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How Did I Get Here? 

“All I can do is be me, 
whoever that is…” 

–Bob Dylan
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Covered Topics and Competencies 

 Early Detection and Intervention 

 Neuroanatomy of 
Neurodevelopmental Disorders 

 Functional Neurology Evaluation 
 Treatment Protocols and 

Considerations 
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Early Detection and Intervention
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Primitive Reflexes  

Primitive Reflex Age Develops Age Inhibited

Moro In utero 2-4 months 

Rooting In utero 3-4 months

Palmer In utero 2-3 months 

ATNR In utero 6 months

Spinal Gallant In utero 3-9 months 

TLR Utero-birth Flexion: 4 months
Extension: 3 years

STNR 6-9 months 9-11 months 

Landau 4-5 months 3.5 years 

Babinski In utero 12 months 

Melillo R, Leisman G, Machado C,Machado-Ferrer Y,Chinchilla-Acosta M, Kamgang S,Melillo T and Carmeli E (2022)Retained 
Primitive Reflexes andPotential for Intervention in AutisticSpectrum Disorders.Front. Neurol.
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CDC Developmental Guidelines 

 Changed in February 2022 for the first time since 2004

 Milestones now based off what 75% of children can do vs 
50%

 Crawling removed as a milestone 

 Walking moved from 12 to 18 months

 Talking moved from 12 to 15 months  

 Sitting without support from 6m to 9m 

 Use 50 words from 24 months to 30 months  
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Functional Neurodevelopment 
0-3 Months 

 Gross Motor: Symmetrical tone; scarf sign; head steady when held; head 45 
deg on stomach 

 Fine Motor: hands open half the time; bats at objects

 Speech/Language: alerts to sound; startles to loud sounds; turns to voice; 
cooing 

 Cognitive/Problem Solving: visual fixations at 10”; horizontal eye tracking; 
prefers usual caregiver; attends to novelty; follows past midline 

 Social/Emotional: Bonding parent to child; self-soothing; attachment child 
to parent; social smile;

 Primitive Reflexes: 

 Active: Babinski, Stepping, Moro, Rooting, ATNR, TLR, Spinal Galant, Palmer 
Grasp 

 Integrated: Palmer Grasp  

Compiled by Dr. Debbi Andrews, Division Director, 2009. Amended by D. Andrews and C. Dosman, August 2014. *Milestone ages approximate the 50th 
percentile. ‡ Sector heading mnemonic created by P. MacPherson, Class of 2012, University of Alberta Faculty of Medicine and Dentistry
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Functional Neurodevelopment 
4-6 Months 

 Gross Motor: Sits w/ support; head up 90 deg prone;  rolls front to back; sits tripod; 
rolls both ways 

 Fine Motor: Reaches and obtains items; brings objects to midline; raking grasp; 
transfers hand to hand

 Speech/Language: Laugh, “ga,” sequel; Babbles (nonspecific)

 Cognitive/Problem Solving: anticipates routine, purposeful sensory exploration (eyes, 
hands, mouth); stranger anxiety; looks for dropped/partially hidden objects 

 Social/Emotional: turn-taking conversations; explores parent’s face; expresses 
emotions: happy, sad, mad 

 Primitive Reflexes: 

 Active: Babinski, ATNR, Spinal Galant, Landau  

 Integrated: Palmar Grasp, Rooting, Moro, TLR (Flexion) *

Compiled by Dr. Debbi Andrews, Division Director, 2009. Amended by D. Andrews and C. Dosman, August 2014. 
*Milestone ages approximate the 50th percentile. ‡ Sector heading mnemonic created by P. MacPherson, Class 
of 2012, University of Alberta Faculty of Medicine and Dentistry
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Functional Neurodevelopment 
7-9 Months 

 Gross Motor: Get from all 4s to sitting; sits well with hands free; pulls to stand; 
creeping/crawling hand and knees

 Fine Motor: Inferior pincer grasp; Pokes at objects 

 Speech/Language: “mamma” “dada” (specific); gestures “bye bye”; gesture 
games (“pattycake”) 

 Cognitive/Problem Solving: object permanence; uncovers toy; “Peek a boo”

 Social/Emotional: Separation anxiety

 Primitive Reflexes: 

 Active: Babinski, Spinal Galant, Landau, STNR

 Integrated: Moro, Palmer Grasp, Rooting, ATNR, TLR (flexion)

Compiled by Dr. Debbi Andrews, Division Director, 2009. Amended by D. Andrews and C. Dosman, August 2014. *Milestone ages approximate the 
50th percentile. ‡ Sector heading mnemonic created by P. MacPherson, Class of 2012, University of Alberta Faculty of Medicine and Dentistry
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Functional Neurodevelopment 
10-12 Months 

