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Abstract

The objective of this study is to investigate 
the effect of NeuroField real-time Z-score 
training and low-intensity pulsed electro-
magnetic field (pEMF) stimulation on a 
three-year-old child diagnosed with Stick-
ler Syndrome, Pierre Robin Sequence, and 
insomnia. Based upon the child’s history, 
a NeuroField training plan was imple-
mented to target the parents’ primary 
complaint of insomnia. The  boy had a 
total of 27 NeuroField training sessions. 
A pre-training, follow-up-training, and 
post-training Quantitative Electroenceph-
alography (qEEG) was analyzed. Parent 
report of sleep and behavior was also re-
corded. The results show significant differ-
ences between the pre-test, follow-up, and 
post-test qEEG data. Symptoms of insom-
nia, restless sleep, and behavior problems 
improved over the course of the study. The 
data analysis also concluded that qEEG 
patterns showed continued improvements 
beyond the cessation of training.

Case Report
The subject is a three-year-old male who 
had been diagnosed by medical profes-
sionals with Stickler1 syndrome and 
Pierre Robin Sequence2. Prior to birth, 
the young child was diagnosed with in-
trauterine growth restriction (IUGR). 
At birth, the child required multiple re-
suscitations and suffered respiratory ar-
rest, resulting in anoxia. He was placed 
on extracorporeal membrane oxygen-
ation (ECMO). After stabilization, the 
child suffered from severe sleep apnea 

and wore an apnea monitor for several 
months. During the next three years of 
life, the child had undergone anesthesia 
for six major corrective surgeries.

At the age of three, the toddler’s 
parents brought their child in for neuro-
therapy consultation. In desperation, the 
young parents explained that their toddler 
does not sleep. Per parent report, the child 
would not take naps and took four hours 
or more to fall asleep. During sleep, the 
parents reported that the toddler is ex-

tremely restless. The child wakes in the 
mornings irritable and low in energy. The 
toddler presented as hyper-vigilant, hyper-
kinetic, and anxious. He also is small for 
his age group and has poor coordination 
and balance. The child has no history of 
seizure, and his MRI was within normal 
limits, though anoxia was noted. He regu-
larly sees a pediatric physician and a nu-
tritional therapist. He received most of his 
nutrition through a gastric tube.

Literature Review
Cellular injury occurs during an anoxic 
event. Deprivation of oxygen and meta-
bolic substrates such as glucose causes 
a loss of energy and oxidative stress 
(Abramov, Scorziello, & Duchen, 2007). 
Anoxia is correlated with deficits in mem-

ory, learning, attention, visuoperceptual 
and visuoconstructional abilities, gener-
alized intellectual impairment, behavior-
al problems, and difficulties in executive 
functions. (Allen, Tranel, Bruss, & Dam-
asio, 2006; Caine & Watson, 2000; Gar-
cia-Molina et al., 2006; Lim et al., 2004; 
Myers et al., 2008; Pierro et al., 2005). 
No specific pattern emerges as a result of 
an anoxic event. Impairment observed in 
anoxic cases depends on a magnitude of 
factors, such as the nature and duration 

of the anoxic event as well as the regions 
associated with neuronal degeneration 
(Bachevalier & Meuiner, 1996; Wilson, 
1996; Wilson, Harpur, Watson, & Mor-
row, 2003). Abnormal EEG has been 
documented in several cases of anoxia, 
particularly, background slowing corre-
lated with an encephalitic state (Thaler, 
Reger, Ringdahl, Mayfield, Goldstein, & 
Allen, 2012).

A growing body of recent research 
has suggested concerns that anesthetic 
agents may pose a risk in vulnerable 
brains of the very young (Zuccherelli, 
2010). The current research is prelimi-
nary, but concern in the medical field has 
warranted the foundation of the Anesthe-
sia Patient Safety Foundation to discuss 
long-term effects of surgery and anes-

1.Stickler syndrome is a 
group of hereditary conditions characterized by a distinctive facial appearance,  
eye abnormalities, hearing loss, and joint problems. These signs and symptoms vary widely among affected individuals.

