’s Problem with Pain: Part One. In: SBNation editor, Vol.
2019: Vox Media, 2016.

Mulert C, Jager L, Schmitt R, Bussfeld P, Pogarell O, et al. (2004) Integration
of fMRI and simultaneous EEG: towards a comprehensive understanding of
localization and time-course of brain activity in target detection. Neuroimage
22: 83-94.

Krigbaum G, Wigton NL (2015) A methodology of analysis for monitoring
treatment progression with 19-channel z-score neurofeedback (19ZNF) in a
single-subject design. Appl Psychophysiol Biofeedback 40:139-149.

Groeneveld KM, Mennenga AM, Heidelberg RC, Martin RE, Tittle RK,
Meeuwsen KD, et al.(2019) Z-score neurofeedback and heart rate variability
training for adults and children with symptoms of attention-deficit/hyperactivity
disorder: A retrospective study. Appl Psychophysiol Biofeedback 44: 291-308.

Bowyer SM (2016) Coherence a measure of the brain networks: past and
present. Neuropsychiatric Electrophysiology 2:1-12

Cao R, Shi H, Wang X, Huo S, Hao Y, et al . (2020) Hemispheric asymmetry
of functional brain networks under different emotions using EEG data. Entropy
22:939.

Buchanan DM, Ros T, Nahas R (2021) Elevated and Slowed EEG Oscillations
in Patients with Post-Concussive Syndrome and Chronic Pain Following a
Motor Vehicle Collision. Brain sciences11:537.

Camfferman D, Moseley GL, Gertz K, Pettet MW, Jensen MP (2017) Waking
EEG cortical markers of chronic pain and sleepiness. Pain Medicine18: 1921-
1931.

Ploner M, Sorg C, Gross J (2017) Brain rhythms of pain. Trends in cognitive
sciences 21:100-110.

De Ridder D, Vanneste S, Langguth B, Llinas R (2015) Thalamocortical
dysrhythmia: a theoretical update in tinnitus. Front Neurol 6:124.

