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ABSTRACT

Objective: To determine and evaluate radiological changes in the asymmetry of the lateral atlantodental interval and atlas tilt after the
application of the Atlasprofilax intervention. Methods: A radiological prospective study was conducted on patients who underwent the Atlas-
profilax Method in Mexico. A total of 258 patients provided informed consent and were enrolled in the study. Group A (n=79) underwent the
intervention, while Group B (n=179) served as the control group. Anteroposterior transoral radiographs were obtained for both groups. The
open-mouth anteroposterior projection was selected for clear visualization of relevant structures. Results: Both groups had a very similar
distribution of lateral atlantodental interval prior to the intervention. Both groups exhibited positive lateral atlantodental interval asymmetry
with most values ranging from 1 mm to 2.9 mm. After the intervention in Group A, a highly significant and clear improvement was observed,
with a reduction in lateral atlantodental interval asymmetry trending toward zero and enhanced orthogonality of the C1-C2 complex. Atlas tilt
and the alignment of the C2 spinous process did also significantly improve. Conclusions: The Atlasprofilax intervention yielded significant
improvements by decreasing lateral atlantodental interval asymmetry, correcting atlas tilt, and aligning the C2 spinous process in the treated
group, both in comparison to the control group and when evaluating pre- and post-intervention changes. These results contribute valuable
data to the ongoing debate regarding the clinical significance of lateral atlantodental interval asymmetries and underscore the need for
further research to better understand their implications. Level of Evidence II; Prospective comparative therapeutic (radiological) study.
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RESUMO

Objetivo: Determinar e avaliar as alteragbes radiolégicas na assimetria do intervalo atlantodental lateral e na inclinagao do atlas apds a
aplicagdo da intervencéo Atlasprofilax. Métodos: Foi conduzido um estudo radioldgico prospectivo em pacientes submetidos ao Método
Atlasprofilax no México. Um total de 258 pacientes forneceu consentimento informado e foi incluido no estudo. O Grupo A (n=79) foi sub-
metido a intervengdo, enquanto o Grupo B (n=179) serviu como grupo controle. Radiografias transorais anteroposteriores foram obtidas
para ambos 0s grupos. A proje¢ao anteroposterior com a boca aberta foi selecionada para uma visualizag&o clara das estruturas relevantes.
Resultados: Ambos os grupos apresentaram uma distribuicdo muito semelhante do intervalo atlantodental lateral antes da intervengéo.
Ambos 0s grupos exibiram assimetria positiva do intervalo atlantodental lateral, com a maioria dos valores variando de 1 mm a 2,9 mm. Apos
a intervencao no Grupo A, foi observada uma melhora altamente significativa e clara, com redugédo da assimetria do intervalo atlantodental
lateral tendendo a zero e maior ortogonalidade do complexo C1-C2. A inclinagdo do atlas e o alinhamento do processo espinhoso de C2
também melhoraram significativamente. Conclusées: A intervengéo Atlasprofilax resultou em melhorias significativas, reduzindo a assimetria
do intervalo atlantodental lateral, corrigindo a inclinagéo do atlas e alinhando o processo espinhoso de C2 no grupo tratado, tanto em com-
paragdo com o grupo controle quanto na avaliagdo das mudangas pré e pds-intervencéo. Esses resultados contribuem com dados valiosos
para o debate em curso sobre a significancia clinica das assimetrias do intervalo atlantodental lateral e destacam a necessidade de mais
pesquisas para compreender melhor suas implicagdes. Nivel de Evidéncia Il; Estudo terapéutico comparativo prospectivo (radiolégico).

Descritores: Atlas Cervical; Articulagcao Atlantoaxial; Processo Odontoide; Rotagao, Radiografia.