 Gross Motor: Walks a few steps; wide based gait; 

 Fine Motor: Fine pincer; Voluntary release; throws objects; finger feeds; 

 Speech/Language: 1 word with meaning (besides mama/dada); inhibits with “no!”; 
responds to name; 1-step command with gesture

 Cognitive/Problem Solving: cause/effect; trial/error; imitates gestures/sounds; uses 
objects functionally (rolls toy car); 

 Social/Emotional: explore from secure base; points at wanted items; narrative 
memory begins 

 Primitive Reflexes: 

 Active: Babinski, TLR (extension), Landau

 Integrated: Moro, Rooting, Palmer Grasp, ATNR, Spinal Galant, TLR (flexion), STNR  

Compiled by Dr. Debbi Andrews, Division Director, 2009. Amended by D. Andrews and C. Dosman, August 2014. 
*Milestone ages approximate the 50th percentile. ‡ Sector heading mnemonic created by P. MacPherson, Class of 2012, 
University of Alberta Faculty of Medicine and Dentistry
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Age Gross Motor Fine Motor Speech/Language Cognitive/Problem 
Solving

Social/Emotional

15 m Walks well Uses spoon, open top cup; 2 
block tower 

Points to 1 body part; 
1 step command no gesture; 
5 words

Looks for hidden objects if 
saw being moved;
Experiments with toys to 
make work 

Shared attention;
Brings toy to parent

18 m Stoops/recovers; runs Carries toys while walking;
Removes clothes;
4 block tower; fisted pencil 
grip

Points to 3 body parts;
10-25 words; 
Labels familiar objects

Imitates housework; 
symbolic play 
doll/bear/etc; 

Parallel play 
Increased independence 

2 yr Jumps on 2 feet;
Up and down stairs (single 
stair)

Dominance established ;
6 block tower 

Follows 2 step commands;
50+ words, 50% intelligible; 
2 word phrases; 
Pronouns; 

Searches for objects after 
multiple displacements; 

Testing limits;
Tantrums;
“No!” “Mine!”

3 yr Pedals trike;
Up stairs alternating feet

Undresses; 
Toilet trained
Draw circles/cross
Turn pages of books 

3 Step commands;
200 words, 75% intelligible;
3-4 word phrases;
W questions;
Full name, age 

Simple time concepts;
Compares 
“bigger/smaller”
Counts to 3

Sharing; empathy;
Co-op play
Pretending

4 yr Hops on one foot
Down stairs, alternating 

Draws most shapes;
Cuts shapes with scissors
Buttons

Sentences, 100% intelligible;
Tells a story
Past tense

Counts to 4
Opposites
Identifies 4 colors 

Preferred Friends
Elaborate fantasy play

5 yr Balance on one foot for 10 
seconds;
Skips; learning to bicycle 

Draw person 
Tripod pencil grasp
Prints name, copies letters

5000 words
Future tense
Word play, jokes

Counts to 10 accurately
Recite ABCs
Recognizes some letters
Pre-literacy skills

Has group of friends
Follow group rules 
Games with rules 

Compiled by Dr. Debbi Andrews, Division Director, 2009. Amended by D. Andrews and C. Dosman, August 2014. *Milestone ages 
approximate the 50th percentile. ‡ Sector heading mnemonic created by P. MacPherson, Class of 2012, University of Alberta Faculty 
of Medicine and Dentistry
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Motor Development and Cognition 
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Importance of Motor Development 
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Stress in Pregnancy 
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Adverse Childhood Events (ACE)

 Adverse childhood events are potentially traumatic events from 
ages 0-17

 Common examples are abuse, neglect, violence in the home, 
caregivers in prison, mental health and substance abuse in the 
home

 Higher ACEs scores corelate with higher risk to chronic health 
issues and lower life expectancy 

 One study showed that people with 6 or more ACEs died on 
average 20 years earlier (60.6 years vs 79.1 years)

https://www.cdc.gov/violenceprevention/aces/fastfact.html

https://www.ajpmonline.org/article/S0749-3797(09)00506-
6/fulltext
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Polyvagal theory

• Developed by Dr. Stephen Porges, PhD
• 2 vagal systems dorsal and ventral
• Dorsal: unmyelinated more 
• Ventral: myelinated 
• “The theory links the evolution of the 

autonomic nervous system to affective 
experience, emotional expression, facial 
gestures, vocal communication, and 
contingent social behavior. In this way, the 
theory provides a plausible explanation for the 
reported covariation between atypical 
autonomic regulation (eg, reduced vagal and 
increased sympathetic influences to the heart) 
and psychiatric and behavioral disorders that 
involve difficulties in regulating appropriate 
social, emotional, and communication 
behaviors.”

