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Abstract: Background and objectives: the techniques directed to the cranial field in osteopathy are the
most questioned due to the lack of scientific evidence. In osteopathic practice, manual palpation is
essential and, therefore, measuring reliability is fundamental. The objective of study is to assess the
reliability and validity of osteopathic treatment depending on experience. Materials and Methods: A
cross-sectional study of reliability and validity was conducted. For measurements, a strain gauge
was placed on the sphenobasilar synchondrosis of the skull base, and three maneuvers (lateral
compression, anteroposterior compression and compression maneuver of the mastoids) were
repeated 25 times each by osteopaths with different time of experience (5-10 years, 1-5 years, <1
year). Measurement averages were computed for each of the three maneuvers to verify the average
effect of each group in comparison to that of the Gold Standard (GS) (>10 years of experience). Data
were analyzed to check for inter- and intra-observer reliability using intra-class correlation
coefficients (ICC). Results: Reliability and validity in 5-10 experience of observer 1 and observer 2 in
the tree maneuvers was excellent (p<0.001) against GS. Poor or enough reproducibility and
concordance were observed in osteopaths with less experience. Conclusions: Experience of
osteopaths determines the efficacy of cranial maneuvers in osteopathic treatment for patients’
rehabilitation.
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1. Introduction

Osteopathy as a discipline was founded in the USA in 1874 by Andrew Taylor Still . For the
World Health Organization (WHO) osteopathy relies on manual contact for diagnosis and treatment,
replacing the definition initially proposed by the World Osteopathic Health Organization. There
exists a large heterogeneity in recognition and regulation of the practice of osteopathy across different
countries, sometimes depending on whether practitioners are admitted to the medical community or
not 23, This increasing interest in osteopathic medicine may reflect the reality of the society as patients
turn to complementary or alternative treatments when conventional treatments seem to fail in
producing the desired outcome, or produce side effects 5. Among the available Osteopathic
Manipulative Treatment (OMT) techniques, those addressed to the cranial field are the most
questioned because of the lack of scientific evidence. A systematic review of 7 randomized controlled
trials revealed that previous studies showed poor methodology and insufficient data to draw a
conclusion about Osteopathy in the Cranial Field (OCF). One of the keystones of OCF teaching and
practice is the presence of Primary Respiratory Mechanism (PRM), which is partially represented by
the movement of the cranial bones 6. Thus, hands ability to perceive PRM through the obliterated
sutures of the skull in adults remains debatable, besides the lack of evidence to support this 78.
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According to the original model of cranial osteopathy, intrinsic rhythmic movements of ¢ the human
brain cause rhythmic fluctuations of cerebrospinal fluid and specific relational changes among dural
membranes, cranial bones, and the sacrum °. Practitioners believe that they can palpably modify
parameters of this mechanism to a patient's health advantage °.

A variety of statistical methods were used in early reliability experiments in manipulative
medicine %12, The current standard of reliability analysis is the i statistic, which has gained
widespread acceptance as a measure of reliability because it accounts for the role of randomness in
dichotomous agreement 12, To date, three reviews of the literature (two of them systematic) have
examined the intra and interobserver reliability of diagnostic procedures used in cranial osteopathy
81314, Osteopathic practitioners rely on the relationship between structure and function to optimize
the body’s self-regulating and self-healing capabilities. This holistic approach for patient care and
healing is based on the concept that human beings are dynamic functional units, in which all parts
are interrelated and possess self-regulatory and self-healing mechanisms. Two essential components
of osteopathic health care are the structural evaluation of the patient for diagnosis and an array of
manipulative techniques for treatment >. Therefore, the reliability and validity of different measuring
methods are important for osteopathic efficiency.

The aim of this study was to assess the reliability and validity of osteopathic treatment based on
experience.

2. Methods

2.1. Study design

Cross-sectional study of reliability and validity.

2.2. Setting

The measurements of the presented manoeuvres were carried out in November 2019 in the
Belgian-Spanish Osteopathy Formation (Formacion Belga-Espafiola de Osteopatia; FBEO), Madrid.

- Participants

Professional osteopaths of FBEO were selected based on their experience. The first author of the
study was selected as the Gold Standard (GS) for having more than 15 years of experience in cranial
osteopathy. Two osteopaths (observer 1 and observer 2) with 5-10 years of experience, 2 osteopaths
with 1-5 years of experience, and 2 osteopaths with less than 1 year of experience were selected to
carry out the maneuvers and assess inter-observer and intra-observer reliability. Osteopaths from
FBEO were sorted out based on their experience, and some of them were randomly selected to
conduct our study. All the selected osteopaths agreed on taking part in the study. The age range of
the participants was 23-43 years old.