J Nov Physiother, an open access journal

Volume 12 « Issue 12 « 1000555


https://www.sciencedirect.com/science/article/abs/pii/S0304395906002417
https://www.sciencedirect.com/science/article/abs/pii/S0304395906002417
https://www.sciencedirect.com/science/article/abs/pii/S1090380104000230
https://www.sciencedirect.com/science/article/abs/pii/S1090380104000230
https://www.sciencedirect.com/science/article/abs/pii/S002013830100047X
https://www.sciencedirect.com/science/article/abs/pii/S002013830100047X
https://jamanetwork.com/journals/jamasurgery/article-abstract/401555
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD011279.pub3/full
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD011279.pub3/full
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD011279.pub3/full
https://www.jpain.org/article/S1526-5900(13)00629-9/fulltext
https://www.jpain.org/article/S1526-5900(13)00629-9/fulltext
https://www.sciencedirect.com/science/article/abs/pii/S0140673611604029
https://www.argyll-bute.gov.uk/sites/default/files/adhd_informtion.pdf
https://www.argyll-bute.gov.uk/sites/default/files/adhd_informtion.pdf
https://www.argyll-bute.gov.uk/sites/default/files/adhd_informtion.pdf
https://link.springer.com/chapter/10.1007/978-1-4614-6214-9_8
https://link.springer.com/chapter/10.1007/978-1-4614-6214-9_8
https://journals.lww.com/pain/Citation/2004/08000/Active_despite_pain__the_putative_role_of.4.aspx
https://journals.lww.com/pain/Citation/2004/08000/Active_despite_pain__the_putative_role_of.4.aspx
https://academic.oup.com/painmedicine/article/9/2/240/1936946
https://academic.oup.com/painmedicine/article/9/2/240/1936946
https://www.sciencedirect.com/science/article/abs/pii/S0304395906002557
https://www.sciencedirect.com/science/article/abs/pii/S0304395906002557
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=16.%09Knyazev+GG+%282012%29+EEG+delta+oscillations+as+a+correlate+of+basic+homeostatic+and+motivational+processes.+Neuroscience+Bio+behavioral+Reviews+36%3A+677-695.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=16.%09Knyazev+GG+%282012%29+EEG+delta+oscillations+as+a+correlate+of+basic+homeostatic+and+motivational+processes.+Neuroscience+Bio+behavioral+Reviews+36%3A+677-695.&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S1356689X10000834
https://www.sciencedirect.com/science/article/abs/pii/S1356689X10000834
https://www.sciencedirect.com/science/article/abs/pii/S1356689X10000834
https://link.springer.com/article/10.1007/s002210100822
https://link.springer.com/article/10.1007/s002210100822
https://www.sciencedirect.com/science/article/abs/pii/S0928425706000155
https://www.sciencedirect.com/science/article/abs/pii/S0928425706000155
http://www.gwulf.faculty.unlv.edu/wp-content/uploads/2014/05/Saemi_ADHD_AF_2013.pdf
http://www.gwulf.faculty.unlv.edu/wp-content/uploads/2014/05/Saemi_ADHD_AF_2013.pdf
http://www.gwulf.faculty.unlv.edu/wp-content/uploads/2014/05/Saemi_ADHD_AF_2013.pdf
http://gwulf.faculty.unlv.edu/wp-content/uploads/2018/11/Wulf_AF_review_2013.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7241619/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7241619/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7241619/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3104828/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3104828/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3104828/
https://journals.lww.com/nsca-jscr/Fulltext/2012/09000/Effect_of_Verbal_Instruction_on_Muscle_Activity.12.aspx