RESUMEN

Objetivo: Determinar y evaluar los cambios radioldgicos en la asimetria del intervalo atlantodental lateral y la inclinacién del atlas
despugés de la aplicacion de la intervencion Atlasprofilax. Métodos: Se realizé un estudio radiolégico prospectivo con grupo de control en
pacientes que se sometieron al Método Atlasprofilax en México. Un total de 258 pacientes proporcionaron consentimiento informado y
fueron incluidos en el estudio. EI Grupo A (n=79) recibié la intervencién, mientras que el Grupo B (n=179) sirvi6 como grupo control. Se
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obtuvieron radiografias transorales anteroposteriores para ambos grupos. Se selecciond la proyeccién anteroposterior con la boca abierta
para una visualizacion clara de las estructuras relevantes. Resultados: Ambos grupos mostraron una distribucion muy similar del intervalo
atlantodental lateral antes de la intervencion. Ambos grupos exhibieron asimetria positiva del intervalo atlantodental lateral, con la mayoria
de los valores en el rango de 1 mm a 2,9 mm. Después de la intervencion en el Grupo A, se observé una mejora altamente significativa y
clara, con una reduccion de la asimetria del intervalo atlantodental lateral tendiendo a cero y una mayor ortogonalidad del complejo C1-C2.
La inclinacién del atlas y la alineacion del proceso espinoso de C2 también mejoraron significativamente. Conclusiones: La intervencion
Atlasprofilax produjo mejoras significativas al reducir la asimetria del intervalo atlantodental lateral, corregir la inclinacién del atlas y alinear
el proceso espinoso de C2 en el grupo tratado, tanto en comparacion con el grupo control como al evaluar los cambios antes y después
de la intervencion. Estos resultados aportan datos valiosos al debate en curso sobre la importancia clinica de las asimetrias del intervalo
atlantodental lateral y subrayan la necesidad de mas investigacion para comprender mejor sus implicaciones. Nivel de Evidencia Il; Estudio

terapéutico comparativo prospectivo (radiolégico).

Descriptores: Atlas Cervical, Articulacion Atlantoaxial; Apdfisis Odontoides; Rotacién,; Radiografia.

INTRODUCTION

Asymmetry of the lateral atlantodental interval (LADI) has been
a subject of considerable debate among radiologists.'* While some
authors regard LADI asymmetry as a common normal variant wi-
thout pathological significance'?, others suggest it may indicate
pathological C1-C2 rotation, potentially reflecting an atlantoaxial
rotatory subluxation (ARS)%#. Although ARS is often associated with
traumatic atlantoaxial injuries® and increased LADI asymmetry, ra-
diographic evidence has shown LADI asymmetries in patients who
are asymptomatic, raising questions about the clinical importance
of radiological diagnosis in these cases. Nevertheless, significant
differences in LADI have been observed between patients with cli-
nical symptoms, such as cervical tenderness and torticollis, and
asymptomatic individuals, particularly among pediatric subjects. A
study involving 70 children, both injured and non-injured, investiga-
ted LADI asymmetry and its association with clinical symptoms®. The
mean LADI asymmetry in the non-injured group was 1.4 = 0.7 mm,
which was significantly different from the injured group’s mean LADI
asymmetry of 3.8 £ 2.2 mm (P < .001). This data highlighted a clear
distinction between the groups, with the non-injured cohort dis-
playing a maximum LADI of 2.7 mm and the injured group presen-
ting @ minimum LADI of 2.5 mm. Furthermore, cervical tendermness
exhibited a positive correlation with LADI asymmetry. The mean LADI
asymmetry of 3.8 mm in injured children exceeded the normal range
for adults, as defined by Wolansky et al., where an LADI greater than
3 mm is deemed abnormal’.

In children, the lateral atlantodental interval (LADI) is generally
smaller than in adults, with research by Mendenhall et al. showing
frequent asymmetry in asymptomatic children, regardless of age or
sex, with a mean difference of 0.09 = 1.23 mm (range: -6.05 to 4.87
mm)8. While diagnostic imaging like X-rays and CT scans is com-
monly used to assess atlantoaxial rotatory subluxation (ARS), MRI
is not universally recommended for cervical spine injury diagnosis®.

A study using anteroposterior open-mouth radiographs found
LADI asymmetry in 54% of subjects?, highlighting the importance
of maintaining a straight head position to minimize bias and fal-
se positives in ARS and LADI evaluation. Previous studies have
demonstrated the efficacy of the Atlasprofilax intervention in redu-
cing LADI asymmetry'®'3. This intervention involves non-invasive,
device-mediated stimulation of the suboccipital myofascia using
mechanotransductive vibropercussion'.

