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Abstract

Primitive and transitional reflexes reflect central nervous system development, integrity and functional
status across the lifespan, yet their assessment has remained largely qualitative and non-standardized.
We developed and validated a comprehensive protocol to quantify 18 primitive and transitional reflexes
using a standardized three-point ordinal scale. A total of 565 participants aged 3 to 92 years were
assessed, including typically developing children, healthy older adults, individuals with dementia, and
those with sensorimotor integration difficulties. Inter-rater reliability (N = 259; weighted Cohen’s k =0.912
to 1.000) and intra-rater reliability (N = 306; k = 0.912 to 0.983) demonstrated excellent agreement, with
narrow confidence intervals confirming statistical robustness. This is the first lifespan-validated reflex
battery with established psychometric properties. By transforming reflex examination into a reproducible
measurement framework, it enables systematic investigation of cortical inhibitory control and
establishes primitive reflex profiling as a potential behavioral biomarker in neurodevelopmental and
neurodegenerative research.

Introduction

Primitive and transitional reflexes, which are developmentally transient, brainstem-mediated motor
responses to specific sensory inputs, represent some of the earliest functional manifestations of human
central nervous system development. These stereotyped motor patterns emerge prenatally and serve
essential survival functions during the neonatal period

173 Increasing evidence suggests, however, that the timing and quality of primitive reflex integration
reflect not only motor maturation but are also closely linked to the development of sensorimotor
networks and higher-order cognitive functions *°. Prolonged persistence or re-emergence of primitive
reflexes beyond early childhood has been associated with a range of neurodevelopmental and
neurodegenerative conditions, including attention-deficit/hyperactivity disorder (ADHD), developmental

coordination disorder, and dementia ©7°.

In this study, we address the current lack of a standardized approach to assessing and interpreting 18
primitive and transitional reflexes across the lifespan by establishing a systematic framework for
evaluation across development and aging.

Despite their substantial clinical relevance, primitive reflexes remain markedly underrepresented in
contemporary neuroscientific research. A major limitation of the field is the absence of a unified,
psychometrically validated protocol for reflex assessment across the lifespan. Existing tools are largely
based on subjective clinical observation and frequently lack standardized scoring criteria and formal
evaluation of inter-rater reliability. These limitations substantially reduce comparability across studies
and constrain the use of reflex profiles in diagnostic and longitudinal research contexts '°~'2. This gap is
particularly problematic given that disturbances in cortical inhibitory control—central to most
neurodevelopmental disorders—are rarely examined through the persistence of primitive reflexes,
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despite growing evidence that such persistence is associated with alterations in GABAergic inhibitory

mechanisms 1314,

Several approaches to primitive reflex assessment have been proposed previously (including the
Fiorentino 3, Masgutova '°, Goddard %, and Wang ' assessment methods); however, these frameworks
largely lack empirical validation, exhibit limited reliability, and have not been integrated into established
neurological or neuropsychological assessment systems &'8. Moreover, existing approaches often
assess only a limited selection of primitive reflexes, and the reflexes included, as well as the methods of
evaluation, vary significantly between protocols. This lack of consistency in both content and
methodology further limits the comparability of findings across studies and hinders the development of
standardized assessment tools 17719

Here, we present a new standardized assessment protocol (Supplementary Information 1 and 2)
comprising 18 primitive and transitional reflexes, validated across an age range of 3to 92 yearsin a
cohort of 565 participants. Both intra-rater and inter-rater reliability of the protocol were statistically
confirmed. Methodologically, this represents the first initiative to operationalize reflex profiling as a
quantitative assessment tool, with potential applicability in clinical diagnostics, rehabilitation settings,

and neurodevelopmental research 2°.

Methods
Human participants

Across the full sample, participant age ranged from early childhood to advanced old age (3-95 years; N
=565). To establish the reliability of the validation procedure, both intra-rater and inter-rater reliability
analyses were conducted. The mean age in the intra-rater subsample (N = 306) was 13.7 years (SD =
19.8), whereas the inter-rater subsample (N = 259) had a mean age of 48.6 years (SD = 33.4), reflecting a
broad distribution across developmental and aging stages.