2. Pierre Robin syndrome (or sequence) is a condition present at birth, in which the infant has a smaller-than-normal lower jaw, a tongue that falls back in the throat, and difficulty breathing.
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thesia (Zuccherelli, 2010). Research on 
human brain development and anesthesia 
has suggested that children between birth 
and two to three years of age are at risk for 
developing anesthetic neurotoxicity (Sun, 
2010). Anesthesia has also been studied 
for its effects on circadian rhythms. The 
research has shown that general anes-
thesia can alter circadian rhythms on the 
days following surgery (Dispersyn, Pain, 
Challet, Touitou, 2008).

Neurofeedback has long been stud-
ied for its effects on insomnia and other 
sleep disorders (Hammond, 2007; Hauri, 
1981, Hauri, 1982). Cortoos et al. (2010) 
produced a study that demonstrated that 
SMR neurofeedback was superior to 
other forms of biofeedback in improv-
ing sleep behavior. Several studies have 
shown that patients with insomnia ex-
hibit elevated levels of beta EEG activity 
(Merica, Blois & Gaillard, 1998; Perlis, 
Smith, Andrews, Orff & Giles, 2001).

Low frequency repetitive transcranial 
magnetic stimulation (rTMS) has been 
shown to decrease intracortical excitabil-
ity and have inhibitory properties (Rome-
ro, Anschel, Sparing, Gangitano, & Pas-
cual-Leone, 2002). These findings suggest 
that magnetic stimulation has implications 
for therapeutic use. NeuroField is a type 
of neurofeedback device that incorporates 
the use of low intensity pEMF stimulation. 
The NeuroField pEMF ranges from 1–50 
microtesla, which is 10,000,000 times 
weaker than the stimulation generated by 
rTMS (Dogris, 2011).

Only a few studies which utilized 
NeuroField have been published. Pub-
lications that are available have studied 
the effects of NeuroField on Parkinson’s 
disease, premenstrual dysphoric disorder, 
attention deficit disorder, anxiety, con-
duct disorder, and post-traumatic stress 
disorder (Dogris, 2011; Dogris, 2012). In 
addition to the available research, Neu-
roField has been rated by licensed prac-
titioners to be clinically valuable. The ef-
fect of NeuroField pEMF appears to be 
very similar to the effects of rTMS and 
has been documented to have long-term 

Table 1: NeuroField training outline for three-year-old boy with insomnia. 

Week 
Number Participant Received NeuroField 

Protocol 
Electrodee
Placement Coil Placement 

0 Pre-training qEEG   

1 
5 NeuroField RTZ 
sessions 

0.31–1Hz HD  C3, C4 C3, C4, P3, P4 
F3, F4, C3, C4 

2 
2 NeuroField RTZ 
sessions 

0.31–1Hz HD C3, C4 C3, C4, P3, P4 
C3, C4, Cz 

3 
2 NeuroField RTZ 
sessions 

0.31–1Hz HD C3, C4  

4 No training   

5 
2 NeuroField RTZ 
sessions 

0.31–1Hz HD C3, C4 F3, F4, P3, P4 

6 
1 NeuroField RTZ 
session 

0.31–1Hz HD  C3, C4 C3, C4, P3, P4 

7 
3 NeuroField RTZ 
sessions 

0.31–1Hz HD C3, C4 C3, C4, Cz, Pz  
Fz, C3, C4, Pz 

8 
3 NeuroField RTZ 
sessions 

0.31–1Hz HD C3, C4 Fz, C3, C4, Pz 

9 
2 NeuroField RTZ 
sessions 

0.31–1Hz HD C3, C4 Fz, C3, C4, Pz 
C3, C4, Pz 

10 
Follow-up qEEG, 2 
NeuroField RTZ 
sessions 

9–12Hz HD P3, P4 P3, P4 

11 
2 NeuroField RTZ 
sessions 

9–12Hz HD P3, P4 P3, P4 

12 
2 NeuroField RTZ 
sessions 

9–12Hz HD P3, P4 Fz, P3, P4, Pz 

13 
1 NeuroField RTZ 
session 

9–12Hz HD P3, P4 Fz, P3, P4, Pz 

14–18 No training   

19 Post-training qEEG   

Table 1: NeuroField training outline for three-year-old boy with insomnia.

effects (Dogris, 2011; Dogris, 2012). 
Based upon the clinical and statistical 
findings, further investigation of Neuro-
Field and its implications are warranted. 
The current study investigates the effect 
of NeuroField  real-time Z-score training 
and low-intensity pEMF stimulation in 

the case of a three-year-old child.
Based upon the subject’s history and 

the available research, the following hy-
potheses were constructed: 1) Low-inten-
sity, low-frequency pEMF will have an 
inhibitory effect on beta and high beta ac-
tivity. 2) Regulation of beta and high beta 
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activity can relieve symptoms of insomnia 
and restless sleep. 3) Low-intensity pEMF 
stimulation has a lasting effect on EEG. 
The null hypothesis in this study is that: 
1) NeuroField pEMF will not reduce high 
beta, 2) there will be no changes in the in-
fant’s sleep patterns, and 3) 30-day follow 
up will show no changes in the EEG or the 
infant’s sleep patterns.