https://journals.lww.com/nsca-jscr/Fulltext/2012/09000/Effect_of_Verbal_Instruction_on_Muscle_Activity.12.aspx
https://pubmed.ncbi.nlm.nih.gov/33733479/
https://pubmed.ncbi.nlm.nih.gov/33733479/
https://d1wqtxts1xzle7.cloudfront.net/45520804/Perceived_exertion_in_different_strength20160510-9802-1l618mu-libre.pdf?1462914534=&response-content-disposition=inline%3B+filename%3DPerceived_Exertion_in_Different_Strength.pdf&Expires=1672320156&Signature=QOJRAT08AKxy4d5ERjIOvUaVl7ephKpyEzYb-cy9FX7Yist~VcaOfaYEiZfsM0~LiVY5IAPBAtt3A8hlUCaFnd35-63zZy0ARhF0gxMacbpAVdeLP~j1BKacJdWUWQ1e9ocM6RvR9L-8RqE-pDqtuyPtCTX-UJg7BSC3ygu~O6OQzkKIdwlmLHXaRdfxhAdCTI4o2k8jO~Ha8ySH~DIz~ArCeGPHWyUAZVOSE4NdkpF5ibIXufZhUvXpU8-j5Nrwf8zLoBIQueMtERr0s0~EiysVMqHgSoDKNPq2PeL8ahtL2aX729eGR9CJFYzJXAs~4Uhjmwt3T2kOsBUIedSkXQ__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/45520804/Perceived_exertion_in_different_strength20160510-9802-1l618mu-libre.pdf?1462914534=&response-content-disposition=inline%3B+filename%3DPerceived_Exertion_in_Different_Strength.pdf&Expires=1672320156&Signature=QOJRAT08AKxy4d5ERjIOvUaVl7ephKpyEzYb-cy9FX7Yist~VcaOfaYEiZfsM0~LiVY5IAPBAtt3A8hlUCaFnd35-63zZy0ARhF0gxMacbpAVdeLP~j1BKacJdWUWQ1e9ocM6RvR9L-8RqE-pDqtuyPtCTX-UJg7BSC3ygu~O6OQzkKIdwlmLHXaRdfxhAdCTI4o2k8jO~Ha8ySH~DIz~ArCeGPHWyUAZVOSE4NdkpF5ibIXufZhUvXpU8-j5Nrwf8zLoBIQueMtERr0s0~EiysVMqHgSoDKNPq2PeL8ahtL2aX729eGR9CJFYzJXAs~4Uhjmwt3T2kOsBUIedSkXQ__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://willamette.edu/undergraduate/exsci/faculty/row/3---row-lazzarini-et-al.-2016---j-strength-and-conditioning-research---rpe,-explosive-resistance-training,-chest-press.pdf
https://willamette.edu/undergraduate/exsci/faculty/row/3---row-lazzarini-et-al.-2016---j-strength-and-conditioning-research---rpe,-explosive-resistance-training,-chest-press.pdf
https://willamette.edu/undergraduate/exsci/faculty/row/3---row-lazzarini-et-al.-2016---j-strength-and-conditioning-research---rpe,-explosive-resistance-training,-chest-press.pdf
http://goums.ac.ir/journal/files/site1/user_files_56ad45/admin-A-10-1-1079-00e7249.pdf
http://goums.ac.ir/journal/files/site1/user_files_56ad45/admin-A-10-1-1079-00e7249.pdf
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=10.%09Prichep+LS%2C+Shah+J%2C+Merkin+H%2C+Hiesiger+EM.+Exploration+of+the+pathophysiology+of+chronic+pain+using+quantitative+EEG+source+localization.+Clinical+EEG+and+neuroscience+2018%3B49%282%29%3A103-113.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=10.%09Prichep+LS%2C+Shah+J%2C+Merkin+H%2C+Hiesiger+EM.+Exploration+of+the+pathophysiology+of+chronic+pain+using+quantitative+EEG+source+localization.+Clinical+EEG+and+neuroscience+2018%3B49%282%29%3A103-113.&btnG=
https://www.bonadeacentre.co.za/doc/qeeg/QEEG Reliability Thatcher.pdf
https://www.bonadeacentre.co.za/doc/qeeg/QEEG Reliability Thatcher.pdf
https://www.sciencedirect.com/science/article/abs/pii/S092549279900013X
https://www.sciencedirect.com/science/article/abs/pii/S092549279900013X
https://www.brainmaster.com/software/pubs/brain/loreta/LORETA-paper02.pdf
https://www.brainmaster.com/software/pubs/brain/loreta/LORETA-paper02.pdf
https://www.brainmaster.com/software/pubs/brain/loreta/LORETA-paper02.pdf
https://institutpsychoneuro.com/wp-content/uploads/2015/10/LORETA2002_Review.pdf
https://institutpsychoneuro.com/wp-content/uploads/2015/10/LORETA2002_Review.pdf
https://pubmed.ncbi.nlm.nih.gov/10426408/