Four distinct cohorts of human participants were recruited, covering early childhood through older
adulthood. Group 1 consisted of 95 typically developing children aged 5-7 years (45 boys, 50 girls) with
no registered sensorimotor difficulties. Group 2 comprised 164 adults aged 60-92 years (35 men, 129
women) without a clinical diagnosis of dementia. Group 3 comprised 18 adults aged 71-89 years (5
men, 13 women) diagnosed with moderate dementia. Group 4 consisted of 292 individuals aged 3—-59
years (154 men, 138 women) diagnosed with sensorimotor integration-related difficulties.

Younger participants (3—18 years; Groups 1 and 4) were recruited from preschools and schools, whereas
older participants (60-92 years; Groups 2 and 3) were recruited from residential eldercare facilities.
Young and middle-aged adults within Group 4 were self-referred for assessment on a voluntary basis due
to sensorimotor-related concerns. Participants were drawn from a geographically diverse range of
settings, including the capital city, large urban centers, small towns, and rural communities. A non-
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random, purposive, stratiflied sampling strategy was employed to ensure representation of age- and
neurological-status—relevant subgroups. Exclusion criteria included orthopedic, internal medical, and
neurological conditions that could interfere with the examined functions, apart from dementia in Group
3. The aim of the sampling strategy was not population-level representativeness, but rather
comparability across predefined developmental and clinical subgroups and reliable identification of
relevant neurofunctional patterns.

Primitive reflex assessment protocol

In this study, we employed a standardized assessment protocol comprising 18 primitive and transitional
reflexes. We developed our protocol based on an extensive international literature review and formalized
it into a unified testing framework (3, 4, 16, 17, 19). For each reflex, the protocol specifies the
participant’s standardized starting position, the precise eliciting stimulus, and the expected reflexive
motor response.

For participants aged 60 years and older, the starting position for five of the reflexes was modified to
maximize safety and minimize physical risk. These adaptations affected only the initial posture; the
eliciting stimulus and response criteria remained unchanged, thereby ensuring comparability across age
groups. Specifically, positions that would typically require an all-fours posture on the floor were adapted
to support hand placement on a table. Reflexes typically elicited in a supine position were instead
elicited in a standing posture. Based on preliminary pilot testing, these posture modifications did not
affect reflex elicitation or expression, supporting the functional equivalence of the adapted and standard
protocols across age groups. The full protocol provides detailed operational definitions for all reflexes
and scoring criteria and will be made available in the Supplementary Information at the time of
publication. An overview of the reflexes assessed, including their standardized starting positions,
eliciting stimuli, and whether elicitation was performed bilaterally, is provided in Table 1.
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Table 1

Overview of the primitive and transitional reflexes included in the standardized assessment protocol. The
table summarizes the reflexes assessed, their standardized starting positions, the eliciting stimuli used,
and whether the reflexes were elicited bilaterally. Age-specific adaptations are indicated for participants

aged 60 years and older, where applicable.