Instrumentation and Methods

Quantitative EEG

Three qEEGs were acquired on three 
separate dates. A pre-training qEEG was 
recorded prior to the start of NeuroField 
sessions. A follow-up qEEG was record-
ed after receiving twenty low-intensity 
pEMF training sessions using the Neuro-
Field X2000 and NeuroField Plus system. 
A third post-training qEEG was recorded 
six weeks after the last NeuroField pEMF 
training session. Each 19-channel qEEG 
was recorded using an Electro-Cap (Elec-
tro-Cap International, Inc). EEG acquisi-
tion was collected using a BrainMaster 
Discovery 24E amplifier. All qEEG re-
cordings were acquired in the eyes open 

condition, because of the age of the par-
ticipant. All reference and cap electrodes 
were confirmed to have 5–10K Ohms 
resistance values using a Checktrode ®, 
model 1089NP impedance monitor. Im-
pedance was measured to ensure the integ-
rity of the data. QEEG data was analyzed 
using the NeuroGuide referenced norma-
tive database. Data was analyzed in both 
linked ear and Laplacian montages.
NeuroField

This study utilized the NeuroField X2000 
with NeuroField Plus and 200 wound 
coil system. This system is a four-chan-

nel frequency generator that is capable of 
generating low intensity pEMF from 0.31 
to 300,000 Hz. The X2000 model has the 
ability to measure a participant’s physi-
ological response to each low-intensity 
pEMF stimulation through two channels 

of EEG or heart rate variability.
The NeuroField system connects 

to a cable which is attached to four 200 
wound coils. The 200 wound coils adhere 
to the NeuroField cap, which is worn on 
the cranium. The coils are then placed 
on the cap to target specific training ar-
eas determined by qEEG and presenting 
symptoms. Each of the four 200 wound 
coils creates an EMF intensity of 1–50 
microtesla (or 1–500 milligauss).
Study Procedure

NeuroField sessions began shortly after 
the analysis of the baseline qEEG. Each 

session utilized NeuroField low-intensity 
pEMF. During this study, low-intensity 
pEMF was generated at 5V DC for 5,000–
10,000 milliseconds. NeuroField  real-
time Z-score thresholding (RTZ) was used 
throughout the course of training.

• X3000 pEMF Stimulation

• Real Time Z-Score Thresholding &HRV

• Q20 - EEG D/C Amplifier

NeuroField RTZ is a feedback system which can be used to instantaneously 
measure the effect of each NeuroField pulse on brain activity.
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NeuroField RTZ is a feedback sys-
tem which can be used to instantaneously 
measure the effect of each NeuroField 
pulse on brain activity. NeuroField RTZ 
measures and analyzes 4–32 seconds of 
EEG activity after each low-intensity 
EMF pulse. The EEG activity is then 
instantaneously analyzed using the Neu-
roGuide Z-score database. NeuroField 
RTZ repeats frequencies which meet the 
set training parameters which are guided 
by the results of the qEEG and present-
ing symptoms. The RTZ function can be 
set to threshold on a single or multiple 
frequency bands.

For the purpose of this study, the 
RTZ function was set to repeat frequen-
cies which reduced high beta activity 
within ±1 standard deviation. NeuroField 
pEMF with RTZ thresholding was given 

for 40–60 minutes each session. The 
three-year-old participant had a total of 
27 NeuroField RTZ training sessions. 
Table 1 illustrates the course of Neuro-
Field training sessions, qEEG recordings 
and analysis, NeuroField protocol, elec-
trode placement, and coil placement used 
throughout the duration of training. All 
training sessions and qEEGs occurred in 
the eyes open condition.

