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Contribution of the Paper
What the article adds to the current literature.

Dynamic MRI has proven reliable for validating the 
measurement of CRI wave frequency based on the four-
gear interlinked model interpretation. However, due to 
a high technical error of measurement, it cannot accu-
rately determine CRI wave amplitude for the glabella-
to-occiput and sella-to-occiput distances. In contrast, 
the distance from the sella turcica to the glabella can 
serve as an accurate and reliable measurement variable 
for determining CRI wave amplitude. This article high-
lights that while the four-gear model interpretation is 
logical, dynamic MRI can consistently measure CRI wave 
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Abstract
Objectives  To evaluate the feasibility of using dynamic MRI to measure the features of cranial rhythmic impulse (CRI).

Design and setting  Fifteen healthy participants (9 females and 6 males, aged 25 to 77) underwent dynamic MRI in a 
sagittal T2 HASTE view at a rate of 0.60 Hz for 30 s. The MRI videos were analyzed using video tracking software. Three 
points were marked: the glabella, the midpoint of the sella turcica, and a symmetrical point of the glabella on the 
occiput. The distances between these points were measured across 46 frames. Amplitudes and rates of asymmetrical 
CRI waves were calculated using Excel formulas.

Results  The mean wave frequencies were 5.65 Hz for the anteroposterior distance, 6.2 Hz from sella turcica to 
occiput, and 6.76 Hz from sella turcica to glabella. The mean wave amplitudes were 0.39 mm, 0.6 mm, and 0.49 mm 
for the respective distances. Both intraclass correlation coefficients (ICC) and reliability coefficient (R) indicated 
excellent reliability (R, ICC > 0.90). The technical error of measurement (TEM) exceeded 1 mm for the anteroposterior 
and sella-to-occiput distances, while it was 0.32 mm for the sella-to-glabella distance.

Conclusions  Dynamic MRI demonstrates potential in measuring the features of CRI, particularly in assessing CRI 
wave rate. While the ICC values indicate high reliability, the TEM values suggest that using MRI to measure CRI wave 
amplitude may only be dependable for the distance from the sella to the glabella.

Keywords  Sella turcica, Sphenoid, Vomer, MRI, CRI

Applicability of using dynamic MRI to evaluate 
alleged cranial rhythmic impulse (CRI)
Pezhman Masoudi1, Noureddin Karimi1*, Iraj Abdollahi1, Enayatollah Bakhshi2, Saeideh Moravej3 and 
Ahmad Aghazadeh4

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12891-024-08064-y&domain=pdf&date_stamp=2024-11-20


Page 2 of 8Masoudi et al. BMC Musculoskeletal Disorders          (2024) 25:941 

frequency for all distances but accurately measure wave 
amplitude only for the sella-to-glabella distance.

Introduction
“Truth is great, certainly, but considering her greatness, 
it is curious what a long time she is apt to take about pre-
vailing.” TH Huxley, this phrase by T.H. Huxley was men-
tioned in an article emphasizing the alleged implausibility 
of cranial osteopathy, arguing that it lacks robust evi-
dence regarding its biological mechanisms, efficacy, and 
reliability in treatment [1]. While some articles support 
the theory of cranial osteopathy, others express skepti-
cism. Over time, discussions surrounding cranial osteop-
athy have evolved from a classical mechanistic approach 
to embracing alternative interpretations that underpin 
the cranial model, such as entrainment [2–5]. Nowadays, 
therapists strive to adhere to evidence-based medicine. In 
this context, the study aims to evaluate the mechanisms 
of craniosacral therapy and Cranial Rhythmic Impulse 
(CRI), which is foundational to the method. CRI assesses 
the oscillatory patterns in the inspiratory (flexion, exter-
nal rotation) and expiratory (extension, internal rotation) 
phases, known as the primary respiratory mechanism in 
the cranial region [6, 7]. The mechanism operates on the 
principle of tensegrity, a structural concept where the 
system functions holistically to respond to external or 
internal forces. Within the cranium, membranes manage 
tensile forces while the bony structures handle compres-
sive forces, working synergistically to maintain balance 
and integrity [8]. With the occiput pushing the temporal 
bone anteriorly, the temporal bone, in turn, pulls on the 
tentorium cerebelli. This tension causes the sphenoid to 
rotate inferiorly while its greater wing rotates anteriorly. 
Concurrently, the ethmoid and vomer bones rotate in 
the opposite direction. This model of interpretation for 
the cranial rhythmic impulse is known as the ‘four gear 
interlinked’ model. The keystone of this mechanism is the 
sphenobasilar joint, which connects the sphenoid to the 
occiput. According to this model, when observing cranial 
bones laterally, due to primary respiratory mechanism 
force producers, the anteroposterior diameter of the 
skull will expand in the inhalation phase and flexion of 
the sphenobasilar synchondrosis while the sphenoid will 
rotate inferiorly and anteriorly. In the exhalation phase 
the anteroposterior diameter of skull will reduce and 
the sphenoid will return to its former position [9]. This 
interpretation of the cranial rhythmic impulse suggests 
that the anteroposterior diameter of the cranium var-
ies in a pattern of increase and decrease with inhalation 
and exhalation, respectively. Additionally, the distances 
between the sella turcica, glabella, and the symmetrical 
opposite point of the glabella also change [10]. Therefore, 
if we can employ a measurement method that accurately 
captures these distance changes, it could potentially serve 