Reflex name Starting Eliciting stimulus (brief) Bilateral
position elicitation

Asymmetric Tonic Standing Passive head rotation to one side Yes

Neck Reflex

Hip-Lumbar Galant Quadruped Drawing a blunt object on one side Yes

Reflex along the spine

Hip-Lumbar Galant Standing, Drawing a blunt object on one side Yes

Reflex 60+ leaning forward  along the spine

Symmetric Tonic Neck  Quadruped Passive head flexion and extension Yes

Reflex

Symmetric Tonic Neck  Sitting Passive head flexion and extension Yes

Reflex 60+

Tonic Labyrinthine Supine Change in head position relative to Yes

Reflex Forward gravity

Tonic Labyrinthine Sitting Change in head position relative to Yes

Reflex Forward 60+ gravity

Tonic Labyrinthine Prone Change in head position relative to Yes

Reflex Backward gravity

Tonic Labyrinthine Sitting Change in head position relative to Yes

Reflex Backward 60+ gravity

Moro Reflex Standing Sudden controlled head drop Yes

Moro Reflex 60+ Sitting Sudden controlled head drop, tilting Yes

Parachute Reflex Standing Bending forward with a swinging No
movement

Palmar Grasp Reflex Sitting Pressure applied to the palm Yes

Plantar Grasp Reflex Sitting Pressure applied to the plantar Yes
surface

Babinski Reflex Sitting Stroking the lateral plantar surface Yes

Babkin Palmomental Sitting Firm bilateral palmar pressure, active Yes

Reflex finger movement

Rooting Reflex Sitting Tactile stimulation of the perioral Yes
region

Plantar Withdrawal Sitting Stroking along the outer edge of the Yes

Reflex sole
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Reflex name Starting Eliciting stimulus (brief) Bilateral
position elicitation

Diving reflex Supine Using a cold, wet cloth to gently No
touch the area between the nose and
the eyebrows

Fear Paralysis Reflex Supine Sudden unexpected noise stimulus No
Snouting Reflex Sitting Lightly tapping or stroking the center No
of the upper lip, just below the nose
Glabellar Reflex Sitting Tapping the glabella No
Perez Reflex Quadruped Drawing a blunt object on both sides No

along the spine

Perez Reflex 60+ Standing, Drawing a blunt object on both sides No
leaning forward  along the spine

Scoring procedure

Reflex responses were evaluated using a three-point ordinal scale: 2 = reflex fully elicitable, 1 = reflex
partially elicitable, 0 = reflex not elicitable. A fourth category (score 3) was assigned exclusively when the
reflex assessment could not be performed due to technical constraints or safety considerations. Scoring
was performed in real time during testing, based on predefined, reflex-specific behavioral and postural
criteria specified in the standardized protocol. All assessments were conducted in person. For inter-rater
assessments, examiners independently evaluated reflex responses using identical scoring criteria and
were blinded to each other’s ratings and to any prior assessment data. For intra-rater assessments, the
same examiner repeated the evaluation on the same participant at a later time point, applying the same
standardized criteria and without access to their previous scores. If a response was ambiguous, the
stimulus was repeated once, and the maximal observed response was recorded.

Examiner training and reliability

32 trained professionals conducted inter-rater and intra-rater reliability assessments. All examiners
completed a 150-hour structured training program, including 50 hours dedicated explicitly to primitive
reflex testing procedures and standardized response evaluation. Inter-rater reliability was assessed by
having multiple examiners independently score the same participants. Intra-rater reliability was
evaluated through repeated assessments of the same participant by the same examiner, with retest
intervals ranging from 1 to 48 hours.

Testing environment
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All assessments were conducted in a quiet, clean, and safe environment under standardized conditions.
In residential eldercare facilities, assessments took place in designated exercise or physiotherapy rooms
specifically adapted for movement-based testing. In educational settings, testing was conducted in
school gymnasiums or designated medical rooms, while in clinical contexts, assessments were
performed in outpatient clinics or medical examination rooms. Environmental conditions were kept
within normal indoor ranges, with room temperature maintained at approximately 20-22°C and relative
humidity at approximately 40—-60%. Testing sessions for all age cohorts took place between 08:00 and
12:00 hours to minimize fatigue-related variability. Participants were given sufficient time to acclimatize
to the environment prior to testing, and breaks were provided when necessary.

Study design

This study employed a cross-sectional, observational design to standardize and validate a lifespan-
spanning protocol for assessing primitive reflexes.

Outcome measures

The primary outcome measures were ordinal reflex scores derived from standardized assessments of
18 primitive and transitional reflexes (Table 1; full protocol provided in the Supplementary Information
Methods 1 and 2). Secondary outcome measures included inter-rater and intra-rater reliability metrics of
the reflex scoring procedure.

Blinding

Blinding procedures differed across participant groups due to practical and ethical considerations. In the
group of participants diagnosed with moderate dementia, examiners were necessarily aware of the
participants’ clinical status during testing. In all other participant groups, reflex testing and scoring were
conducted under blind conditions, with examiners unaware of group assignment at the time of
assessment. For children and adults presenting with sensorimotor-related concerns, examiners were not
informed about the underlying etiology of these difficulties during testing.

