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Abstract

The combination of neurofeedback and physical therapy is a novel approach for chronic pain treatment. A 66 year old woman with a history of 9 years of chronic
head and neck pain, whose progress toward pain reduction had reached a plateau and physical therapy only providing maintenance, was administered 32 sessions
of physical therapy and 50 sessions of neurofeedback over a 6 month period. The patient achieved significant reduction in pain, improved sleep, and increase in
functional mobility utilizing this combined approach. Pain intensity was reduced from 7.13/10 to 2.30/10, and the number of days with high pain reduced from 4-5
per week to 1 or less per week. Functionally, the patient increased her sitting tolerance by 2 hours, driving tolerance by 80 minutes and improved average sleep per
night by 3 hours. The brain map findings showed reduction in occipital muscle artifact, Alpha peak frequency, and Alpha in the posterior cortex. Overall, this change
added up to a 37-42% improvement in electro-cortical functioning. The importance of these findings is that the combination of physical therapy and neurofeedback

may provide an alternative treatment regimen to chronic pain management that lowers the reliance on medication and reduces long-term costs.

Introduction

Chronic spinal pain represents one of the largest medical expenses
in industrialized nations. A 2015 analysis of 2012 survey data found
that 23 million or 10% adult Americans reported daily chronic pain
[1]. Despite the large financial and functional impacts of chronic pain,;
outcomes remain poor. A seven year follow up study found that only
15% of patients who reported chronic widespread pain at the beginning
of the study completely eliminated their symptoms [2]. There is an
emerging body of evidence that physical therapy as part of a multi-
disciplinary care team is an effective treatment strategy for restoring
function. Additionally, it has been shown to be effective in reducing
pain catastrophizing when applied as part of a multidisciplinary team
[3], which is frequently unaddressed in more traditional models
of pain management. (NEUROFEEDBACK BACKGROUND)
Neurofeedback (NFT), or computer-aided real-time behavioral
training of the electroencephalogram (EEG), has been shown to be a
clinically effective treatment for some chronic pain for short periods
of time conditions in some situations [4] in peer-reviewed journals.
Also, posters/presentations at conferences have been presented on
NFTB’s effectiveness with pain conditions in certain circumstances [5-
11] and fibromyalgia in particular [12]. However, the use of NFT for
chronic neck or back pain beyond the immediate effect to relieve pain
does not have any published peer-reviewed research. However, there
is, with the exception of a hypothesized mechanism by which NFB
could directly treat pain [13]. Currently, NFT is through to provide
the most benefits through treatment of the co-morbidities such as
mental health/psychosomatic factors [14], high blood pressure and
cognitive dysfunctions [15], and sleep disorders [8]. And, NFT has
been successful at treating the addiction behaviors associated with
chronic pain [9,16]. It has also been suggested that NFT may also work
in pain syndromes by altering brain functioning in a way that changes
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how brain registers/interprets the pain [14]. In other words, the theory
is that NFT alters the how much pain a person “feels” regardless of
how many and how much pain signal is sent to the brain. Meaning,
the NFT would not directly treat the cause of the pain, but the reaction
to it. In fact, NIH recommends the use of Bio- and Neuro-feedback
techniques in pain and sleep disorders and gives it the highest level
of rating for effectiveness [14,17]; but it was based on primarily EMG
biofeedback results and not EEG biofeedback results. However Also,
Ibric & Dragomirescu (2012) also suggest, “It would be erroneous
and an oversimplification to suggest that biofeedback/ neurofeedback
alone would effectively assist the chronic pain patient to overcome co-
morbidities associated with their pain.” Therefore, combining physical
therapy emphasizing manual medicine which has been shown effective
for chronic neck pain [18-20] with neurofeedback presents a unique
multi-disciplinary care option which may effectively address physical,
psychological and neurological aspects of chronic pain.