Numerous studies have investigated links between neurological
disorders, such as Arnold-Chiari malformation''8, and benign pain
syndromes like headaches, with abnormalities in the suboccipital
myofascia and related structures, including the myodural bridge
and suboccipital muscles'®?*, Despite their importance, biomecha-
nical and metabolic changes in the suboccipital myofascia and
craniocervical junction anatomy are often overlooked, with only 6%
of functional spinal disorder cases showing symmetrical positioning
of the occiput, atlas, and axis, as most patients exhibit left-sided
laterality of the atlas and axis®. A RCT on the LADI improvement
through the same method showed a significant radiological and
clinical results'®,

Additionally, it remains uncertain whether these subclinical alte-
rations could contribute to joint dysfunction at the C0-C1-C2 level,
resulting in increased LADI asymmetries that may be mistakenly
categorized as within the normal range. Given the ongoing debate
surrounding the clinical significance and acceptable thresholds of
LADI asymmetry in radiological evaluations, alongside promising
results from small-sample studies highlighting the positive impact of
the Atlasprofilax method on reducing LADI asymmetry and Atlas tilt, a
larger prospective study was undertaken, encompassing 258 patients.

METHODS

Compliance with Ethical Standards

All procedures performed in studies involving human participants
were in accordance with the ethical standards of the institutional
and/or national research committee and with the 1964 Helsinki de-
claration and its later amendments or comparable ethical standar-
ds. Informed consent was obtained from all individual participants
included in the study.

» FEthics committee approval:
Approved: No. BIO359

The above, within the framework of resolution 8430 of October 4™,
1993 of the Ministry of Health of the Republic of Colombia, which
establishes the scientific, technical and administrative standards for
health research, according to Chapter 1 Art. 5-16 and in accordance
with international requirements: Declarations of Helsinki, Finland, la-
test version year 2000, international ethical guidelines for biomedical
research and experimentation in human beings, prepared by the
Council of International Organizations of Medical Sciences (CIOMS)
in collaboration with the World Health Organization (WHO), Geneva
1993 and 2002.

Funding statement

This study did not receive any specific grant from funding agen-
cies in the public, commercial, or not-for-profit sectors

Study design

A Prospective comparative therapeutic radiological study was
conducted on patients who underwent the Atlasprofilax Method be-
tween August 2013, and January 2017, in Mexico and in Colombia.
The study strictly adhered to the official Mexican Medical Lex Artis
guidelines for radiological examination and followed good medical
practices. A total of 258 patients provided informed consent and
were enrolled in the study.

Group A consisted of the active intervened group, comprising
79 patients who underwent the intervention. Before the intervention
and at the one-month follow-up appointment post-intervention, an-
teroposterior transoral radiographs were obtained for these patients.
On the other hand, Group B, the non-intervened control group,
included 179 subjects who did not receive the intervention but were
enrolled in the study. Anteroposterior transoral radiographs were
obtained for this group as well. Flowchart in the Figure 1 below.
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~ 261 patients included.
// L patients include \
Did meet inclusion )

\ criteria /

;
| |

79 Group A, intervention 182 | Group B, control group.
group Not intervened

258 open mouth x-ray examinations 182
assessed and analyzed at baseline

79 xrays (Group A, pre-
intervention) |

3 Excluded. The -3
radiographs did not
meet the defined
standards.

79 | Intervened (auasprofilax, 179
1 single application) Included

79 x-rays (Group A, post-
intervention)

179 x-rays, (control Group B,
not intervened)

Group B: 179 X-rays

158 Group A: 179
79 Pre-intervention X-rays available with no
available intervention

79 Post-intervention X-
rays available

337 Separate radiological image analysis
and cross-matching for comparisons
between groups A (79 X-rays pre
intervention and 79 x-rays post-
intervention) and B (179 X-rays)
according to endpoints.

Figure 1. lllustrates the study flowchart, outlining the sequence of events
and participant allocation.

Inclusion criteria

The study included subjects who provided informed consent to
participate. For Control group B (n=179), subjects were required
to provide a transoral radiograph and were not intervened. For the
intervention group (Group A), subjects were also required to provide
atransoral radiograph before and after undergoing the Atlasprofilax
Method in a specialized medical clinic.

Exclusion criteria

Patients who did not provide consent to participate in the study
were excluded. Additionally, subjects who did not have a maximum
of one-month pre- or post-therapy transoral x-ray examination were
excluded. Pregnant individuals were also excluded from the study. In
cases where the radiological technique prevented clear visualization
of the atlas (2 cases), and in one case where the x-ray examina-
tion was performed in a decubitus position, these individuals were
excluded from the sample.

Participants

The final study population consisted of 258 subjects (172 women
and 86 men) who participated in the study divided in 2 groups:
Group A, active group, intervened (n=79); Group B, control group,
not intervened (n=179).