All osteopaths gave their informed consent for inclusion before they participated in the study.
The study was conducted in accordance with the Declaration of Helsinki, and the protocol was
approved by the Ethics Committee of Universidad Francisco de Vitoria (UFV2019-33).

2.3. Maneuver measurements

The strain gauge with a rectangular shape is placed parallel to the sphenobasilar synchondrosis
as shown in Fig. 1.
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Figure 1. Location of the gauge at the base of the skull.

Three different maneuvers were repeated 25 times each by osteopaths bringing the maximum
load to that point and trying to apply the same load each time. The three maneuvers selected were:

1. Lateral compression (maneuver 1): The osteopath places one hand on the occipital and the
other hand on the major wings of the sphenoid. The osteopath performs an internal pressure on both
the major and occipital wings (Fig. 2a).

2. Anteroposterior compression (maneuver 2): Osteopath's hands are placed on the occipital
and on the frontal bone. The maneuver consists of performing an integer-posterior pressure
producing a compression of the sphenobasilar (Fig. 2b).

3. Compression of mastoids (maneuver 3): The osteopath places both thumbs and thenar
eminences on the mastoid processes. The action consists of pressing both mastoids in the direction of

the sphenobasilar synchondrosis (Fig. 2¢).

Figure 2. Manoeuvers measurements; 1 Lateral compression manoeuver, 2 Anteroposterior
compression manoeuver and 3 Compression manoeuver of the mastoids.

All the information about the manoeuvre-induced deformations was registered using the
MMO01_multidaq software (Micro-Measurements, Vishay Precision Group, Inc. (VPG), 3 Great Valley
Parkway, Malvern, Pennsylvania, E.E.U.U.), providing values in micrometres (um). Values indicate
the micrometers of deformation. Positive values indicate stretching, whereas negative values indicate
compression.

To minimize possible biases in the measurements, 25 repetitions in each maneuver were carried

out by osteopaths.
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2.4. Statistical analysis

Statistical analyses were performed in SPSS 21.0® for Windows (IBM Corp. Released 2012. IBM
SPSS Statistics for Windows, Version 21.0. Armonk, NY: IBM Corp, Chicago, Illinois, E.E.U.U.).

Shapiro-Wilk tests were carried out before the main statistical analyses to check for normal
distribution of study variables. The mean and standard deviation (SD) were used for descriptive
purposes.

Reliability was assessed with the intra-class correlation coefficient (ICC) by aleatory effects. The
magnitude of concordance was classified as follows: <0.40 as poor, 0.40-0.59 as enough, 0.60-0.74 as
good, and 0.75-1 as excellent.

Reliability was assessed with the Cronbach’s alpha coefficient. Values equal or higher than 0.70
were considered adequate.

Level of significance for statistical tests was set at 5%.

3. Results

Data of measurements made in the three maneuvers by osteopaths are shown in table 1.

Table 1. Measurement data in micrometers (um) and standard deviation (SD) of osteopaths in the
three maneuvers.

Maneuver 1 Maneuver 2 Maneuver 3
Mean
(SD) [95%CI] Mean (SD) [95%CIl] Mean (SD)  [95%CI]
-63.92 44.48 -56.28
Gold standard (12.721) [-69.17 to -58.67] (7.880) [41.43t047.73]  (10.872) [-60.77 to -51.79]
-56.68 41.16 -53.36

5-10  Observer1 (17.509) [-63.91t0-49.45]  (10.896)  [36.66t045.66]  (11.090) [-57.94 to -48.78]

years -53.92 40.00 -51.48
Observer 2 (18.307) [-61.48 to -46.36] (8.869) [36.34t0 43.66]  (10.621) [-56.22 to -47.46]

-6.88 20.06 -59.08
Observer1  (2.068)  [-7.73t0 -6.03] (3.697) [19.07t022.13]  (18.632) [-66.77 to -51.39]

1-5 years

-19.56 22.92 -37.28
Observer2  (3.731)  [-21.10 to -18.02] (2.886) [21.73t024.11]  (8.142) [-40.67 to -33.92]

-6.80 16.16 -39.40
Observer 1 (3.488)  [-8.24to -5.36] (4.972) [14.11t018.21]  (9.954) [-43.51 to -35.29]

<tyear -10.08 26.72 -36.28
Observer 2 (4.890)  [-12.10 to -8.06] (6.202) [24.16 10 29.28]  (9.374) [-40.15 to -32.41]

Reproducibility between GS and osteopaths with 5-10 years of experience was excellent for the
tree maneuvers with ICC values of 0.809-0.861 and 0.698-0.824 for observers 1 and 2, respectively
(ICC: p<0.001). In maneuver 2, poor reproducibility and low concordance were observed in both
observers with 1-5 years of experience (observer 1 0.015 (p=0.783) and observer 2 0.036 (p=0.683), but
in observer 2 with less than one year of experience, concordance was confirmed close to adequate
(Cronbach’s alpha 0.665), but with poor reproducibility (ICC 0.216; p=0.743). However, in the
observers with less than one year of experience, a concordance in maneuver 3 with respect to GS was
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adequate (observer 1 0.752; p=0.002 and observer 2 0.841; p<0.001), but poor reproducibility through
the ICC respecting gold standard (Table 2).