as a useful tool for assessing features of the cranial rhyth-
mic impulse. While CT scans are the most accurate for 
precisely identifying bony landmarks, they have certain 
limitations and are not as accessible as MRI. Dynamic 
MRI, a non-invasive method, offers a viable alternative. It 
is widely available and capable of capturing video, which 
enhances the understanding of joint pathomechanics 
and facilitates the measurement of various distances in 
medical fields [11, 12]. Considering the minimum fre-
quency detection of dynamic MRI is about 0.6  Hz, and 
the cranial rhythmic impulse (CRI) rate ranges between 
4 and 16 per minute, it raises an important question: can 
dynamic MRI reliably measure the CRI wave frequency 
and amplitude? If dynamic MRI can effectively capture 
these parameters with sufficient accuracy and resolution, 
it could serve as a valuable, non-invasive tool for under-
standing CRI’s role in clinical settings.

Participants and methods
Participant selection and study criteria
Fifteen participants, consisting of 9 females and 6 
males aged 25 to 77, were selected for the study follow-
ing a 4-case pilot study using simple random sampling. 
A rule of thumb was applied to determine an effec-
tive sample size. Exclusion criteria included a history 
of spine or cranial surgery, structural or functional spi-
nal deviations, seizures or epilepsy, spinal tumors, neck 
pain or lower back pain. Inclusion criteria required no 
history of shortness of breath or fear of MRI machines 
or confined spaces. The study was approved by the eth-
ics committee at the University of Social Welfare and 
Rehabilitation Sciences on March 1 2023 with the ethics 
committee number IR.USWR.REC.1401.237 and regis-
tration code 1,766,135. The health, dignity, and integrity 
of the participants were ensured and the objectives, pro-
cedures, potential risks and benefits of the study were 
clearly communicated to them. Participation in this study 
was entirely voluntary, and participants were informed 
that they could leave the research at any stage if they 
choose to do so. They were assured that their names and 
data would be kept confidential and would not be pub-
lished not even in abbreviations. Informed consent was 
obtained from all participants, and their rights were 
protected. Each participant was informed that the MRI 
measurements would involve evaluating certain distances 
within the skull.

Distance measurement procedures
Participants were instructed to lie supine and relax, with 
the machine’s pointer marker positioned at the level of 
the eyebrows and nose. Dynamic MRI (1.5 Tesla Siemens 
Avanto unit) was performed in the sagittal T2 HASTE 
view of the cranium, a rapid measurement technique that 
supports very short time intervals. This method involves 
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a single RF-induced proton excitation to acquire half of 
the K-space with the remainder completed through FFT, 
enabling scan times of 1 s or less [13]. According to pre-
vious studies, the cranial rhythmic impulse wave rate 
has been reported to range between 4 and 16 cycles per 
minute [8, 14], In our study, a frequency of 0.6  Hz was 
used for 30 s to match the cranial rhythmic impulse (CRI) 
frequency, resulting in 46 frames per participant. The 
videos were then uploaded to Tracker software, which 
can distinguish each frame individually. Tracker 4.11.0, 
a Windows-based application, is capable of measuring 
distances in 2D motion analysis and has been shown to 

be valid and reliable for assessing distances and angles 
related to postural deficits in adults [15]. In each frame, 
three points were marked: the glabella, the midpoint of 
the sella turcica, and the symmetrical point of the gla-
bella on the occiput, with the last point remaining consis-
tent along the vertical plumb line passing through C0-C1 
and the glabella (Fig. 1).

To determine the wave frequency and wave ampli-
tude of the cranial rhythmic impulse, we identified the 
minimum, maximum, and average values of each tape 
measurement. Any changes in values that did not cross 
the average value (baseline) were classified as a change, 

Fig. 1  Tracker Software Environment, Marked Points and Measured Distances. A: Glabella to Occiput Distance, B: Glabella to sella turcica Distance, C: Sella 
turcica to Occiput Distance
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while those that crossed the baseline and returned were 
counted as frequency rates within the 30-second inter-
val. Wave amplitude was quantified by identifying peak 
points and calculating the area under the curve using 
algebraic formulas (Fig.  2). By using Excel formulas, 
we were able to determine the number of changes, fre-
quency, and amplitude for each measurement.