Methods

Case description

The patient is a 66 year old female who was run over by her
minivan. The patient’s van, a 1997 Dodge Grand Caravan, was parked
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on an incline outside a place of business. Given the patient’s short
stature, she was unable to release the parking brake with her foot. In
order to release the brake she had to open the driver’s door, lean to
the left, and push the emergency brake with her hand. In attempting
to release the brake with her hand, she fell out of the van. The van
subsequently rolled backward and the patient’s head was run over by
the left front wheel. To the patient’s good fortune, an off duty EMT
witnessed the accident and was able to provide emergency medical
care almost immediately. The patient did not lose consciousness at
any time during the accident or during transport to the hospital. The
patient was transported to R Adams Cowley Shock Trauma Center at
the University of Maryland Medical Center via helicopter. The patient
sustained fractures of C5 and C6 vertebrae and had severe edema of the
left side of the face and head. No skull fractures were identified. Nor
was there any neurological trauma identified. The patient underwent
surgery to stabilize the fractures at C5 and C6 and fuse those 2 levels
via posterior approach. The patient remained in the hospital for 4 days
and was discharged home with a neck brace.

The patient reported to the current physical therapist’s office 18
months after the initial injury. Prior to her initial evaluation at our
office by the current physical therapist, she had undergone 91 physical
therapy sessions, 36 acupuncture sessions and 24 massage therapy
sessions; but was still suffering with considerable daily, unremitting
pain in her head, especially the occipital region and neck. She denied
having any radicular symptoms. Past Medical History: Her past
medical history was unremarkable for prior neck injury or other health
conditions. And, the patient had undergone gall bladder removal in
1995 and hernia repair in 1999. Her medications were Medications:
Flexeril and Tylenol PM. Objective Findings: The patient rated her
current pain in the head and neck at 7/10, best at 5/10 and worst at
9/10. Her Functional Limitations: Sitting tolerance was limited to
10 min, walking limited to 200 feet and ability to drive significantly
impaired due to inability to turn head to see traffic and increased pain
sitting in car (8/10 for greater than 10 minutes. The patient exhibited a
forward head posture with scapular protraction and thoracic kyphosis.
Her cervical range of motion was limited to 30 degrees of forward
and backward bending, 25 degrees of right and left side-bending and
45 and 40 degrees of right and left rotation respectively. The upper
extremity strength and range of motion was within normal limits. The
patient exhibited significant tenderness to palpation of the suboccipital
muscles and the occipital region of the head. The patient could only
tolerate very light pressure to these areas.

From 18 months post injury to approximately 7 years post injury
the patient underwent an average of 45 physical therapy visits per year
concentrating on craniosacral techniques and very gentle soft tissue
mobilization and neuromobilization techniques. More aggressive
treatment and/or exercise created a significant guarding response
and increase in pain; therefore, more indirect techniques had to
be employed. Over the course of 5 ¥ years, the patient achieved an
increase in cervical range of motion to 50 degrees of forward bending,
45 degrees of backward bending, 40 degrees of left and right side-
bending and 70 degrees of left and right rotation. Her sitting tolerance
increased from 10 minutes to 2 hours, walking tolerance increased
from 200 feet to 1000 feet and patient was able to drive with only
minimal restriction versus significant restriction at onset of physical
therapy at the 18 month mark with 6/10 pain after 30 minutes. The
patient had to wear a TENS unit to go to movies or drive greater than
1 % hours. Despite increases in cervical range of and improvement in
functional limitations, the patient still exhibited significant tightness
and tenderness to palpation in the upper trapezius, levator scapulae,
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sub-occipital muscles, and occipital region of the head. At this juncture
(7 years post injury, 5 ¥ years post initiating physical therapy in our
office, 315 PT visits later), we began employing a combination of
physical therapy and neurofeedback.

Treatment

At 7 years post injury, 5 ¥ years post initiating physical therapy in
our office and 315 PT visits later, we began employing a combination
of physical therapy and neurofeedback. The pain ratings were 5/10
for current pain, 3/10 for best pain, and 7/10 for worst pain. Her
pain ratings were 5/10 for current pain, 3/10 for best pain and 7/10
for worst. Functional limitations were walking tolerance of 1000 feet,
sitting tolerance of 2 hours and driving limited to 30 minutes with 6/10
pain. And, the patient still required TENS unit for movies and driving
greater than 1 % hours. The cervical range of motion was 50 degrees of
forward bending, 45 degrees of backward bending, 40 degrees of left
and right side-bending and 70 degrees of left and right rotation. The
patient was able to tolerate 50% more direct palpation and pressure
of the levator scapulae, upper trapezius and sub-occipital muscles, but
was still limited to 15 minutes of direct palpation and treatment.