Data analysis

We performed statistical analyses using IBM SPSS Statistics, version 30.0. ?'. Descriptive statistics,
particularly frequency distributions, were first computed for each of the 18 primitive or transitional
reflexes to assess the distribution of scores (0, 1, and 2) and the occurrence of the “cannot be examined”
category (score 3). A total of 30 assessments were performed, as reflexes that could be evaluated
bilaterally were scored separately for the right and left sides. Detailed assessment procedures are
available in the Supplementary Information (Supplementary Methods 1 and 2).
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To assess the reliability of the measurement protocol, inter-rater (N = 259) and intra-rater (N = 306)
reliability were evaluated using Weighted Cohen’s Kappa. This method was chosen to account for the
ordinal nature of the reflex integration scale. Before the reliability analysis, observations scored as 3
(“cannot be examined”) were treated as missing data to preserve the ordinal hierarchy (0-2) of the
functional reflex states.

Missing values were handled using pairwise deletion; therefore, the exclusion of a non-examinable reflex
for a given participant did not result in the listwise removal of that participant’s entire data set. This
approach maximized the retention of valid data points across the 30 individual reflex assessments. This
approach ensured that the Kappa coefficients accurately reflected the degree of agreement regarding
reflex inhibition. Point estimates for Kappa were interpreted according to the criteria of 22. The precision
of these estimates was further validated by calculating 95% confidence intervals (CIs).

Prior to formal analysis, a rigorous quality control (QC) protocol was implemented to ensure data
integrity. Initial screening included range checks to verify that all reflex scores fell within the predefined
0-3 scale, and no erroneous entries were identified. Data consistency was validated by cross-
referencing participant IDs across the independent rater datasets.

A critical step in data preparation involved handling the “cannot be examined” category (score 3). These
entries were identified and systematically coded as missing values for the reliability analysis to prevent
the inflation of agreement due to non-clinical factors. Finally, frequency distributions were examined for
each of the 18 reflex variables to ensure sufficient variance for the calculation of Cohen’s Kappa,
confirming that the high reliability coefficients were not artifacts of a restricted range of observations.

For the reliability analysis, no formal correction for multiple comparisons (such as Bonferroni) was
applied to the Kappa coefficients. This approach was adopted because the primary objective was the
point estimation of reliability for each of the 30 individual reflexes as independent measurement
components, rather than hypothesis testing of a shared global null hypothesis. To address the potential
for inflated error and to provide a more robust assessment than simple p-values, we reported 95%
confidence intervals for all Kappa statistics. The fact that all lower bounds of these intervals remained
significantly above the threshold for “almost perfect agreement” (Kappa > 0.81) further confirms that the
observed reliability is not an artifact of multiple testing.

Primitive reflex assessment protocol

A standardized protocol for assessing primitive and transitional reflexes was employed to evaluate reflex
integration across the lifespan. The protocol comprises 18 primitive and transitional reflexes,
operationalized through 30 individual measurements, including 12 reflexes assessed bilaterally and 6
assessed centrally. The protocol was designed to enable quantitative, reproducible reflex profiling in
children, adolescents, adults, and older individuals, including clinical populations. Participants were
recruited across educational, community, workplace, and day-care settings to ensure representation of
both neurotypical individuals and individuals with sensorimotor and/or cognitive difficulties.
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Neurotypical children were recruited from mainstream kindergartens and primary schools. Individuals
with sensorimotor difficulties were recruited through educational, community, and workplace settings.
Older adults without a clinical diagnosis of dementia were recruited voluntarily from day-care services.
Older adults with a clinical diagnosis of dementia were recruited from day-care facilities following
referral and with informed consent obtained from their legal guardians.

Each reflex assessment followed a three-component standardized structure:

(1) definition of a precise starting position,

(2) application of a clearly specified eliciting stimulus, and

(3) evaluation of the resulting motor or postural response using a predefined ordinal scoring system.