Table 2. Reproducibility analysis and concordance between the gold standard and different observers
based in the experience for the action of all maneuvers.

Maneuver 1

Measures Difference mean (SD) 95% limits of agreement Alpha ICC

Observer 1 - GS 25 -7.240 (10.868) -11.726 to -2.754 0.856 0.809

5-10 years
Observer 2 - GS 25 -10.000 (13.491) -15.569 to -4.431 0.776 0.696
Observer 1 - GS 25 -57.040 (13.843) -62.754 to -51.326 0.363 0.015

1-5 years
Observer 2 - GS 25 -44.360 (11.676) -49.180 to -39.540 0.366 0.036
Observer 1 - GS 25 -57.120 (10.635) -61.510 to -52.730 0.518 0.035

<1year
Observer 2 - GS 25 -53.840 (10.656)) -58.239 to -49.441 0.560 0.046
Maneuver 2
Measures Difference mean (SD) 95% limits of agreement Alpha ICC
5-10 years Observer 1 - GS 25 3.320 (6.310) 0.716 t0 5.924 0.876 0.851
Observer 2 - GS 25 4.480 (6.404) 1.837t0 7.123 0.829 0.770
1-5years Observer1 -GS 25 23.880 (7.965) 20.592 to 27.168 0.280 0.038
Observer 2 - GS 25 21.560 (7.969) 18.271 to 24.849 0.179 0.026
<lyear Observerl-GS 25 28.320 (9.371) 24.452 t0 32.188 0.023 0.002
Observer 2 - GS 25 17.760 (7.102) 14.828 to 20.692 0.665 0.216
Maneuver 3

Measures Difference mean (SD) 95% limits of agreement Alpha ICC
5-10 years Observer 1 - GS 25 -2.920 (7.354) -5.9551t0 0.115 0.874 0.861
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Observer 2 - GS 25 -4.440 (7.534) -7.550t0 -1.330 0.860 0.824
1-5years Observer1 -GS 25 2.800 (12.261) -2.261to0 7.861 0.807 0.806
Observer 2 - GS 25 -19.000 (7.269) -22.000 to -16.000 0.833 0.390
<lyear Observer1-GS 25 -16.880 (9.293) -20.716 to -13.044 0.752 0.416
Observer 2 - GS 25 -20.000 (7.522) -23.105 to -16.895 0.841 0.397

The measurement performed among the observers with 5-10 years of experience, 1-5 years and
<1 year in the three maneuvers were carried out to verify the average effect of both in the three
maneuvers analyzed against the GS (Table 3), verifying that the reproducibility in the average of the
evaluations of the osteopaths with 5-10 years of experience were excellent by the ICC (0.760-0.856) in
the three maneuvers, as well as concordance measured by Cronbach’s alpha (0.826-0.899). Poor
reproducibility was demonstrated in the means of the valuations of observers with less experience.

Table 3. Reproducibility analysis and concordance in the means of the observations in the three

maneuvers.

Maneuver 1 Maneuver 2 Maneuver 3
Alpha ICC Alpha ICC Alpha ICC
5-10 years Observers-GS 0.826 0.760 0.899 0.856 0.881 0.856
1-5years Observers-GS 0.051 0.003 0.245 0.032 0.565 0.480
<lyear Observers-GS 0.550 0.040 0.462 0.077 0.830 0.413
4. Discussion

Cranial osteopathy (CO), since its inception with Sutherland '¢, has demonstrated its efficacy in
different pathologies and dysfunctions. In a recent systematic review 17 it is reported that osteopathic
manipulation is effective against headache as a result of the manipulation of the cranial bones and
the covering fasciae. CO is important not only at the symptomatology level, but also at the cost level,
since headaches alone cost US $ 36 billion annually and cause 113 million sick leave 5.

The study by Haller * showed that CO is effective and safe to reduce neck pain intensity,
ameliorate functional disability, and improve life quality. In another systematic review on the effects
of CO 2 it is reported that, although the results of such a review are heterogeneous and insufficient,
the effectiveness of the CO is well documented, showing positive results in most reviewed studies,
which confirms clinical benefits.

Although the effectiveness of CO has been demonstrated in various fields, further research is
needed regarding action means, and how to improve the education of students and the accuracy of
manipulations. That is the rationale of our study.