https://pubmed.ncbi.nlm.nih.gov/10426408/
https://d1wqtxts1xzle7.cloudfront.net/45704152/a_3A101118481419420160517-11662-13jck83-libre.pdf?1463484422=&response-content-disposition=inline%3B+filename%3DP300_and_LORETA_comparison_of_normal_sub.pdf&Expires=1672386827&Signature=Ok318qoeY23WlwHe1TcDr1Slo9EQrqxuntkAUOQbxEi4bihU327R0dY4330NRxxIgGFymhL3N94BM-HJO-B-zcVs7yJTLTIHgFVofps52p-fenyF9K1lAHXQ37oID48Ip8LNePVBv0vgCVAbTpA6hk-ovUPEOd0hj6dpyvIZRSZtWf-coom~s-~lwCQSW09DFAan0--4u1CITNxL04i8ZoVtgkimoe4MRDq-eCF9k7Art2c-XODvsPGsErbDlFaxqv31twBMk1WqbjiBHKcXztrNsyBg48pga93k9j0P2r48krJBVvLSLMSM8hur7yXFDXwSJc05CGASmwgrIG~lMg__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/45704152/a_3A101118481419420160517-11662-13jck83-libre.pdf?1463484422=&response-content-disposition=inline%3B+filename%3DP300_and_LORETA_comparison_of_normal_sub.pdf&Expires=1672386827&Signature=Ok318qoeY23WlwHe1TcDr1Slo9EQrqxuntkAUOQbxEi4bihU327R0dY4330NRxxIgGFymhL3N94BM-HJO-B-zcVs7yJTLTIHgFVofps52p-fenyF9K1lAHXQ37oID48Ip8LNePVBv0vgCVAbTpA6hk-ovUPEOd0hj6dpyvIZRSZtWf-coom~s-~lwCQSW09DFAan0--4u1CITNxL04i8ZoVtgkimoe4MRDq-eCF9k7Art2c-XODvsPGsErbDlFaxqv31twBMk1WqbjiBHKcXztrNsyBg48pga93k9j0P2r48krJBVvLSLMSM8hur7yXFDXwSJc05CGASmwgrIG~lMg__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/89894438/a_3A102340752177220220818-1-103hcwo-libre.pdf?1660855587=&response-content-disposition=inline%3B+filename%3DLocalization_of_the_Epileptic_Focus_by_L.pdf&Expires=1672386559&Signature=A5DJMdSKM9ACquJuaKT-HTzmCi0CPRyhe8b73R28LPdMhyE2gLhphoenSqepzEb3vLjywTD1WgXVVM7ZCiRpUp99hH2S6ad3HCFqyx2HqTnWIfeaEyOWlAinswCObOKvVvLCTH-65AVO2ju~h5JbxoUbxdCLubGJOrJhMyqvrLsjBayrpp~F4YZMvfx6nTknJyXj6l8T-xX9fKacUQQotC9P9F5OLRJwvaTWqK4-ypCBgVXjy3QYQ2Zp~kfdYmuXDv-zD8W1STQ1U5W0g61u9B7RYIls2IeS7~5IuLrSOF~5npEclvqlqkI~Fv4GPRm3gjINf40aaEgpRW~x-PfCYA__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/89894438/a_3A102340752177220220818-1-103hcwo-libre.pdf?1660855587=&response-content-disposition=inline%3B+filename%3DLocalization_of_the_Epileptic_Focus_by_L.pdf&Expires=1672386559&Signature=A5DJMdSKM9ACquJuaKT-HTzmCi0CPRyhe8b73R28LPdMhyE2gLhphoenSqepzEb3vLjywTD1WgXVVM7ZCiRpUp99hH2S6ad3HCFqyx2HqTnWIfeaEyOWlAinswCObOKvVvLCTH-65AVO2ju~h5JbxoUbxdCLubGJOrJhMyqvrLsjBayrpp~F4YZMvfx6nTknJyXj6l8T-xX9fKacUQQotC9P9F5OLRJwvaTWqK4-ypCBgVXjy3QYQ2Zp~kfdYmuXDv-zD8W1STQ1U5W0g61u9B7RYIls2IeS7~5IuLrSOF~5npEclvqlqkI~Fv4GPRm3gjINf40aaEgpRW~x-PfCYA__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://link.springer.com/article/10.1007/s10484-015-9274-0
https://link.springer.com/article/10.1007/s10484-015-9274-0
https://link.springer.com/article/10.1007/s10484-015-9274-0
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6834758/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6834758/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6834758/
https://npepjournal.biomedcentral.com/articles/10.1186/s40810-015-0015-7
https://npepjournal.biomedcentral.com/articles/10.1186/s40810-015-0015-7
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7597206/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7597206/
https://www.mdpi.com/2076-3425/11/5/537
https://www.mdpi.com/2076-3425/11/5/537
https://www.mdpi.com/2076-3425/11/5/537
https://pubmed.ncbi.nlm.nih.gov/28087845/
https://pubmed.ncbi.nlm.nih.gov/28087845/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5374269/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4460809/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4460809/