Starting positions included supine, prone, sitting, standing, quadruped, or supported postures, depending
on the reflex assessed. Eliciting stimuli consisted of controlled passive head movements, tactile
stimulation, pressure application, auditory stimuli, vestibular challenges, or postural perturbations,
applied under standardized conditions. Observable response criteria were defined for each reflex to
distinguish full, partial, or absent reflex expression.

Reflex responses were scored using a three-point ordinal scale:
2 =reflex fully elicitable,

1 =reflex partially elicitable,

0 = reflex inhibited (not elicitable).

Scoring was performed in real time during testing, based on predefined behavioral and postural criteria.
If an initial response was ambiguous, the stimulus was repeated once, and the maximal observed
response was recorded.

For participants aged 60 years and older, age-specific safety adaptations were implemented for five
reflexes (Symmetrical Neck Tonic Reflex, Spinal Galant Reflex, Tonic Labirynth Reflex Backward and
Forward, Moro Reflex). These adaptations involved modification of the starting position only (e.g., from
quadruped to supported sitting), while eliciting stimuli and response criteria remained unchanged,
thereby preserving measurement equivalence across age groups.

A fourth category (“cannot be examined”) was used exclusively when assessment was contraindicated
or technically infeasible due to orthopedic limitations or safety considerations. These instances were
documented but treated as missing data in subsequent analyses to preserve the ordinal structure of
functional reflex states.
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All assessments were conducted in a controlled, safe environment, with careful monitoring of participant
comfort and stability. The protocol emphasizes natural, nonvolitional responses and explicitly instructs
examiners to avoid cueing, anticipatory stabilization, or verbal prompting during stimulus application.

Complete operational definitions, reflex-specific stimulus parameters, scoring decision rules, and
representative assessment examples are provided in the Supplementary Information (Supplementary
Methods 1 and 2).

Safety considerations

Participant safety was prioritized throughout all testing procedures. No adverse events or safety
incidents occurred during reflex assessments in any participant group. For child participants, parents or
legal guardians provided written statements regarding the child’s health status prior to assessment. For
participants diagnosed with dementia or Alzheimer’s disease, health status declarations were provided
by caregivers or legal representatives responsible for the participant’s care.

Data exclusion

No participants or datasets were excluded from analysis after data collection based on performance,
compliance, or data quality.

Generalizability

The findings of this study are intended to inform the validity and reliability of a standardized assessment
of primitive reflexes across developmental and aging populations, rather than to provide population-
representative prevalence estimates.

Results

Detailed frequency distributions for the 30 individual reflex measurements, derived from assessments of
18 primitive and transitional reflexes, are presented in Tables 2 and 3. The total of 30 measurements
reflects the bilateral assessment of reflexes, with left- and right-sided responses scored separately. The
occurrence of the “cannot be examined” category (score 3) was minimal, indicating that the protocol
could be reliably administered by assessors across the study population and that the rate of non-
assessable measurements was low. The scores for the testable reflexes (0, 1, and 2) showed adequate
variance across all variables, providing a robust basis for the subsequent reliability analysis. Due to
space constraints, Tables 2 and 3 are provided in the Supplementary Information.

Intra-rater and Inter-rater Reliability

The reliability of the 18-reflex assessment protocol was exceptionally high across all dimensions. Owing
to space constraints, the reliability statistics underlying Tables 4 and 5 are provided in the
Supplementary Information.
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Intra-rater reliability (N = 306) demonstrated superior consistency, with Kappa values ranging from 0.912
to 0.983. The lower bound of the 95% confidence interval (0.847) remained well above the 0.81 threshold
for "almost perfect agreement”.

Similarly, inter-rater reliability (N = 259), the weighted Kappa coefficients ranged from 0.912 to 1.000.
Notably, even for the reflex with the lowest point estimate (Kappa = 0.985), the lower bound of the 95%
confidence interval (0.972) remained well above the 0.81 threshold for "almost perfect agreement.”