A Quantitative Electroencephalogram (QEEG) “brain mapping”
was conducted with a Brainmaster Discovery 24e and an Electrocap
to record from the 19 points of the 10-20 system to establish a baseline
and guide treatment, and it used NeuroGuide and NewMind Databases
for the quantitative and normative analyses. The four most significant
QEEG findings were an excess muscle artifact that could not be
resolved at the sensorimotor and occipital electrodes [21] Figure 1,
excess (1-2 clinically relevant deviations above the norm) posterior
Alpha [20]. Figure 2 with a higher than the norm peak frequency (1
clinically relevant deviation above the norm) figure 3, and a global
excess of fast or “high” Beta (2 or more clinically relevant deviations
above the norm).

Physical Therapy sessions were conducted 2 times per week for 45
minutes for 4 weeks with a 4 week break and then 2 times a week for 4
weeks. The 4 week break in treatment was to accommodate insurance
visit limits. The treatment consisted of myofascial release techniques
and neuromobilization techniques for the first 3 months of combined
PT and neurofeedback. The next 3 months of PT treatment involved
direct manual therapy techniques for the cervical spine and occiput.
These techniques included soft tissue mobilization, joint mobilization
and myofascial release.
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Figure 1. EEG muscle artifact first session.
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Figure 2. EEG muscle artifact last session.
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orrom quantitative and normative eifour [21] see figure 1 [20].
Figures 2 and 3 Neurofeedback Intervention: The neurofeedback was
conducted simultaneously on 3 EEG channels utilizing a Brainmaster
Discovery 24e with Avatar software. Channels 1 and 2 were monopolar
montages on the sensorimotor strip at C3 and C4, respectively. The
goals at C3 and C4 were to increase her Sensorimotor Rhythm (SMR)
at 12-15 hz, reduce “high” Beta at 20-38 hz, and reduce muscle artifact.
Channel 3 was a sequential (bipolar) montage in the occipital cortex
at O1-02. The goals at O1-O2 were to reduce the peak frequency of
Alpha to below 12hz, reduce excess Alpha at 9-12hz, reduce “high” Beta
at 20-38 hz, and reduce muscle artifact. There were 50 neurofeedback
training sessions that were 24-30 minutes in length, with, the first
half with the eyes open utilizing visual and auditory feedback and
the second half with the eyes closed and only auditory feedback. The
thresholds adjustments were semi-automatic, with the clinician actively
intervening and making alterations throughout the session to the
automatic settings and completely turning them off and using manual
if necessary to ensure achievement of the best possible learning curve
Figure 4. Combined and integrated operant conditioning paradigms
were utilized to achieve the maximal learning curve (Table 1).

Alpha

Figure 3. QEEG eyes closed posterior alpha, pre (VHI= very high, HI= high, OK=good,
LO=low, VLO=very low).

Alpha

Figure 4. QUEEG eyes closed posterior alpha, post (same convention).
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Table 1. Functional change as a result of combining PT and Neurofeedback.

N Beginning of PT After 32 Visits
Initiation of PT and Neurofeedback of PT and 50
Neurofeedback
Sitting Tolerance 1 hour 2 hours 3 hours
Walking Tolerance 200 feet 1000 feet 2000 feet
Driving Tolerance 10 minutes+ 30 minutes+ 90 minutes*
Sleep 3.5 hours 3.5 hours 6.5 hours
z‘l(')elﬁel::]ne:et 15 minutes 15 minutes 45 minutes
Day High Pain 4 days/wk 4 days/wk 1 day/wk
Night High Pain 5 days/wk 5 days/wk <1 day/wk
Pain Intensity 7/10 7.13/10 2.30/10
+with TENS unit