Intervention

Radiological intervention

Patients were positioned in an anteroposterior stance with shoul-
ders equidistant from the image receptor, head facing forward, mou-
th wide open, and lower incisors perpendicular to the receptor to
ensure a clear anterior-posterior projection of the odontoid process.
X-rays with positional errors, such as superimposition of teeth or the
skull base on the dens, were excluded, leading to the removal of
three cases from the analysis.

Clinical Intervention

The intervention consisted of a non-invasive neurostimulation,
called the Atlasprofilax Method', applied to several key points of the
suboccipital area to stimulate certain muscle and fascial receptors
applied by a medical doctor by means of a special device. This de-
vice uses controlled mechanotransductive vibropressure at specific
frequency which was applied during an average of eight minutes.
The purpose was to attain a deep mechanotransduction effect on
the suboccipital myofascia and suboccipital muscles which regulate
atlas-axis position and head movement?®.

Demographics, samples and collected data

The following demographic and other data for measurement and
endpoints determining purposes were collected: gender, age, left
and right LADI measured in the x-ray before or after the intervention,
or both, Atlas tilt, and deviation of the C2 spinous process from a
cranio-caudal centerline prior and/or after the therapy.

A total of 337 transoral radiographs were examined, of which
258 were taken without having received the Atlasprofilax intervention
(179 control group B; 79 group A before the intervention) and 79
were taken after the application of the Atlasprofilax (for the active
group A). Mean average age was 58 years. 33.33% were males.

Methods, measurements, and endpoints

The measurements were performed using a pencil, protractor,
scalimeter, and negatoscope to ensure standardized line-drawing
and distance assessments across all radiographs. Calibration of ra-
diograph scales and standardized procedures maintained accuracy,
consistency, and reliability in the measurement process.

Measurements: measurements prior to endpoints

¢ LADI measurement: The determination of left/right (a)symmetry
of the LADI was performed by measuring the distance in milli-
meters between two vertical lines on each lateral mass of the
atlas (lines A and B) and their proximity to the odontoid neck
(Figure 2). To measure LADI, a vertical line (line A) was drawn at
the medial point of each lateral mass of the atlas where it was
closest to the odontoid. Another vertical line (line B) was drawn at
the odontoid neck. It is important to note that due to anatomical
variations in the shape of the odontoid process, the space to be
measured is the one located at the neck of the odontoid process,
specifically along the line joining the narrowest edges of both
lateral masses (line B). (Figure 2)

* Atlas Tilt Measurement in Degrees: The tilt angle of the atlas was
determined by measuring the angle, in degrees, between the ho-
rizontal baseline (line D) and another line joining the lower facets
of the atlas (line C) that was subtracted from line F (mastoid tilt
line) for neutralizing possible head tilt bias. (Figure 2)

* (2 Spinous Process Deviation in Millimeters: The alignment or
deviation of the C2 spinous process was assessed by comparing
a vertical line dividing equal parts of the odontoid (line F) with
another vertical line in the center of the spinous process of C2
(line E). This comparison helped determine any improvement in
alignment after the intervention (Figure 2). This comparison helped
determine any improvement in alignment after the intervention.
These measurements were essential in evaluating the LADI, atlas
tilt, and C2 spinous process deviation, providing objective data
for assessing the effectiveness of the intervention. (Figure 2)
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(F) Vertical line dividing
the odontoid process into
two equal parts

Mastoid tilt (32): deviation
line showing degrees of
tiltwhen substracting F-D

L

(F) Mastoid horizonal base
line at first mastoid
contact point (Right) to
other mastoid €ontact
point (Left)

(E) C2’s spinous
process vertical line
deviated from F (0.15
mm deviation)

C1’s tilt frombaseline (12):
line showing
f C1s tilt when

ing C-D. €1 is {C) Deviation line across first

contacted C1's lower left facet

substracting F-C to C1’s right lower facet

(D) Main horizontal
baseline

Figure 2. Lines drawn to determine LADI (lines A & B), C1 tilt (lines F minus C)
and C2 spinous process deviation (lines F minus E).

Statistical analysis

Statistical tests were conducted using R (v4.4.2) and LMEM Trees
for some endpoints®’. Endpoints 1 and 4 are descriptive. For endpoints
2, 6, and 7, comparative tests were performed between control group
B and group A, using either Student'’s t-test or Mann-Whitney U test
after validating normality and variance homogeneity. For endpoints 3
and 5, McNemar's test for paired data was used to evaluate changes
in LADI symmetry and inclination post-intervention in group A.