One of the important parts that has generated controversy and is relevant in this study is to
check whether structural changes occur in the manipulation of the skull. Structural changes have
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been demonstrated in different studies, such as that of Kostopoulos and Keramidas 2!, which provides
scientific evidence that forces applied to the skull through CO techniques produce an elongation of
the brain sickle. In their study, authors use an embalmed corpse in which cranial membranes had
become harder and more resistant to movement. Another study demonstrating structural changes 2
concluded that cranial bone mobility can be documented and measured with X-rays, data that has
not been showed in this work, but that encourages us to carry out subsequent studies to confirm these
findings.

In addition to demonstrating structural changes, further studies have been carried out on the
mechanical load needed to produce such changes. The study by Downey et al. 2 simulated a
craniosacral treatment technique: (frontal lifting through applying precisely measured distraction
forces) and a change in intracranial pressure and movement through the coronal suture were
observed in an animal after the application of forces greater than those used clinically in the practice
of CO, obtaining results with traction of 1000 gr. Another study in the same direction is the review
about cranial motion by Seimetz et al 24, where it is illustrated that both externally applied forces and
increased intracranial pressure result in measurable movement through cranial sutures in young and
adult mammals, and measurable changes in the diameter of the cranial vault in human skulls of living
and post-mortem adults. However, the magnitude of cranial movement may vary depending on the
subject, the head region where forces are applied, and the method of force application. This last
conclusion of the study by Seimetz et al. 2 highlights the importance of the different methods to apply
forces in the skull, which agrees with the conclusion of our study.

The great pending subject of CO, which also motivates this study, is diagnostic evaluation. There
are studies that show differences in tactile ability between different students, such as the study by
Nascimiento et al. 5, which states that teaching strategies used during different educational periods
can contribute to improve tactile sensitivity and precision of manual palpation in health sciences
students. In this respect, another study investigated the effects of standardized protocol training on
cranial palpation pressures used by osteopathy students 2, and concluded that palpatory training
was ineffective in improving accuracy in students of cranial palpation, also suggesting to examine
palpation pressures used by experienced professionals. Both studies 2526 ultimately highlighted the
importance of training in student palpation, a conclusion shared with the results of our study.

A study assessing the inter and intra-observer reliability in palpation of the primary respiratory
mechanism within the cranial concept was carried out by Sommerfeld et al. 8. Their results showed
that PRM could not be reliably palpated and, under certain conditions, was influenced by the
respiratory rates of examiners. These results do not support the hypotheses based on the role of PRM
palpation for clinical decision making.

Currently, the skull can be considered a model of tensegrity and functional unity as stated in
Scarr %, where it is concluded that tension forces in dura mater have the effect of separating bones,
as well as integrating them into a single functional unit. This alteration of the duramater or suture
occurs in a specific anatomical area of the skull. Therefore, it is important for the reliability of both
diagnosis and treatment that osteopaths know exactly to which anatomical area his palpation
corresponds.

If the treatment approach is assessed, a scientific explanation can be found in the
mechanotransduction 2, mechanisms by which cells convert mechanical stimuli into cellular
responses, which brings back to terms the importance of treatment accuracy to exert mechanical loads
on the right place. Data from this study give even more importance to the fact that manoeuvres
should be precise as much as possible.

Other issue to be solvedwas whether hands can perceive movements and minimal changes that
occur in the cranial tissue. In this regard, the study by Kasparian et al. 2% determined that one third of
our samples was capable to detect movements of less than 50 pm.

Thus, the authors of this article share the previously stated idea of why not treating the skull like
any other body structure .

Our study can contribute to scientific progress in this area, making a precision model of
reliability, evaluation and education. As described before, CO has a lot of beneficial effects in humans
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with a scientific and physiological explanation through mechano-transduction. However, there is no
model that explains where and how to perform manoeuvres or mechanical loads to act in a specific
anatomical area of the skull. Thus, this model can indicate potential differences between different
osteopaths.

The results obtained in this study show that cranial osteopathy depends not only on sensitivity,
but can be also trained, practiced and improved objectively. There are differences between
measurements of osteopaths with different years of experience, which shows that experience is very
important for possible clinical outcomes.

The limitations of this study are the choice of a small group of osteopaths from a Spanish school,
so the results cannot be extrapolated to the entire osteopath community in our country and be
representative of it, but they provide knowledge about the methodology and offers an area of
improvement in the teaching of cranial osteopathy. These results open new way of knowledge should
be carried out in subsequent studies to corroborate these results.

5. Conclusions

We confirmed a higher reliability and validity in osteopaths with more years of work in
comparison to those with fewer years in the efficacy of cranial maneuvers. The presented data open
a new possibility in the treatment efficacy through maneuvers of cranial osteopathy used for patient
rehabilitation.
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