Porges SW. The polyvagal theory: new insights into adaptive reactions of the autonomic nervous system. Cleve Clin J 
Med. 2009 Apr;76 Suppl 2(Suppl 2):S86-90.
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Neuroanatomy
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Basal Ganglia 
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Prefrontal Connections

 Frontal lobes are responsible for most of the more complex motor, 
emotional behavioral and cognitive functions. 

 Work with involved structures including basal ganglia, thalamus 
and cerebellum 

 Need interconnectivity between hemispheres to regulate and 
function efficiently 
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Prefrontal Connections 

 1. Supplementary motor area (motor movement)

 2. Frontal eye fields (saccadic eye movements)

 3. Dorsal lateral prefrontal (executive function)

 4. Orbital frontal (social engagement)

 5. Anterior cingulate (motivation)
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Supplementary Motor Area 
 Broadman Area 6

 Involved in motor activity 

 Overactivity in the left hemisphere activates the direct 
pathway, increasing unwanted movements, motor tics, 
and stereotypical movements seen in ADHD, ASD, and  
Tourette’s Syndrome 

  Overactivity in left hemisphere and underactivity in 
right hemisphere is connected to hyperactivity seen 
ADHD 

* Leisman G and Melillo R (2022) Front and center: Maturational dysregulation of frontal 
lobe functional neuroanatomic connections in attention deficit hyperactivity disorder. Front. 
Neuroanat. 16:936025. doi: 10.3389/fnana.2022.936025

*Melillo, R.; Leisman, G.;Machado, C.; Machado-Ferrer, Y.;Chinchilla-Acosta, M.; Melillo, 
T.;Carmeli, E.The Relationshipbetween Retained PrimitiveReflexes and 
HemisphericConnectivity in Autism SpectrumDisorders.Brain Sci.2023,13, 
1147.https://doi.org/10.3390/brain-sci13081147
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Frontal Eye Fields 

 Broadman area 8

 Involved in saccadic eye movement 

 Part of the ventral attention network which is more 
lateralized to the right hemisphere contributing to 
sustained attention 

* Leisman G and Melillo R (2022) Front and center: Maturational 
dysregulation of frontal lobe functional neuroanatomic connections in 
attention deficit hyperactivity disorder. Front. Neuroanat. 16:936025. doi: 
10.3389/fnana.2022.936025

*Melillo, R.; Leisman, G.;Machado, C.; Machado-Ferrer, Y.;Chinchilla-Acosta, 
M.; Melillo, T.;Carmeli, E.The Relationshipbetween Retained 
PrimitiveReflexes and HemisphericConnectivity in Autism 
SpectrumDisorders.Brain Sci.2023,13, 1147.https://doi.org/10.3390/brain-
sci13081147



Dr. Matthew Zaideman, DC FIBFN-CND

Dorsolateral Prefrontal Cortex

 Broadman area 46,9

 Involved in Executive Function 

 Right hemisphere activates hyperdirect pathway of 
basal ganglia which activates the indirect pathway, 
inhibiting unwanted or inappropriate, emotions, social 
behavior, thoughts, etc

* Leisman G and Melillo R (2022) Front and center: Maturational dysregulation of frontal 
lobe functional neuroanatomic connections in attention deficit hyperactivity disorder. Front. 
Neuroanat. 16:936025. doi: 10.3389/fnana.2022.936025

*Melillo, R.; Leisman, G.;Machado, C.; Machado-Ferrer, Y.;Chinchilla-Acosta, M.; Melillo, 
T.;Carmeli, E.The Relationshipbetween Retained PrimitiveReflexes and 
HemisphericConnectivity in Autism SpectrumDisorders.Brain Sci.2023,13, 
1147.https://doi.org/10.3390/brain-sci13081147
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Orbitofrontal Cortex
 Broadman area 10,11

 Involved in social engagement

 Contributes to sensory integration 

 Right hemisphere activates hyperdirect pathway of 
basal ganglia which activates the indirect pathway, 
inhibiting unwanted or inappropriate, emotions, social 
behavior, thoughts, etc

* Leisman G and Melillo R (2022) Front and center: Maturational dysregulation of frontal 
lobe functional neuroanatomic connections in attention deficit hyperactivity disorder. Front. 
Neuroanat. 16:936025. doi: 10.3389/fnana.2022.936025