Examiner experience and measurement scale
The examiner, who had three years of experience using 
Tracker software for various medical research purposes, 
measured the distances between the marked points in 
each frame using three tape measurements. These values 
were then converted to millimeters based on a pre-deter-
mined scale value from the MRI machine, where one 
unit of tape measurement equaled 0.53 millimeters. The 
values for all 46 frames across the 15 participants were 
recorded in an Excel file.

Reliability assessment and repeated measurements
In 10 cases distances were remeasured by the exam-
iner with a 1-month time interval. Intraclass Correla-
tion Coefficient (ICC), Standard Error of Measurement 
(SEM), Technical Error of Measurement (TEM), Relative 
Technical Error of Measurement (rTEM), and Coefficient 
of Reliability (R) were calculated using statistical analysis.

Results
In this section, each parameter- including wave fre-
quency, wave amplitude, the reliability of measuring 
cranial distances using dynamic MRI and tracker soft-
ware and the correlation matrix between distances- is 

elaborated upon and supported by tables and detailed 
text explanations.

CRI wave frequency(rate)
The mean wave frequency values were 5.65, 6.2, and 6.25 
per 30 s for the anteroposterior (AP) measurement, sella 
to the symmetrical point of the glabella on the occiput, 
and sella to glabella measurements, respectively. Fre-
quency values varied from 1 to 10.5 for both the AP and 
sella to occiput measurements, and from 2.5 to 12 for the 
sella to glabella measurement. The number of changes 
ranged from 13 to 27 for the AP measurement, 19 to 29 
for the sella to glabella measurement, and 19 to 30 for the 
sella to occiput measurement, with mean values of 20.8, 
22.66, and 23.26, respectively (Table 1).

CRI wave amplitude (Distance changes)
The average wave amplitudes were 0.39  mm, 0.49  mm, 
and 0.6  mm for the anteroposterior (AP) measurement, 
sella to the symmetrical point of the glabella on the 
occiput, and sella to glabella measurements, respectively. 
The amplitudes ranged from 0.17 mm to 1.17 mm for AP, 
0.26 mm to 1.69 mm for sella to occiput, and 0.27 mm to 
1.23 mm for sella to glabella measurements (Table 1).

Reliability assessment and correlation matrix
The Intraclass Correlation Coefficient (ICC) was 90.5%, 
87.9%, and 95.9% for AP, sella to occiput, and sella to gla-
bella measurements, respectively. The Standard Error of 
Measurement (SEM) was 7.7  mm for AP, 6.12  mm for 
sella to occiput, and 1.68  mm for sella to glabella mea-
surements (Table 2). The correlation matrix between the 

Table 1  CRI Wave frequency, Wave Amplitude and Number of changes measured for each distances value
Variables Wave frequency(Hz) Lower Bound Upper bound Number of changes Amplitude of changes(mm) P-Value
Glabella to Occiput value 5.65 per 30 s 1 10.5 20.8 0.39 < 0.001
Sella turcica to glabella value 6.25 per 30 s 2.5 12 23.26 0.49 < 0.001
Sella turcica to Occiput value 6.2 per 30 s 1 10.5 22.66 0.60 < 0.001

Fig. 2  A (white background): Sella turcica to glabella distance changes, B (Black background): Glabella to Occiput distance changes. Distance Scale: 
1 = 0.53 mm (46 frames tracking, CRI asymmetrical wave, Change, Rate and Amplitude description: A: One Change of wave, B: One Rate of Wave, C: Am-
plitude of Wave)
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three measured distances reveals that both the sella tur-
cica to glabella and sella turcica to occiput distances are 
significantly correlated with the glabella to occiput dis-
tance (anteroposterior diameter) in all 15 cases. Further-
more, the sella turcica to glabella distance shows a higher 
Pearson correlation with the anteroposterior distance. 
However, in some cases, the sella turcica to glabella and 
sella turcica to occiput distances are also correlated with 
each other (Table 3).

According to the results, there seems to be consis-
tency among each distance value for wave frequency, 
wave amplitude, ICC and correlations. A summary of the 
results has been presented in the graph below.