Results
The results of the pre-training, 20-ses-
sion follow-up training, and six weeks’ 
post-training qEEG were analyzed; sum-
mary Z-score analyses are presented in 
Figures 1, 2, and 3. Statistical Analysis 
was completed using the NeuroGuide 
normative database and NeuroGuide sta-
tistical software. Three one-way analysis 

of variance (ANOVA) comparisons were 
run on the qEEG data; pre-test vs. post-
test, pre-test vs. follow-up and post-test 
vs. follow-up. All conditions showed 
significant changes in all EEG frequency 
ranges (p < 0.0001). The high beta range 
showed significant reductions in absolute 
power, hyper-coherence and phase in all 
conditions (p < 0.0001). (A comprehen-
sive summary of results generated by the 
NeuroGuide statistical program is avail-
able upon request from the authors).

Parent report of average sleep laten-
cy and duration per night were recorded 
weekly. The results of this data indicated 
that the toddler required less time to fall 
asleep (Figure 4) and begun sleeping 
through the night (Figure 5). The par-
ents reported that nighttime restlessness 
decreased. The child began taking rou-

Figure 1: Summary Z-score Analysis of Pre-NeuroField training qEEG. Figure 2: Summary Z-score Analysis of Follow-up qEEG, recorded 
after 20 NeuroField RTZ sessions.
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tine naps by week three. Throughout the 
training, the parents also reported that the 
child had more energy, increased focus, 
and less anxiety.

Discussion
The purpose of this study was to examine 
the effect of the NeuroField RTZ pEMF 
procedure on an infant with Stickler Syn-
drome, Pierre Robin Sequence, and in-
somnia. The results of this study support 
the hypothesis that pEMF training is able 
to reduce high beta and normalize sleep 
patterns. Furthermore, the data shows 
that high beta reductions continued after 
training was discontinued from follow-up 
to post-test qEEG. This observation sup-
ports the notion that the brain is able to 
continue regulating itself after the pEMF 
correction was implemented.

This case clearly demonstrates neu-
roplasticity and adaptability of the brain. 
As the brain became more regulated, and 
excess high beta activity became more 

normalized, other EEG activity also be-
came more normalized. Delta training was 
not individually targeted in this case. The 
normalization of delta was a surprising 
clinical finding. Excess delta may have 
been present in the brain due to a multi-
tude of reasons, including: sleep depriva-
tion, history of anoxia, or as a compensa-

tory mechanism for the excess high beta. 
Whatever the root cause may have been, 
the NeuroField training plan significantly 
changed all EEG frequency ranges.

It appears that NeuroField pEMF 
training has clinical value which warrants 
more research and study. Future research 
should focus on large subject samples 
with control groups and placebo/sham/
blind conditions. It would also be help-
ful to study each of the individual training 
programs that are available with the Neu-

Figure 3: Summary Z-score analysis of post-NeuroField training qEEG. 
Post-qEEG was recorded after 27 NeuroField RTZ sessions.

Figure 5: The average amount of time (hours) the three-year-old child slept 
per night over the course of NeuroField training.
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Figure 4: The average amount of time (hours) the three-year-old child took to fall 
asleep over the course of NeuroField training.

This case clearly demonstrates neuroplasticity and adaptability of the brain. 
As the brain became more regulated, and excess high beta activity became 

more normalized, other EEG activity also became more normalized.
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roField software. 
This case study offers support for the 

idea that early intervention is very impor-
tant. Neurotherapy does work for very 
young children. Sleep loss can impair 
performance, cognition, and have other 
health and behavioral implications. A 
child’s sleep patterns may also affect oth-
er members of the family. Unfortunately, 
clinicians, researchers, and even parents 
often ignore sleep disorders in children. 
This case study demonstrates that when 
you change a brain, you change a life. 
And when you change a child’s life, you 

A note from the parents: “Before 
receiving training at Integrated Neuro-
therapy, our son typically fell asleep four 
hours after being put to bed for the night, 
despite going without a nap during the 
day. He would wake up in the middle of 
the night and have trouble falling back 
to sleep by himself. Since being seen at 
Integrated Neurotherapy, our son now 
falls asleep routinely within 30 minutes. 
Moreover, he sleeps longer and rarely 
wakes up in the middle of the night. The 
improvements in our son’s sleeping hab-
its have allowed our whole family to sleep 
and function better! Our son’s prior in-
somnia had affected our family’s health, 
work efficiency, and social life. We are 
thankful for the resolution of our son’s 
insomnia, as it has restored our lives to a 
more normal and positive routine.
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