*Melillo, R.; Leisman, G.;Machado, C.; Machado-Ferrer, Y.;Chinchilla-Acosta, M.; Melillo, 
T.;Carmeli, E.The Relationshipbetween Retained PrimitiveReflexes and 
HemisphericConnectivity in Autism SpectrumDisorders.Brain Sci.2023,13, 
1147.https://doi.org/10.3390/brain-sci13081147
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Anterior Cingulate 
 Broadman Area 25, 32

 Motivation 

 Right hemisphere activates hyperdirect pathway of 
basal ganglia which activates the indirect pathway, 
inhibiting unwanted or inappropriate, emotions, social 
behavior, thoughts, etc

* Leisman G and Melillo R (2022) Front and center: Maturational dysregulation of 
frontal lobe functional neuroanatomic connections in attention deficit 
hyperactivity disorder. Front. Neuroanat. 16:936025. doi: 
10.3389/fnana.2022.936025

*Melillo, R.; Leisman, G.;Machado, C.; Machado-Ferrer, Y.;Chinchilla-Acosta, M.; 
Melillo, T.;Carmeli, E.The Relationshipbetween Retained PrimitiveReflexes and 
HemisphericConnectivity in Autism SpectrumDisorders.Brain Sci.2023,13, 
1147.https://doi.org/10.3390/brain-sci13081147
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Stroop Test 
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Primary Somatosensory Cortex

 Sensory information from the opposite side of the body

 Right hemisphere does final processing via the right insula cortex (BA 13) 

 Connects with vestibular system which is integrated via primitive reflexes

* Leisman G and Melillo R (2022) Front and center: Maturational 
dysregulation of frontal lobe functional neuroanatomic connections in 
attention deficit hyperactivity disorder. Front. Neuroanat. 16:936025. doi: 
10.3389/fnana.2022.936025

*Melillo, R.; Leisman, G.;Machado, C.; Machado-Ferrer, Y.;Chinchilla-
Acosta, M.; Melillo, T.;Carmeli, E.The Relationshipbetween Retained 
PrimitiveReflexes and HemisphericConnectivity in Autism 
SpectrumDisorders.Brain Sci.2023,13, 1147.https://doi.org/10.3390/brain-
sci13081147
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Insular Cortex 

 Right hemisphere does final processing via the right insula cortex (BA 13) 

 Interoception 

*
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Evaluation and Treatment Procedures 

 Basis of treatment is to integrate primitive reflexes and 
hemispheric sensory stimulation to the weak hemisphere 
creating neuroplasticity  

 The following treatment strategies are based of the research 
of Dr. Robert Melillo
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Functional Neurology Evaluation 

 Primitive Reflexes 

 Cranial Nerves/Vitals  

 Balance/Cerebellum/Vestibular 

 Eye Movements 

 Sensory 

 Posture 

 HRV

Goal of evaluation: Detect signs of cortical immaturity and 
imbalance 
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Retained Primitive Reflexes in ASD

 Primitive reflexes are key in 
the development of motor 
skills and coordination  

 RPRs are a sign of 
developmental immaturity 

 This cortical immaturity and 
motor coordination can 
create a cascading effect into 
abnormal brain development 
and sequence disrupting 
normal lateralization and 
temporal coherence 
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ATNR Testing 
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Babinski Reflex

Age present/Age integrated: In utero -12 months 
Signs of retention: Delayed walking, toe walking, balance issues 
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Left Brain vs Right Brain 

• Detail Oriented
• Verbal  
• Fine Motor
• IQ (Intelligence)
• Positive Emotions
• Conscious Actions, 

Memory, Learning
• Auditory Processing
• Linear and Logical 

Thinking 

• Big Picture
• Non-Verbal  
• Gross Motor
• EQ (Emotional)
• Negative Emotions
• Unconscious Actions, 

Memory, Learning
• Tactile Processing
• Understanding 

Abstract Concepts

RL
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Vitals 

 Bilateral BP, HR, O2%

 Look for asymmetry

 Increased BP, HR, decreased O2% can indicated 
increased sympathetic tone on that side 

 Increased sympathetic tone can indicate hemispheric 
weakness on ipsilateral side
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Cranial Nerves 
I. Olfactory testing Check left vs right  

II. Pupillary light Response – look for asymmetry

III. Pupillary light response, Convergence, fields of gaze 

IV. Convergence, fields of gaze 

V. Compare bilateral tone of masseter muscles 

VI. Convergence, fields of gaze 

VII. Facial muscle symmetry 

VIII. Whisper/Tunning fork 

IX. Palate symmetry 

X. Gag reflex

XI. SCM/Trap muscle testing

XII. Tongue deviation 



Dr. Matthew Zaideman, DC FIBFN-CND

CN Key Findings 
 Slower pupillary constriction to 

light: ipsilateral weak 
hemisphere 

 Tongue deviation: ipsilateral 
weak hemisphere

 Soft palate weakness: 
ipsilateral weak hemisphere 

 Facial muscle imbalance: weak 
side ipsilateral weak 
hemisphere 
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Balance/Cerebellum/Vestibular 