All calculated 95% Cls were narrow, indicating high precision in the reliability estimates. These results
collectively confirm that the scoring system is highly reproducible and independent of the specific
examiner or the timing of the assessment.

Discussion

In this study, we present the first lifespan-spanning, standardized, and quantitatively scored assessment
protocol for primitive and transitional reflexes, validated for reliability in a large cohort ranging from early
childhood to advanced old age. The exceptionally high intra- and inter-rater reliability observed across all
reflexes (weighted Cohen’s k > 0.91) demonstrates that primitive reflexes, historically regarded as
qualitative and examiner-dependent phenomena, can be operationalized as robust, reproducible
outcome measures. This finding directly addresses a long-standing methodological limitation in the field,

namely the absence of psychometrically validated tools capable of supporting systematic comparisons

across studies, developmental stages, and clinical populations 23.

The high level of agreement between examiners and across repeated assessments indicates that the
protocol is resilient to subjective interpretation and temporal variability. Notably, the narrow confidence
intervals surrounding the reliability estimates further support the measurement system'’s statistical
stability. Together, these results suggest that the proposed protocol provides a reliable foundation for
reflex-based phenotyping in research and applied clinical settings, while future work will be required to
establish diagnostic validity, including sensitivity and specificity, in clinically defined populations. This
represents a substantive advance over previously proposed reflex assessment frameworks, which have
largely lacked formal reliability testing and standardized scoring criteria, thereby limiting their scientific
and translational utility ''. In validation studies, k = 1.000 values are rare. In the present study, their
occurrence is most likely attributable to the combined effects of extensive examiner training, the use of
a three-point ordinal scale, and highly standardized operational definitions within the protocol.

Beyond its methodological contribution, the present work has implications for understanding
neurodevelopmental and neurodegenerative processes. The persistence of primitive and transitional
reflexes beyond early childhood is widely interpreted as an indicator of insufficient cortical inhibitory
control 24, Neurophysiologically, this interpretation aligns with established models of brain maturation, in
which the progressive emergence of effective GABAergic inhibition enables the suppression of
brainstem-mediated motor patterns 2°. Seminal work by Rivera and colleagues demonstrated that the
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developmental upregulation of the K*+/CI*- cotransporter KCC2 renders GABAergic transmission
hyperpolarizing, a transition that is critical for functional cortical inhibition and network stabilization '3.
Disruptions to this process may therefore plausibly contribute to the persistence or re-emergence of
primitive reflexes.

Consistent with this framework, previous studies have linked retained or persistent primitive reflexes to
neurodevelopmental conditions characterized by altered inhibitory control, including attention-
deficit/hyperactivity disorder ® and developmental coordination disorder 2. Importantly, our findings
extend the relevance of reflex profiling beyond childhood by demonstrating the reliable and practical
administration of standardized assessment in older adults, including individuals with moderate
dementia. The reappearance of primitive reflexes in later life has traditionally been conceptualized as a
“release phenomenon,” reflecting the breakdown of cortical control over subcortical motor circuits. The
present protocol provides, for the first time, a quantitative tool capable of capturing such changes

systematically across the lifespan %’.

The availability of a standardized, reliable reflex assessment opens several new avenues for future
research. First, reflex profiles may serve as candidate behavioral biomarkers of inhibitory network
integrity, complementing neuroimaging and electrophysiological measures °. Second, longitudinal
application of the protocol could enable the monitoring of neurodevelopmental trajectories in at-risk
populations, potentially facilitating earlier detection of atypical cortical maturation 28. Third, in aging and
neurodegeneration, repeated reflex profiling may offer a low-cost, non-invasive means of tracking
disease progression or treatment response, particularly in contexts where advanced imaging is

impractical 2°.

Limitations

Several limitations of the present study should be acknowledged. First, the cross-sectional,
observational design precludes inferences regarding intra-individual developmental or degenerative
trajectories of primitive reflex integration. Consequently, temporal stability, sensitivity to change, and
causal relationships cannot be established. Longitudinal designs will be required to determine within-
subject trajectories and to assess whether the protocol captures true developmental or pathological
change over time.