RESULTS

Endpoint 1 assessed the quantification of the difference between
right and left LADI in the control group (Group B). A descriptive
analysis showed a positive asymmetry in LADI, deviating from the
value of “0”, which would indicate total symmetry. This observation
is illustrated in Figure 3.

Endpoint 2 compared the right-left LADI difference between the
control group (B) and the pre-intervention group (A) using coded
range values for statistical analysis. The Shapiro-Wilk test confirmed
a normal distribution with no significant deviations, and Figure 4
illustrates the comparability between groups.

The normality hypothesis was rejected, so the non-parametric
Mann-Whitney U test was used, eliminating the need for variance
homogeneity testing. The p-value of 0.439 and 95% confidence
interval (-2.54, 3.71) indicated no significant difference between
groups, confirming their comparability.

Endpoint 3 assessed the right-left LADI difference in Group A
before and after the intervention, showing a significant shift toward
symmetry (Figure 5). Post-intervention, 69 of 79 participants in
Group A had “0” LADI values, compared to only 2 of 179 in the
non-intervened Group B. (Figure 5)

Given the importance of determining the effectiveness of the
treatment, which is measured by achieving a value of zero in the
difference between right LADI and left LADI, the data were reorga-
nized accordingly. See Table 1 below.

A McNemar test with continuity correction showed a p-value <
0.001 (95% ClI: 0.0, 0.058), rejecting the null hypothesis and con-
firming the effectiveness of the Atlasprofilax method in improving
LADI asymmetry in Group A. Endpoint 4 analyzed right and left LADI
distributions separately, with Figure 6 illustrating marked asymmetry
in Group B versus near-symmetrical alignment in Group A post-
intervention. (Figure 6)

Endpoint 5 addressed the comparison of LADI minus C2 spinous
process (in mm) measurement pre- and post-intervention in Group A

As it can be seen in Figure 7 (below), the distribution of Group B
(in blue) is very dispersed while the tendency in group A (intervened)
tends significantly to the “0” which means symmetry.

Rigth LADI minus left LADI group B

mm
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Sor+ -Sor+
60
4t049 -4t0-4.9
40
3to3.9 20 -3t0-3.9
2t029 7 -2to-2.9
1to19 -1to-1.9
0.1t00.9 0.1t0-09

0

Rigth LADI minus left LADI group B

80
70
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40
30
20
10

mm -5or -4to--3to--2to--1to-0.1to 0 O0.1to 1to 2to 3to 4to Sor+
+ 49 39 29 19 -09 09 19 29 39 49

Figure 3. Displays the distribution of LADI's L/R difference, showing a
tendency toward positive asymmetry in the ranges of 1to 1.9 and 2to0 2.9,
deviating from the "0" value (which represents expected symmetry). Above:
Spider diagram; Below: Line chart.

Rigth-left LADI control group (n=179) vs group A
(not yet intervened)

—— Rigth LADI minus left LADI B —— Rigth LADI minus left LADI pre A
-5or+
Sor+ 8 -4t0-4.9
60
41049 -3t0-3.9
40
20
3t039 -2t0-2.9
2t029 -1to-19
11019 0.1t0-09
0.1t00.9 0

Distribution of group A (pre-intervention) vs control group B
Right LADI minus left LADI

Group A Group B
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>
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o
o
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20-

I 0o

5.0 25 00 25 50 -50 -25 00 25 5.0

Value (mm)

Figure 4. LADI distribution comparison between Group B (Control, in blue)
and Group A (not yet intervened, in gray). Spider chart, in ranges (Above).
Histogram with the ranges transformed into continuous variables (Below).
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Pre and post-intervention (n=79) group A
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Figure 5. Spider diagram and line plot for ranges before transformation
into continuous values for endpoint 3.

Table 1. Contingency table pre- versus post-intervention.