*without TENS unit

Results

Six- months after combining PT and neurofeedback (32 PT
sessions), patient was able to go to movies and drive over 1 % hours
without use of a TENS unit for the first time in 9 years. Additionally,
the patient was able to tolerate 45 minutes of direct treatment to the
cervical muscles versus 15 minutes at the initiation of neurofeedback.
Sitting tolerance increased to over 3 hours and ambulation distance
increased to greater than 2000 feet (double the distance before adding
neurofeedback). The QEEG analysis showed no visually observable
muscle artifact figure 1, a reduction of Alpha peak frequency and
dominant frequency to within the norm, a reduction in posterior Alpha
to within the norm figure 2, and no significant change in “high” Beta.
This change represented just over 20% regression toward the norm and
approximately 50% of the brain going through reorganization, leading
to a total global change of 37-42% Figure 5. The pain charting that
was initiated with the beginning of the 6 month period neurofeedback
intervention showed a decrease in high pain occurrences during the
morning from an average of 4 days of occurrences a week to about 1
a week average with a 2 week period of no occurrences of high pain.
In fact, all of the high pain times followed a major event that she
would have been unable to achieve previously. Likewise, high pain
during the evening/night also reduced from an average of 5 days a
week of occurrences to less than 1. The mid-level pain throughout the
day remained unchanged, however the amount and type of activities
changed and she was able to do significantly more a different activities
than she was able to do previously. During occurrences of pain, the
overall intensity of the pain reduced from an average of 7.13/10 the
first two-weeks to 2.30/10 during the final two weeks. The reductions
in both occurrences and the intensity of high and mid-level pain during
the evenings also led to a profound effect on her sleep. She went from
waking up almost every night because of pain and averaging around 3-4
hours of sleep, to waking up at night an average of 1.5 times a month
and getting an average of 6.5 hours of sleep a night (Figures 6, 7 and 8).

Discussion

The benefits of physical therapy and chronic pain have been shown
superior to continued medical care, particularly when emphasizing
manual medicine approaches [18]. A 2008 systematic review found
mid to high quality evidence to support spinal manipulation and
mobilization to produce clinically significant changes in patients [19].
The use of neurofeeedback has been documented as well, though the
research is limited. However, the combination of these modalities is a
novel approach to chronic pain.

The use of novel approaches in managing chronic pain is
particularly important as research continues to reveal the potential
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Figure 8. Overall change eyes open.

dangers of opiate use. A 2015 systematic review found use of opiates
increased risk for the following: dependency, increased risk of cardiac
events, sexual dysfunction, respiratory complications, and increased
risk of motor vehicle accident, but was unable to demonstrate sufficient
evidence for improved function or consistently reduced pain [22].
Additionally, recent CDC guidelines illustrate the need to limit the
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use of opiates as a frontline tool for management of chronic pain, due
to these increased risks, and the reduced quality of life and financial
burdens associated with them [23].

One of the complicating factors of patients who have developed
chronic pain is muscle guarding in the affected areas. This muscle
guarding can inhibit the practitioner’s ability to assess the tissues
effectively and assess joint mechanics. Adding neurofeedback in
this case allowed for more direct treatment as muscle guarding and
reactivity were reduced after the addition of this modality. This led to
significant progress in 32 visits versus a relative plateau in the 315 visits
prior to this combination.

Her level of activity during the day increased, including spending
all-day at events, riding 6-8 hours in a car, playing sports with her
grandchildren, and sitting in seats she was unable to sit in previously.
Additionally, reductions in high level pain occurrences and the
intensity of the pain during those occurrences was seen despite the
increase in activities. Sleep drastically improved due to the reduction in
high-level pain occurrences during the night making a full night of pain
free sleep the norm instead of the oddity. The use of neurofeedback
might be particularly impactful in this area, as new research indicates
that cortical arousal, not pre-sleep pain, determines quality of sleep,
and neurofeedback is uniquely positioned to alter patterns of cortical
excitability [24]. The same paper also concluded that sleep quality
was predictive of pain levels and function during the first half of
the following day, therefore improved sleep provides a window for
improved physical therapy intervention or self- care.

The combination of neurofeedback and physical therapy in this
case, a novel approach, demonstrated more significant improvement
than physical therapy alone. This may make a case for further research
into the combined effects of these modalities and the concurrent use of
these modalities in cases of chronic pain. The recommended next step
is a larger study of pre-post design in order to investigate if these effects
are present across a larger number of chronic pain patients.
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