Discussion
In this study, a triangular measurement was conducted 
using tracker software on each participant’s MRI video to 
accurately measure the distances between the sella tur-
cica and each side of the skull, as well as the anteropos-
terior diameter of the skull. These distance changes were 
assessed in terms of frequency, amplitude, and correla-
tions between each of the measured distances to evalu-
ate the cranial rhythmic impulse (CRI) for frequency, 
amplitude, and symmetry features. This approach is an 
innovative method to assess such features of CRI with 
instruments. The results indicated that, the mean fre-
quency of changes across the three distances was 6.03 per 
30 s, and the mean amplitude was 0.49 mm. Furthermore, 
the distances from the sella turcica to both sides of the 
skull showed significant correlations with the anteropos-
terior diameter of the skull (See Graph 1).

Cranial Rhythmic Impulse (CRI) refers to the subtle, 
rhythmic motion perceived in the cranium, believed to 
be a result of inherent physiological processes. The key 
features of CRI include frequency, amplitude, symme-
try, and quality which indicate the extent, balance, and 
smoothness of the motion [16, 17]. This study investi-
gates the frequency, amplitude and symmetry of CRI 

using dynamic MRI, utilizing a specific procedure and 
methodology.

CRI Wave frequency(rate) and symmetry
The Cranial Rhythmic Impulse (CRI) wave frequency can 
be assessed through both instrumentation and palpation. 
Instruments like the Biodynamic Resonance Recorder 
and Cranial Oscillation Detectors objectively measure 
subtle cranial movements, providing data on wave fre-
quency. Manual palpation, used by osteopaths, involves 
feeling the rhythmic motion of the cranium with the 
hands. Practitioners estimate CRI frequency to typically 
be between 6 and 12 cycles per minute. This can range 
from as low as 2 to 7 cycles per minute with manual 
palpation, compared to 8 to 14 cycles per minute with 
instrumental measurements, indicating that instrumen-
tal methods tend to show higher CRI frequency values [8, 
14]. According to the results of this study, the mean CRI 
wave frequency ranged between 5 and 6 cycles per 30 s 
(Table 1), which corresponds to 10 to 12 cycles per min-
ute. This falls within the previously reported range and 
closely aligns with instrumental measurements of CRI 
frequency. Comparing the wave frequencies between dif-
ferent cranial measurements, such as glabella to occiput, 
and sella turcica to glabella and occiput, shows a high 
level of consistency. This suggests that cranial structures 
are moving in a coordinated manner, as predicted by 
the four-gear interlinked model. The correlation matrix 
between the different distances further emphasizes the 
symmetric component of the cranial rhythmic impulse. 
Additionally, the four-gear interlinked model interpreta-
tion identifies two sub-components of CRI, the distances 
between the sella turcica and the glabella, and between 
the sella turcica and the occiput, which are significantly 
correlated with a larger component - the distance from 
the glabella to the occiput (Table 3). This model suggest 
that the movement of cranial bones is interdependent, 
much like gears in a machine. When one bone moves, 

Table 2  – output of Intraclass correlation coefficient and other reliability measurements
Variable Intraclass Correlation

Coefficient
SEM (mm) TEM rTEM (%) R Reliability Coefficient P-value

Glabella/Occiput value 0.905 7.77 mm 1.63 mm 1.10% 0.99 < 0.001
Sella/Glabella value 0.959 1.68 mm 0.32 mm 0.54% 0.99 < 0.001
Sella/Occiput value 0.879 6.12 mm 6.23 mm 1.30% 0.99 < 0.001

Table 3  Correlation matrix for three distances (case 1)
Correlation Matrix (Pearson) Glabella/Occiput value Sella/Glabella value Sella/Occiput value
Glabella/Occiput value 1 R P-Value r P-Value

0.891 <0.001 0.501 <0.001
Sella/Glabella value R P-Value 1 r P-Value

0.891 <0.001 0.194 0.064
Sella/Occiput value R P-Value R P-Value 1

0.501 <0.001 0.194 0.064
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others follow in a predictable pattern, maintaining bal-
ance and rhythm. The observed consistency in wave 
frequencies across different points supports the validity 
of this model in explaining the dynamics of the cranial 
rhythmic impulse. The wide spectrum of inter-individual 
CRI wave frequency in this study may be due to the wide 
age range of study samples.