Post-intervention
(o] Non-zero Total
Pre-intervention 0 2 0 2
Pre-intervention Non-zero 65 12 77
Total 67 12 79

A similar process to that of endpoint 3 was conducted, involving
a reorganization of the data to compare the inclination between
LADI and the C2 spinous process in group A (post-intervention).
(Figure 7 and Table 2)

A McNemar test with continuity correction (p < 0.001, 95%
Cl: 0.0, 0.114) rejected the null hypothesis, confirming the effective-
ness of the Atlasprofilax method in Group A. Endpoint 6 compared
LADI minus the C2 spinous process between control Group B and
post-intervention Group A, showing significant differences in the
Shapiro-Wilk test, with Group A trending toward symmetry (0 value),
unlike Group B. (Table 3, Figure 8)

The normality hypothesis was rejected, and a Mann-Whitney
U test (p = 0.002, 95% CI: 0.499, 2.499) confirmed a significant
difference between post-intervention Group A and control Group B,
providing strong evidence that the Atlasprofilax intervention positively
influenced the distance between LADI and the C2 spinous process.

Endpoint 7 assessed the presence and distribution of Atlas tilt in
the control group B as it can be seen in the Figure 9 below.

The Figure 9 above demonstrates a clear improvement, with
group A (post-intervention) showing an enhanced horizontal position
of the Atlas and minimal to no tilt. In contrast, group B displays a
much more pronounced deviation from the 0° value, which repre-
sents no tilt or complete horizontality.

Endpoint 7.1 compared Atlas tilt (in degrees) between control
Group B and post-intervention Group A using a similar statistical
approach as in Endpoints 2 and 6, with Shapiro-Wilk normality tests
conducted on the coded ranges.

Control group B (not intervened)

—— Rigth LADI —— Left LADI
0t00.9
60
10or+ 50 1to19
40
9t09.9 30 21029
20
10
8t089 31039
7t07.9 4t049
6t069 5to5.9
Intervened group A
—— Rigth LADI —— Left LADI
0t00.9
30
100r + 25 1to 1.9
20
9t09.9 15 2t029
10
5
o}
8t08.9 3t03.9
7t079 4t04.9
61069 5t05.9

Comparison of LADI differences between control and
intervened groups
30 Q.

20

-20

Right LADI - Left LADI difference
o

-30

o

Control group B Intervened group A

Figure 6. Spider diagram (top) and boxplots (bottom) illustrating a
pronounced asymmetry between left and right LADI for Group B (left),
contrasted with near symmetry for Group A after the intervention (right).

For the Atlas tilt (Figure 10) the normality hypothesis was rejec-
ted, prompting the use of a Mann-Whitney U test with the asymp-
totic method, conducted via the “exactRankTest” library due to the
sample size. The analysis yielded a p-value of < 0.001, with a 95%
confidence interval of (0.1, 2.0), demonstrating a significant differen-
ce between group A (post-intervention) and control group B. These
results provide strong evidence that the Atlasprofilax intervention
effectively improved Atlas tilt, guiding it toward a more horizontal,
balanced position.

DISCUSSION

The LADI asymmetry ranges for Group A (pre-intervention) and
Group B (non-intervened) were similar in distribution, means, and
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LADI minus C2 spinous proces pre and post-intervention
(group A)
—Pre —— Post

-1.0o0r+
40

30,

4
\

0.1t00.9 0

10or+ -0.1t0-0.9

Figure 7. Spider diagram depicting the trend toward zero (full symmetry)
in group A (orange) and the dispersion away from zero in control group
B (blue).

Table 2. Contingency table pre- vs. post-intervention on C2 spinous process.

Post-intervention
0 Non-zero Total
Pre-intervention 0 3 0 3
Pre-intervention Non-zero 34 42 76
Total 37 42 79

SD (Group A: mean 1.17, SD 0.50; Group B: mean 1.15, SD 0.49;
p=0.697), aligning with literature values (0.99 = 1.05 mm) where
95% of patients had asymmetry <3 mm, with a maximum of 5 mm.
LADI asymmetry may indicate ligamentous injury or atlantoaxial
rotatory subluxation, making it difficult to distinguish normal varia-
tion from pathology®. The absence of consensus on standardized
“normal” asymmetric values leads to a subclinical range where LADI
asymmetry may reflect a pathological condition, potentially involving
craniovertebral junction soft tissues (e.g., posterior atlanto-occipital
membrane, myodural bridge, suboccipital muscles, deep cervical
fascia). Studies have shown a link between chronic neck/head pain
and the suboccipital muscles, which play a key role in the mechanics
of the craniovertebral junction (CCJ). Additionally, these muscles
show a higher prevalence of anatomical abnormalities compared to
others in the suboccipital region, often exhibiting undesired morpho-
logical changes. Chronic alterations in the suboccipital muscles can
disrupt CCJ biomechanics and interfere with the reciprocal tension
between the dura mater and specific fibers located on the posterior
atlanto-occipital membrane?. Such disturbances may contribute to
subclinical LADI asymmetry and related dysfunctions.