Second, although the protocol demonstrated exceptionally high inter- and intra-rater reliability, the
current validation primarily addressed measurement reproducibility rather than predictive, criterion, or
construct validity. The extent to which reflex profiling predicts or relates to cognitive performance,
functional outcomes, or neurobiological markers remains to be determined. Future longitudinal and
multimodal studies integrating behavioral, neuroimaging, and neurochemical measures will be necessary
to establish clinical and mechanistic relevance.
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Third, the purposive, stratified sampling strategy, while appropriate for ensuring representation across
relevant developmental and clinical subgroups, limits population-level generalizability. As a result,
prevalence estimates and epidemiological inferences cannot be drawn from the present sample.
Replication in population-based cohorts will be required to assess external validity.

Fourth, age-specific adaptations to starting positions were implemented for older participants to ensure
safety and feasibility. Although pilot testing suggested functional equivalence across age groups, subtle
biomechanical or postural influences on reflex expression cannot be entirely excluded and may have
introduced systematic variance.

Fifth, reflex responses were scored using a three-point ordinal scale to maximize inter-rater reliability and
standardized administration. While this approach supports consistent clinical implementation, it may
limit sensitivity to subtle, fine-grained variations in reflex expression relative to instrumented, kinematic,
or continuous measurement approaches.

Finally, complete examiner blinding to clinical status was not possible in participants with dementia.
Although high reliability estimates suggest minimal systematic bias, the potential influence of contextual
or expectancy effects cannot be fully excluded.

Conclusion

This study establishes the first psychometrically validated protocol for assessing primitive reflexes
across the human lifespan, transforming reflex examination from qualitative clinical observation into a
standardized quantitative measurement. The protocol demonstrates exceptional reproducibility
(weighted k > 0.91), supporting its use not only in research settings but also as a robust clinical
assessment tool.

By enabling systematic profiling of primitive reflex patterns from early childhood through advanced age,
including in individuals with neurodevelopmental and neurodegenerative conditions, this method
provides a clinically actionable framework for identifying atypical sensorimotor and inhibitory control
profiles. The availability of a standardized and reliable reflex assessment has direct implications for
clinical screening, longitudinal monitoring, and treatment evaluation in disorders characterized by altered
cortical inhibition, including developmental and dementing conditions.

Beyond its immediate clinical utility, this approach establishes a methodological foundation for
integrative studies linking reflex persistence to cortical inhibitory control, functional outcomes, and
underlying neurobiological mechanisms. By bridging developmental and degenerative neuroscience, this
protocol facilitates future integration with neuroimaging, neurochemical, and behavioral biomarkers,
thereby advancing both translational research and evidence-based clinical practice.

Significance statement
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Primitive reflexes are fundamental indicators of early brain organization, yet they remain largely absent
from contemporary quantitative neuroscience due to the lack of standardized, reliable assessment tools.
Here, we introduce the first lifespan-spanning, quantitatively scored protocol for assessing primitive
reflexes, validated for reliability from early childhood through advanced old age. By demonstrating
exceptionally high intra- and inter-rater reliability across a large, heterogeneous cohort, this work
establishes primitive reflex profiling as a reproducible, objective measurement framework.

The availability of a standardized reflex assessment enables systematic investigation of inhibitory
network maturation, neurodevelopmental vulnerability, and age-related loss of cortical control. Beyond
its research utility, this protocol has translational potential by transforming reflex examination from
subjective bedside observation into a more objective and standardized measurement approach. This
creates a foundation for future studies aimed at improving clinical screening, longitudinal monitoring,
and treatment evaluation in neurodevelopmental and neurodegenerative disorders characterized by
altered inhibitory control, contingent on further diagnostic validation.

More broadly, this protocol provides a foundation for incorporating primitive reflexes into biomarker-
oriented research, longitudinal neurodevelopmental monitoring, and the study of neurodegenerative
processes across the human lifespan. By bridging developmental and degenerative neuroscience with
standardized measurement, this work advances mechanistic understanding and supports the future
development of evidence-based clinical applications.
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