CRI wave amplitude (Distance changes)
The amplitude of the Cranial Rhythmic Impulse (CRI) 
refers to the extent of palpable motion of the cranium 
during its rhythmic expansion and contraction, reflecting 
the range of motion of the cranial bones and membranes. 
Changes in amplitude can be interpreted as indicators of 
health or dysfunction. Increased amplitude may suggest 
enhanced physiological activity, while decreased ampli-
tude might indicate restrictions or decreased vitality. The 
perception of amplitude can vary significantly between 

practitioners, making it a subjective measure. Unlike fre-
quency, which can be objectively measured, amplitude is 
more challenging to quantify consistently. Research into 
the objective measurement of amplitude is still limited. 
The results of this study regarding CRI wave amplitude 
appear reasonable in terms of both the mean amplitude 
and the range of values observed for the displacement of 
the Sphenobasilar Synchondrosis (SBS) joint, a synchon-
drosis joint that allows only compression and decom-
pression, However, the technical error of measurement 
(TEM) suggests that dynamic MRI can be an accurate 
and reliable method for measuring CRI wave amplitude 
for the sella-to-glabella distance, but not for the sella-
to-occiput and glabella-to-occiput distances. The mean 
wave amplitude across the three distances is equivalent 
to the amplitude measured for the sella-to-glabella dis-
tance (Tables  1 and 2). The amount of wave amplitude 
of CRI, reported several tenths of micrometer. This data 

Graph 1  Summary of the wave frequency, wave amplitude, ICC and Correlations for different distances in case 1
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appears to be consistent with the wave amplitude data of 
the present study [10, 18, 19].

The technical error of measurement (TEM), preferred 
over the standard error of measurement (SEM) for 
assessing measurement errors in biomechanics, anthro-
pometry, or sports sciences, is specifically designed for 
situations involving direct measurements of physical 
attributes, such as distance. TEM provides an absolute 
error value and directly measures frame-to-frame error 
without adjusting for score variability, offering a clearer 
indication of the reliability of the measurement process 
across frames. In contrast, SEM is better suited for situ-
ations where the reliability of individual scores needs 
assessment (e.g., test scores or psychological assess-
ments). A higher SEM value compared to TEM in this 
study supports this distinction, emphasizing TEM’s 
advantage for assessing measurement consistency in 
physical attributes.

Reliability assessment and repeated measurements
A high Intraclass Correlation Coefficient (ICC) and coef-
ficient of reliability (R) indicate that dynamic MRI and 
the accompanying Tracker software are excellent, reliable 
tools for measuring cranial distances (Table  2). These 
tools effectively measure cranial rhythm frequency and, 
in one specific variable, the amplitude of cranial rhythmic 
impulse. This capability supports clinicians in developing 
more precise rehabilitation and treatment plans, particu-
larly when used alongside other reliable methods, such as 
suboccipital muscle sonography for the neck and cranial 
regions.

Implications for clinical application
According to the four-gear interlinked model of the cra-
nial rhythmic impulse, cranial structures work rhythmi-
cally during inhalation and exhalation to manage tensile 
and compressive forces. Disruption of this mechanism 
can lead to symptoms such as headaches, nausea, and 
neck pain. Measuring CRI wave frequency and amplitude 
with dynamic MRI, combined with reliable methods like 
suboccipital muscle sonography and electromyography 
[20, 21], can provide accurate and valuable insights into 
craniocervical problems, supporting effective manage-
ment of these issues.

Limitations
In this study, the authors used dynamic MRI as an inno-
vative approach to evaluate the feasibility of measuring 
craniometric features of cranial rhythmic impulse. How-
ever, several limitations should be considered: (1) Lack 
of evidence supporting the four-gear interlinked model, 
(2) Criticism of applying a biomedical and mechanis-
tic paradigm to the cranial field, (3) Limited evidence 
on the reliability of dynamic MRI in assessing changes 

at craniometric points, and (4) While the imaging fre-
quency of 1.5 Tesla dynamic MRI is close to the CRI rate 
reported in previous studies, lower imaging frequencies 
(below 0.6 Hz) and higher resolution imaging above 1.5 
Tesla could provide more precise measurements. There-
fore, the authors recommend that future research utilize 
more advanced instruments to improve measurement 
accuracy.

Suggestions for future study
Future research should focus on refining methods for 
objectively measuring CRI wave amplitude, for the other 
two distances. Additionally, studies should explore the 
impact of demographic factors such as age, sex, and 
health status on CRI characteristics to improve under-
standing of normative ranges and variations. Integrating 
advanced imaging techniques and biomechanical model-
ing could also enhance the understanding of physiologi-
cal and pathological implications of CRI dynamics in 
both clinical and research settings.

Conclusion
Overall, dynamic MRI, widely used in medicine for diag-
nosis and research, shows potential in enhancing our 
understanding of the cranial rhythmic impulse and vali-
dating proposed model interpretations. Specifically, it 
offers practical applications for measuring the wave fre-
quency and amplitude features of CRI, which could be 
valuable for interventions in various neck and cranial 
conditions. This article has been written according to 
TRIPOD Checklist.
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