Chronic alterations in the suboccipital muscles can disrupt cra-
niovertebral junction (CCJ) biomechanics and interfere with the reci-
procal tension between the dura mater and specific fibers located on
the posterior atlanto-occipital membrane?®®. The rectus capitis minor
(RCPm), densely populated with muscle spindles and connected to
the myodural bridge®®, may contribute to nociception, propriocep-
tion, and balance mechanisms?. Such disturbances can impact
CCJ functionality and stability, and subclinical LADI asymmetry may
reflect these issues.

Case studies, case series and one RCT have shown substan-
tial improvements in LADI asymmetry and radiographic Atlas filt
following the use of the Atlasprofilax method'®-'®, along with clinical
enhancements in specific pathologies®-®?. Discussion around CCJ
abnormalities, particularly related to suboccipital myofascial altera-
tions and their link to chronic pain pathologies, remains an area of
ongoing research. The Atlasprofilax method, a non-invasive inter-
vention employing mechano-transductive vibro-percussion on the
suboccipital fascia, has shown promising potential™. Given evidence

Table 3. Shapiro-Wilk normality tests for both groups A and B.

Group n w p-value
B (Control) 179 0.93 <0.001
A (post-intervention) 79 0.88 <0.001

LADI minus C2 spinous proces in group B vs.
post-intervention group A

—— Rigth LADI minus left LADI B —— Rigth LADI minus left LADI pre A
-Sor+
Sor+ 40 -41t0-4.9
41049 -3t0-3.9
3to3.9 -2t0-2.9
2t029 -1t0-1.9
1t019 -0.1t0-0.9
0.1t00.9 0

Distribution of group A (post-intervention) vs control group B
LADI minus C2 spinous process measurements
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Figure 8. (Above) Spider diagram illustrating in ranges the alignment
trend of the C2 spinous process toward zero (total or near-total symmetry)
in group A (in orange) versus a more widely dispersed and asymmetric
alignment (in blue) for control group B. (Below) Same but in values and
using a histogram.

that suboccipital muscles can contract in isolation, influencing Atlas
positioning®, it is plausible that the vibropercussive forces of the
Atlasprofilax method positively impact suboccipital muscle function
via a specific biomechanical mechanism, enhancing C0-C1-C2 or-
thogonality and promoting greater LADI symmetry.

The significant impact on C1 and C2 joint symmetry may have
important clinical implications, warranting further exploration of cor-
relations with LADI asymmetries in conditions like tension headache,
migraine, and chronic cervical pain, which are linked to suboccipital
muscle abnormalities'®2%2!, while Atlasprofilax aims to optimize me-
tabolic and biomechanical properties in the suboccipital myofascia
through mechanotransductive stimuli, addressing fascial armoring,
Arnold’s nerve compression, and myodural bridge tensions.

CONCLUSIONS

The observed improvements in LADI, Atlas tilt, and C2 alig-
nment may result from favorable biomechanical changes in the
C0-C1-C2 soft tissues, including enhanced orthogonality and
joint symmetry, with potential clinical relevance for conditions like
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Figure 9. (Above) Atlas tilt (left in blue, right in orange) of the Control
Group tending to 2 - 3.9 degrees of tilt. (Below) Atlas tilt (left in blue, right
in orange) of the intervened Group A to 0 degrees of tilt.

Table 4. Shapiro-Wilk Normality Tests for Groups A and B.

Group n w p-value
B (control) 179 0.85 <0.001
A (post-intervention) 79 0.63 <0.001

tension headache, migraine, and chronic cervical pain, while this
study contributes new data to refine differential diagnoses by re-
-evaluating the subclinical and pathophysiological implications of
normal LADI asymmetry ranges.

The findings highlight the need to reassess normal LADI
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the radiological outcomes of post-intervention group A patients. (Below)
Spider diagram showing the trend to 0° in the Group A and the dispersion
away from 0° in the control Group B.

asymmetry, challenging existing norms and exploring subclinical
ranges to refine diagnostics, improve understanding of physiopa-
thological processes, and optimize patient care, while further inves-
tigation into LADI asymmetries and the potential of Atlasprofilax for
craniocervical and myofascial disorders is warranted.
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