Citation: Cohen N, Hachaj G, Rubio J, Kastelz A, Hachaj M, et al. (2022) The Effect of Focused Muscle Contraction Therapy on Chronic Pain and
Brodmann Area Activity in Former National Football League Players. J Nov Physiother 12: 555.

Page 9 of 9

4

48.

4

5

5

hy)

.Llinds RR, Steriade M (2006) Bursting of thalamic neurons and states of
vigilance. J Neurophysiol 95 :3297-3308.

Jensen M, Sherlin L, Gertz K, Braden A, Kupper A, et al. (2013) Brain EEG
activity correlates of chronic pain in persons with spinal cord injury: clinical
implications. Spinal Cord 51: 55-58.

9. Lorenz J, Minoshima S, Casey K (2003) Keeping pain out of mind: the role
of the dorsolateral prefrontal cortex in pain modulation. Brain 126:1079-1091.

0. Ong W-Y, Stohler CS, Herr DR (2019) Role of the prefrontal cortex in pain
processing. Mol Neurobio 56:1137-1166.

uy

.Ahmad Z, Balsamo L, Sachs B, Xu B, Gaillard W (2003) Auditory comprehension
of language in young children: neural networks identified with fMRI. Neurology
60:1598-1605.

52.

53.

54.

55.

56.

Mitchell AS, Czajkowski R, Zhang N, Jeffery K, Nelson AJ (2018) Retrosplenial
cortex and its role in spatial cognition. Brain Neurosci Adv 2: 2398212818757098.

Favaro A, Santonastaso P, Manara R, Bosello R, Bommarito G, et al. (2012)
Disruption of visuospatial and somatosensory functional connectivity in
anorexia nervosa. Biol Psychiatry72: 864-870.

Blanke O, Landis T Ortigue, Seeck M (2002) Stimulating illusory own body
perceptions. Nature 419: 269-270.

Lumer ED, Rees G (1999)Covariation of activity in visual and prefrontal cortex
associated with subjective visual perception. Proc Natl Acad Sci 96: 1669-1673.

Grill-Spector K, Kourtzi Z, Kanwisher N (2001) The lateral occipital complex
and its role in object recognition. Vision research 41:1409-1422.

J Nov Physiother, an open access journal

Volume 12 « Issue 12 + 1000555


https://journals.physiology.org/doi/full/10.1152/jn.00166.2006?rfr_dat=cr_pub++0pubmed&url_ver=Z39.88-2003&rfr_id=ori%3Arid%3Acrossref.org
https://journals.physiology.org/doi/full/10.1152/jn.00166.2006?rfr_dat=cr_pub++0pubmed&url_ver=Z39.88-2003&rfr_id=ori%3Arid%3Acrossref.org
https://www.nature.com/articles/sc201284
https://www.nature.com/articles/sc201284
https://www.nature.com/articles/sc201284
https://academic.oup.com/brain/article/126/5/1079/489233?login=false
https://academic.oup.com/brain/article/126/5/1079/489233?login=false
https://link.springer.com/article/10.1007/s12035-018-1130-9
https://link.springer.com/article/10.1007/s12035-018-1130-9
https://n.neurology.org/content/60/10/1598.long
https://n.neurology.org/content/60/10/1598.long
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6095108/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6095108/
https://www.biologicalpsychiatryjournal.com/article/S0006-3223(12)00408-8/fulltext
https://www.biologicalpsychiatryjournal.com/article/S0006-3223(12)00408-8/fulltext
https://www.biologicalpsychiatryjournal.com/article/S0006-3223(12)00408-8/fulltext
https://www.nature.com/articles/419269a
https://www.nature.com/articles/419269a
https://www.pnas.org/doi/10.1073/pnas.96.4.1669?url_ver=Z39.88-2003&rfr_id=ori%3Arid%3Acrossref.org&rfr_dat=cr_pub++0pubmed
https://www.pnas.org/doi/10.1073/pnas.96.4.1669?url_ver=Z39.88-2003&rfr_id=ori%3Arid%3Acrossref.org&rfr_dat=cr_pub++0pubmed
https://www.sciencedirect.com/science/article/pii/S0042698901000736
https://www.sciencedirect.com/science/article/pii/S0042698901000736

	Abstract