 Force balance plate testing 

 Romberg 

 1 leg stand 

 Fukuda 

 VOR

 Post Rotational Nystagmus 
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Fukuda Test 

 Rotation to one side can 
indicate ipsilateral 
vestibular weakness 
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VOR
 Eyes moving with 

head/corrective saccade 
indicates ipsilateral 
vestibular weakness 

 Head turning w/fixation

 Head impulse Test 
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Post Rotational Nystagmus 

 10 rotations at 2 seconds per rotation 

 Nystagmus normal for 10-12 seconds

 Decrease nystagmus CW is right hemispheric weakness, CCW left 
hemispheric weakness 
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Eye Movements 

 Computerized eye tracking 

 Optokinetic (OPK)

 Convergence 

 Pursuits 

 Saccades 
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Sensory Testing 

 Olfactory Testing 

 Graphesthesia – Tracing numbers/letters onto the hand 

 Stereognosis – familiar object in hand (key, coin) 

 Extinction- touch each arm individually, then touch both at same 
time and as which arm they felt
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Heart Rate Variability 

 Measures the difference in between heart beats or R-R intervals 

 Orthostatic testing can challenge ANS regulation by measuring R-R 
intervals during a normal stressor 

 Vagus nerve hypofunction is marked by PSNS hyper-regulation 
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Testing HRV
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Posture 
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Neuroplasticity 

  A process that involves adaptive 
structural and functional changes to 
the brain. It is defined as the ability 
of the nervous system to change its 
activity in response to intrinsic or 
extrinsic stimuli by reorganizing its 
structure, functions, or connections

 Requires sensory stimulation, 
movement and metabolic demand 
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Primitive Reflex and Sensorimotor Training ADHD
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Primitive Reflexes Integration
Level 1: Stimulate the reflex 

Level 2: Primitive Reflex Exercises 

 Important to add sensory stimulation to integrate reflexes 
(bottom up and top down)

 Repetition is critical 

 5-7 days per week, 1-2 times per day
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Core and Muscle Tone 
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Core and Muscle Tone 

 Sit ups (independent or hands pulling)

 Pushups 

 Bar hang 

 Chin ups 
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Vestibular 

 Fast Spin CW for right brain (left vestibular) stimulation and CCW for left 
brain (right vestibular) stimulation. Repeat PRN test up to 3 times until 
normal nystagmus is reached 

 VOR Training 
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Eye Exercises 
 OPK – Right and down for right brain stimulation and left and up for left 

brain stimulation 

 Pencil pushups 

 Saccades

 Pursuits

 Anti-saccades 
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Hemispheric Sensory Stimulation 

 Vibration: Contralateral to weak hemisphere (leg/arm)

 TENS: Cervicothoracic junction contralateral to weak 
hemisphere

 Sound: Contralateral to weak hemisphere

 Light: lateral portion of eye contralateral to weak 
hemisphere 

 Smell: Ipsilateral nostril 
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Transcranial Direct Current Stimulation 
(tDCS)

 Anode stimulates 
neurons to fires 

 Put Anode on desired 
region of brain of weak 
hemisphere 
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Photobiomodulation/ Low Level Laser Therapy 
(LLLT)
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Photobiomodulation/Low Level Laser 
Therapy 
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Vagus Nerve Treatment
 Vagus nerve stimulation utilizing pulsed radiofrequency 

on the auricular branch of the vagus nerve 

 Daily at home vagus neve exercises

 Deep breathing

 Gargling 

 Humming 

 Vibration just anterior to gag reflex 

 Cold showers 
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RPRs and Hemispheric Connectivity in ASD
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Brain Waves 

 Delta waves: Slowest brain wave, seen in deep sleep 

 Theta waves: Sleep, meditation, interoception 

  Alpha Waves: involved with alertness, calm focus and 
cognitive function  

 Gamma waves: Fastest brain wave, involved in cognitive 
function, attention, memory
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Treatment Considerations 

 PANS/PANDAS

 Metabolic Dysfunction/Inflammation

 Can the patient handle the stimulation/metabolic demand?
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Treatment Models 

 Intensives 

 In office/home hybrid 

 Home Programs 

 Frequency, Frequency, Frequency 
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Thank You!!

drz@healthytallahassee.com
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